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Foreword 

You hold in your hands an important new volume detailing 
the most advanced, cutting-edge research that is changing 
the way we diagnose, treat, and prevent head and neck 
cancer. These cancers are among the leading cause of death 
from cancer worldwide, and the survival rate has stubbornly 
refused to change to any significant degree. However, new 
approaches are finally beginning to offer realistic hope for 
improvement in these patients' survival rates and in their 
quality of life. 

You will find here a highly comprehensive review of the 
state-of-the-art clinical, basic, and translational research in 
this area, with contributions from some of today's most 
esteemed head and neck cancer scientists. I recommend that 
it is worthwhile to purchase it, read it, and keep it on your 
bookshelf for frequent reference. It's a guide to the most 
effective, cutting-edge treatments available today, and a map 
to the future of head and neck cancermto the prevention, early 
detection, diagnosis, treatment, and survival of our patients. 

Waun Ki Hong, M.D. 
Head, Division of Cancer Medicine 
Chair, Department of Thoracic/Head and 
Neck Medical Oncology 
M. D. Anderson Cancer Center 
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At first glance, head and neck cancers appear to be a 
heterogeneous group of tumors consisting of multiple 
histopathologies, primary sites, TNM stages, natural histo- 
ries, and treatment outcomes [1]. However, as one gains clin- 
ical experience with these cancers, predictable and stable 
groupings, with recognizable patterns of tumor/host behavior, 
emerge. For example, approximately 70% of patients with 
stage T2N0 squamous cell carcinomas (SCC) of the endolar- 
ynx are cured when treated with full course, conventionally 
administered, radiation therapy and 30% are not. Such obser- 
vations suggest that there are fundamental differences in the 
mechanisms that control the phenotypic expression of these 
tumor subgroups and that these differences are not evident at 
the time the disease is diagnosed. Because these variations in 
the natural history and treatment outcome certainly result 
from differences in underlying pathophysiological mecha- 
nisms, they provide a unique and identifiable opportunity for 
experimental investigation. Unfortunately, such clinical 
observations rarely become the basis for experimental study, 
and when they do, they are rarely performed with the rigor 
and thoroughness required to shed light on the underlying 

molecular genetic mechanisms involved. The potential value 
of these clinical observations for translational and basic can- 
cer research is underappreciated and clearly underutilized. In 
the past, justified limitations on experimental research in 
humans may have precluded such a direct study of these dis- 
eases [2]. However, with today's sophisticated, relatively non- 
invasive sampling procedures and a patient population that is 
usually willing to participate, cancer research can and should 
move closer to the direct study of these diseases rather than 
using nonrepresentative surrogates and nonvalidated models. 
The following are a few illustrative examples, many of which 
will be addressed more thoroughly in the chapters in this text. 

I. CLINICAL PATTERNS IN 
HEAD AND NECK CANCER 

A. T N M  D i f f e r e n c e s  

What factors determine the TNM stage of a patient's 
tumor when they present with their head and neck cancers? 
Certainly time can be implicated in accounting for such 
differences. Patient delay in seeking treatment and their dif- 
ferences in tolerance thresholds for noxious symptoms are 
clearly important in this respect. Moreover, certain primary 
sites, such as the endolarynx, tend to be detected earlier due 
to their anatomy and the subsequent early disruption of func- 
tion, whereas tumors such as pyriform sinus, supraglottic lar- 
ynx, and base of tongue tend to present at a later stage. Time 
alone, however, does not adequately account for the spectrum 
of TNM stages observed at presentation. The inexperienced 
clinician is often skeptical when confronted with a patient 
who claims that their N3 neck mass was not present a few 
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4 i. Introduction 

weeks ago, but such skepticism dissipates rapidly when an 
N1 neck node is actually observed to progress to the N3 stage 
in a week following diagnosis. The degree and rate at which 
a tumor progresses are determined mainly by molecular- 
genetic factors that control the (1) rate of local growth and 
invasion, which involves the induction of angiogenesis and 
adequate stromal substructure formation; (2) ability of the 
cancer cells to migrate to and access local vasculature (motil- 
ity and diapedesis); and (3) ability of cancer cells to survive 
in and exit the vasculature and implant at distant sites, which 
also involves the successful induction of angiogenesis and 
adequate stromal substructure formation at the distant site. 

During this process, to be successful, tumors must deploy 
or develop mechanisms to suppress the local and systemic 
host immune systems. At one end of this spectrum are the 
unresectable, mass ive  "T4" cancers that invade through mul- 
tiple local tissue and bony barriers, including complex vas- 
culature, but  do not, or  cannot ,  develop regional or distant 
metastatic disease [ 1 ]. At the other end are patients with SCC 
of unknown primary. In these instances, cells, which, by def- 
inition, do not or cannot propagate or invade sufficiently 
to be detected at their site of origin, can and do access local 
vasculature, disseminate, implant, and often progress vigor- 
ously at regional and distant sites [3]. Implications for the 
inherent biological differences between these two well- 
recognized tumor groups, and the potential they provide for 
studying cancer mechanisms, are extraordinary. 

Other examples, illustrative of observations that raise 
similar opportunities for investigation, include the difference 
in the rate of distant metastases, which are a feature at pres- 
entation or recurrence in SCC of the nasopharynx, as opposed 
to other squamous cell carcinomas of the head and neck 
(SCCHN) [4], the relatively high distant metastatic rate for 
paranasal sinus carcinomas [5], and, most recently, the site- 
specific difference in the rate and type of the secondary upper 
aerodigestive tract, which can be associated with the site of the 
original primary tumor [6]. Finally, the clinical implications, 
particularly the risk of distant metastases, for local/regional 
lymph node involvement in SCCHN are substantially different 
when compared with other carcinomas, such as breast, lung, 
prostate, melanoma, and colon. Even with advanced N2C and 
N3 lymph node status, a substantial proportion of these 
patients can still be cured with local modalities alone [7]. Are 
these lymph nodes in this region more efficient as "traps" or is 
it that the biology of SCCHN itself is different? Does this 
explain the relatively good outcome for patients with SCCHN 
of unknown primary as compared to other types of unknown 
primaries, such as adenocarcinomas or nonhead and neck 
SCC of unknown primary [8]? 

B. Histopathology Differences 

The microscopic appearance of the tumor, as described 
by the conventional morphological grade, is not particularly 

predictive of the natural or treatment outcome for patients 
with SCCHN [9]. However, local tumor-host features, such as 
tumor-stromal borders, pattern of invasion, degree of stromal 
or inflammatory response, access to microvasculature, or vas- 
cularity (angiogenesis) and extracapsular lymph node involve- 
ment [10,11], have been shown to have a marked effect on the 
ability to achieve and determine negative margins at surgery 
and the subsequent rates of local relapse and cure. The subse- 
quent local recurrence rates are two to three times higher 
for patients in surgical series who present with histological 
"high-risk" histological phenotypes, and the survival is only 
one-third to one-half as good as those that do not have such 
features [12,13]. However, conventional grading is extremely 
significant for salivary gland tumors, such as adenocarcino- 
mas and mucoepidermoid carcinomas, where high-grade or 
poorly differentiated lesions commonly recur very often with 
distant metastases [ 14-16]. Perhaps the most intriguing tumor 
among all human cancers is the subset of salivary gland 
tumors with adenoidcystic histopathology [ 17]. It is common  

for these tumors to either present with or later evolve distant 
lung, bone, and liver metastases. Distant metastases may 
remain undetected clinically for years or even decades. 
Occasionally, these metastases, once documented, may persist 
for decades, with minimal morbidity to the host. How these 
cancers and their host remain in such a symbiosis for decades 
is unclear and unique in cancer. The unique biological aspects 
of these tumors and their host-tumor relationships have not 
been the subjects of adequate scientific investigation. 

C. T r e a t m e n t  O u t c o m e  Differences 

Why do subsets of patients with tumors in seemingly 
homogeneous clinical subgroups behave so differently fol- 
lowing treatment? This is true regardless of which modality 
is chosen as the initial therapy. The ability to achieve micro- 
scopically negative surgical margins is possible in nearly 
100% of early staged SCCHN and the majority of patients 
with advanced, resectable tumors [7]. Although microscopi- 
cally negative surgical margins remain the hallmark of suc- 
cessful surgery, when achieved, substantial percentages of 
patients still fail locally with increasing frequency as the 
TNM stage increases [1,7]. Although this observation has 
been made repeatedly for decades, it is only recently that 
studies have demonstrated that negative histological margins 
are not negative "molecular margins" and that histologically 
normal-appearing tissue may be molecularly/genetically 
fated to become malignant or may be malignantly trans- 
formed already [ 18]. 

Similar examples can be provided for patients treated 
initially with radiation therapy. Clearly, tumor oxygenation 
and whether there is an intact mechanism for programmed 
cell death following lethal radiation are keys to the suc- 
cess or failure when radiotherapy is employed [19,20]. 
However, these two factors alone cannot account for the 
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broad differences in treatment outcome seen in early staged, 
T1 and T2 NO tumors. 

The emergence of chemotherapy as the primary treat- 
ment for patients with SCCHN, first in recurrent tumors [21 ], 
then in advanced, unresectable disease [22], and now in 
organ preservation strategies [23,24], has also produced out- 
come subgroups that are not evident before treatment. Even 
with the best regimens, 10-20% of previously untreated 
SCCHN patients will not respond or actually progress on 
treatment, 50% will not achieve a complete clinical remis- 
sion, and no more than 25-30% have histologically negative 
cytotoxic responses. Each of these subgroups, defined by 
treatment outcome, has dramatically different survival char- 
acteristics [25,26]. It is also clear from organ preservation 
strategies that substantial differences in clinical complete 
response rates are specific for the primary tumor site [24,25]. 

As the current treatment for patients with advanced 
SCCHN is often multimodality, it is becoming more difficult 
to sort out these patterns of failure, and some of these sub- 
groups tend to blur or disappear. For example, organ preser- 
vation approaches have been developed on the principle that 
patients failing to achieve at least a partial clinical response 
with induction chemotherapy can only be salvaged with sur- 
gery [27,28]. However, the use of sequential concurrent 
chemo/radiation following induction therapy has changed 
this algorithm [29]. Finally, and most importantly, regardless 
of which modality is used initially, it is not clear that the 
same subpopulation of patients are cured with each modality. 
If indeed they are different populations, as some correlative 
studies have suggested [30,31], how are they different and to 
what extent? This has important implications for individual- 
izing patient therapy, increasing the overall cure rates for 
patients with SCCHN, and understanding the underlying 
mechanisms that regulate the behavior of these tumors. 

D. Cor re la t ive  P a r a m e t e r s  a n d  O u t c o m e  

Few, if any, correlative parameters have been tested thor- 
oughly and adequately enough in SCCHN clinical trials to be 
considered validated and prospectively useful [30,31]. Most 
correlative studies are single institution trials, which, more 
often than not, produce conflicting results. In SCCHN, the 
most commonly studied correlative laboratory parameter has 
been DNA content (DNA ploidy and %S phase fraction), 
most often determined by flow cytometry. These parameters 
have undergone large numbers of single institutional investi- 
gations over a period of decades and, most recently, validation 
at the cooperative and intergroup phase III level [30,31]. Other 
experimental parameters, including p53, epidermal growth 
factor (EGF), chromosomal polysomy, loss of heterozygosity 
at 3p or 9p, C-erbB2 expression, Ki67 expression, tumor 
angiogenesis, cell cycle (cyclin pathway) regulatory aberra- 
tions, and integrity of apoptotic pathways, have only been 
studied anecdotally in small, preliminary trials [32-35]. In the 

few instances where newer parameters, such as p53 muta- 
tion or functional status, have been evaluated more exten- 
sively, conflicting results have been published [36-38]. 
These conflicting results raise another concern about valida- 
tion of another sort; i.e., tumor preparative and experimental 
technique methodology validation, which is required before 
routine research with new parameters and technologies is 
performed [39-41 ]. This is rarely if ever done and accounts 
for the considerable "noise" in the literature concerning the 
clinical value of such correlative research. 

I!. H U M A N  CANCER SURROGATES 
AND M O D E L S  

Experimental models are employed in scientific research 
as substitutes for the subject or object of the research when 
such subjects are not available or cannot be used. To the 
extent that such models do not represent the subjects or phe- 
nomenon under investigation, the research conclusions suf- 
fer proportionately. This is true regardless of how carefully 
the work is done or how sophisticated the technology uti- 
lized. Laboratory models employed to investigate human 
cancers are of three major types. 

1. In vitro and in vivo, nonhuman (usually murine) sys- 
tems. These models exist as either in vivo nonhuman cell 
lines or tissue models [42-45]. These tumors are almost 
always induced in syngeneic animals rather than sponta- 
neously occurring and, other than microscopic appearance, 
bare little clinical resemblance to their human counterparts. 
The use of syngeneic animals, inbred for decades, further 
distances these models from the genetic heterogeneity and 
complexity with which human tumors arise. 

2. More recently, cell lines derived from human cancers 
have become models for human cancer [46,47]. They suffer 
from the same limitations as any cell line in that most human 
cancers, except for leukemia, are tissues with all the inher- 
ent additional complexities inherent in tissues, organs, and 
organisms. Often these lines are passaged for decades (MCF 
7, HeLa cells). More recently, three-dimensional human 
tumor models (organotypic or raft cultures) derived from 
human tumors have been developed [48,49]. Although they 
are derived from human cancers and often have similar 
appearances, they may not represent human tumors any bet- 
ter than other models, particularly because the important 
tumor-host interaction is still missing. 

3. Often human tumor cell lines are transplanted into 
immune-suppressed murine systems in an attempt to simu- 
late an in vivo system [50,51], but again, these models are 
orders of magnitude removed from the spontaneously occur- 
ring cancers arising in the genetically heterogeneous and 
immunocompetent human population. However, because 
they are derived from human cancers, grow as tissues, have 
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three dimensions, and interact with an intact organism, it is 
at least possible to compare some features with human 
tumors in vivo for model validation such as histopathology, 
local regional invasion, and metastatic potential. 

A potential, but unused, resource for experimental and 
clinical cancer research exists in spontaneously occurring 
cancers in household or domesticated animals [52]. Indeed, 
in this population, which numbers in the millions, sponta- 
neous cancers occur at approximately the same rate as in the 
humans. Unfortunately, the more common cancers, with the 
exception of canine breast cancer, occur with much less fre- 
quency than in humans (lung, prostate, and gastrointestinal). 
This is an untapped potential resource for studying sponta- 
neously arising cancers in more genetically diverse and less 
inbred animals. 

This leads to the most important aspect of model use in 
experimental research. As stated previously, model use 
should be restricted to those instances in which the actual 
subject of the experiment is not available or cannot be used. 
Given the current state of human correlative research, it is 
becoming increasingly difficult to argue that such subjects 
are not available. When and if it is proposed that models must 
substitute for the subject under investigation, it is imperative 
that the models be validated before their use. In laboratory 
cancer research, cancer models are rarely validated and, 
more importantly, attempts to validate them are never under- 
taken; i.e., attempts must be made to determine with what 
fidelity these models represent the spectrum of natural history 
and biology seen in a particular human cancer. Humbling 
reminders of these differences have come from experiences 
such as during the "stem cell assay" era [53] where investi- 
gators often found it impossible to grow a human cancer line 
in vitro while, simultaneously, finding it impossible to stop 
its growth in the human host from which it was derived! 

111. TRANSLATIONAL O R  CORRELATIVE 
CANCER RESEARCH 

The terms translational or correlative research are meant 
to represent that area of cancer research that brings together 
clinical observations, laboratory research, and the applica- 
tion of the product of this interaction for the treatment of 
patients with cancer [54]. This process also implies the 
potential to individualize treatment strategies that are 
tailored to the patient's tumor biology [55]. However, 
where is the optimum point, if any, to initiate this process? 
While important and valid molecular-genetic observations 
are often made at cellular and subcellular levels in the 
laboratory, how such observations become properly inte- 
grated into the extraordinary complex panorama of human 
cancer is often problematic. Guidelines for research that 
have evolved over the centuries have culminated in an 
agreed upon format generally referred to as the scientific 

method [56-58]. Its components include (1) an observa- 
tion, (2) the generation of a hypothesis to be tested based 
on the observation, (3) the development and validation of 
an experimental design and methodology to test the 
hypothesis, (4) the conduct of the experiment, (5) data 
gathering and analysis, and (6) conclusions derived from 
data regarding the hypothesis, which is relevant to the 
observation. 

This is basically a unidirectional system and one that 
works best when not begun in the middle or run back- 
ward! The observational step of the scientific method is, 
and has usually been, the critical starting point for most 
clinically relevant medical research. It is always the anvil 
on which any and all conclusions must ultimately be tested 
[56]. Without this component, data derived from labo- 
ratory experiments "dangle" without meaningful context. 
Unfortunately, much, if not most, experimental cancer 
research currently falls into this category. It seems intu- 
itive that when the goal of an investigation is the study of 
human cancer, human cancer must be included somewhere 
in the process [2]. While it is becoming fairly common for 
clinical cancer scientists to spend substantial portions of 
their training time in gaining experimental laboratory 
experience, it is still quite rare for basic cancer scientists 
to spend comparable periods during their training learning 
about human cancer in the clinic. Clinical observations 
provide the scaffolding on which laboratory data can be 
organized in a meaningful manner. As the eminent cancer 
researcher Van Rensselaer Potter opined over a decade 
ago as he anticipated the emerging human molecular- 
genetic revolution, ". . . the assumption that the total 
sequencing of the normal human genome will tell us how 
life is organized can only lead to a technologic blitzkrieg 
that will produce more descriptive data than the comput- 
erized human mind can organize into a blueprint for l i fe--  
unless some cybernetics system...is used as a scaffolding" 
[59,60]. Therefore, the "closing of the loop" of the scien- 
tific method, if you will, can and should be practiced as 
religiously as possible in experimental cancer research. 

IV. C O N C L U S I O N  

It is highly unlikely that models that faithfully represent 
the broad spectrum of biology seen in human cancers, in its 
entirety, will ever be created. This will certainly be unlikely for 
as long as the observational background required for their 
development, which can be provided only by the clinical 
knowledge of the spectrum and diversity of these diseases, is 
lacking in the formulation and validation of such models. It is 
therefore imperative that basic researchers and clinicians 
involved in human cancer research work closely in multi- 
disciplinary teams. Cross training and continual learning for 
both clinical and basic scientific specialties in a multimodality 
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environment will be critical for translational strategies to 
reach their full potential. It is also critical that natural exper- 
iments in human cancer, detected and catalogued by clinical 
observation, become the focused subject of experimental 
research whenever and to whatever extent possible. 
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I. INTRODUCTION 

Cervical lymphadenopathy is a common presentation of 
malignant tumor in the head and neck area, but in 2-4% of 
patients [1-4] (Table 2a.1), the primary tumor cannot be 
identified following extensive diagnostic workup. It is 
assumed that the primary site has undergone spontaneous 
regression [5], which is observed in other malignancies, 
such as neuroblastoma, renal cell carcinoma, melanoma, 
and breast cancer. However, others postulate immune- 
modulated destruction of primary cancer [6], a faster prolif- 
eration rate of lymph node metastases [7], and removal of 
the primary site by sloughing of a necrotic tumor as pos- 
sible causes [5]. The biological mechanisms underlying 
these phenomena are not yet understood. The optimal diag- 
nostic evaluations and management of unknown primary 
carcinoma in the head and neck region are controversial. 

II. CLINICAL PRESENTATION 

Cervical adenopathy from an undetectable primary source 
accounts for about 2 to 4% of head and neck malignancies. 
The most common age at presentation is 50 to 60 years old, 
and the male-to-female ratio is 3:1 [8,9]. A painless and soli- 
tary neck mass is the most common presentation, but about 
15% have multiple ipsilateral nodes and the remaining 10% 
have bilateral adenopathy [8,9]. The location of cervical 
adenopathy may suggest the possible primary tumor site 
based on known patterns of lymphatic spread (Table 2a.2) and 
should help guide diagnostic evaluation. Table 2a.3 shows 
distribution of metastatic lymph nodes from unknown pri- 
mary tumors. The most commonly involved nodal group is 
jugulodiagatric and midjugular, which are involved in about 
60% of patients, where squamous cell and undifferentiated 
carcinoma accounts for 70-80% of histology. However, in 
low neck and supraclaviclar nodes, the incidence of adeno- 
carcinoma increases up to 40%, which suggests of possible 
primary in the lung, breast, and gastrointestinal tract [10]. The 

TABLE 2a.  1 Inc idence  of  M e t a s t a s i s  to  Cervical 
Lymph Nodes from Unknown Primary Tumors 

Author No. of patients (%) 

de Braud et al. [1] 1577 (3%) 
Fried et al. [2] 1900 (2.6) 
Richard and Michaeu [3] 5137 (3.3) 
Lefevre et al. [4] 8500 (2.2) 

Head and Neck Cancer 
Copyright 2003, Elsevier Science (USA). 

All rights reserved. 



1 0  I. Introduction 

TABLE 2a .2  Probab le  Site of  the  Primary Tumor  
Accord ing  to  t he  Location of  Cervical M e t a s t a s e s  a 

TABLE 2a .4  Diagnos t ic  W o r k u p  for Cervical Lymph 
N o d e  M e t a s t a s e s :  U n k n o w n  Primary Tumor  a 

Location of nodes Primary tumor site 

Submental 

Submaxillary 

Jugulodigastric 

Midjugular 

Low jugular 

Supraclavicular 

Posterior triangle 

Floor of mouth, lips, and anterior tongue 

Retromolar trigone and glossopalatine pilar 

Epipharynx, base of tongue, tonsil, 
nasopharynx, and larynx 

Epipharynx, oropharynx, base of tongue, 
and larynx 

Thyroid, epipharynx, and nasopharynx 

Lung (40%), thyroid (20%), gastrointestinal 
(12%), and genitourinary (8%) 

Nasopharynx 

aFrom E de Braud and M. A1-Sarraf (1993). Diagnosis and manage- 
ment of squamous cell carcinoma of unknown primary tumor site of the 
neck. Semin. Oncol. 20, 273-278. 

remainder of the chapter focuses on squamous cell carcinoma 
metastatic to cervical node from an unknown primary source. 

i!!. EVALUATION 

General 
History 
Physical examination 

Careful examination of the neck and supraclavicular regions 
Examination of the oral cavity, pharynx, and larynx (indirect 
laryngoscopy) 

Radiographic studies 
Chest roentgenogram 
Computed tomography of the head and neck (special attention to 

nasopharynx, pharynx, and larynx) 
Upper gastrointestinal series and barium enema (in patients with 

adenocarcinoma involving supraclavicular lymph nodes) 

Laboratory studies 
Complete blood cell count 
Blood chemistry profile 

Direct laryngoscopy and directed biopsies 
Nasopharynx, both tonsils, base of tongue, both pyriform sinuses, and 

any suspicious or abnormal mucosal areas 
Fine needle aspirate or core needle biopsy of the cervical node 

aFrom W. M. Mendenhall, J. T. Parsons, A. A. Mancuso, S. R Stringer, 
and N. J. Cassisi (1997). Head and neck: Management of the neck. In 
"Principles and Practice of Radiation Oncology," (C. A. Perez and L. W. 
Brady, eds.), 3rd Ed., pp. 1151-1154. Lippincott-Raven, Philadelphia. 

Table 2a.4 shows diagnostic workup for cervical lymph 
node metastasis of unknown primary. Figure 2a.1 shows a 
flowchart for workup of a suspicious neck node. A detailed 
physical examination, including a head and neck examination 
with indirect laryngoscope and careful attention to size, loca- 
tion, tenderness, consistency, and mobility of enlarged node, 
should be performed. A fine needle aspiration (FNA) of neck 
mass is preferred for tissue diagnosis over open biopsy, as it is 
not known to be associated with tumor seeding along the nee- 
dle tract. FNA is safe, performed easily, and provides a diag- 
nosis with a sensitivity of 90-99% and a specificity of 
94-100% for squamous carcinoma [11,12]. However, the 
small amount of cytological specimen obtained by FNA may 
not be sufficient for the diagnosis of lymphoma or undiffer- 

TABLE 2a .3  Distribution of Cervical M e t a s t a s e s  
f rom U n k n o w n  Primary T um or s  a 

Site Incidence(%) 

Jugulodigastric 7 I 
Midjugular 22 
Supraclavicular 18 
Submaxillary 12 
Low jugular 12 
Submental 8 

aFrom E de Braud and M. A1-Sarraf (1993). Diagnosis and 
management of squamous cell carcinoma of unknown 
primary tumor site of the neck. Semin. Oncol. 20, 273-278. 

entiated carcinoma. In patients for whom a nasopharyngeal 
carcinoma is high, probability includes an involvement of pos- 
terior chain nodes, a histology of lymphoepithelioma or undif- 
ferentiated carcinoma, and an ethnic background with a high 
incidence of nasopharyngeal carcinoma, such as Chinese. In 
these patients, an IgA titer against the viral capsid antigen of 
Epstein-Barr virus (EBV) may be helpful in ruling out a pri- 
mary nasopharyngeal carcinoma. Using polymerase chain 
reaction (PCR), genome products of Epstein-Barr virus can 
be identified from a FNA specimen from neck nodes [13,14]. 
In a study of 41 FNA specimens, Feinmesser et al. [ 14] report- 
ed a presence of EBV in specimens from nine patients. Seven 
of these patients were found to have a nasopharyngeal pri- 
mary; in the remaining two patients, a nasopharyngeal pri- 
mary appeared within 1 year. Another study reported a high 
sensitivity of the in situ hybridization technique in detecting 
EBV in a FNA specimen of the neck node [15]. 

If a physical examination is unrevealing, panendoscopy 
(nasopharyngoscopy, laryngoscopy, bronchoscopy, and 
esophagoscopy) should be performed under general anesthe- 
sia with a biopsy of all suspicious lesions. If no suspicious 
lesions are noted, a directed biopsy of potential primary sites 
(nasopharynx, tonsil, base of tongue, and pyriform sinus) 
should be performed. If repeated physical examination and 
computed tomography (CT) or magnetic resonance imaging 
(MRI) is negative, the yield of a directed biopsy is low. 
The base of tongue and tonsil are sites of highest positive 
biopsy yield. Because a superficial biopsy of the tonsil can 
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FIGURE 2a. 1 Flowchart for workup of a suspicious neck node. 

result in a high false-negative rate, tonsillectomy has been 
performed in the past. Several studies showed the benefit of 
tonsillectomy in. In a study by Randal et al. [16], 6 (18%) 
out of 34 patients with unknown primary were diagnosed as 
having primary tonsil carcinoma after having tonsillectomy. 
In a series of 87 patients with an unknown primary site, 
Lapeyre et al. [ 17] reported that subclinical disease had been 
found in the tonsil in 23 patients (26%). 

Advances in molecular biology may be helpful in further 
identifying the primary site in these instances. Based on the- 
ories of tumor progression and field cancerization, Califano 
et al. [18] compared microsatellite analysis of tumors 
obtained in 18 patients with unknown squamous carcinoma 
cervical nodes with that of benign specimens obtained from 
directed biopsy. In 10 (55%) of the patients, at least one 
histopathologically benign mucosal specimen from defined 
anatomic sites demonstrated a pattern of genetic alterations 
identical to that present in cervical lymph node metastasis. 
These genetic changes include identical losses on multiple 
chromosomal arms or chromosomal breakpoints. 

A chest radiograph needs to be obtained to rule out a 
pulmonary lesion or mediastinal adenopathy. A CT scan is 

obtained to evaluate the extent of neck disease, and the 
involvement of retropharyngeal nodes, as well as potential 
primary sites. It also provides information on the presence 
of necrosis and the involvement of extranodal tissues, soft 
tissue of the neck or the carotid sheath. 

2118F]-Fluoro-2-deoxy-D-glucose positron emission 
tomography (18-FDG-PET) imaging of tumor metabolism 
may also be useful in the search for the primary site. This scan 
is based on metabolic differences between malignant and nor- 
mal tissues, such as a greater number of glucose transporters, 
molecular changes of the hexokinases, and a reduced number 
of glucose 6-phosphate, which leads to trapping of FDG-6- 
PO 4 in tumor cells. In a study by Jungehulsing et al. [ 19] of 27 
patients with unknown primary carcinoma metastatic to cervi- 
cal nodes, a primary tumor was identified in 7 patients and 
additional metastases were detected on 18-FDG-PET. If PET 
shows an uptake in a particular location, it can render further 
diagnostic approaches more specific in certain patients. 

Therefore, if PET is going to be obtained as a part of rou- 
tine workup, it is advisable to do so prior to panendoscopy 
so that any areas of suspicious uptake can be examined with 
biopsy during panendoscopy. 
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IV. TREATMENT 

All published data on the results of treatment of metastatic 
neck nodes from unknown primary site are from retrospective 
single institutional studies with nonuniform diagnos- 
tic workup and treatment. No prospective study has been 
conducted on this disease thus far. Therefore, definitive con- 
clusions from these studies are difficult and remain contro- 
versial. However, some generalizations can be drawn. 
Most series used a combined modality treatment approach 
with neck dissection followed by postoperative radia- 
tion treatments. Combined modality treatment has superior 
control of neck disease, as well as a lower rate of subsequent 
emergence of primary tumor compared to surgical treatment 
of neck disease alone, especially for N2 and N3 disease. 

The main controversies arising from these studies are 
(1) the extent of optimal neck surgery, whether neck dissec- 
tion is needed or excisional biopsy is sufficient for early 
stage neck disease; (2) the extent of optimal radiation field, 
whether the mucosal/submucosal potential primary site 
should be irradiated given toxicities of radiation therapy; (3) 
the sequence of radiation and neck dissection; and (4) the 
role of adjuvant chemotherapy. 

A. Extent  of  O p t i m a l  N e c k  Surgery  

N1 disease can be managed with single modality, either 
radiation treatment or surgery. Some authors advocate neck 
dissection alone for a single node less than 3 cm in size 
without extranodal extension. However, only a few patients 
present with disease that is suitable for this approach of neck 
dissection alone. In a retrospective review of 117 patients 
with an unknown primary at the Mayo Clinic between 1965 
and 1985, Coster et al. [20] reported on 24 patients (14 N1, 
10 N2-3) who presented with unilateral adenopathy. They 
were treated with curative resection of all gross neck disease 
with neck dissection or excisional biopsy only without 
radiation therapy. Twenty-five percent of the patients devel- 
oped recurrence in the dissected neck within a median of 
3 months after surgery. This report also provides an excel- 
lent review of literature (Fig 2a.1) comparing different 
treatment results from several institutions. These patients, 
however, all had high risk factors, such as pathologic stage 
N2 or higher or the presence of extracapsular extension 
(ECE). The authors suggested that pathologic stage N1 
patients without ECE could be managed with surgery alone. 
However, the proportion of patients suitable for this 
approach is small. N1 and N2a neck also could be managed 
with primary radiation therapy followed by close observa- 
tion if a complete response is obtained [21 ]. For incomplete 
responses, neck dissection is indicated. The disadvantages 
of primary radiation therapy are, of course, that (1) the com- 
plete pathologic extent of neck disease is not known and (2) 
the radiation field and doses cannot be tailored accordingly. 

Several series reported equivalent neck control and survival 
rates with excisional biopsy only compared to neck dissection 
when they are followed by postoperative radiation treatment. 
Nguyen and colleagues [22] reported equivalent survival and 
neck control in 54 patients treated with either excisional 
biopsy (30 patients) or neck dissection (24 patients) fol- 
lowed by radiation therapy to a median dose of 60 Gy. In a 
retrospective study of 136 patients from the M.D. Anderson 
Cancer Center, Colletier et al. [23] reported no regional 
relapse in 39 patients treated with excisional biopsy fol- 
lowed by radiation therapy. Patients with N2b, N2c, and N3 
disease are at a high risk of failure and should be approached 
with a combined modality treatment of neck dissection and 
radiation treatment. The relapse rate in the involved neck for 
N2b, N2c, and N3 is as high as 40-50% after surgery alone 
and postoperative radiation therapy is recommended. 

B. Extent  of  Radia t ion  Field 

The optimal field of radiation therapy remains controver- 
sial with respect to inclusion of the potential primary site, 
and contralateral neck. The complete inclusion of the poten- 
tial primary site, such as nasopharynx, oropharynx, 
hypopharynx, and supraglottic larynx, in the radiation field 
with 5000 to 6000 cGy will inevitably lead to more side 
effects, mostly mucositis and xerostomia. A radiation port 
encompassing the nasopharynx inevitably includes bilateral 
parotid glands and is a major cause of xerostomia. However, 
radiation to bilateral neck fields generally treats tonsil, base 
of tongue, larynx, and hypopharynx to a nearly therapeutic 
dose and yet can spare significant portions of parotid glands. 
Therefore, the nasopharynx may not be included in radiation 
field unless the patient presents with features suggestive of 
a nasopharyngeal primary, such as positive EBV serology, 
undifferentiated carcinoma or lymphoepithelioma, bilateral 
high neck nodes, or posterior cervical node involvement. 
This approach minimizes radiation-induced xerostomia. 

However, some authors advocate withholding irradiation 
to the entire pharyngeal mucosa for the following reasons. 

1. The probability of emergence of a primary site is approx- 
imately 10%. The probability of side effects, whether 
acute or chronic, from radiation treatment is 100%. This 
means that 90% of patients will develop side effects with- 
out a potential benefit from radiation. 

2. The major site of failure after surgical treatment of the 
neck is ipsilateral neck and distant metastasis, not in the 
occult primary site. 

3. No clear data exist for a proven survival benefit of radia- 
tion therapy to potential primary sites. 

4. Almost 50% of tumors that develop after 5 years of initial 
neck treatment are most likely second primary tumors, 
which can be managed accordingly with less morbidity 
without previous radiation. 
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Others, however, continue to advocate irradiation of 
potential primary sites and bilateral neck. Their reasons 
include the following. 

1. In patients treated with surgery alone, several retrospec- 
tive studies reported up to 40% of development of pri- 
mary tumor eventually and up to 15% of contralateral 
neck failure eventually. Radiation treatment to potential 
primary sites reduces the incidence of mucosal failure to 
about 10%. 

2. Data on the effectiveness of salvage treatments of pri- 
mary and contralateral neck relapse are lacking. 

3. If only the involved neck was irradiated, further irradia- 
tion of the primary site is technically more difficult and 
compromised if disease progresses at the primary site. It 
may also be associated with a higher morbidity. 

4. Any untreated microscopic cancer can be a potential 
source of distant metastasis and may compromise survival. 

5. Advances in the radiation technique, such as intensity 
modulated radiation treatment (IMRT) planning, and 
pharmaceutical agents, such as Amifostine and 
Pilocarpine, may minimize toxicities from radiation 
treatment. 

C. S e q u e n c e  of  Rad ia t ion  a n d  

N e c k  D i s s e c t i o n  

N1 and N2a neck diseases have up to an 80% chance of 
control with radiation alone with neck dissection reserved as 
the salvage procedure. This approach enables a significant 
portion of patients to avoid the morbidity of a neck dissec- 
tion. However, a true pathologic assessment of neck disease 
is not possible, and radiation field and doses cannot be tailed 
based on pathologic information. Also, neck dissection after 
high-dose radiation may increase the risks of postoperative 
wound and soft tissue complications. 

For stage N2b or above, generally, initial treatment is 
neck dissection followed by radiation treatment. Unless 
the neck is inoperable, in most centers, neck dissection is per- 
formed first followed by postoperative radiation treatment. 
However, it is still common, especially in European centers, 
to deliver radiation treatment first followed by planned neck 
dissection for an incomplete response. With recent advances 
in chemoradiation therapy for advanced head and neck dis- 
ease, the role of planned neck dissection remains controver- 
sial. There are no clear data on pathologic residual disease 
after a complete response with chemoradiation therapy. It is 
also unclear whether planned neck dissection after a complete 
response improves neck control or survival. PET may prove 
to be a valuable guide in the metabolic status of nodal disease 
after chemoradiation therapy. Inoperable neck disease is 
treated with radiation followed by neck dissection if it is 
downstaged to operable. 

D. Role of  Ad juvan t  C h e m o t h e r a p y  

The presence of multiple node involvement or extra- 
capsular extension is considered a high-risk factor for local 
failure. Limited data exist regarding the benefit of 
chemotherapy in patients with an unknown primary tumor. 
However, concurrent postoperative radiation therapy and 
chemotherapy showed benefits in terms of improved local 
and regional control in several studies with known primary 
tumors. A recently completed intergroup study comparing 
postoperative radiation therapy alone and concurrent post- 
operative radiation therapy and Cisplatin in high-risk 
patients with known primary tumors will indirectly provide 
valuable data on the role of adjuvant chemotherapy in 
patients with an unknown primary tumor but with high-risk 
factors for recurrence. Also, the issue of chemoprevention 
remains to be investigated. 

V. TREATMENT RESULTS 

Table 2a.5 provides a compilation of treatment results 
from several institutions with three different approaches. It 
is difficult to draw conclusions from these retrospective 
reviews, but it can be seen that the percentage of patients 
developing either primary tumor or delayed metastasis in the 
contralateral neck is lower in patients who received radia- 
tion therapy. 

Most studies identified the extent of neck disease as the 
most significant prognostic factor. The N stage has been 
shown to have a direct correlation with neck control, disease- 
free survival, and overall survival [9,20,22,24]. Jesse et al. 

[24] from M.D. Anderson, reported a 3-year, disease-free 
survival of 79, 67, 45, and 38% for NX, N1, N2, and N3 
stage diseases, respectively, in 104 patients treated with sur- 
gery alone. A direct correlation was also seen between neck 
stage and 3-year disease absolute survival in patients treated 
with radiation therapy alone (52 patients) or a combination 
of surgery and radiation therapy (28 patients). Weir et al. 

[9], from Princess Margaret Hospital, reported on 144 
patients treated with radiation therapy. Local control rates 
were 75, 67, 36, and 22% and 3-year actuarial survival rates 
were 76, 55, 51, and 24% for stages NX, N1, N2, and N3, 
respectively. The number of involved nodes and the fixation 
of nodes were reported to be independent prognostic factors 
for neck control and survival [25]. 

Extracapsular extension is also an important prognostic 
factor for local control as well as survival. In 136 patients 
treated with surgery followed by postoperative radiotherapy 
at M.D. Anderson, Colletier and co-workers [23] reported 
5-year actuarial rates of neck relapse in patients with and 
without extracapsular extension of 16 and 0%, respectively. 

The reported overall incidence of primary tumor devel- 
opment in the head and neck ranges from 12 to 25% after 
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TABLE 2 a . 5  L i t e r a t - r e  R e v i e w  o f  " U n k n o w n  P r i m a l "  S q u a m o u s  Cell C a r c i n o m a  a 

Primary tumor Recurrence in Delayed metastases in 
developed b dissected neck contralateral neck 

Patients 
Series Treatment (no.) (no.) (%) (no.) (%) (no.) (%) 

Surgery alone 

Wang et al. 57 6 11 7 12 - -  
Jesse et al. 104 17 16 25 24 16 15 
Coker et al. 26 3 12 2 8 1 4 
Current series 24 1 4 6 25 2 8 

Total 211 27 13 40 19 19/154 12 

Radiation therapy to neck only, with or without surgery 

Marcial-Vega et al. 19 1 5 10 53 0 0 

Fitzpatrick and Kotalik 95 8 8 - -  

Fermont 129 4 3 14 11 

Lee et al. 11 0 0 ~ 

Carlson et al. 20 1 5 2 10 2 10 

Glynne-Jones et al. 49 4 8 14 29 1 2 

Total 323 18 6 40/217 18 3/88 3 

Radiation therapy to both sides of neck and mucosa, with or without surgery 

Wang et al. RT 56 3 5 16 29 - -  

RT+S 44 5 11 10 23 
Marcial-Vega et al. RT_S 53 7 13 30 57 3 6 
Carlson et al. RT+_ S 73 2 3 2 3 0 0 
Harper et al. RT+ S 65 5 8 14 22 0 0 
de Braud et al. RT 16 2 13 8 50 - -  
McCunniff and Raben RT_+ S 19 1 5 7 37 

Jesse et al. RT 52 1 2 11 21 0 0 

RT+S 28 3 I 1 4 14 0 0 
Silverman et al. RT+ S 83 13 16 28 34 0 0 

Total 489 42 9 130 27 3/354 1 

aModified from Coster, J. R., Foote, R. L., Olsen, K. D., et al.: Cervical node metastasis of squamous cell carcinoma of unknown origin: Indications for 
withholding radiation therapy. Int. J. Radiat .  Oncol.  Biol. Phys.  23, 743, 1992. With permission from Elsevier Science. 

bPrimary squamous cell carcinoma developed above the clavicles within the nasopharynx, oropharynx, hypopharynx, or larynx within 5 years of neck 
operation for nodal metastases. 

Abbreviations: RT, radiation therapy; S, surgery. 

surgery alone [24,26-28], but it is probably underrepre- 
sented due to death from neck recurrence, distant metastasis, 
and intercurrent disease. At the University of Florida, 
Harper et al. [21] compared the incidence of subsequent 
mucosal lesion in 393 patients with known primary head and 
neck tumors to 65 patients with unknown primary sites but 
received 5000 to 6000 cGy of radiation to neck and mucosa. 
The incidence of developing subsequent mucosal lesion was 
about the same, 24% compared to 25% at 11 years, sug- 
gesting that radiotherapy was highly effective in preventing 
the appearance of a primary lesion. From a review by Coster 
et al. [20] a relapse in contralateral neck averages 12, 3, and 
1% after surgery alone, involved neck irradiation, and 
bilateral neck irradiation, respectively. In a retrospective 
study by Reddy and Marks [29], contralateral neck control 
was 86 and 56% in patients who received radiation therapy 
to bilateral neck and involved neck alone, respectively. 

However, no disease survival benefit was observed w i t h  
bilateral neck irradiation. 

The 5-year actuarial survival reported in the literature is 
in the range of 40 to 60%, which is favorable compared to a 
similar neck stage disease with a known primary site. It is 
difficult to evaluate survival benefits of radiation treatment 
to bilateral neck and potential primary sites, as it is based on 
data from retrospective studies with small heterogeneous 
patient groups from single institutions over long spans of 
time. Appearance of the primary lesion, however, has a 
direct impact on survival. Jesse et al. [24] reported a 3-year 
survival rate of 31% in patients when the primary appears, 
compared to 58% for patients who never developed a pri- 
mary tumor. In summary, multicenter prospective random- 
ized clinical trials are needed to investigate the critical 
issues involved in the management of patient with this 
intriguing disease. 
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i. I N T R O D U C T I O N  

Since Bilroth first described adenoid cystic carcinoma 
(ACC) in 1854, with the term cylindroma [1 ], the unique bio- 
logical behavior and natural history have been well docu- 
mented. Despite aggressive local treatments, the local control 
rate is still low and long-term survival is often compromised 
by the development of metastasis. It has characteristically a 
protracted and insidious development of local recurrence and 
metastasis, which often occur after decades. However, con- 
siderable differences in the clinical course have been 
observed among patients with ACC. Currently the biologic 
mechanisms underlying this peculiar tumor and its widerange 
in clinical behavior remain unresolved. More effective treat- 
ments need to be investigated for this aggressive disease with 

its intriguing biology. The most common site of ACC is in 
salivary glands, especially in minor salivary glands. Although 
ACC is known to occur in other organs besides salivary 
glands, incidence is rare and published data are scarce. This 
chapter focuses on ACC occurring in salivary glands. 

II. INCIDENCE 

ACC comprises 2 to 5% of all tumors of the salivary 
glands. It is the most common malignancies of the minor sali- 
vary glands. As shown in Fig. 2b. 1, ACC is reported to be 36 
to 58% of all malignancies of the submandibular glands 
[2-4]. It is less common in the parotid gland, where only 7 to 
18% are ACC. The most common age at presentation is 50 to 
60 years old with no predilection for either gender. The most 
common presenting symptom is a painless mass, often enlarg- 
ing rapidly, but presenting indolently for years prior to pres- 
entation. Pain is a relatively uncommon symptom and may 
indicate involvement of deep structures. Lymph node metas- 
tasis at presentation occurs in about 10 to 30% [5-7]. About 
25% of patients present with facial palsy due to cranial nerve 
invasion, but pathologic involvement of perineural space 
(PNS) is reported to be as high as 80% [8,9]. Approximately, 
40 to 50% of patients present with stage III and IV disease 
[10,11 ]. Although etiologic factors for salivary gland tumors 
are not well defined, an association with a lack of vitamins A 
and C in the diet and exposure to radiation has been reported. 
However, no such specific etiologic factors are linked to ACC. 
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!Ii. NATURAL HISTORY 

ACC has a high rate of local recurrence and distant metas- 
tasis despite aggressive initial local treatment. Because of 
frequent late development of metastasis, despite initial local 
control, it may take decades of follow-up to appreciate the 
insidious clinical course in some patients. In an analysis of 
196 patients with ACC at Memorial Sloan Kettering between 
1936 and 1986, Spiro et al. [12] noted that the disease-free 
interval ranged from 1 month to 19 years and exceeded 10 
years in 8%. Prognostic factors of ACC include tumor site and 
size, nodal involvement, histology, perineural invasion, and 
DNA content. These factors are discussed in the following 
sections. The pattern of local invasion is characterized by dif- 
fuse infiltration into adjacent structures such as skin, soft 
tissue, bone, and nerve. Its unique feature, however, is per- 
ineural invasion, which has been reported to be as high as 80% 
histologically. In 198 patients with ACC of the head and neck 
treated with surgery and postoperative radiation therapy at 
M.D. Anderson between 1962 and 1991, Garden et al. [ 13] 

found 69% had perineural spread and 28% had invasion of a 
major cranial nerve. Crude failure rate was 18 and 12%, 
respectively, with and without major nerve invasion. Failure 
along the base of skull developed only in 2% in this study. 
However, failure of the path of cranial nerves and the base of 
skull is not uncommon in patients with extensive perineural 
invasion treated with surgery alone. Seaver et al. [ 14] reported 
perineural involvement in 11 out of 19 patients with recur- 
rence. Vrielinck et al. [15] found perineural invasion in 53% 
of their patients and noted its inverse correlation with survival. 
However, Perzin and co-workers [16] found no such correla- 
tion. Most local recurrence occurs within a few years of initial 
treatment. In 37 patients with ACC at McGill, Haddad et al. 

[17] noted that average time for local failure was 3.5 years and 
62% of local failure was seen within 2 years. 

Distant metastasis is reported as high as 50% and is more 
common than nodal relapse. It is not unusual to occur long 
after initial local treatment. In Haddad's study, median time 
for appearance of distant metastasis was 8.1 years [17]. 
Metastasis is usually associated with local failure, but it is not 
infrequent as the only site of failure. Metastatic disease may 
progress in an indolent course, often over years, and survival 
can be protracted in some patients even without treatment. In 
Spiro's study, 74 patients (38%) developed distant metastasis, 
and in 23 patients (31%), metastasis occurred without loco- 
regional failure [12]. Survival with distant metastasis was 
less than 3 years in 54 % and more than 10 years in 10% of 
patients. Fordice and co-workers [18] reported 22% distant 
metastasis as the only site of failure in 160 patients with ACC 
at M.D. Anderson between 1977 and 1996. Matsuba et al. 

[10] found that distant metastasis occurred in 51% of 71 
patients, and distant metastasis occurred in 35%, despite local 
control. Lung is the most common site of metastasis (70%), 
followed by bone and liver. Isolated pulmonary metastasis can 

follow an indolent course and should not discourage treat- 
ment of locoregional disease. In Spiro's analysis of 74 
patients with metastasis [12], the lung was the only site of 
metastasis in 50 out of 74 patients, and in 17 patients the lung 
was involved in addition to other sites. Matsuba et al. [10] 
reported that pulmonary metastasis occurred in 63% of all 
metastasis. The prognosis of patients with pulmonary was 
more favorable than that for those with other metastasis, 
especially osseous metastasis [19]. 

IV. PATHOLOGY 

ACC is believed to originate from the reserve epithelial 
calls in the intercalated ducts, which can differentiate into 
epithelial and myoepithelial cell forms [20]. Two major 
types of cells in ACC are ductal and nonductal cells. Ductal 
cells express CEA and EMA, and nonductal cells express 
muscle-specific actin characteristic of myoepithelium on 
immunohistochemical staining [21 ]. 

The three histological classifications of ACC are tubu- 
lar, cribriform, and solid pattern. However, most ACC are 
composed of a mixture of different patterns. The tubular pat- 
tern is characterized by an elongated tubular formation with 
a central lumen. In the cribriform pattern, cells are arranged 
in nests that are fenestrated by round and oval spaces. The 
solid pattern has a high cellularity with at least 30% com- 
posed of solid cellular arrangement with infrequent lumen 
or fenestrations. The degree of cellularity correlates with 
grade and prognosis. Low-grade ACC is generally a mixture 
of tubular and cribriform patterns, and the solid pattern is 
considered a highgrade. Perineural invasion, however, is 
seen frequently in both low- and high-grade tumors [22]. 
Several studies suggested that the best prognosis occurs 
with the tubular pattern, an intermediate prognosis with 
cribriform and the worst prognosis with a solid pattern 
[23-25]. Szanto et  al. [26] divided ACC into grades I, II, and 
III based on the specimen that was a solid pattern: grade I 
had no solid component, grade II had less than 30% solid 
areas, and grade III had at least 30% solid pattern. With 
15-year follow-up, cumulative survival correlated well with 
grade: 39, 26, and 5% [26]. Spiro [2], however, found no 
such correlation between grade and survival in ACC. 

DNA content (DNA ploidy and % S phase) has been 
reported to have prognostic significance. In a study by Tytor 
et al. [27], aneuploid tumors had a higher S-phase value and 
recurrence rate compared with diploid tumors. Frazen et al. 

[28] reported a higher grade and stage with aneuploid tumor 
than diploid tumor. 

p53 expression was present in 69% of ACC in a study by 
Karja et al. [29]. In this study, the highest prevalence for p53 
expression was seen in ACC among 219 salivary gland tumors. 
However, no correlation was found between p53 expression 
and local recurrence, metastatic disease or survival of patients. 
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Est rogen (ER) and the proges terone  receptor  (PR) were 

studied with immunoh i s tochemica l  staining in 27 cases of 

ACC by Doff et al. [30], but ER was not present  in any 

tumor  and PR was positive only in 2 cases. This result  does 

not  support  the use of ho rmona l  t rea tment  for ACC. 

Neural  adhesion molecules  (N-CAMs)  were expressed 

in 14 out of 15 (93%) tumors with perineural  invasion in a 

study by Gandour-Edwards  et al. [31 ]. The biological  mech-  

anism and clinical significance of this finding remain to be 

investigated. 

V. E V A L U A T I O N  

It is essential  to obtain a detai led history, part icularly the 

durat ion of mass and change in the intensity of present ing 

symptoms,  in order to assess clinical progression.  A thor- 

ough and detailed examinat ion  of the head and neck area, 

including adjacent structures, cranial nerve function, and 

cervical  lymph  node status, should be performed.  Standard 

radiological  evaluation includes a chest X-ray, computed  

tomographic  scan of the head and neck area, including the 

base of skull, and a bone scan. The  CT scan is useful in eval- 

uating the extent of the lesion, as well  as lymph node metas-  

tasis. Magnet ic  resonance imaging provides a better image 

of tumor  margins and internal architecture than a CT scan 

and is also useful for a better del ineat ion of tumor  from 

surrounding soft tissues, part icularly blood vessels and 

nerves. ACC usually appears as a wel l -del ineated to highly 

infiltrative homogeneous  mass on CT and MRI.  CT and 

M R I  have about the same ability to detect perineural  inva- 

sion. Nerve en la rgement  or fat d isp lacement  by the tumor  

around the nerve on a MRI  scan and en la rgement  of bony 

foramina from nerve expansion on a CT scan are some of 

the indications of perineural  invasion. A chest CT scan is 

useful for the detect ion of early metastasis  not visual ized on 

a chest  X-ray. 

ACC in major salivary glands are staged according to cur- 

rent American Joint Commit tee  (AJC) T N M  staging classifi- 

cation as shown in Table 2b.1 [32]. ACC arising from minor 

salivary glands are staged according to the AJCC system by 

the site of origin. For example, ACC of the hard palate is 

staged according to the oral cavity staging system. Dental eval- 

uation should be obtained if radiation therapy is anticipated. 

For a tissue diagnosis of salivary glad tumor, the com- 

monly  per formed procedure is a fine needle aspiration. FNA 

is per formed easily with a low complicat ion rate and is accu- 

rate with a sensitivity and specificity of over 90% [33-37].  

However,  the rate of inadequate  sampling ranges f rom 4 to 

7% [38-41].  It is also difficult to accurately diagnose histo- 

logical types of salivary neop lasm by FNA, which lacks his- 

tological  architecture. Therefore,  the main utility of F N A  is 

in establishing the diagnosis of mal ignancy  and is, therefore, 

helpful  for planning appropriate surgery and extent  of 

TABLE 2b. 1 Staging Sys tem for Major 
Salivary Gland Malignancy a,b 

Primary tumor (T) 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor 2 cm or less in greatest dimension 

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

T3 Tumor more than 4 cm but not more than 6 cm in greatest 
dimension 

T4 Tumor more than 6 cm in greatest dimension 

Regional lymph nodes (N) 

Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single ipsilateral lymph node, 3 cm or less in 
greatest dimension 

N2 Metastasis in a single ipsilateral lymph node, more than 3 cm 
but not more than 6 cm in greatest dimension; in multiple ipsi- 
lateral lymph nodes, none more than 6 cm in greatest dimen- 
sion; or in bilateral or contralateral lymph nodes, none more 
than 6 cm in greatest dimension 

N2a Metastasis in a single lymph node more than 3 cm but 
not more than 6 cm in greatest dimension 

N2b Metastasis in multiple lymph nodes, none more than 
6 cm in greatest dimension 

N2c Metastasis in bilateral or contralateral lymph nodes, 
none more than 6 cm in greatest dimension 

N3 Metastasis in a lymph node more than 6 cm in greatest 
dimension 

Distant metastasis (M) 

Mx Presence of distant metastasis cannot be assessed 

M0 No distant metastasis 

M I distant metastasis 

Stage grouping 

Stage I 

Stage II 

Stage III 

Stage IV 

Any T 

T 1 a NO M0 
T2a NO M0 

Tlb NO M0 
T2b NO M0 
T3a NO M0 

T3b NO M0 
T4a NO M0 
Any T N I M0 (except T4b) 

T4b Any N M0 
Any T N2 M0 
Any T N3 M0 
Any N M 1 

aFrom American Joint Committee on Cancer (1997): "AJCC Staging 
Manual," 5th ed., p.57. Lippincott-Raven, Philadelphia. 

bAll categories are subdivided: (a) no local extension or (b) local exten- 
sion. Local extension is clinical or macroscopic evidence of invasion of 
skin, soft tissues, bone, or nerve. Microscopic evidence alone is not local 
extension for classification purposes. 
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surgery. An incisional biopsy is generally not recommended 
due to the possibility of tumor implantation. Excisional 
biopsy for minor salivary gland tumor is a complete excision 
and for parotid tumors is a radical parotidectomy, total 
parotidectomy, or superficial parotidectomy with facial 
nerve preservation depending on the extent of the lesion. 

VI. TREATMENT 

A. Surge ry  

Primary treatment of ACC of the salivary gland is surgery. 
The surgical technique depends on location and extent of the 
primary lesion, on the status of regional lymph nodes, and is 
well described in surgical literature [42]. Because a positive 
surgical margin is associated with a poor outcome in patients 
with ACC [ 13,16,18], an attempt should be made to obtain neg- 
ative margins. However, it may not be possible to obtain nega- 
tive margins for lesions involving the paranasal sinus, 
nasopharynx, and nasal cavity without extensive disfiguring 
surgery. If the patient does not have signs of cranial nerve inva- 
sion, a nerve-sparing operation is generally done. However, it is 
not infrequent to find tumor adherence to major nerves requir- 
ing sacrifice of the nerve. In such situations, controversy still 
exits whether the nerve can be preserved with the delivery of 
postoperative radiation therapy. Based on retrospective studies 
demonstrating increased local recurrence with perineural inva- 
sion, some advocate the sacrifice of involved major nerves [43]. 
However, radiation therapy literature suggests that local control 
with postoperative radiation is equivalent to radical surgery for 
microscopically positive margins allowing for major nerve 
preservation [25]. A prospective trial is needed to evaluate the 
efficacy of postoperative radiation therapy in ACC. 

Neck dissection is generally not performed electively for 
early stage, low-grade ACC, but should be performed for 
involved node, high-grade or advanced stage ACC. In analy- 
sis of 407 patients with major salivary gland malignancy by 
Armstrong et al. [44], elective neck node dissection revealed 
a positive node in only 2 out of 54 (4%) patients with ACC. 
However, first echelon lymph nodes are generally included 
in the surgical specimen of the salivary gland tumor. First 
echelon nodes are also readily accessible for frozen section 
examination; if the frozen section is positive, neck dissec- 
tion can proceed. 

B. Rad ia t ion  T h e r a p y  

The main roles for radiation therapy in the management 
of ACC are (1) as an adjunct to surgery as postoperative 
treatment for patients with a high risk for local-regional 
recurrence and (2) for primary treatment of inoperable or 
unresectable lesions. 

Indications of postoperative radiation therapy in ACC 
include (1) High-grade tumor, (2) advanced stage, (3) micro- 
scopic positive or close margins, (4) gross residual disease, 
(5) invasion of skin, soft tissue, or bone, (6) involvement of 
lymph node, and (7) recurrent disease. 

Detailed techniques of radiation therapy for ACC involv- 
ing various major salivary glands are well described in the 
radiation therapy literature [42,45,46]. For postoperative 
radiotherapy, careful attention should be given to include the 
entire pathologic extent of the lesion. Generally, the entire 
surgical bed with a 2-cm margin is included. Due to the high 
propensity of ACC for perineural invasion, cranial nerve 
pathways to the base of the skull need to be included if peri- 
neural invasion is present. Postoperative radiation therapy 
should be given to the ipsilateral neck, including the lower 
neck, for positive node neck dissections, as well as high 
grade or recurrent disease. The postoperative radiation dose 
ranges from 50 to 64 Gy over 5 to 6 weeks depending on the 
grade and pathologic extent of the disease. For gross resid- 
ual disease, inoperable, or unresectable lesions, a dose of up 
to 70 Gy is required. Most centers use a combination of 4 to 
6-MV photons and electrons, but a wedge pair photon beam 
technique is also used. Neutron beam therapy has been used 
in the treatment of ACC in a number of centers in Europe 
and the United States with the local control rate reported to 
be photon radiation [47-51]. However, neutron treatment 
facilities are limited to only a few centers in the world. 

C. C h e m o t h e r a p y  

To date, no effective adjuvant chemotherapeutic agent has 
been reported for ACC. Data on efficacy chemotherapy for 
ACC come from the treatment of metastatic lesions or for the 
palliation of local-regional disease involving a relatively 
small number of patients, usually combined together with 
other histological types of salivary gland tumors. Among the 
different agents reported, cisplatin-based regimens showed 
moderate response rates of 30 to 40% [52-56]. A southwest 
oncology group phase II trial with mitoxantrone in ACC 
showed no significant antitumor activity [57]. Vermorken 
and colleagues [58] reported a local-regional response rate of 
48% and a 15% response rate for metastatic disease based on 
pooled data from several studies. However, these responses 
have not been shown to translate into improved survival in 
ACC. Prospective clinical trials are needed to facilitate the 
development of more active systemic agents for metastatic 
disease, which is a major determinant of survival. 

VII. RESULTS 

Because the incidence of ACC is relatively low, most 
treatment results are from retrospective studies on salivary 
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TABLE 2b.2 Local/Regional Tumor Control Rates for 
Malignant Salivary Gland Tumors Using Low LET 
(Photon/Electron) Radiotherapy in Conventional 

Fractionation Schemas 

Author/rate Patient number 

Fitzpatrick and Thoriault/12%(6/50) 50 
Vikram/4%(2/49) 49 
B orthne/23 %(8/35) 35 
Rafla/36%(9/25) 25 
Fu/32%(6/19) 19 
Stewart/47 % (9/19) 19 

gland tumors, which include other histology or involve a rel- 
atively small number of patients without sufficient follow-up. 
These studies, however, all reported improved local control 
with postoperative radiation therapy [59-64]. One of the 
largest series in these early studies is by Yu and Ma [61]. 
They analyzed 405 cases of salivary gland cancer and 
reported that patients with ACC had a higher survival rate 
after combined treatment with surgery followed by radiation 
compared to surgery alone. Other studies, however, failed to 
show a survival benefit for postoperative radiation [65]. 

Neutron radiation treatment has been investigated exten- 
sively for salivary gland cancers. Batterman et al. [66] inves- 
tigated the relative biological effectiveness (RBE) of the fast 
neutron in metastatic lesions in lung from various malignan- 
cies. They reported the highest RBE of 8.0 in ACC compared 
to 3.0-3.5 for normal tissues. Various neutron facilities have 
conducted phase I/II trials of neutron treatment in inopera- 
ble or recurrent salivary gland tumors since then. Results of 
these trials are summarized in Table 2b.2 [67]. An overall 
local-regional control of 67% is significantly higher com- 
pared to 24% (Table 2b.3) with photon/electron treatment in 
inoperable or recurrent salivary gland tumor (Fig. 2.1). 
Based on these reports, the Radiation Therapy Oncology 
Group (RTOG) in the United States and the Medical 
Research Council in England conducted a randomized 
phase III trial comparing neutron treatment and photon treat- 
ment in inoperable salivary gland tumors. The 2-year local- 
regional control for neutron therapy was significantly higher 
than photon treatment: 67% vs 17% (P<0.005), respectively. 
Survival was initially reported to be higher in the neutron 
group than in the photon group: 62% vs 25%, respectively 
[68]. Because of this finding, the trial was closed early for 
ethical reasons. The latest report of this trial in 1993 contin- 
ues to show significant superiority for neutron therapy in 
terms of local-regional control. However, the survival bene- 
fit of neutron was preserved due to the development of 
metastasis [69]. 

The two studies discussed here are the largest reported 
studies for ACC. Each involves over 150 patients treated in a 
single institution. The first study is postoperative treatment and 
uses photon therapy. The second study is primary treatment for 

TABLE 2b.3 Local/Regional Tumor Control Rates for 
Malignant Salivary Gland Tumors Using High LET 

Fast Neutron Radiotherapy 

Author/rate Patient number Control (%) 

Saroja (71/113) 113 63 
Catterall and Errington (50/65) 65 77 
Buchholz (40/52) 52 77 
Batterman and Mijnheer (21/32) 32 66 
Duncan (12/22) 22 55 

gross residual or recurrent disease and uses neutrons. Both 
studies demonstrate the unique natural history of ACC and 
address some of the key issues in the management of ACC. 

Garden et al. [13] reviewed 30 years experience with 
postoperative photon radiation treatment in 198 patients at 
M.D. Anderson Hospital. Actuarial 5-, 10-, and 15-year free- 
dom from relapse rate was 68, 52, and 45%, respectively. In 
this study, 83 out of 198 patients (42%) had positive margins 
and 55 patients (28%) had invasion of a major named nerve. 
Local recurrence developed in 23 patients (12%), and 5-, 10-, 
and 15-year actuarial local control was 95, 86, and 79%, 
respectively. Two adverse factors for local control reported 
in the analysis are positive margins and involvement of a 
major (named) nerve. The 10-year actuarial local control 
rate for patients with positive margins was 77% compared to 
93% for patients with negative positive margins (P=0.006). 
The 10-year actuarial local control rate for patients with 
negative and close or uncertain margins was 93 and 92%, 
respectively. The 10-year actuarial survival rate with and 
without major (named) nerve involvement was 80 and 88%, 
respectively (P=0.02). The 10-year actuarial survival rate 
correlated with the number of adverse factors present: none, 
93%; one, 83%; and two, 73%. However, the author does 
not mention whether the cranial nerve pathway was treated 
routinely in patients with a major (named) nerve invasion. 
The most common site of failure was distant metastasis, 
which developed in 74 patients (37%) in which 61 out of 
the 74 patients (82%) had local control. In contrast, in the 
study by Spiro et al. [12], 69% of the metastasis was associ- 
ated with local-regional recurrence. This study demonstrates 
the efficacy of postoperative radiation treatment in ACC in 
preventing local recurrence. However, 37% still developed 
metastasis despite a high local control rate. Therefore, with- 
out the development of more effective treatment for systemic 
disease, survival is unlikely to improve significantly. 

Douglas et al. [47] reported a 5-year actuarial 
local-regional control rate of 57% in 151 patients with gross 
residual disease or unresectable disease after neutron treat- 
ment. The 5-year actuarial overall survival and cause-specific 
survival were 72 and 77%, respectively. These results are 
encouraging considering a patient population with gross 
residual disease or recurrent disease. In multivariate analy- 
sis, the factors that had a significant negative impact on 
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local-regional control were base of skull involvement and 
surgery consisting of a biopsy only. Local-regional control 
with and without the base of skull involvement was 68% vs. 
23% (P<0.01),  respectively. Patients who had a biopsy 
only had a recurrence rate of 71% compared to 43% in those 
who had at least surgical resection attempted (P<0.03). 
Patients without base of skull invasion who under went 
surgical resection had a 5-year local-regional control rate of 
80%. It is interesting that all 8 patients with only micro- 
scopic disease had 100% 5-year actuarial local-regional 
control. On multivariate analysis, two factors influencing 
distant metastasis are involvement of the base of skull and 
regional lymph nodes. About 50% of the node-positive 
patients develop metastasis compared to 26% of node-negative 
patients at 5 years (P < 0.001). With base of skull invasion, 
development of metastasis was seen in 56% of patients 
compared to 24% in patients with no invasion (P<0.01). In 
this study, perineural invasion did not influence either local- 
regional control or metastasis, and the authors suggest that 
neutron therapy is effective in eradicating microscopic disease 
along nerves, as the entire nerve pathway to the base of skull 
was treated routinely with 12 neutron Gy. The 5-year actuarial 
grade 3 and 4 complication rate was reported as 13.5%. 

At Wayne State University Medical Center, treatment with 
a mixed beam of 30 Gy of photon and 10 to 15 Gy of neutron 
has been used in a postoperative setting, as well as for unre- 
sectable and inoperable lesions. Our experience also confirms 
a high rate of local control with a low complication rate. 

In summary, the following conclusions can be made from 
available data on ACC. 

1. Surgery is the primary treatment of resectable disease. 
2. Postoperative radiation treatment improves local- 

regional control. 
3. For unresectable and inoperable lesions, neutron 

radiation treatment offers superior local-regional control 
compared to photon radiation treatment. 

4. Overall survival is not improved with postoperative 
radiation treatment due to distant metastasis, which 
occurs in 40-50% of patients. 

5. Prospective clinical trials are needed to develop effec- 
tive systemic agents for the improvement of overall 
survival. 
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I. HEAD AND NECK 
CANCER IMAGING 

Radiological assessment of head and neck cancer has 
largely depended on the demonstration of anatomical 
changes in the head and neck as an indication of tumor 
involvement. Computed tomography (CT) and magnetic 
resonance imaging (MRI) have both been used with similar 
success in evaluating head and neck cancer in this regard 
[1]. Distortion of normal anatomic spaces as seen on these 
images can imply the presence of tumor. Tumor size can 
be measured accurately. Destruction of bone or cartilage 
seen on CT can be an indication of tumor involvement. 

Nevertheless, CT only has marginal sensitivity to detect 
such involvement and it cannot be ruled out when tumors are 
in close proximity to bone [2]. Demonstration of enlarged 
nodes, indications of possible great vessel involvement, and 
cartilage or bone destruction can all help assess the overall 
stage and resectability of a tumor. 

Anatomic data as obtained from CT and/or MRI, 
although extremely helpful, does have some limitations. 
Identification of small volumes of tumor can be difficult in 
areas such as the larynx or base of tongue. Also, postopera- 
tive scans can be made difficult by the anatomic changes 
caused by surgery and/or radiation. Assessing head and 
neck cancer using molecular imaging in conjunction with 
anatomic imaging has shown to be very helpful in the eval- 
uation of head and neck cancer patients. Molecular imaging 
capitalizes on the biochemical differences between tumor 
and normal tissue rather than the anatomic abnormalities 
that occur. This difference in imaging can be an advantage 
in many occasions, but also has its own compliment of 
difficulties. After a short review of CT and MRI imaging 
techniques, this chapter focuses primarily on the indications 
for using molecular or functional imaging such a positron 
emission tomography (PET) in the evaluation of head and 
neck cancer patients. 

II. A N A T O M I C  C R O S S - S E C T I O N A L  
IMAGING T E C H N I Q U E S  FOR 

THE HEAD A N D  NECK 

Cross-sectional imaging with CT and MRI are both useful 
and can be complementary for the evaluation of head and neck 
lesions. There are, however, situations when one imaging 
method may be preferred over the other. The longer scan 

Head and Neck Cancer 2 3  
Copyright 2003, Elsevier Science (USA). 

All rights reserved. 



2 4  I. Introduction 

acquisition times with MRI can be an impediment, particu- 
larly in sick patients, those short of breath, or those who are 
unable to be still during the image acquisition. In imaging 
the larynx, CT can be considered the imaging method of 
choice as normal motion may be more likely to hamper MRI. 
The multiplanar capabilities of MRI are especially helpful in 
the assessment of complex lesions, including those that 
involve the skull base, bone involvement, and those that may 
involve perineural tumor spread. MRI is also likely to be 
more sensitive in detecting bone involvement than CT. 

A. C o m p u t e d  T o m o g r a p h y  Imag ing  

For lesions involving the pharynx, imaging is generally 
performed with the patient in the supine position, and sec- 
tions are obtained in plane with the infraorbital-meatal line. 
Scanning is performed from the skull base through the tho- 
racic inlet following the administration of iodinated contrast 
especially to evaluate for nodal disease. The examination is 
performed during a breath hold to minimize motion. 
Generally, contiguous sections, 3-5 mm in thickness, are 
attained. Field of view is kept as small as possible. 
Appropriate angling of the gantry can be helpful in mini- 
mizing artifacts associated with dental hardware. 

In addition to soft tissue windows, high-resolution 
bone reconstruction algorithms can be helpful in evaluat- 
ing skull base lesions, as well as potential perineural tumor 
spread. Especially in patients with recurrent tumors, evalua- 
tion with lung windows at the lung apices is helpful in 
assessing metastatic disease. While most CT imaging is per- 
formed in the axial plane, reformatted images permitting 
visualization in the coronal and sagittal planes are also use- 
ful. In addition, direct coronal CT imaging is possible with 
lesions involving the face, skull base, and nasopharynx. 

For CT evaluation of the larynx, in addition to a general 
survey of the neck, a focused helical examination, employ- 
ing 2- to 3-mm sections, is performed between the hyoid 
bone and the inferior aspect of the cricoid cartilage. As any 
motion severely degrades image quality, the patient is 
admonished to stay as still as possible. Sagittal, axial, and 
coronal images are reconstructed using soft tissue algo- 
rithms. High-resolution bone algorithms can also be helpful 
in identifying invasion of laryngeal cartilage. 

B. M a g n e t i c  R e s o n a n c e  Imag ing  

Because of the comparatively greater number of options 
open in protocoling MRI examinations, knowledge of 
patient history is especially important so that the examina- 
tion can be tailored appropriately. Examinations of the 
oropharynx and nasopharynx generally can be performed 
with a head coil, whereas a dedicated neck coil is required 
for studies focused more inferiorly in the neck. 

Whereas only postcontrasted images are necessary in CT 
studies, MRI examinations benefit from a combination of 
pregadolinium and postgadolinium sequences. As fat and 
proteinaceous products are high signal on Tl-weighted 
images, it is important to be able to compare pre- and post- 
contrasted images. Noncontrasted Tl-weighted images are 
especially useful for their fine anatomic detail, and because 
fat is high signal, any distortion of fat planes, including 
that of the parapharyngeal space, can be evaluated. In 
addition, replacement of fatty marrow by a lesion can be 
detected on noncontrasted Tl-weighted images. Precontrast 
sagittal and axial Tl-weighted sequences are routinely 
attained. T1 echo time should be minimized to reduce the 
magnetic-susceptibility artifact. Flow and other motion arti- 
facts can be reduced with motion-compensation gradients 
and spatial-presaturation pulses. 

Generally, lesions and abnormalities are more evident on 
T2-weighted sequences. Because fast spin echo techniques 
result in fat being of high signal intensity, the conspicuity of 
lesions and adenopathy can be increased on T2-weighted 
images by employing fat saturation. Most studies employ 
axial and coronal fat-saturated T2 fast spin echo sequences. 

Fat-saturated Tl-weighted images following gadolinium 
contrast administration are especially useful, especially in 
cases of skull base invasion and perineural tumor spread. 
Multiplanar imaging capabilities can be especially helpful in 
these circumstances. 

Motion artifact can be troublesome with MRI head and 
neck examinations, and a tailored examination kept as brief as 
possible can be helpful in minimizing patient fatigue. 
Especially with examinations of the larynx, a continued 
development of faster MRI sequences will be helpful. Another 
troubling artifact in examinations of the head and neck is pul- 
sation artifact imparted by large vessels. Depending on the 
lesion examined, alteration of the direction of the phase- 
encoding gradients can address this potential problem. 

!!!. POSITRON EMISSION TOMOGRAPHY (PET) 
IMAGING TECHNIQUES FOR 

THE HEAD AND NECK 

PET imaging of head and neck cancer depends on the 
increased metabolism and rapid cell proliferation of head and 
neck neoplasms. In the 1930s, malignant cells were shown to 
have increased glucose metabolism [3]. The largest PET 
experience with head and neck neoplasms has been with 
FDG, which capitalizes on the increased anaerobic metabo- 
lism of these malignancies. Greater than 90% of these tumors 
have a squamous cell pathology, which demonstrates high 
levels of glucose metabolism. Various other tumors, such as 
adenoid cystic tumors and adenocarcinomas, demonstrate 
elevated levels of glucose metabolism but at times not to 
the extent of squamous cell tumors. Other PET tracers, such 
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as C-11 thymidine, have been use to evaluate head and 
neck neoplasms but to a lesser extent. These tracers depend 
on abnormalities in protein or nucleic acid synthesis in 
tumor cells. 

FDG imaging is performed in the fasting state to mini- 
mize the competitive inhibition of FDG uptake by glucose. 
The effect of diabetes on the uptake of FDG is not fully elu- 
cidated, but elevated serum glucose levels may result in 
decreased FDG accumulation in cancer cells. 

Because tumor uptake of FDG continues to increase even 
up to 2.5 h after injection, standardizing the delay from injec- 
tion to imaging is advantageous. It is generally felt to be nec- 
essary to perform FDG emission scans at least 50 min after the 
intravenous administration of FDG [4]. A dose of 10.0 mCi of 
FDG can be used routinely but higher doses are commonly 
used and have the advantage of providing higher count rates. 
A range of 10-20 mCi would be considered adequate. 

Images should be obtained to include at least regions 
from the maxillary sinuses to the aortic arch. These emission 
data should be corrected using measured attenuation correc- 
tion when performing head and neck imaging. The acute 
curvature around the mouth, nose, mandible, and neck 
results in severe edge artifacts when PET studies are per- 
formed without attenuation correction. Neck lymph nodes 
can lie near the skin surface, and edge artifacts created 
without attenuation correction can hamper their identifica- 
tion. The anatomic relationships of airways and boney struc- 
tures to soft tissue can also be assessed more reliably when 
an attenuation map is available for comparison. Utilization 
of semiquantitative analysis of data with standardized 
uptake ratio (SUR) calculation may also be of aid in assess- 
ing data and this can only be provided when attenuation cor- 
rection is used. Imaging should also be performed to 
exclude distant metastatic disease in all but early stage 
tumors (T1 or T2). Images to include the liver are recom- 
mended, and nonattenuation corrected images may be suffi- 
cient outside of the head and neck region, although we 
recommend attenuation correction of all data when possible. 

Imaging the head and neck region presents challenges for 
PET that are unique. The region has substantial normal vari- 
ation in uptake that can present dilemmas in the identifica- 
tion of pathology (Fig. 3.1). Uptake in adenoidal, palatine, 
and lingual tonsil tissue is a normal variant that needs to be 
recognized. Uptake in the floor of mouth and laryngeal mus- 
culature is also common. Myelohyoid and vocalis muscles 
are usually seen as symmetric regions of uptake in "v-like" 
patterns that make them recognizable. On occasion, various 
other muscle uptake can be seen. Most commonly, stern- 
ocleidomastoid (SCM) muscle uptake may be seen in the 
neck. Scalene muscle uptake may also be seen and is seen 
more often in patients after neck dissection where the SCM 
is removed. The lower neck images may sometimes only 
demonstrate uptake at the insertion sites of the neck muscles. 
This can be confused easily with bilateral supraclavicular 

lymph node disease. The muscle uptake is, however, 
usually symmetric and palpation does not demonstrate 
nodes large enough to cause the amount of uptake seen 
on the scan. On rarer occasions, temporalis, ptyergoid, mas- 
seter, or other head and neck muscles will accumulate 
tracer depending on use by the patient, and obtaining a 
history may be helpful. 

Taking steps to reduce or eliminate muscle uptake is cru- 
cial. Making sure that the patient is not chewing gum, read- 
ing, or talking during the uptake phase is important. Some 
have advocated the use of Valium to suppress muscle uptake. 
This appears to work well but deserves an extra note of cau- 
tion in head and neck cancer patients, as existing airway 
compromise may be a variable to contend with. Technical 
attention to the position of the patient's head during the 
uptake phase is of prime importance. Experimenting with 
chair designs and pillow placement to ensure slight head 
flexion and complete head relaxation is essential to obtaining 
a scan without muscle uptake interference. Also, with new 
three-dimensional surface projections and careful examination 
of all three orthogonal views, most muscle uptake can be dif- 
ferentiated from disease by its anatomic pattern of distribu- 
tion. This cannot, however, replace proper patient preparation. 

IV. STAGING HEAD AND NECK CANCER 

A. Clinical Considerations 

The single most important factor in patient assessment, 
treatment planning, and survival prognostication is accurate 
staging [5,6]. The current staging guidelines in use for head 
and neck cancer are from the 1997 manual of the American 
Joint Committee on Cancer. Staging involves an accu- 
rate assessment of tumor at the primary site (T), regional 
lymphatic metastases (N), and distant metastases (M). Each 
primary tumor has a unique propensity for local and regional 
spread, which must be appreciated when evaluating head 
and neck cancer patients. 

Evaluation of the patient begins at the first consultation 
with a physical examination. This includes direct visualization 
of the primary tumor either through the mouth or nose or 
by using office endoscopy. Next, the neck is palpated to 
determine the presence of cervical lymph node enlarge- 
ment. Lymph nodes less than 1 cm in diameter are not reli- 
able appreciated on physical examination. Body habitus such 
as obesity or short necks may make this assessment problem- 
atic. The next phase of the evaluation consists of a pathologic 
diagnosis (direct biopsy of the tumor or a needle biopsy of a 
neck mass) and/or anatomic imaging if the neoplastic 
process is not visualized, palpable, or accessible. 

The most commonly used imaging modality for head and 
neck cancer CT is with an intravenous iodinated contrast. 
Lymph nodes greater than 1 cm in diameter (1.5 cm for 
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FIGURE 3.1 (a) PET scan coronal projection showing high metabolism in neck muscles, probably sternocleidomas- 
toid muscles (arrow). (b) PET scan coronal projection of the same patient showing resolution of neck metabolism on a 
PET scan obtained 2 days later using Valium. (c) PET scan axial view showing high metabolism in salivary glands 
(arrow) and palatine tonsils (dashed arrow). (d) PET scan axial view showing high metabolism in vocalis 
muscles (short arrow), crico-arytenoid posterior muscle (dashed arrow), and a tumor-bearing lymph node (long arrow). 

jugulodigastric nodes) or with central necrosis are consid- 
ered abnormal and suspicious for metastasis. The obvious 
shortcoming to this approach is that the determination of 
metastasis is based on anatomic criteria alone and excludes 
the possibility of early nodal metastases, which have failed 
to enlarge the lymph node. 

Standard assessment for distant metastases in head and 
neck cancer, which is uncommon for patients presenting 
with a new tumor, can include chest X-ray and liver function 
tests. CT of the chest or abdomen are used most commonly to 
evaluate abnormalities found on the preceding two studies. 

Second primary disease (either synchronous or 
metachronous) is an occasional dilemma in head and neck 
cancer. These lesions are usually in the head and neck, lung, 
or esophagus. Synchronous lesions are defined as the dis- 
covery of a second primary within 6 months of the diagno- 
sis of the first. Metachronous primaries are discovered at an 
interval greater than 6 months. The standard approach to 
head and neck cancer used to rule out a second primary 
has been operative endoscopy (laryngoscopy, bronchoscopy, 
esophagoscopy). Improved office endoscopy and CT (neck 
and chest) have resulted in a decrease in operative 
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endoscopy. The precision of whole body PET may prove 
useful for synchronous second primary detection and for 
surveillance for metachronous lesions. 

The standard treatment for advanced (stage III and IV) 
head and neck cancer is surgery followed by postopera- 
tive radiation therapy [7]. Which particular advanced stage 
head and neck tumors to treat with standard surgical resection 
and which to treat with chemotherapy and radiation can be 
a challenge. A greater impetus to treat with nonoperative 
therapy may result if distant metastatic disease is found by 
FDG PET. 

B. PET S t a g i n g  

The ability of PET to change the disease stage by finding 
undetected malignancy will have treatment implications. 
The evaluation of stage can be divided into contributions 
made in assessing the primary tumor, local nodal disease, 
and metastatic disease. Staging of the primary tumor 
(T stage) using PET has been described in several published 
articles [8,9]. In none did PET show an advantage over con- 
ventional techniques when the primary was seen by conven- 
tional techniques. Primary tumor staging with PET will likely 
contribute little over conventional staging in most patients 
with the possible exception of unknown primaries. Standard 
tumor staging using CT and physical examination with 
endoscopy will provide more anatomic information that is 
important to tumor staging than what can be provided by 
PET. In around 5% of cases, however, the primary may not 
be identified by standard techniques. Some of these primar- 
ies become obvious as the patient is followed over time. 
Others are thought to regress spontaneously, whereas most 
are never diagnosed by conventional means. Following these 
clinical evaluations, PET may identify the unknown primary 
in about 20-50% of cases as reported by several authors 
[10-15] (Fig. 3.2). There is some evidence that PET should 
only be performed after clinical assessment because routine 
panendoscopy and physical examination will identify some 
small lesions that may not be seen by PET [16]. 

Some early evidence suggests that PET may be able 
to predict radiocurabililty of patients with head and neck 
cancer. Treatment options for some head and neck tumors 
include surgery or radiation, and a decision between the two 
may be based on relative treatment morbidity. A higher level 
of metabolic activity seems to predict tumor radiocurabililty 
in a small group reported recently [17]. Larger trials will be 
needed to assess this finding. 

Previous authors have described the high accuracy of 
FDG PET in local nodal staging of head and neck cancer 
[8,9,18-23] (Fig. 3.3). All studies have shown PET to be 
equivalent or superior to anatomic methods of nodal staging 
(Table 3.1). In a study by Adams et al. [18], about 1400 
lymph nodes were sampled in 60 patients, and PET had a 
10% advantage over CT, MRI, or US in sensitivity for local 

FIGURE 3 .2  PET image of a patient with a right neck mass showing 
squamous cell cancer on biopsy (arrow) and an unknown primary even 
after review of the CT, physical examination, and negative panendoscopic, 
biopsies. Thereafter, PET showed a right base of tongue primary medial to 
the large right lymph node. 

nodal disease. The specificity was also 10% higher for PET. 
The authors showed highly statistically significant differ- 
ences in the performance of these modalities. 

The decision to perform a neck dissection is the most 
challenging in lower stage primary tumors where there is no 
clinical evidence of nodal disease. Some of these patients 
have up to a 30% incidence of occult cervical metastasis. 
These NO patients can be evaluated by PET, and the advan- 
tage over other methods for the detection of disease has also 
been demonstrated. Myers and Wax [24] showed that PET 
was more than twice as sensitive as CT in identifying nodal 
disease in patients with clinically NO necks. 

Metastatic disease to distant regions is not common with 
head and neck cancer. This may relate to an earlier detection 
of head and neck cancer due to obvious symptoms. It will 
likely be rare for PET to identify metastatic disease in initial 
staging that will impact a large proportion of patients due to 
the low incidence (probably <5%). Imaging of the body 
with PET is still recommended at initial staging, as this 
data may be helpful as a baseline evaluation for comparison 
with later imaging. Subtle uptake from inflammatory 
lung lesions, for example, can be documented so as to not 
raise a concern of metastasis on future examinations. Such 
imaging would also address the issue of second primary 
disease and possibly reduce the need for other additional 
testing. There is no additional radiation exposure for the 
patient, and additional imaging can usually be completed in 
about 5 min. 

In summary, if therapy is based in part on the more accurate 
staging by FDG PET, patients will have a chance to receive 
therapy that will be more appropriate. Patients with locore- 
gional disease that is more extensive than what is identified 
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FIGURE 3 .3  PET image demonstrating improved staging using PET of a patient with a right parotid squamous cell 
cancer (arrow) who had an MRI scan showing no definite tumor (inflammation vs infection) and no lymph node disease. 
The PET showed hypermetabolism in the parotid, right neck nodes (dashed arrow), and liver (double arrows), indicating 
metastasis proven to be disease by biopsy. 

originally may have bilateral neck dissection rather than 
unilateral dissection. Patients with unknown primary disease 
of the head and neck may undergo radiation therapy with 
extensive radiation ports from the maxillary sinuses to the 
lower neck. Identification of an unknown primary malignancy 
by PET in such cases could prevent extensive morbidity from 
such treatment. Patients with distant metastasis that may oth- 
erwise go undetected may be prevented from receiving 
unnecessary surgery of the head and neck or offered conjoint 
head and neck or thoracic procedures. 

V. EVALUATION OF THERAPY OF 
HEAD AND NECK CANCER 

A. Clinical C o n s i d e r a t i o n s  

The potential role of PET in evaluating tumor response to 
nonoperative therapies is promising. Many times, artifact pro- 
duced by chemotherapy or radiotherapy (fibrosis, erythema, 
edema) may confound the practitioner's ability to evaluate 
tumor response to therapy either by physical examination or 
by anatomic imaging. Standard anatomic imaging using CT 
or MRI has a limited ability to evaluate the effect of radi- 
ation or chemotherapy on malignancy. This is most com- 
monly true due to contrast enhancement and/or soft 
tissue distortion that is apparent in posttherapy regions seen 
on conventional imaging. Changes in tumor size may also 

lag behind metabolic effects of therapy. Because PET is a 
functional study, the persistence of tumor in the setting of no 
anatomic abnormality or the absence of tumor in the setting 
of persistent anatomic abnormality can be assessed. 

B. PET I m a g i n g  of  T r e a t e d  H e a d  and  

N e c k  C a n c e r  

FDG PET can identify changes in tumor metabolism 
during therapeutic interventions. The usefulness of FDG 
PET to identify therapeutic effects may differ depending on 
whether radiation or chemotherapy is used. Data suggest 
that radiotherapy may induce early acute inflammatory 
hypermetabolism that can be confused with tumor hyperme- 
tabolism [25]. As well, some investigators have concluded 
that an early decrease in FDG uptake does not necessarily 
indicate a good prognosis. 

A significantly increased FDG uptake can be seen in soft 
tissue regions that have been irradiated recently. Commonly, 
uptake will be seen in tissues that are exposed more intens- 
ely. Some normal deep structures may not show radiation- 
related changes in metabolism [26]. The duration following 
radiation therapy during which increased uptake occurs is 
of interest for study interpretation. Increased FDG accumu- 
lation in regions of radiation therapy can be statistically 
significant at least 12-16 months after treatment in some 
body regions [27]. The SUR of radiation related uptake is 
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generally less than what is found in recurrent tumor. 
Nevertheless, FDG uptake from radiation effects can occa- 
sionally be in a range that is worrisome for malignancy and 
needs to be recognized. 

Metabolic changes in tumor occurring during chemo-therapy 
may be somewhat more specific to the tumor response. Some 
tumors demonstrate a significant reduction in metabolism that 
is associated with a good pathologic response. Generally, a 
reduction of 80% in the SUR is predictive of a pathologic com- 
plete response. Hypermetabolism secondary to inflammation 
does not appear to be a significant problem in contrast to radi- 
ation-treated tissue. Tumor metabolism can be at baseline 
soft tissue levels as early as 1 week after therapy in responding 

patients [28]. PET has 90% sensitivity and specificity in detect- 
ing residual disease after chemotherapy in this setting. Papers 
by Lowe et al. [28] and Greven et al. [29] use pathologic stan- 
dards to assess the use of PET in the posttherapy evaluation of 
residual disease. Lowe et al. [28] describe PET as being as 
sensitive as needle biopsy (90%) in detecting residual disease 
after therapy and as having an 83% specificity (Fig. 3.4). This 
study was a blinded, prospective, single institution study and 
included 27 patients. Greven and co-workers [29], in a non- 
blinded, prospective, single institution study, assessed 31 
patients after radiation therapy and found an 80% sensitivity 
and an 81% specificity for the detection of residual or recurrent 
head and neck cancer. 

FIGURE 3.4 (a) PET images demonstrating hypermetabolism in a left base of tongue primary and neck lymph 
node prior to therapy and resolution of all abnormalities 2 weeks after neoadjuvant chemotherapy. (b) PET images 
demonstrating hypermetabolism in a floor of mouth cancer prior to therapy and persistent activity after neoadjuvant 
chemotherapy. Needle biopsy documented residual disease. 
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Several investigators are evaluating metabolic changes in 
tumor in the early course of chemotherapy. This work is 
promising because chemotherapeutic regimens could be 
altered earlier, or earlier salvage surgery could be per- 
formed, if the chemotherapeutic response could be assessed 
after the first treatment. 

VI. A S S E S S M E N T  OF RECURRENT 
HEAD A N D  NECK CANCER 

A. Clinical  C o n s i d e r a t i o n s  

All head and neck cancer patients are at high risk for 
recurrence and a second primary disease. This must always 
be stressed in the treatment planning process. This is likely 
due to an underlying molecular or cellular abnormality of 
many of the cells lining the upper aerodigestive tract muco- 
sal lining, which have been bathed in the previously men- 
tioned carcinogens. Risks for recurrence arise from stage, 
treatment, and ongoing exposure to risk factors. The more 
advanced the stage of the head and neck cancer at presenta- 
tion, the greater the risk for recurrence. 

Most recurrences occur in the first 24 months following 
therapy for head and neck cancer. Later occurring lesions 
(lesions at different locations and with distinct histology) 
are probably second primaries. Local recurrences can present 
many challenges, but can often be reexcised when detected 
early. Reexcision will further compromise any preexist- 
ing dysfunction (speech, voice, swallowing, or airway) and 
will impact negatively on a patient's quality of life. This 
scenario may present significant surgical reconstruction 
challenges. 

Regional recurrences can present in the nontreated neck, 
the operated neck, the radiated neck, or a neck that has had 
both treatments. Carotid artery involvement is a significant 
issue in this population and can result in stroke or death from 
acute arterial hemorrhage. Treatment for these recurrences 

can include reoperation, reirradiation (external beam or 
implant), chemotherapy (with palliative intent), or comfort 
measures and support. 

Distant metastases are more common in patients that 
recur than at initial presentation and may be as high as 30% 
[30]. The lungs are the most common sites of distant recur- 
rence. Prior to embarking on therapy of locally recurrent 
disease, distant disease recurrence should be excluded, as it 
would obviate the need for any attempt at curative resection 
of locally recurrent disease. 

Head and neck cancer patients require long-term surveil- 
lance for recurrence and are only deemed "cured" after 5 
years of being disease free. The traditional approach to this 
includes serial physical examinations, annual chest X-rays, 
and liver function tests. Other tests (CT or MR) are ordered 
when physical examination findings or patient complaints 
arouse a suspicion for recurrent or second primary neo- 
plasm. Data suggest that PET may serve as a posttreatment 
surveillance tool for detecting new disease at a subclinical 
level or earlier than conventional means. 

B. PET D e t e c t i o n  o f  R e c u r r e n t  D i s e a s e  

Standard anatomic imaging can be especially prob- 
lematic in evaluating recurrent disease due to contrast 
enhancement and/or soft tissue distortion after surgery or 
other therapy. Usually, changes from previous imaging are 
the most helpful method of indicating possible recurrent 
disease. A comparison of MRI and CT showed that both had 
a sensitivity of about 50% with substantial interobserver 
variability (k=0.563) for identifying recurrent nasopharyn- 
geal cancer [31 ]. 

PET is clearly superior to other modalities in identifying 
recurrence of head and neck cancer after therapy. The use 
of PET for deciding if head and neck cancer has recurred 
has been described by several authors [9,22,29,32-37] 
as shown in Table 3.2. Data show improved detection of 

TABLE 3.2 Studies Comparing PET and CT and/or MRI in Detecting Recurrent Head and Neck Cancer 

Author, yr 
Sensitivity Specificity Sensitivity Specificity Stat significance 

Patient # PET PET (comp. test) (comp. test) PET vs TEST 

Anzai, 1996 [31 ] 
Greven, 1997 [29] 
Lapela, 1995 [32] 
Rege, 1994 [22] 
Wong, 1997 [9] 

Fischbein, 1998 [36] 

Kao, 1998 [34] 
Farber, 1999 [33] 
Lowe, 2000 [35] 

12 88% 100% 25% (CT/MRI) 75% (CT/MRI) "P" = 0.03 
31 80% 81% 58% (CT) 100% (CT) Not done 
22 88% 86% 92% (CT) 50% (CT) Not done 
17 90% 100% 60% (MRI) 57% (MRI) Not done 
12 100% 54% (accuracy) NA 

(acc) (CT/MRI) 
35 100% 64% 1 ~ NA 

93% 77% LN 
36 100% 96% 72% 88% 
28 86% 93% NA 
30 100% 93% 44% (PE) 100% (PE) "P" = 0.013 

Prospective 38% (CT) 85% (CT) "P" = 0.002 
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FIGURE 3 .5  PET image of a patient with a history of treated larynx 
cancer who returned with local recurrence. PET showed metastatic disease 
in the right lung apex. 

FIGURE 3 . 6  PET image of a patient who had previous larynx cancer 
treated by radiation who returns with what is thought to be edema that 
shows local recurrence (arrow). Biopsies were initially negative, and PET 
findings could not be confirmed for 4 months. 

recurrence by PET with the exception of Lapela and col- 
leagues [33], who showed a slightly higher sensitivity of CT 
(difference of 4%) for recurrence in their series (PET had a 
36% higher specificity in this group). One paper that did a 
statistical analysis of their results showed a statistically sig- 
nificant advantage for PET over CT/MRI in detecting recur- 
rent disease. When PET is used in the surveillance of 
patients who have completed treatment for head and neck 
cancer, PET can identify nearly twice as many cases of 
recurrent tumor as a regular physical examination or routine 
CT imaging [35]. Most of these early recurrences are under- 
standably small and require biopsies for confirmation. If an 
initial biopsy is not positive where PET shows an abnormal- 
ity, a repeat biopsy or close follow-up should be undertaken. 
Surgical exploration should also be considered if the PET 
results are impressive, as they are rarely incorrect (Figs. 3.5 
and 3.6). 

VII. C O N C L U S I O N  

A variety of imaging methods are available to assess head 
and neck malignancy. These methods can be complemen- 
tary, although each has its strengths and weaknesses. Cross- 
sectional imaging with CT and MRI provides detailed 
anatomic information essential for treatment planning. New 
methods of metabolic imaging such as PET can make a sig- 
nificant contribution to the management of head and neck 
cancer as well. Improved detection of unknown primaries 

and local nodal disease by PET may alter initial therapeutic 
plans. The use of PET for assessing therapy is in its infancy 
but has the potential to allow physicians to have clearer 
information about the results of their treatment. Detecting 
early recurrence more accurately with PET may provide a 
means of improving the dismal survival from head and neck 
cancer recurrence. 
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cancer progression as the phenotypical result of accumula- 
tion of genetic abnormalities. 

The identification of preneoplastic lesions of the UADT, 
through clinical, morphological, and more recently, molecu- 
lar means, lays the premises for early detection and treatment 
of head and neck squamous cell carcinoma (HNSCC). Fur- 
thermore, understanding and documenting the morphological 
and molecular abnormalities associated with this progression 
may shed light on the biology of SCC, while identifying 
markers of transformation, which may serve as a surrogate of 
clinical end points in chemoprevention clinical trials. 

Our discussion focuses on the upper aerodigestive tract, 
which includes the oral cavity, the pharynx, and the larynx. 
These sites form a functional and anatomical unit; more 
importantly, they share exposure to the same etiopatho- 
genetic factors and show the same spectrum of preinvasive 
changes associated with the development of SCC, which is 
their most common malignancy. 

I. I N T R O D U C T I O N  

Several lines of evidence, including clinical, experimen- 
tal, and morphological data, support the concept that squa- 
mous cell carcinoma of the upper aerodigestive tract 
(UADT) arises from noninvasive lesions of the squamous 
mucosa. These lesions encompass a histological continuum 
between the normal mucosa at one end and high-grade dys- 
plasia/carcinoma in situ at the other, establishing a model of 
neoplastic progression. This continuum of preinvasive 
neoplasia is encountered in many other epithelia, including 
the lower respiratory tract, and the cervix uteri. Increasing 
genetic abnormalities occur in increasing histological grades 
in the UADT, as well as in other known examples of 
preneoplastic progression, supporting a model envisioning 

I!. N O R M A L  A N A T O M Y  

A. Ora l  Cav i ty  

A nonkeratinized, stratified squamous epithelium lines 
most of the oral cavity, while in specialized regions the 
epithelium becomes keratinized. The nonkeratinized 
mucosa includes, from the basement membrane to the sur- 
face, a stratum basale, a stratum spinosum (prickly), and a 
superficial layer. In the keratinized epithelium, a stratum 
granulosum and a keratinized (corneum) layer are present 
above the prickly layer. From the stratum basale to the stra- 
tum corneum, a progressive decrease in the nucleus/cytoplas- 
mic ratio occurs, along with intracytoplasmic accumulation of 
keratin filaments, denoting increasing differentiation 

Head and Neck Cancer 35  
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and specialization. The stratum basale is constituted by 
cuboidal cells with a high N/C ratio, resting on the basement 
membrane (Fig. 4.1). Molecular data show that they are the 
only cell type that expresses proliferation-associated antigens 
[1] and the RNA component of telomerase [2] within the 
normal mucosa. By replacing committed cells, which 
undergo terminal differentiation in the more superficial 
layers of the epithelium, these basal cells assure the turnover 
of the epithelium and thus have the role of stem cells [3]. In 
keratinized epithelium, the superficial layer is constituted 
entirely by anucleated cells, showing accumulation of inter- 
mediate filaments, whereas in nonkeratinized epithelium, 
small nuclei are still retained. Furthermore, in keratinized 
epithelium, an intermediate layer may be present between 
the keratin layer and the prickly layer, similar to the epider- 
mis, characterized by large intracellular granules, called 
stratum granulosum. Regional variations in the composition 
of the epithelium, including its degree of keratinization, 
reflect differences in the extent of mechanical stress during 
mastication, which in turn depends on the resiliency of the 
exposed areas. Thus, the squamous (masticatory) mucosa of 
the gingiva and hard palate, fastened to the underlying bone 
by heavy collagen bundles, not allowing it to stretch it, is 
keratinized. The thickness of the stratum granulosum is also 
more pronounced in the hard palate. Areas of the oral cavity, 
such as lips, soft palate, cheeks, and floor of mouth, charac- 
terized by higher resiliency and subject to lesser mechanical 
stress, are lined by nonkeratinized mucosa. Some individu- 
als show an anatomic variant of this distribution, character- 
ized by keratinization occuring in the malar mucosa, along a 
line starting from the labial commissure and running parallel 
to the occlusion line of premolars and molars. This line is 
visible clinically as a white line and is designated linea alba. 

The structure of the interface with the underlying stroma 
also reflects the amount of mechanical stress to which the 

mucosa is subject. Thus, the buccal mucosa has prominent 
mucosal ridges, anchoring it to a heavily collagenized 
lamina propria. In contrast, areas protected from stress, such 
as the floor of mouth, possess thinner and more shallow rete 
ridges and a less collagenized lamina propria [4]. 

The mucosa of the tongue has peculiar histological fea- 
tures, pertaining to its function as a taste organ, which are of 
no relevance in this setting. In its posterior third, the lingual 
mucosa becomes enriched with lymphoid tissue, part of the 
mucosa-associated lymphoid tissue (MALT) of the UADT. 

The degree of keratinization, thickness, presence of pig- 
ments, and degree of vascularization of the mucosa and its 
lamina propria all affect the color of the mucosa, an issue of 
relevance in correlating the clinical appearance of mucosal 
lesions with its microscopic composition, as discussed later. 

The oral cavity hosts minor salivary glands within its 
submucosa. Notably, dysplasia and carcinoma in situ (CIS) 
can involve the acini as well as the excretory ducts of minor 
salivary glands, mimicking invasive carcinoma [5]. 

B. P h a r y n x  

The pharynx is divided into three anatomical compart- 
ments: oropharynx, nasopharynx, and hypopharynx. The 
oropharynx and hypopharynx are lined by stratified, non- 
keratinized squamous epithelium. The submucosa contains 
seromucinous glands and aggregates of lymphoid tissue. The 
nasopharynx is lined with approximately 60% stratified, 
nonkeratinized squamous epithelium and with approximately 
40% ciliated, respiratory-type epithelium. The latter predom- 
inates in the posterior nares and in the roof of the posterior 
wall, whereas the remaining areas reveal an alternation of the 
two types of epithelia. Notably, at the transition between the 
two types, the mucosa assumes an "intermediate" or "transi- 
tional" appearance that may mimic dysplasia [6]. Similar 
features are observed at the transition betweeen squamous 
and respiratory epithelium in the larynx in normal conditions 
[6], and during the process of squamous metaplasia in the 
bronchial-ciliated epithelium, in response to irritants [7]. 

FIGURE 4.1 Normal squamous mucosa. Notice bland cytological fea- 
tures and progressive and orderly maturation from the basal to the superfi- 
cial layer. 

C. Larynx 

The type of epithelial lining of the larynx changes 
according to the location and shows an alternation of 
ciliated, respiratory-type and squamous epithelium. The 
supraglottic compartment (extending from the tip of the 
epiglottis to the true vocal cord) shows respiratory-type 
epithelium, which merges into squamous epithelium in the 
posterior surface of the epiglottis superiorly and, inferiorly, 
at the glottis (composed of the true vocal cords and the 
anterior commissure). Thus, the false vocal cords are lined 
by respiratory epithelium, whereas the true vocal cords are 
lined by squamous epithelium. The squamous epithelium 
merges into respiratory mucosa at the lower border of the 
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true vocal cord, covering the subglottic larynx (the portion 
of larynx comprised between the lower border of the true 
vocal cord and the first tracheal ring) and blends inferiorly 
in the respiratory epithelium of the trachea. 

The respiratory epithelium is a ciliated, pseudostratified 
epithelium. Its basal layer is composed of basal cells, con- 
nected to the basement membrane by hemidesmosomes, 
which do not reach to the lumen. They have a high nucleus/ 
cytoplasmic ratio and, like in squamous mucosa, represent the 
regenerative component of the epithelium. The differentiated 
cells warding the luminal surface are composed of ciliated, 
brush, and goblet cells, allowing mucociliary clearance. A 
minor component of the epithelium, detectable only by per- 
forming electron microscopy or special immunohistochemi- 
cal stains, is constituted by small granular cells. These cells, 
which are morphologically similar to the basal cells by regu- 
lar light microscopy, have neurosecretory granules and belong 
to the diffuse neuroendocrine system [8]. Areas between the 
squamous and the respiratory-type epithelium have a transi- 
tional appearance, characterized by progressive flattening of 
luminal cells, a progressively more elongated shape, and an 
arrangement parallel to the basement membrane. The mucosa 
in these areas may assume a relatively disorganized appear- 
ance, referred to also as "incomplete metaplasia," which may 
mimic true dysplasia. However, frank cytological atypia is 
absent and maturation is preserved [9]. In approximately half 
of smokers, patches of metaplastic squamous mucosa are 
present in the supraglottic larynx [9]. 

III. PATHOLOGICAL FEATURES 

A. Definitions 

Discussion of the histological features of the preinvasive 
lesions of the upper aerodigestive tract is not possible 
without a definition of the morphogical nomenclature cur- 
rently used. A short description of commonly encountered 
histological terms is provided, describing pathological 
changes affecting the UADT mucosa [ 10,11 ]. 

1. Squamous Metaplasia 

Metaplasia describes the replacement of one type of spe- 
cialized epithelium with another, i.e., replacement of the cil- 
iated, respiratory-type epithelium of the false vocal cord by 
squamous epithelium. It is a reversible process that may 
progress into overt dysplasia or revert to normal and may 
also be seen in association with inflammatory conditions. It 
differs from dysplasia in that it lacks any cytological atypia. 

2. Simple Hyperplasia 

Hyperplasia is an increase in thickness of the epithelium, 
secondary to an increase in one or more of its component 
layers: the basal layer, the prickly layer (i.e., acanthosis), or 
the superficial layer (i.e., hyper/parakeratosis), usually a 
combination of the former with one or two of the latter, 
without perturbations in maturation and without any accom- 
panying cytological atypia (Figs. 4.2-4.4). Notably, minimal 
cell crowding and cytological atypia may also occur in asso- 
ciation with inflammation (Fig. 4.5). 

It should be stressed from the outset that the terms leuko- 
plakia and erythroplakia are clinical and descriptive terms, 
referring to the appearance of the mucosa as a white (leuko) 
or red (erythro) patch. These terms, particularly leukoplakia, 
were widely used in the older reports, including seminal 
prospective studies establishing their potential for devel- 
oping into overt cancer. However, even when defined clini- 
cally, these are diagnoses of exclusion, as they can be 
reproduced by inflammatory conditions. More importantly, 
in series controlling for histology, it has been shown that the 
degree of cytoarchitectural alterations present in the mucosa 
predicts the risk of progression. Thus, from a pathologist's 
standpoint, the terms leukoplakia and erythroplakia can be 
considered descriptive terms of the gross morphology of 
these lesions, whose identifying features rest on their micro- 
scopic appearance, namely on the presence and extent of 
dysplasia. Thus, histological features of UADT lesions, 
including their classification and their molecular features, 
are treated first. This is followed by a description of their 
clinical features, the correlation existing between histo- 
logical and clinical classifications (i.e., gross and micro- 
scopic features), and their risk of progression. 

FIGURE 4.2 Hyperkeratosis. A granular layer is present below the 
superficial keratinized layer. 
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FIGURE 4.3 Hyperkeratosis. Extreme thickening of the mucosa is pres- 
ent, secondary to marked accumulation of superficial squames. 

3. Dysplasia/Intraepithelial Neoplasia 

This is a mucosal alteration characterized histologically by 

cellular atypia and loss of maturation, which has the biologi- 
cal potential of developing into overt cancer (see Table 4.1). 

4. Mild Dysplasia 

Cells with slightly abnormal cytological features are pres- 

ent but are limited to the lower third of the epithelium. 

Orderly maturation into prickly and squamous layers in the 

upper two-thirds of the epithelium is preserved. Mitoses may 

be present but are limited to the basal layer and are of normal 

configuration; keratosis may be present (Figs. 4.6-4.8). 

FIGURE 4.5 Inflammatory atypia. Minimal nuclear enlargement 
occurs in the basal and parabasal layers, associated with a mild lymphocytic 
infiltrate. 

5. Moderate Dysplasia 

Cells with atypical cytological features occupy the lower 
two-thirds of the mucosa. Cytological atypia is more pro- 

nounced than in mild dysplasia; nucleoli tend to be promi- 

nent. Maturation is preserved in the upper third of the 

mucosa; normal-appearing mitoses may be found in the 

parabasal and intermediate layers (Figs. 4.9--4.12). 

FIGURE 4.4 Parakeratosis. The superficial layer is thickened, second- 
ary to the presence of multiple layers of parakeratotic squames. 

TABLE 4.1 Histological Criteria Used in 
the Grading of Dysplasia 

Cytological atypia 

Increased N/C ratio, presence of nucleoli, hyperchromasia, 
pleomorphism 

Mitotic activity 

Increased number and level of mitoses within the mucosa; presence of 
abnormalities in the mitotic spindle, i.e., tripolar mitoses 

Abnormal maturation and polarity 

Decreased ratio between the differentiated component, 
composed of the prickly and squamous layers, and the 
undifferentiated component, composed of atypical cells. Also 
reflected by the occurrence of premature keratinization within the 
epithelium rather than at its luminal surface 
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FIGURE 4.6 Low-grade dysplasia (mild). Slight enlargement and 
crowding of the basal layer, with progressive and orderly maturation in the 
upper two-thirds of the mucosa. 

6. Severe Dysplasia 

Atypical cells, showing marked nuclear abnormalities and 
prominent mitotic activity, occupy more than two-thirds of 
the epithelium. They are not as crowded and, most impor- 
tantly, not as cytologically atypical as in CIS. Maturation is 
preserved, as evidenced by focal superficial squamous matu- 
ration and focal preservation of intercellular bridges. 
Mitoses, including atypical ones, may extend to the upper 
third of the epithelium. Associated keratosis may be present 
(Figs. 4.13-4.16). 

7. High-Grade Keratinizing Dysplasia 

Cells with high-grade cytological features, similar to 
those found in CIS, occupy the lower two-thirds of the 

FIGURE 4.8 Low-grade dysplasia. Dysplastic cells are limited predom- 
inantly to the lower third of the epithelium. Progressive and orderly matu- 
ration occurs in the parabasal and superficial layers. 

mucosa; mitoses are frequent, including abnormal ones. 
Abnormal maturation is highlighted by the occurrence of 
single cell keratinization or keratin pearl formation within 
the epithelium rather than at its luminal surface. However, 
in contrast to "classic" CIS, the uppermost component  of 
the epi thel ium shows a prominent  kerat inized layer 
(Figs. 4.17-4.22). 

8. Carcinoma in Situ 

Cells with frankly mal ignant  cytological  features 
occupy the whole thickness of the epithelium; squamous 
differentiation is entirely absent. Abnormal cells have the 
cytological hallmarks of malignancy, including a high N/C 
ratio, prominent single or multiple nucleoli, nuclear hyper- 
chromasia, and pleomorphism. Mitotic figures, including 

FIGURE 4.7 Low-grade dysplasia (mild to moderate). 

FIGURE 4.9 Moderate dysplasia. Dysplastic cells, including forms with 
giant and multinucleated nuclei, are limited to the lower two-thirds of the 
epithelium. Progressive and orderly maturation occurs in the superficial 
layers. 
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FIGURE 4.10 Moderate dysplasia. Accumulation of abnormal cells is 
limited to the lower two-thirds of the mucosal thickness. 

atypical ones, are frequent and extend throughout the entire 
mucosa, including its upper third. By definition, the changes 
are limited to the epithelium and stromal invasion is absent 
(Figs. 4.23-4.25). 

B. Histological Classification 

Microscopic grading of preneoplastic lesions of the 
UADT is of paramount  importance biologically and 
clinically, as the probability of malignant progression into 
invasive cancer of these lesions is dictated by their grade. 
This correlation, which is discussed more extensively later, 
highlights the importance of obtaining a biopsy of all sus- 
pect lesions and the priority to be given to microscopic over 
clinical examination. 

The grading system, as described by the WHO [10,11], 
follows criteria similar to those accepted for other organs, 

FIGURE 4.12 Low-grade dysplasia (mild to moderate). Abnormal cells 
occupy the lower two-thirds of the mucosa. Cytological atypia s minimal. 

particularly the cervix uteri [12]. Cervical preneoplastic 
lesions have been studied extensively and have represented 
for years a standard histological model of squamous 
preneoplastic lesions. Thus the grading criteria applied to the 
cervix have been extended to all other squamous 

FIGURE 4.1 1 Moderate dysplasia. Superficial maturation is evident as 
a layer of spindle-shaped, parakeratotic squames, arranged parallel to the 
basement membrane. 

FIGURE 4.13 Nonkeratinizing severe dysplasia. Abnormal cells 
occupy the full thickness of the epithelium. Minimal differentiation is pre- 
served as parakeratotic squames in the surface of the epithelium. 
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FIGURE 4.14 Nonkeratinizing severe dysplasia. 

preneoplastic lesions, including those of the UADT. This 
grading system relies on the extent of distribution of the 
abnormal cells within the epithelium. These are limited to the 
lower third of the epithelium in mild dysplasia, extend to 
about two-thirds in moderate dysplasia, and to more than 
two-thirds of the epithelium in severe dysplasia. The differ- 
ence between severe dysplasia and CIS is that abnormal cells 
in CIS have higher grade and frankly malignant cytological 
features. In addition, in CIS they involve the entire epithe- 
lium, including its most apical component and thus a com- 
plete lack of maturation/differentiation is present. Lesser 
grade cytological features and some maturation, however, 
characterize severe dysplasia [10,11]. Several authors have 

FIGURE 4.16 Nonkeratinizing severe dysplasia. Dysplastic cells 
occupy more than two-thirds of the thickness of the epithelium; however, 
keratinization is observed in the most superficial portions of the epithelium. 

stressed that the etiopathogenetic factors associated with dys- 
plasia and squamous cancer of the upper aerodigestive tract 
(i.e., alcohol and smoking) and cervix (HPV infection) are 
different [13]. Furthermore, it has been pointed out that 
UADT dysplastic lesions may show unique morphological 
features not seen in cervical dysplasia. Namely, superficial 
maturation may be seen in association with high-grade cyto- 
logical features in the lower third or two-thirds of the 
mucosa. Thus, the mere application of criteria used for the 
cervix to the UADT preneoplastic lesions would result in an 
underassessment of their grade [14,15]. Two main classifica- 
tion schemes in alternative to the W H O  system have been 
proposed [13,16-19]. They are both characterized by an 
emphasis on cytological features rather than the relative ratio 

FIGURE 4.15 Nonkeratinizing severe dysplasia. Dysplastic cells 
occupy the full thickness of the epithelium. Differentiation is preserved 
focally as a thin layer of parakeratotic, strongly eosinophilic squames on 
the surface of the epithelium. 

FIGURE 4.17 High-grade (severe) keratinizing dysplasia. Maturation 
is preserved, as keratinization occurs focally; however, this is associated 
with marked cytological atypia. 
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FIGURE 4.18 Dyskeratosis in high-grade keratinizing dysplasia. 
Single cell intraepithelial keratinization (dyskeratosis) is visible as 
eosinophilic, round cells, with a pyknotic nucleus. 

of abnormal to differentiated cellular components within the 
epithelium. The system advocated by Crissman recognizes a 
category of "keratinizing dysplasia" to designate a lesion 
showing superficial keratinization in association with high- 
grade cytological features in the remaining mucosa. In these 
authors' experience, such lesions have a high incidence of 
local relapse, a high progression rate into invasive cancer 
[14,20], and a high content of aneuploidy [21 ]. Thus, they are 
included in a high-grade dysplasia group (SIN-LIN 3) 
[16,17]. These authors further stressed that abnormal differ- 
entiation was present in these lesions in the form of aberrant 
keratinization (dyskeratosis), represented by single cell kera- 
tinization and keratin pearls, occurring in the midst of the 
epithelium [ 16]. Underreporting of "keratinizing dysplasia" 

FIGURE 4.20 Severe keratinizing dysplasia. 

and its difference from "classic CIS" were confirmed by 
others, on a systematic review of laryngeal biopsies [15]. The 
system advocated by Crissman and colleagues proposed the 
designation squamous intraepithelial neoplasia (SIN) or 

FIGURE 4.19 Keratinizing dysplasia. Marked pleomorphism occurs in 
the basal layer, associated with maturation in the keratinized superficial 
layer. 

FIGURE 4.21 High-grade keratinizing dysplasia associated with 
microinvasive carcinoma. 
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FIGURE 4 . 2 2  Dyskeratosis involving a single cell and a cell nest 
within the epithelium. 

laryngeal intraepithelial neoplasia (LIN) [ 16,17], as an alter- 
native to dysplasia. The proposed advantages of the designa- 
tion "intraepithelial neoplasia" are manifold. This definition 
matches the currently used designation for the cervix uteri 
[cervical intraepithelial neoplasia CIN], which has replaced 
the old designation of dysplasia and thus allows more stan- 
dardized reporting of preneoplastic lesions across different 
anatomical sites. Furthermore, in the authors' intentions, this 
designation is more clinically oriented and broader than 
"dysplasia" and allows the inclusion of nonmorphological 
parameters, i.e., molecular markers, within the grading 
system. Although biologically sound, this suggestion, how- 
ever, has not met acceptance in routine clinical practice. 

Kambic and Gale proposed a distinction of dysplasia for 
the larynx into simple, abnormal, atypical hyerplasia, and 
CIS. In this classification, known as Ljubljana classification, 
the emphasis is on cytological features [13,19,22]. Simple 

FIGURE 4 . 2 4  High-grade dysplasia. The basal layer is crowded by 
cells with high nucleus/cytoplasmic ratios, with enlarged pyknotic nuclei. 
Parabasal layers are occupied by cells with clear cytoplasm and enlarged 
nuclei. Contrast these features with the bland cytology of contiguous 
normal squamous epithelium, present in the upper portion of the figure. 

hyperplasia shows an increase in epithelial thickness sec- 
ondary to an increase in the stratum spinosum, with no cel- 
lular atypia in the basal and parabasal layers. In abnormal 
hyperplasia, basal or parabasal layers are increased, encom- 
passing up to one-half of the mucosal thickness, but their 
nuclei, although enlarged, lack significant cytological 
atypia. The occurrence of significant nuclear atypia and 
dyskeratosis, associated with preservation of the overall 
epithelial architecture, characterizes atypical hyperplasia. In 
CIS, cells with the cytological features of malignancy 
occupy the majority of the epithelium, which has lost its reg- 
ular stratification and shows very frequent mitoses 
[13,19,22]. The approximate correlation between the 

FIGURE 4 . 2 3  High-grade, nonkeratinizing dysplasia (CIS). FIGURE 4 . 2 5  High-grade, nonkeratinizing dysplasia (CIS). 
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TABLE 4.2 Major Classification Schemes of Dysplasia 
and Approximate Correspondence of Definitions 

WHO Mild Moderate Severe dysplasia CIS 
Crissman SIN-LINI SIN-LINII SIN-LINIII CIS 
Kambic S i m p l e  Abnormal Atypical hyperplasia CIS 

different types of dysplasia is sketched in Table 4.2. However, 
the Ljubjana and the WHO systems are not easily reducible 
one to the other, as demonstrated by large variations in the 
classification of lesions between the two groups. Thus, of 13 
cases diagnosed as mild dysplasia in the WHO system, 3 
were reclassified as simple, 8 as abnormal, and 1 as atypical 
hyperplasia; of 20 cases of moderate dysplasia, 2 were 
reclassified as simple, 10 as abnormal, 6 as atypical hyper- 
plasia, and 1 as carcinoma in situ; and of 14 cases of severe 
dysplasia, 1 was reclassified as simple, 8 as atypical hyper- 
plasia, and 1 as carcinoma in situ [23]. Nine lesions were 
placed in a group of "large cell hyperplasia," a category not 
described in the original Ljubjana classification [23]. Like 
other multi-tiered grading systems, the WHO system, which 
is used most commonly in pathological practice, has high 
inter- and intraobserver variability [24]. The morphological 
distinction between severe dysplasia and CIS is particularly 
difficult and is not reproducible [ 10]; however, these lesions 
have a similar risk of progression into overt cancer [10]. 
These findings justify a distinction into two tiers: low-grade 
(including mild and moderate dysplasia) and high-grade 
(including severe dysplasia and CIS), dysplasia, provided 
that a mutual understanding of the terminology is instituted 
among pathologists, surgeons, and oncologists. 

C. M o l e c u l a r  M a r k e r s  of  Dysp las ia  

Since the initial histological characterization of prema- 
lignant conditions of the UADT, one of the major advances 
in this field has been identification of the molecular alter- 
ations with which they are associated. While biologically 
justified and crucial in reducing the variability intrinsic in a 
morphology-based system [24], the inclusion of molecular 
markers has yet to find a role in the classification of dyspla- 
sia. However, understanding the molecular basis of progres- 
sion for UADT preneoplastic lesions is invaluable in 
understanding the biology of SCC. Furthermore, it may be 
clinically relevant if molecular markers of dysplasia are 
used as screening tools for early detection or as intermediate 
markers in chemoprevention trials. The prototype model of 
molecular alterations associated with preneoplastic progres- 
sion is the colon, where sequential molecular alterations 
have first been described to occur alongside the morpholog- 
ical progression from normal to cancer [25]. A similar 
accumulation of alterations has been described in the UADT 
in increasing morphological grades of dysplasia. 

Molecular alterations occurring in preneoplastic lesions of 
the upper aerodigestive tract belong to two main groups, 
reflecting abnormalities in either cellular differentiation or cell 
cycle control. Changes of the first group include those affect- 
ing the profile of keratin expression and were the first to be 
reported. In the normal epithelium, low molecular weight 
keratins (LMW) are expressed in the basal layer and high 
molecular weight keratins (HMW) are expressed in the stra- 
tum spinosum. Abnormal cells express, regardless of their 
position, LMW keratins, whereas HMW keratins are 
expressed either in the uppermost, keratinized layer or not at 
all in dysplasia. Thus, suprabasal expression of LMK, such as 
CK19, has been proposed to constitute a marker of dysplasia 
[ 18,26], altough this finding cannot reliably distinguish hyper- 
plasia from true dysplasia [1 ]. 

The foremost alteration in cell cycle regulation occurring 
in dysplasia is the occurrence of an increased proliferative 
rate in association with increasing morphological grades. 
This has been assessed traditionally by morphological eval- 
uation, i.e., counting mitoses. However, more recently, the 
discovery of PCNA and Ki-67 antigens, expressed exclu- 
sively by proliferating cells, has allowed an objective evalu- 
ation of the proliferative rate [3,27-30]. Using both 
methods, a continuum of increasing proliferative rates is 
seen in increasing grades of dysplasia. In contrast, the only 
population to show infrequent positivity in normal mucosa 
is the basal cell, compatible with its role as a progenitor cell 
[3,29,30]. Interestingly, in simple mucosal hyperplasia, only 
the basal layer shows positive staining for proliferative anti- 
gens, setting it aside from true dysplasia, where the expres- 
sion of this antigen extends to suprabasal cells [1]. 

Alterations in many molecules controlling the cell cycle 
are frequent in dysplasia and are likely responsible for its 
hyperproliferative state. A continuum of increasing positiv- 
ity is observed in the rate of p53 positivity, as detected by 
immunohistochemistry in lesions of increasing histological 
grades [30-32]. While negative in normal epithelium, p53 is 
found in 9.4 to 32% of low-grade and 33 to 50% of high- 
grade dysplasia [30,32]. Suprabasal expression of CK 19 
and PCNA is associated with positivity for p53 in the major- 
ity of cases of dysplasia [1], highlighting the link existing 
between abnormal differentiation and cell cycle alterations. 
Alterations in the distribution of the cyclin kinase inhibitor 
p21 also occur. Whereas only the intermediate layer of the 
normal epithelium expresses this marker, the entire dysplas- 
tic epithelium shows positivity [33]. 

Increasing percentages of EGFR positivity are also seen, 
seemingly associated with the dysplastic component [31]. 
Increasing percentages of aneuploid populations are also 
observed in increasing grades, progressing from 33% of 
SINI to 78% of SINII and 100% of SINII [21]. 

Apoptosis increases in parallel to the proliferative rate, as 
observed morphologically or by DNA in situ-labeling tech- 
niques [30,34]. The relevance of alterations in the apoptotic 
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rate is highlighted by data showing a change in expression 
of the antiapoptotic protein bcl-2 (the target gene deregu- 
lated as a consequence of the 14; 18 translocation occurring 
in most follicular lymphomas) in dysplasia. While normally 
found only in 37% of normal squamous mucosa, where its 
expression is restricted to the basal layer, its expression 
raises to 71% of dysplastic lesions and 80% of invasive ones 
in the nasopharynx [35]. 

Genetic studies of preneoplastic lesions for loss of 
heterozygosity (LOH) have shown that increasing grades 
of dysplasia show accumulation of genetic deletions, 
compatible with the commonly accepted model envisioning 
cancer as the result of multiple genetic "hits." The earliest 
and most common changes occur at sites 3p and 9p. The 
9p locus harbors genes for the kinase inhibitors p16 and 
p19, which are altered frequently in HNSCC, as well as in 
malignancies from other sites. The 3p14 and 3p21 sites 
harbor several candidate tumor suppressor genes, including 
the gene deleted in Von Hippel Lindau (VHL) disease, the 
DNA mismatch repair enzyme hMLH1, affected in heredi- 
tary nonpolyposis colon cancer, the retinoic acid receptor [3, 
and the fragile histidine triad (FHIT) gene [36]. While the 
identification of the specific suppressor gene(s) located 
at 3p14 and 3p21, whose loss is responsible for the devel- 
opment of cancer, is still unresolved, the FHIT gene has 
been proposed to be a specific target of cigarette smoke car- 
cinogens [37-39] and shown to behave as a tumor suppres- 
sor gene in vitro [40]. In a retrospective study correlating 
molecular alterations with progression to overt cancer, 
losses at 3p and 9p loci were the most common lesions in 
both nonprogressing and progressing premalignant lesions. 
However, they were virtually always present in progressing 
lesions, compatible with a model whereby they are neces- 
sary but not sufficient for malignant transformation. The 
occurrence of additional chromosomal losses was shown to 
confer a much higher risk of progression, comparable to 
losses at 3p and 9p alone [41 ]. These included chromosomal 
sites 4q, 8p, 1 l q, and, notably, 17p [41,42]. Because this 
latter site is the locus of p53, these data are compatible with 
histochemical data quoted previously, showing alterations in 
p53 as an important event in the progression of premalignant 
lesions. These data are overall compatible with a model 
envisioning loss of genetic material in chromosome 3p and 
9p loci, as involved in initiation [41 ], and additional genetic 
losses, including p53, as involved in progression. Data are 
summarized in Table 4.3. 

Changes in the basement membrane have also been 
described in dysplasia. Normal and hyperplastic mucosa is 
usually associated with a prominent and continuous base- 
ment membrane, as assessed by an immunohistochemical 
stain with collagen type IV and laminin. The basement mem- 
brane is usually prominent and continuous in mild to moder- 
ate dysplasia; in contrast, in severe dysplasia/carcinoma in 
situ it is often thinned and discontinuous. However, some 

TABLE 4 . 3  I n c i d e n c e  o f  M o l e c u l a r  A l t e r a t i o n s  in 

L o w -  a n d  H i g h - G r a d e  D y s p l a s i a  

LGD HGD Ref. 

EGFR + ++ 31, 93 
Mib-1/PCNA + ++ 1,3,30 
p21 + + 33 
p53 9-67% 33-85% 31,32 
Aneuploidy 33 % 100% 14 
Apoptosis + ++ 34 
bcl-2 + ++ 35 

invasive cancers retain a continuous pattern of basement 
membrane stain and thus this stain cannot be used to reliably 
discern noninvasive from invasive proliferations [43]. 

Dysplastic lesions of the nasopharynx have been shown to 
harbor clonal integration of the Epstein-Barr virus (EBV), in 
concordance with the accepted role this virus plays in the 
development of nasopharyngeal carcinoma [44]. Expression of 
EBV antigens has also been shown to occur focally in the basal 
layer of normal squamous mucosa of the tongue and to be aug- 
mented in oral leukoplakia occurring in HIV patients [45]. 

IV. CLINICAL FEATURES 

A. Oral  Cavi ty  

1. Definitions 

a. Leukoplakia 

The term leukoplakia (literally white patch) was coined 
by Schwimmer, a Hungarian pathologist, in the second 
half of the 19th century [46]. Several studies have, more 
recently, confirmed the preneoplastic nature of leukoplakia 
associated with dysplasia, defined its clinical features, and 
identified clinical and histological features associated with 
its progression to overt cancer. 

The definition of leukoplakia, according to the WHO, is 
the following: "A predominantly white lesion of the oral 
mucosa that cannot be characterized as any other definable 
lesion" [11]. As such, leukoplakia is a descriptive, clinical 
term and a diagnosis of exclusion, not a pathological term. 
This appearance reflects changes in the thickness and/or 
composition of the epithelium (such as increased keratiniza- 
tion and parakeratosis) and/or in the lamina propria (such as 
fibrosis), altering its translucence. Lesions as heterogeneous 
as candidiasis, discoid lupus, carcinoma in situ, and invasive 
squamous cell carcinoma may all appear clinically as a 
white patch (Table 4.4). Thus, leukoplakia is a clinical diag- 
nosis, whose true nature can only be unveiled by histologi- 
cal examination. The distinguishing feature of those 
leukoplakias that are truly preneoplastic, which is but a 
small subset of all clinically diagnosed leukoplakias, is the 
occurrence of dysplasia [ 11 ]. 
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TABLE 4.4 Mimics of Leukoplakia 

Lichen planus 
Candidiasis 
Discoid lupus 
White sponge nevus 
Morsicatio buccorum 

Verruciform xanthoma 
Verruca 
Granular cell tumor 
Papillary hyperplasia 2 ~ to ill-fitting dentures 

b. Erythroplakia 

Erythroplakia, a "fiery red patch that cannot be character- 
ized clinically or pathologically as other definable lesion" 
[ 11 ], is included in older reports with LP, of the variegated or 
speckled type, but is now recognized by the WHO as an 
entity separate from LP, with distinctive clinical pathological 
features. This macroscopic appearance of the mucosa is due 
to the presence of a thin mucosa, associated with telang- 
iectatic vessels and a chronic inflammatory infiltrate in the 
submucosa. This lesion may be associated with invasive 
cancer, harbors a high incidence of high-grade dysplasia and 
a high progression rate, and thus should be looked at with far 
greater suspicion clinically than leukoplakia [17,47-49]. The 
term erythroplasia was first used by Qeyrat in 1911 to indi- 
cate a lesion of the glans penis with the appearance of an 
erythematous area representing a premalignant process [48]. 

2. Etiology 

When so defined, oral leukoplakia is associated in the 
Western world with the same etiological agents responsible 
for most head and neck squamous cell carcinomas: smoking 
and alcohol abuse [50]. In India, areca nut chewing produces 
a similar lesion, characterized histologically by oral sub- 
mucosal fibrosis [11]. Other distinct clinical conditions have 
been shown to be associated with leukoplakia and an 
increased risk of oral cancer and some are discussed briefly. 

Syderopenic dysphagia (Plummer Vinson syndrome), 
a condition characterized by iron deficient anemia, with 
frequent associated autoimmune diseases [51], affects the 
upper aerodigestive tract with atrophy of the oral mucosa 
and a predisposition to the development of multiple oral 
carcinomas, predominantly in the posterior oropharynx [11 ]. 
Esophageal dysphagia also typically occurs [51]. 

The premalignant potential of lichen planus (LP) [11] is 
not accepted by all authors [52,53] and is not supported by 
recent molecular data, which indicate that the percentage of 
LOH at several chromosomal sites in LP is lower in this lesion 
than in simple hyperplasia [54]. In contrast, the occurrence of 
a distinct type of dysplasia, which shares some histological 
features with LP, i.e., hyperkeratosis, band-like lymphocytic 
infiltrate, hypergranulosis, called lichenoid dysplasia, and 
distinct from true LP, is generally accepted [54-56]. 

Syphilis, now rarely seen in the industrialized world, may 
be associated with the development of leukoplakia, which may 

undergo malignant transformation [11]. Few cases of SCC of 
the lip arising in an atrophic epithelium in discoid lupus have 
been described [ 11 ]. Xeroderma pigmentosum, an autosomal 
recessive disease caused by defective DNA repair, is charac- 
terized by early onset SCC, arising in the setting of actinic ker- 
atoses, which may involve the lips. Epidermolysis bullosa, an 
inherited disease affecting the skin and the oral mucosa, has 
been described to be associated with SCC of the tongue [11]. 

The association of an increased risk of HNSCC with 
AIDS is controversial. A specific type of dysplasia, termed 
"hairy leukoplakia" can occur in homosexual AIDS patients 
[57]. This dysplasia is characterized by a ballooning, 
ground-glass appearance of the cells in the upper half of the 
epithelium and intranuclear inclusions and typically affects 
the lateral edges of the tongue [56]. It is associated with a 
high incidence of HPV and EBV infection [58]. Most 
authors report that AIDS is associated with an increased 
incidence of malignancy, including cervical and anogenital 
squamous cell cancer [59,60] although some contest this 
finding [61]. However, it is unclear whether AIDS confers 
an increased risk for HNSCC [62,63]. However, it is intrigu- 
ing that the same institution reporting the occurrence of 
"hairy leukoplakia" in AIDS homosexual patients also 
reported at follow-up the largest incidence of transfor- 
mation into overt cancer of leukoplakias (17.5%, with a 
follow-up of 7 years vs the 1-6% figure of all other reports, 
see Table 4.6) [57]. The presence of an association between 
HPV infection and squamous cell carcinoma has been doc- 
umented in small subsets of patients who develop SCC in 
the absence of the usual predisposing factors of cigarette and 
alcohol use in the setting of a particular type of preneoplas- 
tic lesion, named proliferative verrucous hyperplasia [64]. 

An increased incidence of squamous cell carcinoma and 
associated premalignant lesions of the epidermis has been 
described in renal transplant recipient patients [65]. 

3. Clinical Aspects 

a. Incidence 

The peak age of incidence of oral leukoplakia is in the 
fifth to seventh decade [66]. Interestingly, the peak age of 
occurrence of dysplasia is the sixth decade, whereas the 
peak incidence of invasive cancer occurs a decade later. A 
similar time interval is present in the incidence of dysplasia 
vs invasive cancer in the cervix uteri [67] and in the 
bronchus [68]. The presence of this time interval indirectly 
supports the precursor role of dysplasia. 

Leukoplakia affects predominantly males, with percent- 
ages ranging from 54 [66] to 78% [50]. 

b. Sites of  Occurrence 

Leukoplakia occurs most frequently at the buccal gingival 
gutter (maxillary and mandibular sulcus), followed by buccal 



4. Preneoplastic Lesions 4 7  

mucosa, palate, and lips [66]. This distribution is different 
from that of dysplasia, which arises most commonly in the 
floor of mouth, tongue, and lips, which are also the sites of 
highest incidence of oral cancer [56,66]. In men, 54% of 
combined cases of dysplasia and invasive cancer are in the 
floor of the mouth. Thus, leukoplakias at different sites have 
different risks of harboring significant pathological alter- 
ations [50]: floor of mouth, tongue, and lips representing 
the sites most at risk for harboring dysplasia or invasive 
cancer [69]. 

This discrepancy further stresses the conceptual and bio- 
logical difference existing between the term leukoplakia and 
the histologically defined terms of dyplasia and/or intra- 
epithelial neoplasia. 

c. Clinical Subtypes 

Many descriptive, clinical variants of LP have been 
described. These can be reduced to two main types: those 
with a uniformly white appearance and those with a varie- 
gated appearance [11], designated respectively as homo- 
geneous and speckled by some authors [70]. Others have 
subdivided the first type in LP simplex and verrucosa and 
designated the latter LP erosiva [71]. Several descriptive 
clinical variants are recognized within the homogeneous and 
nonhomogeneous groups [ 11 ]. 

B. Larynx 

1. Definition 

a. Laryngeal Leukoplakia 

While the term leukoplakia was coined by Schwimmer, 
laryngeal leukoplakia was first described by Durant in 1880 
and the entity was studied further in the 1920s by Pierce [72] 
and Jackson [72,73]. The latter eloquently defined atypia in 
1930 as the "mobilization of an army preparatory to inva- 
sion," recognizing its malignant potential. Remarkably, this 
conclusion, later endorsed by James Ewing, was made at a 
time when the concept of preinvasive neoplasia was not 
widely recognized. 

The premalignant potential of areas appearing as whitish 
patches in the larynx, variously called hyperkeratosis, leuko- 
plakia, and pachydermia laryngis, has long been recognized. 
Their laryngoscopic appearance is heterogeneous: they may 
be fiat or raised, their surface rough or smooth, and they 
may be adjacent to normal or inflamed mucosa [74]. Simi- 
lar to oral leukoplakia, the clinical appearance of LP is cor- 
related histologically to the presence of hyperkeratosis, and 
the microscopical rather than the clinical appearance of the 
lesion defines its malignant potential. As for oral leuko- 
plakia, the clinical entity "leukoplakia" encompasses 
histologically heterogeneous lesions, ranging from simple 
hyperkeratosis to invasive carcinoma, as discussed later in 
detail [74,75]. It is the presence and grade of dysplasia that 

dictate its biological potential, i.e., its probability to develop 
into overt invasive cancer. 

2. Etiology 

Auerbach, who had previously demonstrated a similar 
etiological relationship with bronchial dysplasia, also firmly 
established the relationship between laryngeal dysplasia and 
cigarette smoke. His seminal study, involving serial sections 
from the entire larynx, established that both the number of 
cell rows in the basal layer of the epithelium and the 
percentage of atypical nuclei increased with the number of 
cigarettes smoked per day [76]. 

3. Clinical Findings 

a. Incidence and Sites of  Occurrence 

These lesions have a striking predilection for males, with 
a M:F ratio ranging from 5:1 [18] to 7:1 [77] and 8:4 [78]. 
Most lesions occur in the fifth to seventh decade, with a mean 
of 52 [77] to 59 years [78]. A temporal gap exists between the 
occurrence of keratosis and CIS and invasive carcinoma, like 
for oral dysplasia. Miller and Fisher [79] and Bouquot et al. 
[80] observed that the peak age of incidence of CIS antedates 
that of SCC by 7 years: 55 vs 62. The existence of this gap 
indirectly supports the premalignant nature of dysplasia, 
analogous to oral leukoplakia and to other anatomical exam- 
ples of premalignancy [67]. The great majority of LP occur in 
the true vocal cord: 33% in both, 35% in either left or fight, 
and 11% in both vocal cords and interarytenoid areas [77]. 

V. CORRELATION BETWEEN CLINICAL AND 
HISTOLOGICAL CLASSIFICATIONS 

The histological diagnosis of lesions presenting clini- 
cally as LP ranges from hyperplasia to invasive carcinoma. 
In the largest series of LP studied to date of 3256 cases, 
Waldron and Schaefer [66] found histological evidence of 
neoplastic changes (dysplasia or overt cancer) in 20% of the 
cases: 12.2% mild to moderate dysplasia, 4.5% severe dys- 
plasia, and 3.1% invasive carcinoma. The remaining 80% of 
the lesions had varying combinations of hyperorthokeratosis 
and acanthosis, without dysplasia. Similar percentages of 
dysplasia were found by Banoczy and Csiba [69] in a series 
of 500 cases, although their overall incidence of invasive 
carcinoma in LP was found to be 9.6%. 

Several authors have shown that lesions with heteroge- 
neous appearance, with an alternation of white and red areas, 
are at increased risk of harboring dysplasia or invasive cancer 
compared to uniformly white lesions. Thus, Banoczy and 
Csiba [69] found the incidence of severe dysplasia/CIS to 
increase progressively, from 0.8% in LP simplex to 6.6% in 
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TABLE 4.5 Distribution of Dysplasia and Invasive Squamous Cell Carcinoma (SCC) in 
Oral Leukoplakia and Erythroplakia 

Type of leukoplakia Simple hyperplasia Mild/moderate dysplasia Severe dysplasia/CIS SCC Ref. 

Leukoplakia 
Leukoplakia simplex (n = 22) 
Leukoplakia verrucosa (n=42) 
Leukoplakia erosiva (n = 56) 
Erythroplakia (n = 65) 

67-80% 12-19% 4-5% 3-10% 66,69 
21 (17.5%) 1 (0.8%) 69 
34 (28%) 8 (6.6%) 69 
42 (35%) 14 (12%) 69 
9% 40% 51% 81 

LP verrucosa and 12% in LP erosiva. The incidence of 
mild-moderate dysplasia progressed, in the same lesions, 
from 17.5 to 28 to 35%, respectively [69]. However, it is 
lesions with the appearance of erythroplakia that harbor the 
highest percentage of high-grade dysplasia and overt cancer. 
In a series of 65 cases, Schaefer and Waldron [81 ] showed that 
9% of erythroplakia show low-grade dysplasia, 40% high- 
grade dysplasia, and 51% invasive squamous cell carcinoma 
[81]. In the series of Mashberg (n = 158), 89% of early, asymp- 
tomatic invasive squamous carcinoma cases and over 93% of 
CIS had an erythroplakia component [47]. SCC, compared to 
CIS, had a higher percentage of elevation (58% vs 35%), a 
granular or rough surface (59% vs. 35%), and was indurated 
more often (10% vs 0%). Data are summarized in Table 4.5. 

VI. M A L I G N A N T  P R O G R E S S I O N  

A. Ora l  Cav i ty  

The overall incidence of progression to invasive squa- 
mous cell carcinoma of premalignant lesions of the oral 
cavity ranges from 2.7 to 17.5% (see Table 4.6) in the stud- 
ies with the longest follow-up and with the largest numbers 
of patients. As stressed previously, the progression rate 
is related to the degree of dysplasia, which in turn varies 
in relation to the site. Thus, in a series of 3256 cases, Wal- 
dron and Schafer [66] found the incidence of dysplasia 
and carcinoma in situ to be disproportionately high in the 
floor of mouth (42.9%; vs an 8% overall incidence of LP), 
tongue (24%, vs a 6.8% overall incidence of LP) and lips 

TABLE 4.6 Overall Progression Rate of Oral Leukoplakia 
to lnvasive Cancer 

Mean follow-up % Undergoing malignant 
N (years) transformation Ref. 

782 12 2.7 83 
252 7.2 17.5 50 
670 9.8 6 82 

(24% vs an overall 10.3% incidence of LP). Thus, while all 
leukoplakias should be subject to histological examination, 
both the presence of redness (erythroplakic component) and 
the occurrence in "high-risk sites" should be of clinical con- 
cern. The incidence of progression to invasive carcinoma is 
also related to the clinical type of LP, consistent with their 
different association with high-grade dysplasia. None of the 
cases of LP simplex (n=371) was found to progress to 
cancer, whereas 5.5% of LP verrucosa (n= 183) and 25.9% 
of LP erosiva (n= 116) progressed during a mean observa- 
tion time of 9.8 years [50] (see Table 4.7). 

A higher risk for cancer in association with female sex 
has been reported by several authors: the overall incidence 
of malignant transformation in the series of Banoczy [50] is 
8.8% in females vs 5.1% in males. In contrast, the M:F dis- 
tribution of CIS and SCC was 3.2:1 and 1.9:1 in the whole 
series. An even higher difference in incidence was found for 
tongue cancer, 86.6% of which occurred in females. This 
site also showed a higher prevalence in the incidence of dys- 
plasia among females [50]. A similar bias in the malignant 
transformation of females vs males (58% vs 42%) was 
observed by Silverman et al. [82]. Reasons for these gender- 
related differences are not known. 

The etiological role of tobacco use in the development of 
SCC of the oral cavity has been well established. However, 
several authors have shown that LP occurring in non- 
smokers has an excess risk of developing into SCC com- 
pared to LP arising in smokers [82-84]. 

It is worth stressing that most oral cancers arise de novo, 

without an associated precancerous lesion. While the asso- 
ciation among leukoplakia, dysplasia, and the prospective 

TABLE 4.7 Incidence of Dysplasia in Clinical Subtypes of 
Leukoplakia and their Frequency of Progression to SCC a 

Incidence of Progression 
Type N dysplasia to SCC 

Leukoplakia simplex 371 22 (5.9%) 0 
Leukoplakia verrucosa 183 42 (11.3%) 10 (5.5%) 
Erythroplakia 116 56 (48%) 30 (25.9%) 

aMean follow-up 9.8 years; Ref. 82. 
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development of cancer is firmly established, examination of 
overt cancer only discloses coexisting leukoplakia or carci- 
noma in situ in a small subset of cases. A large retrospective 
study of oral and oropharyngeal cancers occurring over a span 
of 54 years in a small community in Minnesota addressed this 
issue retrospectively. Analysis of this set of 201 cases showed 
that only 7% of invasive cancers had adjacent CIS, whereas an 
additional 2% had severe epithelial dysplasia [85]. However, 
a limitation of this study is that it relied entirely on pathology 
reports and thus may have underestimated the percentage of 
dysplasia, secondary to sampling error and/or underreporting 
by the pathologist. In the same report, the authors show that 
cancers associated with leukoplakia are smaller, less invasive, 
and their histological grade lower than those without it [84]. 
Other authors had observed that the progression time from 
CIS into overt SCC cancer is extremely variable [86]. These 
findings highlight that, although likely to include a preneo- 
plastic phase, the natural history of SCC may show significant 
patient-to-patient variations. 

A distinctive type of hyperplasia, labeled proliferative 
verrucous leukoplakia, has been described [87,88]. This 
lesion was identified retrospectively and is characterized by 
a verrucous clinical appearance, an expanding and often 
multifocal growth pattern, and a high (up to 70%) rate of 
progression into invasive carcinoma [64]. The initial mani- 
festation is usually that of simple hyperkeratosis. However, 
the lesion tends to recur and progress to dysplasia or inva- 
sive carcinoma, often in a multifocal distribution, retaining 
an exophytic-verrucous appearance and thus the diagnosis 
can reliably be made only retrospectively [87]. There is a 
M:F ratio of 4:1; the mean age of occurrence is 62 years, and 
the most frequent sites are the gingiva and tongue. The 
histological appearance is that of simple hyperkeratosis, 
dysplasia, or verrucous carcinoma [64,87]. Notably, 69% of 
the patients have no history of tobacco exposure [64]. In 
contrast, 78% show evidence of HPV 16 infection, high- 
lighting the possible transforming role of this virus in this 
setting [89]. 

B. Larynx  

The reported frequency of transformation of leukoplakia 
varies from 3.5 to 21%; the largest studies reported frequen- 
cies from 4.4 to 16% (see Table 4.8). Like for oral dyspla- 
sia, the rate of progression to overt cancer increases with the 
degree of dysplasia. Thus in the series of B lackwell, where 
62 leukoplakias were studied for a mean follow-up of 74 
months, the rate of progression was 0/6 in the absence of 
dysplasia, 12% for mild dysplasia (3/26), 33% (5/15) for 
moderate dysplasia, and 33% for severe dysplasia/CIS 
(5/15) [15]. Kambic et al. [18] found an overall incidence of 
SCC of 17/88 (19%): 12/17 in high-grade dysplasia, 3/17 in 
low-grade dysplasia, and 2/17 in simple hyperplasia. The 
rate of recurrence is also related to the severity of dysplasia: 

TABLE 4 .8  Frequency of Progress ion of Laryngeal 
Leukoplakia/Dysplasia  to  lnvasive S q u a m o u s  Carc inoma 

Total number Percent 
of patients progressing Ref. 

Sllamniku et  al. (1989) 921 6.7 94 
Crissman et al. (1988) 25 12 14 
Bouquot et al. (1991) 108 16 80 
Lundgren et al. (1987) 232 13 95 
Plch et al. (1988)  227 4.4 96 
McGavran et al. (1971) 84 3.5 77 
Miller et  al. (1971) 203 15.7 79 
Blackwell et al. (1995) 62 21 15 
Norris et al. (1963) 116 10 97 
Hellquist et  al. (1982) 161 8.7 78 

53% (9/17) for CIS and 3/17 (18%) for moderate-severe 
dysplasia [75]. The progression rate of CIS to invasive car- 
cinoma was found to be 63% in a group of 27 patients man- 
aged conservatively, after a mean follow-up time of 9 
months [90]. In the series of Gillis et al. [91] progression to 
CIS or invasive carcinoma was observed in 3/7 patients with 
keratosis and in 5/12 cases of atypia with or without kerato- 
sis; progression to invasive SCC was observed in 3/8 cases 
of CIS. Norris and Peale [73] used the same terminology 
and found that the incidence of progression was related to 
the presence of atypia: only 1/30 keratosis without atypia 
progressed to SCC after 32 months. Of 86 cases of keratosis 
with atypia, 11 progressed, after an average of 22 months: 5 
to SCC, 4 to CIS, and 2 to CIS with equivocal evidence of 
invasion. Hellquist et al. [78] found an overall incidence of 
progression to SCC of 8.7% (n= 161). SCC developed in 
2/98 (2%) of patients with slight dysplasia, 3/24 (12%) with 
moderate dysplasia, and 9/39 (23%) with severe dyspla- 
sia/CIS. Additionally, 5/98 cases with hyperplasia or mild 
dysplasia progressed to moderate or severe dysplasia; 3/24 
moderate dysplasia progressed to severe dysplasia. The 
mean follow-up time was not indicated, but more than 86% 
of patients had more than 2 years follow-up and 57% more 
than 5 years. Crissman et al. [14] stressed that 36% of 25 
patients with CIS had microinvasive carcinoma (Figs. 4.26 
and 4.27) and another three developed invasive carcinoma 
in 6 to 8 years (data summarized in Table 4.9). In a large 
series of patients followed from 1.5 to 12 years and classi- 
fied according to the Ljubjana classification scheme, 0.7% 
of simple (n=380), 1% of abnormal (n=414), and 9.5% of 
atypical hyperplasia (n=105)  progressed to invasive 
carcinoma [ 18]. 

Other investigators have stressed the importance of 
specific histological parameters in predicting progression 
into invasive SCC. The occurrence of single cell intra- 
epithelial keratinization (Figs. 4.17, 4.18, and 4.22) [14] 
pleomorphism, mitotic activity, and mucosa-associated 
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FIGURE 4 . 2 6  Microinvasive carcinoma at low power. FIGURE 4 . 2 7  Microinvasive carcinoma at high power. Dysplastic cells, 
from a layer of basal cells showing marked pleomorphism, encroach upon 
the underlying submucosa. The basement membrane in this area has 
become blurred. Further down, a detached nest of pleomorphic cells, with 
individual cell keratinization, is present. These findings are compatible 
with early microscopic invasion. 

inflammation [15] has been found to confer an increased 
likelihood for progression to SCC. In the series of Crissman 
et  al. [14], dyskeratosis was further associated with an 
increased likelihood of recurrence. 

Follow-up studies of dysplasia highlight that these lesions 
may recur not only in the same site, but also in anatomically 
separate foci, as either CIS or invasive carcinoma. Thus in 
the series of Gillis et  al. [91], 13 of 57 patients treated by 
radiotherapy or surgery recurred or developed de n o v o  as 
CIS or invasive SCC. In 2/42 patients, a second primary 
occurred. These data highlight the presence of multiple foci 
of transformed cells within the upper aerodigestive tract, 
stressing that the entire field is prone to develop cancer, as 
first described by Slaughter et al. [92]. 
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that --2067 publications since 1996 reported the use of various 
animal models for oral cancer research. These animal models 
included baboon (10), cat (82), dog (224), horse (18), monkey 
(78), owl (1), rabbit (110), snake (6), hamster (523), rat (438), 
and mouse (577). The use of rodents constituted -74% of 
these studies. This chapter, primarily using oral cancer as 
an example, explores the use of animal models for head and 
neck cancer research from the following four perspectives. 
First, the history of experimental head and neck cancer 
research is outlined. Second, current commonly used animal 
models for head and neck cancer research are discussed. 
Third, emerging genetic models for head and neck cancer 
research are given. Fourth, an integrative human-based dis- 
covery and animal testing/validation approach to head and 
neck cancer research promises an accelerated means of iden- 
tifying novel genetic pathways abrogated during head and 
neck carcinogenesis. 

I. I N T R O D U C T I O N  

While the majority of head and neck cancers are of squa- 
mous epithelial origin, many other epithelial (such as 
the salivary gland cancers) and mesenchymal (osteosarcoma, 
fibrosarcoma, rhabodmyosarcoma) malignancies are rarer, 
but well documented. Therefore, there is no single 
animal model to study all forms of head and neck cancers. 
Even for the study of head and neck squamous cell carcino- 
genesis, no single animal model has emerged as a compre- 
hensive resource for genetic, environmental, molecular, 
and biochemical analysis. A survey of the literature revealed 

II. HISTORY OF EXPERIMENTAL HEAD AND 
NECK CANCER RESEARCH 

The major form of head and neck cancer is squamous 
cell carcinoma of the oral cavity. Therefore, attempts to 
study the experimental pathology of head and neck cancer 
were focused on the development of experimental models 
for oral cancer. Because the primary risk factors for oral 
cancer development are tobacco and alcohol, chemical car- 
cinogens were used to induce oral cancers in animal models. 
Other investigations attempted to develop experimental 
models for malignant tumors of salivary glands, larynx, and 
other head and neck sites. 

Head and Neck Cancer 5 7  
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Following the experimental production of skin cancer 
using cold tar [1] in 1918 by Yamagiwa and Ichikawa 
and the discovery of carcinogenic polycyclic hydrocarbons 
by Cook and co-workers [2], Salley [3] developed the first 
experimental model for oral cancer using the hamster 
buccal pouch and multiple paintings with the chemical 
carcinogen 7,12-dimethylbenz[a]anthracene (DMBA). 
Salley's work was extended by Morris [4], who studied 
the effects of age, sex, and concentration of chemical car- 
cinogen in relation to the production of hamster buccal 
pouch tumors. Renstrup and associates [5] and Silberman 
and Shklar [6] were able to show that chronic irritation 
could augment chemical carcinogenesis in this oral cancer 
model. These studies confirmed Berenblum's [7] concept 
of cocarcinogenic action by local irritation and led to 
many investigations confirming the hamster buccal pouch 
cancer model as a suitable experimental model for oral 
cancer. 

Chemically induced tumors of other oral sites in experi- 
mental animals have also been studied. However, the relia- 
bility of these models has not been comparable to that of the 
hamster buccal pouch model. The carcinomas have not been 
found to develop in a consistent pattern over time, as in the 
hamster pouch model. Levy, in 1958, first attempted to 
induce carcinoma of the tongue in mice by the implantation 
of methylcholanthrene. However, results were inconsistent, 
although some early evidence of carcinogenesis was found 
after 16 weeks. 

Fujino and associates [91 were able to induce carcino- 
mas of the tongue in 47% of mice after 25 weeks using 
applications of 4-nitro-quinoline-N-oxide (4NQO). Dachi 
[8] induced tongue carcinomas in 25% of animals using 
DMBA in dimethylsulfoxide. Fujita and co-workers [9] were 
the first to produce malignancies of tongue consistently using 
DMBA in acetone together with physical trauma. These stud- 
ies were corroborated by Marefat and Shklar [10,11], who 
found that DMBA in acetone could induce lingual carcino- 
mas in hamsters without the physical trauma, but that the 
malignancies took an extra 2-4 weeks to develop. This tech- 
nique without the trauma has been used in many experimen- 
tal procedures that study the biology of experimental tongue 
cancer and its prevention [12]. 

Experimental carcinogenesis at oral cavity sites other 
than the tongue and buccal pouch has also been induced and 
studied. Goldhaber [13] was able to induce malignancies 
in the labial vestibule of desalivated mice and concluded 
that carcinogenesis was facilitated by the collection of 
debris and resultant ulceration. Mesrobian and Shklar [14] 
were able to induce gingival carcinomas in hamsters 
using applications of DMBA powder covered with cyano- 
acrylate to prevent the carcinogen from being washed away 
by saliva. 

Experimental models for other head and neck cancer 
sites have also been developed. Salivary gland tumors were 

induced by Steiner [15] in 1942 and later by Shafer [16] 
and Standish [17]. Cataldo and associates [18] found that 
pellets of DMBA powder implanted into the submandibular 
glands of rats resulted in the development of epithelial-lined 
cysts, with squamous cell carcinomas arising in the cyst 
walls. Cataldo and Shklar [ 19] found that the same procedure 
in hamsters resulted in the development of fibrosarcomas 
rather than epithelial cysts and carcinomas. Turbiner and 
Shklar [20] found that the rat salivary gland model could 
vary with different strains of animals, and this genetic 
difference in susceptibility to salivary gland carcinogenesis 
could help explain different experimental results in different 
experiments using the rat model. The rat salivary gland 
model was used to study various systemic influences causing 
enhancement of carcinogenesis [21] or retardation of car- 
cinogenesis [22]. Experimental cancer of the larynx was 
studied by Bernfeld and colleagues [23] in experiments 
dealing with the inhalation of tobacco smoke. The experi- 
ments required susceptible inbred Syrian hamsters, as 
this type of malignancy is difficult to induce with tobacco 
smoke alone. 

A. Animal  M o d e l s  for H e a d  a nd  Neck  

Cance r  Research :  The Value of the  H a m s t e r  

Buccal Pouch  Exper imenta l  M o d e l  

for the  S tudy  of  Oral Cance r  

The hamster buccal pouch experimental cancer model, 
based on the topical application of DMBA, is the most widely 
used experimental model for the study of oral cancer 
[24,25]. Squamous cell carcinomas develop slowly from an 
initial precancerous lesion similar to human dysplastic leuko- 
plakia [26]. The malignancies gradually become invasive and 
have the potential of metastasis to regional (cervical) lymph 
nodes [27]. The tumors resemble their human counterparts 
both grossly and microscopically [28-30], as well as having 
similar metabolic markers [31,32] and oncogene expression 
[33-37]. Initiation and promotion of the tumors can be 
demonstrated nicely in this model [38,39] 

Most of the research carried out on oral carcinogenesis in 
the hamster buccal pouch model has served to elucidate many 
aspects of cancer biology and to illustrate some of the major 
risk factors related to human oral cancer. Studies on hamster 
pouch tumors were among the first to illustrate the role of the 
immune system in the control of tumor development. 
Immunosuppressive agents, such as methotrexate, cortisone, 
and specific antilymphocyte serum, were found to enhance 
experimental oral carcinogenesis [40-42], whereas immuno- 
enhancing agents, such as BCG and levamisole, were found 
to inhibit experimental oral carcinogenesis [43,44]. It was 
also found that peritoneal-derived macrophages, immune 
effectors, demonstrated a decrease in Fc and C 3 receptors in 
tumor-bearing animals, indicating a diminished tumor-killing 
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capacity through antibody-dependent cellular cytotoxicity 
[45]. A decreased density of Langerhans cells (analogous to 
macrophages in the initiation of the immune response) and 
loss of their complex dendritic networks was also found in 
buccal pouches of carcinogen-treated hamsters [46]. Mast 
cells were found to gradually infiltrate and degranulate 
during experimental carcinogenesis, releasing their cytokines 
[47]. Eosinophil leukocytes were also found to infiltrate 
the tumor sites and release transforming growth factor c~ 
(TGF-c~) [48]. 

It was also found that the major known risk factors 
in oral cancer, such as tobacco, alcohol, and chronic irrita- 
tion [49], could be studied by experimental pathology 
and offer a clearer picture of mechanism than that obtained 
by epidemiology. Chronic mechanical irritation was found 
to enhance carcinogenesis by Renstrup and associates [5], 
whereas the chronic irritation induced by topically applied 
croton oil was found to, similarly, augment carcinogenesis 
in the hamster buccal pouch [6]. Alcohol was found to 
enhance experimental oral carcinogenesis and induced 
liver damage in the Syrian hamster [50]. Herpesvirus infec- 
tion was also found to enhance experimental oral carcino- 
genesis [51]. 

The control of oral cancer and precancerous leukoplakia 
has been demonstrated experimentally in the hamster 
buccal pouch model using a variety of antioxidant micronu- 
trients, such as retinoids, carotenoids, vitamin E, and 
glutathione. Combinations of micronutrients were shown to 
be more effective than single micronutrients and to exert 
a synergistic effect [52]. The nutrients were not only able 
to inhibit experimental carcinogenesis, but were able to 
totally prevent tumor development and were able to regress 
established squamous cell carcinomas [53-56]. The mecha- 
nisms of cancer control by micronutrients are gradually 
becoming clarified based on studies using the hamster 
buccal pouch experimental cancer model [57]. They involve 
common pathways of activity at the molecular level, 
including enhancement of the p53 suppressor gene [58], 
decreased expression of various oncogenes and growth 
factors, stimulation of the immune response through 
immune cytokines [59,60], and depression of tumor angio- 
genesis [61,62]. Investigations on tumor prevention and 
regression with micronutrients, utilizing the hamster 
model, have served as a basis for the development of human 
trials [58]. 

Investigations using the hamster oral cancer model have 
served to corroborate many significant concepts in the 
biology of cancer and have clarified many concepts dealing 
with the clinical management of oral cancer. For example, 
the outdated attitude that biopsy of oral cancer could be dan- 
gerous by causing cancer spread could be tested in the 
experimental model. Neither incision nor manipulation of 
established cancers in the hamster pouch led to increased 
spread or metastasis [63]. 

!I!. GENETIC MODELS FOR HEAD AND NECK 
CANCER RESEARCH 

Animal models of head and neck cancer, especially 
oral cancer, have been used extensively to study chemical 
carcinogens as elaborated upon in the previous section. 
However, genetic approaches have lagged considerably 
until very recently through the employment of gene overex- 
pression in transgenic mice and targeted gene ablation in 
embryonic stem cells of mice. The advantages of genetic 
models in mice are several, including the ability to recapitu- 
late human carcinogenesis in large numbers of animals, 
dissect the molecular basis for the different stages of car- 
cinogenesis, availability of mouse-specific molecular 
reagents, and application of novel chemopreventive and ther- 
apeutic approaches. 

A. Ta rge t ing  G e n e s  to  Oral  Cavity 

Epithelia wi th  P r o m o t e r s  

Because the oral cavity is lined by a stratified squamous 
epithelium, there are certain immediate considerations. This 
is the incorporation of promoters that have been used pre- 
dominantly for skin models. These include viral promoters, 
such as human papillomavirus (HPV) E6 and E7, and cellu- 
lar promoters, i.e., genes that are associated with basal and 
suprabasal cells. In the latter context, promoters for keratins 
5 and 14 will lead to the targeting of genes to basal cells. 
Seven hundred base pairs of the 3' downstream sequence 
was used to drive the expression of an intronless human K14 
gene in transgenic mice, and the construct was expressed in 
a fashion analogous to the endogenous K14 gene: in the 
basal layer of stratified squamous epithelia [64]. Suprabasal 
promoters include those for keratins 4 and 13 (preferred 
partners in oral cavity, whereas in skin it is keratins 1 and 
10) as well as for involucrin [65]. Six thousand base pairs of 
the 5' upstream K5 sequence directed proper basal cell- 
specific expression in all stratified epithelia [66]. However, 
only 90 bp of the K5 promoter directs expression to strati- 
fied epithelia, with expression predominantly in the epider- 
mis, hair follicles, and tongue. 

Other promoters studied include adenosine deaminase 
(ADA), which is highly expressed in four tissues of the 
mouse: the maternal decidua, the fetal placenta, the kera- 
tinizing epithelium of the upper alimentary tract (tongue, 
esophagus, and forestomach), and the absorptive epithelium 
of the proximal small intestine [67,68]. However, ADA is 
produced at relatively low levels in all other tissues. 

A viral promoter may prove to be of broad appeal in 
recapitulating oral carcinogenesis. The Epstein-Barr virus 
(EBV) contains nearly 170 kb of the genomic sequence. 
Most genes are involved in viral replication; however, some 
play a role in the ability of the virus to immortalize B 
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lymphocytes. Nearly 800 bp of the ED-L2 promoter, located 
3' to the LMP-1 gene, regulates heterologous reporter genes 
in cell lines derived from the esophagus and oral cavity, 
but not of other cell lineages, including B lymphocytes 
(Fig. 5.1) [69]. In turn, the promoter is regulated transcrip- 
tionally in a complex interplay of tissue-specific and rela- 
tively tissue-restricted transcriptional factors [70-72]. Given 
these findings, the EBV ED-L2 promoter has been linked to 
the human cyclin D1 cDNA and utilized this transgene to 
generate founder lines. This transgene is transcribed specif- 
ically in the tongue, esophagus, and forestomach, all sharing 
a stratified squamous epithelium. The transgene protein 
product localizes to the basal and suprabasal compart- 
ments of these squamous epithelial tissues, and mice from 
different lines develop dysplasia, a precursor to carcinoma: 
mild dysplasia by 6-8 months of age and moderate-severe 
dysplasia by 16-18 months of age in contrast to age- 
matched wild-type littermates. Furthermore, the dysplastic 
phenotype is associated with increased cell proliferation 
based on PCNA overexpression and abnormalities in cyclin- 
dependent kinase 4 (cdk4), epidermal growth factor receptor 
(EGFR), and p53 [73]. In aggregate, these studies suggest 
that alterations in certain oncogenes and tumor suppressor 
genes occur early during oral carcinogenesis. 

More recently, we have bred the ED-L2 cyclin D 1 mice 
with p53-deficient mice. Importantly, the cyclin D1/p53 
heterozygous mice develop severe dysplasia by 3-6 months 
in the oral-esophageal epithelium and histologic evidence 
of invasive cancer by 12 months (unpublished observations 
by A. Rustgi and colleagues). The cyclin D1/p53 null mice 
also develop severe dysplasia by 3-6 months in the 

oral-esophageal epithelium with suggestions of microinva- 
sion; however, it proves to be d~fficult to observe these mice 
beyond about 6 months due to the fact that they succumb to 
systemic sarcomas or lymphomas, the expected phenotype 
of the p53 null alone genotype. 

B. O t h e r  Emerg ing  Gene t i c  M o d e l s  of  

H e a d  a n d  N e c k  Cance r  

In addition to the ED-L2 transgenic mouse model, a 
number of mouse-based genetic models for head and neck 
cancer are currently being developed. These efforts are pri- 
marily ongoing in the molecular carcinogenesis units of the 
Oral and Pharyngeal Cancer Branch (OPCB) at the National 
Institute of Dental and Craniofacial Research under the 
leadership of J. Silvio Gutkind. 

Adopting an approach that has been developed in Harold 
Varmus' laboratory while at NIH [74-76], which first targets 
the avian leucosis virus receptor, tv-a, to the target tissue of 
interest and then uses highly effective avian retroviruses to 
carry the transgene and target its expression in vivo in a tissue- 
specific manner. Investigators at the OPCB have created a 
transgenic mouse line catTying the tv-a receptor gene to 
the basal layer of stratified epithelium using the cytokeratin 
5 (K5) promoter with the hope of being able to eventually 
induce tumor development on sequential or coexpression 
of known oncogenes and dominant-negative tumor suppres- 
sors. The advantages of this mouse genetic model include 
(1) the targeting tissue-specific transgene expression with- 
out the need to generate a new mouse line; (2) the ability 

FIGURE 5.1 The EBV ED-L2 promoter targets cyclin D1 to the basal and suprabasal layers of oral-esophageal 
squamous epithelia in transgenic mice. 
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to sequentially target multiple transgene to the same host; 
(3) the ability to monitor the fate of individual, genetically 
modified cells; (4) the ability to combine oncogenic and 
tumor suppressor alterations in a specific tissue/cell type 
to provide insights regarding the effects of different muta- 
tions in carcinogenesis and recapitulating the multistep 
nature of tumorigenesis; and (5) the ability to test the role 
of newly discovered candidate molecules (e.g., by gene 
expression profiling analysis) in head and neck cancer car- 
cinogenesis. 

The OPCB has also generated a K5 transgenic mouse 
capable of inducing the expression of transgenes to the basal 
layer of stratified epithelium. This mouse line carries 
the tetracycline-inducible promoter system (tet-on receptor) 
with the eventual hope of being able to induce the expres- 
sion of candidate oncogenes under the control of the 
tetracycline responsive promoter. 

A third mouse model currently developed by this group 
utilizes the sprr3 promoter. This is a member of the small 
proline-rich family of proteins that is expressed preferential- 
ly in the oral epithelium. The sprr3 promoter is being 
explored to target transgenes (oncogenes and dominant 
tumor suppressors) to oral epithelium. 

C. T a r g e t e d  Abla t ion  of  G e n e s  in 

the  Oral  Cavity 

Given the relative tissue-specific expression of keratin 4, 
targeted disruption of this gene through homologous recom- 
bination in mouse embryonic stem cells has a striking phe- 
notype of epithelial hyperplasia in the tongue and esophagus, 
suggesting an impairment in differentiation [77]. This is 
evident in K4 null mice as early as 2 months, but K4 het- 
erozygous mice and wild-type mice are normal. No cancer 
develops, perhaps due to compensation of K4 loss by K13. 
Interestingly, mice lacking involucrin from embryonic stem 
cells develop normal tissue structures. 

discovered molecules in head and neck cancer carcinogene- 
sis. This is the basis of the integrative human-based discov- 
ery and animal model testing for head and neck cancer 
research. 

IV. INTEGRATIVE HUMAN-BASED DISCOVERIES 
AND ANIMAL M O D E L  TESTING FOR HEAD 

AND NECK CANCER RESEARCH 

In addition to being able to importantly address the 
detailed molecular contribution of genes and molecules in 
carcinogenesis, the availability of genetic mouse models for 
head and neck cancer will dovetail very well with the current 
exploration of discoveries using genome-wide approaches to 
identify critical molecular targets in this cancer site. 
Technologies to monitor thousands of gene expression or 
through genome-wide allele typing procedures, coupled with 
advances in DNA sequencing, allow investigators to identify 
consistent genetic alterations in head and neck cancer. For 
epithelial cancers, this is further aided by recently developed 
laser capture microdissection technology, which permits the 
precise procurement of normal, premalignant, and cancer 
cells from the same histological section [78,79]. This ability 
to allow histologically homogeneous epithelial populations 
from the same patient to be compared genetically and bio- 
chemically is a significant technological advancement that 
will have important impact on cancer biology. Each of the 
identified molecular alterations, even whose identity and 
functional aspects are known, still needs to be tested and val- 
idated for their biological contribution in head and neck car- 
cinogenesis. This is precisely how the genetic model for head 
and neck cancer will be of value: to validate and test the 
functional role of each altered target by overexpressing or 
expressing a dominant-negative interfering form of the mol- 
ecule in head and neck cancer sites. 

R e f e r e n c e s  

D. Future  Di rec t ions  

The ED-L2 promoter will be a powerful tool to target 
genes to the oral cavity, either singly or in combination in 
transgenic mice. Furthermore, this promoter may be useful 
in strategies for conditional knockout of oncogenes and 
tumor suppressor genes. Apart from these considerations, 
oral cavity-specific genes may emerge from ongoing efforts 
in microarray approaches with subsequent application in 
genetically engineered animal models. 

Mouse genetic models will have a particularly important 
role in head and neck cancer research. These models will 
permit the site-specific interactions of oncogenes and tumor 
suppressors in the head and neck region. Another utility of 
these models will be to validate and test the role of newly 
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Squamous cell carcinoma of the oral cavity is character- 
ized by local and distant metastasis, and it is this aspect 
of the disease that is the most challenging for developing 
clinical approaches to therapy. Invasion is a necessary com- 
ponent of metastasis, tumor cells infiltrate into adjacent 
tissues, degrading basement membranes and extracellular 
matrix, and disrupting tissue architecture. An important 
element of invasion is adhesion receptors, predominantly 
integrins, that modulate not only cell motility but also sur- 
vival and proliferation. Additionally, a second class of 
receptors, the cadherins, form intercellular adhesions 
between carcinoma cells and are also relevant to the invasive 
process. Cell-cell adhesions are responsible for forming 
stratifying cell layers, influence the differentiated state of 
the tumor cells, and tend to restrain invasion. The process of 
squamous cell carcinoma invasion and dissemination 
requires active cell migration through the extracellular 

matrix with the simultaneous remodeling of intercellular 
adhesions. Observations suggest that it is the interplay and 
crosstalk between these two receptor families, integrins and 
cadherins, that modulate invasion. During tumor progres- 
sion, the development of variant cells with alterations in the 
expression of adhesion receptors and their associated sig- 
naling pathways could result in the derivation of cells with a 
highly invasive and metastatic phenotype. 

I. INTRODUCTION 

Despite advancements in surgery, radiation, and 
chemotherapy, only about half of individuals diagnosed with 
oral cancer will survive 5 years [1,2]. The spread to regional 
lymph nodes in the neck, which can occur soon after the 
development of oral squamous cell carcinoma (SCC), is 
made possible by the highly invasive behavior of SCC and 
the rich lymphatic drainage from the oral cavity. While early 
detection is the most critical step at present to reduce the 
morbidity and mortality of oral cancer, it is essential that we 
gain a better understanding about the basic mechanisms of 
invasion that lead to metastasis. If alterations in specific 
genes can be identified in precancerous and malignant 
lesions, then enhanced diagnostic and treatment protocols 
might be developed to prevent the development and/or 
spread of these neoplasms [3,4]. A more refined approach 
may be forthcoming from chromosomal deletion studies 
that have reported differences in chromosomes between nor- 
mal and malignant oral mucosal cells [5]. More effort is 
needed to identify pathways regulating the invasive tumor 
phenotype, including how specific adhesion receptors are 
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involved. Integrins are clearly important in the invasive 
process, whereas intercellular cadherin receptors restrain 
invasion and promote a more differentiated phenotype. 
Additionally, these same receptors are known to transduce 
signals that not only mediate adhesion and motility, but also 
regulate cell survival and programmed cell death. 

II. CELL-SUBSTRATE ADHESION 

The interaction of normal epithelial cells with the extra- 
cellular matrix (ECM) is important for cell survival and pro- 
liferation. When denied ECM adhesion, normal cells and 
certain tumor cells can be driven into the G1 phase of the 
cell cycle, where they fail to proliferate [6]. SCC cells are 
known to be highly anchorage dependent and generally fail 
to grow in semisolid or suspension cultures, indicating 
the importance of interactions with ECM [7,8]. In addition, 
SCC cells, because of their unrestrained growth, their ability 
to invade surrounding tissues, and their propensity to metas- 
tasize, routinely generate secondary tumors in organs distant 
from the primary tumor. Thus, the constituents of the ECM 
and their receptors, the integrins, contribute both to the reg- 
ulation of normal epithelial growth and differentiation and 
to the mechanisms of SCC tumor formation and metastasis. 

As ligands for integrins, ECM molecules are essential in 
proper tissue development, adult tissue maintenance, wound 
healing, and oncogenesis [9]. The proliferation of stratifying 
normal epithelium is confined principally to the layer of cells 
that are attached to the basal lamina or basement membrane. 
This supportive matrix is composed of several compo- 
nents derived from keratinocytes and stromal cells or from 
the mutually cooperative interactions between these two 
cell populations. Changes in the composition of the ECM 
molecules, by altered expression, can contribute greatly to 
oncogenetic development, hyperplastic growth, and tumor 
development [ 10-12]. The major ECM molecules implicated 
in SCC development include collagens, fibronectin, 
tenascin, and laminin. Thus, changes in the ECM compo- 
nents or their receptors, the integrins, are essential for trans- 
formation of a premalignant squamous epithelium into a 
malignant lesion. 

As a large family of transmembrane receptors, integrins 
are responsible for mediating the adhesive interactions of 
the cell with ECM macromolecules [ 13]. Integrins provide a 
linkage between the cell cytoskeleton and the extracellular 
environment. Each integrin is a heterodimer composed of a 
noncovalently associated ~ and 13 subunit. Transport of the 
integrin complex to the cell surface and the formation of the 
extracellular ligand-binding site located near the amino- 
terminal region of the integrin subunits require the pairing of 
c~ and 13 chains. 

Common structural features that highlight the overall 
similarity of ~ subunits are revealed when sequences of the 

known subunits are aligned. The t~ subunits are glycopro- 
teins containing a large, globular extracellular domain, a 
transmembrane region, and a short carboxyl-terminal cyto- 
plasmic tail preceded by the conserved GFFKR sequence. 
Within the extracellular domains are seven homologous 
amino acid sequence repeats (numbered I-VII). Repeat 
domains include regions that are considered potential bind- 
ing sites for divalent cations. When occupied with appropri- 
ate metals, these cation-binding sites stabilize the tertiary 
structure of the molecule, which is required for the interac- 
tion of the receptor with ligand as well as for the association 
of t~ and 13 subunits [ 13, 14]. 

In addition to providing adhesive and migratory func- 
tions, the integrin-ECM interactions, can regulate several 
cellular properties, including cell growth, apoptosis, angio- 
genesis, protease production, differentiation, and gene 
expression, all properties involved in malignant conversion 
and invasion [15-20]. Thus, changes in integrin profiles, 
which alter the sum of the signaling cascades within the cell, 
can have profound effects on cellular behavior. The major 
integrin receptors found in SCC cells include ~2131, ct3~l, 
t~5131, ~6131/ct6134, and ctv complexes. Several studies have 
examined the expression of these integrin heterodimers in 
SCC. The most recent and pertinent studies are reviewed 
briefly here. 

A. Col lagen  R e c e p t o r s  

The major collagenous components of the skin are colla- 
gen type I and type III, which make up primarily the dermis. 
Collagen type IV is the major collagen isoform comprising 
the basement membrane framework of the dermo-epidermal 
junction. Minor collagens making up the dermo-epidermal 
interface also include types VII and XVII [21 ]. Collagens, as 
with other ECM molecules, can promote cell adhesion, 
migration, differentiation, and growth [22]. 

Several studies have reported changes in collagen expres- 
sion during SCC formation. For example, increased induc- 
tion and deposition of collagen types I and III have been 
reported in well-differentiated SCC [23]. In contrast, loss of 
collagen VII was detected in highly differentiated tumors, 
whereas lack of collagen IV was associated with decreasing 
tumor cell differentiation [24]. Reduction of the type IV col- 
lagen, in particular, suggests that loss of the continuity of the 
subepithelial basement membrane is associated with the 
progressive nature of SCC [25]. This is an interesting obser- 
vation in light of recent work demonstrating that unique 
domains of type IV collagen possess antiangiogenic and 
thus antitumor properties. Thus, the potential loss of type IV 
collagen may increase blood vessel formation, resulting in 
expanded tumor growth [22]. Whether this occurs in SCC is 
unknown. 

Loss of collagen VII has also been suggested to serve as 
a potential marker for early invasive tumor growth [24]. In a 
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related study, analysis of basement membrane antigens in 
SCC also revealed a reduction in collagens type IV and VII 
as compared to normal epithelium [26]. Interestingly, loss of 
collagen VII occurred before loss of collagen IV [27]. This 
was most apparent at the leading edge of the invasive tumor 
mass, emphasizing that there is an ordered decline of colla- 
gen isoforms. Such an ordered decline may provide a poten- 
tial marker of tumor invasion [26]. The factor(s) responsible 
for these reductions is presently unknown. One study has 
noted that type VII collagen mRNA is synthesized at high 
levels in SCC tumors, but its protein distribution is impaired. 
This may explain the loss of this isoform in SCC [28]. 
However, metalloproteinases (MMP), particularly MMP-2, 
MMP-9, and MMP-13, are frequently expressed specifically 
in SCC and may account for a substantial reduction in these 
collagen isoforms [26,29-31 ]. 

The major collagen receptor is (x2~ 1. However, ~2~ 1 is 
not a dedicated collagen receptor, as it can also serve as a 
receptor for tenascin-C, laminin, and collagen [32,33]. A 
comparison of several metastatic SCC tumor cell lines with 
nonmetastatic cell lines revealed that ~2~1 is strongly 
expressed in metastatic lines [34]. This was in agreement 
with immunohistochemical analysis of invasive and 
metastatic tumor biopsies, which also possessed a marked 
elevation of ~2131 [34,35]. In contrast, loss of this same 
receptor, as compared to normal epithelium, has the 
strongest correlation with SCC tumor progression. 
Furthermore, reduction of ~2~ 1 has been suggested to serve 
as a prognostic evaluator for SCC [20,36]. As indicated ear- 
lier, several of the collagen ligands of a2131 are downregu- 
lated in SCC. This may help explain the loss of this receptor 
in SCC. However, increased expression of ~2131 may be the 
result of a compensatory mechanism to overcome the loss of 
these collagen isoforms. Further studies are required to 
determine the role and function of this receptor in SCC 
development. 

B. F ib ronec t in /Tenasc in  R e c e p t o r s  

Fibronectin is a large, alternatively spliced ECM mole- 
cule whose expression has been shown to directly influence 
the establishment and maintenance of the transformed phe- 
notype [37]. Immunohistochemical analysis of 112 primary 
and 29 metastatic SCCs revealed that the expression of 
fibronectin is increased markedly in the tumor stroma, in 
particular at the invasive tumor site [38]. Oncofetal 
fibronectins, as demonstrated in a more recent study, were 
detected throughout the stromal compartment in association 
with SCC. The primary source of this fibronectin was deter- 
mined to be stromal fibro/myofibroblasts [39]. Thus, in this 
study it was concluded that in SCC, conversion to a fetal 
ECM is occurring during tumor progression. 

In addition to tumor specimens, several SCC cell lines 
have been shown to produce large amounts of fibronectin 

[40]. In contrasting reports, fibronectin was found to be 
absent in the later stages of SCC development, and this 
absence was associated with a decreasing degree of differen- 
tiation [27]. Furthermore, reverse transcriptase-polymerase 
chain reaction (RT-PCR) analysis has revealed complex 
patterns of fibronectin splicing in normal epithelium and 
SCC. The significance of such splicing patterns is unknown 
[41 ]. However, it is of interest to note that the high heparin- 
binding domain and the V region of fibronectin have been 
shown, in vitro, to play important roles in SCC invasion, 
motility, and spreading [42]. 

Like fibronectin, tenascin-C is a mosaic-like protein made 
up of several subunits. It is a large glycoprotein reported to 
possess antiadhesive modulating properties. In normal oral 
mucosa, tenascin-C expression is not detected [33]. 
However, during wound regeneration, epithelial cells do 
produce and secrete tenascin-C, which plays an important 
role in regulating cell migration and proliferation [43]. 
Analysis of tenascin-C in SCC has demonstrated that it is 
also upregulated, both in tumor specimens and in SCC cell 
lines [33]. This upregulation, as in wound-regenerating 
epithelial cells, is important for SCC tumor cell migration 
and suggests a role for tenascin-C in tumor invasion [33]. A 
more recent study indicates that this upregulation of 
tenascin-C tumor in ECM is dependent on factors provided 
by both SCC tumor cells and peritumor fibroblasts [44]. In 
support of this study, recent work, using in situ hybridization 
and immunohistochemistry, has revealed that carcinoma 
cells themselves can directly produce ECM components 
such as tenascin-C [45]. Thus, together these results suggest 
that the expression of tenascin-C in SCC appears to play a 
role in tumor cell migration and/or invasion, requiring both 
stromal cells and keratinocytes for its synthesis. The inap- 
propriate secretion of tenascin-C by SCC may be due to 
improper regulation of the normal wound repair processes in 
the tumor cell. 

The classic fibronectin receptor is ~5131. In normal and 
metaplastic epithelium, a5131 expression is usually not 
detectable [46]. However, in the later stages of the murine 
skin carcinogenesis model, ~5131 is upregulated [47]. In 
neoplastic cells, (x5~l is expressed and contributes to 
SCC cell adhesion and migration on fibronectin [48]. 
Metastatic cell lines tended to show an increase in expres- 
sion of this receptor that was paralleled in invasive and 
metastatic tumor specimens [34]. Thus, overall, o~5~1 
appears to be upregulated during SCC progression and 
likely contributes to the invasive process. 

Several secondary fibronectin receptors are formed by 
the heterodimerization of av with several 13 subunits, includ- 
ing 133, ~5, and ~6. Several other fibronectin receptors 
have not been detected in epithelial cells, including a4~l,  
~8131, ~v[33, ~vl]6, and c~v~8. ~v~l is a low-affinity recep- 
tor whose expression can only be detected in vitro in cul- 
tured keratinocytes [49]. Some members of the ~v family 
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of integrins can also mediate adhesion and migration on 
vitronectin and tenascin [48]. However, information regard- 
ing vitronectin in SCC is limited and therefore is not 
discussed here. 

~vl]5 can be detected in normal epithelium, with strong 
expression in the basal layers [50]. The ligands of c~v[35 
include fibronectin and tenascin. The ~3 and [~6 partners of 
c~v are not expressed in normal tissue. In SCC the staining 
of ~v[~5 has been reported as variable within and between 
SCC tumor specimens. However, the least staining of c~v~5 
was detected in poorly differentiated tumors [50]. To identify 
a functional property of ~v~5 in transformation, the ~v sub- 
unit was transfected into a neoplastic keratinocyte cell line. 
This resulted in the pairing of c~v with the 135 subunit. In 
these ~v transfectants, anchorage-independent growth was 
suppressed and an increased capacity for terminal differen- 
tiation was observed [51 ]. These results suggest that loss of 
integrin receptors may be responsible for the abnormal 
properties of keratinoctyes in oral SCC [51 ]. 

In contrast to ~v[35, the I]6 subunit is expressed in all car- 
cinomas. However, like c~v[~5, c~v~6 binds fibronectin and 
tenascin. That ~v136 is not detectable in normal epithelium 
indicates that this subunit is neoexpressed and suggests that 
it is probably involved in oral SCC tumor progression [50]. 
Analysis of 11 SCC cell lines demonstrated that ~v[36 was 
upregulated in 8 (73%) of these lines [48]. Recent work has 
found that latent transforming growth factor (TGF)-[~ is a 
ligand for ~v136 and that ~v[36-expressing cells can induce 
activation of TGF-[31 [52]. Because TGF-[3 is known to be a 
growth inhibitor of normal squamous epithelium and c~v[36 
is upregulated in SCC, one would predict that SCC should be 
sensitive to the actions of TGF-13. However, several SCC cell 
lines are refractory to the effects of TGF-[~, suggesting that 
T6F-I] in these tumor cells is not available or is processed 
incorrectly, the TGF-I3 receptor(s) is absent or defective, or 
there are deficiencies in one of the many TGF-[~ downstream 
signaling factors [53]. In support of these observations, aber- 
rant TGF-[~ I and II receptor expression has been shown to 
contribute to the pathogenesis of SCC [53,54]. 

C. Laminin R e c e p t o r s  

Laminins are large, heterodimeric extracellular glycopro- 
teins composed of an ~, a 13, and a y subunit. To date, 12 
different laminin heterodimers have been identified [55]. 
We have identified several laminin isoforms in SCC cell 
lines, including laminins 2, 4, 10, and 11 [56]. However, the 
primary laminins expressed in stratified epithelium are 
laminin-5 and laminin- 10/11. 

Laminin-10/11 is composed of ~5, ~1/[32, and y2. 
Because the laminin-10/11 subunits are expressed in SCC, 
one could hypothesize that this laminin isoform plays a sig- 
nificant role in SCC tumor progression [55]. In addition, 
keratinocytes of epidermal outgrowths that migrate into the 

wound bed express laminin-10/ll [57]. However, little is 
known about the involvement of laminin-10/ll in SCC 
except that SCC cells upregulate this laminin isoform and 
express the integrin receptors for laminin-10/11 [58]. 

One of the major matrix components of epithelial base- 
ment membranes is laminin-5. Laminin-5 is composed of 
three subunits: c~3, [~3, and 72 [59]. An increasing body of 
evidence suggests that laminin-5 plays a significant role in 
SCC tumor development and invasion. Early studies indi- 
cated that laminin-5 is synthesized and secreted in several 
normal cells and tumor types, including mucosal ker- 
atinocytes and head and neck squamous cell carcinomas 
[60,61]. In these carcinomas, laminin-5 was overexpressed 
primarily at the invasive fronts [61]. It was determined, by 
immunohistochemistry and in situ hybridization, that 
laminin-5 in normal mucosa and lichen planus, was present 
as a thin, continuous line located in the basement membrane 
region. In epithelial dysplasia, this staining was discontinu- 
ous and more diffuse [62]. However, there was a striking, 
intense cytoplasmic staining of the carcinoma cells along 
the invasive border and the individual infiltrating carcinoma 
cells in invasive carcinomas and lymph node metastasis 
[62]. These observations indicate that in SCC tumor pro- 
gression, synthesis and secretion of laminin-5 are altered, 
the most intense expression occurring at the invasive front 
and in the lymph node metastasis. Ono and colleagues 
[63] found a significant correlation between laminin-5- 
immunopositive SCC cells and increased infiltrative growth 
and poorer differentiation. In addition, these same 
researchers, by analyzing patient survival data, found that 
increased laminin-5 expression was significantly associated 
with poorer patient outcome. Overall, increased laminin-5 
expression may provide a significant marker for the invasive 
phenotype and appears to be indicative of a poorer outcome 
for patients with SCC. 

How laminin-5 induces migration, and thus the invasive 
phenotype, has been the focus of several interesting reports. 
It appears that proteolytic cleavage of the individual sub- 
units comprising laminin-5 is important in regulating the 
migratory phenotype. First, cleavage of the 72 subunit by 
bone morphogenetic protein-1 (BMP-1) facilitates the for- 
mation of basement membrane assembly, but not 
hemidesmosome assembly, suggesting that it may provide a 
more motility-inducing ECM environment [64]. BMP-1, 
also known as type I procollagen C-proteinase, is expressed 
in several SCC cell lines, implying a possible role for this 
proteinase in SCC tumor invasion [65]. Second, two sepa- 
rate reports have also demonstrated that the laminin-5 72 
chain is cleaved [66,67]. However, instead of BMP-1, this 
cleavage occurs by MMP-2 and MT1-MMP, both of which 
are upregulated and expressed in SCC [26,30,31,68]. The 
resulting cleavage of laminin-5 by these MMPs in some cell 
types produces a more migration-inducing laminin sub- 
strate. In a third report, cleavage of the globular domain of 
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the t~3 subunit of laminin-5 converts this extracellular pro- 
tein from a cell motility-inducing factor to a protein com- 
plex that can trigger formation of the stationary structures 
called hemidesmosomes, thus preventing cell movement 
[69]. Researchers have reported that laminin-5 can trigger 
the disruption of cell-cell junctions and induce scattering of 
oral SCC cells [70]. Together, these results implicate a sub- 
stantial role for laminin-5 in SCC tumor progression and 
invasion. The involvement of laminin-5 in invasion appears 
to be dependent on how the molecule is cleaved proteolyti- 
cally. More work is required to identify the regulatory 
factors responsible for laminin-5 cleavage and how these 
cleavage products regulate the static and dynamic mecha- 
nisms of cell movement. In addition, the proteolytic cascade 
for this processing needs to be clarified. Finally, it is inter- 
esting to note that laminin-5 was one of 13 genes found to be 
overexpressed in SCC using the new technique of subtrac- 
tion hybridization coupled with microarray analysis, indicat- 
ing the importance of this ECM molecule in SCC [71 ]. 

The major laminin receptors expressed in SCC include 
~x3~l, ~6~1, and ~x6134. ~3131 is considered primarily a 
laminin-5 receptor [72,73]. It has also been implicated as a 
receptor for other ECM components, but the physiological 
significance of these weak interactions is unknown [74, and 
references therein]. Studies of a3~l-null mice have revealed 
that this receptor is required for the establishment and/or 
maintenance of basement membrane integrity [74]. In con- 
trast to another laminin-5 receptor, a6134, a3~l  is consid- 
ered to play an active role in cell spreading and motility on 
laminin-5 [60,75]. Adhesion of a3~l  to laminin-5 stimu- 
lates a signaling pathway involving mitogen-activated pro- 
tein kinase (MAPK), which can regulate cell growth, thus 
presumably contributing to the development of SCC [76]. 

a3131 has been shown to form a stable and specific asso- 
ciation with the transmembrane-4 family member CD151. 
This association provides a linkage with phosphatidylinosi- 
tol 4-kinase, which apparently regulates cell motility [77]. 
In addition, c~3131 can pair with other tetraspanin proteins, 
which in turn stimulates the production of MMP-2 [78]. 
More recent results have shown that an a3~l-dependent 
pathway is required for the sustained production of MMP-9 
in keratinocytes [79]. Thus, it appears that a3131 can regu- 
late the expression of proteases. These same a3~l-linked 
expression pathways have not been fully explored in SCC, 
but they may be important in SCC development and tumor 
cell dissemination, especially as many SCC tumors produce 
both MMP-2 and MMP-9. 

Like a2131, c~3131 has been shown to be upregulated in 
several SCC tumor cell lines and biopsies [34]. In particular, 
a3~l  (and c~2131) is increased in the suprabasilar area dur- 
ing the development of SCC [80]. In contrast, a reduced 
expression of ~3131 has been reported to correlate with poor 
histological differentiation in SCC [20]. Based on these 
studies, it is likely that ~3131 plays a significant role in SCC 

tumor development and tumor invasion; however, more 
thorough studies are required. 

tx6 can pair with ~ 1 and ~4 in SCC cells, giving rise to 
two laminin receptors, ct6~l and ct6134. Because tx6 com- 
bines preferentially with ~4, this is the dominant complex 
found. Nevertheless, the biological consequences of each 
form could be important in regulating the behavior of SCC 
cell lines. Like ct3~l 1, t~6154 is abundant in keratinocytes and 
functions as a receptor for laminin-5. However, t~6134 can 
efficiently stimulate migration on laminin-1 substrates as 
well [81]. Several studies have demonstrated that ker- 
atinocyte adhesion to laminin-5 is important in regulating 
the dermal-epidermal junction in skin. In contrast to ct3131, 
tx6134 was originally believed to be involved in the static 
structures called hemidesmosomes and to contribute little to 
cell migration. Extracellular laminin-5 anchoring molecules 
are linked directly with the keratin filament network within 
the cell by hemidesmosomes [74]. Mutations within either 
subunit of the a6154 heterodimer highlight the importance of 
this receptor in dermal-epidermal junction integrity [82,83]. 
Finally, during wound healing, the dermal-epidermal adhe- 
sive structure provided by t~6~4 is undesirable. Thus, for 
epithelial cells to migrate, they must first disassemble their 
hemidesmosomes [69]. SCC tumor invasion may represent a 
normal wound repair process, involving laminin-5 and its 
two primary receptors, c~6~4 and t~3~ll, that is no longer 
properly controlled. 

t~6 has been reported to show a stronger expression in 
nonmetastatic cells than in metastatic SCC cell lines [34]. 
However, this subunit is upregulated in tumor biopsies from 
invasive and metastatic cases [34]. Analysis of tx6~14 levels 
in poorly differentiated SCCs revealed pronounced expres- 
sion of this receptor along with laminin-5 at the invasive 
front [35]. Furthermore, in tumors of patients with SCC, 
t~6134 levels have also been reported to be increased, localiz- 
ing along the invasive border [84]. Earlier studies indicated 
that, t~6154 expression in normal squamous epithelium is lim- 
ited to contact sites of the basement membrane. In aggres- 
sive SCC, recurrent tumors, and metastatic tumor cell lines, 
this normal basal polarity of t~6[~4 is lost and there is more 
intense suprabasal staining of ct6134 [85]. This suggests that 
cytoplasmic or membrane components, possibly CD 151 and 
bullous pemphigoid antigens 1 and 2, that function in t~6134 
polarity and hemidesmosome formation may be defective or 
lacking during SCC tumor progression [86,87]. 

An interesting question arises as to the regulation of 
t~6~4 in normal epithelial architecture versus tumor inva- 
sion: if ~6~4 is involved primarily in inhibiting cell migra- 
tion by the formation of hemidesmosomes, why does 
increased expression of this receptor not inhibit SCC tumor 
invasion? Studies directed at understanding the signaling 
pathways elicited by o~6134 (see later), including the signaling 
pathways that disrupt the hemidesmosome structure, the 
factors responsible for proper cell polarity, or the proteolytic 
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regulation of the motility-inducing laminin-5 isoforms, are 
required to answer this question. Finally, it should be noted 
that the cytoplasmic interactions of ~6[~4 may also play 
important roles in whether this receptor functions in cell 
adhesion or motility. For example, B PAG1, which localizes 
to the inner surface of hemidesmosomal structures contain- 
ing cz6~4, positively influenced cell migration when 
removed by homologous recombination [88]. 

Decreased expression of c~6[~4, in direct contrast to the 
aforementioned reports, has also been described in SCC. 
Normally, cz6[~4 expression shows a basally polarized distri- 
bution. Lack of a restricted basal polarity of cz6134, by 
absence of [34 expression, has been suggested to be an early 
marker of oral malignancy [89]. Examination of normal and 
epithelial SCC tissue sections for ~6 expression demon- 
strated that the staining intensity of this subunit was reduced 
significantly in SCC compared to normal epithelium [36]. 
Similarly, ~6~4 was found to be downregulated in oral SCC, 
and this reduction in ~6134 correlated with poor histological 
differentiation [20]. Thus, loss of ~6~4 and the absence of 
hemidesmosome formation may provide a more motile and 
invasive SCC tumor. This notion is supported by the fact that 
blocking antibodies to 134 can result in the stimulation of cell 
migration and an increase in MMP-2 activity [90]. Finally, 
transfection of the 134 subunit into a neoplastic keratinocyte 
cell line failed to restore differentiation capacity or prolifer- 
ation properties, suggesting that cz6134 is not required for 
these properties in SCC [51 ]. 

I!!. EXTRACELLULAR MATRIX-INTEGRINS 
INTERACTIONS AND SIGNAL TRANSDUCTION 

It is now well established that integrins, in addition to 
functioning in cell adhesion and migration, can function as 
signal transduction molecules that stimulate many intracel- 
lular pathways regulating cell differentiation, growth, apop- 
tosis, motility, and protease production, to name a few [37]. 
The binding of integrins with their ECM ligands and the 
formation of integrin-cytoskeleton complexes in focal 
adhesions are regulated by complex signal transduction 
mechanisms involving a large number of proteins associated 
directly or indirectly with the integrin subunits themselves. 
One of the key signaling molecules involved in integrin- 
mediated cell signaling is focal adhesion kinase (FAK) [91 ]. 
Integrin ligation promotes the phosphorylation of FAK, 
which creates numerous binding sites for several proteins, 
such as p l30Cas, Src family kinases, Grb-2, phosphatidyli- 
nositol 3' kinase, and others. These in turn link integrin 
adhesion to several cellular pathways, e.g., the Ras/MAPK 
and C-Jun kinase pathways, which are ultimately responsi- 
ble for cell survival, migration, and growth [92,93]. 

Multiple invasive and metastatic tumor cancers show 
overexpression of FAK [92,94]. In preinvasive lesions of oral 

cancer (carcinoma in situ) and in a large group of invasive 
SCCs, enhanced FAK immunostaining has also been found 
[92, and references therein]. It is believed that upregulation 
of FAK leads to increased cell migration and contributes to 
tumor cell survival under anchorage-independent conditions 
[92,93]. Such a population of tumor cells would have a 
strong tendency to invade and metastasize. The mechanism 
for the increased expression of FAK in SCC tumors is 
unknown. However, it has been discovered that in all cases 
of invasive SCC, the fak gene copy number was increased 
[94]. This same result was confirmed in frozen sections of 
SCC as well. The genomic location of the fak gene has been 
confirmed as chromosome 8 q [94]. Interestingly, this region 
of chromosome 8 is frequently overrepresented in SCCs, 
especially in metastatic carcinomas [95]. 

Ligation of ECM by integrins initiates several rearrange- 
ments in the cytoskeleton that are required for cell motility and 
thus invasion. The Rho family GTPases Cdc42, Rac, and Rho 
are major controllers of the actin cytoskeleton, regulating cell 
adhesion, migration, and invasion [96]. Binding of the integrin 
with ECM components results in the assembly of focal adhe- 
sion complexes, containing cytoskeletal proteins as well as 
several signal transduction molecules. It is still not clear what 
signaling molecule bridges integrin ligation and these 
GTPases. However, it has been suggested to be a kinase [97]. 

Classically, the integrin activation of Cdc42 leads to 
filopodia, that of Rac results in the formation of lamellipo- 
dia, and that of Rho causes stress fiber formation [96]. 
However, recent work has also established other functions 
for these GTPases. For example, activation of Rac is suffi- 
cient to cause the disruption of cadherin-dependent cell-cell 
adhesion in keratinocytes, which suggests that Rac is impor- 
tant in regulating cell-cell and cell-ECM adhesion during 
SCC development [98]. Cdc42 has also been implicated in 
regulating cell-cell adhesion and playing an important role 
in establishing the initial polarization in epithelial cells [96]. 
Rho is involved in the formation of stress fibers and focal 
adhesion complexes, both of which are necessary for the 
forward movement of cells. Rho has also been shown to 
moderate cell-cell adhesion. Integrin-mediated cell adhe- 
sion to the ECM can either stimulate or inhibit Rho, depend- 
ing on several factors, including cell type, engagement of 
specific integrins, and time engaged [97]. For example, 
cross-linking ~6~4 stimulates Rho activity, whereas 131 
inhibits this activity. It is believed that the c-Src family of 
kinases is required for the inhibition of Rho [97]. Finally, for 
all of these GTPases, a fine balance among contractility, 
cell-cell adhesion, and GTPase concentration is necessary 
to determine if the cell is static or motile. Thus, given the 
importance of these GTPases in modulating the cellular 
events described, it is likely that changes in the activation 
and/or inactivation of these molecules can lead to an inva- 
sive and metastatic phenotype [96]. However, few studies 
have analyzed these GTPases in SCC. 
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The ~6134 integrin must first be released from stable 
hemidesmosome adhesion complexes before an SCC tumor 
cell can become motile and invasive. Thus, cz6~4 and sig- 
naling events associated with this receptor have been the 
focus of several investigations. Initially, it was discovered 
that ~6134, when ligated to laminin, caused phosphorylation 
of Shc, activation of Ras, and stimulation of MAP kinases 
Erk and Jnk. These were the first findings coupling (z6134 to 
signaling pathways regulating cell proliferation [99,100]. In 
a related study, epidermal growth factor (EGF) was found to 
stimulate cell migration, and this migration induced (z6~4 
mobilization from hemidesmosomes [ 101]. This mobiliza- 
tion of cz6134 from hemidesmosomal components occurred 
by the activation of protein kinase C. Thus, ligation of cz6134 
can stimulate cellular proliferation, whereas signals origi- 
nating from other pathways that disrupt stable cell adhesion 
can lead to increased cell movement and contribute to the 
invasive properties of SCC. 

By ligating with laminin, (x6~4 can activate several path- 
ways regulating carcinoma invasion. By itself, ~6134 can 
promote cell migration [102]. On laminin, ~6~4 facilitated 
the translocation of the small GTPase RhoA to membrane 
ruffles. In general, these results established that an ~6~4- 
mediated pathway can activate RhoA and function in pro- 
moting cell migration [102]. Work initiated by Shaw and 
co-workers [103] began to define a mechanism by which 
~6134 potentiates carcinoma invasion. Tumor cell invasion 
stimulated by cz6134 is dependent on phosphoinositide-3 OH 
kinase (PI3K) activity and results in a6~4-specific forma- 
tion of dynamic sites that are required for cell motility. 
Besides PI3K, it was determined that this invasive process 
also required another GTPase, Rac [103]. In addition, liga- 
tion of the o~6134 heterodimer protected the cells from apop- 
tosis through a pathway that also involved PI3K/Akt [104]. 
It was determined subsequently that ~6134, by activating 
the Akt/PI3K pathway, can promote cell survival in p53- 
deficient carcinoma cells [105]. Substantial evidence has 
attributed loss of and/or mutations in p53 in the pathogene- 
sis of SCC [106]. Finally, it has been indicated that the ~4 
subunit of cz6~4 can stimulate specific signals responsible 
for cell motility, expression of MMP-2, and tumor invasion 
[90]. Collectively, these data indicate that (x6~4 interacts 
with several pathways modulating cell growth, motility, sur- 
vival, and proteinase production, suggesting an important 
role for this receptor in SCC development and invasion. 
Thus, 0~6~4 and its associated pathways may provide poten- 
tial targets for the development of SCC therapies. 

In addition to functioning as adhesion- or migration- 
regulating molecules, integrins can also activate several 
pathways involved in tumor progression. These pathways 
are dependent on particular integrin subunits and integrin 
cytoplasmic domains. For example, adhesion of cz6131 and 
~6134 can result in tyrosine phosphorylation of distinct cel- 
lular proteins, suggesting activation of unique signaling 

pathways by these receptors [100,107]. In addition, the 
cytoplasmic domain of the c~2 subunit can communicate 
with specific signaling molecules and pathways, including 
R-Ras and PI3K [108]. Thus, one particular integrin com- 
plex probably does not dictate the invasive tumor cell prop- 
erties in SCC. The invasive phenotype is the result of the 
integrin composition present on the tumor cell surface and 
the summation of all the signaling events elicited by these 
integrins. 

Several factors have been implicated in the signaling 
processes of integrins. For example, R-Ras, a member of the 
Ras family, is located in the cytoplasm and is required for 
the regulation of integrin activation and thus ligand binding 
[109]. R-Ras, when inhibited or not stimulated, may con- 
tribute to tumor cell invasion. This may be most important 
in SCCs displaying r a s  mutations. In addition, several 
recently identified integrin-associated proteins, e.g., 
p l30Cas, PTEN, HEF1, Src, protein-tyrosine phosphatase- 
(z, and others, have been reported to participate in many 
integrin-mediated events [ 110-113]. More work is required 
to determine their contribution to SCC and tumor invasion. 
However, by thorough examination of the molecular mech- 
anisms of integrin signaling, novel treatment strategies for 
cancer cell growth, invasion, and metastasis are expected to 
be developed. 

IV. CADHERINS AND 
INTERCELLULAR A D H E S I O N  

Oral SCC is formed from stratifed squamous epithelium 
and as such utilizes the E-cadherin system to maintain 
cell-cell adhesion. Cadherins are concentrated into junc- 
tional plaque structures that can be visualized by electron 
microscopy as zonula adherens and desmosomes [ 114,115]. 
The cadherin family has been organized into classical cad- 
herins and desmosomes, but both groups of receptors share 
highly conserved transmembrane and extracellular regions 
and interact with a class of cytoplasmic link proteins termed 
catenins. Cadherin function requires interaction with the 
actin cytoskeleton. Consequently, cadherin function is regu- 
lated from the cytoplasmic side and depends on the interac- 
tion with catenins, which bind to the cytoplasmic domain of 
cadherins, thereby forming links to the cytoskeleton 
[reviewed in 116,117]. For adherens junctions, these link pro- 

teins are ~3-catenins and plakoglobin (y-catenin). ~-Catenin 
and plakoglobin, but not ~-catenin, bind directly to the 
cytoplasmic N-terminal domain of E-cadherin; ~-catenin can 
associate with the N-terminal regions of ~-catenin and 
plakoglobin, which is essential in order for cadherins to 
interact with the cytoskeleton. The Armadillo repeat region 
of ~-catenins and plakoglobin mediates their association with 
E-cadherin and their complexing with the adenomatous poly- 
posis coli (APC) tumor suppressor protein. The association of 
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APC with [~-catenin appears to regulate its stability. The 
Armadillo repeats in plakoglobin are also crucial for its bind- 
ing to desmosomal cadherins (desmogleins and desmo- 
collins). Finally, the amino-terminal region of ~-catenin 
links cadherin-catenin complexes with the actin filaments 
via o~-actinin (Fig. 6.1, see also color insert). 

Catenins are now known to be key regulatory molecules 
that mediate the transduction of extracellular contacts 
between cadherins during epithelial reorganization and 
also provide for the linkage of cadherins to intracellular 
signaling pathways [reviewed in 118-120]. Importantly, 
catenins transmit signals that regulate gene expression. 
Thus, [3-catenin binds both cadherin and other catenins, 
but when ~-catenin is in excess, it binds the LEF family of 
transcription factors, and this complex of catenin and 
transcription factor is transported to the nucleus where it 
effects gene expression. In contrast, expression of the wnt-1 
protooncogene increases the level and function of catenins, 
thereby stabilizing cadherin-mediated cell-cell adhesion. 
Wnt signaling involves GSK3-~, and through the phospho- 
rylation of ~-catenin, its own turnover is regulated. Also, 
axin binds [3-catenin, APC, and GSK3-[3 directly, and this 
tetrameric complex regulates stabilization of [3-catenin 
[121,122]. Finally, p120 ctn or p120 contains Armadillo 
repeats, associates with E-cadherin-catenin complexes, is 
tyrosine phosphorylated in cells transformed with Src or in 
response to growth factors, and may regulate displacement 
of 13-catenin from E-cadherin complexes [123,124]. In cer- 
tain tumors, 13-catenin appears to act as an oncogene. For 
example, in colon cancer, APC is mutated, resulting in the 
elevation of ~-catenin, whereas normally APC and GSK3-I3 
facilitate its degradation. However, in colon carcinoma cells 
and in melanoma cells [125,126], [3-catenin is usually highly 
expressed and forms complexes with Tcf-4 or Lef-1 
[127,128], thereby activating gene expression that regulates 
cell growth or suppresses programmed cell death. 

A. C a d h e r i n s  a n d  Regu la t ion  of  Invasion 

Cadherins are required for cells to remain tightly associ- 
ated in normal and malignant epithelia, and in their absence 
the many other cell-junction proteins expressed in epithelial 
cells are generally not capable of supporting intercellular 
adhesion [115]. Cell dissociation and scattering, with loss of 
cell-cell adhesion and junctional communication, are 
required for the invasiveness and metastasis of malignant 
tumor cells. It is well established that the downregulation of 
cell-cell adhesion in tumor cells favors their dissemination 
[114]. E-cadherin is an important suppressor of epithelial 
tumor cell motility, invasion, and metastasis [129]. The loss 
of E-cadherin or its dysfunction leads to increased motility 
and invasiveness of carcinoma cells, and transfection of cad- 
herin cDNA into deficient carcinoma cells can reverse the 
invasive phenotype and reduce tumorigenicity [130]. 
However, a number of tumors can disperse and invade, 
despite an abundant expression of cadherin molecules at 
their cell surface. In these cases, several defects in cadherin 
function have been identified that could account for the sup- 
pression of cadherin activity, including loss of ~-catenin 
[131,132] and elevated tyrosine phosphorylation of 
13-catenin, p120 cAs, and cadherin [133-136]. In well- and 
moderately differentiated human SCC, studies have found 
that a modest but variable expression of E-cadherin is pre- 
served as lesions advance through premalignant to invasive 
and metastatic stages [137-140]. However, in head and neck 
SCC, different levels of E-cadherin expression have been 
reported. Some of this variation in staining pattern may be 
due to the sensitivities of the different antibodies or methods 
used. In some studies with human head and neck SCC, a loss 
or decrease of E-cadherin expression was found during 
tumor progression, and metastatic lesions tended to have 
reduced levels of this adhesion receptor [ 141 ]. This suggests 
that in some cases, the tumor cells, possibly under stimula- 
tion by cytokines, could temporarily uncouple cadherins, 
thereby permitting distant metastasis followed by reexpres- 
sion of the cadherin. Alternatively, the E-cadherin junc- 
tional complex may be present but somehow defective (due 
to dysfunctional catenins), allowing facile dissociation of 
the invasive cells following stimulation by effectors like 
integrin-ECM interaction and/or activation by cytokines 
(Fig 6.2). 

FIGURE 6.1 
insert.) 

Integrin and cadherin adhesion receptors. (See also color 

B. l n t e g r i n - C a d h e r i n  Cros s  Talk 

The integrin family of receptors, as detailed earlier, is 
clearly important in the process of invasion. Relatively little 
is known, however, about the interaction and cross talk 
between the two different adhesion receptor families, inte- 
grins and cadherins. Several studies now indicate an impor- 
tant dialogue between the two receptor types. For example, 
a number of studies have shown that cadherins can modulate 
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or replace integrin function. In terminal differentiation of 
skin keratinocytes, cadherins play a role in the downregula- 
tion of integrin expression [142]. Cadherin-mediated 
adhesion can substitute for integrin-mediated, anchorage- 
dependent growth [8]. In another study, it was reported 
that both integrins and cadherins regulate contact-mediated 
inhibition of cell migration [143]. These reports suggest the 
possible existence of signaling pathways between integrin 
receptors and cadherin-mediated cell-cell contacts. 
Conversely, integrins can alter cadherin function. Thus, in 
migrating neural crest cells, [31 and ~3 integrins elicit intra- 
cellular signals that regulate the surface distribution and 
activity of N-cadherin [144]. von Schlippe et al. [145] 
reported that the treatment of melanoma cell monolayers 
with blocking monoclonal antibody to ~v integrin induced 
E-cadherin-mediated spheroid formation. In a different 
study, it was found that the reexpression of [31 integrin in 
integrin-null epithelial cell lines induced the disruption of 
polarity, intercellular adhesion, and cell scattering by the 
downregulation of cadherin and catenin function, which 
appeared to involve the activation of Rac 1 and RhoA [ 146]. 
This phenomenon was not solely the result of stimulated cell 
motility; interaction of the 131 integrin with ligand was 
required. In addition, this study showed that 131 integrin-null 
cells formed abundant adhesions, whereas cells that had reex- 
pressed the integrin exhibited a more scattered phenotype. In 
another study, Dufour et al. [147] found that the type of cad- 
herin (cadherin-7 or N-cadherin) expressed defined whether 
fibronectin would induce cell motility and dispersion. Genda 
et al. [148] found that integrin ~1 and [35 activity in HCC 

FIGURE 6.2 Adhesion receptors regulate tumor invasion. Local 
invasion of ECM via integrins initiates dissociation of invading cells, 
whereas formation of extensive cell-cell adhesions minimizes invasion and 
promotes a differentiated phenotype. 

cells could inhibit cadherin-induced cell-cell adhesion and 
possibly involved c-Src. Kawano et al. [70] showed that oral 
SCC cells are able to form E-cadherin-dependent multicellu- 
lar aggregates when plated onto non-adherent substrates. 
When these spheroids were confronted with ECM substrates, 
cell-cell adhesion was reversed. This indicates that the break- 
down of cadherin-mediated cell-cell adhesion and active cell 
scattering by specific ECM ligands are triggered by intracel- 
lular signals elicited by cell-surface integrins. Taken together, 
these results suggest that several different integrin receptors 
can, after ligation with ligand, trigger the disruption of junc- 
tional adhesions and induce motility and invasion. 

The mechanism by which each type of receptor regulates 
the other is not completely understood. Certainly the impor- 
tance of the cytoskeleton in this process is appreciated in 
that both integrins and cadherins associate with and dynam- 
ically regulate the actin cytoskeleton. In the case of inte- 
grins, interfacing with actin is involved, with the formation 
of focal adhesion plaques that mediate attachment to the 
ECM. Similarly, cadherins form associations with actin fila- 
ments via the interaction with link proteins (catenins) during 
the formation of junctional adhesions such as zonula 
adherens [149]. Thus, one possible mechanism by which 
integrins and cadherins may cross talk is through their com- 
mon interaction with the actin cytoskeleton [150]. Another 
potential mechanism may involve specific signaling path- 
ways. For example, the adapter protein Shc, which is 
involved in growth factor activation by Ras, has been shown 
to associate with E-cadherin [151]. Additionally, cell-cell 
contact regulating proliferation has been linked to alter- 
ations in cyclin-dependent kinases [152,153]. Arregui et al. 

[154] showed that the nonreceptor tyrosine kinase Fer may 
be involved in mediating integrin-cadherin coordinate regu- 
lation. Using antennapedia fusion peptides, the authors 
found that sequences of the juxtamembrane domain of 
N-cadherin induced dysregulation of both cadherin and inte- 
grin function that involved dissociation of Fer from cadherin 
and transfer to integrin heterodimers. 

The capacity of integrin and cadherin receptors to 
reversibly modulate cell phenotype is a phenomenon similar 
to epithelial-mesenchymal transition (EMT), a term that 
originally described discrete events occurring during devel- 
opmental processes (e.g., gastrulation) [155]. However, 
various types of carcinomas frequently undergo a similar 
process in which differentiated epithelioid cells switch dur- 
ing tumor progression to a dedifferentiated fibroblastic phe- 
notype [156,157]. EMT by carcinoma cells is an irreversible 
process and represents a discrete stage of tumor progression. 
Previous work has shown that in certain carcinomas, epithe- 
lial differentiation correlates with the level of cadherin 
expression [156]. Alternatively, the conversion can follow 
exposure of cells to certain growth factors and is not associ- 
ated with an alteration in cadherin levels [158,159]. Kawano 
et al. [70] suggested a different variant of EMT whereby 
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fibroblastoid cells can be converted to an epithelial pheno- 
type by substrate deprivation and forced aggregation. After 
engagement of integrins with the ECM, the cells are restored 
to an epithelial monolayer as an intermediate and temporary 
stage, but eventually revert to their original fibroblastoid 
phenotype. This reversible modulation in cell behavior was 
associated with the regulation of E-cadherin levels. 

C. R e g u l a t i o n  o f  C a d h e r i n  E x p r e s s i o n  

The level of cadherin expression, and therefore important 
aspects of the cellular phenotype, is determined by a com- 
plicated series of regulatory events [reviewed in 160]. 
Mutational inactivation of E-cadherin has been identified in 
a number of human tumors, including gastric and breast car- 
cinomas, and leads to loss of normal cell-cell adhesion. 
Also, in human tumors, transcriptional inactivation of cad- 
herin expression can frequently occur. It is well known that 
E-cadherin expression can be regulated by methylation of 
the promoter and neighboring CpG regions, thereby causing 
loss of E-cadherin mRNA [ 161 ]. Cadherin levels can also be 
regulated by changes in the stability of the expressed pro- 
tein. For example, cadherins become stabilized as they accu- 
mulate at junctional plaques, which is presumably related to 
their immobilization and withdrawal from the short-lived 
cytoplasmic pool of receptors [70]. In other systems, mature 
E-cadherin has been found to turn over rapidly, and its half- 
life has been estimated to be in the range of about 5-6 h 
[162]. Other studies based on morphometric analyses have 
suggested that cadherins may be stabilized after their incor- 
poration into sites of cell-cell contact [ 161,163,164]. There 
are a number of ways by which cadherins could reinforce 
their stable association in these junctions. For example, as 
cadherin lattices are formed, stability could be enhanced as 
the cadherin-catenin complex associates with the actin 
cytoskeleton; additionally, the dimerization and lateral clus- 
tering of cadherins that follow junctional plaque formation 
may further stabilize receptor localization [ 165]. Several oral 
SCC tumor cell lines have been shown not to express E-cad- 
herin [8,166], but the mechanism responsible for this has not 
been characterized. There appears to be a form of cadherin 
switching. For example, loss of E-cadherin can induce the 
upregulation of other cadherins, such as N-cadherin [167] or 
cadherin-11 [168]. In the case of oral SCC, N-cadherin is 
expressed in a subset of oral SCC cells and appears to induce 
altered morphology and invasion [166,169]. In different car- 
cinomas, recent work suggests that N-cadherin regulates 
scatter response through the FGF-4 receptor [ 169,170]. 

V. C O N C L U S I O N S  

Invasive squamous cell carcinoma is the most common 
malignant tumor of the upper aerodigestive tract. Despite 

advances in surgical and radiotherapeutic approaches for 
therapy, the overall prognosis of this cancer remains poor. 
These tumors are highly invasive, giving rise to both local 
and distant metastases. It is therefore important to under- 
stand the molecular events involved in the invasive process 
and the steps required for metastasis. Thus, unraveling in 
greater detail the complex mechanisms involved in 
cel l -ECM and cell-cell adhesion, the common connections 
between the two adhesion systems, and the signaling path- 
ways induced and regulated by each are new areas with the 
greatest potential for developing new treatment strategies. 
However, the multiplicity of adhesion receptors and the 
potentially diverse signaling pathways suggest that this 
approach will present major challenges. Powerful new tech- 
niques, such as DNA microarrays and tyrosine kinase pro- 
filing, should lead to the development of novel prognostic 
indicators and therapeutic techniques and should eventually 
advance tumor detection, staging, and treatment [ 171-174]. 
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In the past few years, tumor angiogenesis has been corre- 
lated to the progression and metastasis of different human 
tumors. Several studies have been performed in the attempt to 
define how angiogenesis contributes to the progression of 
head and neck squamous cell carcinoma (HNSCC). This 
review gives further insights into the understanding of the cor- 
relation between angiogenesis and HNSCC tumorigenesis. 
Analysis of the general mechanisms of tumor angiogenesis, 
clinical evidences, and the function of distinct proangiogenic 
factors involved in HNSCC tumor progression, in addition to 
the current antiangiogenic therapies, are discussed. 

1. EPIDEMIOLOGY, PATHOLOGY, AND 
BIOLOGY OF HEAD AND NECK S Q U A M O U S  

CELL CARCINOMA (HNSCC) 

Head and neck cancers encompass a diverse group of 
uncommon tumors that are frequently aggressive in their 

biological behavior. The vast majority (95%) of head and neck 
tumors are squamous cell carcinomas (HNSCC), the most 
common type of cancer affecting the lining of the airways and 
upper digestive organs. HNSCC comprises a wide variety of 
epithelial malignant lesions affecting the nasal cavity and 
paranasal sinuses, nasopharynx, oral cavity, lips, alveolar 
ridge and retromolar trigone, floor of the mouth, tongue, hard 
and soft palat, tonsil, pharyngeal wall, larynx, hypopharynx, 
and salivary glands. Cancer in these locations originates from 
the cuboidal cells along the basement membrane of the 
mucosa and usuaUy has profound impairing effects on breath- 
ing, speaking, and swallowing. The disease is characterized by 
local tumor aggressiveness, early recurrence, and high fre- 
quency of second primary tumors. Neoplasias of the head and 
neck region are relatively infrequent in comparison with 
cancer occurring in the breast, lung, prostate, and colon and 
represent approximately 5.6% of all tumors. However, nearly 
46,000 new cases of head and neck cancer are diagnosed 
every year in the United States. It is more frequent in men, by 
a ratio of 5:1, but an increasing percentage is occurring in 
women. Moreover, the incidence increases with age, espe- 
cially after the fifth or sixth decade. The occurrence of 
HNSCC correlates most closely with the use of tobacco. 
Alcohol consumption, by itself, has been proved to be a risk 
factor for the development of pharyngeal and laryngeal 
tumors, although is a less potent agent than tobacco. In addi- 
tion, the abuse of both alcohol and tobacco appears to have a 
synergistic effect for HNSCC development and results in a 
multiplicative increase in risk. Other risk factors, such as ultra- 
violet light, radiation exposure, and viruses (Epstein-Barr 
virus, papilloma virus, herpes simplex virus), are associated 
with development of the HNSCC. Tumorigenesis can be 
viewed as results of a complex "yin-and-yang" balance of 
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FIGURE 7.1 Genetic progression model for HNSCC. Genetic chromosomal aberrations during the progressive 
development of head and neck tumors have been determined by analysis of various premalignant and malignant HNSCC 
lesions. Adapted from Califano et al., Cancer  Res. 56, 2488-2492 (1996). 

tightly regulated oncogenes and tumor suppressor genes [1]. 
In this regard, cytogenetic and molecular studies have demon- 
strated that somatic mutations that activate oncogenes (e.g., 
Ras, Myc, ErbB2, EGFR, bcl2, int-2, hst-1, eros-l, cyclinD1), 
as well as point mutations, deletion, or hypermethylation that 
lead to tumor suppressor genes inactivation (e.g., p16, TP53, 
PTEN, Rb), are involved in and account for the development 
and progression of HNSCC [2-4]. 

Int-2 (FGF3) and hst-1 (FGF4) oncogenes are fibroblast 
growth factor (FGF) family members and have been shown to 
be involved in the induction of cell proliferation and angio- 
genesis [5-8]. Int-2 and hst-1 have been found to be amplified 
and coamplified in 30-52% of HNSCC [9]. However, 
because they are not expressed in a significant percentage of 
HNSCC [10], their function in this disease still remains 
unclear. Analysis conducted on HNSCC specimens reported a 
consistent loss of hetero-zygosity (LOH) clustered around 
several chromosomal bands or regions, particularly 1 p 1 l- 12, 
lp22, lq25, 3pl 1-ql l, 5q10, 5q13, 8q10, 1 lql3, 10q23, and 
17p31 [ 1 l, 12]. Moreover, deletions at 3p 13-p24, 5q 12-q23, 
8p22-p23, 9p21-p24, and 18q22-q23 [ 13] and LOH on chro- 
mosome arms 5q and 19p [14] frequently occur in HNSCC. 

The LOH analysis of 87 head and neck tumors, including 
benign and premalignant lesions, led Califano et al. [15] to 
propose a preliminary progression model for tumorigenesis 
in HNSCC (Fig. 7.1). In accordance with this model, loss of 
chromosome 9p appears to be the earliest event in benign 
and preinvasive lesions, whereas 3p and 17p (p53 locus) 
deletions are observed in the dyplastic phase. Carcinoma in 
situ is the result of alterations of p 16, p53 genes, and loss of 
1 l q, 13q, and 14q and invasive lesions occur on 6p, 8p, and 
4p chromosomal region loss. This review focuses on the 
tumor/stromal interaction evidenced as tumor angiogenesis. 

II. BASIC M E C H A N I S M S  OF A N G I o G E N E S I S  

A. Gene ra l  C o n c e p t s  

Classically, angiogenesis is a process by which endothe- 
lial sprouts grew from preexisting postcapillary vessels [ 16]. 

A more complex view considers angiogenesis as a mecha- 
nism promoting the growth and the remodeling of a 
capillary network [ 17,18]. In the adult organism, most vas- 
culature is quiescent and angiogenesis is limited generally to 
conditions of tissue repair and remodeling (menstruation 
and mammary gland involution), otherwise largely con- 
trolled by pathological conditions, such as wound healing, 
inflammation, and neoplastic growth [18-20]. Angiogenesis 
is initiated in response to specific stimuli, when the quies- 
cent vasculature can become activated to grow new capillar- 
ies through a complex multistep process. The first step starts 
with vasodilatation, followed by the increase of vessel per- 
meability, which leads to the formation of vascular fenestra- 
tions, vesiculovacuolar organelles, and redistribution of 
platelet endothelial cell adhesion molecule (PECAM)-I and 
vascular endothelial (VE)-cadherin. Destabilization of the 
mature vessel allows endothelial cells to loosen interen- 
dothelial cell contacts and periendothelial cell support. In 
addition, proteolytic modification and degradation of the 
basement membrane surrounding a preexisting vessel driven 
by proteinases of the plasminogen activator, matrix metallo- 
proteinases, collagenases, chymase, and heparanases, 
allow chemotactic endothelial cell migration into the sur- 
rounding stroma [21 ]. Dissolution of the extracellular matrix 
also results in the activation and release of a handful of 
angiogenic growth factors, such as basic fibro-blast growth 
factor (bFGF or FGF-2), acidic fibroblast growth factor 
(aFGF or FGF-1), and vascular endothelial growth factor 
(VEGF) that induce endothelial cell proliferation [18]. 
Consequently, endothelial cells converge and tightly assem- 
ble to give origin to a new lumen or they intercalate with 
endothelial cells in a preexisting vessel in a resulting capil- 
lary elongation. In the new lumen, endothelial cells undergo 
differentiation, thus acquiring specialized morphological 
characteristics that depend on the host tissue in which they 
localize [22]. The emerging vascular plexus undergoes final 
remodeling, whose molecular mechanisms are still unde- 
fined. In this last process, called "pruning," the newly 
formed capillary-like vessels are rearranged from an irregu- 
lar into a structured network of branching vessels and 
capillary loops. 
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B. M e c h a n i s m s  of  T u m o r  A n g i o g e n e s i s  

In neoplastic tissues, endothelial cells present various mor- 
phological and physiological abnormalities and give origin to 
anomalous vasculature, characterized by tortuous, elongated, 
and dilated vessels, atypical enlargement of the vascular 
lumen, as well as excessive branching. The newly formed ves- 
sels are randomly fused either with arterioles or venules and 
create an atypical microcirculation. As a result, neoplastic 
regions are often hypoxic and acidic due to the chaotic and 
slow tumor blood flow [17,20,23-25]. In addition, tumor ves- 
sels are leaky, as they present endothelial fenestrae, vesicles 
and transcellular holes, widened interendothelial junctions, 
and a discontinuous or absent basement membrane [26-28]. 
Tumor vessels may also lack functional perivascular cells [29] 
and their walls can be formed by a mosaic of alternating 
endothelial and cancer cells (vasculogenic mimicry) [30]. 
Some of the original host vessels in the tumor dis- 
integrate, are obstructed, or compressed. Of the remaining 
vessels, arteries seem to become permanently dilated and 
resistant to the invasive and destructive growth of tumor cells. 

C. T u m o r  A n g i o g e n e s i s :  

The  A n g i o g e n i c  Swi tch  

Nearly a century ago Goldman first speculated that 
angiogenesis was required for tumors growth in vivo [31] 
and other following reports started confirming this hypo- 
thesis [32]. In 1968, two independent groups presented evi- 
dence that tumors could secrete a diffusible "angiogenic" 
factor, thus including an angiogenic response in a host tissue 
bed separated from the blood supply by filter membranes 
[33,34]. In 1971, Folkman stated several pioneering 
hypotheses regarding the requirement of new blood vessel 
formation for tumor growth and metastasis [35,36]. He pro- 
posed that most primary solid tumors, 1-2 mm 3 in size, 
probably originate as a vascular structures and go through a 
prolonged, and apparently dormant, growth due to a balance 
between mitogenesis and apoptosis. At these dimensions, 
tumor cells can still receive oxygen and nutrients by passive 
diffusion from blood vessels and survival is possible without 
a massive blood vessel supply. The duration of this prevas- 
cular phase may extend for years. These microscopic tumor 
masses can eventually activate an angiogenic process, the 
so-called "angiogenic switch," by inducing the sprouting of 
new capillaries from surrounding mature blood vessels, 
which will infiltrate the tumor mass, thereby potentially ini- 
tiating the increase in the size of the tumor mass and its 
metastatic perfusion. The hypothesis of ectopic secretion 
from tumor cells of a proangiogenic factor [37,38] would 
account for the positive regulation of the angiogenic switch 
mechanism. It is now widely accepted that the "angiogenic 
switch" is "off" when the effect of proangiogenic molecules 
is counterweighted by that of antiangiogenic molecules, 

and it is "on" when the concentration of angiogenic induc- 
ers prevail on that of the angiogenic inhibitors. 

Evidence that the angiogenic switch turns "on" during 
early stages preceding the appearance of solid tumor derives 
from studies conducted with three diverse transgenic mouse 
models [39-43] and with preneoplastic lesions associated to 
mammary duct [44-46] and uterine cervix [47,48] tumors. 
Thus activation of the angiogenic switch during early stages 
of tumor development suggests that the regulation of the 
angiogenic process is likely to be a rate-limiting step in the 
progression of numerous solid tumors [49]. 

In addition to this widely accepted angiogenic theory, a 
new angiogenic model of tumor growth has been suggested 
[50-52]. It is likely that many tumors, and metastases in par- 
ticular, would develop without vascularization, especially 
when they grow within or metastasize toward vascularized 
tissues [53-55]. In these conditions, tumor cells appear to 
grow by coopting preexisting host vessels and initiate their 
development as well-vascularized small tumors [51 ]. 

II1. ANGIOGENESIS IN H N S C C  

A. Clinical E v i d e n c e s  

The requirement of solid tumors to stimulate an angio- 
genic response in the host has been shown to be a prerequi- 
site for the development of tumor growth, invasion, and 
metastasis. Patients with HNSCC frequently are affected 
with tumor masses of several centimeters in size. Given the 
fact that only solid tumors as little as 1-2 mm 3 in size can 
grow in an avascular environment, several hypotheses have 
been raised regarding the capability of HNSCCs to initiate 
an angiogenic response. 

The first experimental indication supporting a correlation 
between increased angiogenesis and tumor growth derives 
from the analysis of cutaneous metastasizing melanomas 
[56,57]. In addition, in 1991, Weidner et al. [58] reported 
that the density of capillary microvessels was elevated sig- 
nificantly in invasive breast carcinoma, thus being a closer 
predictor of metastasis than tumor size or grade. Several 
subsequent experimental studies and clinicopathological 
reports further confirmed existence of a tumor/blood vessel 
relationship in various types of solid tumors [46,59,60], 
such as nonsmall cell lung [61], prostate [62], testicular 
[63], colorectal, and gastric carcinomas [64], including 
squamous cell carcinoma of the head and neck. 

The first evidence corroborating the induction of blood 
vessel formation in HNSCC arose from a study conducted 
by Petruzzelli et al. [65], in which specimens from HNSCC- 
affected patients were grafted onto the chick chorioallantoic 
membrane (CAM) of chick embryos. This resulted in a sig- 
nificant augmentation of the angiogenic response in the 
xenografts compared to normal control tissues (Fig. 7.2). 
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TABLE 7.1 Response to Radiotherapy in Relation to 
Microvessel Density Score above versus below 4.75 a 

Microvessel density score 

Response 

Complete Partial/no Total 

<4.75 6 7 13 
>4.75 29 6 35 

aAdapted from Zatterstrom et al., Head Neck 17(4), 312-318 (1995). 

FIGURE 7 .2  Distribution of control and tumor explant angiogenesis 
scores. Mann-Whitney rank sum analysis of median angiogenesis scores 
demonstrated significantly increased neovascularization induced by tumor 
explants (p=0.01). Adapted from Petruzzelli et al., Ann. Otol. Rhinol. 

Laryngol. 102, 215-221 (1993). 

Moreover, the radial outgrowth ("spoke wheel") pattern of 
CAM vessels was identified in the tumor nodules and was 
lacking in the nontumor explants. 

Is angiogenesis an effective marker in the progression of 
HNSCC? To date, several controversial observations 
emerged from various studies attempting to correlate the 
degree of neovascularization with prognosis, regional occur- 
rence, and metastasis in the squamous cell carcinoma of the 
head and neck. During the past decades, several reports have 
been published evaluating the extent of microvessel growth 
in human neoplastic tissues derived from HNSCC. In gen- 
eral, microvessels are identified by immunohistochemical 
staining against specific markers for endothelial cells, such 
as von Willebrand factor, factor VIII, CD31, CD34, CD36, 
Ulex europaeus  I agglutinin, or ABH blood group isoanti- 
gens [66-68]. Immunoreactive areas are then evalu-ated by 
determining the intensity of the staining using a 1 to 4+ 
grading range or by microvessel count per high-power field. 

In 1988, Delides et al. [69] by analyzing 25 nasopharyn- 
geal tumors histologically, observed the existence of a corre- 
lation between angiogenesis and response to irradiation and 
survival, thus proposing that tumors with a greater count of 
microvessels are likely to present a more effective therapeutic 
response [69]. Analogous findings have been reported in a 
study conducted by Zatterstrom et al. [70] in which 48 
heterogeneous early and late stage HNSCC biopsies were 
examined by immunostaining with factor VIII monoclonal 
antiobodies. The significance of the tumor neovascularization 
in relation of clinical outcome in response to radiotherapy was 
confirmed (Table 7.1). Nonetheless, contradictory findings 
were reported in another study in which tumors from 42 

patients affected by HNSCC in various areas of the aereodi- 
gestive tract were examined [71]. The authors were not able 
to find a statistically significant difference between rate of 
angiogenesis in the tumors with local recurrence and rate of 
metastasis. However, analysis of a small number of cases, as 
well as the heterogeneity of the origin sites of the malignan- 
cies, may account for the discrepancy of these results. 

In 1993, Gasparini and colleagues [72] assessed that 70 
patients with locally advanced HNSCC, presenting loco- 
regional and distance metastases, displayed a significantly 
higher capillary density than those without metastatic diffu- 
sion. Increased angiogenesis was also correlated with 
relapse and metastasis in laryngeal squamous cell carcinoma 
[73]. Likewise, increased microvessel concentration was 
also found in premetastatic specimens from 66 patients 
diagnosed with squamous cell cancer of the oral cavity, thus 
suggesting that angiogenesis is likely to be an important 
independent predictor of nodal metastasis [74] (Fig. 7.3 and 
Table 7.2). However, opposing conclusions arose from a 
report by Leedy et al. [75], in which no correlation between 
tumor vascularity and nodal metastasis was determined in 
57 patients affected by early (T1 and T2) tongue squamous 
cell carcinoma (Table 7.3). However, in an attempt to com- 
pare microvessel density in 33 late stage (T3 and T4) and 
metastatic versus early stage (T1 and T2) and nonmetastatic 
oral squamous cell carcinoma (OSCC) specimens, Alcalde 
and colleagues [76] observed a higher level of angiogenesis 
in the most advanced and invasive areas of the tumors. 
Likewise, another study confirmed the correlation between 
the count of microvessel to lymph node metastasis in 41 pri- 
mary OSCC [77]. In contrast, two independent studies on T1 
and T2-T40SCC,  respectively, were performed by Gleich 
et al. [78,79]. In both analyses, the lack of a representative 
correlation between angiogenesis and either tumor aggres- 
siveness or prognosis was detected, thereby concluding that 
oral tumor development may proceed independently from 
angiogenesis. However, it was also shown that the level of 
vascularity in oral carcinomas was significantly higher than 
that detected in normal oral tissue. Interestingly, a progres- 
sive increase in vascularity from normal to dysplastic to 
neoplastic tissues was found, thus suggesting that angio- 
genesis may be an early, rather than late, step in oral tumor 
progression [80] (Fig. 7.4). 
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FIGURE 7.3 Regional recurrence and probability of patient being disease free within a given percentage staining group 
at time in months. At 30 months, the low-staining group will have a 98% probability of being disease free, decreasing to 
30% in the high-staining group. Modified from Williams et al. ,Am. J. Surg. 168, 373-380 (1994). 

In an attempt to correlate the number of microvessels with 
early recurrence or metastasis within 10 randomly selected 
late stage malignancies, Albo and colleagues [81] found an 
elevated angiogenic rate in the tumor masses, although a 
much greater microvessel count was detected consistently in 
the tissues immediately surrounding the neoplastic areas 
(Fig. 7.5). In addition, associated with the prominent vessel 
density, abundant inflammatory cells (macrophages and 
mast cells) were found in the peritu-moral tissues. Indeed, 
several studies promote the hypothesis that inflammatory 
cells may migrate to neoplastic areas, chemotactically 
attracted by tumor cells, thereby secreting proangiogenic 
factors [82]. Further conflicting data emerged from a report 
by Dray e t  al .  [83] in which 108 patients with primary early 
stage HNSCC did not exhibit increased microvessel density 
in the neoplastic samples. 

In light of these findings, angiogenesis indeed cannot 
conclusively be considered an independent prognostic 
marker in head and neck squamous cell carcinoma. 
However, it is worth taking into consideration that the intrin, 
sic high vascular density of the head and neck region and the 
examination of a limited neoplastic area compared with the 

TABLE 7.2 Correlation between Angiogenesis (above 
v e r s u s  below 10%) and Regional Recurrence a 

Angiogenesis No. of patients Regional 
(%) (%) recurrence (%) p value 

<10 49 (77) 1 (2) <0.0001 
>10 15 (23) 14 (93) <0.0001 

aAdapted from Williams et al., Am. J. Surg. 168(5), 373-380 (1994). 

entire tumor, as well as flaws and limitations in the experi- 
mental techniques and patient recruitment, may account for 
the contradictory results of these studies. 

B. A n g i o g e n i c  F a c t o r s  in H N S C C  

The observation that tumors could be implanted either 
into an avascularized region, such as retina [84-86], or on a 
vascularized surface, such as the chick chorioallantoic mem- 
brane [82], and in both cases initiate the growth of new cap- 
illaries structures, implied the possibility that tumors could 
secrete diffusible factors responsible for the activation of an 
angiogenic process. As a consequence, angiogenic activators 
function by eliciting the sprouting of capillaries from dor- 
mant vasculature. Angiogenic factors are polypeptide growth 
factors whose pleiotropic effects have been shown to regulate 
tumor growth and development. I n  v i vo ,  these factors may 
potentially act in an autocrine or paracrine manner in order to 
promote tumor formation. In addition, they are responsible 
for the regulation of secondary events in tumorigenesis, such 
as angiogenesis and immunomodulation. 

TABLE 7.3 Comparison of Vascularity in Patients with 
Neck Metastasis with Those Without a 

Metastasis (+) Metastasis (-) p value 

Vascularity grade 2.48 2.59 0.65 
Vessels/x 200 field 59.8 61.5 0.8 
Vessels/x 400 field 20.2 21.4 0.68 

aModified from Leedy et al., Otol. Head Neck Surg. 111(4), 417-422 
(1994). 
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process in this type of cancer is not fully understood 
[93-95]. 

Several proangiogenic factors and cytokines have been 
shown to be secreted by HNSCC cell lines, such as bFGF, 
insulin-like growth factor II (IGF-II), platelet-derived 
endothelial cell growth factor (PD-ECGF), transforming 
growth factor (TGF)-~ [96,97], prostaglandin 2 (PGE2), 
transforming growth factor (TGF)-I3, and VEGF [95]. As a 
consequence, it has been demonstrated that supernatants from 
HNSCC cultured cell lines displayed stimulatory effects on 
endothelial cell growth into microvessel-like structures and 
on their motility in various in vi tro models [94,95] (Fig. 7.6). 

FIGURE 7.4 Changes in vascularity with disease progression. 
Vascularity was measured as microvascular volume (MVV). Adapted from 
Pazouki et al., J. Pathol. 183, 39-43 (1997). 

The application of experimental procedures, such as pro- 
liferation and chemotaxis assays of endothelial cells, 
allowed several groups of researchers to identify an increas- 
ing number of proangiogenic factors [49], which have been 
shown to modulate angiogenesis in v i vo  and in vi tro.  Among 
these, FGFs and VEGF are the most potent inducers of 
angiogenesis [87-92]. The angiogenic factors responsible 
for the progression of the squamous cell carcinoma of the 
head and neck have not been as well described as for other 
types of cancer [93]. Although an increasing number of 
reports have confirmed the correlation of angiogenesis with 
HNSCC development [65,72,74,76,80,81], how the angio- 
genic factors regulate the distinct steps of the angiogenic 

1. Basic Fibroblast Growth Factor 

Basic fibroblast growth factor (bFGF or FGF-2) is one of 
20 distinct members of the FGF family widely expressed in 
normal [98,99] and malignant [100-104] tissues, including 
squamous cell carcinoma of the head and neck [ 105]. bFGF 
is an 18-kDa protein shown to have biological effects in dif- 
ferent cells and organ systems, including tumorigenesis and 
angiogenesis [106-108]. The biological response to bFGF is 
modulated by interaction with low-affinity cell surface and 
extracellular matrix heparan sulfate proteoglycans (HSPGs), 
which enable the growth factor to bind and activate its high- 
affinity tyrosine kinase receptors (FGFR1 and FGFR2), 
thereby forming a trimolecular active complex [109-112]. 
bFGF lacks the classic leader sequence, which targets intra- 
cellular proteins for secretion to the extracellular environ- 
ment. Several reports indicate that bFGF release occurs via 
ER- and Golgi-independent passive processes, such as cell 
death, wounding, and chemical injury [87,113,114]. 
Nevertheless, other secretory mechanisms that account for 
bFGF release might exist. Digestion of HSPGs by hepari- 
nases or by glycosaminoglycan-degrading enzymes is an 
additional established mechanism for the solubilization of 
bFGF from the extracellular matrix [115-117]. It has been 

FIGURE 7.5 Microvessel count and clinical outcome in the tumor and 
in the tissue peripheral to the tumor. Adapted from Albo et al., Ann. Plast. 
Surg. 32, 588-594 (1994). 

FIGURE 7.6 Head and neck squamous cell carcinoma-induced 
endothelial cell proliferation: dose response. TMB assay of endothelial cell 
proliferation in response to increasing concentrations of tumor supernatants. 
Adapted from Petruzzelli et al., Head Neck 19, 57682 (1997). 
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proposed that the bindiag of bFGF to a secreted bFGF-binding 
protein, designated FGF-BP1 [ 118], might represent a novel 
mechanism for bFGF release from the extracellular matrix 
[119,120]. FGF-BPI has been shown to be upregulated in 
adult skin during early stages of carcinogenesis, as well as in 
some colon carcinoma and squamous cell carcinoma cell lines 
[120,121]. Moreover, the depletion of FGF-BP mRNA levels 
in ribozyme-targeted squamous cell carcinoma (SCC) and 
colon adenocarcinoma cell lines resulted in a significant 
reduction of tumor growth and angiogenic rate, thereby sug- 
gesting the role of FGF-BP as an angiogenic switch mole- 
cule in human tumors [ 121. Further studies will be needed 
to elucidate the role of FGF-BP1 in the progression of 
HNSCC. The release of bFGF in vivo may influence solid 
tumor growth and neovascularization by an autocrine 
[ 122-126] and paracrine [ 127] mode of action. Accordingly, 
neutralizing anti-bFGF antibodies affect tumor growth 
under defined experimental conditions [ 121 ]. 

bFGF has been shown to exert motogenic and mitogenic 
effects in fibroblasts and endothelial cells, and also to be a 
powerful inducer of angiogenesis in vivo [128,129]. The 
binding of bFGF to the cell surface receptor induces receptor 
tyrosine-kinase dimerization and autophosphorylation [130]. 
The phosphorylated FGFRs associate and subsequently acti- 
vate SH2 domain-containing downstream signaling mole- 
cules, such as PLCT [131,132] and Src [133,134]. Moreover, 
on ligand-dependent receptor autophosphorylation, adaptor 
proteins, such as Grb2 and Shc, link the FGFRs to the 
Ras/MAP kinase signaling cascade [135]. Grb2 and Shc 
form a complex with the GDP/GTP exchange factor Son of 
Sevenless (Sos) that results in the translocation of Ras to the 
plasma membrane and its further activation by the exchange 
of GDP for GTP by Sos. Thus, activated Ras leads to the con- 
secutive activation of a cascade of protein kinases involving 
Raf, MEK, and p44/42 MAPK, also known as extracellular 

signal-regulated kinase 1 and 2 (ERK-1 and ERK-2) [135]. 
Furthermore, bFGF-dependent phosphorylation of FRS-2 
(FGF receptor substrate 2), a membrane associated protein, 
has been shown to link FGFR to p44/42 MAPK [136]. 

The bFGF-dependent upregulation of p44/42 MAPK is 
likely to be the molecular mechanism by which the growth 
factor is likely to induce the mitogenesis of endothelial cells 
in the angiogenic process. However, whether the induction 
of endothelial cell migration occurs on the activation of the 
same or different signal transduction pathway(s) is still 
controversial [ 137]. 

To date, a handful of investigators have been attempting to 
correlate the overexpression of bFGF with the angiogenic 
phenotype of HNSCC. bFGF was found to be strongly 
expressed in very actively proliferating and highly oxy- 
genated regions of murine SCCs [138,139], whereas it was 
not detected in tumor areas bordering on necrosis, which are 
poorly vascularized and hypoxic [140]. Shultze-Hector and 
Haghayegh [ 105] further confirmed these findings by demon- 
strating a correlation between bFGF production by tumor 
cells and vascular endothelial cell growth rate in murine 
HNSCC cell lines. Moreover, the staining of human HNSCC 
cell lines with polyclonal antibodies against bFGF revealed a 
highly heterogeneous distribution of the growth factor within 
the tumor that was associated with the inhomogeneous tumor 
cell prolif-eration throughout the viable tumor tissue [105] 
(Fig. 7.7). Dellacono et al. [141 ] showed in 45 HNSCC spec- 
imens that in the majority of samples, cells presented an 
intense positive staining for bFGF. In addition, in samples 
from patients affected by an early stage disease, bFGF expres- 
sion was more elevated than in those with late stage HNSCC. 
These results also correlated with the expression of FGFR1 
and FGFR2 in the same specimens, thus suggesting that 
tumor cells may upregulate FGFR expression in response to 
augmented bFGF levels in the surrounding tissues. 
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FIGURE 7.7 Relative extent of bFGF-positive tumor areas as a function of overall labeling index in 10 different 
human SCC. Adapted from Schultz-Hectpr amd Haghayegh, Cancer Res. 53, 1444-1449 (1993). 
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Forootan and colleagues [ 144] analyzed the expression of 
bFGF in relation to the angiogenic degree in specimens from 
51 patients affected by HNSCC of the tongue. Although 
bFGF was expressed heterogeneously in different regions of 
the tumor, in agreement with observations of others [105, 
141-143], no significant correlation between raw or volume- 
weighted vessel counts and intensity of bFGF expression in 
primary carcinomas or in metastatic deposits was established. 
These latest data were in support of previous findings in 
which the high expression of bFGF in differentiated areas of 
11 HNSCCs was not linked to the vascular count [145]. 
Contradictory results were reported in a simultaneous study 
conducted on 50 patients affected by oral cavity, oropharynx, 
larynx and hypopharynx primary HNSCC. A significantly 
higher expression of bFGF was found in the tumor samples 
compared to noral control tissues. This expresion was corre- 
lated with the mean number of microvessels, and increased 
vessel density in the tumors was associated with strong 
bFGF expression [146] (Fig. 7.8). 

The ubiquitous presence of bFGF in squamous cell car- 
cinomas of the head and neck underlines the importance of 
bFGF in the resulting growth of the carcinoma and its sup- 
porting stroma. However, even though the effect of bFGF on 
neoangiogenesis in HNSCC is still a conflicting topic, it is 
noteworthy that incongruities in the experimental results 
may arise not only from differences in the types of tumors 
being studied, but also in the specimens being selected, such 
as cultured cell lines or tumor tissues. 

2. Vascular Endothelial Growth Factor 

Vascular endothelial growth factor, also known as vascu- 
lar permeability factor (VPF), is a multifunctional 46-kDa 

FIGURE 7 . 8  bFGF protein expression in HNSCC tumor tissue 
correlates with the mean number of microvessels per microscopic field. 
Adapted from Riedel et al., Head Neck 22, 183-189 (2000). 

proangiogenic cytokine, with a pivotal role in the regula- 
tion of normal and pathological angiogenesis. VEGF was 
initially characterized for its specific and potent ability to 
promote endothelial cell proliferation in a paracrine mode of 
action [89,90,147]. In addition, VEGF can induce permeabil- 
ity and vascular leakage of plasma proteins. In particular, it 
has been demonstrated that extravasation of plasma fibrino- 
gen alters the fibrin deposition in the extracellular matrix. As 
a consequence, the extracellular matrix is transformed into 
the mature stroma characteristic of tumors where increased 
proliferation of fibroblasts and endothelial cells occurs [28]. 

Disruption of a single VEGF allele or both VEGF alleles 
in mice results in embryonic lethality due to severe vascula- 
ture abnormalities or almost a complete absence of vascula- 
ture, respectively [148,149]. To date, five other members 
belonging to the VEGF family have been identified based on 
their homology to VEGF: placenta growth factor (PIGF), 
VEGF-B, VEGF-C, VEGF-D, and VEGF-E [150-152]. 
The different members of the VEGF family have an over- 
lapping ability to bind to and activate their respective cell 
surface receptors. Three high-affinity vascular endothe- 
lial growth factor receptors (VEGFRs) have been cloned 
and characterized biochemically: VEGFR-1/Flt-1, VEGFR- 
2/Flk-1/KDR, and VEGFR-3/Flt-4 [153]. Studies have 
demonstrated that both VEGFR-2 and VEGFR-1 are essen- 
tial for the normal development of embryonic vasculature. 
However, their respective roles in endothelial cell prolifera- 
tion and differentiation appear to be distinct. The major 
growth and permeability functions of VEGF seem to be 
mediated exclusively by the engagement of VEGFR-2. 
In contrast, VEGFR-1 appears to exert an opposite negative 
role, either by sequestering VEGF and impairing its binding 
to VEGFR-2 or by directly suppressing VEGFR-2 signaling. 
In fact, VEGFR-2 knockout mice fail to develop a vascu- 
lature and have a limited number of endothelial cells, 
whereas VEGFR-1-deficient mice are characterized by the 
presence of disorganized tubules, resulting from the abnor- 
mal clustering of an excessive number of endothelial cells 
[91, 154, 155]. VEGFR-3 is mostly expressed in lymphatic 
vessels, and its contribution to the development of blood 
vessels is not yet fully defined [156]. 

VEGFRs are transmembrane receptor tyrosine kinases 
whose activation occurs on ligand binding, followed by 
receptor dimerization and activation by autophosphory- 
lation of tyrosine residues in the cytoplasmic tail [157-159]. 
The activated receptor is likely to provide docking sites 
for SH2 domain-containing proteins and, upon the engage- 
ment of multiprotein aggregates, initiates a downstream 
signaling cascade, associated with endothelial cell prolifera- 
tion and survival. Activated VEGFR-2, but not VEGFR-1, 
has been demonstrated to bind to Shc, Grb2, Nck, r a s  GTPase, 
P13-K, PLC-y, and PKC, as well as to the protein phos- 
phatases SHP-1 and SHP-2 [90,91,160,161]. Further- 
more, phosphorylated VEGFR-2 leads to the activation of 
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both p44/42 MAPK [ 162] and AKT/PKB [ 163] signal trans- 
duction pathways. The engagement of VEGFR-2 by 
its ligand results in diverse cellular biological responses, 
such as changes in cell morphology, actin reorganization, 
membrane ruffling, chemotaxis, and mitogenesis [161]. 
VEGF-dependent endothelial cell migration may occur 
focal adhesion kinase (FAK) and paxillin tyrosine phospho- 
rylation and consequent activation [162]. Understanding of 
a VEGFR-1 downstream signal transduction pathway(s) 
is yet to be fully elucidated. However, its importance in 
the promotion of normal vascular development in the 
fetus [164], as well as the lethality of VEGFR-l-deficient 
mouse embryos [155], strongly suggests that this receptor 
may signal through novel mechanisms. 

Numerous studies have demonstrated that VEGF mRNA is 
upregulated in the vast majority of human tumors, such 
as lung [165], thyroid [166], breast [44,167], gastrointestinal 
tract [ 168], kidney and bladder [ 169], ovary [ 170], and cervix 
uteri carcinomas [48], as well as angiosarcomas [171] and 
glioblastomas [172]. VEGF gene expression has been 
described to be upregulated by different mechanisms, among 
which oxygen tension seems to play a major role, both in vitro 

and in vivo [173-176]. Hypoxia-dependent VEGF gene tran- 
scription has been demonstrated to occur in both normal and 
tumor tissues [173] and to be mediated by the transcriptional 
activity of hypoxia-inducible factor-1 (HIF-1) [177]. 
Furthermore, upregulation of VEGF mRNA expression and 
increased VEGF secretion may be dependent on the effect of 
various mitogenic growth factors and cytokines, such as TGF- 
13 [178], IL-I~, PGE 2 [179], IL-6 [180], and IGF-1 [181]. 
These factors, in addition to their direct mitogenic effect on 
malignant cells, may facilitate the tumor growth via increased 
VEGF production and secretion [91]. 

Several studies reported the elevated expression of VEGF 
mRNA in HNSCC. In situ hybridization analysis revealed a 
significantly greater expression of both VEGF and VEGFR-2 
in 29 cases of oral cavity and larynx invasive squamous cell 
carcinoma compared to normal control tissues [182]. 
Similar results were obtained in an immunohistochemical 
analysis conducted on 63 specimens of various HNSCCs 
[183]. In addition, a study conducted on 156 patients 
revealed that high VEGF expression was detectable not only 
in the cancer cells, but also in the tumor-infiltrating inflam- 
matory ceils, such as plasma cells and macrophages, and in 
the cells of the tumor bordering tissues [184]. 

A correlation between VEGF expression with increased 
microvessel density, early recurrence, and worse prognosis 
has been observed in primary breast cancer [ 185, 186], lung 
[187], and gastric carcinoma [ 188]. The first direct evidence 
of a correlation between VEGF expression and increased 
microvessel density in HNSCC stems from a study con- 
ducted on a series of patients affected by different stages of 
head and neck lesions. In particular, the greatest number of 
microvessels was detected in premalignant lesions. 

Although increased angiogenesis was also evident in early 
and late stage HNSCC, compared to normal tissues, these 
findings suggest that VEGF is likely to regulate the early 
angiogenic steps of the tumor progression toward more 
aggressive phenotypes [189] (Fig. 7.9). Moreover, in 29 
specimens from human nasopharyngeal carcinoma, a signif- 
icant relationship between microvessel density and high 
VEGF expression was determined, thus suggesting the 
importance of VEGF-dependent angiogenesis in the occur- 
rence of lymph node metastasis [190]. Likewise, the 
immunohistochemical analysis of 29 oral SCC specimens 
revealed a correlation between the intensity of VEGF expres- 
sion with lymph node metastasis, but in contrast to the study 
by Wakisaka et al. [190], not with vessel density [191]. In 
addition a poor prognostic outcome is likely to be a direct 
consequence of high VEGF expression in HNSCC [ 192]. 

Wild-type p53 downregulates VEGF transcription, whereas 
p53 mutants have no effect on the promoter activity [ 193]. In 
this regard, the number of p53 mutations in VEGF-positive 
HNSCC has been found significantly higher than VEGF- 
negative tumors, thus suggesting the important role of p53 in 
the regulation of VEGF-dependent angiogenesis in HNSCC 
[ 194]. It has been demonstrated that tumor cells secrete VEGF 
to the bloodstream [195] and, as a consequence, an elevation 
in VEGF protein levels has been found in the serum of some 
cancer patients [187,196,197], as well as in patients affected 
by HNSCC [198,199] (Fig. 7.10). High serum levels of VEGF 
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FIGURE 7.9 Microvessel count (vessels/mm 2) in normal epithelium, 
preinvasive [dysplasia and carcinoma in situ (CIS)], and invasive (stages 
I-IV) human HNSCC. Adapted from Sauter et al., Clin. Cancer Res. 5, 
775-782 (1999). 
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FIGURE 7 . 1 0  Comparison of mean and median serum VEGF 
concentrations in patients with HNSCC (n=71) and healthy controls 
(n=47). Modified from Riedel et al., Eur. Arch. Otorhinolaryngol. 257, 
332-336 (2000). 

can enhance not only endothelial cell proliferation, but also 
vascular permeability, thus contributing to tumor cell extrava- 
sation and development of metastatic disease. Moreover, it has 
been demonstrated that VEGF inhibits antigen-presenting 
dendritic cells [200]. Therefore, prolonged exposure of the 
immune system to high levels of circulating VEGF may 
impair the immune response in the host elicited by tumors. 

It has been shown that HNSCC cells in culture secrete, 
in addition to VEGF, a high level of other angiogenic 
modulatory factors, such as TGFI3 and PGE 2 in the condi- 
tioned medium. The HNSCC cell line-derived supernatant 
can stimulate both endothelial cell growth and motility. 
Neutralization of TGFI3 resulted in an increased endothelial 
cell proliferation, thus suggesting that TGF[5 may act as an 
antiproliferative factor counterbalancing the role of VEGF 
in the mitogenesis of endothelial cells. In contrast, PGE 2 
was likely not to have any effect on endothelial cell mitoge- 
nesis. However, both HNSCC-derived TGF[3 and PGE 2 
were shown to induce endothelial cell motility, as the anti- 
TGF]3 antibody and the PGE 2 inhibitor indomethacin 
blocked cell migration [94]. 

3. Platelet-Derived Endothelial Cell Growth Factor 

A few studies investigated whether platelet-derived 
endothelial cell growth factor (PD-ECGF) is a positive 
regulator in the progression of neoangiogenesis in HNSCC. 
The platelet-derived endothelial cell growth factor (PD- 
ECGF) is a 45-kDa protein, identical to thymidine Pi 
deoxyribosyltransferase (Tp3), an enzyme involved in DNA 
synthesis [201,202]. PD-ECGF has been shown to promote 
the stimulation of endothelial cell chemotaxis in vitro and 
angiogenesis in vivo [203,204]. Correlation of PD-ECGF 
expression and angiogenesis has been reported in a wide 
variety of human tumors, such as ovary, breast, stomach, 

lung, and colon and rectum carcinomas [205-210]. To date, 
very few studies have investigated the effect of PD-ECGF 
on angiogenesis in HNSCC. Fujieda and co-workers [211] 
conducted an immunohistochemical analysis on 58 oral and 
oropharyngeal SCC specimens and demonstrated a high 
expression of PD-ECGE Although increased microvessel 
density was observed in the tumors, no correlation between 
PD-ECGF expression score and vessel count was found. 
Similar findings were reported in the analysis of 95 HNSCC 
specimens, where PD-ECGF was found highly expressed in 
the tumors, but its expression was not associated with the 
angiogenic degree of the samples [212]. However, conflict- 
ing findings emerged from a study by Giatromanolaki et al. 
[213] in which microvessel density in locally advanced 
HNSCC was correlated with the over-expression of PD- 
ECGE Moreover, the interrelation between angiogenesis 
and PD-ECGF was also associated with an increased accu- 
mulation of mutated p53 in the nuclei and the consequent 
inhibition of thrombospondin antiangiogenic activity. 

4. Thrombospondin and p53 

Mutation or loss of p53 tumor suppressor gene has been 
largely documented to be associated with the development 
and progression of HNSCC [223,224]. Furthermore, p53 
has been shown to be involved in the control of angiogene- 
sis by upregulating the transcription of thrombospondin 
(TSP), an inhibitor of angiogenesis [225,226]. Thus, a 
reduced TSP expression, dependent on p53 alteration, can 
represent one of the mechanisms that may account for the 
increase of angiogenesis in oral squamous cell carcinoma. In 
addition, mutation of p53 inversely alters the expression of 
bax and bcl-2 apoptosis regulatory proteins, thereby trigger- 
ing an antiapoptotic response and consequentially leading to 
an increase of tumor cell mitogenic rate [227]. 

5. Proinflammatory and Proangiogenic Cytokines 

Patients affected by HNSCC often present an alteration 
in host immunity, inflammation, and angiogenesis 
[79,214,215]. It has been demonstrated that cytokines with 
proinflammatory, proangiogenic, and immunoregulatory 
activity are secreted by HNSCC and could contribute to the 
progression of the disease. Various cytokines, including 
IL-1 ct, IL-6, IL-8, and granulocyte macrophage-colony stim- 
ulating factor (GM-CSF), have been reported to be expressed 
in HNSCC cells [216-221 ]. In particular, the elevated coex- 
pression of IL-8 and VEGF angiogenic factors in HNSCC 
samples has been proposed as an additional mechanism of 
angiogenesis in the progression of the disease [222]. 
However, whether the angiogenesis-mediated progression 
of HNSCC is dependent on the synergistic function of both 
IL-8 and VEGF or on the predominant action of either factor 
in a distinct stage of the disease has yet to be understood. 
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6. Nitric Oxide Synthase 

High levels of nitric oxide synthase (NOS) have been 
found in solid tumors [228,229], including HNSCC [230], 
albeit NOS specific function in tumorigenesis has yet to be 
elucidated completely. It has been reported that NOS plays 
an important role in VEGF-dependent angiogenesis regula- 
tion [231,232]. In addition, NOS is likely to be responsible 
for the neovascularization in HNSCC. In fact, Gallo et al. 

[233] demonstrated that the progression of angiogenesis and 
consequently lymph node metastasis in 27 HNSCC are 
correlated with increase of NOS activity. 

IV. ANTIANGIOGENIC THERAPIES 
IN HNSCC 

Antiangiogenic inhibitors are used as part of therapeutic 
strategies addressed to arrest endothelial cell proliferation 
and differentiation in the tumor environment, thereby pre- 
venting cancer growth and metastasis. In tumor masses, one 
capillary vessel with a single endothelial cell is able to pro- 
vide nutrients to approximately 100 cancer cells. For this 
reason, inhibition of endothelial cell growth might represent 
an amplification factor in halting the progression of tumor 
growth. In addition, because physiological angiogenesis is 
downregulated in adults, minimal side effects are obtained 
upon prolonged antiangiogenic treatments [234-237]. 

Neutralization of proangiogenic factor expression or 
activity, inhibition of the capillary basement membrane 
turnover, and inhibition of endothelial cell proliferation, 
migration, and differentiation are the diverse effects that the 
therapeutic application of specific antiangiogenic agents can 
target. Patients affected by HNSCC often develop multiple 
second primary tumors, which determine the failure of 
surgical, chemo-, and radiotherapeutic treatments. For this 
reason, various groups have investigated the efficacy of 
antiangiogenic factors in the prevention of HNSCC progres- 
sion [238]. The most effective angiogenic inhibitors are 
summarized in Table 7.4. 

Retinoic acid (RA) has been investigated extensively for 
its ability to prevent HNSCC lesions. It has been demon- 
strated that RA modulates HNSCC tumor cell mitogenesis, 
differentiation, and apoptosis [239-242], although its maxi- 
mal effectiveness is achieved when used at high dosage. In 
addition, several reports have documented RA antiangio- 
genic properties in different in vivo models [243-247]. 
However, the specific mechanism(s) by which RA reduces 
angiogenesis is largely unknown. One possibility is that RA 
directly exerts an inhibitor effect on tumor and endothelial 
cell proliferation or causes the production and release of 
endogenous antiangiogenic factors. Nevertheless, there is no 
indication of a direct downregulation of angiogenic growth 
factors, such as bFGF or VEGF, or their receptors by 
retinoids. Lingen et al. [219] reported that the treatment of 

TABLE 7.4 Classification of Angiogenic lnhibitors a 

Agent Reference 

Agents neutralizing the expression or activity of 
factors stimulating angiogenesis 

Antibodies to bFGF [260] 
Antibodies to VEGF [261 ] 
Angiogenin antagonists [262] 
Suramin and analogs [263-265] 
Sulfonic derivatives of distamycin A [266] 
Recombinant platelet factor 4 (rPF4) [267] 
Angiostatin [268] 
Endostatin [269] 

Agents inhibiting turnover of capillary basement 
membrane or extracellular matrix 

Antibody to integrin avb3 [270] 
Matrix metalloproteinase inhibitors [271 ] 
Minocycline [272] 
PAI- 1 [273] 
Aurintricaboxylic acid [274] 

Agents inhibiting endothelial cell growth, 
migration, and tube formation 

TNP-470 (AGM- 1470) [256] 
Quinoline-3-carboxamide (linomide) [275] 
Tamoxifen [276] 
o-Penicillamine [277] 
Genistein [278] 
Thalidomide [279] 
Interferons [280] 
Interleukin- 12 [281 ] 
Retinoids [247] 
Vitamin D and analogs [282,283] 

Potential new antiangiogenic therapeutics 
Nitric oxide synthetase inhibitor [284] 
Thrombospondin antagonist [285] 
fps/fes inhibitor [286] 

aAdapted from Bhargava, E Antiangiogenesis. In "Clinical Oncology" 
(M. D. Abeloff, J. O. Armitage, A. S. Lichter, and J. E. Niederhuber, eds.), 
2nd Ed., pp. 243-250. Churchill Livingstone, New York (2000). 

oral squamous cell carcinoma cell lines with RA resulted in 
a switch from a potently angiogenic to an antiangio- 
genic phenotype. Two reports by our laboratory showed that 
long-term treatment of the ME-180 squamous cell carci- 
noma cell line with retinoic acid resulted in downregulation 
of the FGF-BP mRNA proangiogenic factor, both in cul- 
tured cells in vitro and in vivo in xenograft tumors 
[242,248]. Hence, negative regulation of the angiogenic 
modulator FGF-BP by retinoids may account for some of 
the RA-mediated inhibition of angiogenesis. 

Similar to RA, interferon-~ (IFN-c~) retains an antiangio- 
genic effect, both in vitro and in vivo [249-251]. However, 
treatment of HNSCC patients with high doses of RA or 
IFN-~ results in the development of acute toxicity [252]. 
Promising results emerged from phase I and II clinical trials 
in which the association of low doses of both RA and inter- 
feron-o~ was used to treat human advanced solid tumors, 
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including HNSCC [253,254]. Lingen et al. [255] showed 
that the long-term use of both agents synergistically down- 
modulated angiogenesis and growth of HNSCC. In light of 
these findings, the synergistic and nontoxic combination of 
antiangiogenic molecules may represent a powerful thera- 
peutic approach in HNSCC chemoprevention. 

Several studies demonstrated the potent cytotoxic activ- 
ity of TNP-470, a fumagallin derivative drug on endothelial 
cells. In addition, TPN-470-dependent inhibition of human 
tumor growth and metastasis has been demonstrated [256, 
257]. However, contradictory results arose from independ- 
ent studies attempting to investigate the antiangiogenic 
effects of TNP-470 on HNSCC progression. Gleich et al. 

[258] reported the failure of TNP-470 in reducing tumor 
growth in mice with implanted oral cancer. In contrast with 
this, Ueda et al. [259] described the effectiveness of TNP- 
470 in inhibiting oral SCC cell line growth. Moreover, the 
same authors showed that the tumor development in mice, as 
a result of oral SCC subcutaneous inoculation, was blocked 
dramatically by the antiangiogenic effect of TNP-470. 

V. CONCLUSIONS 

An increase in microvessel density has been demon- 
strated to be an important prognostic factor in the develop- 
ment of tumor growth, invasion, and metastasis. However, 
several controversial findings emerged from reports attempt- 
ing to analyze the correlation between angiogenesis and 
progression of HNSCC. Taking into account the high 
expression of angiogenic factors in HNSCC specimens and 
in serum from HNSCC patients, as well as the success of 
antiangiogenic therapies, it is likely that angiogenesis plays 
a significant role in the development of head and neck squa- 
mous cell carcinoma. 
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I. I N T R O D U C T I O N  

Precise temporal and spatial regulation of cellular prolif- 
eration and programmed cell death is important for normal 
development, including cell and tissue growth and differen- 
tiation. Upsetting the fine balance of these processes, as a 
result of genetic and/or biochemical abnormalities, may 
have serious consequences for the organism in terms of 
disease states, including neoplasia. It is, therefore, of con- 
siderable importance to understand (1) the molecular mech- 
anisms that regulate cell proliferation and cell death and 
(2) how the disruption of regulatory pathways plays a role in 
tumor development and progression. This knowledge allows 
us to predict disease course and to target specific biochemi- 
cal mediators for therapeutic purposes. 

II. PROGRESSION T H R O U G H  THE 
MAMMALIAN CELL CYCLE 

In order to complete a round of cell division, proliferat- 
ing cells must grow and copy their DNA content. Thus, cells 
progress in a cyclical fashion through a series of well- 
recognized steps (Fig. 8.1). After dividing, cells enter a gap 
phase (G1), followed by a phase of DNA synthesis (S). 
Subsequent to this is a second gap (G2), after which the cells 
enter mitosis (M). Mitosis can be further subdivided into 
prophase, metaphase, anaphase, and telophase, at which 
point two daughter cells are formed. Cells that are not 
actively proliferating exit the cycle into quiescence (GO). 

Progression through the cell cycle is driven by the assem- 
bly and disassembly of a series of protein kinase complexes 
(Table 8.1), which phosphorylate their substrates on specific 
serine and/or threonine residues. These enzyme complexes 
consist of a catalytic subunit, the cyclin-dependent kinase 
(CDK); a regulatory cyclin subunit; and proliferating cell 
nuclear antigen (PCNA), a component of the DNA poly- 
merase 5 enzyme complex. CDK complexes may also 
include, perhaps paradoxically, one of the cyclin kinase 
inhibitors (CKIs; see Table 8.2 and later), such as p21 
(WAF1/Cipl/Sdil) or p27 (Kipl). 

A. Regu la t ion  of  C y c l i n - D e p e n d e n t  

Kinase  (CDI0 Activi ty 

CDK activity is regulated by a number of mechanisms, 
which probably reflects the importance of maintaining exqui- 
site control of cell proliferation in response to a continuously 
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FIGURE 8.1 

changing environment. First, to enable an active complex to 
form, the CDK must associate with its cognate cyclin, e.g., 
cyclin A with CDK2 or CDC2; cyclin B with CDC2; D-type 
cyclins with CDK4 and CDK6; and cyclin E with CDK2. This 
may be regulated by the availability of the cyclin molecule 
within the cell. Transcription and translation of cyclin genes 
are temporally regulated, such that cyclin proteins are synthe- 
sized only at specific times during the cell cycle. Cyclins are 
also subject to regulated proteolysis within the cell. This is 
mediated by ubiquitin-dependent proteosomes and is dependent 

on a specific amino acid motifmthe destruction boxmpresent 
within the cyclin molecule. Ubiquitin-mediated degradation of 
cyclins is also dependent, in some cases, on concomitant phos- 
phorylation of the cyclin. For instance, destruction of cyclin E 
requires its phosphorylation by CDK2, whereas D-type cyclins 
are also phosphorylated prior to proteolysis. The availability of 
cyclins to complex with CDKs may additionally be regulated 
by subcellular compartmentalization. Thus, during S phase and 
G2, cyclin B is confined to the cytoplasm but translocates 
rapidly to the nucleus immediately prior to mitosis. 

TABLE 8.1 Relationships of Cyclin-Dependent Kinase (CDK) and Cyclin Subunits 

Cycle stage and role of active 
CDK CYCLIN CDK/cyclin complex Cycle outcome 

CDK4/6 Cyclin D 1, 2, 3 Acts mid-G1 to phosphorylate Rb G1 and S progression 
CDK2 Cyclin E Acts late in G1 to phosphorylate proteins for GI/S transition 

G1/S transition 
CDK2 Cyclin A Phosphorylates DNA replication machinery in S phase DNA synthesis 
CDC2 Cyclin B 1, cyclin A Phosphorylates histones / lamins for G2/M transition Mitosis 
CDK7 Cyclin H Forms complex also known as CAK. Acts CDK activation 

throughout cell cycle to phosphorylate CDKs 
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TABLE 8.2 Relationships between CDKs and CDK 
lnhibitors (CKIs) 

CDK-Cyclin CKI Initiator of CKI activity 

CDK4/6-cyclin D 

CDK2-cyclin E/A 

p 16/Ink4A Senescence 
pl5/Ink4B TGF-[3 
p 18/InkC Development; ? others 
p 19/InkD Development; ? others 
p21 Mitogens; DNA damage 
p27 TGF-[3; cell contact 

p21 DNA damage 
p27 TGF-l]/senescence 
p57 9 

CDC2-cyclin p21 DNA damage (p53) 

CDK activity is also regulated by the phospho- 
rylation status of the kinase itself. One important site is a 
conserved threonine residue, e.g., T160 in CDK2, which is 
a target for CDK-activating kinase (CAK; CDK7-cyclin 
H-matl) [1,2]. Phosphorylation of this residue is thought 
to improve binding between the kinase and its substrate, 
although it has no direct effect on the ATP-binding site or 
the catalytic site. 

CDKs are also subject to inhibitory phosphorylations on 
conserved threonine and tyrosine residues (T14, Y15), which 
must be removed to enable full activation of the kinase. This 
is carried out by members of the cdc25 phosphatase family, 
of which three isoforms of cdc25 (A, B, and C) have been 
identified in humans. It is likely that the inhibitory phos- 
phorylation of CDKs plays a major role in regulating cell 
cycle progression, cdc25A and cdc25B are expressed during 
G1 and at the G1/S-phase boundary. Thus, cdc25A activity 
is probably required for the onset of S phase, as it is phos- 
phorylated and activated by cyclin E-CDK2 complexes, 
which are active at the G1/S transition. Further evidence 
exists to implicate cdc25A in activation of the G1 kinases 
CDK4 and CDK6, as transforming growth factor ~ (TGF[~) 
is thought to inhibit their activity by decreasing the levels of 
cdc25A that are present in the cell [3]. cdc25C is thought to 
be the isoform that is active during mitosis, targeting CDC2 
complexes. It is now known that regulation of the level of 
cdc25A is a crucial component of the DNA damage 
response of human cells. When cells were exposed to ultra- 
violet light or ionizing radiation, cdc25A was destroyed rap- 
idly by a ubiquitin-proteasome-dependent mechanism, 
resulting in the persistent inhibitory phosphorylation of 
CDK2, thereby preventing entry into S phase [4]. This 
process appears to occur independently of the activity of the 
p53 tumor suppressor protein, a major regulator of the G1 
DNA damage checkpoint (reviewed in Giaccia and Kastan 
[5]). However, it was shown that the kinase Chkl, which is 
capable of phosphorylating all three cdc25 isoforms, is acti- 
vated in response to ultraviolet irradiation and increases its 

association with cdc25A. Blocking Chkl activity using 
chemical inhibitors was found to overcome UV-induced 
degradation of cdc25A [4], suggesting that Chkl is, indeed, 
an upstream regulator of cdc25A in the G1 DNA damage 
response. 

CDK activity is subject to further regulation by association 
with members of two classes of proteins: the Cip/Kip family 
and the Ink4 family of CKIs. The Cip/Kip family consists of 
p21 (also known as WAF1 [6]; Cipl [7]; sdil [8]; Cap20 [9], 
p27 (Kipl [10-12]), and p57 (Kip2 [13,14]). These molecules 
are capable of inhibiting the function of G1/S (CDK2-cyclin 
E) and S-phase (CDK2-cyclin A) complexes, thereby block- 
ing progression through G1 into S phase. Initially, it was also 
thought that Cip/Kip CKIs inhibited cyclin D-dependent 
kinase activity. However, it is now believed that these 
molecules act as positive regulators of CDK4 and CDK6 
complexes. In contrast, Ink4 CKIs show considerable speci- 
ficity for CDK4 and CDK6, and hence negatively influence 
progression through G1. The function of CKIs and their 
deregulation in cancer are discussed in detail later. 

B. Func t ion  of  CDK C o m p l e x e s  

In response to mitogenic signaling, primarily via the 
Ras-Raf-MEK-ERK cascade, transcription of D-type 
cyclins is induced [15-20], and the assembly of CDK4/6- 
cyclin D complexes is facilitated in an ERK-dependent 
manner [21,22]. Further mitogenic signaling through phos- 
phatidylinositol 3-OH kinase (PI-3K) to protein kinase B 
(PKB/AKT) maintains cyclin D in the nucleus by preventing 
its phosphorylation by glycogen synthase kinase-3~ (GSK- 
3~) and thus its subsequent export and proteolysis [23]. 

The major substrate of G1 CDK-cyclin D complexes is 
the product of the retinoblastoma gene Rb, which becomes 
phosphorylated on serine and threonine residues dur- 
ing mid-G1. Rb is one of the family of "pocket proteins," 
which together with its related proteins p 107 and p 130 play 
a central role in regulating cell cycle progression. In its 
underphosphorylated state, Rb is able to bind and sequester 
members of the E2-F family of transcription factors 
(reviewed by Weinberg [24]). However, phosphorylation by 
CDKs results in a conformational change in Rb, which prob- 
ably opens it up to subsequent phosphorylation in late G1 by 
CDK2-cyclin E. The net result of this is to facilitate the 
release of E2-F, which then coordinates the transcription of 
genes whose products are required for DNA synthesis and, 
thus, progression through S phase (reviewed by Nevins [25]), 
including cyclins E and A. Indeed, forced expression of 
E2-F in quiescent cells can drive them into S phase [26-28] 
and may overcome antiproliferative signals that normally 
result in G1 arrest [29]. This results in increased levels and 
availability of A and E cyclins, which are necessary for the 
activation of CDK2. CDK2 activation is further enhanced 
by the sequestration of Cip/Kip CKIs by cyclin D-CDK 
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complexes, thereby relieving their inhibitory effects 
on CDK2. Indeed, Cip/Kip CKIs are thought to act as 
assembly factors for cyclin D-CDK complexes, as they 
bind to both kinase and cyclin subunits and enhance their 
association [30]. 

Further mechanisms that enable the cell to progress into 
and through the S phase include phosphorylation of p27/Kipl 
by CDK2, and its subsequent targeting for degradation by the 
ubiquitin-proteasome machinery [31,32], and maintenance of 
Rb in a hyperphosphorylated state. These relieve, to a consid- 
erable extent, the dependence of the cell on mitogens, 
although this requirement is probably regained as a result of 
destruction of cyclin E and cyclin A during S phase and G2, 
respectively [33]. Increased proteasome-mediated degrada- 
tion of p27 has been reported in aggressive colorectal carci- 
nomas and may be another mechanism to abrogate growth 
repression in at least a subset of cancers [34]. 

Upon cessation of mitogenic stimulation, D cyclins are 
degraded rapidly (see earlier discussion), releasing Cip/Kip 
proteins, which are then available to bind and inhibit CDK2 
complexes and mediate cell cycle arrest in G1 [10-12]. At 
least in the case of p27/Kipl, this occurs as a result of the 
CKI disrupting the ATP-binding site of the CDK subunit 
[35]. In contrast, complexes containing equimolar amounts 
of cyclin D, CDK4/6, and p21/p27 are catalytically active 
[30,36]. The importance of the CDK4-p27 interaction for 
cell cycle progression is underlined elsewhere [37], which 
demonstrated a delayed S-phase entry in fibroblasts from 
CDK4 -/- mice, whereas this was partially restored in cells 
derived from CDK4 -/- p27 -/- animals. 

!!!. CYCLIN-DEPENDENT KINASE 
INHIBITORS (CKIs) 

A. Cip/Kip Family 

As mentioned previously, Cip/Kip CKIs act as assembly 
factors for G1 CDK-cyclin D complexes, while they also 
inhibit CDK2-cyclin E/A. p21/Cip 1 was isolated independ- 
ently by a number of groups using different approaches. For 
instance, Cip 1 was identified as a CDK2-interacting protein 
using a yeast interaction screen [7], as a transcriptional 
target and mediator of G1 arrest by the tumor suppressor 
protein p53 (WAFlmwild-type p53 activated fragment) [6], 
and as a molecule whose expression was upregulated in 
senescent cells [8]. The gene encoding p21 is located on 
chromosome 6p21.2 in humans [6]. 

The discovery that p21 expression is upregulated in response 
to wild-type p53 activity is of considerable importance. It is 
now clear that p21 is responsible to a large extent for the G1 
arrest that occurs in response to DNA-damaging agents, includ- 
ing ultraviolet or ~/-irradiation, and commonly used cancer 
chemotherapeutics such as adriamycin, 5-fluorouracil, 

bleomycin, and cisplatin [38]. Thus, as p53 is inactivated at 
high frequency in a broad spectrum of human tumors [39], 
the p21-dependent G1 cell cycle arrest in response to DNA 
damage is abrogated, and cells continue to proliferate and 
duplicate their DNA content without repairing the damage. 
Furthermore, overexpression of molecules that induce the 
transcription of S-phase genes, such as E2-F (mentioned 
earlier) or B-myb [40], may enable tumor cells to overcome 
p21-mediated growth arrest, p21 is also induced during 
p53-dependent apoptosis, but not during apoptosis that 
occurs by p53-independent mechanisms [41]. Other studies 
have shown that p21 can block programmed cell death in a 
number of cell systems, including differentiating muscle cells 
[42] and prostaglandin-treated colon cancer cells [43]. 
However, no effect on apoptosis was observed when p21 was 
expressed ectopically in a neural cell line [44], suggesting 
that p21-dependent regulation of cell death pathways may 
be cell type specific or may depend on other factors, 
such as endogenous p53 status or growth factor signaling. 
Indeed, p21 has been shown to inhibit the kinases c-jun 
NHz-terminal kinase (JNK) and p38, both of which have 
been implicated in cell death in response to stress signals [45]. 

Although, mutation of p53 is common in human cancer, 
some tumors retain one or more wild-type alleles. As p21 is 
a critical mediator of p53-dependent growth arrest, it might, 
therefore, be predicted that tumors expressing a functional 
p53 would subvert this mechanism by expressing aberrant 
forms of p21. However, from a number of studies carried out 
to date, it would appear that intragenic mutation of p21 is 
relatively rare in human cancers [46-48], although poly- 
morphisms have been identified [49,50], some of which are 
associated with an increased risk of neoplasia [51]. This 
may indicate a fundamental requirement for p21 in cellular 
growth control and development, although it should be 
noted that p21 -/- mice are viable [52], albeit more suscepti- 
ble to the effects of DNA-damaging agents. 

As p21 plays a central role in regulating cell cycle pro- 
gression, it is perhaps not surprising that factors other than 
wild-type p53 are capable of inducing p21 expression. The 
first evidence for p53-independent expression of p21 came 
from a series of experiments by Michieli et al. [53], who 
demonstrated that growth factors, including platelet-derived 
growth factor (PDGF) and fibroblast growth factor (FGF), 
could induce p21 in p53-null fibroblasts, although no 
increase in p21 mRNA was observed when these cells were 
exposed to ionizing radiation, indicating that p53-dependent 
induction of p21 was compromised. Indeed, the elevation of 
p21 expression in response to mitogenic agents is entirely 
consistent with its role as an assembly factor for cyclin 
D-CDK4/6 complexes. Further underlining this concept is a 
report [54] demonstrating that antisense oligonucleotides 
targeting p21 result in decreased cyclin D-CDK4 complexes, 
whereas cyclin E-CDK2 is unaffected, and that p21 is 
required for the proliferation of vascular smooth muscle 
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cells in response to PDGE A number of other effectors 
of p21 expression have been identified. These include 
transforming growth factor ct (TGFct), TGF[3, and activin A 
[55-59], Smad proteins, which signal downstream of 
TGF[~/activin [60,61], IL-1 [62], tumor necrosis factor t~ 
(TNFt~ [63]), interferon y (IFNy [64]), epidermal growth 
factor (EGF [65,66]), and steroids such as progesterone 
[67]. Interestingly, it has been shown that members of 
the jun family of transcription factors (c-Jun, junB, junD, 
ATF-2) cooperate with the transcription factor Sp 1 to trans- 
activate transcription from the p21 promoter [68]. Thus, this 
likely provides an important mechanism for integrating sig- 
nals from a number of biochemical pathways to regulate cell 
cycle progression and/or cell death. 

Removal of cells from cycle into a quiescent state is an 
important aspect of terminal differentiation. Thus, inhibition 
of CDK activity is necessary for this to occur, and CKIs, 
including p21, are now known to play a role in this process. 
For example, p21 expression is induced in response to the 
differentiation programs of HL60 promyelocytic cells by 
agents such as butyrate, retinoids, and dimethyl sulfoxide 
[69,70]. Furthermore, A431 squamous carcinoma cells 
undergo a reversible differentiation in culture when treated 
with EGF [71]. It is now known that this occurs as a result 
of elevated p21 expression [65,66] and is mediated primari- 
ly by a STAT-1-dependent pathway [64]. Additional studies 
on differentiating muscle cells have shown that p21 levels 
are elevated during terminal differentiation in response to 
MyoD and that ectopic expression of p21 in this system 
enhances muscle-specific gene expression [72-74]. 
However, the precise role of p21 in the process of terminal 
differentiation remains unclear, as more recent evidence 
suggests (1) that while p21 is increased in postmitotic 
cells, the levels may in fact decrease further along the dif- 
ferentiation pathway and (2) that ectopic expression of 
p21 at this stage can inhibit expression of differentiation 
markers [75]. 

Aside from its role as a CDK inhibitor, p21 has also been 
shown to inhibit DNA replication in vitro [76]. In a cell-free 
system, p21 was found to interact directly with PCNA, in 
the absence of cyclin-CDK complexes. This interaction 
blocks PCNA function to act as a processivity factor for 
DNA polymerases 8 and e in vitro [77] and is also important 
in preventing S-phase progression [78], inhibiting endoredu- 
plication [79], and enhancing DNA repair [80,81]. The 
domain of p21 that participates in PCNA binding is located 
in the carboxyl terminus of the protein [82]. Binding of p21 
to PCNA is regulated by phosphorylation within the car- 
boxyl terminus of p21 at S146 and/or T145 [83], which 
blocks the interaction of these molecules. However, the 
kinase(s) responsible for this posttranslational modification 
of p21 remains to be identified. It is interesting to note that 
while p21 inhibits PCNA-dependent DNA replication, it 
does not interfere with the function of PCNA in nucleotide 

excision repair [84,85]. Thus, in response to DNA damage, 
p53 induces expression of p21 to halt cell cycle progression 
and DNA replication, but does not hinder repair of the 
damaged genetic material. 

The second member of the p21-related proteins to be iden- 
tified was p27/Kip 1, which was isolated by three independent 
laboratories [10-12,86]. The gene encoding p27 is situated on 
human chromosome 12pl2.3-pter [87-89] and shares 44% 
identity with p21 in the amino-terminal region of the protein. 

In a similar manner to p21, p27 acts as an assembly factor 
for cyclin D-CDK complexes and is present as a component 
of such complexes in proliferating cells, p27 levels are rela- 
tively high in quiescent cells and are titrated out by assem- 
bling cyclin D-CDK complexes during G1. This relieves the 
inhibitory activity of p27 on cyclin E-CDK2, enabling its 
activation in late G1, whereas cyclin D2-CDK4 is not 
inhibited by this CKI [36]. p27 also facilitates the nuclear 
accumulation of cyclin D-CDK complexes, as does p21. 

A role for p27 in programmed cell death in some cell 
types has been demonstrated. When p27 is transiently over- 
expressed in transformed epithelial cells or fibroblasts, the 
cells undergo apoptosis [90,91]. In contrast, lack of p27 in 
mesangial cells results in mitogen-depleted apoptosis [92], 
whereas ectopic expression in myeloid leukemic cells has 
been shown to block cell death [93]. In a subsequent study 
of lymphoid apoptosis, downregulation of p27 was found to 
occur by two mechanisms: one dependent on caspase-8 
activity in response to Fas activation and a second caspase- 
independent mechanism in etoposide or cycloheximide- 
treated cells [94]. Thus, the contribution of p27 to 
programmed cell death may depend not only on the type of 
cell, but also the initiating stimulus. 

Deregulation of p27 activity is likely to play a role in 
malignant disease. Haploinsufficiency for p27 results in 
greatly increased susceptibility of affected animals to develop 
tumors following exposure to chemical carcinogens or ion- 
izing radiation [95]. Consistent with this is the finding that 
several human tumor types contain reduced levels of p27, 
including breast and colon cancers [34,96,97], and that this 
is indicative of more aggressive disease. Furthermore, over- 
expression of Myc is a frequent alteration found in cancer. 
One major mechanisms whereby Myc may contribute to 
increased cellular proliferation is through induction of 
cyclin D1 and D2, leading to sequestration of p27 [98,99] 
and release of the block on cyclin A/E-CDK2 activities. In 
addition, it has been suggested that overlap exists between 
p27- and pRb-regulated pathways, as pRb haploinsuffi- 
ciency on a p27-null background leads to more rapid tumor 
development and more aggressive lesions than either defect 
alone [ 100]. 

Diminished levels of p27 are likely to contribute to the 
malignant phenotype of other human tumors. It has been 
shown that the BCR-ABL oncoprotein, which is expressed 
in many leukemic cell lines as a result of chromosomal 
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translocation, results in a decrease in p27 expression through 
a PI3-K/AKT-dependent mechanism [101]. In a separate 
study, increased activity of AKT was found to enhance 
prostate cancer progression by blocking p27 expression 
[ 102]. This is likely to be a direct effect of AKT to inhibit the 
activity of AFX/Forkhead transcription factors, which have 
been shown to transactivate p27 transcriptionally [103]. In 
addition, it is probable that neoplasms in which function of 
the PTEN tumor suppressor protein has been lost (see Tamura 
et al. [ 104] for review) will also contain low levels of p27, as 
PTEN negatively regulates AKT activity. Furthermore, onco- 
genic signaling from HER-2/neu results in decreased cellular 
levels of p27 by promoting its export into the cytoplasm and 
thus enhancing ubiquitin-mediated degradation [105]. Hence, 
downregulation of p27 is likely to be of importance in many 
human cancers, including breast (mentioned earlier), ovarian, 
lung, gastric, and some oral tumors [ 106,107]. 

A third member of the Cip/Kip family of CKIs is p57/Kip2, 
which was cloned by virtue of its homology with p21 [ 13] and 
as a cyclin D interacting protein using a yeast two-hybrid 
screen [14]. Murine p57 contains an amino-terminal CDK 
inhibitory domain, a proline-rich domain, an acidic domain, 
and a carboxy-terminal domain that shares homology with 
p27. In addition, the carboxy-terminal domain contains a puta- 
tive site for phosphorylation by CDKs and is thought to play a 
role in nuclear targeting [13]. Whereas the human p57 retains 
amino- and carboxy-terminal regions, the internal domains are 
replaced with a number of proline-alanine repeats [14]. From 
in situ hybdridization studies of murine embryogenesis, p57 is 
highly expressed in terminally differentiated cells such as 
brain, heart, muscle, eye, and lungs, suggesting that it plays a 
central role in regulating cell cycle exit during development. 
This has been confirmed by the results of in vivo studies of 
p57-null mice [108,109]. The majority of these animals die as 
neonates, harboring a number of developmental defects, such 
as cleft palate and gastrointestinal abnormalities. The pheno- 
type of p57 knockout mice also includes short limbs, likely as 
a result of a failure to exit the cell cycle during chondrocyte 
differentiation and, consequently, failure to undergo endo- 
chondral ossification [108,109]. 

The gene encoding human p57, KIP2, is located on chromo- 
some 1 lpl 5.5 [ 14], which may be altered in a number of tumor 
types and in a familial syndrome--Beckwith-Wiedemann 
syndrome (BWS)--which is characterized by a number of 
developmental abnormalities related to increased growth and 
which carries an elevated risk of childhood tumors [ 110]. KIP2 
is paternally imprinted, which is consistent with the suggestion 
that BWS is carried maternally, thus suggesting that p57 KIP2 

may play a central role in this syndrome [109]. However, 
subsequent studies have provided little evidence for p57 alter- 
ations in cancer, including Wilms' tumors and sarcomas 
[111-114] or squamous cell carcinomas [115], although 
decreased expression of p57 KIP2 has been observed in some 
bladder carcinomas [116]. 

Expression of p57 KIp2 is capable of suppressing cellular 
transformation by MYC and RAS. This function has been 
shown to be dependent on its cyclin-CDK binding and also 
on its ability to bind PCNA through the C-terminal domain, 
which results in blocks on DNA replication and S-phase 
entry [117]. Perhaps unsurprisingly, ectopic expression of 
p57 KIP2 inhibits the growth of tumor cell lines in culture and 
may induce a senescent phenotype [ 118]. However, the pre- 
cise contribution of p57 KIp2 to the development of human 
cancer remains unclear. 

B. ink4 Family 

The Ink4 family of CKIs consists of four members: 
p 16/Ink4A, p 15/Ink4B, p 18/Ink4C, and p 19/Ink4D. These 
molecules contain multiple ankyrin repeats and show speci- 
ficity for G1 CDKs, namely CDK4 and CDK6. p l6/Ink4A 
was first observed as a 16-kDa component of cyclin 
D-CDK4 immunoprecipitates [119]. Binding of Ink4 CKIs 
to the CDK results in inhibition of kinase activity, in 
contrast to the effects of Cip/Kip proteins. Indeed, INK4 
proteins probably compete with Cip/Kip CKIs for CDK4 
subunits and block binding of Cip/Kips and cyclins. This 
will have the effect of making more Cip/Kip proteins avail- 
able to bind cyclin E-CDK2, thus blocking exit from G1 
into S phase. 

The gene encoding p l6 is located on the short arm of 
chromosome 9 in humans, at 9p21. This site is a major tumor 
suppressor locus in a wide range of human cancers, as deter- 
mined by a number of studies of loss of heterozygosity 
[120-126]. As a negative regulator of cell growth, pl6 
seemed to be a likely candidate tumor suppressor, and 
although initial opinion was sceptical [127], this has now 
been confirmed by a broad volume of work. Two initial stud- 
ies demonstrated homozygous deletion of the p l6 locus in 
cell lines from a wide range of tumor cell lines, including 
lung, breast, bone, epidermis, ovary, lymphoreticular malig- 
nancies, and melanoma [128,129]. Furthermore, in samples 
where one allele was retained, the remaining allele frequently 
contained missense or nonsense mutations. Other subsequent 
studies of primary tumor material were unable to detect 
mutation and deletion of p 16 at the high frequency observed 
in cell lines [130-132], casting doubt on the previous find- 
ings. However, it has now been established that p 16 expres- 
sion may be silenced in tumors, primarily by methylation of 
the promoter [133]. Thus, inactivation of pl6 by 
deletion, mutation, or transcriptional silencing is likely to 
play a major role in tumorigenesis by deregulating CDK 
activity during G 1. Indeed, loss of p 16 is functionally equiv- 
alent to inactivation of Rb as, in such cases, Rb remains in 
a hyperphosphorylated (nonsuppressive) state [24]. The 
relationship between p 16 loss and Rb function is underlined 
by several studies. In an analysis of human lung cancers, 
an inverse correlation was observed between these two 



8. Cell Cycle Regulatory Mechanisms 107 

molecules, such that 89% of small cell tumors retained 
expression of p 16, but either lost Rb or expressed an aberrant 
form, whereas the remainder lacking p 16 retained a normal 
Rb protein [134]. Conversely, in nonsmall cell hmg cancers 
where Rb is generally normal, p 16 was found to be absent or 
otherwise inactivated, except in the minority of lesions where 
Rb was deleted or mutated. These data were further extended 
by subsequent studies [135,136]. p16 was found to compete 
with cyclin D for binding to G1 CDKs [136], and in cells 
where Rb was inactivated, no association between CDK4 and 
D cyclins was observed. Cell cycle-dependent expression of 
p16 was reported by Tam et al. [137], with highest levels 
being found during the S phase, suggesting a requirement to 
inhibit G1 CDKs and perhaps enhance the progression 
through the S phase by forcing Cip/Kip proteins onto cyclin 
E-CDK2 complexes. It has also been reported that the p 16 
promoter is a target for JunB and that overexpression of JunB 
results in inhibition of cyclin D-associated kinase activity 
and prolongation of G 1 [ 138]. 

p16 may also play a role in the development of some inher- 
ited cancers. For example, the genetic locus for familial 
melanoma (MLM) maps to chromosome 9p21 [139], and it is 
likely that p16 is a candidate melanoma susceptibility gene, as 
germline alterations have been found in a high proportion of 
cases [140], although other workers have reported alterations at 
lower frequency [ 141]. It is notable, however, that pancreatic 
adenocarcinomas, which also show 9p losses, exhibit p16 alter- 
ations at high frequency [142], suggestive of a role in tumor 
development, and that this type of malignancy is very common 
in familial melanoma cohorts [140]. 

Further direct evidence for the role of p16 as a tumor 
suppressor has come from studies where p16 was reintro- 
duced into p l6-null cells. Expression of p16 was found to 
block Ras-induced S-phase entry in rat embryo fibroblasts 
[143], whereas the growth in culture of glioma cells lacking 
endogenous p 16 was reduced markedly by the expression of 
p16 [144]. In addition, gene inactivation studies in mice 
have revealed that loss of p16 in the germline greatly 
enhances susceptibility of animals to spontaneous tumor 
development, whereas cells cultured from these mice can 
be fully transformed by an activated ras oncogene, unlike 
normal cells [145]. While this latter study also inactivated 
the adjacent p l9ARF sequence (see later), it seems likely 
that, when taken together with all the other available evi- 
dence, p16 is indeed a bona fide tumor suppressor gene. 
Furthermore, loss of p16, together with expression of an 
activated ras oncogene in melanocytes, results in increased 
melanoma formation after a short latency [ 146]. 

Available evidence suggests that CDK4, cyclin D, p16, 
and Rb are components of the same growth regulatory 
pathway that functions to control progression through G1 
into the S phase. Initially, it was thought that p 16-mediated 
growth arrest was entirely dependent on the presence 
of a functional Rb protein, as Rb -/- cells are insensitive to 

p 16-induced growth arrest [ 147-149]. However, experiments 
using cells cultured from mice in which the Rb-related 
protein p107 and p130 have been inactivated have shown 
that Rb alone is insufficient for p 16-mediated growth arrest 
[150], suggesting that while these molecules may share 
some functions, nonredundant activities are required for G 1 
arrest by p 16. 

It is now well recognized that p 16 plays a critical role in 
cellular senescence. In one study, transfer of chromosome 9 
was shown to induce a senescent phenotype in neoplastic 
cell lines [ 151 ], whereas loss of heterozygosity at 9p21 was 
found in immortal but not senescent cell lines derived from 
malignant tumors [152]. Further work demonstrated that 
immortal keratinocytes suppressed expression of p 16 by a 
number of mechanisms, including transcriptional silencing 
and gene deletion [153], whereas normal p16 expression 
levels were observed in the majority of senescent cultures. 
Other studies in fibroblasts showed that p16 accumu- 
lated during senescence, likely due to increased p 16 mRNA 
stability rather than increased transcription [154]. Thus, 
p16 is an attractive candidate for a tumor suppressor on 
chromosome 9p. 

It has been recognized that the INK4A locus, as well as 
encoding the p16 protein, is capable of utilizing an 
upstream exon lb together with an alternative reading frame 
within exon 2, thereby directing synthesis of the protein 
p 19/ARF (alternative reading frame) in mouse and p 14/ARF 
in humans [155-158]. Like p16, ARF is also a tumor sup- 
pressor [156,159]. However, its mode of action is distinct 
from that of p 16 or any of the other INK4 proteins. Whereas 
p16 acts on the pRb pathway by inhibiting CDK4/6, ARF 
acts on the p53 pathway by interacting with MDM2, thereby 
blocking degradation of p53 and resulting in p53 stabiliza- 
tion and activation [160-162]. Furthermore, it has been 
shown that binding of ARF to MDM2 results in sequestra- 
tion of MDM2 in the nucleolus [163]. This prevents shut- 
tling of MDM2 between the nucleus and cytoplasm (to 
where it must export p53 for degradation), thereby leaving 
p53 free within the nucleus to transactivate transcription of 
responsive genes [164]. Interestingly, ARF is required for 
p53 activation by proliferative signals such as Myc, but not 
for activation in response to ultraviolet or ionizing radiation 
[ 165] (reviewed in Sherr [166] and Prives [167]). In addi- 
tion, ARF is under transcriptional control of E2-F, thus pro- 
viding an additional mechanism whereby cells that have 
deregulated G1 progression (e.g., through loss of p 16, pRb, 
or elevation of CDK activity) and an elevated pool of free 
E2-F are still subject to G1 arrest [ 168]. An additional mech- 
anism has been described for growth control by ARE as it 
appears that ARF can target certain E2-F species for degra- 
dation [ 169]. Notably, germline deletion of CDKN2 exon l b 
sequences in a melanoma-astrocytoma syndrome family 
has been reported [ 170], which results in loss of ARF func- 
tion but not p 16 or p 15 and implicates ARF inactivation as a 
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predisposing factor for this disease. Taken together, it is 
clear that deletion of all or part of the INK4A/ARF locus, 
therefore, has considerable impact on two of the major 
growth suppressive pathways inactivated in human 
cancers. 

Other members of the Ink4 family of CDK inhibitors are 
p15 INK4b [171,172], p18 INK4c [172,173], and p19 INK4d 

[173,174]. p15 is encoded by a gene also situated on chro- 
mosome 9p21, proximal to that which encodes p16, and 
therefore represents an additional candidate for a tumor 
suppressor at this locus. Several studies have now presented 
evidence that p 15 function is lost in some human tumors and 
cell lines, including nonsmall cell lung cancer [175], 
leukemias and lymphomas [176], and glioblastomas [ 177]. 
Although a few samples harbored intragenic mutations 
within the p 15-coding region [ 175,176], homozygous dele- 
tion was found to be more common. Thus, loss of 9p may 
represent an efficient method through which cells deregulate 
their growth control mechanisms by deleting both p l 6 and 
p 15 genes in one event. 

p18 INK4c maps to human chromosome lp32, a locus that 
shows structural abnormalities in a range of different malig- 
nancies [172]. p18 has been shown to associate strongly 
with cyclin D-CDK6 complexes in vitro and in vivo and to 
inhibit phosphorylation of pRb [172]. Furthermore, ectopic 
expression of p 18 is able to suppress the growth of cells that 
express a functional pRb, a similar finding to that observed 
for p16 [143]. The fourth member of the Ink4 family is 
p19 INK4d [173,174]. In humans, the gene encoding p19 INK4d 
is located on chromosome 19. Thus far, no overt phenotypes 
have been reported as a result of gene inactivation studies in 
mice. Both p 18 and p 19 are expressed during development, 
in contrast to p 16 and p l5. 

C. p 12DOC-1 

A novel hamster cDNA encoding an 87 amino acid 
polypeptide has been isolated, which exhibits properties of 
tumor suppression when overexpressed in malignant ham- 
ster oral keratinocytes [178]. The gene encoding doc-1 
(deleted in oral cancer) showed frequent loss of heterozy- 
gosity and reduced expression during tumor progression. 
Human DOC-1 is located on chromosome 12q24, encodes a 
115 amino acid product, and is expressed in nuclei and cyto- 
plasm of normal basal keratinocytes and in nuclei of 
suprabasal cells [179]. Furthermore, human oral tumors did 
not stain for the p12 D~ protein, p12 D~ has been iden- 
tified as a binding partner for CDK2, which negatively 
regulates CDK2 activity by targeting it for degradation 
and/or sequestering monomeric CDK2, thereby resulting in 
reduced cell cycle traverse [180]. Thus, p12 D~ is an 
attractive candidate for a tumor suppressor protein. In addi- 
tion, ectopic expression of doc-1 in malignant hamster 
keratinocytes induces apoptosis [ 181 ]. 

IV. ALTERATIONS IN CELL 
CYCLE REGULATORS 

A. p 5 3  

As in many other cancers, loss or mutation of the P53 

gene occurs at high frequency and is thought to play a role 
in the malignant progression of oral epithelia. Indeed, a 
plethora of reports are present in the literature as testimony 
to this. Studies of oral squamous cell carcinoma cell lines 
and carcinoma tissues have shown point mutations and 
deletions, which result in amino acid substitution, in-frame 
deletion, or premature termination of translation [ 182-187]. 
Furthermore, mutation of p53 in head and neck squamous 
cell carcinoma (HNSCC) results in abrogation of its ability 
to transactivate transcription of responsive promoters [188] 
and loss of the G 1 DNA damage checkpoint [189], whereas 
aberrant forms of p53 can reduce the activity of coexpressed 
wild-type p53 [188]. Thus, in some cases, p53 mutation can 
contribute to development of a tumorigenic phenotype and 
may be implicated in metastasis [ 190]. It has been suggested 
that positive immunostaining for p53 in histologically nor- 
mal mucosa adjacent to squamous cell carcinomas may be 
indicative of potential areas of local recurrence following 
surgical treatment [191 ], which may have profound implica- 
tions for aggressive follow-up. However, some premalignant 
lesions have been shown to lack p53 alterations [192]; thus 
in some cases, progression to malignancy may be independ- 
ent of p53 status or may involve mutation at a later stage of 
tumor development. 

B. G 1/S Deregulation 

As noted earlier, several proteins are known to participate 
in regulation of the G1 phase of the cell cycle. Thus, there 
are a number of ways through which G 1 deregulation may 
occur in cancer. Elevated expression of the cyclin D 1 protein 
has been found in several tumor types. One mechanism by 
which this occurs is through amplification of the locus on 
chromosome 11 q 13, which has been demonstrated in malig- 
nancies of breast [193,194], esophagus [195,196], lung 
[197], and head and neck [198,199]. In addition, increased 
transcription from the cyclin D1 promoter, in the absence of 
gene amplification, results in more cyclin D protein being 
available to bind G1 CDKs and enable their activation. 
Bartkova et al. [200] reported elevated expression of cyclin 
D1 in HNSCC tumor specimens using immunohistochemi- 
cal techniques and showed that different patterns and levels 
of D-type cyclins were present in HNSCC tumor cells. 
Furthermore, they demonstrated an absolute requirement for 
cyclin D 1 for cell cycle progression, suggesting that its over- 
expression may play a crucial role in carcinogenesis. In a 
series of HNSCC cell lines, the enzymatic activity of CDK4, 
CDK6, and CDK2 was found to be markedly elevated, 
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compared to that of normal keratinocytes [201 ]. This is most 
likely due to elevated G1 CDK expression in a number of 
cases, loss of p l6/Ink4A expression, and, in the case of 
CDK2, elevated cyclin E expression. In a separate study, 
elevated CDK6 activity was found in oral cancer cells, and 
this kinase was found to be associated with p l8/Ink4C 
[202]. Taken together, these reports suggest that CDK6 may 
play an important role in the development and/or mainte- 
nance of cellular transformation during oral carcinogenesis. 
Overexpression of cyclins A and B has also been demon- 
strated in a series of floor-of-mouth carcinomas, and thus 
is likely to result in further deregulation of S phase and 
G2/M [203]. 

Additional confirmation of cyclin D1 overexpression in 
head and neck cancer has been provided by genome-wide 
expression studies using microarray technology [204]. In 
addition, these authors demonstrated upregulation of cyclin 
H, the binding partner for the CDK-activating kinase, which 
had not been reported previously in these lesions and which 
may represent a mechanism through which cancer cells can 
deregulate the activity of multiple cell cycle kinases. A role 
for cyclin D 1 overexpression in early oral carcinogenesis is 
suggested by the results of studies that demonstrated cyclin 
D1 gene amplification [205] and protein overexpression 
[205,206] in premalignant oral lesions. Thus, although loss 
of pRb expression appears to occur only at low frequency in 
HNSCC, despite deletion or loss of chromosome 13q [207], 
pRb-regulated pathways are compromised in these tumors. 

It is also likely that alterations in cell cycle regulatory pro- 
teins may be of some prognostic value. For instance, elevated 
expression of cyclin D 1, detected immunohistochemically, has 
been associated with a decrease in the overall survival of 
HNSCC patients [208,209]. Furthermore, 80% of patients 
with tumors that were cyclin D 1 negative were found to have 
a 5-year disease-free interval compared to only 47% of 
patients whose lesions showed positivity for cyclin D 1 [208]. 

There is now a considerable body of evidence to support 
the loss of p 16/Ink4A as a critical step in the development 
of HNSCC [210-212]. This may occur through chromoso- 
mal deletion (in which case the expression of pl5Ink4B is 
also likely to be abrogated), by intragenic mutation, or by 
transcriptional silencing as a result of promoter methylation. 
Indeed, preferential inactivation of p16 over p15 may 
emphasize its importance as the major tumor suppressor on 
chromosome 9p21 that is important in the genesis of head 
and neck squamous malignancies [153,201]. Furthermore, 
in a study of 148 tongue carcinomas, loss of p 16 expression 
was predictive of a poor outcome, whereas p 16 loss together 
with cyclin D1 overexpression indicated a considerably 
worse survival at 5 years [209]. Loss of p 16 expression may 
occur as an early step in tumorigenesis, as it has been shown 
to be absent in around 80% of premalignant lesions in one 
study [213], and frequent loss of exon lo~ and, in some cases, 
exon 2 has been reported in dysplasias and carcinomas 

[214]. Loss of p27 in oral cancers has also been reported 
[215-217] and may be a predictor of poor prognosis [217]. 

C. Cell Cycle  Regu la t ion  a n d  T h e r a p y  

Genetic modification of tumor cells as a treatment 
modality is an attractive option for dealing with head and 
neck cancers, as the accessibility of lesions for direct deliv- 
ery of therapeutic reagents, and the potential for preserving 
vital surrounding structures, is excellent. Loss of expression 
of cell cycle inhibitors in cancer makes these suitable candi- 
dates for gene replacement strategies, and several studies 
have utilized this approach in head and neck cancer. As men- 
tioned previously, alteration of p53 in HNSCC is common. 
Thus, it is not surprising that gene therapy to replace wild- 
type p53 in tumor cells has shown some promise. 
Recombinant adenoviruses carrying a wild-type p53 gene 
are capable of inhibiting the growth of HNSCC cell lines in 
culture [218] and in preclinical animal models [219-221] 
and can induce apoptosis of transduced cells [222]. 
Furthermore, topical application may be a viable option, as 
multiple layers of epithelial cells are transduced, at least in 
a cell culture model [223]. These studies have now been 
translated into clinical trials, with p53 adenoviruses being 
used as adjuvants to surgical treatment of HNSCC [224]. 

Other cell cycle regulators are also candidates for use as 
therapeutic reagents. Overexpression of E2-F in HNSCC 
cells has been shown to induce apoptosis [225]. 
Furthermore, p21/WAF1 is a mediator of the growth sup- 
pressive effects of both wild-type p53 and TGF-~ 
[56,57,226], both of which may be inactivated in HNSCC 
[227-229], and replacement of p21 has been found to result 
in up to 70% inhibition of tumor cell growth in a preclinical 
animal model [230]. However, cotransduction of tumor cells 
with p21 and p l6/Ink4A did not provide improved growth 
suppression compared with the delivery of p 16 alone [231 ]. 
This implies that inhibition at multiple points throughout the 
cell cycle is unnecessary and that inhibition during G1 is 
sufficient to cause growth arrest. 

As an alternative strategy for inhibiting G1 progression, 
the use of antisense cyclin D 1 constructs has been tested in 
HNSCC cells [232]. Interestingly, in addition to suppressing 
cell growth and tumorigenicity, cells became more sensitive 
to the effects of the chemotherapeutic cisplatin. This may 
open the door for the design of combination therapy 
regimes, which couple modulating cell cycle progression 
and induction of apoptosis with either radiotherapy or 
chemotherapy [189,233] or with small molecule or peptide 
inhibitors of cyclin-CDK complexes [234,235]. 
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I. INTRODUCTION 

Carcinogenesis is the result of a series of genetic mutations 
resulting in unregulated growth of a clone of cells and the 
development of a malignant lesion that is largely monoclonal. 
Cancer is cell proliferation caused by cell dysregulation as a 
consequence of disruption to cell signaling, the cell growth 
cycle, or mechanisms that normally repair cell damage or 
eliminate dysfunctional cells. Chromosomal (genetic) dam- 
age affects these regulatory processes via transcribed proteins. 

Oral squamous cell carcinoma (oral cancer) and many 
squamous cell carcinomas of the head and neck (SCCHN) 

arise as a consequence of multiple molecular events induced 
by the effects of carcinogens from habits such as tobacco, 
influenced by environmental factors, possibly viruses in 
some instances, against a background of heritable suscepti- 
bility. Consequent genetic damage affects many chromo- 
somes and genes, and it is the accumulation of these genetic 
changes that appears to lead to carcinoma in some instances, 
sometimes via a clinically evident premalignant, or poten- 
tially malignant, lesion. Enhanced function of oncogenes, 
impaired function of tumor suppressor genes (TSGs) or their 
products, or increased telomerase activity is involved. 

There is about to be an explosion in the understanding 
of this area with the advent of a number of new technolo- 
gies. DNA technology, especially allelic imbalance [loss of 
heterozygosity (LOH)] studies, has identified changes 
particularly in certain chromosomes shown in Table 9.1. 
Overexpression of oncogenes, especially those on chromo- 
some 11 (PRAD-1 in particular) and 17 (H-ras) and TSGs, 
particularly 3p--especially 3p14.2 (FHIT), 3p24, and 
3p21.3, where the TSGs involved, are as yet unidentified; 
9p21 where p16 (INK4A/MTS-1) is the main target TSG; 
and 17p13 where p53 is the major target TSG, have been 
incriminated, as discussed elsewhere [1-5]. These findings 
already offer the possibility of the development of a number 
of advances in risk assessment [3-5], diagnosis, prognosti- 
cation, and management [6,7] mainly via dideoxynucleotide 
sequencing and molecular probing [8,9] and in association 
with the use of other biomarkers [10-12]. More recent 
advances in technology, such as the use of laser capture 
microdissection and cDNA arrays, place this area at a water- 
shed, when many new findings are about to appear [ 13]. 

Head and Neck Cancer 117  
Copyright 2003, Elsevier Science (USA). 
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TABLE 9.1 Chromosomes Affected by Loss 
of Heterozygosity in SCCHN a 

Chromosome affected Approximate % 
by LOH SCCHN affected 

3p13-14 60 
4p 43 
5q12-q22 30 
8p 65 
9p22-p24 43 
10p 39 
13q12-q24 30 
18q 60 
21 52 

aFrom Jones et al. [256]. 

!!. CANCER 

Cancer arises from damage by a number of mutagens 
to the DNA of genes located at various points on the short (p) 
or long (q) arms of a number of chromosomes. Mutagens 
include chemicals (such as carcinogens), physical agents 
(such as ionizing radiation), and biological agents (such as 
microorganisms), and some mutations arise "spontaneously." 

The consequence of chromosomal (genetic) damage 
is cell dysregulation with disruption in cell signaling, 
cell cycle and growth control, and/or cell damage repair 
mechanisms via proteins transcribed from the respon- 
sible genes. It is the accumulation of such genetic changes 
that appears to lead, in some instances, to such cell dysreg- 
ulation that growth becomes autonomous and invasive 
mechanisms develop, leading to carcinoma. 

Cancer is associated with aneuploidy, reflecting complex 
karyotypes arising from multiple genetic events, and with 
micronuclei-chromosome or chromatid fragments formed in 
proliferating cells from chromosome nondysjunction result- 
ing from DNA damage [ 14]. Molecular genetic alterations 
include point mutations, amplifications, rearrangements, 
and deletions (Table 9.2). 

!II. CELL REGULATION,  O N C O G E N E S ,  A N D  
T U M O R  S U P P R E S S O R  GENES 

A. Cell S igna l ing  

Cell signaling is essential for messages to be passed from 
the plasma membrane to the nucleus. Examples of signal 
mechanisms include the products of genes such as Harvey ras 

(H-ras) and epidermal growth factor receptor (EGFR). 

1. H-ras 

H-ras, one of the first protooncogenes that caught the 
attention of molecular biologists interested in cell signaling, 

TABLE 9.2 Candidate Biomarkers for Oral Carcinoma 

Gene/location Alteration Clinical significance 

p53 Mutation/ 
overexpression 

p 16 Mutation/LOH 
p21 Overexpression 
p27 Decreased 

expression 
PRAD- 1 Amplification 
hst- 1 Amplification 
bcl- 1 Amplification 
H - r a s  Overexpression 
E G F R  Overexpression 
bcl-2 Overexpression 
Bax Decreased 
3p LOH 

3p 13.21.24-26 AI 
5q31.2 LOH 
8q24 LOH 

13q 14.3 LOH 
16q24 LOH 
18q/DCC region LOH/AI 
18q21 Mutation 
21q AI 

Nodal metastasis, recurrence 

Poor prognosis 
Aggressive phenotype 
Tumor progression 

Poor prognosis 
Advanced tumor, metastasis 
Advanced tumor, metastasis 
Favorable prognosis 
Tumor size; TNM staging 
Favorable prognosis 
Poor prognosis expression 
Poor prognosis, 
nodal metastasis 

Poor prognosis 
Histological grade 
Tumor size, 
histological grade 

Nodal metastasis 
Nodal metastasis 
Poor prognosis 
Histological grade 
TNM staging 

LOH, loss of heterozygosity; AI, allelig imbalance. 

cell growth control, and cancer, is only one of many genes 
involved in cell signaling. Located on chromosome 17p, it is 
responsible for a 21-kDa protein p21, an enzyme with 
guanosine triphosphatase activity (a GTPase) that acts as a 
signal transduction protein, transmitting mitogenic signals 
from the cell surface to the cell interior, p21 is inherently a 
GTPase, normally of short-lived activity. H-ras mutations 
can result in continued activity of p21, disturbing cell sig- 
naling and thus growth control. H-ras may thus act as an 
oncogene or possibly a TSG. 

H-ras mutations have been found in SCCHN and oral 
cancers, mainly in patients in the developing world, 
particularly from India [15-18] and in advanced tumors [19], 
mainly at codons 12 or 61, but also 13 [20]. The high incidence 
of H-ras mutations in oral cancer in India is independent 
of p53 mutations (see later) and is mutually exclusive [21]. 
Although ras overexpression has been seen in a large 
percentage of tumors [22], no association was found 
between LOH at H-ras and overexpression of the gene [23]. 

Mutations in codon 12 of H-ras in SCCHN and oral car- 
cinomas are, however, rare in the Western world, where they 
are seen in only about 5% [23-28]. 

There is interest in the possible interactions between 
human papillomaviruses (HPV), which have potentially 
oncogenic early genes such as E6 and E7, and H-ras. In 
squamous carcinomas, H-ras is mutated in about 22%, but 
only half of these samples contain HPV [29]. 
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Other ras genes are infrequently mutated in oral 
carcinoma [ 18,19,30]. 

with tyrosine kinase activity, have produced conflicting 
results, although studies suggest that it may be overex- 
pressed in oral cancer [33,58]. 

2. EGFR 

The epidermal growth factor receptor gene (erbB1), 
which maps to 7p 13-q22, encodes a cell-signaling receptor, 
which is a transmembrane tyrosine-specific phospho- 
kinase that binds ligands, including epidermal growth factor 
(EGF), transforming growth factor cz (TGF0t), amphireg- 
ulin, heparin-binding EGF-like growth factor, betacellulin, 
cripto, and epiregulin, and can activate intracellular signal- 
ing via protein tyrosine kinase [31]. Activation of EGFR 
results in phosphorylation of the tyrosine residues of 
several proteins. 

EGFR is overexpressed in epithelium adjacent to [32], 
and in, SCCHN [33] and is an early change. The reported 
proportion of oral carcinomas that overexpress EGFR varies 
widely, and some authors have even reported a decreased 
expression [34,35]. EGFR expression correlates with 
matrix-metalloproteinase 3 expression, which contributes to 
invasion and metastasis [36]. 

3. c-myc 

The c-myc oncogene, on chromosome 8q24, may be 
amplified and overexpressed in oral carcinomas [20,37-41 ] 
and in about 7% of SCCHN [42]. 

4. PRAD-1 

Chromosome l lq13 genes include cyclin D1 (PRAD-1 
or bcl-1), hst-1 (FGF4), int2 (FGF3), and EMS1 (cortactin). 
PRAD-1 codes a 295-kDa protein that has sequence homol- 
ogy to the cyclin D1 gene, which regulates the cell cycle 
by binding and activating p34 CDK-4 and CDK-6 kinases. 
It can be detected in SCCHN [43,44] and can cooperate 
with H-ras in carcinogenesis [45]. Cyclin D1 is amplified 
in oral carcinomas [28,46-53] and there may be gene 
amplifications [49,54]. 

4. hst-1 and Int-2 

As to hst-1, results are equivocal, with some workers 
reporting amplification [55], and others denying it [56]. The 
same applies to Int-2, where some have found it amplified in 
SCCHN [57], and others have not [56], and there appears to 
be little transcription of these genes. 

5. HER-2/neu 

Studies of the chromosome 17 oncogene HER-2/neu, 
also termed c-erbB-2, which codes a protein P185/HER-2 

6. Bcl-2 

The Bcl-2 protooncogene, on chromosome 18q21, is 
involved in the regulation of apoptosis, is regulated by p53, and 
shows an inverse relationship in expression [59]. High p53 pro- 
tein leads to high Bax and low Bcl-2. Bcl-2 inhibits the apop- 
tosis that results from treatment with radiation/chemotherapy. 
Some have reported a reduced expression of Bcl-2 in oral car- 
cinomas [60,61], an increased Bax expression [62], and a 
decreased ratio of bcl-2/Bax with increased apoptosis [61]. 
Others have found that nearly one-quarter overexpress Bcl-2 
[50,63], but the expression of these apoptosis-related genes 
may influence prognostication. Bcl-X is expressed early in 
malignant transformation, with variable bcl-2 expression [64]. 

B. Cell Cycle  

The cell cycle consists of a stationary GO phase, which, 
upon receipt of appropriate cell signals, is followed by entry 
into G1, S, and G2 before mitosis (M). The cycle is regulated 
by genes in a highly sophisticated fashion via a number of 
proteins [65]. The transition from one phase to the next is 
checked at a "checkpoint" before the cycle can progress. 

Checkpoint genes not only control transition between 
phases of the cycle, but also coordinate progression with cell 
signals. When DNA is damaged, there may be arrest of the 
cycle, which can facilitate DNA repair. G1 arrest prevents 
replication of a damaged DNA template, and G2 arrest 
allows the segregation of damaged chromosomes. 
Checkpoint genes can modulate regulation of the integrity of 
the genome if the DNA damage is such as not to immedi- 
ately cause cell death. 

1. Cyclins and Kinases 

Key players in cell cycle regulation include a group of 
heterodimeric protein kinases comprising a cyclin (the reg- 
ulatory element) together with a cyclin-dependent kinase 
(CDK) as the catalyst. These protein kinases dephosphory- 
late the DNA-binding retinoblastoma protein (pRb) (ppl05 
or pp110), thereby releasing critical transcription factors, 
such as those of the E2F family. For example, progression 
from the stationary GO phase of the cell cycle through the G 
phase is mediated by two CDK complexes (CDK4-cyclin D, 
and CDK2-cyclin E) [66]. 

Progression depends on the timely formation and disassoci- 
ation of protein kinase complexes, each of which consists of a 
regulatory cyclin, an enzyme (a cyclin-dependent kinase), and 
proliferating cell nuclear antigen (PCNA). The complexes are 
regulated by phosphorylation/dephosphorylation. Cyclins, 
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and cyclin-dependent kinases (CDKs), are thus the most 
important positive regulators of cell cycle progression. 
Negative regulators include products of some TSGs, such as 
inhibitors of CDK (CDK inhibitors), of which the p16 gene 
is the best known [66]. 

Cyclins can phosphorylate and thereby inactivate Rb, 
whereas cyclin-dependent kinase inhibitors (CKIs) can reverse 
this inactivation. Cyclin D1 (bcl- 1 or PRAD-1), mapped to 
1 lql  3, regulates the cell cycle by involvement in control of the 
transit from G1 to S phase, becoming associated with CDK4 or 
CDK6 and then resulting in threonine or serine kinase activity 
leading to transition from G1 to S phases. 

IV. T U M O R  SUPPRESSOR GENES 

The main factors regulating cell cycle progression there- 
fore include cyclins, cyclin kinases, and inhibitory Rb, 
p21, p27, and p53 proteins. Overexpression of onco- 
genes, especially those on chromosome 11 (PRAD-1, Int-2, 
hst-1, and Bcl-1 in particular) and 17 (H-ras) has been 
implicated in the carcinogenesis of SCCHN [67], as has 
increased telomerase activity [68-72] and TSGs, which have 
been identified in LOH studies in oral and SCCHN, partic- 
ularly in chromosomes 3, 9, 11, and 17. Regions identified 
most commonly have included 3p, especially 3p24, 3p21.3, 
and 3p14, where the TSGs are as yet unidentified; 9p21, 
where p 16 (INK4A/MTS- 1) is the main target; and 17p 13, 
where p53 is the prime target. Many other TSGs may also be 
involved. DNA normally has two copies (alleles) of every 
sequence. If these alleles are different, the sequence is 
termed "polymorphic" in the population and "heterozygous" 
in the individual. A change from the heterozygous state to a 
hemizygous state is termed loss of heterozygosity. LOH 
indicates consistent allelic loss at marker loci in a specific 
genomic region and generally indicates genetic instability 
and the inactivation of specific tumor suppressor genes 
within the region of allele loss. LOH appears to represent 
the second genetic inactivation step in the complete loss 
of a TSG locus. Analyses of chromosomal allelic losses 
(LOH), suggestive of microsatellite instability (MI) [73], 
have thus allowed for the identification of chromosomal 
regions harboring tumor suppressor genes, and such analy- 
ses have a major advantage over cytogenetic techniques, as 
the resolution is much better, especially if closely spaced 
microsatellite markers are used. 

Studies into genetic aberrations have also been facilitated 
by other new DNA technology [6], which can detect 
mutations in oncogenes or tumour suppressor genes, or 
microsatellites. DNA survives well and can be amplified by 
the polymerase chain reaction (PCR), and thus very small 
amounts of DNA are required. RNA can also be examined 
but is less stable so that it is best converted to cDNA using 
reverse transcriptase (RT-PCR). DNA alterations can also be 

detected by restriction landmark genomic scanning (RLGS) 
[74]. Allelotyping techniques, including the use of polymeric 
microsatellite markers and restriction fragment length poly- 
morphism (RFLP), enable determination of LOH, indicative 
of allelic imbalance (AI), to be examined. AI has been 
considered an early event in oral carcinogenesis [75-77], 
especially on chromosome arms 3p, 9p, 1 l q, 13q, and 17p 
(50-70%), as outlined earlier, but it is possible that genetic 
alterations at other sites may play a role. LOH on chromo- 
somes 3p, 9p, 1 l q, 13q, and 17p on oral cancer suggests a 
possible pathway of progression in oral carcinogenesis 
involving a generalized increased rate of errors during DNA 
replication, and defective repair of DNA, as shown by MIN. 
The occurrence of multiple areas of allelic loss on 
several chromosomes, together with the sequential loss of 
several tumor suppressor genes during experimental car- 
cinogenesis [78-81], is entirely consistent with the hypoth- 
esis that oral carcinogenesis involves multiple molecular 
steps (presumably over a fairly prolonged period) [1,6,82]. 
The steps involved appear similar independent of the age of 
the patient [83], but may differ between users and nonusers 
of tobacco [84]. 

It is clear that no one locus is responsible for the car- 
cinogenic progression, however, few studies have tackled 
this question on a genome wide level, preferring to concen- 
trate on a specific gene or chromosomal region of interest. 
The problem with the latter approach is conceptualizing the 
results in the wider arena. One of the methods used to over- 
come this drawback is the use of a range of microsatellite 
markers covering the majority of the chromosomal arms at 
multiple loci and using the concept of fractional allele loss 
(FAL). This approach has been used successfully in cancers 
such as colon and bladder cancer, as well as in squamous 
cell carcinoma of the head and neck [85]. The latter study 
was reviewed in detail by Scully and Field [2], and the most 
important correlation found was between FAL status and 
survival thus emphasizing the relationship between the most 
important clinical parameter in cancer, together with an 
overreaching genetic measure of damage. Thereby, FAL 
becomes a very important genetic technique by which to 
address other salient questions surrounding the molecular 
progression of cancer, i.e., is there only one major genetic 
pathway in carcinogenesis based on allelic imbalance data? 
Nunn et al. [77] addressed this question. The availability of 
an extremely large data set on allelic imbalance in squamous 
cell carcinomas of the head and neck allowed this group to 
question whether allelic imbalance at specific loci on 3p, 9p, 
and 17p is solely responsible for head and neck carcinogen- 
esis. It is of note that many of the SCCHN specimens in the 
Nunn et al. [77] were of oral origin and no significant dif- 
ference was found between the tumor sites and FAL status. 
The SCCHN specimens were subdivided into high Fal 
(HFAL), median FAL (MFAL), and low FAL (LFAL) 
groups on the basis of global SCCHN genome data available 
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to this research group. SCCHN tumors in this series were 
then further analyzed with a large number of microsatellites 
on 3p, 9p, and 17p in order to determine if any particular 
group of tumors had a predominance of LOH at all or any 
combination of these regions. Results of this analysis 
demonstrated a very clear grouping of allelic imbalance on 
chromosomes 3p, 9p, and 17p depending on the FAL score. 
A significantly higher level of allelic imbalance was found 
in the HFAL group of SCCHN specimens than in the LFAL 
group (P < 0.005). In particular, it was found that a subgroup 
of patients with LFAL did not show allelic imbalance on 3p, 
9p, or 17p but demonstrated allelic imbalance on other chro- 
mosome arms, which are most likely involved in the initia- 
tion and progression of SCCHN. These findings provide 
evidence for a second genetic pathway in the initiation of 
SCCHN (i.e., loci on; 2p, 7p, 8q, 1 l q, 13q, 17q, 18p, 18q, 
and 19q), and LOH on 3p, 9p, and 17p cannot be considered 
to represent the only genetic pathway in SCCHN. These 
results emphasize the limitations of certain studies where 
only a small set of microsatellite markers are used in the 
analysis and then attempting to generalize the results to a 
role in molecular progression. The quantity of work cannot 
be underestimated in this type of analysis, and thus many 
groups have to concentrate on very limited regions of the 
genome. However, the advent of chip technologies and auto- 
mated sequencing techniques will open up possibilities for 
many more in-depth analyses of allelic imbalance, which 
may elucidate the molecular progression of carcinogenesis 
[86]. Changes in 9p21 and in 3p appear early, followed by 
p53 changes (Fig. 9.1), but it is the accumulation of, rather 
than the sequence of, genetic events that appears to determine 
progression to malignancy [82]. 

Fluorescence in situ hybridization (FISH) and comparative 
genome hybridization (CGH) have also proved significant 
advances. FISH uses a probe from specific chromosomal 

regions to hybridize and identify specific areas of amplifica- 
tion or deletion, allowing direct visualization of chromosomal 
abnormalities in interphase cells. CGH involves mixing tumor 
and normal DNA and hybridizing to normal metaphase chro- 
mosomal spreads to detect mutations or deletions [87,88]. 
Deletions or amplifications are seen as changes in the ratio of 
the intensities of the two labels along the target chromosome. 
The cancer genome anatomy project will undoubtedly uncover 
many more new genes implicated [89]. 

1. Chromosome 3 

Aberrations have been identified in chromosome 3 in oral 
cancer [40,90-95], and the short arm of chromosome 3 (3p) 
is often deleted in SCCHN [96-97]. LOH has been identified 
at 3p in 52% of oral carcinomas and mapped to three distinct 
regions of loss, 3p13-p21.1, 3p21.3-p23, and 3p25 [98], 
which appear to overlap with those described by others [90], 
and mainly at D3S1293 (3p24-p25), D3S1079, and D3S659 
(3p13) [91] and at D3F15S2 (3p21) [82,92]. The region 
close to 3p 14 is a fragile site on 3p. LOH has been found in 
74% of SCCHN at 3pl4-cen, 3p21.3, and 3p24-ter (retinoic 
acid receptor ~:RAR~) [90]. At least two or even three TSGs 
may be involved on 3p, at least in SCCHN [90,91]. 

The fragile histidine triad (FHIT) gene, localized to 
3p14.2, is altered in SCCHN with decreased or aberrant pro- 
tein [99,100], but no mutations or deletions [101-103]. The 
FHIT protein has dinucleoside triphosphate hydrolase activity. 

3p21 is the region with the highest rate of allelic deletion 
[101], and TSGs at 3p21.2-p21.3, and 3p25 in particular 
may be implicated [102]. 3p21 contains several TSGs, 
including D8 (CHCM; ubiquitin-activating enzyme), ACY 1 
(aminoacylase), APEH (D3S48E), and PTP gamma (protein 
tyrosine phosphatase). The MMR gene hMLH1 involved in 
DNA repair, a gene located in 3p21.3, which is the human 

FIGURE 9.1 Carcinogenesis. 
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homologue of the ribosomal protein L14 (RPL14) gene may 
be the subject of transcriptional loss [ 104], and the arginine- 
rich protein gene at 3p21.1 is also mutated in SCCHN [105]. 

Whether the TGF~ type H receptor gene on 3p22 is 
involved remains unclear, although mutations have been 
detected [ 106] and there is decreased expression on SCCHN 
cells [107]. The von-Hippel Lindau (VHL) TSG at 3p25, 
however, appears uninvolved [103,108,109]. 

2. Chromosome 4 

Chromosome 4 anomalies include allelic instability 
[110], and MIN has been found in 31%, at the long arm of 
chromosome 4 (4q) at 4q25 [110,111] and 14q31-32.1 [82]. 

3. Chromosome 5 

Chromosome 5 anomalies have been recorded in 25 to 
73% of oral cancers [40,93,112-114] at D5S178 [114]. 
LOH involves 5q, and at 5q21-22, there is the APC (adeno- 
matous polyposis coli) locus [97,115-116]. 5p aberrations 
have also been found [117]. 

4. Chromosome 6 

LOH has been found in 21-38% oral cancers on 6p and 
23-25% on 6q [40,82,94]. Chromosome 6 bears MHC 
genes on 6p21 and several other genes, including tumor 
necrosis factor genes TNF-c~ (cachectin) and TNF-[3 (lym- 
photoxin), and heat shock protein 70. However, allelism at 
TNF does not appear to influence oral cancer [ 118]. 

P21 (WAF1/CIP1/Sdil) (which is distinct from the ras 
p21), a general inhibitor of CDKs, whose gene is at 6p.21.2, 
is regulated by p53 in response to DNA damage and inter- 
acts with proliferating cell nuclear antigen (PCNA) to block 
its DNA synthesis function [ 119]. A major effect of p53 is to 
block the cell cycle by stimulating p21, which may thus lead 
to G1 arrest, and is a major factor in p53-mediated cell 
growth arrest, apoptosis, and senescence. 

P21 polymorphisms and/or abnormal protein has been 
detected in oral and SCCHN [120-124] but is not neces- 
sarily dependent on p53 status [123-126]. 

5. Chromosome 7 

Deletions of chromosome 7 and LOH involving 7q or 7p 
have been seen in SCCHN. Genotypic changes in chromo- 
some 7 have also been described in oral cancer [33,127-129] 
and tissue adjacent to oral cancer [130]. 

A putative TSG localized to 7q31.1 has also been 
reported, as well as the PP5/TFPI-2 gene, which has 
proteinase-inhibitory activity for thrombin, plasmin, and 
trypsin, secreted by various tumors [ 131]. 

6. Chromosome 8 

Chromosome 8p deletions [132] and LOH have been 
reported in 40% of SCCHN [82] and oral cancers 
[94,133-135], at 8pll-8p21 [133], 8p22 [133], and espe- 
cially 8p23 [133,135,136], suggesting the presence of two or 
more TSGs [103], but these are as yet unidentified. 

7. Chromosome 9 

There is LOH at 9p21-p22 in up to 72% of tumors 
[82,137-139]. This is the most commonly reported chromo- 
somal defect in SCCHN [140] in at least 5 markers [94], 
with a higher rate of LOH than for other chromosomes. The 
specific genes involved are unclear, but the CDKN2 gene 
(MTS- 1), which encodes p16, a cyclin-dependent kinase 
inhibitor, has assumed considerable importance. 

Several regions appear to be involved in oral carcinoma 
[103], especially the area concentrated between D9S 161 
(9p21) and D9S156 (9p23-9p22) [40,137]. Chromosome 
9p21-22 appears to contain several TSGs, including CDKN2 
(p 16), another TSG close to the methylthioadenosine phos- 
phorylase (MTAP) gene, one at 9p22, the interferon a clus- 
ter gene (IFNA) [141 ], and possibly p 15, located only 28 kb 
from p16 [142]. The genes for cyclin-dependent kinase-4 
(CDK-4) inhibitors pl 5 and p 16, and also p16~, which 
inhibit progression through the G 1 phase of the cell cycle, 
map to chromosome 9p21. 

The phosphorylation of pRb is regulated positively by a 
G1 cyclin termed cyclin D1/CDK4 and is regulated nega- 
tively by CKIs such as p16 (CDKN2/MTS-1/INK4A), in 
part via cyclin D cyclin-dependent kinase (CDK) 4 com- 
plexes, and pRb is also regulated by p15 and p18. Thus a 
major effect of p 16 is to halt progression of the cell growth 
cycle at G1. The CDKN2 locus on chromosome 9p21 actu- 
ally encodes two proteins: p 16 and p1613 [p 19(ARF)]. The 
protein p 16~, related to p 16, also mediates G 1 arrest, but in 
this instance by destabilizing MDM2, a protein that binds to 
p53 protein (see later), causing its degradation and thereby 
loss of cell cycle control leading to unregulated cell growth. 

Interestingly, p16 changes correlate with tobacco and 
betel use [143] and appear early in neoplasia [144]. 
However, sequence analysis of the p 16 gene in SCCHN with 
LOH on 9p has indicated that point mutations or insertions 
are relatively uncommon in tumors [47,145-149], although 
they are common in cell lines from SCCHN [150]. G-T 
transversions in particular, with some G-A transitions 
involving p16 (see later), have been found more in oral 
cancer cell cultures (40%) than in tumors (16%) [150]. 

However, the absence of mutations in tumors with 9p21 
LOH does not necessarily indicate that p16 is not the target 
gene. Small homozygous deletions represent an important 
mechanism of inactivation of 9p21 in many tumor types, 
including SCCHN, and can be seen in tumor, dysplastic tissue, 
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and histologically normal mucosa from patients with 
SCCHN [96,142,151]. Fine mapping of these deletions 
implicates a minimal region that includes p 16 but excludes 
p 15 (p 15/INK4B) [ 145], although p 15 may be involved in a 
minority [ 142]. 

Even where there are no deletions, p16 is frequently 
inactivated through an alternative mechanism [52,53,141, 
151-153], which is by methylation of the 5' CpG-rich region 
of p 16, resulting in a complete block of gene transcriptionm 
transcriptional silencing [151,154]. Methylation inactiva- 
tion has been found in up to 30% of oral and SCCHN, 
suggesting that inactivation of the promoter region could be 
important in the genesis and promotion of SCCHN 
[142,148,149,151,153,155,156]. 

There is altered expression of CDKs in tumor cells [ 157]. 
Cyclins can be disturbed by p16 abberrations and also by 
cyclin D1 (PRAD) amplification [47,48,52] independently 
of p16 inactivation [52]. The p l6/cyclin D/CDK/pRb path- 
way appears to be as crucial to carcinogenesis as is p53 
[158] (see later), and both paths appear to interplay [159], 
although they act separately as well [123]. 

LOH has not been found in 9q in oral cancer [94,139], 
but has, however, been found in 35% of SCCHN at 9q31- 
q34 and 9q22.1-q32 [93] and in 70% LOH at 9p22-q23.3, 
suggesting that this may be additional TSGs on chromo- 
some 9 [94]. Indeed, a number of putative TSGs are located 
on 9q, including those related to Gorlin's syndrome (basal 
cell naevus syndrome: 9q31) and the Ferguson-Smith syn- 
drome (multiple self-healing squamous epitheliomata: 
9q22-q33). 

8. Chromosome 10 

Deletions of the long arm of chromosome 10 have been 
described in many tumor types, and frequent LOH has been 
identified in SCCHN on 10q, suggesting the presence of a 
TSG [ 160]. The PTEN/MMAC1 gene has been identified as 
a possible candidate TSG located at 10q23 [161,162] with 
deletions demonstrable in about 10% SCCHN [163] but few 
mutations [ 160,164]. 

9. Chromosome 11 

LOH has been reported in over 60% SCCHN at 1 l q [82] 
and in 50% of oral cancers [82,93,94], and rearrangements 
have been described [ 165]. LOH appears to represent ampli- 
fication of cyclin D 1 (PRAD- 1) [ 166], the main protoonco- 
gene involved in oral carcinogenesis (see earlier discussion). 
Although the main changes reported have been in cyclin D 1 
(PRAD), at least two putative TSGs on 1 lq23 and q25 may 
also be associated with the development of oral SCC [ 167]. 
Deletions at l lq13 are common in SCCHN [49,97,168], 
especially at l lql3-qter [168]. Studies have also shown the 
frequent loss of imprinting of growth-promoting (IGF2) and 
control (H19) genes on chromosome llp15 [169]. 

10. Chromosome 12 

A minority of SCCHN appear to have LOH on 12p and 
12q [40,94]. P27 (Kip 1), which maps to chromosome 
12p12-12p13.1, plays a role in G1 arrest induced by TGF[~ 
in normal cells, regulating proliferation by binding and 
inhibiting the G1 cyclin-CDK complexes. P27 expression is 
correlated with Bax expression [170]. The p27 protein 
expression is reduced in oral carcinoma [123,170-174] due 
to increased degradation by ubiquitin-proteasome [ 172]. 

It is noteworthy that a putative TSG, termed Doc-1 
(deleted in oral cancer), has also been characterized and 
mapped on 12q24 [175], but at present, however, no intra- 
genic mutation of the gene has been found._ 

11. Chromosome 13 

Some 50% of patients with SCCHN have LOH involving 
13q [82,94,139,176,177], and multiple regions show dele- 
tions [178]. Many of the aberrations have been seen at or 
close to the 13q32-ter or 13q14.2-q14.3 sites [177,179], 
13q34, 13q14.3, and 13q12.1 [178], which are close to the 
retinoblastoma gene (Rb). Rb is a key component of the G1 
checkpoint and can be affected by dephosphorylation, which 
renders it active, leading to G1 arrest, and by phosphoryla- 
tion, which inactivates it. Rb dephosphorylation results in 
the release of transcription factors such as E2F-1, essential 
to the expression of S-phase cell regulatory genes. 

Loss of the retinoblastoma gene was said to be uncom- 
mon in SCCHN [176,177] and oral carcinomas [28,97,179] 
suggesting that Rb played a minor role [ 144], but there are 
now several reports of altered retinoblastoma protein pRb in 
oral cancer [143,144,180]. However, there may be other 
TSGs at 13q14, such as the leukaemia associated gene 1 
(leu 1) at 13q14.3-q21 [178], and aberrations upstream of 
Rb appear common [53,179]. 

12. Chromosome 16 

A minority of SCCHN have demonstrated LOH on 16p 
or 16q [40,93,94], and translocations have been found at 
16q22 in a few [181]. The E-cadherin gene, which is at 
16q21.1, is not mutated, but, if silenced transcriptionally by 
hypermethylation, appears to result in the acquisition of an 
invasive phenotype [ 182]. 

13. Chromosome 17 

The p53 gene, so called because it produces a 53-kDa 
nuclear phosphoprotein, is located on chromosome 17p 
and exerts important effects on cell growth, p53 is, with p73 
and p63, part of a family of TSGs [183]. It acts as a tran- 
scription factor and, by activating transcription of a number 
of target genes, controls cell cycle progression, acting as a 
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G1 checkpoint control, and regulates DNA repair, apoptosis, 
and differentiation, p53 also controls cell cycle progression 
via the regulation of other proteins, including p21 
[Wafl/Cip 1 ] and MDM2, and also GADD45, Bax, and Bcl-2. 
p53 blocks the cell cycle by switching on the GADD45 gene 
(growth arrest and DNA inducible) in cells exposed to 
stress. The GADD45 protein product binds PCNA and 
inhibits entry into the cell cycle S phase. 

Mutations or deletions of the p53 gene, or inactivated 
protein, can alter p53 activity and lead to disturbed cell cycle 
control, as the half-life of the mutant p53 protein is up to 
6-8 h compared to that of the wild type, which is only up to 
20 min. p53 can also be inactivated by interaction with other 
proteins such as MDM2, methylation, or sequestration 
[184,185]. p53 is a TSG with one of the highest frequency 
of mutations in cancers of any gene thus far studied, p53 has 
11 exons, and exons 5 to 8 are the most highly conserved 
(codons 126-306) and contain the majority of the mutations 
within the p53 gene. 

Investigation into p53 expression in SCCHN has demon- 
strated that approximately 60% of these tumors have 
immunohistochemically detectable p53, thus suggesting 
gene mutations [186,187]. Antibody positivity has thus fre- 
quently been taken to indicate p53 mutation; conversely, 
negativity has sometimes been regarded as excluding muta- 
tions. However, the frequency of detection of p53 mutations 
based on immunohistochemical studies is not necessarily 
accurately representative of the state of p53. Antigen 
retrieval increases the sensitivity of p53 immunoreactivity 
significantly, but there is no association between p53 protein 
overexpression and gene mutations [ 188-190]. Absence of 
reactivity with p53 antibodies does not exclude alterations in 
the gene; frameshift as well as nonsense mutations may be 
found in antibody-negative tumors, as the antibodies fail to 
detect truncated p53 proteins [191,192]. Conversely, there 
may be overexpression of p53 protein without apparent gene 
mutations [193-195], overexpression in completely benign 
oral lesions [196], and discordance between p53 mutation 
and LOH [77,197]. Thus in a sizable number of cases, p53 
protein expression does not reflect the mutational status of 
the gene [190]. 

With these caveats in mind, it is interesting that p53 
mutations have been demonstrated in up to two-thirds (from 
12 to 100%) of oral and SCCHN [191,198-210], mainly 
in basal epithelia and at the advancing front of the tumor 
[191,211]. LOH is reported in 50-55% in some studies 
[82,93,94,139,212,213]. However, others have not found 
LOH, but simply deletions or rearrangements in a minority 
of tumors [92]. A detailed study of SCCHN has shown LOH 
on 17p in 50%, often involving the TP53 locus (42%), but 
more frequently involving 17p13 [82], the p53 locus, or the 
CHRNB 1 locus (acetylcholine receptor subunit B 1) at 
17pl l . l -p12 [213]. p53 mutations precede histologic 
changes [214], suggesting the p53 changes are early events 

in carcinogenesis and may be found independently of p16 
mutations [ 123]. 

In carcinomas, p53 mutatiov~ are often the same in the 
primary tumor and in nodal metastases [207,215-217] and 
in immediately adjacent epithelium [207,217,218], as well 
as in recurrences [219]. The molecular events, however, 
differ in tumor distant epithelium [220,221] and in second 
primary tumors [215,216,222], suggesting that genetic 
changes occur independently at different sites in the upper 
aerodigestive tract. More recently, some have even found 
discordance between p53 in the primary tumour and metas- 
tasis from SCCHN [223]. 

In SCCHN in Western societies, p53 overexpression cor- 
relates with mutagen-induced chromosome fragility [224] 
and has been demonstrated by certain authors to be related 
to the use of tobacco [201,225-227] and alcohol consump- 
tion [226] in both carcinomas and in premalignant lesions of 
the head and neck [228,229]. Studies indicate that p53 muta- 
tions are found mainly in smokers/former smokers [86] and 
in younger rather than older patients in some [230] but not 
all studies [180] and are rarely found in nonsmoking/non- 
drinking patients younger than 40 years [231 ]. 

p53 mutations, although common in SCCHN from Western 
countries, are uncommon in those from the developing world 
[120,193,194,206, 232-236]. Some two-thirds of p53 muta- 
tions in head and neck cancers are at guanine (G) nucleotides 
[217,237], implicating carcinogens from tobacco smoke, as 
guanine residues are the preferential targets for chemical car- 
cinogen-induced damage [238]. In a large series of SCCHN, 
most p53 mutations were G:C-A:T (31%), G:C-T:A (18%), or 
deletions/inversions (19%) [217,239]. Mutations in p53 in 
oral dysplastic and malignant lesions are mostly G-A tran- 
sitions in Japan and Switzerland, G-T transversions in the 
United Kingdom/United States [191,216,217,239], and tran- 
sitions in India [206] but a range of alterations, including 
transversions, transitions, deletions, and polymorphisms, can 
be seen [240]. 

Most p53 mutations have been in exons 2-11, mainly 
at exons 4-9, in codons 238-248 (exon 7), and 278-281 
(exon 8) [ 187]. Hot spots for mutations are predominantly in 
codons 220, 245-248, 278-281 [ 186,191,216,239,241,242], 
149 and 274 [206], 157, 175, 186, 248, 273, and 282 [243]. 
In oral carcinoma patients, most of whom were women with 
no obvious risk factors for cancer, a specific exon 8 14-bp 
deletion in codons 287-292, which results in a truncated p53 
protein lacking the C terminal, has been implicated [244]. 

p53 expression may be altered both by p53 gene mutation 
as a consequence of carcinogens, radiation, or other muta- 
gens or by other mechanisms, such as degradation of the p53 
protein by viral or other proteins [245]. Significant in this 
respect may be viral proteins such as human papillomavirus 
(HPV) type 16 E6 protein and cellular proteins such as 
MDM-2 (murine double minute-2) [246-249], p21, 
GADD45, cyclins, CDKs, and PCNA [205]. 



9. Oncogenes and Tumor Suppressor Genes 125 

Germline abnormalities in p53 appear to underlie some 
cancer-prone families [250], including cases of Li-Fraumeni 
syndrome [251 ], and with less penetrance in some families with 
SCCHN [252]. 17q24 is the locus for the tylosis oesophageal 
cancer gene (TOC) with patients also being predisposed to oral 
leukoplakia (Clarke-Howel-Evans-McConnell syndrome) 
[253]. Also on chromosome 17q, at 17q21.3, is the putative 
metastasis supressor gene NM23, which is expressed in oral 
carcinoma [254]. 

tobacco use [216,263,264] or tobacco or alcohol [265] or, 
indeed, an inverse relationship [204,207]. 

Inherited p53 mutations in some families (Li-Fraumeni 
syndrome) underlie some cases of SCCHN [266]. Inherited 
p 16 mutations in some families underlie some cases of head 
and neck cancer [158,267,268]. 

VI. MOLECULAR DIAGNOSIS 

14. Chromosome 18 

LOH has been described in SCCHN mostly at 18q 
[255-257], with the highest single incidence of LOH being 
at 18q21.1-21.3 [256], but some have reported LOH at 18p 
in oral cancer [258]. Putative TSGs include DCC, 
DPC4/Smad4, and MADR2/Smad2. LOH at the DCC 
(deleted in colon cancer) gene at 18q21.1 is only found in 
12-24% of SCCHN, suggesting that the D18S35 and DCC 
loci are different and that the D18S35 marker is mapping a 
second TSG [97,255]. Furthermore, neither DCC nor DPC4 
(deleted in pancreatic carcinoma) appears incriminated in 
SCCHN [97,259] or at least plays only a minor role [257]. 
Another TSG at 18q21 may be incriminated [257], such as 
MADR2 or a distinct other gene. 

15. Chromosome 21 

LOH and MI are found on chromosome 21q in oral 
cancer, and three putative TSGs may be present [260]. 

16. Chromosome 22 

LOH has been detected in  73% of oral carcinomas, 
mainly at 22q13, but not at the NF2 gene [261 ]. 

A number of molecular methods are available to aid the 
diagnosis of cancer [269]. The potential for detecting mark- 
ers of carcinogenesis in exfoliated cells is attractive [270]. 
p53 mutations can be detected in oral epithelial [271] and 
salivary cells [272] from patients with SCCHN, and there 
are detectable changes in oral exfoliated cells from high-risk 
individuals in chromosomes 3p, 9p, and 17p [273]. p53 anti- 
bodies can be found in serum [274,278] and saliva [278], but 
only in a minority of patients, and therefore cannot be 
considered diagnostically useful, although it is possible 
antibody detection could be helpful in follow-up. 

VII. STAGING 

Molecular assays can augment clinical and conventional 
histopathological staging, as they can detect cancer cells 
when they comprise less than 0.01% of the total cell popu- 
lation [9,279]. The detection of p53 mutations at tumor 
resection margins heralds future recurrence and has been 
demonstrated in 38% of light microscopically tumor-free 
margins [279]. 

VIII. P R O G N O S T I C A T I O N  

V. DETECTION OF INDIVIDUALS AT RISK 

Screening of smokers and drinkers for p53 expression or 
mutations alone cannot yet be considered specific or sensi- 
tive enough for the detection of individuals at risk for 
cancer, p53 mutations are found mainly in smokers/former 
smokers [86], but are not found in nonsmoking/nondrinking 
patients younger than 40 [231]. However, no correlation 
has been found between exposure to these carcinogens and 
fractional allelic loss (FAL) [2,85]. p53 mutations are 
also uncommon in betel use in several studies (discussed 
earlier), although in some studies, betel users have had 
p53 mutations [235,236], mostly in users of tobacco [221]. 
p53 overexpression has been demonstrated to be related to 
the use of tobacco [22,201,226,227,262] and alcohol con- 
sumption [226] in carcinomas of the head and neck 
[228,229], but others have found either no relationship with 

Cervical lymph node metastases have been demonstrated 
by p53 changes in 21% of histopathologically tumor-free 
nodes [279], showing that about 80% of patients have a 
more advanced stage of cancer than hitherto suspected 
[279]. Molecular probing also examines a larger volume of 
the lymph node tissue, reducing sampling errors present in 
conventional histopathological examinations. 

Chromosomal imbalances with overrepresentation affect- 
ing 2q12, 3q21-29, 6p21.1, l lq13, 14q23, 14q24, 14q31, 
14q32, 15q24, 16q22, and deletions of 8p21-22 and 18ql 1.2 
correlate with a shorter disease-free interval and survival, 
with a special significance identified in 3q21-29, l lq13, 
and 8p21-22 [280]. LOH in 3p SCCHN may be strongly 
associated with prognosis [91,226] and correlate with nodal 
metastases [226]. The majority of stage II-III oral carcino- 
mas [98] and TNM stage IV SCCHN [226] show LOH at 
3p, in contrast to TNM stage I tumors [98], and there is a 
correlation with poor survival [281]. Allelic imbalances 
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(AI) at 3p24-26, 3p21, and 3p13 appear to predict poor 
prognosis [281 ]. 

p16 deletions appear crucial for malignant progression 
[283], and chromosome 9p21 deletions appear to influence 
tumor recurrence [96], possibly through p16 mutations 
[284]. AI at 9p21 appears to predict poor prognosis [282]. 

p53 expression is more frequent in poorly differen- 
tiated SCCHN compared with differentiated tumors 
[285], and may correlate with metastasis [275,286,287] 
and poor prognosis [288-291], although not all would 
agree [191,195,218,228,263,264,274,292-299,300-302].  
p53 gene mutations rather than protein overexpression may 
predict tumor recurrence [303,304]. 

p53 levels in serum may be more powerful predictors of 
relapse and death than tissue immunodetection [275]. 

A. F r a c t i o n a l  Allelic L o s s  

Single genetic alterations do not appear to affect survival, 
as discussed earlier and elsewhere [305]. However, when 
multiple aberrations are detected, survival is affected. 
Accumulated genetic damage, as provided by allelotype 
analysis using FAL, provides a useful molecular indicator of 
the behavior of head and neck carcinomas. FAL for a par- 
ticular tumor is defined as the number of chromosomal arms 
on which allelic loss is observed, divided by the number of 
chromosomal arms for which allelic markers are informative 
[306]. AI at key loci has been used to identify a FAL that 
predicts recurrence and reduced survival and thus appears to 
predict poor prognosis in oral and head and neck cancers 
[85,282]. FAL above 0.22 correlates with local metastasis 
and decreased survival [85]. 

The first comprehensive allelotype of SCCHN, which ana- 
lyzed FAL values for 52 carcinomas with LOH information 
on nine or more (9-39) chromosome arms, found a positive 
correlation between FAL and tumor grade, and nodal involve- 
ment at pathological examination [85]. The FAL was also 
related to clinical outcome; a FAL > median value correlated 
with poor survival even when previously untreated tumors 
were analyzed separately. Analysis of 40 advanced tumors 
also demonstrated a correlation between FAL and prognosis. 

A more recent slightly smaller study of FAL in oral 
cancer showed that AI at 3p22-26, 3p14.3-12.1, and 9p21 
was a better prognosticator than the TNM system [282], and 
a case-control study confirmed that a microsatellite assay 
can identify persons at risk of developing oral SSC in a field 
of cancerization [307]. 

B. I d e n t i f i c a t i o n  o f  S e c o n d  P r i m a r y  a n d  

R e c u r r e n t  T u m o r s  

Molecular analyses can differentiate recurrences from 
second primary tumors [146,303,304]. It is clear that 
multifocal tumors in the head and neck may harbor 

identical genetic changes, suggesting that a single progeni- 
tor clone can populate different contiguous areas of the 
upper aerodigestive tract via re-epithelialization or intramu- 
cosal migration [308]. 

The site of origin of unknown primary tumors in patients 
presenting with cervical node metastasis can be identified 
by molecular analyses of p53 [309]. 

Gene mutations in p53 have also enabled lung metastases 
to be distinguished from second primary tumors in the 
aerodigestive tract [310]. 

C. T h e  F u t u r e  

There has been a significant publication regarding prog- 
nostic factors in colorectal cancer based on a consensus state- 
ment from the College of American Pathologists in 1999. 

Those of us working in oral and SCCHN cancer have 
much to learn from the paper as it indicates the way the field 
has to move in order to take molecular biomarkers into clin- 
ical practice. It is of note that certain molecular biomarkers 
are now considered to be very important in determining 
colonic cancer prognosis. These include LOH at the 18q 
(DCC gene allelic loss) and a high degree of microsatellite 
instability in determining important factors in category liB 
colorectal cancer. The fact that molecular biomarkers have 
now been included in prognostication indicates a major 
change in thinking. Are we ready to take up this challenge in 
oral and SCCHN cancer? 
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Proteases have attracted substantial attention as potential 
targets for cancer therapy, including the treatment of 
head and neck cancer. This chapter gives an overview of 
the variety of secreted and pericellular proteases that 
have been associated with the dissemination of human 
tumors and reviews data that link these proteases to 
tumor progression. It describes the work carried out to 
unravel the complex functions of proteases in malignancy, 
to identify their relevant molecular targets, and describes 
the broadening concepts regarding the roles of pericellular 
proteolysis in tumor biology. 

1. TUMOR-ASSOCIATED 
PROTEASE SYSTEMS 

A. The  P l a s m i n o g e n  Act iva t ion  S y s t e m  

The association of the plasminogen activation (PA) 
system with tumor progression is particularly well docu- 
mented and is the subject of long-standing investigation 
[1-3]. The PA system is a complex system of serine 
proteases, protease inhibitors, and protease receptors that 
governs the conversion of the abundant protease zymogen, 
plasminogen (Pig), to the active serine protease, plasmin. 
Pig is produced predominantly by the liver and is present 
in high concentration in plasma and most extravascular flu- 
ids [1]. Plasmin is formed by the proteolytic cleavage of 
Pig by either of two Pig activators, the urokinase Pig activa- 
tor (uPA) and the tissue Pig activator (tPA), of which uPA, 
until today, has attracted the most attention in the context 
of tumor progression, uPA is a 52-kDa serine protease 
that is secreted as an inactive single chain proenzyme (pro- 
uPA) and is efficiently converted to active two-chain uPA 
by plasmin, when bound to its cellular receptor, the uPA 
receptor (uPAR) [1,4]. Two-chain uPA, in turn, is a potent 
activator of Pig. Both pro-uPA and Plg are catalytically 
inactive proenzymes, and the mechanism of initiation of 
uPA-mediated Pig activation is not fully understood 
(Section II,A). Pig activation by uPA is regulated by two 
physiological inhibitors, Pig activator inhibitor-1 and -2 
(PAI-1 and PAI-2), each forming a 1:1 complex with uPA 
[5-7]. Plasmin generated by the cell surface PA system is 
relatively protected from its primary physiological inhibitor 
t~2-antiplasmin [4,8,9], leading to the suggestion that the 
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plasmin-mediated degradation of extracellular matrix (ECM) 
is strictly associated with the cell surface. 

Extensive direct and indirect evidence has accumulated 
over more than two decades for the involvement of the PA 
system in proteolysis associated with tumor invasion and 
metastasis [1,2,3,10]. Histological analysis of both human 
tumors and experimental mouse tumors have consistently 
demonstrated expression of the components of the PA sys- 
tem specifically at sites of active invasion [11-14]. uPAR 
and uPA are overexpressed with remarkable consistency in 
malignant human tumors, including cancers of the head and 
neck [15], colon [12], breast [14, 16], bladder [17], liver 
[18], lung [19], pancreas [20], and ovaries [21], as well as 
both monocytic and myelogenous leukemias [22,23]. In situ 

hybridization and immunohistochemical studies of various 
human tumors have also demonstrated that cancer cells 
typically express uPAR, whereas pro-uPA may be expressed 
by either cancer cells or adjacent stromal cells [12,24,25]. 
Furthermore, Plg activators, Plg activator receptor, and 
inhibitors are all excellent prognostic markers in human 
cancer [2,26]. Thus, extensive epidemiological studies 
have revealed that high expression of Plg activator, uPAR, 
or PAI-1 in human breast [27-29], colorectal [30], lung 
[31,32], prostate [33], and gastric cancer [34,35] is associated 
with a poor prognosis. 

A direct causal relationship between Plg activator expres- 
sion and tumor progression has also been demonstrated in a 
number of studies using the chick chorioallantoic membrane 
metastasis model and the mouse spontaneous and experi- 
mental metastasis models. These studies have employed 
a variety of strategies to inhibit Plg activator function, 
including antisense RNA techniques [36,37], anticatalytic 
PA antibodies [38-42], natural and synthetic PA inhibitors 
or uPAR antagonists [43-47], and, lately, genetically engi- 
neered mice with targeted deficiencies in components of the 
PA system [48-50]. Collectively, these studies have firmly 
established the PA system as an important contributor to the 
dissemination of malignant tumors. 

B. Matrix Metalloproteinases, 
ADAMs, a n d  ADAMTS 

The matrix metalloproteinase (MMP) family is a large 
group of secreted proteases that require zinc for catalytic 
activity [51]. This family is expanding rapidly but currently 
has approximately 26 members [52,53]. MMPs can be 
organized by their domain structure into five distinct classes. 
All MMPs contain an N-terminal signal peptide, a 
prodomain conferring latency to the enzyme, and a catalytic 
domain. The smallest members of the MMP family, 
the matrilysins (MMP-7 and MMP-26), contain only 
these domains. Collagenase-1 (MMP-1), collagenase-3 
(MMP- 13), neutrophil collagenase (MMP-8), stromelysin- 1 

(MMP-3), stromelysin-2 (MMP-10), and macrophage 
metalloelastase (MMP-12) contain an additional proline-rich 
hinge region and a hemopexin domain that is involved in 
substrate binding. Stromelysin-3 (MMP-11) contains, in 
addition to these domains, a short furin activation sequence 
immediately following the prodomain. The two gelatinases, 
gelatinase A (MMP-2) and gelatinase B (MMP-9), also 
contain an additional fibronectin-like domain required for 
the binding of the two enzymes to gelatin. Four members of 
the MMP family, membrane type (MT)1-MMP (MMP-14), 
MT2-MMP (MMP-15), MT3-MMP (MMP-16), and MT5- 
MMP (MMP-24), are type I transmembrane proteins 
attached to the cell surface via a C-terminal membrane- 
spanning domain. Two MMPs, MT4-MMP (MMP-17) and 
MT6-MMP (MMP-25), are associated with the cell surface 
by a glycosylphosphatidylinositol anchor, and one member 
(MMP-23) is a type II transmembrane protein attached 
to the cell via an N-terminal signal anchor [52,53]. All 
membrane-bound MMPs contain the furin activation 
sequence originally identified in stromelysin-3, suggesting 
that they are secreted in a catalytically active form. The 
principal inhibitors of MMPs are the widely expressed 
tissue inhibitors of metalloproteinases (TIMPs) that currently 
comprise four members (TIMP-1 through 4). These 
inhibitors form a noncovalent 1:1 complex with activated 
MMPs. Each TIMP is generally capable of inhibiting most 
MMPs, although some specificity of inhibition has been 
observed [52,54]. 

Closely related to MMPs are the more recently identified 
families of ADAMs and ADAMTS proteases. ADAMs 
proteases are all cell surface type I transmembrane multi- 
domain proteins that have N-terminal pro- and metallopro- 
tease domains similar to MMPs, followed by disintegrin, 
cysteine-rich, EGF-like, transmembrane, and cytoplasmic 
domains [55]. ADAMTS are secreted proteins containing 
pro- and metalloprotease domains followed by throm- 
bospondin type I motifs [56]. 

The MMP family was first linked to tissue remodeling 
during tumor progression by their consistent upregulation in 
tumor tissue [review in 52,57]. The association of MMPs 
with cancer was further strengthened by the demonstration 
that the level of MMPs and TIMPs in tumors correlates with 
clinical outcome [58-63]. More recently, the causal relation 
between MMP expression and tumor progression was 
demonstrated directly by the use of highly specific MMP 
inhibitors and by the use of transgenic mice with specific 
MMP deficiencies or overexpression of MMPs [64-67]. 
Few studies have so far directly addressed the functions of 
ADAM and ADAMTS proteases in cancer progression. 

However, the limited insight gained so far into the bio- 
logical functions of these protease families strongly 
suggests that members of both protease families will also 
be found to be important modulators of tumor progression. 
ADAM proteases are localized on the cell surface, and at 
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least one member (ADAM-17) has "sheddase" activity and 
is required for the proteolytic liberation of growth factors 
from membrane-bound precursors and the inactivation of 
growth factor receptors by the shedding of their ectodomains 
from the cell surface (Section II,D,1) [68,69]. ADAMTS are 
deposited in the ECM and appear to be involved in the mat- 
uration, modification, and degradation of components of the 
ECM during development and homeostasis [70]. 

C. L y s o s o m a l  P r o t e a s e s :  C a t h e p s i n s  

Cathepsins are a group of lysosomal cysteine (cathepsins 
B, H, L, S, C, S, K, O, F, V, X, and W) or aspartic proteases 
(cathepsin D) that are involved predominantly in phagolyso- 
somal protein degradation. Lysosomal cysteine proteinases 
are papain-like enzymes with a molecular mass of 20-35 
kDa [71]. Cathepsins are synthesized as proenzymes that 
undergo proteolytic activation in the acidic environment 
of the late endosome or lysosome. Most of the cathepsins 
are expressed ubiquitously (cathepsins B, D, L, S, C, O, F, 
and X), but a few demonstrate strict tissue specificity, such 
as cathepsin K, which is expressed exclusively by osteoclasts, 
cathepsin V, which is expressed in testes and thymus, and 
cathepsin W, which is expressed in a subset of T lymphocytes 
[71,72]. The principal inhibitors of cysteine cathepsins are 
cystatins, including stefins, cystatins, and kininogens [71 ]. 

The altered expression of lysosomal proteases during 
malignant progression was first observed for cathepsin B in 
human breast cancer [73]. Since then, changes in the local- 
ization, level of expression, or activity of cathepsin B, H, 
and L and their inhibitors, cystatin C, stefin A, and stefin B, 
have been documented in a variety of other human tumors, 
including head and neck, lung, ovary, brain, colorectal, 
gastric, bladder, and melanoma. Furthermore, cathepsin and 
cathepsin inhibitors are prognostic factors, with high expres- 
sion levels in tumors and biological fluids being associated 
with poor survival [71,72,74,75]. 

The association between tumor progression and altered 
expression of the lysosomal cathepsins and their inhibitors 
was established early. Nevertheless, the possibility of a 
direct involvement of cathepsins in tumor-mediated ECM 
degradation remained controversial due to the presumed 
exclusively intracellular location of these proteases and their 
requirement of acidic pH for function. The realization that 
phagolysosomal ECM degradation may represent a rate- 
limiting step in cell migration [76-78], that cathepsins can 
redistribute from the lysosome to the cell surface during 
malignant progression [74,79-81 ], and that cathepsin K is a 
highly efficient fibrillar collagenase during osteoclast- 
mediated bone resorption [82,83] has strengthened the 
notion of cathepsins as critical contributors to tumor pro- 
gression. Experiments using transgenic mice with an altered 
expression of cathepsins to unravel their specific functions 
in tumor progression are now in progress [84]. 

D. The  C o a g u l a t i o n  C a s c a d e  

Vascular patency is governed by the coagulation cascade, 
a sophisticated system of circulating serine proteases and 
cell-associated receptors. The central step in the coagulation 
pathway is generation of the serine protease thrombin from 
the inactive protease zymogen prothrombin by proteolytic 
cleavage by factor Xa. Under physiological conditions, 
thrombin formation is triggered by vascular injury, facilitating 
the contact of factor VII with a cellular receptor, tissue factor 
(TF), and the sequential proteolytic activation of coagulation 
factors VII to VIIa, X to Xa, and V to Va [85]. Thrombin 
has pleiotropic functions mediated through the cleavage 
and activation of other serine proteinases, transglutaminase, 
and thrombin activated, G-protein coupled receptors. Most 
tumor cells, as well as nonneoplastic stromal cells, possess 
strong procoagulant activities that promote the local forma- 
tion of thrombin in the absence of vascular injury [86,87], 
and many tumor cells and tumor stromal cells are equipped 
with thrombin-activated receptors. The causal relation 
between the activation of the coagulation cascade and tumor 
progression is now well established. For example, pretreat- 
ment of tumor cells or systemic treatment of experimental 
animals with a variety of highly specific inhibitors of TF, 
factor Xa, or thrombin dramatically reduces pulmonary 
metastasis of a wide range of tumor types [88-93]. The 
specific mechanisms by which the coagulation cascade 
promotes tumor dissemination is currently being elucidated 
(Section II,C). 

E. "Novel"  T u m o r - A s s o c i a t e d  

Ser ine  P r o t e a s e s  

In addition to the well-characterized protease families 
described in Sections II,A-II,D, a rapidly expanding group 
of recently identified secreted or cell surface-associated 
serine proteases, of mostly unknown physiological function, 
are gathering increasing attention in the context of tumor 
progression. As was the case with the discovery of several 
MMPs, some of these proteases were originally identified 
as a direct consequence of their overexpression by human 
tumors or tumor cell lines [94-96], and their specific associ- 
ation with tumor progression and their value as prognostic 
factors are currently under evaluation. This heteroge 
neous group of novel tumor-associated proteases currently 
includes the secreted proteases neuropsin (also known 
as ovasin, bspl, TAGD-14 and KLK-8) [97-100] and 
neurosin (also known as zyme, protease M, BSP, BSSP, and 
myelencephalon-specific protease) [101-106], the stratum 
corneum chymotryptic enzyme [ 107], the type II transmem- 
brane proteases hepsin [108], TMPRSS2 [109], TMPRSS3 
[96], MT-SP1 (also known as ST-14, matriptase, epithin, 
TAGD-15, and prostamin) [94,110-113], and the type I 
transmembrane proteases testisin (also known as eosinophil 
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serine protease) [114,115] and fibroblast activation protein 
(FAP, also known as seprase) [116,117]. Neuropsin and neu- 
rosin, named after their preferential expression in the central 
nervous system, are overexpressed dramatically in ovarian 
cancer [94,95,99,118]. Indeed, neurosin has been reported 
to be a reliable new serum biomarker of ovarian carcinoma 
[118]. Neurosin is also expressed in cultured breast cancer 
lines [ 103] and neuropsin in squamous cell carcinoma (K. List 
and T. Bugge, unpublished data). Ovarian cancer cells 
express high levels of testisin and stratum corneum chymo- 
tryptic enzyme, a protease whose normal expression is 
restricted to the cornifying layer of the skin [119,120]. 
Hepsin has been shown to be overexpressed with remarkable 
consistency in human prostate cancer, and high levels of 
hepsin correlated with poor survival [121-124]. Hepsin is 
also overexpressed in renal carcinoma cells and in ovarian 
cancer, a tumor speculated to disseminate in the abdomen 
through activation of the coagulation cascade and deposition 
of an adhesive fibrin matrix on the peritoneal wall [125]. 
In this respect, it is interesting to note that hepsin is an 
activator of factor VII and can initiate the extrinsic pathway 
of blood coagulation on the cell surface, leading to the 
deposition of peritumoral fibrin [126]. TMPRSS3 is overex- 
pressed in pancreatic cancer [96], and FAP is highly 
expressed by tumor cells or in the stromal fibroblasts of a wide 
variety of human tumors, including tumors of the bone, breast, 
colorectal, lung, melanoma, and soft tissue sarcomas 
[127-129]. 

Overexpression of the type II transmembrane serine 
proteases, hepsin, TMPRSS3, and MT-SPI by human 
tumors is particularly noteworthy. The prototypic member 
of this class of proteases, enteropeptidase, is the physiolog- 
ical activator of trypsin in the digestive tract, and in this 
capacity is the initiator of a proteolytic cascade reaction that 
leads to the activation of procarboxypeptidase, chy- 
motrypsinogen, and proelastase [130,131]. The novel type II 
transmembrane serine proteases could be speculated to have 
similar functions in tumor progression. Thus, MT-SP1, 
which is expressed in a number of epithelial tumors [132], 
(T. Bugge and K. List, unpublished data), has been demon- 
strated to be a highly efficient activator of pro-uPA and, thus, 
to be a candidate initiator of the PA cascade (Section II,A) 
[133,134]. Future studies will undoubtedly rapidly expand 
our knowledge of the expression and function of these novel 
serine proteases in tumor progression. 

II. MOLECULAR TARGETS FOR 
PROTEASES IN T U M O R  PROGRESSION 

A. Z y m o g e n  Act iva t ion  

The majority of extracellular and membrane-associated 
proteases are synthesized as catalytically inactive proenzymes 

(zymogens) that are activated by the endoproteolytic cleavage 
of one ore more peptide bonds. In vivo, these protease zymo- 
gens are organized into complex hierarchies that undergo 
sequential proteolytic activation. These cascade reactions 
eventually lead to the activation of the "effector" proteases that 
modify the extracellular environment to promote tumor 
progression (Sections II,B-II,D). Thus, the specific molecular 
targets for many, if not most, proteases relevant for tumor 
dissemination are likely to be other protease zymogens. 
Elucidation of the complex pathways of activation of func- 
tionally important proteolytic cascades, such as the PA system, 
MMPs, and the coagulation cascade during tumor progression, 
is an area of long-standing investigation that is seminal to the 
understanding of proteases in tumor biology, and the design 
of therapeutic strategies aimed at protease inhibition. 

Nevertheless, many aspects of protease activation are still 
poorly understood. The principal causes are the considerable 
technical difficulties associated with studying protease 
activation in vivo, the uncertainty as to the interpretation of 
data obtained with purified components in vitro, and the 
apparent existence of multiple context and cell type- 
specific pathways of zymogen activation. However, several 
lines of evidence have converged to suggest that the initia- 
tion of proteolytic cascades in both neoplastic and nonneo- 
plastic processes is predominantly a cell surface-associated 
event and involves the binding of one or more protease 
zymogens to specific high-affinity cell surface receptors 
[10,85,135]. On the cell surface, protease zymogens are in a 
spatially favorable orientation for activation and are often 
protected against specific soluble inhibitors. In the PA sys- 
tem, one cascade-initiating pathway is believed to involve 
the concomitant binding of pro-uPA to its high-affinity cell 
surface receptor, uPAR, and of Plg to as yet uncharacterized 
cell surface receptors. The concomitant binding of 
pro-uPA and Plg to the cell surface strongly potentiates 
uPA-mediated Plg activation and plasmin-mediated activa- 
tion of pro-uPA, leading to a powerful feedback loop that 
results in productive plasmin formation [4,10]. How this 
feedback loop is initiated is unclear, but may include the 
activation of pro-uPA by other proteases besides plasmin or 
the activation of Plg by a very low intrinsic activity of 
pro-uPA. The transmembrane serine protease MT-SP1, true 
tissue kallikrein, hepatocyte growth factor activator, and 
cathepsin B are all candidate initiators of the pro-uPA 
cascade [133,134,136-138]. Activation of the MMP family 
is also increasingly believed to be cell surface dependent. 
MMP-2, a collagenase that is associated intimately with 
tumor angiogenesis, is activated on the cell surface by 
the membrane-anchored MMP-14 in a process that requires 
juxtaposition of the two proteases by TIMP-2 [139]. 
MMP-14 has also been proposed to be involved in the 
activation of several other members of the MMP family on 
the cell surface [ 140]. Potential interactions that lead to the 
localization of MMPs to the cell surface include MMP-1 
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binding to integrin O~2~ 1' MMP-13 binding to urokinase Plg 
activator receptor-associated protein/Endo 180, and MMP-9 
binding to CD44 [141-142a]. Generation of the metastasis- 
promoting protease thrombin is also tightly linked to the 
surface of tumor (or tumor stromal) cells and is initiated by 
the binding of coagulation factor VII to its high-affinity cell 
surface receptor, TF, leading to the sequential proteolytic 
activation of coagulation factors VII to VIIa, X to Xa, and V 
to Va, and prothrombin to thrombin (Section I,D). Tumor 
cells may also utilize alternative cell surface-associated 
pathways for thrombin generation, including the direct 
cleavage and activation of factor X by cancer procoagulant, 
a membrane-associated, vitamin K-dependent cysteine 
protease [86,143,144], or activation of factor VII by hepsin, 
a novel transmembrane serine protease (Section I,E) [ 126]. 

MMPs, cathepsins, Plg activators, and related serine pro- 
teases can mutually activate each others zymogens in vitro. The 

extent to which such "cross talk" is taking place in vivo is still 
not entirely understood. Many studies have focused on the role 
of plasmin in the activation of MMPs, and numerous experi- 
ments have demonstrated the participation of plasmin in the 
activation of proMMP-1,-2,-3,-9,-10,-12, and-13 in vitro 

[ 145]. A less clear picture has emerged from cell-based assays. 
Plasmin has been reported to be both a poor activator and a 
very efficient activator of MMP-9 [146-148]. The genetic defi- 
ciency of uPA abrogates plasmin-mediated MMP-13 activation 
by cultured macrophages [149]. MMP-13 can also be activated 
by plasmin in fibroblast cultures, but MMP-13 activated this 
way is degraded rapidly [150]. In contrast, keratinocytes 
appear to be completely dependent of plasmin for the activation 
of MMP-13 and subsequent degradation of fibrillar collagen, 
strongly implicating the PA system in MMP activation 
(S. Netzel-Arnett, D. Mitola, H. Birkedal Hansen, and 
T. Bugge, unpublished data). Other serine proteases may also 
participate in MMP activation. Genetic studies have shown that 
MMP-2 is activated by the mast cell-specific serine protease, 
chymase, during human papillomavirus-16 E6/E7-induced 
squamous carcinoma, providing direct evidence for a pivotal 
role of serine proteinases in MMP activation during tumor 
progression [ 151 ]. 

B. D e g r a d a t i o n  of  T issue  Barriers 

In order for a solid tumor to metastasize successfully to 
distant organs, it must be able to degrade, or trigger, the 
degradation of two basement membranes during the steps of 
extravasation and intravasation. The tumor must also be 
able to transverse a complex meshwork of interstitial matrix 
that is rich in cross-linked glycoproteins. In addition to 
having the capacity to negotiate the typical array of 
basement membrane and interstitial matrix glycoproteins 
(e.g., laminin, fibronectin, entactin, and collagen), tumors 
must also be able to degrade a matrix highly abundant in 

cross-linked fibrin, which is generated by the strong 
procoagulant activity inherent to tumor cells and by the 
vascular damage caused by tissue invasion (Section II,C). As 
has been recognized for more than half a century, it is 
largely inconceivable that these tasks can be accomplished 
successfully in the absence of appropriate matrix degrading 
proteases [1, 152, and references therein]. Intense efforts 
have been made to identify the critical matrix-degrading 
proteases in this process due to the obvious clinical 
importance of confining tumors to their site of origin. As 
described in Section I, solid tumors overexpress a wide 
variety of secreted or cell-associated proteases, most of 
which are endowed with the capacity to degrade at least 
some components of the basement membrane and interstitial 
matrix in vitro. The development of efficient, specific, and 
bioavailable synthetic inhibitors of matrix-degrading pro- 
teases, as well as several transgenic mouse lines deficient 
in matrix-degrading proteases, has provided novel powerful 
tools to directly assess the contribution of individual 
matrix-degrading proteases to cancer invasion and metasta- 
sis in vivo. Preliminary studies with transgenic mice 
and synthetic protease inhibitors have largely confirmed the 
involvement of matrix-degrading proteases in tumor 
dissemination [48-50,64,67]. Surprisingly, however, 
demonstration of an absolute requirement of a specific 
tumor-associated protease, or even a protease family, for 
basement membrane and interstitial matrix degradation 
during tumor invasion in vivo has proven to be remarkably 
difficult. Negating protease activity to transplanted or genet- 
ically induced tumors by gene targeting or through pharma- 
cological inhibition retards, but does not prevent, invasion 
and metastasis of the tumor to distant sites and, by 
inference, does not completely abolish basement membrane 
and interstitial matrix degradation [49,50,64,67]. For 
example, polyomavirus middle T-induced mammary 
adenocarcinoma expresses high amounts of Plg activator at 
the invasive edge, but retains some of its metastatic capacity 
even in mice with a complete deficiency in Plg. Likewise, a 
transplanted Lewis lung carcinoma expresses high levels of 
several MMPs and Plg activator, but is very metastatic 
both in Pig-deficient mice and in mice treated with a 
broad- spectrum MMP inhibitor [49,64]. Furthermore, 
MMP-9-deficient mice have a reduced incidence of papillo- 
mavirus-induced squamous carcinoma, but the few tumors 
ensuing in MMP-9-deficient mice are, if anything, more, 
rather than less, invasive than MMP-9 sufficient tumors 
[67]. There may be several possible explanations for these 
somewhat surprising findings, all of which are not mutually 
exclusive. (a) Tumor cells, or tumor-associated stromal 
cells, may be endowed with several parallel proteolytic 
pathways, each being independently capable of efficiently 
dissolving basement membrane and interstitial matrix. 
Inhibition of just one, or a few, of these pathways will be 
insufficient to prevent tumor-associated matrix dissolution 
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and metastatic dissemination [153]. (b) Cancer invasion and 
metastasis involve multiple, discrete steps, such as intrava- 
sation, arrest, extravasation, growth, and development of a 
supporting neovasculature. The dissolution of basement 
membrane and interstitial matrix degradation, although 
essential to the metastatic process, may simply not be a 
particularly rate-limiting step in the complex cascade of 
events that precedes final metastatic dissemination. Thus, 
even a profound reduction in the rate of dissolution of a 
basement membrane achieved by gene knockouts or by 
pharmacological protease inhibition may not manifest itself 
in a dramatic reduction in distant metastasis. (c) Given the 
complex, multistep nature of metastatic process, it is also 
conceivable that nonspecific, or even specific, protease 
inhibition may impair some of the steps of the metastatic 
pathway, while accelerating others, with a modest reduction 
in distant metastasis representing the net result of systemic 
protease inhibition, masking even a profound effect of 
protease ablation on matrix degradation. 

C. G e n e r a t i o n  of  a Provis ional  Matr ix  for 

T u m o r  Cell Survival, A d h e s i o n ,  

a n d  Prol i ferat ion 

The interaction of tumor cells with ECM is essential for 
adhesion, migration, invasion, and survival. Most, if not all, 
solid tumors directly induce the formation of a provisional 
extracellular fibrin-rich matrix at the site of active invasion. 
This is accomplished through activation of the coagulation 
cascade, which ultimately leads to the conversion of fibrino- 
gen to cross-linked fibrin by the action of thrombin and 
factor XIII (Section I,D). The TF/factor VII pathway 
appears to be principally responsible for the activation of 
coagulation, but other tumor cell surface proteases, such as 
hepsin and cancer procoagulant, may also trigger coagula- 
tion by the direct cleavage of coagulation factors VII and X, 
respectively (Section II,A). Fibrin and its various proteolyt- 
ic derivatives have been shown to display an extraordinary 
range of biological activities, strongly implying a pivotal 
role of provisional fibrin matrices in tumor biology. Fibrin 
matrices promote the migration of both tumor cells and 
tumor stromal cells, such as endothelial cells, macrophages, 
and fibroblasts [87,154-156]. Tumor and stromal cells inter- 
act directly with fibrinogen and fibrin via o~v~3 and o~m~2 
integrin receptors, as well as nonintegrin receptors of the 
ICAM family [154,157-159]. Furthermore, highly purified 
fibrin gels can induce neovascularization directly when 
implanted into experimental animals [ 160,161 ], and fibrin 
degradation products, released during fibrin turnover, have 
been shown to display powerful chemotactic, immune- 
modulatory, as well as angiogenic, properties [161a-164]. 

The ability of tumor cells to induce the rapid formation of 
a provisional fibrin matrix also appears to play a critical role 

during hematogenous metastasis. The bloodstream is a 
particularly inhospitable environment for tumor cells, where 
they are subject to destruction by shear stress, anoikis, and 
immune-mediated killing. However, tumor cells form fibrin- 
rich platelet-tumor cell aggregates almost immediately 
after their initial adhesion to the microvascular endothelium 
of their target organs through the local activation of the coag- 
ulation cascade [165-167]. Multiple studies have converged 
to demonstrate that tumor cell survival and subsequent 
metastasis formation are critically dependent on this process 
and that specific inhibitors of TF, factor Xa, or thrombin 
are among the most powerful antimetastatic agents known 
[88-931. 

D. P r o t e a s e s  as  Regu la to r s  of  T u m o r  Cell 

Growth ,  Survival, a n d  Moti l i ty  

Traditionally, tumor-associated proteolysis has been 
studied almost exclusively in the context of degradation of 
extracellular matrix barriers due to the obvious necessity 
of such events taking place during invasion and metastasis. 
During the last decades, however, it has been gradually 
realized that pericellular proteolysis has multiple other 
indispensable roles in virtually all aspects of the normal 
life of a cell, regulating such key processes as growth, dif- 
ferentiation, adhesion, migration, and programmed cell 
death by the modification of the extracellular environment 
[168]. It is, therefore, not surprising that genetic studies of 
neoplastic progression have demonstrated conclusively 
that extracellular proteases have profound roles even in 
early stage tumorigenesis. For example, transgenic overex- 
pression of MMPs in the mammary gland can directly 
drive malignant progression, whereas loss of MMP expres- 
sion reduces the formation of premalignant lesions in mice 
prone to multiple intestinal neoplasia [65,66]. These revela- 
tions have led to a gradual shift in the paradigm of 
tumor-associated proteases as mere obliterators of matrix 
in the destructive path of invading cancer cells. Today, a 
more holistic view is favored in which pericellular proteas- 
es can act as tumor progression factors in all stages of malig- 
nant progression by creating a local environment that is 
conducive to the growth, survival, and progression of a 
tumor through the modulation of growth factor pathways, 
cell-cell adhesions, and cell-matrix adhesions. This para- 
digm shift has also led to intensified studies of the function 
of matrix-associated proteases in the early stages of malig- 
nant progression prior to the establishment of the invasive 
phenotype. These studies are clearly in their infancy, 
and the exact protease targets remain to be firmly estab- 
lished. However, a range of possible candidate substrates is 
now emerging from biochemical, cell biological, and 
genetic studies of both physiological and neoplastic tissue 
remodeling [ 169]. 
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1. Growth Factor Availability 

Many growth factors need proteolytic processing for 
activation and biological activity. Latency is maintained by 
membrane anchorage, association with the extracellular 
matrix, or the tight binding to specific latency-maintaining 
proteins. Members of the transforming growth factor-J3, 
fibroblast growth factor, and epidermal growth factor ligand 
families all require proteolytic release for biological func- 
tion [170]. It is more than likely that tumor-associated 
proteases play an important role in regulating the activity of 
these growth factors during tumor progression, as illuminated 
by several studies [52,169,170]. For example, degradation 
of proteoglycans by a variety of proteases that are 
overexpressed in tumors releases fibroblast growth factor 
and transforming growth factor-J3 from the extracellular 
matrix [ 171 ]. The insulin-like growth factor-binding protein, 
which confers latency to the insulin-like growth factor, is a 
direct target of MMPs during transgene-induced hepatocel- 
lular carcinoma. Thus, overexpression of TIMP-1 impairs 
the release of active insulin-like growth factor by preventing 
the degradation of insulin-like growth factor-binding pro- 
tein-3 by MMPs and suppresses hyperplasia and tumorgen- 
esis induced by SV40 T antigen expression by hepatocytes 
[172]. Likewise, in a transgenic model of pancreatic 
cancer, systemic MMP inhibitor treatment or genetic 
ablation of MMP-9 suppresses the proteolytic release of 
the vascular endothelial growth factor, thereby strongly 
impairing tumor vascularization [ 173]. 

2. Matrix Modification 

Proteases can modify the extracellular matrix to facilitate 
cell migration. Indeed, proteolytic cleavage of collagen is a 
prerequisite for keratinocyte migration on this substrate. 
Although the mechanism is not entirely elucidated, it 
appears that limited proteolysis exposes hidden binding sites 
for integrins and integrin ligand engagement induces signal 
transduction that promotes cell migration [174,175]. 
Likewise, limited cleavage of laminin 5 by secreted or 
membrane-bound MMPs stimulates keratinocyte migration, 
possibly through the exposure of cryptic promigratory sites 
[176,177]. The exposure of novel cell-matrix interaction 
sites through limited proteolysis of the ECM may also 
promote tumor cell survival directly. For example, collagen 
cleavage by MMP-2 has been reported to expose cryptic 
av133 integrin-binding sites, thereby suppressing the 
apoptosis of melanoma cells through integrin signaling 
[178]. 

3. Cell-Cell and Cell-Matrix Adhesion Receptors 

Dissolution of cell-cell and cell-matrix adhesions is 
essential for tumor cell invasion and appears to be at least 

partially achieved through the proteolytic degradation of 
adhesion receptors. Several classes of cell adhesion mole- 
cules are susceptible to cleavage by proteases in vitro and in 
cell culture systems, and studies of nontransformed cells 
have revealed that the proteolysis of adhesion receptors can 
have dramatic effects on cell behavior. Overexpression of 
MMP-3 in normal mammary epithelial cells results in the 
cleavage of E-cadherin, triggering a progressive phenotypic 
conversion that includes cytoskeletal reorganization, growth 
factor and protease expression, and the acquisition of an 
invasive phenotype [179]. Similar findings have been report- 
ed for immortalized fibroblasts [180]. Downregulation of 
MMP activity by TIMPs or synthetic MMP inhibitors stabi- 
lizes cadherin-mediated cell-cell contacts and promotes con- 
tact inhibition, whereas diminution of TIMP activity reduces 
cell-cell contacts and impairs contact inhibition [ 180]. 

II!. EXTRACELLULAR PROTEOLYSIS 
IN HEAD AND NECK 

CANCER PROGRESSION 

The contribution of extracellular proteolysis to the 
progression of squamous cell carcinomas of the head and 
neck has been studied less extensively than carcinomas of 
the lung, breast, and colon. However, the expression, 
prognostic significance, and causal involvement of pro- 
teases in the progression of carcinomas of the head and 
neck appear to be similar to other types of human cancer. 
Pig activators, and members of the MMP and cathepsin 
families, have all been documented to be consistently 
overexpressed in the stromal or tumor compartment of 
squamous cell carcinomas, as analyzed by in situ 

hybridization, reverse transcription polymerase chain 
reaction (RT-PCR), immunohistochemistry, quantitative 
enzyme-linked immunosorbant assay (ELISA), or laser 
capture microdissection of surgically resected tumors. This 
includes uPA, tPA, MMP-2, -3, -7, -9, - 10, - 11, - 13, and 
-14 and cathepsins B, D, H, and L [15,181-196] (A. 
Curino, V. Patel, S. Gutkind, and T. Bugge, unpublished 
data). A direct correlation between the high expression of 
uPA, MMP-2, and cathepsins B and L and poor prognosis 
has been established for head and neck cancer, suggesting 
a causal involvement of these proteases in tumor progres- 
sion [191,197,198]. Furthermore, the direct association 
between Pig activator and MMP expression and squamous 
cell carcinoma progression has been established directly 
in carcinogen or oncogene-induced tumor models using 
mice with targeted deletions in protease genes [48,67]. 
Surprisingly, in both cases, the incidence of squamous cell 
carcinoma was reduced dramatically by deletion of the 
protease, suggesting a role of the MMP and PA systems 
already in early stage carcinogenesis. 
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Viral etiologies have been implicated in the patho- 
genesis of many types of cancer. Although the human 
papillomavirus (HPV) appears to be involved in anogenital 
cancer, its involvement in head and neck squamous cell 
carcinoma (HNSCC) has been controversial. Certain HPV 
viral proteins show oncogenic potential in vitro via 

well-established interactions with cellular factors, but the in 

vivo implications have yet to be demonstrated. The preva- 
lence of HPV in HNSCC also appears to be similar to the 
prevalence of HPV in normal mucosa of the upper aerodi- 
gestive tract. However, HPV is found in tonsillar carcinomas 
at a rate significantly higher than in normal mucosa, and 
high-risk HPV-16 appears to be the predominant type. 
Epidemiological studies also suggest that the risk of devel- 
oping oral cancer is increased in the setting of HPV infec- 
tion and certain sexual practices and history. Although 
much data supporting the association of HPV with HNSCC 
remain circumstantial, a growing body of evidence 
lends support for a causative relationship between HPV 
and HNSCC. 

!. INTRODUCTION 

Viral etiologies have been implicated in the pathogenesis 
of many different types of human cancer. The human papil- 
lomaviruses (HPVs) have been implicated in the carcino- 
genesis of human uterine cervical and anogenital cancer. In 
the case of uterine cervical cancer, HPV infection appears to 
be a necessary but insufficient etiological agent, as HPV 
DNA is found in up to 90% of the cervical biopsies positive 
for squamous cell carcinoma [ 1 ]. It is also found with high 
frequency in carcinomas of the anus, vulva, and penis [2]. In 
the region of the upper aerodigestive tract, HPVs are the 
causative agent of respiratory papillomatosis. However, 
their association with squamous cell carcinoma of the head 
and neck region (HNSCC) is less certain, as HPV DNA is 
found in only 15-40% of oral carcinomas. Although HPVs 
have demonstrated the ability to induce oncogenic transfor- 
mation of cells in vitro, the causal relationship between 
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HPV and HNSCC remains controversial. This chapter 
examines epidemiological data suggesting a causal relation- 
ship between HPV and HNSCC, along with a review of the 
transforming interaction between host cellular proteins and 
HPV viral proteins. 

II. H U M A N  PAPILLOMAVIRUSES (HPVs) 

A. Virus Life Cycle  

Papillomaviruses are small (55 nm), nonenveloped, 
double-stranded DNA viruses belonging to the papovavirus 
family. A subset of human papillomaviruses such as type 1 
(HPV-1), HPV-4, HPV-60, and HPV-65 cause strictly cuta- 
neous lesions of keratinizing squamous epithelium. Others 
are associated with benign lesions of mucous membrane 
(e.g., condylomata accuminata and respiratory papillomato- 
sis) and show a low probability of malignant transformation. 
These low-risk viruses include type-6 (HPV-6), HPV-11, 
and HPV-13 [3]. Other HPV types are found predominantly 
in malignant tumors of the uterine cervix, anogenital area, 
and the oral cavity. A specific subset of HPVs, including 
types 16, 18, 31, 33, and 39, is detected in up to 99% of 
anogenital preneoplastic lesions and squamous cell carcino- 
mas [4]. These are termed "high-risk" HPVs. Their genomes 
are integrated into the host DNA and are transcriptionally 
active in both tumors and tumor-derived cell lines [4,5]. 
Based on this evidence, the International Agency for 
Research on Cancer (IARC, 1997) has classified HPV-16 
and - 18 as carcinogenic in humans (group 1), HPV-31 and 
-33 as probably carcinogenic in humans (group 2A), and 
some of the remaining HPV types as possibly carcinogenic 
in humans (group 2B) [6]. 

Most papillomaviruses have a strong tropism for squa- 
mous epithelial cells and induce papillomas in many higher 
vertebrate species. HPV infection of epithelial cells occurs as 
the result of self-inoculation from the genital area, sexual 
contact with an infected partner, or by inoculation from the 
maternal genital tract during birth [7,8]. The initial infection 
of the epidermal layer occurs in the basal and parabasal 
keratinocytes where viral DNA can be demonstrated by 
in situ hybridization [9]. The initial infection may either lead 
to the production of papillomas as a result of active viral 
replication or result in a latent infection in which the tissue 
remains histologically normal. It is also possible that the 
viruses can be cleared by the immune system of the host 
prior to the onset of clinically apparent HPV infection. 

Latent HPV infection of clinically normal appearing 
mucosa of the upper aerodigestive tract has been well 
established. The detection rate of HPV in samples of normal 
oral mucosa ranges from 0 to 60% [10]. Activation of 
the dormant HPV in latent infections occurs via two 
mechanisms. Injury to the epithelial layer in the vicinity of 

infected tissue can result in HPV activation, presumably 
due to the resulting inflammation, which in turn stimulates 
cell proliferation [11-14]. Immunosuppression of the host 
can also lead to activation of latent infection [15]. Patients 
undergoing immunosuppression following renal transplant 
have been known to develop cutaneous papillomas [16]. 

In the case of active infection, viral replication does not 
occur until the HPV-containing cells reach terminal differ- 
entiation in the stratum spinosum and stratum granulosum 
layer [6]. The exact viral-host interaction that defines this 
restriction is not yet fully understood. The necessity for 
terminal differentiation of host cells for viral replication 
limits the amount of viral production, as these host cells are 
ultimately destined for growth arrest. To overcome this 
situation, the HPV viral genome induces transformation of 
the host cells and maintains continued replication of termi- 
nally differentiated keratinocytes. This alteration in the 
differentiation pattern of keratinocytes results in thickening 
of the squamous layer typical of papillomas. Dysplasia is 
rarely seen in papillomas. Instead, a common finding is 
cells, referred to as koilocytes, in the upper layer of papillo- 
mas, which display an area of clearing around the nucleus. 
Parakeratosis and the presence of multinucleated cells often 
accompany this change (Fig. 11.1, see also color insert). In 
the final stage of viral production, the infectious viral 
particles are most likely shed, packaged within the desqua- 
mated squames rather than as free particles [17]. 

B. Virion a n d  G e n o m i c  S t r u c t u r e  

HPVs consist of circular, double-strand DNA encased in 
a small, nonenveloped, icosahedral capsid. The capsid 

FIGURE 1 1.1 Histopathological appearance of laryngeal papillomatosis 
demonstrating the thickening of the epithelium around a fibrovascular core, 
oval nuclei in the superficial layer, and cytoplasmic vacuolization 
(Koilocytosis). Courtesy of Dr. D. M. Humphrey. (See also color insert.) 
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consists of at least two structural proteins encoded by the L 1 
and L2 reading open reading frames of the viral genome. 
Production of these structural proteins, as well as packaging 
of the viral genome, occurs in terminally differentiated 
keratinocytes of the superficial epithelium. Replication of 
the viral genome occurs in the nucleus of squamous epithe- 
lial cells. 

Analysis of the human papillomavirus genome indicates 
that all open reading frames are located on one strand of 
viral DNA. The coding strand contains approximately 10 
open reading frames, which have been classified as either 
early (E) or late (L) genes. Early genes are expressed during 
the early phase of infections and encode proteins that regu- 
late gene expression and replication. This group of genes 
also confers the oncogenic transforming property on HPVs. 
The two late genes, L1 and L2, encode for structural 
proteins and are expressed in productively infected cells 
during active virion production. 

The E1 protein has helicase activity that is important 
in viral replication [9]. The E2 protein appears to be a 
DNA-binding protein that is involved in the modulation of 
viral transcription [6]. The E2 protein binds to specific binding 
sites within the viral genome [18]. However, it has also been 
shown to transactivate heterologous promoters that do not 
contain E2-binding sites [19,20]. The E5 protein has been 
found to interact with membrane-bound growth factors [21] 
and displays in vitro transforming activities [22]. The function 
of the E4 protein is not yet elucidated, but its mRNA is the 
most abundant viral transcript in papillomas [23]. The trans- 
forming property of high-risk HPVs, however, appears to 
localize mostly to E6 and E7 proteins. Analysis of primary 
anogenital and cervical SCCA has revealed that only the E6 
and E7 proteins are expressed with consistency in these tumors 
[24,25]. Although E7 shows the predominant transforming 
activity in rodent cells [26,27,28], interaction between E6 and 
E7 is necessary for the efficient transformation of human 
keratinocytes [29,30]. It should be emphasized that the E6 and 
E7 proteins of low-risk HPV such as HPV-6 or HPV-11 show 
very poor transforming ability in in vitro assays [31,32]. This 
difference is most likely due to intrinsic differences in protein 
function rather than in levels of expression [33]. 

The high-risk HPV E6 protein exerts an oncogenic effect 
by inhibiting the infected cells from entering DNA damage- 
induced apoptosis. The HPV E6 protein has been shown to 
complex with the P53 tumor suppressor protein with high 
affinity [34]. This interaction results in the ubiquination of 
P53 and its subsequent degradation [35,36]. The level of P53 
protein is reduced in HPV-16 E6-immortalized cells [37] 
and these cells fail to undergo G 1 cell cycle arrest following 
DNA damage [38]. 

The HPV-16 E7 protein has been shown to interact with 
the retinoblastoma tumor suppressor gene product, PRb [39]. 
This tumor suppressor protein inhibits cell growth and repli- 
cation in part by binding to the E2F family of transcription 

factors and thereby inhibiting their activity. Binding of 
HPV-16 E7 to PRb results in the release of active E2F 
transcription factors from PRb [40,41 ] which in turn induces 
the expression of genes important in cell division control. 
This chapter elaborates further the interactions between cel- 
lular host factor and E6 and E7 proteins of high-risk HPV. 

!!1. INTERACTION BETWEEN CELLULAR 
HOST FACTORS AND E6 OF HIGH-RISK HPVs 

The E6 protein of high-risk HPVs has been shown to 
interact with a number of cellular proteins. Central to the 
transforming property of the E6 protein is its interaction 
with the cellular P53 protein. This interaction is mediated by 
E6-associated protein (E6-AP) ligase [36]. Binding of E6 to 
P53 results in ubiquination of the P53 protein and its subse- 
quent degradation [36]. The level of P53 is decreased in 
E6-immortalized cells, and these cells fail to undergo cell 
cycle arrest following DNA damage [37]. This decrease in 
the intracellular level of P53 has also been shown to increase 
mutagenesis in human cells in vitro as well as result in 
chromosomal instability [38,42-44]. Consistent with these 
data is the observation that 10-30% of patients who under- 
went irradiation of laryngeal papillomas eventually devel- 
oped squamous cell carcinomas [45,46]. However, Kyono 
et al. [47] reported that the decrease in the intracellular P53 
level is not a requirement for immortalization by E6 [47]. 
Furthermore, SCCs of the oral cavity positive for the pres- 
ence of HPV often show a normal or increased level of P53 
[48,49]. E6 proteins of low-risk HPV-6 and HPV-11 show a 
significantly lower affinity for the P53 protein and are defec- 
tive for the ability to promote its degradation [50]. 

Oda et al. [51 ] showed that the intracellular level of a Src- 
family tyrosine kinase, B lk, is regulated by E6-AE Binding of 
E6-AP to B lk leads to its ubiquitination and subsequent 
degradation. The consequence of E6 production on the 
E6-APBlk interaction is not yet defined, but it is possible that 
the sequestration of intracellular E6-AP to p53 in the presence 
of E6 may result in a longer half-life for Blk. This stabiliza- 
tion of B lk may result in the stimulation of mitotic activity. 

Telomerase of human cervical keratinocytes has been 
shown to be activated by the HPV-16 E6 protein [52]. 
Telomeres, located on the ends of chromosomal DNA, shorten 
with each mitosis. This gradual truncation of chromosomal 
DNA with age is thought to contribute to senescence. 
Activation of telomerase results in preservation of the telom- 
eres and is a characteristic of most cell lines and tumors. 
Expression of HPV-E6 in keratinocytes does lead to an 
extended life span but is not sufficient for immortalization. 

Another interesting observation is the loss of expression of 
P16 in human uroepithelial cells that were transformed by 
HPV-16 E6 [53]. P16 blocks cell cycle progression and 
has been found to be markedly elevated in senescent human 
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uroepithelial cells [53]. P16 inhibits the phosphorylation 
of PRb by cyclin D/cyclin-dependent kinase complexes. 
Phosphorylation of PRb results in the release of the E2F-1 
transcription factor and subsequent cell cycle progression. 
In contrast, human uroepithelial cells transformed by HPV-16 
E7 show a high level of P16 [53]. The elevated level of P16 
in E7-transformed cells is most likely due to the direct inhibi- 
tion of Rb by E7, which bypasses the action of P16. These 
interactions suggest a convergence point between the sep- 
arate transforming mechanisms of the high-risk HPV E6 and 
E7 proteins. 

Ronco et al. [54] showed that HPV-16 E6 binds to interfer- 
on regulatory factor-3 (IRF-3). IRF-3 is produced in the 
presence of double-stranded RNA or viral infection and 
induces the transcription of interferon-[~ (IF-J3). More impor- 
tantly, the binding of HPV-16 E6 to IRF-3 significantly 
impaired this transactivation of IF-13 promoters. This suppres- 
sion of IF-[~ expression may allow the human papillomavirus 
a means to circumvent the antiviral activity of the infected cell. 

The E6 protein of high-risk HPVs has been found to 
interact with other cellular proteins as well. E6TP1, a novel 
putative GTPase-activating protein [80], focal adhesion 
protein paxillin [56,57], calcium-binding protein ERC 55 
[58], and the human homologue of the Drosophila discs 
large tumor suppressor protein [59] have all been shown to 
interact with E6. However, the in vivo implication of these 
interactions has yet to be elucidated. 

The interaction between P53 and high-risk HPV E6 protein 
appears to be crucial to the transforming property of E6 
proteins. The enhanced degradation of P53 results in tumori- 
genesis and antiapoptosis conditions for the infected cell. 
However, the expression of E6 protein can also lead to the 
immortalization of the host cells by modification of a number 
of different endogenous pathways, such as the loss of P16 
expression and the activation of telomerases. It appears that 
the transforming effect of the E6 protein does not localize to 
one specific interaction but is due to a number of pleiotropic 
interactions. 

IV. INTERACTION BETWEEN CELLULAR 
H O S T  FACTORS AND E7 OF HIGH-RISK HPVs 

A key aspect of the transforming property of high-risk 
HPV E7 protein is its interaction with the PRb [40]. Binding 
of E7 to PRb results in release of the E2F family of growth 
factors. E2F directly regulates the transcription of a diverse 
set of genes involved in DNA replication and cell growth, 
including B-myb, cdc2, c-myc, and cyclin A [60,61]. 
Furthermore, a fusion protein consisting of the N-terminal 
half of the HPV-16 E7 protein and the full-length HPV 
E6 protein was shown to promote the in vitro degradation 
of PRb by ubiquination [62]. Therefore, degradation of 
PRb with a subsequent release of E2F transcription 

factors may contribute to the transforming activity of E7 
of HPV-16 and -18. The E7 protein has been shown to bind to 
other transcription factors, such as the TATA box-binding 
protein [63] and c-jun [64], but these interactions need to be 
elucidated further. 

As is the case for E6, the E7 proteins of high-risk 
HPVs and low-risk HPVs are quite similar in amino acid 
composition and structural organization, yet differ in their 
transforming potentials. The E7 proteins of HPV- 16 and - 18 
bind to PRb with higher affinity than the E7 proteins of 
HPV-6 and-11 .  The in vitro transforming activity of 
HPV E7 is thus associated with its efficiency of binding to 
PRb [65]. 

The E7 protein of high-risk HPVs also interacts with a 
number of other cellular host factors. Of particular interest 
is the binding of high-risk HPV E6 with Mi2B, a component 
of a histone deacetylase complex involved in chromatin 
remodeling and histone deacetylation activity [66]. Gene 
expression can be regulated via the differential acetylation 
of histones within nucleosome [67]. Acetylation of lysine 
residues within the histones results in weakening of the 
DNA-histone interaction and leads to a more open chro- 
matin structure. This allows easier access of the transcrip- 
tion machinery to the DNA strands. This finding suggests 
that the E7 protein exerts its transforming effect partly by 
influencing the histone deacetylation pathway. Relevant to 
this finding is the observation that the E7 protein also binds 
to histone H1 kinase at the G2/M phase of the cell cycle 
[68]. Although the in vivo significance of this finding is as 
yet unclear, mutant E7 lacking in histone H 1 kinase-binding 
activity was transformation defective. 

In a study by Funk et al. [69], HPV-16 E7 was shown 
to affect directly the regulation of the cell cycle by binding 
to, and inhibiting the activity of, P21. P21 is induced 
by cellular DNA damage and is a critical determinant of 
G1 arrest in response to DNA damage [70]. It inhibits 
cyclin-dependent kinase (CDK) activity and proliferating 
cell nuclear antigen (PCNA)-dependent DNA replication 
by binding to CDK/cyclin complexes and to PNCA [71,72]. 
Funk and colleagues also showed that low-risk HPV 
(HPV-6) E7 had significantly lower affinity for P21 than 
HPV-16 E7 [69]. By abrogating the inhibitory effect of P21, 
HPV-16 E7 can release infected cells from cell cycle 
arrest. The inability to respond to cell cycle arrest signals 
can also promote genetic instability during the progression 
of HPV-induced neoplasm. Similar to the high-risk HPV 
E6 protein, expression of the E7 protein enhances the 
mutagenic potential of the infected cells, as well as enhanc- 
ing the integration of foreign DNA into the host cell 
DNA [42,44]. 

Other less-defined interactions between E7 and host 
cellular factors are the $4 subunit of the 26 S proteosome 
[73], M2 pyruvate kinase [74], and hTid-1, a homologue 
of the Drosophila tumor suppressor protein Tid56 [75]. 
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V. M E T H O D S  OF DETECTION OF HPVs 

Methods for detecting HPV have been reviewed [76]. 
Conventional light microscopy (LM) is able to detect the 
active HPV infection by visualizing the presence of koilo- 
cytosis along with parakeratosis and the presence of mutin- 
ucleated cells. However, these histological findings are not 
absolutely specific of HPV infection and can result in false 
positives. Although the presence of HPV particles can be 
visualized directly by electron microscopy (EM), both LM 
and EM are unable to detect HPV in latent infections and are 
unable to differentiate HPV types. 

Immunohistochemistry utilizes labeled antibodies 
against the capsid protein of HPV to detect the presence 
of HPV viral particles. The assay is performed directly 
on tissue sections, which may be fresh or paraffin embed- 
ded. Antibodies against the capsid protein usually react 
with all subtypes and do not allow detection of latent 
infections. HPV types can be differentiated by using 
type-specific antibodies raised against HPV oncoproteins. 
However, this also does not allow detection of other 
HPV types. 

In situ hybridization utilizes radioactively or biotin- 
labeled complementary DNA probes against viral DNA 
or RNA. This method can be used directly on tissue sec- 
tions and allows for correlation between the presence of 
HPV and histological findings. By targeting specific viral 
RNA transcripts, the level of expression of a particular 
viral gene may also be examined. The relatively moderate 
sensitivity of in situ hybridization requires 50 to 100 
copies of viral DNA per cell in multiple cells [77]. 
For this reason, in situ hybridization cannot detect latent 
infections. 

Southern blot hybridization offers higher sensitivity 
and can detect 1 to 10 copies of viral DNA per cell [78]. 
Type-specific HPV detection is achieved under stringent 
conditions, but HPV types different from the probe can 
be detected by decreasing the stringency of the reaction. 
This method is best used on fresh tissue and is less effective 
in retrospective studies on archived material. 

The polymerase chain reaction (PCR) offers the highest 
sensitivity and can detect as low as one copy of HPV DNA 
molecule per cell. This sensitivity allows the detection of 
latent as well as active infections. Because of such high 
sensitivity, the presence of minute quantities of HPV DNA, 
which may not be meaningful clinically or biologically, 
will still result in positive detection by PCR. The use of 
HPV type-specific primers also allows the identification 
of specific HPV types. However, some primers (i.e., primers 
targeting the L1 region of HPV genome) can also amplify 
regions of the human genome [76]. Confirming the identity 
of the PCR product after amplification (with direct sequenc- 
ing, restriction endonuclease digestion, or Southern blot) 
will prevent this situation. With in situ PCR, the amplifica- 
tion reaction is performed directly on tissue sections, 
either fresh or paraffin embedded. This technique allows the 
use of PCR on archived specimens for retrospective study. 
The correlation between HPV signals and histological 
findings can be examined as well. The disadvantage of 
in situ PCR is the possibility of false positives due to its 
high sensitivity. 

VI. HPV AND NORMAL M U C O S A  OF 
THE UPPER AERODIGESTIVE TRACT 

The rate of HPV detection in normal mucosa of the upper 
aerodigestive tract reported in literature ranges widely from 
0 to 60% when all the subsites of head and neck are consid- 
ered (Table 11.1). Miller and White [10] retrospectively 
reviewed 15 reports of HPV detection in normal oral tissue. 
The mean prevalence of HPV in normal oral mucosa 
was found to be 13.5% (standard deviation +19.4%, 
range 0 to 60%). When the review was limited to reports 
that utilized PCR as the method of detection, the detection 
rate increased to 25.4% [10]. In one of the larger studies 
involving normal oral mucosal specimens from 97 volun- 
teers, Ostwald et al. [79] showed HPV DNA in only 
1% (1/97) of the subjects using PCR with a consensus 
primer for HPV type 6/11, - 16, and - 18. Bouda et al. [80] 

TABLE 1 1.1 Detection of HPV in Normal Tissues of the Upper 
Aerodigestive Tract 

Sites HPV positive Methods a Reference 

Oral cavity 1/97 (1%) PCR Ostwald et  al. [79] 
Oral cavity 0/16 (0%) PCR Bouda et  al. [80] 
Oral cavity 36/60 (60%) PCR Lawton et  al. [81] 
Oral cavity 21/48 (44%) PCR Jalal et  al. [82] 
Nasal cavity 0/21 (0%) PCR, ISH Buchwald et  al. [84] 
Nasal cavity 1/61 (1.6%) PCR Eike et  al. [86] 
Larynx 4/12 (30%) PCR Nunez et  al. [87] 

apCR, polymerase chain reaction; ISH, in s i tu hybridization. 
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examined normal oral mucosa of 16 volunteers using nested 
PCR with primers designed for detection of HPV-6, -11, -16, 
-18, -31, and -33. None of the 16 volunteers examined were 
shown to harbor HPV DNA. In contrast, Lawton and 
co-workers [81] were able to detect HPV in clinically 
normal oral mucosa of 60% of 60 subjects using PCR. 
HPV-16 was the prevalent type. Jalal et al. [82] also 
employed PCR to detect HPV-16 in 21 out of 48 healthy 
young volunteers. Furthermore, the prevalence of HPV in 
clinically normal oral mucosa of patients with genital papil- 
loma appears to be similar to that found in normal subjects. 
In a study by Kellkowski et al. [83], oral mucosa of 
309 patients with genital HPV infections were analyzed 
by dot blot hybridization using labeled DNA probes for 
HPV-2 , -6 , -7 , -11 , -13 ,  and-16. HPV infection was found 
in 3.8% of 309 women. Of the patients with a positive 
finding, only 2 had clinical oral lesions indicative of 
HPV infection. 

HPV is rarely demonstrated in normal nasal mucosa 
[84,85]. Buchwald et al. [84] examined mucosal biopsies 
taken from 21 otherwise healthy individuals who underwent 
surgery for a nasal fracture or deviated nasal septum. 
Neither polymerase chain reaction nor in situ hybridization 
was able to detect the presence of HPV in any of the speci- 
mens. In a similar study, Eike et al. [86] detected HPV in 
only 1 of 61 nasal smear biopsies by PCR in otherwise 
healthy individuals. 

Nunez et al. [87] examined the rate of HPV detection in 
normal laryngeal mucosa. Twelve clinically normal larynges 
were obtained during autopsy and were examined with PCR 
using primers for HPV- 11, - 16, and - 18. The presence of 
HPV was demonstrated in 4 of 12 (40%) specimens and all 
were HPV- 11. 

The detection rate of HPV appears to vary from 2 
to 40% depending on the anatomic location. There also 
appears to be a wide variance in the detection rate within 
individual anatomic locations. Such variance in rate of 
detection is most likely due to the difference in methods 
of detection, the difference in the study population, 
and the small number of specimens examined. Regardless, 
detection of HPV in normal oral mucosa serves to 
emphasize the need for caution when examining the epi- 
demiological association between HPV and lesions of head 
and neck. 

VII. HPV AND BENIGN LESIONS OF 
THE HEAD AND NECK 

A. Ben ign  Ora l  L e s i o n s  

Benign lesions of the oral cavity include squamous 
papilloma, verruca vulgaris, condyloma acuminatum, and 
focal epithelial hyperplasia. These lesions have a very low 
probability of transformation into malignant entities. 

The incidence of oral squamous papilloma is less than 
0.1% and occurs usually on the soft palate or the uvula. 
These lesions occur mostly in the third to fifth decades of 
life. A histology of papillomas shows a projection of squa- 
mous epithelium surrounding fibrovascular cores. These 
lesions are clearly associated with HPV and mainly demon- 
strate HPV-6 [88-90] and HPV-11 [88,89,91]. HPV-16 has 
also been reported in oral papillomas [92]. 

Focal epithelial hyperplasia (FEH), also called Heck's 
disease, is a benign familial disorder characterized by mul- 
tiple papillomatous lesions of the oral cavity. The lesions of 
focal epithelial hyperplasia show a hyperplastic epithelium 
with keratosis and broadening of the rete ridges (so called 
"Bronze Age axe" appearance). HPV-13 and -32 have been 
isolated from papillomatous lesions of FEH [93-95]. These 
HPV subtypes are rarely found in other oral lesions and 
appear to be specific etiological factors for FEH in geneti- 
cally predisposed individuals [92]. 

Oral verrucae vulgaris are the mucosal counterpart of 
warts found on keratinizing squamous epithelium. These 
lesions are found most frequently on lip, labial mucosa, and 
the tongue. Histology shows hyperkeratosis with elongated 
rete ridges that are bent inward at the margins of the lesion. 
HPV-2 and -4 are found in verruca vulgaris and are most 
likely the causative agent of these lesions [96,97]. 

Condyloma accuminata are usually seen in the anogeni- 
tal region and have a more cauliflower-like appearance than 
papillomas. In the oral cavity, these lesions are found on 
buccal and labial mucosa, tongue, palate, and gingiva. As in 
the condyloma accuminata of the anogenital region, HPV-6 
and -11 are the most frequently isolated genotypes. 

B. Laryngea l  P a p i l l o m a t o s i s  

Laryngeal papillomatosis is the most common laryngeal 
tumor found in children and can involve the trachea, bronchi, 
and the lungs. Treatment is primarily surgical but recurrence 
is common. This may be due to the presence of latent HPV 
infections in the adjacent, normal mucosa [98,99]. 

In contrast to other benign or premalignant lesions of the 
head and neck, a definite causal relationship can be estab- 
lished for laryngeal papillomatosis and human papillo- 
mavirus type-6 and -11. Lack et al. [100] and Costa et al. 

[101] were initially able to demonstrate the presence of 
HPV in laryngeal papillomas with immunohistochemistry. 
The detection rate ranged from 48 to 50% in these studies. 
However, later studies utilizing in situ hybridization or more 
sensitive PCR methods have detected HPV-6 and -11 in 90 
to 100% of both adult and juvenile laryngeal papillomatosis 
(Table 11.2) [98,102-108]. Studies by Gomez et al. [108] 
and Pou et al. [109] were able to demonstrate the presence 
of HPV-6/11 in 100% of specimens using PCR. With such a 
high detection rate, there is little doubt that HPV-6 and -11 
are the causative agents of laryngeal papillomatosis. 
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TABLE 1 1.2 D e t e c t i o n  of  HPV in Laryngeal  Pap i l iomatos i s  

No. of specimens HPV positive Methods a Reference 

26 
10 
14 
13 
8 
23 
11 
20 

26/26 (100%) SBH Abramson et al. [102] 
10/10 (100%) ISH Terry et  al. [103] 
13/14 (93%) SBH Corbitt et  al. [104] 
13/13 (100%) PCR Levi et  al. [105] 
8/8 (100%) ISH Tsutsumi et  aI. [ 106] 
23/24 (96%) ISH Rimell et  al. [107] 
10/11 (91%) PCR Rihkanen et  al. [98] 
20/20 (100%) PCR Gomez et  al. [ 108] 

apCR, polymerase chain reaction; ISH, in s i tu hybridization; SBH, Southern blot hybridization. 

High-risk HPV-16 is found infrequently in laryngeal 
papillomatosis and may increase the risk of malignant degen- 
eration. Pou et al. [109] examined the records and biopsy 
specimens of 29 patients with laryngeal papillomatosis. 
Detection of HPV on 24 of 29 paraffin-embedded specimen 
was performed using PCR. Twenty-one of 24 patients were 
infected with HPV-6 and the other 3 demonstrated the 
presence of HPV- 11 or - 16. Furthermore, 2 of 3 patients who 
eventually developed squamous cell carcinoma of the larynx 
were infected with HVP-11 or-16. This study also noted 
a more aggressive clinical course when the laryngeal lesions 
were coinfected with other viruses, such as Epstein-Barr 
virus, cytomegalovirus, or herpes simplex virus. 

VIII. HPVs AND PREMALIGNANT LESIONS OF 
THE HEAD AND NECK 

A. P r e m a l i g n a n t  Les ions  of  t he  Oral  Cavity 

Premalignant lesions of the oral cavity include leuko- 
plakia, erythroplakia, and lichen planus. Leukoplakia is a 
clinical term that describes a white patch in the mucous 
membrane of the mouth, the tongue, or the lip. It is usually 
considered the result of chronic inflammation resulting in 
the proliferation of epithelial and connective tissue. 
Histological examination shows a variety of morphologies, 
including hyperkeratosis, parakeratosis, dyskeratosis, and 
carcinoma in situ. The most common histological finding is 
benign epithelial hyperplasia, which is found in 80% of 
cases [ 110]. Epithelial dysplasia is demonstrated in 20% of 
the cases, and the incidence of carcinoma in situ is noted 
to be approximately 2%. Erythroplakia describes slightly 
raised, friable, red granular lesions on the mucosal mem- 
brane of the oral cavity usually found on the anterior 
tonsillar pillar or the retromolar trigone [ 111 ]. These lesions 
have a higher malignant potential than leukoplakia. Lichen 
planus is also a disorder of the skin and mucous membrane 
with a malignant potential. In one study, Vas Kovskaia and 
Abramova [ 112] followed 725 patients with lichen planus of 

the oral cavity and labial mucosa for up to 32 years and 
noted malignant degeneration in 4% of the patients. 

Several studies have demonstrated the presence of HPV 
in these premalignant lesions [80,92,113-115]. Kashima 
et al. [113] utilized Southern transfer hybridization and 
reverse blot hybridization to detect HPV-11 in 1 out of 30 
patients with leukoplakia of the oral cavity. In addition, sam- 
ples of oral mucosa from 22 patients with lichen planus 
were analyzed using immunoperoxidase staining with anti- 
body to the HPV capsid antigen. The presence of HPV was 
detected in 4 of 22 specimen. 

Investigations using more sensitive techniques of HPV 
detection have demonstrated a higher detection rate. Nielsen 
et al. [ 114] examined 49 patients with oral premalignant lesions 
and 20 control patients for the presence of HPV with immuno- 
histochemical staining, in situ hybridization, and PCR analyzed 
by Southern blot hybridization with an HPV-16-specific probe. 
The overall HPV detection rate was 40.8% in premalignant 
lesions and 0% in control subjects. Furthermore, HPV was 
found in 62.5% of verrucous leucoplakias, 50% of the erythro- 
plakias, 45.5% of the homogeneous leukoplakias, 33.3% of 
erythroleukoplakias, and 12.5% of nodular leukoplakias. 

Bouda et al. [80] used a highly sensitive nested PCR 
technique to detect HPV in 30 of 34 leukoplakia specimens. 
None of the normal specimens was found to be infected. 
Further analysis using genotype-specific PCR showed at least 
one high-risk type (HPV-16,-18, or-33) in 98% of the infect- 
ed specimens. HPV-16 was the prevalent type, being found in 
71% of the infected specimens. However, no correlation was 
found between the HPV type and the degree of dysplasia. 
Positivity for HPV was also independent of the tobacco his- 
tory of the analyzed group of patients. Sand et al. [ 115] ana- 
lyzed a group of 22 patients with lichen planus and 7 patients 
with leukoplakia of the oral cavity. Six of 22 (27.3%) patients 
with lichen planus were HPV positive by PCR. Five of the 6 
HPV-positive patients demonstrated the presence of HPV-18. 
Two (26.9%) of 7 specimens of leukoplakia were positive for 
both HPV-11 and -16. None of the 12 controls was positive 
for HPV. This study was also unable to find a correlation 
between HPV infection and the use of alcohol and tobacco. 
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Although a subset of the normal population does 
carry latent HPV infections, each of the studies presented 
earlier included a group of control specimens that did 
not demonstrate the presence of HPV. The presence of 
HPV in premalignant lesions of the oral cavity but not 
in normal oral mucosa is strongly suggestive of a relation- 
ship between HPV and dysplastic transformation of 
oral mucosa. 

B. P r e m a l i g n a n t  L e s i o n s  of  t h e  Larynx 

As in the oral cavity, leukoplakia of the larynx is consid- 
ered a precursor of malignant lesions. Studies concerning the 
detection of HPV in premalignant lesions of the larynx 
are both limited and conflicting. In a study involving 115 
biopsy samples of laryngeal keratosis, the presence of HPV 
could not be detected in any of the specimens by in situ 

hybridization [116]. Fouret et al. [117] screened 57 cases of 
paraffin-embedded laryngeal premalignant lesions with 
immunohistochemistry and PCR. In this study, HPV was 
detected in 6 of 57 specimen and all were of type 16. 
Azzimonti et al. [118] also examined 50 paraffin-embedded 
tissues containing laryngeal precancerous lesions with PCR, 
as well as immunohistochemistry with antibody against the 
L1 protein. The presence of HPV DNA was demonstrated in 
28 of 50 specimen (56%), including 9 of 12 cases with mild 
dysplasia (64%), 3 of 6 cases with moderate dysplasia (50%), 
and 7 of 11 cases with severe dysplasia (64%). The remaining 
11 cases of HPV-positive specimens were from 21 cases with 
keratosis and without any dysplasia. The presence of HPV 
was independent of the grade of dysplasia in the premalignant 
lesion. 

C. Schneider ian  Papi l loma of  

t h e  Nasa l  Cavi ty  

Papillomas arising from the pseudostriated colum- 
nar epithelium of the nasal cavity are referred to as 
Schneiderian papillomas and can be subtyped histologi 
cally as inverting, fungiform, or cylindric cell papilloma. 

Malignant change is found in approximately 10% of invert- 
ing papillomas. 

As with laryngeal papillomatosis, HPV-6 and-11 are 
found most frequently in Schneiderian papillomas. The 
rate of HPV detection in Schneiderian papilloma ranges from 
3 to 90% [84,119-124]. This wide variance may be due to 
differences in population examined, the method utilized, and 
small numbers of samples. In one of the larger studies, the 
incidence and subtypes of HPV in Schneiderian papillomas 
were analyzed by Weiner et al. [ 123] with the use of PCR. Of 
the 88 tumor specimen analyzed, 69 were the inverting sub- 
type, 17 the fungiform subtype, and 2 the cylindric subtype. 
The presence of HPV was demonstrated in 5 of 69 (6.8%) 
inverting papillomas, 17 of 17 (100%) fungiform papillomas, 
and 0 of 2 cylindric cell papillomas. Three of the HPV- 
positive inverting papillomas showed HPV-11 and two 
showed HPV-16. HPV-6b and -11 accounted for all cases of 
fungiform papillomas. Buchwald et al. [85] and Sarkar et al. 

[119] (Table 11.3) also demonstrated the preferential associ- 
ation between HPV and fungiform subtypes. In all three 
studies, the prevalent HPV types were HPV-6 and-11. 

Hwang et al. [124] analyzed paraffin-embedded samples 
of inverting papillomas using PCR with type-specific 
primers for HPV-6, - 11, - 16, - 18, and -33. Of the 36 cases of 
inverting papillomas, 2 cases of HPV-11 and 1 of HPV-6 
were detected. HPV-16 was also found in 2 of 5 inverting 
papilloma specimens with coexisting squamous cell carci- 
noma. It was further noted that inverted papillomas recurred 
in 2 (66%) of 3 cases positive for HPV and 2 (6%) of 33 
cases negative for HPV. This association between the 
presence of HPV and the higher risk of recurrence after 
surgical excision was also noted by Beck et  al. [121]. In 
this study, the tumor samples and records of 32 patients 
who underwent resection of inverting papillomas were 
examined. HPV was found in 20 (63%) of 32 specimens 
by PCR. Thirteen of 15 patients with HPV-positive tumors 
eventually developed recurrence, whereas recurrence was 
noted in none of the 10 patients with HPV-negative 
tumors. These finding suggest that the presence of HPV in 
inverted papilloma may predispose the lesion to a higher 
rate of recurrence. 

TABLE 11.3 Detection of HPV in Schneiderian Papilloma 

Inverting papilloma Fungiform papillom Cylindrical cell papilloma Reference 

5/69 (8%) 17/17 (100%) 0/2 (0%) 
HPV 6/11 HPV 6/11 m 
3/52 (6%) 11/16 (69%) 0/5 (0%) 
HPV 6/11 HPV 6/11 
0/24 (0%) 1/9 (11%) 0/2 (0%) 

HPV 6/11 

Sarkar et al. [ 119] a 

Buchwald et al. [85] a 

Weiner et al. [ 123]b 

apCR and in situ hybridization performed on paraffin-embedded specimens. 
bPCR performed on paraffin-embedded specimens. 
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IX. HPV AND SCCA OF HEAD AND NECK 

A. D e t e c t i o n  of  HPV in HNSCC 

Several investigators have examined the detection rate of 
HPV in HNSCC. When SCCA of the oral cavity, oropharynx, 
hypopharynx, larynx, and the esophagus were combined, the 
prevalence appears to range from 7.9 to 25% (Table 11.4) 
[125-129]. HPV-16 was detected most frequently (64 to 
100% of the HPV isolates). In one of the larger studies, 
Gillison et al. [125] analyzed 253 specimens of HNSCC 
using PCR, Southern blot hybridization, and in situ hybridiza- 
tion. HPV was detected in 62 of 253 (25%) cases, with HPV- 
16 accounting for 90% of the HPV-positive tumors. 

The prevalence of HPV in SCCA of nasal cavity, 
nasopharynx, and paranasal sinuses varies from 0 to 66% with 
a mean prevalence of 17% [130-134] (Table 11.5). Again, 
HPV-16 was the predominant HPV type in these neoplasms. 
Therefore, a specific high-risk HPV type appears to be the 
prevalent type found in HNSCC. The prevalence of HPV in 
squamous cell carcinoma of head and neck, however, does not 
appear to be significantly higher than the prevalence of HPV 
in normal mucosa of the upper aerodigestive tract. 

Nevertheless, when the prevalence of HPV is compared 
among squamous cell carcinoma of different anatomic sites 
within the head and neck, there is a significantly preferential 
association of HPV for tonsillar SCC. Brandsma and 
Abramson [129] were the first to compare the prevalence of 
HPV between various anatomic sites within the head and 
neck. In this study, 101 cases of HNSCC and controls con- 
sisting of 116 cases of biopsy specimens from benign disease 
or structural abnormalities were analyzed for the presence 
of HPV using Southern blot hybridization for HPV-11, -16, 
and-18. When all the anatomic sites were considered, the 
prevalence of HPV was 8.6 and 1% among cancerous and 
control specimens, respectively. However, the prevalence 
rate of HPV in tonsillar SCC specimens was significantly 
higher at 29%. All HPV-positive lesions showed HPV-16. 

Paz et al. [128], who analyzed 167 cases of HNSCC for 
the presence of HPV using Southern blotting and PCR, also 

demonstrated this predilection of HPV for the tonsillar 
region. The overall prevalence rate of HPV detection in all 
anatomic sites of head and neck combined was 15%, where- 
as SCC from tonsillar fossa demonstrated a detection rate of 
60%. HPV-16 was the most prevalent type, accounting for 
76% of HPV positivity. In the study by Gillison et al. [125], 
HPV was found in 32 of 34 (94%) tonsillar carcinoma, 
where the prevalence for all anatomic sites of head and neck 
combined was 25%. HPV-16 accounted for 90% of HPV- 
positive tumors in this series. 

Several studies have examined the detection rate of HPV 
specifically in tonsillar carcinoma [138-140]. In a study by 
Snijders et al. [135], the presence of HPV DNA was 
assessed in 10 cases of tonsillar carcinoma, as well as 7 
control cases of tonsillectomy due to recurrent tonsillitis. 
Type-specific PCR was utilized with primers specific for 
types 6, 11, 16, 18, 31, and 33. HPV was detected in 10 
of 10 (100%) tonsillar carcinomas and in none of the control 
tonsillectomy specimens. Four carcinomas contained HPV- 
16, 4 contained HPV-33, and one contained an HPV-16/33 
double infection. This study also utilized RT-PCR and RNA 
in situ hybridization to detect viral RNA transcripts in tumor 
cells, indicating that the detection of HPV represents 
an active infection. Wilczynski et al. [136] utilized type- 
specific PCR to detect HPV in 22 cases of tonsillar carcinoma. 
HPV was detected in 14 of 22 (64%) tonsillar carcinoma 
specimens, and 12 of the 14 HPVs were of type 16. 

These findings suggest very strongly that there is a 
predilection of HPV for tonsillar carcinoma (Table 11.6). 
The high-risk HPV-16 accounts for the majority of HPV 
detected in HNSCC, including tonsillar carcinoma, where it 
accounts for approximately 80% of HPV positivity. The basis 
for this preferential association between high-risk HPV and 
tonsillar carcinoma is not yet understood. There may 
be intrinsic differences in the intracellular or extracellular 
environment of the tonsillar region when compared with 
neighboring sites of head and neck. It is also possible that the 
tonsillar region is more prone to mucosal injury, facilitating 
viral access to the basal and parabasal layers of the mucosa 
and promoting the activation of latent HPV infections. 

TABLE 1 1.4 Detection of HPV in Oral Cavity, Oropharynx, Hypopharynx, Larynx, and Esophagus 

No. of tumors HPV-positive tumors HPV 16 Reference 

253 62/253 (25%) 56/62 (90%) Gillison et al. [125] a,b 
248 64/248 (25.8%) 41/64 (64%) Schwartz et al. [127] a,c 
167 25/167 (15%) 19/25 (76%) Paz et al. [128] a,d 
101 8/101 (7.9%) 8/8 (100%) Brandsma and Abramson [129] a,e 

aHPV-16 is the most frequently detected type. 
bPCR, in situ hybridization, and Southern blot performed on fresh-frozen specimens. 
cpCR performed on fresh-frozen specimens. 
dPCR and Southern blot performed on fresh-frozen specimens. 
eln situ hybridization and Southern blot performed on fresh-frozen specimens. 
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TABLE 1 1.5 
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D e t e c t i o n  o f  HPV in Nasa l  Cavity,  N a s o p h a r y n x ,  a n d  P a r a n a s a l  S i n u s e s  

No. of tumors 

HPV types 

HPV-positive tumors 6 11 16 18 33 Reference 

6 
49 
8 
16 
15 

4/6 (66%) 0 1 3 NE a NE Syrjanen et al. [131] b 
8/49 (14%) NE NE 7 1 NE Furuta et al. [130] c 
1/8 (12%) 1 0 0 0 0 Judd et al. [134] d 
0/16 (0%) NE NE 0 0 NE Dickens et al. [133] e 
4/15 (26%) 0 1 3 NE NE Hording et al. [132]f 

aNot examined. 
bLight microscopy, in situ hybridization, and Southern blot hybridization performed on paraffin-embedded specimens. 
cpCR performed on paraffin-embedded specimens. 
dpCR and in situ hybridization performed on paraffin-embedded specimens. 
epCR and Southern blot hybridization performed on paraffin-embedded specimens. 
fPCR performed on paraffin-embedded specimens. 

B. Does  HPV Infection Increase the Risk 
of HNSCC? 

The association between HPV infection and the risk of 
developing HNSCC was examined by Smith et al. [126]. 
The authors analyzed 93 cases of an oral SCC and gender 
frequency-matched control group of 205 patients with no 
history of oral cancer. The presence of HPV among the cases 
and controls was determined by PCR analysis of exfoliated 
oral epithelium. The overall prevalence of HPV among the 
control group was 15%, with HPV-16 accounting for 42.9% 
of the HPV-positive tumors. As expected, the current use of 
alcohol and tobacco increased the risk of oral SCC [odds 
ratio (OR)-2.57;  95% confidence interval (CI): 1.22-5.42 
and OR=2.63; 95% CI= 1.22-5.71, respectively]. However, 
when adjusted for known risk factors of oral SCC, multivari- 
ate analysis showed that the HPV status was also associated 

with a statistically significant increase in the risk of oral 
cancer independent of age, gender, or alcohol and tobacco 
use (OR=3.70; 95% CI: 1.47-9.32; P<0.05). The risk of 
oral SCC associated with HPV status was somewhat higher 
than that noted for tobacco use and alcohol consumption. 

The association between sexual history and the risk of oral 
SCC was examined by Schwartz et al. [127]. It is a well- 
established fact that certain sexual histories or practices 
increase the risk of cervical cancer due to the sexual trans- 
mission of HPV. This study examined 284 cases of patients 
with oral SCC and an age-gender-matched control group of 
477 subjects with no history of oral SCC. A detailed sexual 
history was obtained from both groups, including age at first 
intercourse, lifetime number of opposite sex partners, history 
of having performed oral sex, and prior diagnosis of genital 
warts. Oral SCC specimens were analyzed for the presence of 
HPV using type-specific PCR, and the control group was 

TABLE 1 1.6 D e t e c t i o n  o f  HPV in Tonsil lar  C a r c i n o m a s  

No. of tumors 

HPV type 

HPV + tumors 6 11 16 18 31 33 59 Unknown Reference 

7 
28 
10 
15 
22 
32 

2/7 (29%) NE a 0 2 0 NE NE NE 0 Brandsma and Abramson [129] b 
6/28 (21%) 0 0 6 NE NE NE NE 0 Niedobitek et al. [137] c 
10/10 (100%) 0 0 6 4 0 0 NE 0 Snijder et al. [ 135] d 
9/15 (60%) 0 0 8 0 0 0 NE 1 Paz et al. [128] e 
14/22 (64%) 0 NE 12 0 0 1 1 0 Wilczynski et al. [136] f 
32/34 (94%) . . . .  Gillison et al. [125]x.h 

aNot examined. 
bin situ hybridization and Southern blot performed on flesh-frozen specimens. 
Cln situ hybridizaiton, Southern blot, and immunohistochemical staining on paraffin-embedded specimens. 
dpCR, Southern blot hybridization, RT-PCR, and RNA in situ hybridization on fresh-frozen specimens. 
epCR and Southern blot performed on fresh-frozen specimens. 
fPCR and in situ hybridization performed on fresh-frozen and paraffin-embedded specimens. 
gHPV types detected in tonsillar carcinoma not reported, but HPV-16 accounted for 90% of HPV-positive tumors for all subsites of head and neck. 
hpCR, in situ hybridization, and Southern blot performed on fresh-frozen specimens. 
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assayed using type-specific PCR on exfoliated oral epithe- 
lium. Seropositivity to the HPV-16 capsid protein was also 
measured as an indicator of HPV exposure. When adjusted 
for age, tobacco use, and alcohol consumption, the risk of oral 
SCC in males was increased with decreasing age at first 
sexual intercourse, increasing number of lifetime opposite 
sex partners, and history of genital warts (Table 11.7). These 
patterns were not seen among women. The association 
between HPV status and increased risk of oral cancer was 
strongest for tumors containing HPV- 16. For example, the OR 
for case subjects with > 15 sex partners and HPV-16-positive 
tumors was 2.5 (95% CI= 1.1-5.6), whereas the OR was 0.9 
(95% CI=0.2-4.3) for subjects with > 15 sex partners and 
tumors containing HPV-6 or-11. Therefore, sexual risk fac- 
tors similar to those for women with cervical cancer appear to 
be involved in men and oral cancer as well. 

Although a further study is warranted, these findings 
suggest that the presence of HPV in the upper aerodigestive 
tract is not an incidental finding but a significant risk factor 
in the pathogenesis of oral cancer. 

C. Do HPV-Pos i t ive  T u m o r s  C o n s t i t u t e  

a Dis t inc t  a n d  S e p a r a t e  Clinical Entity? 

If HPV is involved in the pathogenesis of HNSCC, it is 
possible that the carcinogenic mechanism involved may 
represent a pathway distinct from that utilized by other 
known risk factors of HNSCC. Gillison et al. [125] retro- 
spectively analyzed 253 cases of newly diagnosed or 
recurrent HNSCC by type-specific PCR, in situ hybridiza- 
tion, and Southern blot hybridization. The patients were 
followed for a median of 30 months. HPV-positive tumors 
were found predominantly in the oropharynx (OR= 9.7, 95% 

TABLE 1 1.7 I n c r e a s e d  Risk o f  Ora l  C a n c e r  w i t h  C e r t a i n  

Sexua l  H i s t o r y  a 

CI=4.2-22).  As noted earlier, the tonsillar area was 
involved most frequently within the oropharynx (OR=9.1, 
95% CI=4.6-18). More interestingly, for oropharyngeal 
tumors only, HPV-positive tumors were noted to have 
distinct clinical behavior and morphological appearance 
when compared to HPV-negative tumors. At the time 
of presentation, HPV-positive tumors were noted to be more 
poorly differentiated (OR= 3.5, 95% C I -  1.4-8.8) and more 
likely to have a poorly differentiated, nonkeratinizing, basa- 
loid morphology than HPV-negative tumors (OR= 19.8, 
95% CI = 5.3-7.4). The poorly differentiated appearance of 
HPV-positive tumors was also noted by Wilczynzki et al. 

[ 136] among HPV-positive tonsillar carcinoma. Of note, this 
nonkeratinizing, basaloid morphology is also found com- 
monly among anogenital carcinomas [138,139]. 

A more intriguing finding in this study was the improved 
prognosis among patients with HPV-positive, oropharyngeal 
tumors compared with HPV-negative, oropharyngeal 
tumors. After adjusting for factors associated with poor 
prognosis (lymph node status, age, and alcohol consump- 
tion), patients with HPV-positive, oropharyngeal tumors 
had an approximately 40% reduction in the risk of death 
from all causes when compared with HPV-negative counter- 
parts [hazard ratio (HR)=0.60, 95% CI=0.35-1.0]. When 
analyzed for risk of death from cancer, the authors noted 
a 60% reduction in the risk of death in HPV-positive, 
oropharyngeal tumors when compared with HPV-negative, 
oropharyngeal tumors (HR=0.40, 95% CI=0.19-0.84). 

The association of HPV-positive SCCA with a particular 
anatomic location, characteristic morphology, and decreased 
risk of death suggests that HPV-positive, oropharyngeal 
cancers comprise a distinct clinical and pathological entity 
with improved prognosis. This observation not only 
strengthens the causal association between HPV and 
HNSCC, but also may lead to improved treatment formula- 
tion for HPV-positive oropharyngeal tumors. 

Odds ratio (95 % CI) 

Lifetime number of opposite sex partners 
1.0 b 1.0 
2-4 1.3 (0.6-2.0) 
5-14 1.5 (0.7-3.1) 
>15 2.3 (1.1-5.0) 

Age at first regular sexual intercourse 
_>25 b 1.0 
20-24 1.7 (0.8-3.5) 
18-19 1.6 (0.7-3.7) 
<18 3.4 (1.5-7.5) 

Prior history of genital warts 
No b 1.0 
Yes 2.2 (1.0-4.9) 

aFrom Schwartz et al. [ 127]. 
bReference group for odds ratio calculation. 

X. C O N C L U S I O N S  

Although much circumstantial evidence currently exits, 
the literature still lacks unequivocal evidence linking HPV 
with HNSCC. When all anatomic sites are considered, the 
prevalence of HPV in HNSCC does not appears to be high- 
er than the prevalence of HPV in clinically normal mucosa. 
Detection of HPV also often requires a highly sensitive PCR 
method, which is associated with a high false-positive rate. 
Although HPV viral proteins have been shown to interact 
in vitro with host cellular factors in an oncogenic manner, an 
in vivo model has yet to be developed. 

However, it is difficult to ignore the highly preferential 
association of HPV with tonsillar carcinoma, as well as 
the finding of high-risk HPV type 16 in these tumors. 
These findings are observed consistently in the literature. 
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The tonsillar region contains epithelial elements, as well as 
lymphoid tissue, and may form an intra- or extracellular 
environment distinct from neighboring anatomic sites. It is 
also possible that this area is more predisposed to epithelial 
injury, which than facilitates the subsequently viral infection. 

Epidemiological findings also lend further support to a 
causal relationship between HPV and HNSCC, particularly 
for oropharyngeal tumors: (i) the risk of oral cancer has 
been shown to be increased in the presence of HPV infec- 
tion, (ii) certain sexual risk factors known to be associated 
with cervical cancer for women have been shown to the 
associated with oral cancer in men, and (iii) HPV-positive 
oropharyngeal tumors appear to represent a distinct clinical 
and histopathological identity with improved prognosis. 
Further studies involving 1700 head and neck tumor speci- 
mens are currently ongoing under the direction of World 
Health Organization's International Agency for Research on 
Cancer [140]. A 5-year prospective study involving 1000 
patients is also in the planning stage at Johns Hopkins 
Oncology Center. Data from these studies should further 
elucidate the role of HPV in HNSCC [140]. 

An etiological association between HPV and oral cancer 
implies that preventive interventions can be designed. A 
vaccine against HPV might be designed that might decrease 
the incidence of oral cancer. A trial of an HPV vaccine is cur- 
rently being planned [140]. Furthermore, pharmacological 
agents that block the actions of E6 and E7 protein may be 
designed for the treatment of HPV-positive oral cancers. If the 
improved prognosis of HPV-positive oropharyngeal tumors is 
confirmed by further studies, then testing for HPV may also 
become a routine procedure in staging of these tumors. 
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Patients with squamous cell carcinoma of the head and 
neck (SCCHN) vary tremendously in their natural history 
and response to treatment. In the past, most of these patients 
presented with disease that was incurable or likely to fail 
conventional surgery and/or radiotherapy. Advances in treat- 
ment, including concurrent chemoradiation and sequential 
combination chemotherapy-concurrent chemoradiation, 
have resulted in improved survival. In addition, conventional 
therapy results in unacceptable functional and cosmetic 
defects in the many of the patients who are cured. Advances 

in organ preservation strategies now provide alternatives to 
standard therapy, but not all patients are candidates for these 
approaches. Patients who have similar tumor burdens and pre- 
senting clinical and morphological features may differ widely 
in their clinical course and response to treatment. They are cur- 
rently stratified into groups using clinical tumor node metastasis 
(TNM) staging and a spectrum of tumor/stromal histological 
characteristics, which are insufficient for predicting natural 
history and treatment outcome for individual patients. 

1. I N T R O D U C T I O N  

Complements to the clinical and pathological classifica- 
tion of squamous cell carcinoma of the head and neck 
(SCCHN) tumors are needed to better stratify these patients 
for treatment regimens and for the identification of new 
treatments for patients with incurable disease and those who 
fail local therapy. Effective cytotoxic treatment regimens are 
now curing patients with advanced stages, as well as pre- 
venting recurrences and reducing the undesirable effects of 
conventional therapy in patients with early stage cancers 
[1-3]. Overall (OR) and complete response (CR) rates of 
80-90 and 35-54%, respectively, have been reported in 
advanced tumors [4], even in N3 stage cancers, where up to 
30% of patients were reported to have achieved a CR with 
cytotoxic therapy [2,5-8]. Thus, knowledge of which tumors 
or tumor components will respond to the different treatment 
modalities is essential for the design of more effective cyto- 
toxic regimens for resistant tumors, reduction of cytotoxic 
regimen intensity for advanced tumors that are responsive, 
and proper selection of early stage tumors unlikely to 
respond to conventional therapy. 

Head and Neck Cancer 1 6 7  
Copyright 2003, Elsevier Science (USA). 

All rights reserved. 
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Large hyperchromatic nuclei have long been a hallmark 
of malignancy [9]. This histopathologic feature reflects mas- 
sive rearrangements of the chromatin structure and changes 
in the chromatin content and occurs in a large proportion of 
human solid tumors. Quantification of the amount of DNA 
per cell, using flow cytometry or image analysis, allows an 
objective assessment of the degree of aberration of the chro- 
matin content, as well as an estimation of the number of cells 
actively dividing, i.e., in the DNA synthesis phase (S-phase) 
of the cell cycle [ 10]. The amount of DNA per cell is usually 
expressed as the DNA index (DI), i.e., ratio of the DNA con- 
tent of the GOG1 phase tumor cell to that of a normal G0G 1 
phase diploid cell, which is considered to have a DI of 1. 
Cellular DNA content parameters have become important as 
prognostic indicators for hematological malignancies and 
solid tumors. Aneuploid DNA content (DNA index of > 1.1) 
has been predictive of poor survival in surgically treated, early 
stage tumors of the breast [ 11], bladder [12,13], prostate [14], 
kidney [15], colon [16], and lung [17]. Investigations in child- 
hood lymphoblastic leukemia [ 18], advanced lymphoma [ 19], 
medulloblastomas [20], neuroblastomas [21], breast cancer 
[22], advanced colon cancer [23], prostate cancer [24], sarco- 
mas [25], and head and neck cancer [26] have indicated 
that aneuploid tumors or aneuploid subpopulations are more 
sensitive than diploid populations to cytotoxic therapy. This 
chapter focuses on DNA content parameters in SCCHN, 
their correlation with clinical and histological parameters, 
and with response to the different treatment modalities 
currently in use. 

II. TECHNICAL CONSIDERATIONS 

Twenty years of literature and a large body of work now 
exist concerning DNA content parameters in head and neck 
cancer. Most of the published studies have been retrospec- 
tive, using paraffin-embedded material and either flow 
cytometry or image analysis to measure DNA content. DNA 
ploidy has emerged as a robust prognostic indicator, despite 
the differences in techniques used, tumor site, selection of 
patient population, and treatment variations. 

A. T issue  P r e p a r a t i o n  

Tissue disaggregation method and the type of material 
available greatly affect the quality of the final preparation, 
proportions, and representativity of normal and tumor sub- 
populations, and thus ploidy and cell cycle determinations. 
Tissue disaggregation methods need to be tailored to tumor 
type and material, ensuring no loss of cell populations due 
to an inadequate release of tumor cells with tight intercel- 
lular connections or important stromal components, nor 
destruction of more fragile populations by strong enzymatic 
treatments. The disaggregation technique used should be 

assessed in terms of total cell yield, representativity of ane- 
uploid populations, cellular viability and integrity of cell 
surface and cytoplasmic antigens, quality of DNA histogram 
and correlation with prognosis, response to therapy, or 
classic clinicopathologic parameters [27-29]. 

B. Tissue  S o u r c e  

Tissue source may be fresh or frozen, biopsy or surgical 
resection material, fine needle samples, or paraffin-embedded 
material. Fresh biopsy or surgical material must be treated 
soon after reception, but the whole cells with intact cytoplasm 
thus available allow numerous subsequent fixation and stain- 
ing techniques for simultaneous analysis of cellular antigens or 
processes in combination with the DNA content parameters. 
Frozen and paraffin-embedded material, however, yield 
mainly nuclei, and in the case of paraffin-embedded material, 
many sliced nuclei, which precludes analysis of cytoplasmic or 
cell surface antigens of interest. Paraffin-embedded material 
generally produces poorer quality histograms than fresh or 
frozen, with debris levels that sometimes make S-phase analy- 
sis unreliable. 

A series of rules and recommendations published in 1995 
by the consensus comittee on DNA flow cytometry [30] 
addressed the problems encountered in the identification of 
diploid and aneuploid populations, acceptable peak coeffe- 
cient of variation, number of acquired cells necessary for 
adequate analysis, and acceptable debris and aggregate 
levels. The currently available analysis programs have pow- 
erful algorithms to automatically identify all the peaks in a 
histogram, subtract debris and aggregates, and calculate the 
best S-phase fit, but the results must be read carefully and 
critically by an experienced human eye. 

C. S t a n d a r d s  

Ideally, normal tissue of the same type as the tumor from 
the same patient should be used as a diploid control. In real- 
ity, this is often difficult to obtain, and human lymphocytes 
fixed and stained in the same way as the tumor are often 
used. Paraffin-embedded tumors present an added difficulty 
in that variations in fixation time before embedding rou- 
tinely seen in pathology laboratories affect peak position. 
Establishment of the position of a diploid peak is often not 
possible, and the lowest peak in the histogram is generally 
taken to be the diploid peak. 

D. M e t h o d s  of  Analysis  (Flow vs I m a g e  vs 

Laser  S c a n n i n g  C y t o m e t r y )  

Ploidy determination is possible using image analysis, laser 
scanning cytometry, or flow cytometry. Flow cytometry allows 
rapid analysis of a large number of cells, thus generating 
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enough data for statistically valid calculations of cell cycle 
fractions, and the possibility of simultaneous analysis of 
other cellular antigens of interest. The image analysis of 
ploidy content is much slower, but has the advantage that 
cellular morphology, and sometimes also tissue architecture, 
is maintained, often allowing the disinction of normal vs 
tumor cells. 

II!. DNA CONTENT PARAMETERS FOR 
S Q U A M O U S  CELL CARCINOMAS OF 

THE HEAD AND NECK 

A. Gene ra l  C o n s i d e r a t i o n s  

A wide range of ploidy values have been reported in 
tumors from patients with SCCHN, as summarized in Tables 
12.1-12.3. The average percentage of aneuploid tumors for 
these studies is about 60%, with a range of 25 to 81%. No 
consistent differences can be seen that relate these variations 
to source of tissue or technique used, i.e., paraffin vs fresh 
or frozen material. Most of the studies used paraffin-embed- 
ded samples and showed an average value for all stages and 
sites combined of 57% aneuploidy ranging from 15 to 80%, 
whereas fresh or frozen tissue showed average values of 57 
and 51% and ranged from 42 to 81% and from 30 to 71%. 
Average values for early stage tumors (Table 12.1) were 
47%, ranging from 30 to 64%. Recurrent tumors were 
reported to have lower rates of aneuploidy than untreated 
tumors (54% vs 67%) [31]. Metastatic lymph nodes were 
found to have lower rates of aneuploidy than the correspon- 
ding primary tumors (59% vs 73%) [32]. Where S-phase 
fractions were calculated, aneuploidy was found to correlate 
with a high S-phase [31,33,34]. Gandour-Edwards et al. [35] 
compared flow and image analysis on the same specimens 
and found no difference between the two methods. Berlinger 
et al. [36] compared fresh vs fixed specimens and found 
similar results with both methods. Studies comparing ploidy 
in biopsy vs surgical resection material have shown that in 
97% of cases, biopsies yield the same results as the corre- 
sponding surgical specimens [26,37]. A striking factor in 
reviewing these studies is the variation in the quality of 
the DNA histogram, which has a major impact on the abil- 
ity to discriminate the presence of aneuploid peaks. Peak 
coefficient of variation, which gives a good indication of 
histogram quality, and cell yields are not often reported, and 
often sample histograms are not shown, making evaluation 
of final results and comparison between studies difficult. 
Technical aspects of tissue preparation and staining will 
affect the DNA histogram, representativity of aneuploid and 
diploid populations produced, and thus the proportion of ane- 
uploid tumors, as discussed earlier. Patient selection may 
also have an impact on aneuploidy, as some studies have 
reported a correlation between aneuploidy and stage [38,39]. 

B. P r e s e n t i n g  Clinical P a r a m e t e r s  

Aneuploidy has been found to correlate with prognosti- 
cally poor presenting clinical parameters: high clinical 
stage, increased tumor size, high pathological grade, node 
positivity, and extension to bone. As can be seen in Tables 
12.1-12.5, correlations varied from study to study. In a 
study of 38 laryngeal in situ tumors using image analysis, 
Munck-Wikland [40] found that 79% had high-degree DNA 
aberrations of greater than 2.5c DNA content (2c=normal 
diploid DNA content); 33% of these lesions progressed to 
cancer, whereas none of the lesions with low-degree DNA 
aberrations progressed to cancer. In a large number of stud- 
ies, aneuploidy was found to correlate with the presence and 
number of histologically positive nodes. This was true for 
T1 and T2 tumors [41,42], as well as late stage cancers 
[39,43-45]. Stage IV patients with N3 tumors, however, 
were reported to be diploid more often (57%) than stage IV 
patients with N0-2 nodes (24%) [31]. Aneuploidy was cor- 
related with an increased tumor size in many studies [45,46]. 
Aneuploidy was also associated with histologically high- 
grade undifferentiated tumors [47-49]. Detailed examina- 
tion of histologic parameters has shown that aneuploid 
tumors exhibit a high nuclear grade, small cord or single 
cell pattern of invasion, decreased stromal or desmoplastic 
response, and high mitotic index [50]. Trends were also seen 
for aneuploid tumors to invade small capillary structures. 
Diploid tumors showed well-defined tumor stromal inter- 
faces, an increased desmoplastic response, a low nuclear 
grade, a mitotic index, and a low inflammatory response. 

C. O u t c o m e  Fol lowing S u r g e r y  

Nearly all studies comparing DNA content parameters 
and outcome after surgery as initial therapy in patients with 
early stage SCCHN report a survival advantage for patients 
with DNA diploid tumors. In a study of 49 stage I oral 
cancers treated by local surgical excision, Hogmo and 
colleagues [51] reported 56% of the aneuploid tumors 
recurred vs 33% of the diploid tumors. A study by Mishra 
and Mohanty [52] of 78 T1 and T2 buccal mucosal cancers 
with curative resections showed a local-regional recurrence 
rate of 72% in aneuploid tumors vs 6% in diploid tumors. 
Ploidy was a highly significant predictor of disease-free 
survival (DFS): a 4-year DFS of 28% for patients with 
aneuploid tumors vs 94% for patients with diploid 
tumors. Munck-Wikland et al. [53] reported increased 
local-regional recurrence in aneuploid tumors in 47 T1N0 
tongue cancers following surgery. In a mixed stage and site 
study by Kokal and co-workers [54], 50 of 76 patients were 
treated by surgery alone, and survival advantages were seen 
for diploid tumors at all stages; 79% recurrence rates in 
aneuploid tumors vs 0% in diploid tumors for stage I and II, 
and 69% vs 8% for stages II and IV. In a large study by 
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TABLE 12 .4  Thyroid  M a l i g n a n c i e s  DNA C o n t e n t  S tud i e s  

# Type 

Aneuploid: 
Clinical 

Aneuploid (%) correlation Survival Reference 

125 All 

121 All 
25 Medullary 
119 Medullary 
211 Medullary 
247 Medullary 
20 adenoma Follicular 
20 carcinoma 
29 adenoma Follicular 
11 carcinoma 
60 adenoma Follicular 
64 carcinoma 
150 Papillary 
40 Papillary 
11 adenoma Hurthle cell 
6 carcinoma 
36 Hurthle cell 

16 Parathyroid 

39 Parathyroid 

Papillary 24 Age Decreased in aneuploid 
Follicular 56 Infiltrating CA 
Medullary 57 
7 NA Decreased in aneuploid 
50 NA Decreased in aneuploid 
23 NA Decreased in aneuploid 
28 NA Decreased in aneuploid 
28 NA Decreased in aneuploid 
29 NA Decreased in aneuploid 

14 AD 28 CA NA No difference 

Adenoma 25 Cannot distinguish No difference: Ploidy 
Carcinoma 55 malignant vs benign Decreased in high S phase 
12 Poorly differentiated Decreased in aneuploid 
20 Invasive NA 
Adenoma 55 Cannot distinguish No difference 
Carcinoma 67 Malignant vs benign 
19 Cannot distinguish Decreased in aneuploid 

malignant vs benign 
4% adenomas NA Increased recurrence 
31% carcinomas in aneuploid 
67 NA Decreased time to 

recurrence in aneuploid 

Joensuu et  al. [78] 

Tsuchiya et al. [79] 
Schroder 1988 [86] 
Hay et al. [86] 
Ekman et al. [84] 
Bergohlm et  al. [87] 
Backdahl 1986 [108] 

Hruban et al. [82] 

Grant et al. [83] 

Hrafinkelsson et al. [80] 
Stern 1997 [81 ] 
Bronner et al. [76] 

Mcleod et al. [77] 

Obara et al. [89] 

Sandelin et al. [90] 

Hemmer et  al. [46], of 429 surgically treated oral cancers, 
ploidy was predictive of local-regional recurrence and 
recurrence-free survival and was the only predictor of over- 
all and disease-free survival for the node-negative group. In 
a mixed stage and site study by Guo et al. [55] of patients 
treated with surgery alone, survival advantages were seen 
for diploid tumors overall and for each stage: 32% of 
patients with aneuploid tumors vs 49% of patients with 
diploid tumors survived 5 years. A subgroup of 44 patients 
in this study received adjuvant radiotherapy, and their 
survival rates were very different: 62% of patients with 
aneuploid tumors survived 5 years compared to 28% of 
patients with diploid tumors. 

In our series of 200 patients with advanced stage III 
and IV SCCHN treated initially with surgery, DNA content 
discriminated a 2:1 survival difference for patients with 
DNA diploid tumor specimens [26,28]. We analyzed 
The North American Head and Neck Cancer Intergroup 
Study 0034 for stage III and IV patients with margin nega- 
tive resections for DNA content and showed essentially the 
same 2:1 survival advantage for patients with DNA diploid 
tumors (unpublished data). We also demonstrated a highly 
significant relationship between DNA ploidy status and 
individual features of tumor histopathology and the 
tumor-stromal relationship [50]. In particular, an association 
with the presence of DNA aneuploid clones and loss 

of tumor-stromal border, local immune and desmoplastic 
response, and increased mitotic index was demonstrated. 
This may explain the relative inability of the surgeon 
to obtain and the pathologist to detect negative margin 
surgical resections in patients with DNA aneuploid tumors. 

D. Response to Radiotherapy 

The correlation of DNA content parameters and the 
response to conventionally administered radiotherapy have 
yielded contradictory results. A number of studies have 
found that aneuploid tumors respond better to radiotherapy, 
whereas others have found that diploid tumors show a 
better response and increased survival. In a study of 72 T1 
and 2 larnygeal tumors treated with radiotherapy alone, 
Toffoli and co-workers [56] found increased local regional 
persistence and recurrence in diploid tumors. Tytor and 
colleagues [42] found that aneuploid tumors in 24 T1 and 2 
oral cancers treated by radiotherapy showed a nonsignificant 
trend toward an increased response to radiotherapy: 33% 
of aneuploid tumors recurred or persisted vs 67% of diploid 
tumors; however, a nonsignificant 5-year survival advantage 
was seen for diploid tumors. In another study of stage III 
and IV oral cancers treated with preoperative radiotherapy, 
the same group [57] found that 85% of diploid tumors vs 
31% of aneuploid tumors had residual tumor at surgery. 



12. DNA Content Parameters 1 7 5  

TABLE 12.5 Salivary Gland\Malignancies DNA Content Studies 

Aneuploid: 
# Type Aneuploid (%) Clinical correlation Recurrence Survival Reference 

24 Adenoid cystic 33 Advanced stage Increased in 
Solid architecture aneuploid 

51 Adenoid cystic 24 Advanced stage Increased in 
High grade aneuploid 

26 Adenoid cystic 38 Solid architecture NA 
Advanced stage 
Node+ 

52 Adenoid cystic 87 nondiploid NA NA 

48 Mucoepidermoid 67 NA NA 

15 Acinic cell 53 NA 
45 Acinic cell 42 NA 
30 All 58 NA 
16 All 50 Advanced stage 

High S phase 
55 All 22 Size, grade, node+ 
37 All 24 NA 

NA 
No difference 
NA 
Increased in 

aneuploid 
NA 
Increased in 

aneuploid 

Decreased in Tytor et al. [91] 
aneuploid 

NA Franzen et al. [92] 

NA Luna et al. [93] 

DFS Decreased Hamper et al. [94] 
in nondiploid 

Decreased in aneuploid Hicks et  al. [95] 
and high S phase 

Decreased in aneuploid E1-Naggar et al. [98] 
No difference Timon et  al. [97] 
No difference Felix et al. [99] 
NA Tytor et al. [91 ] 

Decreased in aneuploid 
Decreased in aneuploid 

Carillo et al. [100] 
Hamper et al. [ 101] 

No survival advantage was seen for diploid over aneuploid 
tumors. However, Munck-Wikland et al. [58] looked at 28 
T1 NO glottic tumors treated with radiotherapy and found 
increased recurrence in aneuploid tumors. In 143 stage III 
and IV tumors from multiple sites, Fu and colleagues [59] 
found an increased local regional and distant recurrence in 
aneuploid tumors after radiotherapy, but no difference 
between diploid and aneuploid tumors for survival. In a 
study of 56 oral cavity and pharyngeal tumors, Raybaud and 
co-workers [60] found aneuploid tumors to be radioresistant: 
50% of aneuploid tumors recurred vs 11% of diploid tumors. 

In patients treated mainly with radiotherapy or radiother- 
apy and surgery, Zatterstrom et al. [61] found complete 
responses in 86% of diploid tumors vs 59% of aneuploid 
tumors, with median survival times of >81 and 16 months, 
respectively. Muller and colleagues [33] found that in 
maxillofacial tumors treated by surgery followed by 
radiotherapy, aneuploid tumors had a mean survival of 9.5 
months vs 12 months in diploid tumors. Other studies where 
treatment was a mixture of surgery and radiotherapy showed 
increased recurrence and decreased survival for aneuploid 
tumors or found no difference in survival between diploid 
and aneuploid tumors [39,47,62,63]. As discussed earlier, 
however, Guo et al. [55] found a 5-year survival advantage 
for aneuploid vs diploid tumors treated by surgery and 
radiotherapy. In Holm's [38] series, similar CR rates were 
reported for diploid and aneuploid tumors following 
preoperative radiotherapy: 73% vs 65%, respectively, 
although a larger (50% vs 38%) but not significant propor- 
tion of patients with diploid tumors survived compared to 

aneuploid tumors. An analysis of these data revealed that 
80% of the diploid tumors received 4000 cGy preoperative 
radiation and surgery, whereas many of the aneuploid 
tumors received less radiation. Goldsmith's [64] report of 48 
patients with advanced laryngeal SCC treated with post- 
operative radiation and surgery indicated that patients with 
aneuploid tumors responded better than diploid tumors and 
were associated with a statistically significant survival 
advantage at 18 months. Franzen et al. [65] reported that 
73% of oral SCCHN with pretreatment aneuploid specimens 
achieved histological CR following radiotherapy compared 
with only 11% of patients with pretreatment diploid speci- 
mens. In a study of 94 late stage oral and oropharyngeal 
tumors treated with surgery and postoperative radiotherapy, 
Syms and colleagues [66] found a trend for survival advan- 
tage for aneuploid tumors. 

Studies on radiation-treated nasophayngeal cancers 
have also shown varied results. Yip et al. [67] studied 51 late 
stage NPC in a Chinese population, with an aneuploidy 
rate of 16% treated with radiotherapy, and found that aneu- 
ploid tumors had a higher rate of local regional and distant 
recurrences and a decreased 12-year survival compared to 
diploid tumors. A high S phase was also prognostic for 
decreased survival. In an Australian population of 55 NPC, 
Costello et al. [68] found an aneuploidy rate of 60% and no 
5-year survival advantage for diploid tumors over aneuploid 
tumors. Histology of the tumors was also very different: the 
Chinese population was either PDSCC or UCNT, whereas 
only 35% of the Australian population was UNCT or 
PDSCC, 65% were keratinizing SCC. A third study by 
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Cheng et al. [69] of 41 stage III and IV NPC patients 
treated with radiotherapy, divided equally among WHO 
histological classifications 1, 2, and 3, showed 25% aneu- 
ploidy and decreased 2 and 5-year survival for aneuploid 
tumors. Preliminary analysis of the North American Head 
and Neck Cancer Intergroup Int 0099 nasopharyngeal study 
also showed that the DNA ploidy status of tumor specimens 
was associated with a substantial difference in patient 
survival: DNA diploid 61% versus 38 % for specimens 
with DNA aneuploid content (unpublished data). 

E. R e s p o n s e  to  C h e m o t h e r a p y  

Studies correlating DNA content and the response to 
chemotherapy indicate either that survival is similar for 
diploid and aneuploid tumors or, more often, that aneuploid 
tumors show an increased response to chemotherapy and a 
survival advantage over diploid tumors. In a study by 
Halvorson et al. [70] of 22 T3 and T4 tumors of the maxil- 
lary sinus, of which 18 were treated with preoperative radi- 
ation and chemotherapy, a survival advantage was seen for 
aneuploid tumors: all 4 patients with aneuploid tumors were 
alive after a mean follow-up of 6 years vs 10 of the 18 
patients with diploid tumors. In 50 stage III and IV laryngeal 
tumors treated with cisplatinum-5-fluorouracil (5-FU) 
induction chemotherapy followed by radiotherapy in the 
Veterans Administration Laryngeal Preservation Study, 
Gregg and colleagues [71 ] found that a high DNA index was 
associated with a clinical complete response. No patient 
with a low DNA index achieved a complete response. 
Survival analysis showed no difference between diploid and 
aneuploid tumors. Similarly, Tenneval et al. [72] found that 
a better response to cisplatinum-5-FU treatment was associ- 
ated with aneuploidy, 12% of diploid tumors vs 39% of ane- 
uploid tumors achieved a complete response. Cooke and 
co-workers [73] found that cisplatinum treatment of 
advanced recurrent SCCHN prolonged the mean survival 
time for patients with aneuploid tumors from 55 days 
untreated to 224 days for treated patients, whereas for 
patients with diploid tumors, the increase was only from 74 
to 118 days. In a study by Rua et al. [49] of 133 laryngeal 
cancers, 73 of which were treated with radiotherapy and 
chemotherapy, no survival advantage was seen for diploid 
over aneuploid tumors. In a study of 200 patients treated 
with cisplatinum containing combination chemotherapy, 
Ensley et al. [26] found that 66% of the tumors were aneu- 
ploid pretherapy but only 9% were aneuploid posttherapy. 
Eighty percent of the patients with aneuploid tumors 
achieved complete clinical remission, and 43% of these were 
also histologically negative. Only 2% of the patients with 
diploid tumors achieved complete clinical remission, and 
none of these were histologically negative. These studies 
indicate that the aneuploid components of tumors are suscep- 
tible to cytotoxic treatment and that this choice of treatment 

can counteract the survival advantage seen for diploid tumors 
over aneuploid tumors treated by surgery alone. 

IV. DNA CONTENT PARAMETERS AND 
N O N S Q U A M O U S  CELL CARCINOMAS 

OF THE HEAD AND NECK 

A. Thyro id  C a r c i n o m a s  

DNA content parameters in thyroid tumors have also 
shown correlations with aggressiveness, relapse, and sur- 
vival. Percentage aneuploidy also varies between studies 
and tumor types, with a range of 7 to 93%. Papillary carci- 
nomas show less aneuploidy (0 to 25%) than follicular (27 
to 93%) or medullary (28 to 57%) carcinomas. Although the 
aneuploidy rates are higher in carcinomas than in adenomas, 
attempts to use aneuploidy to distinguish benign from 
malignant tumors in follicular [74,75] and Hurthle cell 
tumors [76,77] have been unsuccessful. Aneuploidy has, 
however, shown prognostic correlations with recurrence and 
survival. In a study of papillary, follicular, and medullary 
tumors, Joensuu et al. [78] found that aneuploidy was asso- 
ciated with increased age of the patient, infiltrating carcino- 
mas, and poor survival. In a study of 121 tumors, Tsuchiya 
and colleagues [79] found a 5-year survival rate of 97% of 
patients with diploid tumors vs 37% of patients with aneu- 
ploid tumors. In papillary carcinomas, Hrafinkelsson et al. 

[80] found aneuploidy and high S phase to be unfavorable 
prognostic factors. In a study of 40 papillary carcinomas, 
Stern et al. [81 ] found that 40% of invasive carcinomas were 
aneuploid vs 0% of noninvasive carcinomas. In follicular 
carcinomas, correlations were more variable, with some 
studies showing aneuploidy associated with decreased sur- 
vival, whereas others were inconclusive [82,83]. Studies of 
medullary tumors showed aneuploidy to be prognostic of 
poor survival [84,85]. In a study of 119 medullary cancers, 
Hay and co-workers [86] found 10-year mortality rates of 
10% for patients with diploid tumors vs 49% of patients 
with aneuploid tumors. A study of 211 medullary cancers by 
Bergholm et al. [87] showed 10-year survival rates of 67% 
for diploid tumors vs 30% for aneuploid tumors. 
Aneuploidy has also been found to predict recurrence and 
distant metastases in Hurthle cell carcinomas [77,88]. 
Studies of parathyroid tumors all showed a correlation of 
aneuploidy with recurrence. Obara and co-workers [89] 
found that 80% of aneuploid vs 31% of diploid tumors 
recurred, and Sandelin et al. [90] found that aneuploidy cor- 
related with time to recurrence. 

B. Salivary Gland  T u m o r s  

In salivary gland tumors, aneuploidy correlated with 
advanced stage and grade, as well as with increased recurrence 
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and decreased survival. Aneuploidy rates were lower than 
SCHNN, generally from 20 to 40%. In adenoid cystic carci- 
nomas, Tytor et al. [91] found that aneuploidy correlated 
with advanced clinical stage and solid architecture. Seventy- 
five percent of aneuploid tumors recurred vs 19% of diploid 
tumors, and cumulative survival was worse for aneuploid 
tumors. In studies of adenoid cystic tumors, Franzen and co- 
workers [92] showed treatment failure to be increased in 
aneuploid tumors, 100% of anuploid tumors recurred vs 
14% of diploid tumors. Luna et al. [93] found aneuploidy to 
be associated with solid architecture, lymph node metatases, 
and clinical stage, and Hamper et al. [94] found shorter sur- 
vival times for aneuploid adenoid cystic tumors. Studies of 
mucoepidermoid tumors showed that aneuploidy correlated 
with poor prognosis and decreased survival [95,96]. Reports 
on acinic cell tumors are mixed. Two studies by Hamper 
et al. [94,96] and one by Timon et al. [97] showed no corre- 
lation between aneuploidy and prognosis, whereas a study 
by E1-Naggar and colleagues [98] showed 100% of patients 

with diploid tumors vs 50% of patients with aneuploid 
tumors alive after 10 years of follow-up. In studies with 
mixed typed of salivary gland tumors, results were similar: 
aneuploidy correlated with advanced stage, recurrence, and 
mortality [91,99-101 ]. 

V. MULTIPARAMETER STUDIES 

Simultaneous analysis of several cellular or molecular 
genetic markers in parallel with DNA content parameters is 
also possible using flow or image cytometry and multiplies 
the information possible on a single sample. Slide-based 
image analysis or laser scanning cytometric assays allow the 
restaining of the slides and reanalysis of the same cells. 
Examples of double staining are shown in Figs. 12.1 and 12.2 
(see also color insert). Simultaneous analysis of abnormal 
keratin expression and DNA content in advanced SCCHN 
tumors (Fig. 12.1) allows the discrimination of tumor 

FIGURE 12.1 SCCHN stained simultaneously for DNA content (propidium iodide) and keratin (FITC-CAM 5.2). (See also color insert.) 
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FIGURE 12.2 SCCHN stained simultaneously for DNA content (propidium iodide) and p53 protein (FITC-1801). (See also color insert.) 

subpopulations in mixed diploid and aneuploid tumors. In a 
study of 130 SCCHN patients [102], 92% of pure diploid 
tumors showed malignant keratin expression, but in 47% of 
specimens containing diploid and aneuploid populations, the 
diploid component was negative for malignant keratin 
expression. These analyses demonstrate the existence and 
allow for the identification of pure aneuploid SCCHN 
tumors, which are most likely to show a complete response 
to chemotherapy. Abnormal p53 expression is another 
marker of interest in SCCHN, and multiparametric analysis, 
which we developed and validated in over 50 SCCHN tumor 
specimens [102], allows the correlation of p53 expression 
with ploidy or cell cycle information, as seen in Fig. 12.2. 

VI. C O N C L U S I O N S  

DNA content parameters in squamous and nonsquamous 
carcinomas of the head and neck have demonstrated utility 

in determining the natural history and the prognosis of the 
tumor in terms of response to therapy and survival. Diploid 
tumors are associated with distinct tumor-stromal interfaces, 
allowing the achievement of negative margins following sur- 
gery. Relapse-free and overall survival after surgery is supe- 
rior for diploid tumors compared to aneuploid tumors. 
Aneuploid tumors, however, demonstrate noncohesive 
growth characteristics and poor tumor-stromal barriers and 
achievement of clean margins is difficult. The increased sen- 
sitivity of aneuploid tumors to cytotoxic therapy reduces 
the survival advantage generally seen for diploid tumors. It 
is therefore possible to envision therapeutic regimens tai- 
lored to individual tumors using these parameters, thus 
increasing survival and reducing the associated functional 
and cosmetic defects in patients unresponsive to conven- 
tional treatment. The response to treatment may be moni- 
tored by assessing levels of apoptosis induction along with 
the disappearance of aneuploid populations. Multi- 
parametric analysis of new cellular and genetic markers of 
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interest, e.g., cell cycle-related proteins such as cyclins, 
angiogenesis or metastatic markers such as tissue proteases, 
or fluorescence in situ hybridization (FISH) staining to iden- 
tify early changes in diploid tumors, may help further identify 
subgroups sensitive to new therapies. 
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Primary prevention in the form of smoking cessation 
among asymptomatic populations is the most optimal 
approach to decreasing head and neck cancer morbidity and 
mortality. However, in light of data showing that continued 
tobacco use among head and neck cancer patients can influ- 
ence treatment outcome, smoking cessation interventions 
for head and neck cancer patients are becoming an important 
priority. Despite the provision of cessation messages often 
conveyed to patients by their healthcare providers, more 
than one-third of head and neck cancer patients continue to 

smoke during and following treatment. Fortunately, the past 
decade has witnessed a substantial growth in the under- 
standing of the factors that influence smoking behavior, as 
well as the availability of effective smoking cessation inter- 
ventions. This chapter (1) reviews the rationale for integrat- 
ing smoking cessation treatments into the standard medical 
care for head and neck cancer patients, (2) identifies the 
potential determinants of smoking behavior in this popula- 
tion, including psychological, demographic, medical, and 
genetic factors, (3) discusses the range of empirically based 
smoking cessation interventions and provides recommenda- 
tions for smoking cessation treatment in this population, and 
(4) provides suggestions for future research. 

I. I N T R O D U C T I O N  

That tobacco use is a primary cause of cancers of the head 
and neck is well documented [ 1,2]. Indeed, it is widely rec- 
ognized that there is a dose-response relationship between 
the duration of tobacco use and the risk of oral, oropha- 
rangeal, laryngeal, and hypopharangeal cancer [3,4]. 
However, research conducted over the past decade has also 
demonstrated that survival duration, risk of recurrence and 
vulnerability to a second primary neoplasm, and treatment 
efficacy are affected by continued smoking after head and 
neck cancer diagnosis and treatment [5-7]. Such data, when 
combined with the high incidence of second primary tumors 
among initially cured head and neck cancer patients [8], 
underscore the need for integrating smoking cessation 
treatment into the standard medical care for head and neck 
cancer patients. 

Today, those interested in developing a smoking cessa- 
tion treatment program for head and neck cancer patients are 
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fortunate to have a sizable body of literature to rely on for 
understanding what factorsmbe they medical, demographic, 
psychological, or even genetic--to consider when devising 
such an intervention. In addition, an impressive number 
of studies concerning the effectiveness and comparative effi- 
cacy of a broad range of smoking cessation intervention 
approaches have been conducted, culminating in the recently 
published Agency for Healthcare Research and Quality 
Smoking Cessation Clinical Practice Guideline (AHRQ; 9). 
To this point, only a small amount of research has been 
conducted on tobacco use by head and neck cancer patients 
[5,10]. While barriers to cessation identified among the 
general population of smokers may apply to cancer patients, 
certain factors that influence cessation may be either 
particularly important (i.e., depression) or unique (i.e., dis- 
ease-related factors) for this population of smokers. 
Consideration of these important or unique issues concern- 
ing tobacco use among cancer patients when designing 
smoking cessation interventions that are tailored to the needs 
of this population of smokers may improve the efficacy of 
these treatments. In turn, the establishment of smoking ces- 
sation services for head and neck cancer patients can be 
expected to yield important health benefits for head and 
neck cancer patients, including improved survival rates and 
enhanced quality of life [7]. 

This chapter provides a (1) rationale for the provision of 
smoking cessation treatment for head and neck cancer 
patients, (2) brief overview of the literature on the determi- 
nants of smoking behavior, including psychological, demo- 
graphic, medical, and genetic factors, and (3) description of 
the range of evidence-based smoking cessation treatment 
options that are available for use with head and neck cancer 
patients, as well as recommendations for clinical treatments 
for this population of smokers. In addition, we highlight 
several directions for future research in the area of smoking 
behavior among head and neck cancer patients. Overall, this 
chapter was tailored to answer the question: Based on what 
is known about what drives tobacco use, what is the best 
approach to treating nicotine addiction among head and 
neck cancer patients? 

II. ADVERSE EFFECTS OF S M O K I N G  FOR 
HEAD AND NECK CANCER PATIENTS 

The growing interest in smoking cessation among head 
and neck cancer patients is borne out of data suggesting that 
survival duration is influenced by whether the patient ceas- 
es to smoke once diagnosed or continues to smoke during or 
following treatment [5-7]. Browman et al. [11] examined 
the relationship between continued smoking and survival 
among 115 patients with stage III or IV squamous cell car- 
cinoma of the head and neck. Thirty-nine percent of patients 
who smoked lived at least 2 years after diagnosis, compared 

with 66% of nonsmokers. Overall, the median survival time 
for smokers was 16 months versus 30 months for nonsmok- 
ers. Likewise, De Boer et al. [12] examined longitudinal 
predictors of survival in a sample of 133 head and neck can- 
cer patients. After controlling for the type of medical treat- 
ment received, tumor stage, and age, a history of smoking 
between diagnosis and treatment was a significant predictor 
of disease mortality. In particular, patients who continued to 
smoke following their diagnosis were almost twice as likely 
to have been deceased at the 6-year follow-up compared to 
patients who abstained. Finally, Stevens et al. [13] reported 
that of 269 patients recovering from treatment for head and 
neck cancer, the mean survival time was significantly lower 
for patients who continued to smoke than for patients who 
quit smoking following their diagnosis. It is important to 
note, however, that another study with 208 patients with 
head and neck cancer failed to replicate this relationship 
between continued smoking and reduced survival [14]. 

The link between survival duration and smoking behav- 
ior is likely mediated by the influence of smoking on the risk 
of recurrence and/or a second primary tumor [15,16]. In the 
study conducted by Stevens and colleagues [13], patients 
who continued to smoke were twice as likely to experience 
a disease recurrence compared with patients who abstained 
following treatment. In addition, Day et al. [17] examined 
the effects of continued smoking on risk for a second pri- 
mary tumor among a large group of patients with primary 
oral or pharyngeal cancer. Current smokers were almost four 
times as likely to develop a second primary tumor compared 
to former smokers, and this risk increased with the duration 
and intensity of smoking. Likewise, Hiyama et al. [18], in a 
study with laryngeal cancer patients, showed that risk of a 
second primary tumor increased among smokers and was 
proportional to the level of exposure (i.e., heavy smokers 
were at greater risk than light smokers). Data also suggest 
that smoking may have an adverse effect on the response to 
medical treatment. In the study by Browman et al. [ 11], 45% 
of smokers experienced a complete tumor response follow- 
ing radiotherapy (i.e., no evidence of disease 13 weeks after 
completion of treatment) vs 75% of patients who discontin- 
ued smoking. In addition, Fountzilas et al. [19], in a study 
that evaluated correlates of tumor response to chemotherapy, 
reported that patients who were nonsmokers were signifi- 
cantly more likely to exhibit a complete tumor response than 
smokers. 

Continued smoking has also been associated with 
adverse health consequences relevant to cancer patients with 
advanced disease and a poor life expectancy, namely a 
greater frequency of physical symptoms associated with 
treatment, which can reduce the quality of life substantially 
[5,20]. Continued smoking by head and neck cancer patients 
has been associated with increased bronchial secretion, 
impaired pulmonary function, loss of taste, and dry mouth 
[21 ]. Dry mouth, in particular, has been shown to (1) greatly 
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increase a patients' risk for esophageal injury by decreasing 
the removal of acid from the esophagus [22] and (2) increase 
the potential for mucousitisma condition that can interfere 
with nutritional intake and increase the risk for infection 
[23]. Rugg et  al. [24] assessed the duration of mucousitis in 
patients receiving radiation therapy for advanced head and 
neck cancer. Smokers averaged 21 weeks of mucousitis, 
whereas nonsmokers averaged 13 weeks. Continued smok- 
ing in this population has been linked to an increased risk 
of deep venous thrombosis, pulmonary embolism, and 
impaired wound healing following surgery [21,25,26]. In 
addition, head and neck cancer patients who continue to 
smoke following medical therapy are at heightened risk for 
soft tissue and bone necrosis [27] and have a greater difficulty 
regaining the quality of their voice following surgery [28]. 

Thus, continuing to smoke following diagnosis and/or 
treatment is a prognostic factor in the recovery from head 
and neck cancer. Continued smoking can also derail recov- 
ery from surgery (i.e., prolong wound healing, delay voice 
recovery, bone and tissue death) and exacerbate side effects 
of radiotherapy and chemotherapy (i.e., mucousitis). 
Further, continued smoking can increase the patient's risk 
for noncancer-related illnesses, such as chronic obstructive 
pulmonary disease, coronary heart disease, and stroke 
[29,30]. In addition, continued smoking is related to high 
levels of alcohol consumption, which can independently 
increase the risk for adverse health consequences, including 
decreased survival, following head and neck cancer diagno- 
sis and treatment [17,19,31]. Therefore, quitting smoking 
following a diagnosis of head and neck cancer may be an 
important way to increase survival rates from this disease, 
while at the same time improving the quality of life of 
patients and survivors. 

II1. S M O K I N G  RATES A M O N G  HEAD AND 
NECK CANCER PATIENTS 

Despite the documented health advantage that smoking 
cessation can afford cancer patients, many continue to 
smoke following diagnosis and treatment. Two studies have 
evaluated the rate of smoking in the general population of 
cancer patients. In one study with close to 6000 patients, 
Spitz et  al. [32] reported that 30% of male patients and 29% 
of female patients were self-classified smokers. In a second 
study with about 700 patients surveyed from six cancer 
centers, 18% of patients were current smokers [33]. The 
smoking rate among head and neck cancer patients may be 
particularly high compared to the rate of tobacco use among 
the general population of cancer patients and compared to 
the rate of tobacco use in the general (noncancer) popula- 
tion; two studies indicate that 55-69% of head and neck 
cancer patients are current smokers [31,34]. Additionally, 
although relapse may be delayed among head and neck 

cancer patients, about 25% of patients who quit following 
their diagnosis return to smoking within 1 year [35]. Finally, 
many head and neck cancer patients have a history of heavy 
alcohol use in addition to their tobacco use [7], and 
Christensen et  al. [36] found that, on average, their sample 
of head and neck cancer patients consumed close to 14 
drinks per week. Further, three studies have indicated an 
existing substance abuse disorder in 18-45% of head and 
neck cancer patients [31,37,38], with alcohol use increasing 
over time [35]. 

In prior studies with head and neck cancer patients, there 
is wide variability in the prevalence rates of continued 
smoking, with a range of 25-90% [6,15,32,34-36,39,40,41]. 
Much of this variability can be attributed to differences 
across studies, such as inconsistent follow-up intervals, 
divergent methods for assessing quitting, reductions in 
baseline smoking rates in the population over time, and 
medical and demographic differences among the samples 
[34]. Early studies [40] and those with longer follow-up 
intervals [15] reported the highest smoking rates. More 
recent studies, which defined smoking as taking a single 
puff in the past 30 days and followed patients up to 2 years 
after diagnosis, have reported rates of continued smoking to 
be 25-40% [35,39,41 ]. In an ongoing prospective study with 
head and neck cancer patients at Fox Chase Cancer Center, 
preliminary findings indicate that about 30% of patients 
continue to smoke [42], which converges well with a recent 
review of this literature, which suggested that the rate of 
continued smoking in this population is about 33% [7]. 

Nevertheless, prospective studies in this area are the 
exception and only two of these studies utilized samples 
exceeding 100 patients. Retrospective or cross-sectional 
studies can be biased by the fallibility of patient recall 
and/or the tendency for patients who smoke to be under- 
represented due to early mortality. Cross-sectional studies 
can also yield erroneous prevalence rates if the research 
overlooks when the measurement occurs; it is common for 
patients to quit at diagnosis or in response to surgical 
treatment. However, these patients may relapse quickly fol- 
lowing the completion of treatment or surgical recovery. 
Thus, the prevalence rate can vary as a function of when the 
measurement of smoking behavior takes place. An addition- 
al concern is variability in the denominator for calculating 
smoking rates. It is often unclear whether the rate of smok- 
ing reported is based on considering all head and neck 
cancer patients or just those with a history of smoking. If the 
number of patients using tobacco is compared to all head 
and neck patients, the rate will be much lower compared to 
if the rate is compared to only those head and neck patients 
who smoked prior to diagnosis. Likewise, variability in the 
definition of "smoked prior to diagnosis" can affect preva- 
lence estimates; if this variable is defined as "smoked in the 
preceding 12 months," the rate may be larger than if this 
variable is defined as "a history of smoking." 
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For the purposes of assessing estimates of continued 
smoking among cancer patients, only patients with a history 
of smoking during the 6 months prior to diagnosis should be 
included (and serve as the denominator of the estimate). The 
goal of this assessment is to determine what proportion of 
patients quit in response to their diagnosis. Patients who 
have been abstinent for more than 6 months have likely quit 
for reasons other than the diagnosis and have a low likeli- 
hood for relapse [43] and, therefore, should not be included 
in the analyses. In addition, biochemical verification of 
smoking status may be especially important given the possi- 
bility of deception with a large degree of imposed pressure 
on the patient to quit. 

As such, larger prospective studies with biochemical ver- 
ification may be needed before a definitive sense of the rate 
of continued smoking in this population is ascertained. 
Future studies should follow a cohort of newly diagnosed 
patients who smoked at any time during the 6 months pre- 
ceding their diagnosis. In addition, novel measurement 
strategies of smoking may be needed, such as the time line 
follow-back method. This approach to assessing continuous 
abstinence is reliable for retrospective assessments of alco- 
hol use [44], psychoactive drug use [45], and smoking [46]. 
In short, this method consists of interviewing the participant 
to record smoking practices on each day preceding the inter- 
view date back to the date of diagnosis. With more rigorous 
research and measurement strategies, which consider factors 
that can confound findings, a more accurate estimation of 
continued smoking rates among cancer patients could be 
obtained. 

IV. WHY HEAD AND NECK CANCER 
PATIENTS MAY HAVE TROUBLE 

QUITTING S M O K I N G  

There is now sizable literature concerning determinants 
of smoking behavior for the general population of smokers 
[47]. In contrast, few studies have assessed correlates of 
smoking among cancer patients, and prospective studies are 
lacking. Understanding what factors influence smoking 
behavior among this population is essential for developing 
and implementing smoking cessation interventions for head 
and neck cancer patients. The next few sections review the 
available literature concerning demographic, medical, psy- 
chological, and genetic correlates of smoking. Because few 
studies have examined psychological correlates and no 
study has evaluated genetic factors associated with smoking 
among head and neck cancer patients, we rely mostly on 
literature formulated with the general population of smokers 
to review the potential role that these two factors play in 
determining the smoking behavior of head and neck cancer 
patients. 

A. D e m o g r a p h i c  a n d  M e d i c a l  C o r r e l a t e s  

Few consistent findings have emerged with regard to 
demographic variables as predictors of smoking behavior 
among head and neck cancer patients. While older cancer 
patients were more likely to remain abstinent in one study 
[32], they were less likely in another [48]. In yet a third 
study, there was no significant difference in mean age 
between patients who continued to smoke and those who 
abstained [35]. Likewise, while higher education has been 
linked with greater abstinence by some [32,34], this rela- 
tionship has not been replicated by others [40]. Further, four 
studies found no differences in cessation rates between men 
and women [32,34-36]. 

Smoking history variables (e.g., amount smoked, dura- 
tion smoked, level of nicotine dependence) have also been 
evaluated as correlates of continued smoking among head 
and neck cancer patients. Amount smoked, often assessed as 
number of cigarettes smoked prior to diagnosis, has not been 
associated with the likelihood of continued smoking 
[32,34-36,48]. Likewise, duration of smoking does not 
appear to be associated with continued smoking either 
[34,36], with one study suggesting---counter to what one 
would expectmthat patients who started smoking more 
recently were more likely to be a continuous smoker [35]. In 
contrast, nicotine addiction appears to be associated with the 
smoking behavior of head and neck cancer patients, and 
many head and neck cancer patients resemble heavily 
addicted smokers from the general population. Gritz and 
colleagues [35,48] reported that, according to a single item 
indication of nicotine dependence (i.e., "smoking within 
30 min of waking"), 70-75% of head and neck cancer 
patients were classified as strongly addicted to nicotine. 
This compares to 90% of heavy smokers about to participate 
in a smoking cessation intervention [49] and greatly exceeds 
the rate of 40% found among light smokers in the general 
population [50]. In our ongoing prospective study of smok- 
ing behavior among head and neck cancer patients, we have 
found that 68% of patients indicate that they smoke within 
30 min of waking up [51 ]. We have also found that patients 
with higher levels of nicotine dependence are more likely to 
continue to smoke after diagnosis [51 ], a finding reported by 
others as well [35,48]. 

Alcohol use has also been examined as a correlate of 
smoking behavior among head and neck cancer patients, as 
many head and neck cancer patients abuse (or at least heav- 
ily use) alcohol, and the use of alcohol and tobacco has been 
consistently linked in studies in the general population. The 
comorbidity between tobacco and alcohol use is extensive, 
with 80% of alcoholics being smokers and 30% of smokers 
being alcoholics [52,53]. However, studies with head and 
neck cancer patients have not yielded consistent findings in 
this area. Vander Ark et al. [41] found that head and neck 
cancer patients who were heavy drinkers were at a greater 
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risk of continuing to smoke than patients who were light or 
moderate drinkers; however, this relationship was not found 
in other studies [32,35,36]. 

Disease-related variables may influence smoking behav- 
ior and cessation among head and neck cancer patients. A 
history of more extensive medical treatment (i.e., surgery 
and adjunctive therapies versus surgery only, or surgery 
versus only radiation) has been associated with a greater rate 
of continued abstinence [34,35,41,48]. Likewise, the cancer 
site can influence cessation rates. Two studies found that 
laryngeal head and neck cancer patients were more likely 
to abstain from tobacco use than patients with oral cavity 
cancer [32,34,41]. Further, in our ongoing research [42] 
we found that time since diagnosis is associated with the 
ability to quit. We have found that smokers report a longer 
duration of time between diagnosis and assessment than 
abstainers. One interpretation of these data may be that 
patients in late stages of recovery (i.e., completed treatment) 
minimize the seriousness of their diagnosis and are thus less 
committed to quitting. Alternatively, smoking rates may be 
lower during treatment due to the greater likelihood of phys- 
ical disability, which makes it impossible to smoke. 
Regardless, this finding underscores that risk of relapse 
increases once treatment is complete. In contrast, findings 
concerning the association between disease stage and smok- 
ing behavior have not been consistent; a higher disease stage 
was associated with a greater likelihood for abstinence by 
Ostroff et al. [34], but not by others [35,36,41 ]. 

B. P s y c h o l o g i c a l  F a c t o r s  a m o n g  H e a d  a n d  

N e c k  C a n c e r  P a t i e n t s  

Although a sizable literature concerning psychological 
correlates of smoking among the general population of 
smokers has accumulated, few studies have assessed psy- 
chological correlates of smoking behavior among head and 
neck cancer patients. In general, studies have focused on 
quit motivation, beliefs about quitting, and emotional dis- 
tress as correlates of smoking and cessation behavior in this 
population. 

1. Motivation to Quit 

An early study by Gritz et al. [48] found that motivation 
to quit, assessed using a stage-based measure derived from 
the transtheoretical model [43] at a baseline assessment, 
predicted smoking status among head and neck cancer 
patients assessed at a 12-month follow-up. In particular, 
11/24 (46%) of patients who indicated at baseline that they 
were not  prepared to quit within the next 12 months (i.e., 
precontemplators) were able to maintain abstinence over the 
12-month study compared to 26/44 (59%) patients who 
indicated at baseline that they were prepared to quit within 

the next 12 months (i.e., contemplators). More recently, 
Gritz and colleagues [35] found that 10/21 (48%) head and 
neck cancer patients classified as pre-contemplators con- 
tinued to smoke after their diagnosis and treatment com- 
pared to 11/37 (30%) patients classified as contemplators. 
Such data parallel findings from the general population of 
smokers [43]. Further, our longitudinal study with head and 
neck and lung cancer patients found that higher baseline 
levels of quit motivation predicted abstinence assessed 
3 months later [42]. 

2. Beliefs about Quitting 

A study by Christensen et al. [36] examined whether per- 
ceived control (i.e., believing that future health outcomes are 
affected by one's behavior) and self-blame (i.e., attributing the 
cause of the diagnosis to one's behavior) influenced smoking 
behavior among head and neck cancer patients. A significant 
interaction effect between these two correlates of smoking 
behavior was detected; i.e., a greater proportion of individu- 
als with high levels of self-blame a n d  low levels of per- 
ceived control continued to smoke versus patients with high 
levels of self-blame but  high levels of perceived control 
(64% vs 25%, respectively). Thus, self-blame is adaptive, in 
the context of smoking among head and neck cancer 
patients, only insofar as patients also believe that they can 
do something about regaining their health. 

In addition, Gritz et al. [35] found that patients who were 
able to maintain continual abstinence at follow-up assess- 
ments reported higher levels of quitting self-efficacy (i.e., 
confidence in their ability to quit) versus patients who con- 
tinued to smoke. In our ongoing study of correlates of smok- 
ing behavior among cancer patients we have also found that 
higher levels of self-efficacy predict a greater likelihood of 
quitting [42]. However, we have also found that other beliefs 
are associated with smoking and cessation behavior among 
cancer patients. Our cross-sectional analyses indicate that 
lower levels of quitting pros (i.e., advantages of quitting) and 
risk perceptions (i.e., risk of recurrence) and higher quitting 
cons (i.e., disadvantages of quitting) and fatalistic beliefs 
(i.e., believing that there is no use in quitting) are associated 
with a greater likelihood of continued smoking [42]. Our 
prospective analyses, moreover, indicate that higher baseline 
levels of quitting self-efficacy, pros of quitting, and risk per- 
ceptions, as well as lower levels of cons of quitting, predict 
quitting assessed at a 3-month follow-up [42]. 

3. Emotional Distress 

Available data also point to a link between higher levels 
of emotional distress and a lower likelihood of maintaining 
abstinence following diagnosis and treatment. Gritz et al. 

[35] reported that emotional distress (e.g., symptoms of 
depression and anxiety), measured by the Profile of Moods 
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States [54], was not related to the probability of a smoking 
relapse among head and neck cancer patients. However, our 
research has indicated that patients who continue to smoke 
exhibit higher levels of emotional distress concerning quit- 
ting and their cancer [42], a finding that converges well with 
data accumulated in the general population of smokers. 

Taken together, the available (but limited) literature on 
smoking among head and neck cancer patients suggests that 
patients with low levels of quit motivation and self-efficacy 
and patients with high self-blame-low perceived control are 
at greatest risk of continuing to smoke following their diag- 
nosis and treatment. The patient's decisional balance 
(awareness of the pros of quitting and minimizing the cons 
of quitting), perceived vulnerability to the adverse health 
effects of continued smoking (e.g., risk of recurrence), and 
emotional distress might also play a role in determining 
ability to quit smoking. 

C. P sycho log i ca l  C o r r e l a t e s  of  S m o k i n g  in 

t h e  G e n e r a l  P o p u l a t i o n  

The aforementioned findings from studies with head and 
neck cancer patients converge well with data accrued from 
studies with the general population of smokers. These stud- 
ies are reviewed in the following section. 

behavior [74,75]. A lack of awareness of the adverse effects 
of smoking may prevent smokers from quitting. About 
60% of smokers indicate that they are at no greater risk of 
developing cancer than those who have never smoked 
[76-78], a phenomenon referred to as an "optimistic bias" 
[79]. In turn, as awareness of the adverse health effects of 
smoking increases, interest in quitting and the likelihood of 
actual cessation grow [74]. Perceived susceptibility to can- 
cer has been shown to be a significant predictor of the 
probability that smokers will enroll in smoking cessation 
programs [80], and increases in risk perceptions have been 
observed among those who are able to quit smoking follow- 
ing a cessation program [81]. 

An additional belief about quitting that has been exam- 
ined as a correlate of smoking cessation in the general 
population is decisional balancemthe cognitive process of 
weighing the relative pros and cons of a given behavioral 
option [82]. Numerous studies have shown that higher 
levels of the pros of quitting (e.g., "quitting will improve my 
health") and lower levels of the cons of quitting (e.g., "I like 
the image of a smoker") are associated with a greater likeli- 
hood of smoking abstinence [83-88]. In other words, those 
who fail to recognize that quitting smoking is beneficial 
(e.g., improved health) or focus on the negative outcomes 
of quitting (e.g., depression) are less likely to maintain 
abstinence after treatment. 

1. Motivation to Quit 

In research conducted with the general population of 
smokers, prospective studies show that higher levels of moti- 
vation to quit smoking are a consistent predictor of smoking 
cessation [55], and treatment studies show that initial motiva- 
tion to quit smoking predicts success in a smoking cessation 
intervention [56]. In a study with close to 5000 smokers, a 
stage measure of readiness to quit was used to demonstrate 
that a greater likelihood of attempting to quit smoking was 
predicted by higher levels of quit motivation [57]. 

2. Beliefs about Quitting 

One of the most consistent predictors of the ability to quit 
smoking is quitting self-efficacy [58,59]. A higher level of 
quitting self-efficacy among adult smokers predicts greater 
interest and enrollment in smoking cessation treatments 
[60], as well as a greater likelihood that individuals will 
maintain abstinence following cessation treatment [61-66]. 
Quitting self-efficacy is considered one of the most central 
components of a successful smoking cessation intervention 
[58,67,68]. Likewise, higher levels of perceived control are 
associated with greater levels of quit motivation and a 
greater number of quit attempts [69-73]. 

In addition, there is a sizable literature concerning 
the impact of risk perceptions on smoking and cessation 

3. Emotional Distress 

In studies with the general population of smokers, the 
relationship between depression and smoking [89] and 
between depression and cessation behavior [90] is well 
established. Among smokers trying to quit, a lower rate of 
cessation has been associated with signs of depressive symp- 
toms [91 ]. Anda et al. [92] reported that smokers who exhib- 
ited clinical depression at a baseline assessment were 40% 
less likely to have quit at a 9-year follow-up compared to 
nondepressed smokers. Finally, several studies have shown 
that smokers with a history of major depression are less like- 
ly to be successful in a smoking cessation intervention than 
smokers without such a history [93,94]. Kinnunen et al. [91] 
found that nondepressed smokers showed a higher rate of 
absitinence (37%) than depressed smokers (29.5%) after 
treatment with a nicotine replacement therapy (gum). 
Likewise, in a prospective study, Rausch et al. [95] found 
that baseline assessments of depressive symptoms differen- 
tiated between those who maintained abstinence after a 
behavioral cessation program and those who relapsed. 

The role of depression in determining smoking behavior 
among head and neck cancer patients may be particularly 
important to consider given the high rate of depression in 
this population [7]. For many patients, the shock, sadness, 
and worry associated with the initial diagnosis leads to 
clinical depression and suicidal ideation, especially when 
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treatment involves disfiguring surgery. Disfigurement and 
loss of speech, taste, and smell can threaten self-image and 
self-identity, thereby increasing the risk for depression 
and suicidal ideation [96]. Indeed, head and neck cancer 
patients are at high risk for suicide [97], and early cross- 
sectional studies indicated that close to 40% exhibit clinical 
depression as defined by DSM-III criteria [98]. A more 
recent cross-sectional study reported that about 17% of head 
and neck cancer patients manifested adjustment disorder or 
major depression assessed using the Structured Clinical 
Interview for the DSM-IIIR (SCID; 99). Four recent 
prospective studies, using a self-report measure to assess 
depression (Center for Epidemiologic Studies-Depression; 
CES-D), found that 26-28% of patients exhibit depressive 
symptoms immediately after diagnosis [ 100-103]. Rates of 
depression in these studies diminished slightly to 22-28% 6 
months later. In a review of this literature, Moadel et al. [7] 
indicated that about one-third of head and neck cancer 
patients manifest long-term psychiatric problems, including 
depression. 

One plausible theoretical model explaining the link 
between depression and smoking is the self-medication 
hypothesis [104-106]. This theory contends that smokers 
use nicotine to increase their sense of physical arousal and 
mental alertness and to diminish feelings of sadness, worry, 
or tension. Several studies have documented the cognitive 
and affective consequences of nicotine, including a euphoria 
feeling comparable to the effects of other drugs of abuse 
such as cocaine, antidepressant qualities, and enhanced 
memory, attention, concentration, and learning capacity 
[89,90]. Additional support for this model is derived from 
studies that have delineated the cascade of neurobiological 
effects from nicotine administration within the central and 
peripheral nervous system (e.g., release of dopamine), 
which underlie enhanced cognitive functioning and 
improved affect [89,107,108]. 

D. G e n e s  a n d  S m o k i n g  B e h a v i o r  

There is sizable variability in people's ability to quit smok- 
ing. Some people can quit and maintain abstinence easily, 
whereas others battle their addiction forever. Much of this 
variability is attributable to the psychological factors 
reviewed earlier. However, several genetic polymorphisms~ 
individually or in combination~may account for some of 
this variability as well [ 109,110]. One line of research has 
focused on genes in the dopamine pathway, which is con- 
sidered a key neurotransmitter in the reward mechanism of 
addictive behaviors [111-112]. The hypothesis is that cer- 
tain individuals may have a harder time quitting smoking 
because they possess a genetic profile that yields lower rates 
of endogenous dopamine activity [ 108]. 

Initial research in this area focused on the role of poly- 
morphisms on dopamine receptor genes, including DRD1 

[113], DRD2 [114], and DRD4 [115] receptors. Individuals 
who carry the more rare DRD2-A1 allele [ 116] or the closely 
linked DRD2-B1 allele [117] have been shown to have a 
higher likelihood of smoking. The DRD2-A1 allele has been 
shown to be associated with a reduced density of dopamine 
D2 receptors [113]. However, in a family-based study con- 
sisting of 138 nuclear families with at least one offspring 
who is a habitual smoker, Bierut et al. [ 118] reported no sig- 
nificant difference in the frequency between DRD2 alleles 
transmitted and not transmitted to smokers [ 119]. 

Genetic variation in the dopamine transporter gene 
(SLC6A3) has been examined as a correlate of smoking 
behavior. These studies assessed the relationship between the 
presence vs the absence of the nine-repeat allele of this gene 
(9/9 or 9/* vs */*, where the asterisk refers to alleles other 
than nine) and smoking behavior. The presence of the nine- 
allele may decrease levels of dopamine transporter, thereby 
increasing levels of dopamine [111]. Thus, it has been 
hypothesized that individuals with the nine-repeat genotypes 
may be less likely to smoke and may have an easier time 
quitting versus those manifesting SLC6A3*/* genotypes. 
Using a sample of 289 smokers and 233 nonsmokers, 
Lerman et al. [120] found evidence for an interaction 
between SLC6A3 and DRD2. Smokers with the nine-repeat 
genotype of SLC6A3 and the DRD2-A2 genotype were sig- 
nificantly less likely to be smokers. In addition, smokers with 
the SLC6A3-9 genotype reported a longer average quit dura- 
tion (retrospectively) compared with smokers without this 
genotype (472 days vs 230 days). In a second study, Sabol 
et al. [ 121 ] examined the link between SLC6A3 genotypes 
and smoking behavior in over 1000 smokers, quitters, and 
nonsmokers. Smokers were less likely to have the SLC6A3-9 
genotype than former smokers (42% vs 52%), although 
smokers and nonsmokers were no different, suggesting that 
SLC6A3-9 may influence quitting behavior rather than smok- 
ing initiation per se. Jorm et al. [122], however, failed to 
replicate an association between the SLC6A3 genotypes and 
smoking in an Australian sample. 

Genes important in serotonin regulation are also relevant 
to smoking because of the role of serotonin in depression and 
anxiety, two traits linked with smoking behavior [123,124]. 
Although there is no evidence for a main effect on smoking 
status of a polymorphism in the serotonin transporter gene 
[125], preliminary evidence shows that this gene modifies the 
effect of anxiety-related traits on smoking behavior 
[126,127]. The tryptophan hydroxylase (TPH) gene codes for 
a rate-limiting enzyme in the biosynthesis of serotonin. 
Preliminary data suggest that individuals who are homozy- 
gous for the more rare A allele of TPH are more likely to ini- 
tiate smoking and to start smoking at an earlier age [ 128,129]. 

Investigations of other candidate genes have been less 
fruitful. There was an initial finding of a modest association 
of smoking with a mutation in a gene governing nicotine 
metabolism (CYP2A6; 130). However, other groups of 
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researchers were not able to confirm this association 
[ 131,132]. Although genes regulating nicotine receptor func- 
tion would be prime candidates for smoking risk, data on 
functional genetic variation in humans are not yet available. 

Although research on the genetics of complex behaviors, 
such as smoking, is receiving increasing attention, there are 
several limitations to be overcome. One factor contributing to 
the lack of replication has been the reliance on case- 
control (association) data. In case-control studies, there is 
the possibility of population stratification due to the fact that 
cases (smokers) and controls (nonsmokers) may have been 
drawn from populations with different ethnicities. Because 
the frequencies of these polymorphisms may vary across eth- 
nic groups and because ethnic/cultural factors may influence 
smoking practices, ethnic admixture can bias case-control 
studies. Family-based analyses, such as the transmission dis- 
equilibrium test (TDT), can minimize bias due to ethnic 
admixture [133]. A second limitation of previous research in 
the area of genetics and smoking has been the reliance on 
crude assessments of smoking status (e.g., smoker vs non- 
smoker). Because complex behaviors like smoking are likely 
caused by multiple genes acting in conjunction with environ- 
mental factors, it is critical that the phenotypes for smoking 
be well defined. Future studies to understand the genetic 
basis of smoking behavior in cancer patients must use multi- 
ple measures of nicotine dependence, as well as longitudinal 
phenotypes, such as the rate of progression to nicotine 
dependence and smoking persistence. Further, large sample 
sizes will be needed to provide confirmatory data regarding 
genetic effects and to measure important medical, psycho- 
logical, and socioenvironmental covariates. 

V. STATE OF THE SCIENCE IN SMOKING 
CESSATION INTERVENTIONS 

Psychosocial and genetic factors may each play an 
important role in determining smoking cessation among 
head and neck cancer patients, as well as with the general 
population of smokers. In addition, emotional distress may be 
especially important to consider when designing a smoking 
cessation intervention for head and neck cancer patients. 
These findings have important implications for the selection of 
appropriate smoking cessation interventions for head and neck 
cancer patients who continue to smoke. Fortunately, there is a 
range of evidence-based smoking cessation intervention meth- 
ods that have been tested in the general population. 

A. T y p e s  of  S m o k i n g  

C e s s a t i o n  A p p r o a c h e s  

Relevant smoking cessation interventions can be grouped 
into four main categories: (1) self-help, (2) clinic based, (3) 
physician based or (4) pharmacologic [5,134,135]. Certain 

treatment approaches, however, show comparatively greater 
effectiveness at promoting cessation. 

1. Self-Help 

Upward of 80% of smokers report using a self-help 
method [136], including "cold-turkey" or manuals (e.g., 
Clear Horizons; 137), so these methods have relatively high 
participation rates (i.e., 5% of all smokers) [138]. However, 
these methods yield low abstinence rates, somewhere 
around 10% [135,139-141]. The AHRQ review of self-help 
methods showed that they are no more effective at generat- 
ing quitting than no intervention, as they resulted in a cessa- 
tion rate of about 14.4% versus the 14.3% rate produced by 
no self-help [142]. In addition, given the greater propensity 
toward symptoms of depression among head and neck 
cancer patients, self-help approaches are unlikely to be very 
effective for promoting cessation in this population. 

2. Clinic Based 

This type of intervention, which typically includes indi- 
vidual or group behavioral counseling that offers social 
support, education, and/or problem-solving/skills training, 
yields substantially higher cessation rates [135]. Information 
about the harms of smoking, the benefits of quitting, self- 
efficacy training, and skills training to deal with depression 
and high-risk situations (e.g., being with smokers, bars 
and parties) are common elements of this approach. A 
review of 58 studies by the AHRQ [142] found that individ- 
ual behavioral counseling increased cessation rates to 
about 17% versus a no contact control group. Further, a 
dose-response relationship between the intensity and the 
duration of contacts of counseling and treatment efficacy 
has been found [ 142]: clinic-based interventions that include 
over 1.5 h of total contact time or include more than four 
sessions increase cessation rates to about 25%. Thus, clinic- 
based interventions are seen as an integral dimension of a 
smoking cessation program for any population of smokers 
[ 142] and are likely to be effective for head and neck cancer 
patients. 

3. Physician Based 

With upward of 70% of all smokers visiting their 
primary-care physician at least once each year, physician- 
delivered smoking cessation interventions represent a 
cost-effective method for disseminating smoking cessation 
messages and services to a large number of smokers [143]. 
Public health advocacy agencies have tried to encourage 
physicians to implement smoking cessation interventions by 
providing clinical treatment guidelines and instructions 
[ 144], and oncologists can play an important role in improv- 
ing quit rates among their patients [142]. Reviews of 
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physician-based treatments indicate that such interventions 
produce modest quit rates of about 10% [145,146]. Further, 
studies show that only about 50% of smokers have their 
smoking status and interest in cessation assessed by physi- 
cians in a primary-care setting [147]. Therefore, although 
physician-based interventions can reach a substantial num- 
ber of smokers, additional research is needed to (1) train 
physicians in providing effective smoking cessation treat- 
ments and (2) promote adherence among physicians to the 
assessment and treatment of smoking behavior. Regular 
access to head and neck cancer patients by physicians 
certainly suggests that they can play a role in treating nico- 
tine addiction in this population of smokers. 

4. Pharmacologic Interventions 

Many new pharmacologic treatments for nicotine addic- 
tion have been developed over the past decade, including 
nicotine replacement therapies (NRTs), such as the transder- 
mal patch, and antidepressant medications, such as bupro- 
prion (Zyban). The "patch" is considered one of the more 
effective NRTs available, as it is associated with fewer com- 
pliance problems, produces fewer side effects, and requires 
less clinician involvement for patient training [148]. Meta- 
analytic studies show that the patch can double cessation 
rates when compared with placebo and can significantly 
increase cessation rates when added to behavioral counsel- 
ing [144]. As such, the AHRQ [142] recommends that all 
smokers should be offered some form of NRT unless there is 
a clear medical contraindication. NRTs are not, however, 
recommended as stand-alone treatments, but rather are pre- 
scribed in conjunction with clinic-based therapies [ 134]. 

A great deal of attention has been paid to the use of 
bupropion for treating nicotine addiction, and this anti- 
depressant has been examined for smoking cessation in 
four studies. Two studies conducted by Ferry and col- 
leagues [149,150] with smokers recruited from a veteran's 
administration hospital found that bupropion outperformed 
placebo, with both conditions receiving behavioral counsel- 
ing. A third study assessed the dose-response effect of 
bupropion [ 151]. In terms of continuous abstinence, 24% of 
participants receiving the 300-mg dosage were abstinent at 
a 1-year follow-up compared to 18% for the 150-mg dosage, 
14% for the 100-mg dosage, and 10.5% for placebo. Only 
the comparison between the 300-mg and placebo conditions 
was significant. In the fourth study, Jorenby et al. [152] 
examined the comparative and additive effectiveness of 
bupropion and the transdermal nicotine patch. Heavy smok- 
ers were randomized to receive a placebo, bupropion, the 
patch, or both bupropion and the patch. The treatment period 
lasted for 9 weeks and all participants received weekly 
clinic-based counseling sessions (e.g., awareness of smok- 
ing triggers and weight management). Assessment of point- 
prevalence abstinence at a 6-month follow-up showed the 

following cessation rates: 19% (placebo), 21% (patch), 35% 
(bupropion), and 39% (patch plus bupropion). Only bupro- 
pion alone and in combination with the patch outperformed 
placebo. Further, bupropion alone and in combination with 
the patch outperformed the patch alone, but there was no 
difference between bupropion alone and bupropion in 
combination with the patch. These effects were maintained 
at 12 months. 

Therefore, clinic-based interventions, NRT, and bupro- 
pion appear to be viable options for promoting abstinence 
from tobacco use among head and neck cancer patients. The 
use of bupropion and clinic-based interventions targeted 
toward mood management may be especially relevant for 
head and neck cancer patients in light of their levels of nico- 
tine addiction and depressive symptoms. Finally, because 
the oncologist or members of the health-care team routinely 
have access to all cancer patients (and therefore all patients 
who smoke), their involvement in an effort to provide smok- 
ing cessation treatment could be beneficial. 

B. S m o k i n g  C e s s a t i o n  In t e rven t ion  S t u d i e s  

wi th  C a n c e r  Pa t i en t s  

Smoking cessation interventions provided in a medical 
context can be uniquely effective at promoting cessation, as 
hospitalizations or physician visits represent a "window of 
opportunity" where patients are particularly motivated to 
quit smoking and especially receptive to smoking cessation 
interventions [153,154]. Indeed, a cancer diagnosis can 
increase the salience of the adverse health effects of smok- 
ing, in turn increasing the patient's readiness and intention 
to quit [6]. Nevertheless, only four randomized or quasi 
experimental studies of smoking cessation treatments in the 
oncologic context have been conducted. 

The first study randomized 186 squamous cell head and 
neck cancer patients to either "usual care" physician quit 
advice (e.g., risks of continued smoking and benefits of 
cessation) or to an "enhanced" physician quit advice inter- 
vention that included expression of confidence in the 
patient's ability to quit, a written quit date contract, tailored 
self-help booklets, and booster advice to remain abstinent 
[48]. The results showed extremely high continuous quit 
rates for both conditions at a 12-month follow-up (usual 
care = 77 %; intervention = 64%). Cinciripini and colleagues 
[5] suggest that the strong physician quit advice provided in 
both study conditions resulted in contamination across the 
groups and the absence of a treatment effect. These extreme- 
ly high quit rates may also be attributable to the inclusion of 
ex-smokers who had not smoked for up to 1 year prior to 
study recruitment as participants. 

In a second study, Stanislaw and Wewers [155] random- 
ized cancer patients with various tumor sites to either a usual 
care or an intervention that consisted of three in-person 
sessions and five follow-up phone contacts. The in-person 
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sessions comprised identifying the patients' smoking habits, 
reviewing the health benefits of cessation, providing self-help 
materials, aiding the patient in recognizing triggers and select- 
ing alternative behaviors for smoking, and giving the patient 
an audio tape of relaxation exercises. The follow-up calls 
encouraged abstinence and discussed relapse. Control patients 
received routine care (quit advice). At 5 weeks, the quit rate 
(confirmed biochemically) for the experimental group was 
75% (9/12) versus 43% (6/14) for the control group, although 
the small sample led to a nonsignificant comparison. 

In the third study, Griebel et al. [156] randomized surgical 
cancer patients with various types of malignancies to either 
usual care or to a one-time smoking cessation consultation 
with an oncology nurse. The nurse discussed the risks of 
continued smoking and the benefits of cessation, the impor- 
tance of setting a quit date, how to manage withdrawal symp- 
toms using relaxation techniques, and how to use a self-help 
guide. Participants in the experimental condition received 
five weekly telephone contacts to either congratulate and 
reinforce abstinence or to offer assistance for relapse. After 6 
weeks, 21% (3/14) of experimental patients exhibited coti- 
nine-validated abstinence versus 14% (2/14) of the patients in 
the usual care condition. Again, the small sample size may 
have led to a nonsignificant comparison of quit rates. 

Finally, the fourth study [ 157] examined the effectiveness 
of a nurse-managed smoking cessation treatment derived 
from the Agency for Health Care Policy and Research, 
now known as the AHRQ, using a quasiexperimental design. 
Fourteen patients (with different types of cancer) received 
the intervention, which consisted of quit advice, guidance 
in the establishment of a quit date, the teaching of behav- 
ioral and cognitive strategies to manage the stress of absti- 
nence, the provision of support and encouragement, the use 
of self-help guides, the recommendation to use nicotine 
replacement therapy and bupropion, and follow-up telephone 
contacts. The comparison group consisted of 11 patients 
who received "usual care" prior to the initiation of the inter- 
vention (i.e., quit advice and the availability of self-help 
literature). At 6 months, 71% (10/14) of intervention 
patients were abstinent (confirmed biochemically) versus 
55% (6/11) of control patients. As with the previous stud- 
ies described, a small sample size limited the power of 
this study to show statistical significance between the 
groups. 

C. R e c o m m e n d a t i o n s  for S m o k i n g  

C e s s a t i o n  I n t e r v e n t i o n s  for C a n c e r  P a t i e n t s  

The necessary components of an effective smoking ces- 
sation intervention for head and neck cancer patients can be 
identified by blending physician-based, pharmacologic, and 
clinic-based interventions and by designing the clinic-based 
dimension of the intervention based on empirical data con- 
cerning determinants of cessation behavior among head and 

neck cancer patients. Based on these principles, we offer the 
following recommendations. 

1. Integrate Smoking Assessment and Smoking 
Cessation Treatment into the Standard Medical Care 
Provided to Cancer Patients 

This is both an infrastructure recommendation and a 
clinical recommendation. First, the ideal treatment program 
is one that is seen as part of the overall coordinated effort of 
care for the patient. The program should be integrated into 
the treatment facility. Thus, intervention specialists should 
be identified and resources allocated to establishing an 
in-house facility. Second, all members of the health-care 
team should be involved in smoking cessation treatment. 
Oncologists and nurses should be trained and encouraged to 
identify and refer patients for smoking cessation. A formal 
system may need to be established in order to ensure the 
identification of all patients who smoke. Patients can com- 
plete a form on their initial visit, which includes questions 
pertaining to their smoking history and behavior. A trained 
nurse or health educator can review these forms in order to 
identifymand then recruit---eligible patients into the smok- 
ing cessation program. In addition, chart reminders can be 
used to cue nurses and oncologists to refer eligible patients 
and brochures can be placed in clinic areas. This sort of 
approach can capitalize on the unique advantage of the 
physician-based interventions: the recruitment of a large 
number of smokers into a cessation program [142,143]. 

2. Ensure Adequate Assessment and 
Referral of Patients 

It is critical that smokers be identified and referred to 
treatment. One challenge to recruiting patients is deciding 
on criteria for program entry. Because patients often quit at 
the time of diagnosis, but relapse shortly there after, pro- 
grams may need to use looser criteria for program entry. So, 
rather than requiring that patients be current daily smokers, 
it may be better to allow patients who have smoked in the 
past 3 or 6 months into the program. In this way, one can 
recruit patients who exhibit a high probability for relapse 
once treatment is complete. 

3. Include Pharmacologic Treatments into a 
Comprehensive Cessation Program 

Because head and neck cancer patients report a high level 
of nicotine addiction, some form of NRT appears especially 
warranted. Considering the high rate of depression manifested 
by head and neck cancer patients, other pharmacologic inter- 
ventions, such as the use of antidepressants, may be uniquely 
effective with this population as well. Thus, NRT or bupro- 
pion should be seen as a necessary component of a smoking 
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cessation program for cancer patients [142]. Importantly, 
there are several psychiatric and medical contraindications for 
use of bupropion, so a psychiatric and medical assessment is 
critical prior to use of this medication. 

manifesting low depressive symptoms). This area of 
research may indeed demonstrate the important benefits 
in terms of increased abstinence from tobacco use of 
"treatment matching." 

4. Address Alcohol Use 

The unusually high rate of alcohol use and abuse among 
head and neck cancer patients calls for the need to assess for 
the presence of this condition. Consideration for the integra- 
tion of clinical strategies to address this potential barrier to 
cessation (and an independent factor predictive of a negative 
prognosis) is needed. 

5. Establish a Standardized Clinic-Based Behavioral 
Counseling Component to the Intervention Program 

This component should assist the patient to (1) develop 
motivation to quit and quitting self-efficacy, (2) articulate 
the adverse effects of continued smoking (e.g., reduced 
treatment efficacy, increased risk for recurrence), (3) over- 
come self-blame or at least develop some sense of personal 
control over one's prognosis, (4) overcome the cons to quit- 
ting (e.g., the idea of giving up a way to manage weight 
or manage emotions), and (5) manage emotional distress 
that often accompanies attempts to quit as well as the diag- 
nosis itself. The AHRQ recommends four to seven individ- 
ual or group sessions to attain these objectives and provides 
an outline of strategies to address each of these treatment 
elements [10,142]. 

6. Include Relapse Prevention Techniques 

Head and neck cancer patients appear highly likely to 
relapse once treatment is complete. Smoking cessation 
interventions should include long-term follow-up and boost- 
er sessions and provide patients with specific skills to avoid 
relapse, such as identifying and learning how to deal with 
triggers [ 142]. It may even be more appropriate for cessation 
programs to target program enrollment toward patients who 
have completed treatment. 

Finally, in the future it may possible to tailor interven- 
tions to the patients' genetic and/or psychological profile. 
Although we consider this to be premature given the 
available literature, the coming decade may yield data 
concerning the benefits of tailoring smoking cessation inter- 
ventions in this manner. Individual differences are likely 
to moderate responsiveness to smoking cessation interven- 
tions [158]. For instance, ongoing studies are examining the 
efficacy of targeting more intensive interventions, including 
pharmacologic treatments such as bupropion, to individuals 
with "high-risk" genotypes or to those who manifest 
chronic or high levels of depression (with less intensive 
interventions provided to those with "protective" genes or 

VI. DIRECTIONS FOR FUTURE RESEARCH 

The work that has already been accomplished has laid the 
groundwork for many new exciting avenues of research. To 
conclude, we identify areas in need of additional research. 

Longitudinal studies are needed to provide additional 
data on the rates and patterns of smoking among head and 
neck cancer patients and to identify predictors of continuous 
smoking. Much of this research is cross-sectional and uti- 
lizes small samples. In addition, several determinants of 
smoking and cessation behavior have yet to be evaluated 
sufficiently among head and neck cancer patients, including 
decisional balance, emotional distress, risk perceptions, and 
genetic factors. We will not know the full scope of the pub- 
lic health problem, nor will we completely understand what 
differentiates between patients who continue to smoke and 
those who are able to abstain until large prospective studies 
are completed in this area. Importantly, gene-gene or 
gene-environment interactions can be tested only with 
sufficiently large samples. 

Additional studies are needed to evaluate alternative 
smoking cessation treatments for this population. Only four 
studies, manifesting methodological shortcomings such as 
small samples and less than ideal internal validity, have been 
published in this area. Further research is needed to establish 
a literature to rely upon for the designing and integration of 
smoking cessation treatment programs within cancer treat- 
ment facilities. Unanswered questions in this area include 
what form should tobacco treatment programs for cancer 
patients take? Should interventions focus more on one 
dimension than another (i.e., addressing depression vs the 
pros of quitting)? Should smoking and alcohol use be 
addressed simultaneously? Finally, what are the mecha- 
nisms through which treatments are successful? 

Finally, related to the need for additional treatment stud- 
ies, future research is needed to evaluate the effectiveness of 
tailored treatments with this population, as well as interven- 
tions that could include the patient's relatives who smoke. 
Because head and neck cancer patients manifest unique 
characteristics that may influence smoking, such as high 
rates of depression, this population is ideal for assessing the 
role of individual differences in moderating responsiveness 
to specific types of smoking cessation treatments, such as 
bupropion. Further, the patient's diagnosis may also repre- 
sent a "teachable moment" for the patient's relatives who 
smoke. Because these relatives may be momentarily more 
receptive to smoking cessation interventions in light of the 
diagnosis of their relative [159], studies are needed to 
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examine the effectiveness of smoking cessation interven- 
tions for the patient's relatives who smoke as well. Such an 
approach to disseminating a smoking cessation program 
may represent an especially effective way to reach a large 
number of smokers who may not be otherwise targeted by a 
smoking cessation treatment program [ 159]. 

More attention has been allocated to the smoking behav- 
ior of cancer patients. With the growing survival rate for 
most cancers, the need to promote smoking abstinence 
among those already diagnosed with cancer has become 
much more relevant and important. Indeed, increasing the 
rate of cessation among patients with head and neck cancer 
will likely improve survival rates and enhance the quality of 
life for these patients. However, a substantial amount of 
additional research in this area is needed before we are ready 
to integrate cessation programs into the landscape of today's 
comprehensive cancer centers. With the growth in the liter- 
ature concerning smoking behavior among cancer patients 
seen over the past decade, there is good reason to believe 
that the next decade will see major advances toward address- 
ing the issues outlined in this chapter and a resolution to the 
ultimate question of how best to promote permanent absti- 
nence from tobacco use among cancer patients. 
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Although squamous cell cancer of the head and neck is 
associated with tobacco use, micronutrients and phytochem- 
icals in the diet play an important role in the etiology and pro- 
gression of this deadly disease. Furthermore, these compounds 
may have significant interactions with cancer therapies, such 
as radiation and chemotherapy, which may be antagonistic, 
additive, or synergistic. Some micronutrients and/or phyto- 
chemicals may prevent the toxicity of chemotherapy and/or 
radiation therapy while improving its efficacy. Clinical studies 
should be conducted to investigate the potential role of 

micronutrients and phytochemicals in the prevention and/or 
treatment of squamous cell cancer of the head and neck. 

I. INTRODUCTION 

Squamous cell carcinoma of the head and neck (SCCHN) 
is strongly associated with tobacco use. However, chromo- 
some instability and defective DNA repair may underlie 
susceptibility to environmental carcinogenesis [1]. Hsu [2] 
suggested that chromosome fragility in the general popula- 
tion exists to varying degrees and indicates genetic instabil- 
ity and that individuals most genetically sensitive to 
carcinogens are more likely to develop cancer. The number 
of bleomycin-induced chromosomal breaks in cultured 
peripheral blood lymphocytes may be a measure of an 
individual's "mutagen sensitivity," i.e., susceptibility to 
environmental cancers [1,3]. Hsu et al. [3] found wide 
interindividual variability in chromatid breakage rates, i.e., 
genotoxicity induced by bleomycin. Approximately 12% of 
normal persons were regarded as bleomycin sensitive, 
whereas nearly 50% of patients with cancer in the upper 
aerodigestive tract were found to be sensitive [1]. In a 
prospective study of mutagen sensitivity in patients with 
upper aerodigestive tract cancer, Schantz et al. [4] found that 
mutagen sensitivity correlated with the risk of developing 
second malignant tumors in patients cured of head and neck 
cancer. A case-control study showed that persons with 
untreated upper aerodigestive tract cancer express greater 
sensitivity than controls when their cells are exposed to 
bleomycin in vitro [5]. These findings have been confirmed 
by Cloos et al. [6], who found increased mutagen sensitivity 
in head and neck squamous cell carcinoma patients, partic- 
ularly in those with multiple primary tumors. 
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Mutagen sensitivity can be modulated in vitro [7] and in 

vivo [8] by various nutrients. The antioxidant micronutrients 
t~-tocopherol and ascorbic acid have been shown to protect 
against carcinogen-induced chromosomal breakage [7-10]. 
Because vegetable and fruit consumption has been found to be 
protective against the development of upper aerodigestive tract 
cancers [11,12], certain antioxidant micronutrients in the diet 
may provide protection against DNA-damaging carcinogens. 
Kucuk et al. [13] investigated the intraindividual variation in 
mutagen sensitivity and its possible correlation with plasma 
nutrient levels in a group of 25 healthy individuals in Hawaii. 
Mutagen sensitivity, as assessed by bleomycin-induced chro- 
mosomal breaks in cultured peripheral blood lymphocytes and 
plasma nutrient levels, was measured monthly for 11 months. 
Significant inverse correlations were found between muta- 
gen sensitivity scores and the plasma levels of t~-carotene 
(r=-0.64), total carotenoids (r=-0.41), and ascorbic acid 
(r=-0.40). There were also significant inverse associations 
between monthly mean plasma levels of t~-carotene ( r = -  
0.58), [3-carotene (r--0.76) ,  and total carotenoids (r=-0.72) 
and monthly mean chromosomal breaks. In contrast, there was 
a significant positive correlation between monthly mean 
plasma triglyceride level (r= 0.60) and monthly mean mutagen 
sensitivity. These results suggest that mutagen sensitivity 
could potentially be reduced by dietary modifications or by 
supplementing certain micronutrients. 

Epidemiological data consistently show an inverse rela- 
tionship between cancer risk and dietary intake of vegeta- 
bles and fruits or their antioxidant micronutrients [12]. Most 
cancer patients have low micronutrient levels at presenta- 
tion. Cancer is a disease of aging and micronutrient defi- 
ciencies common among older individuals. Monget et al. 

[ 14] found that serum concentrations of most micronutrients 
had an inverse association with age and most nursing home 
residents had low serum levels of vitamin C, zinc, and sele- 
nium. Micronutrient deficiency may also be present in pedi- 
atric cancer patients. Donma et al. [15] found reduced hair 
zinc levels in children with malignancies compared to 
healthy children and children with cancers in remission. 

Negri et al. [16] investigated the relationship between 
selected micronutrients and oral and pharyngeal cancer risk 
using data from a case-control study conducted in Italy and 
Switzerland. Cases were 754 incident, histologically con- 
firmed oral cancers (344 of the oral cavity and 410 of the 
pharynx) and controls were 1775 subjects with no history of 
cancer admitted to hospitals in the same catchment areas. 
Dietary habits were investigated using a validated food- 
frequency questionnaire. Odds ratios (ORs) were computed 
after allowance for age, sex, center, education, occupa- 
tion, body mass index, smoking and drinking habits, and 
nonalcohol energy intake. ORs were 0.95 for retinol, 0.61 
for carotene, 0.91 for lycopene, 0.83 for vitamin D, 0.74 for 
vitamin E, 0.63 for  vitamin C, 0.82 for thiamine, 0.87 
for riboflavin, 0.59 for vitamin B6, 0.61 for folic acid, 0.62 

for niacin, 0.91 for calcium, 0.88 for phosphorus, 0.65 for 
potassium, 0.82 for iron, 0.67 for nonalcohol iron, and 0.89 
for zinc. When the combined intake of vitamins C and E and 
carotene was considered, the protective effect of each nutri- 
ent was more marked or restricted to subjects with low 
intake of the other two. The association with vitamin C and 
carotene was independent of smoking and drinking habits, 
whereas that with vitamin E was less evident in those heav- 
ily exposed to alcohol or tobacco. In general, the more a 
micronutrient was correlated to total vegetable and fruit 
intake, the stronger its protective effect against oral cancer. 

Alhasan et al. [17] showed that a soy isoflavone, genis- 
tein, inhibited cell proliferation, caused cell cycle arrest at 
the S/G2-M phase, and induced apoptosis in the squamous 
cell carcinoma cell line HN4. These effects appeared to be 
dose and time dependent, and specific for tumor cells, 
because genistein did not affect normal keratinocytes. 
Alhasan et al. [18] also observed that these changes were 
accompanied by the downregulation of Cdk 1 and CyclinB 1 
and the upregulation of p21WAF1, which may be responsi- 
ble for the induction of cell cycle arrest and apoptosis. 
Evidence for the induction of apoptosis was supported by 
the appearance of a DNA ladder and the cleavage of poly- 
ADP-ribose polymerase (PARP), the hallmark of apoptosis. 
This was also accompanied by the upregulation of Bax, with 
modest downregulation of Bcl-2 protein expression, which 
changes the balance between pro- and antiapoptosis mole- 
cules in favor of proapoptosis. Furthermore, they also 
observed downregulation and degradation of Cdc25C, 
which is a marker of cell proliferation and plays an impor- 
tant role in cyclin B-Cdkl complex activation. The down- 
regulation followed by the degradation of Cdc25C is an 
indicator of G2/M arrest and antiproliferation effects of 
genistein. These results suggest that genistein may have a 
role in the prevention and/or treatment of SCCHN. 

!!. T O B A C C O  AND NUTRIENTS 

Tobacco use is a major risk factor for SCCHN. Tobacco 
use has consistently been associated with increased oxida- 
tive stress and decreased serum antioxidant micronutrient 
levels. Pamuk et al. [19] reported on the relationship 
between current cigarette smoking and serum concentra- 
tions of vitamins C, E, and A and five carotenoids in 91 low- 
income, African-American women. Among smokers, serum 
concentrations of c~-carotene, ]3-carotene, cryptoxanthin, 
and lycopene averaged 71-79% of the concentrations 
among nonsmokers. Mean serum concentrations of vitamins 
C and E and lutein/zeaxanthin were only slightly lower 
among smokers relative to nonsmokers. Among current 
smokers, mean serum concentrations of all five carotenoids 
had an inverse correlation with the amount smoked. Ross 
et al. [20] determined plasma concentrations of carotenoids, 
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ascorbic acid, ~-tocopherol and 7-tocopherol in plasmas 
from 50 smokers and 50 age-matched never-smoker Scottish 
men. Significantly less m-carotene, ~-carotene, cyrptoxan- 
thin, and ascorbic acid were found in smokers compared to 
persons who never smoked. Pakrashi and Chatterjee [21] 
measured the prostatic excretion of zinc in ejaculates of 29 
tobacco smokers, 25 tobacco chewers, and 30 nonusers of 
tobacco. They found reduced levels of zinc in the ejaculates 
of tobacco smokers compared to tobacco chewers and tobacco 
nonusers. It has been postulated that smoking results in the 
depletion of antioxidant micronutrients by generating oxida- 
tive stress. However, a low dietary intake of antioxidant 
micronutrients by smokers may also be a factor in the 
observed inverse association. For example, Faruque et al. [22] 
observed a lower dietary intake of vitamin C, carotenoids, and 
zinc and a lower plasma level of vitamin C in 44 male students 
who smoked compared to 44 male nonsmoker students. 

Similar to SCCHN, lung cancer is also caused by smok- 
ing. Because smoking generates oxidative stress and leads to 
decreased serum levels of I]-carotene, supplementing the diet 
with [3-carotene in smokers to prevent lung cancer is reason- 
able. However, a large clinical study conducted in Finland 
found just the opposite [23]. This unexpected result might 
have been due to the paradoxical prooxidant effect of ~- 
carotene in lungs where the oxygen tension is high. Studies 
have shown that ~-carotene, at high concentrations, has a 
prooxidant effect when the oxygen pressure is also high [24]. 
Therefore, in the lungs, where the oxygen tension is high, 
administering large doses of 13-carotene may lead to oxida- 
tive DNA damage and a higher incidence of cancer. 
Furthermore, ~-carotene and tobacco smoke interact to 
increase AP-1 production in ferret lungs [25], which may 
also explain the increased risk of lung cancer with 13-carotene 
supplementation in current smokers but not in nonsmokers. 

III. A L C O H O L  AND NUTRIENTS 

Alcohol consumption has also been associated with 
increased oxidative stress and decreased micronutrient lev- 
els. Alcohol and tobacco in combination may result in even 
more severe micronutrient deficiencies compared to either 
one used alone. Tsubono et al. [26] examined the asso- 
ciations of smoking and alcohol with plasma levels of 
~-carotene, (x-carotene, lutein, lycopene, and zeaxanthin in 
634 healthy men aged 40-49 years. After controlling for 
age, serum cholesterol, serum triglycerides, body mass 
index, green vegetables, yellow vegetables, and fruits, there 
was a significant inverse association between smoking and 
alcohol consumption and plasma levels of ~-carotene and 
a-carotene; only smoking reduced the level of lutein, 
and neither smoking nor alcohol significantly reduced the 
level of lycopene or zeaxanthin. In a population-based sam- 
ple of 400 individuals, Brady et al. [27] found an association 

between smoking and alcohol consumption and lower serum 
levels of a-carotene, ~-carotene, ~-cryptoxanthin, and 
lutein/zeaxanthin. In addition, lower serum lycopene was 
associated with older age. Lecomte et al. [28] measured 
plasma carotenoid levels in 118 healthy men consuming 
low or moderate alcohol and 95 alcoholics. ~-Carotene, 
a-carotene, zeaxanthin/lutein, lycopene, and ~-cryptoxan- 
thin levels were significantly lower in alcoholics and 21 days 
after withdrawal plasma levels of all carotenoids increased. 
However, Leo et al. [29] did not find a significant difference 
in the levels of carotenoids, retinol, and (x-tocopherol from 
oropharyngeal mucosa samples of 11 chronic alcoholics with 
oropharyngeal cancer and 11 control subjects. 

IV. CANCER TREATMENT 
AND NUTRIENTS 

Nutritional status is known to profoundly impact treat- 
ment morbidity, efficacy, and overall prognosis in cancer 
patients [30-37]. Various prognostic nutritional indices have 
been developed to predict treatment complications and over- 
all survival [30,31,34,37]. Radiation and chemotherapy are 
better tolerated and may be more effective in nutritionally 
sound individuals [30,31 ]. For example, head and neck can- 
cer patients with poor nutritional status are at increased risk 
for postoperative wound breakdown and infections, fistula 
formation, and flap loss [30,34]. These patients frequently 
present with significant weight loss and chronic protein- 
calorie malnutrition, which may be exacerbated by an acute 
weight loss due to decreased intake secondary to tumor- 
induced dysphagia [30-34]. Approximately 30-40% of 
patients with advanced stage head and neck cancer have 
severe malnutrition and an additional 20-30% have moder- 
ate malnutrition at the time of presentation [30-34]. 
Olmedilla et al. [38] found that the plasma levels of 
carotenoids, retinol, and vitamin E were significantly lower 
in patients who had laryngectomy for laryngeal cancer com- 
pared to control subjects. After commercial enteral formula 
feeding, carotenoid levels decreased further and retinol and 
tocopherol levels increased; however, the levels remained 
lower than the controls for all micronutrients [38]. 
Postoperative alterations of the upper aerodigestive tract may 
further compromise intake, increase metabolic demands, and 
compound the nutritional stress [32,35]. Because there are 
no known zinc stores in the human body, zinc deficiency sets 
in quickly with malnutrition in these patients [39]. 

V. NUTRITIONAL C O N S E Q U E N C E S  OF 
RADIATION AND CHEMOTHERAPY 

Both radiation therapy and chemotherapy have been 
associated with increased oxidative stress, which may 
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further deplete tissue levels of antioxidant micronutrients, 
particularly in smokers and in the presence of inadequate 
dietary intake. Faber et al. [40] measured lipid peroxidation, 
plasma glutathione and glutathione peroxidase activity, and 
plasma micronutrient levels in cancer patients before 
and after doxorubicin-containing chemotherapy. The 
concentration of lipid peroxidation products, measured 
as thiobarbituric acid-reactant materials, in the plasma of 
cancer patients was higher than in controls and the level 
was increased further after chemotherapy. These results 
indicated that cancer patients had increased oxidative stress 
at presentation, which was further aggravated by doxoru- 
bicin treatment. Cancer patients had lower levels of glu- 
tathione, glutathione peroxidase, selenium, and zinc levels, 
but these were not modified further by chemotherapy. Torii 
et al. [41] reported that doxorubicin treatment caused 
cardiomyopathy and increased lipid peroxidation and lower 
cz-tocopherol levels in the myocardium of spontaneously 
hypertensive rats. 

Radiation therapy of malignancies in the head and neck 
area results in a marked reduction in the saliva flow rate and 
alterations in saliva composition within the first week of ther- 
apy and impairs saliva flow throughout the duration of therapy. 
Decreased secretion of saliva may lead to symptoms such as 
oral pain and burning sensations, loss of taste and appetite, and 
an increased incidence of oral disease. These symptoms may 
affect eating and increase the risk of inadequate nutritional 
intake. Backstrom et al. [42] investigated the average nutri- 
tional intake of 24 patients treated for malignancies in the head 
and neck region who had dry mouth symptoms that had per- 
sisted for at least 4 months after the completion of radiation 
therapy. The average caloric intake was 1925 calories in the 
irradiated patients with dry mouth symptoms compared to 
2219 calories in the age- and sex-matched controls. The aver- 
age intakes of vitamin A, [3-carotene, vitamin E, vitamin B6, 
folic acid, iron, and zinc were significantly lower in irradiated 
patients than in controls. 

VI. EFFECTS OF SELECTED 
MICRONUTRIENTS O N  RADIATION 

AND CHEMOTHERAPY TOXICITY 

selective protection of murine erythroid progenitor cells 
from chemotherapy toxicity [51], as well as prevention of 
severe toxicity caused by tumor necrosis factor [52], has 
been reported. A selective antitumor effect of ~-tocopherol 
against murine leukemia cells while protecting the murine 
bone marrow against doxorubicin toxicity has also been 
reported [53]. Srinivasan and Weiss [54] showed that 
pretreatment with cz-tocopherol protected mice against radi- 
ation lethality, and the effect of another radioprotective 
agent, WR-3689, was enhanced when given in combination 
with vitamin E. Nattakom et al. [55] reported the case of a 
44-year-old woman who developed severe venoocclusive 
disease after bone marrow transplantation and was treated 
with vitamin E and glutamine, which resulted in complete 
resolution of the clinical and biochemical signs of severe 
hepatic dysfunction asssociated with this disease. 

In addition to its cardioprotective effect, ~-tocopherol 
pretreatment prevented the development of doxorubicin- 
induced focal glomerulosclerosis and renal failure in an 
animal model [56]. Topical application of vitamin E was 
also very effective in promoting the healing of skin wounds 
caused by doxorubicin-induced skin necrosis [57]. In ani- 
mals given an oral or topical vitamin E preparation prior 
to treatment with doxorubicin, dermal incision wounds healed 
much better compared to control animals, suggesting 
that vitamin E may play an important role in postopera- 
tive wound healing, especially in doxorubicin-impaired 
wounds [58]. 

Oral administration of vitamin E concurrently with intra- 
venous chemotherapy with cyclophosphamide, methotrexate, 
and 5-fluorouracil (CMF) in rats protected the intestinal 
membranes against chemotherapy-induced toxicity [59]. 
CMF-induced decreases in intestinal basolateral membrane 
levels of ATPases, alkaline phosphatase, 5'-nucleotidase, and 
sulfhydryl groups and an increase in malondialdehyde levels 
were restored to normal by coadministration of vitamin E. 
Vascular endothelial damage induced by intravenous cis- 
platin administration was prevented by vitamin E treatment 
in rats [60]. In the cisplatin plus vitamin E group, there was 
restoration of cisplatin-induced morphological changes in the 
endothelium, as well as restoration of superoxide dismutase 
and Na/K-ATPase levels. 

A. Vitamin E B. Zinc 

Many toxicities associated with chemotherapy and/or 
radiation therapy may be preventable by vitamin E 
administration. Radioprotection by vitamin E may be due in 
part to its antioxidant effects [43] and in part to its immunos- 
timulatory and immunoprotective effects [44-47]. Vitamin 
E was found to be effective in preventing chemotherapy- 
induced oral mucositis [48,49] and protected against 
doxorubicin cardiotoxicity without compromising the effec- 
tiveness of the drug [50]. The efficacy of vitamin E in the 

In a review article, Sorenson [61] listed copper, iron, 
manganese, and zinc complexes as protective agents against 
radiation-induced immunosuppression, cell damage, and 
death in lethally irradiated animals. Srivastava et al. [62] 
observed decreased cisplatin-induced nephrotoxicity and 
gastrointestinal toxicity in animals given zinc before 
chemotherapy. 

Radiation therapy to the head and neck region frequently 
results in xerostomia and lack of taste. Abnormalities of 
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taste have been related to a deficiency of zinc in humans by 
several investigators [63,64]. Decreased taste acuity 
(hypogeusia) has been observed in zinc-deficient subjects, 
such as patients with liver disease, malabsorption syn- 
drome, chronic uremia, and after burns and administration 
of penicillamine. Chronically debilitated patients, such as 
cancer patients, also develop hypogeusia. In a double blind 
study, Mahajan et al. [64] showed that zinc was effective in 
improving taste acuity in subjects with chronic uremia. 

Another neurosensory disorder, abnormal dark adapta- 
tion, has been also related to a deficiency of zinc in humans 
[65]. Zinc supplementation to zinc-deficient sickle cell 
anemia patients is known to correct this abnormality [65]. 
Decreased dark adaptation has been identified as the 
dose-limiting toxicity for fenretinide (4-hydroxyphenylreti- 
namide), a cancer chemopreventive retinoid currently under 
clinical investigation. Clinical trials should be conducted 
with a combination of zinc and fenretinide to determine if 
the combination has reduced toxicity and enhanced chemo- 
preventive activity. 

nephrotoxicity without reducing the antitumor activity of 
the drug [70]. Reactions between cisplatin and nucle- 
ophilic metabolites of selenite may be responsible for the 
protective effect of selenite against cisplatin nephrotoxicity 
[72]. Vermeulen et al. [73] concluded that sodium selen- 
ite protected rodents against cisplatin-induced nephro- 
toxicity without influencing the systemic availability of 
cisplatin. 

Sadzuka et al. [74,75] demonstrated that cisplatin- 
induced nephrotoxicity was closely associated with an 
increase in lipid peroxidation and a decrease in the activity of 
enzymes that protect against lipid peroxidation. Pretreatment 
with ~-tocopherol and glutathione significantly decreased 
the amount of lipid peroxides produced in the kidney by the 
administration of cisplatin [76]. Sugihara et al. [77,78] found 
that ~-tocopherol prevented lipid peroxidation and nephro- 
toxicity induced by cisplatin in rodents. Bogin et al. [79] 
reported that pretreatment with a combination of cysteine 
and ~-tocopherol is protective against the nephrotoxicity and 
biochemical changes induced by the administration of cis- 
platin in rats. 

C. Gas t ro in t e s t ina l  Toxicity 

Antioxidant micronutrients have been found to prevent 
gastrointestinal toxicities of radiation and chemotherapy. 
Mills [66] reported that ~-carotene decreases the oral 
mucositis that is induced by chemotherapy and radiation 
therapy. Klimberg et al. [67] observed a protective effect of 
glutamine on the small bowel mucosa of rats receiving 
abdominal radiation. Carroll et al. [68] found that pretreat- 
ment with a variety of antioxidant compounds and micronu- 
trients, including ribose-cystein, amifostine, glutamine, 
vitamin E, and magnesium chloride/ATE afforded protec- 
tion against radiation-induced small bowel and large 
bowel injury in rats. Current studies are investigating 
the efficacy of glutamine in preventing oral mucositis 
induced by radiation and chemotherapy in patients with 
SCCHN. 

D. N e p h r o t o x i c i t y  

Cisplatin is a drug that is active against head and neck 
cancer; however, severe nephrotoxicity and neurotoxicity 
are dose-limiting side effects of this drug and may result in 
significant morbidity. Administration of cisplatin with pre- 
and posttreatment hydration and mannitol-induced diuresis 
lowers the concentration of cisplatin in the kidneys and 
reduces its nephrotoxicity. An alternative approach to pro- 
tect against the side effects of cisplatin is provided by 
chemoprotectors. Selenium has been reported to reduce 
cisplatin-induced nephrotoxicity [69,70], in addition to its 
well-known chemopreventive properties [71]. Sodium 
selenite has been shown to protect rodents against cisplatin 

Vll. NUTRIENTS AND ANTITUMOR EFFECTS 
OF RADIATION/CHEMOTHERAPY 

The mechanism of action of radiation therapy and some 
chemotherapeutic agents involves the generation of toxic 
oxygen-free radicals. Supplementing patients with antioxi- 
dant micronutrients during therapy may potentially interfere 
with the antitumor effects of the treatment. However, 
many of the antioxidants have been found to prevent 
treatment toxicity without reducing the efficacy of radiation 
or chemotherapy. Furthermore, certain micronutrients 
have antitumor effects, inhibit cancer cell proliferation, 
and induce cancer cell differentiation. 

Vitamin E inhibits growth and causes morphological 
changes in several tumor cell lines in tissue culture 
[80,81]. Animal studies and clinical trials have also 
shown chemopreventive [82,83] and antineoplastic activities 
[84,85] of vitamin E. A number of experimental studies 
further suggest that vitamin E can enhance the growth 
inhibitory effect of various cancer treatment modalities 
such as radiation, chemotherapy, and hyperthermia [80]. 
At some doses, vitamin E enhanced tumor killing by 
irradiation [86]. Prasad et al. [87] observed growth 
inhibitory effects of vitamin C alone, vitamin E alone, 
and a combination of vitamin C, vitamin E, ~-carotene, 
and 13-cis-ret inoic  acid when SK-30 melanoma cells 
were exposed to these agents in vitro. Furthermore, ascorbic 
acid, alone or in combination with ~-carotene, vita- 
min E, and 13-cis-retinoic acid, enhanced the growth- 
inhibitory effect of cisplatin, dacarbazine, tamoxifen, and 
interferon-~ 2b. 



2 0 6  !I!. Prevention and Detection 

Certain micronutrients have cancer chemopreventive 
properties and thus may play a role in the prevention of 
radiation- and chemotherapy-induced cancers. Krishnaswamy 
et al. [88] observed a 57% complete remission rate of oral pre- 
neoplastic lesions in 150 subjects given a multivitamin cap- 
sule containing vitamin A, riboflavin, zinc, and selenium 
twice weekly for 1 year. Satoh et al. [89] reported that an 
induction of increased pulmonary metallothionein by zinc or 
bismuth could prevent the development of lung cancer in 
mice receiving repeated injections of cisplatin and melpha- 
lan. Zinc administration potentiated the radioprotective 
effect of diltiazem in mice given a lethal dose of radiation 
[90]. A combination of zinc aspartate with amifostine, an 
antioxidant compound, conferred protection against lethal 
effects of radiation, as well as against the development of 
radiation-induced lymphomas in mice [91 ]. 

Oral administration of vitamins A and E in conjunction with 
FEMTX (fluorouracil, epirubicin, methotraxate) chemother- 
apy in patients with unresectable or metastatic gastric cancer 
does not appear to reduce the antitumor activity of the 
chemotherapeutic agents [92]. Glutathione administration pro- 
tected rodents against the renal and lethal toxicity of cisplatin, 
but did not interfere with the antitumor activity of the drug 
[93]. In small clinical studies, protective effects of reduced glu- 
tathione against the renal toxicity of cisplatin [94,95] without 
interfering with its antitumor activity [95] were reported. Di Re 
et al. [96] confirmed these results in a larger series of 40 
patients with ovarian cancer treated with high-dose cisplatin 
and cyclophosphamide given with pre- and posttreatment glu- 
tathione protection showing a significant protection against 
renal toxicity with no effect on antitumor activity. 

Rouse et al. [97] hypothesized that intravenous gluta- 
mine protects liver cells from oxidant injury by increasing 
the intracellular glutathione content and that supplemental 
oral glutamine would increase the therapeutic index of 
methotrexate by improving host tolerance through changes 
in glutathione metabolism. Provision of glutamine-rich diet 
to rats with implanted fibrosarcomas treated with methotrex- 
ate decreased tumor glutathione and increased the antitumor 
effect of methotrexate, while maintaining or increasing host 
glutathione stores [97]. Significantly decreased glutathione 
levels in tumor cells correlated with their susceptibility to 
methotrexate and tumor shrinkage in animals that received a 
combination of glutamine and methotrexate. Thus oral 
glutamine supplementation enhanced the sensitivity of the 
tumor cells while protecting normal cells from the effects of 
methotrexate chemotherapy. 

However, zinc administration has been shown to interfere 
with the antitumor activity of cisplatin by increasing its 
detoxification through increased metallothionein synthesis 
[98]. In C3H mice inoculated with bladder tumor (MBT-2), 
cisplatin and zinc sulfate were administered and a reduction 
in both renal toxicity and antitumor activity of cisplatin was 
observed [98]. 

Vlll. NUTRIENTS AND PHARMACEUTICALS 
IN THE PREVENTION OF RADIATION AND 

CHEMOTHERAPY TOXICITY 

Floersheim [90] reported protection of mice against a 
lethal dose of radiation by diltiazem, and synergistic effects 
occurred by combining diltiazem with zinc. In another 
study, Floersheim et al. [91] found that small doses of 
zinc and amifostine provided additive protection against 
radiation lethality in mice. 

The phosphorothioate amifostine has been approved for 
clinical use in the prevention of cisplatin toxicity. Currently, 
its use in the prevention of radiation toxicity and toxicities 
of other chemotherapeutic agents is under investigation. The 
usefulness of phosphorothioates is limited by their toxicity, 
and it has been proposed that combining other agents with 
phosphorothioates may improve their efficacy and/or lower 
their toxicity [99]. Because zinc aspartate and a combination 
of zinc aspartate with amifostine have shown better 
protective effects for normal tissue compared to tumor tissue 
[100-102], further clinical studies should test the low-dose 
amifostine and zinc combination to determine if radia- 
tion protection can be achieved without the side effects of 
high-dose amifostine. 

Micronutrient supplementation may prevent adverse 
effects of cancer chemotherapy and radiation therapy without 
interfering with their antitumor effects. This protection may 
result in lower treatment-associated morbidity and mortality 
and better quality of life for cancer patients. There may even 
be potentiation of the antineoplastic effect of radiation and 
chemotherapy by micronutrients, which may lead to increased 
tumor responsiveness to treatments. Furthermore, micronutri- 
ents lack intrinsic toxicity, which is a major problem with 
some of the pharmaceutical compounds approved for clinical 
use as toxicity preventive agents. However, currently there are 
insufficient clinical data to support the use of micronutrients 
as adjunct to radiation or chemotherapy. Future clinical inter- 
vention trials should investigate the potential benefits and risks 
of micronutrient supplementation during cancer therapy. 

A. Se l en ium 

Kiremidjian et al. [103] conducted a randomized, double- 
blind placebo-controlled study to determine whether the oral 
intake of 200 mcg/day of sodium selenite will abrogate 
depressed immune function of patients receiving therapy for 
squamous cell carcinoma of the head and neck. Subjects 
were given one selenium/placebo tablet/day for 8 weeks, 
beginning on the day of their first treatment for the disease 
(e.g., surgery, radiation, or surgery and radiation), and their 
immune functions were monitored. Supplementation with 
selenium during therapy resulted in a significantly enhanced 
cell-mediated immune responsiveness, as reflected in the 
ability of the patient's lymphocytes to respond to stimulation 
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with mitogen, to generate cytotoxic lymphocytes, and to 
destroy tumor cells. The enhanced responsiveness was evi- 
dent during therapy and following the conclusion of therapy. 
In contrast, patients in the placebo arm of the study showed 
a decline in immune responsiveness during therapy, which 
was followed, in some patients, by an enhancement, but the 
responses of the group remained significantly lower than 
baseline values. Data also show that at baseline, patients 
entered in the study had significantly lower plasma Se 
levels than healthy individuals, and patients in stage I-II 
disease had significantly higher plasma selenium levels than 
patients in stage III-IV disease. 

B. Zinc  

Zinc deficiency causes a profound reduction in the activity 
of a thymic hormone, thymulin. Prasad et al. [104] found 
decreased production of interleukin(IL)-2 and interferon- 7 
by TH1 cells, reduced natural killer (NK) cell activity, and 
decreased recruitment of T-cell precursors in zinc-deficient 
subjects. Mocchegiani et al. [105] observed a significant 
increase or stabilization in the body weight of AIDS patients 
who received zinc supplement in addition to AZT, associated 
with an increase in CD4 cells and plasma thymulin and a 
decrease in the frequency of opportunistic infections. Abdulla 
et al. [106] observed that plasma zinc was decreased and that 
the copper:zinc ratio in the plasma was significantly higher in 
13 patients with SCCHN in comparison to healthy controls. 
Patients who showed a marked decrease in plasma zinc levels 
died within 12 months. The authors suggested that the plasma 
zinc and copper/zinc ratio may be of value as a potential screen- 
ing and predicting test in patients with head and neck cancer. 
However, Garofalo et al. [ 107] observed (1) no significant dif- 
ference in serum zinc and (2) no diagnostic or prognostic value 
in these parameters in patients with head and neck cancer. 

Zinc deficiency is known to cause weight loss, abnormal 
cellular immune functions, hypogeusia, and difficulty in 
wound healing, all of which commonly occur in malnourished 
head and neck cancer patients. Wound healing is, in many 
respects, analogous to growth, and inasmuch as zinc defi- 
ciency affects growth adversely, it is not surprising that zinc 
deficiency also causes impaired wound healing [ 108-110] 
and that zinc supplementation promotes wound healing in 
zinc-deficient subjects [108-110]. Zinc-deficient rats show 
a significant reduction in total collagen, a reduction in the 
total dry weight of the sponge connective tissue and the non- 
collagenous protein content, a decrease in RNA/DNA, and a 
depletion of polyribosomes in sponge connective tissue, 
suggesting that the proliferation of fibroblasts is impaired as 
a result of zinc deficiency [ 111 ]. 

Prasad et  al. [112] described the zinc levels in plasma, 
lymphocytes, and granulocytes in zinc-deficient and zinc- 
sufficient subjects with head and neck cancer and healthy 
volunteers. By cellular zinc criteria, a mild deficiency of 

zinc was observed in 25% of the normal healthy volunteers 
and 48% of the head and neck cancer subjects. Productions 
of IL-2 and tumor necrosis factor (TNF)- ~ were decreased 
significantly in zinc-deficient subjects in both groups 
(cancer and healthy volunteers), whereas the productions of 
IL-4, IL-5, and IL-6 were not affected by zinc status. The 
mean IL-4 production in cancer patients was higher than in 
noncancer subjects, but statistically the difference was not 
significant. In zinc-deficient subjects of both groups, the 
production of IL-1 ]3 was increased significantly in compari- 
son to zinc-sufficient subjects. NK cell activity was 
decreased in zinc-deficient subjects in comparison to zinc- 
sufficient subjects in both groups. The ratios of CD4+/CD8 + 
and CD4+CD45RA+/CD4+CD45R0+ cells were decreased 
in zinc-deficient subjects. Fifty-seven percent (27/47) of 
patients were classified as nutritionally deficient (NUTR-), 
whereas 43% (20/47) were nutritionally sufficient (NUTR+) 
based on their prognostic nutritional index (PNI) indices. 
Zinc status was inversely associated with tumor size 
(p=0.002), disease stage (p=0.04), and unplanned hospital 
days (p=0.04). Zinc and nutrition interaction was significant 
for postoperative febrile days (p=0.03) and for disease-free 
interval (p = 0.01). Fifty percent of the morbidities (pulmonary 
and nonpulmonary) were due to infectious episodes. Thus, 
they observed that the zinc status of head and neck cancer 
patients affects significantly cell-mediated immune functions 
and clinical morbidities. Results showed that the functions of 
TH1 cells were compromised, as evidenced by the decreased 
production of IL-2 and IFN- 7 in zinc-deficient head and neck 
cancer patients, whereas the TH2 cytokines were unaffected. 
NK cell lytic activity was also decreased in zinc-deficient 
patients. Thus, there is an imbalance between the functions of 
TH1 and TH2 cells, which may have been responsible for cell- 
mediated immune function disorders in zinc-deficient cancer 
patients. Further research must be carried out in order to doc- 
ument the effect of zinc supplementation in zinc-deficient 
patients with squamous cell carcinoma of head and neck. 

Zinc deficiency and cell-mediated immune dysfunction 
are present in a large percentage of head and neck cancer 
patients at initial presentation [ 112]. Zinc deficiency is asso- 
ciated with an increased tumor size, overall stage of the can- 
cer, and unplanned hospitalizations [112]. The disease-free 
interval is longest for the group with zinc-sufficient and 
nutrition-sufficient status. If these results are confirmed in 
larger studies, zinc supplementation may be recommended 
for head and neck cancer patients at presentation to reduce 
treatment- and disease-related morbidity, to improve 
immune function, to delay disease recurrence, and to pre- 
vent second primary tumors. 

C. P h y t o c h e m i c a l s  

Because major factors associated with cancer are proox- 
idant in nature, it is hypothesized that the administration of 
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antioxidant supplements would prevent cancer. An increased 
consumption of fruits and vegetables, which contain numer- 
ous antioxidant micronutrients, has consistently been 
associated with a lower risk of cancer in epidemiological 
studies. However, vegetables and fruits contain numerous 
cancer-preventive compounds with different mechanisms of 
action, and they are all taken together in small quantities as 
a part of a complex diet. It is therefore inappropriate to 
extrapolate from epidemiological studies and conclude that 
just because a micronutrient has an inverse association in 
epidemiological studies it would result in cancer risk reduc- 
tion when taken as a dietary supplement. Clinical studies are 
needed to investigate the mechanisms of action, as well as 
efficacy and toxicity of each micronutrient, alone and in 
combination with other micronutrients. Multiple chemopre- 
ventive agents, when taken together, may have synergistic 
or antagonistic interactions or no interactions with each 
other. Examples of promising nutritional chemopreventive 
compounds in clinical trials include vitamin E, selenium, 
lycopene, folic acid, and soy isoflavones. The importance 
of conducting clinical chemoprevention trials has become 
very clear recently, when several clinical trials showed that 
the agents hypothesized to prevent cancer did exactly 
the opposite [23,113]. A large chemoprevention study con- 
ducted to determine whether [3-carotene and/or ~-tocopherol 
would prevent lung cancer showed that 13-carotene supple- 
mentation increased the risk of lung cancer [23]. These 
unexpected results highlight the importance of conducting 
well-designed, prospective, randomized clinical trials before 
making recommendations to the public regarding the use of 
supplements. 

Richardson et  al. [ 114] assessed the prevalence of sup- 
plement use among cancer patients attending outpatient 
clinics at the University of Texas M.D. Anderson Cancer 
Center, Houston, Texas. Of the 453 participants, 62.6% 
used vitamins and herbs. The authors concluded that 
"given the number of patients combining vitamins and 
herbs with conventional treatments, the oncology commu- 
nity must improve patient-provider communication, offer 
reliable information to patients, and initiate research to 
determine possible drug-herb-vitamin interactions." Nam 
et  al. [115] determined the prevalence and patterns of the 
use of complementary and alternative medicine (CAM) 
therapies among patients with and those at high risk for 
prostate cancer. Of the patients presenting to urology clin- 
ics and the support group, 27.4 and 38.9% with and 25.8 
and 80% at high risk for prostate cancer, respectively, 
used some form of complementary therapy. Because some 
CAM therapies used by prostate cancer patients may 
include herbs, such as PC-SPES [116], and phytochemi- 
cals, such as lycopene [117] and soy isoflavones [118] 
with potent biological effects, it is very important to 
obtain accurate information from patients regarding their 
CAM use. 

IX. C O N C L U S I O N S  

Micronutrients and phytochemicals have significant roles 
in the initiation and progression of SCCHN. These com- 
pounds may have a role in the prevention of de novo  cancer 
in high-risk populations, such as tobacco smokers, as well as 
in the prevention of disease progression or relapse. In addi- 
tion, simultaneous use of these compounds with radiation 
and chemotherapy may improve the efficacy of treatment 
while decreasing its toxicity. However, there are no data 
from randomized clinical trials showing their efficacy and 
safety in this population. Clinical studies investigating the 
use of these agents in the prevention and/or treatment of 
SCCHN should be high priority. 
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I. INTRODUCTION 

Oropharyngeal cancers, also known as head and neck can- 
cers, are almost always squamous cell cancers and include 
cancers arising in the oral cavity, tongue, pharynx, and lar- 
ynx. About 40,000 persons will be diagnosed with squamous 
cell carcinoma of the head and neck (SCCHN) each year, 
12,000 of which are fatal [1]. There is a male:female ratio of 
about 2:1. Only a fraction of individuals exposed 
to tobacco smoke and alcohol develop SCCHN, suggest- 
ing that there are differences in individual susceptibility to 

carcinogenesis and the impact of gene-environment interac- 
tions. Tobacco carcinogens undergo a series of metabolic 
activation and detoxification steps that determine the inter- 
nal dose of exposure and ultimately impact the level of 
DNA damage incurred. Both endogenous and exogenous 
exposures to carcinogens or genotoxic agents cause cell 
cycle delays [2] that allow cells to repair such DNA damage. 
Therefore, cellular DNA repair capacity (DRC) is central to 
maintaining genomic integrity and normal cellular functions 
[3]. Molecular epidemiology studies of tobacco-induced 
carcinogenesis have been reviewed comprehensively [4-6]. 
Studies have shown that polymorphisms of genes control- 
ling drug metabolisms [7-10] and DNA repair [11-13] 
may contribute to a variation of tobacco-induced carcino- 
genesis in the general population. This chapter focuses 
on molecular epidemiological studies on the roles of car- 
cinogen metabolism and DNA repair in susceptibility to 
SCCHN. 

II. EPIDEMIOLOGY OF 
HEAD AND NECK CANCER 

The major risk factors for oropharyngeal cancers are 
tobacco (cigarettes and smokeless tobacco) and alcohol 
use. There is a dose-response effect for both smoking and 
alcohol use; together the two agents act synergistically 
[ 14-26]. The attributable risk for alcohol and/or tobacco use 
is about 75-80% for men and 52-61% for women [14,15]. 
There is some evidence for a weak familial association in 
smokers [27]. Some studies suggest that tobacco consump- 
tion is more likely than alcohol consumption to give rise to 
precursor lesions [28,29] and to cancer [20,30], although 

Head and Neck Cancer 2 1 3  
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the evidence for this comes from small studies. Talamini and 
co-workers [26] studied 60 nonsmoking drinkers and 32 
nondrinking smokers and compared them to controls. 
Depending on the amount of drinks per week, the odds ratio 
(OR) reached 5.3 [95% confidence interval (CI)= 1.1, 24.8] 
in nonsmokers and 7.2 (95% CI= 1.1-46) in smokers. Three 
published studies that report data by gender all indicate that 
there is an increased risk for women compared to men, espe- 
cially at the highest levels of smoking [14,15,22]. 

Cigarette type and SCCHN risk have not been studied 
extensively. Black tobacco is more harmful than blond tobac- 
co, as are hand-rolled cigarettes compared to manufactured 
cigarettes [31]. While there is no clear difference between fil- 
tered and nonfiltered cigarettes [14,15] one study indicated a 
lower risk for "low tar" cigarettes compared to "high tar" [18]. 
Where studies are available, there are no differences in risk for 
similar levels of smoking in Caucasian Americans compared to 
African Americans [I4,32], although one study suggested that 
African Americans were at a lower risk, but there was no 
breakdown by smoking and drinking categories. 

Smoking cessation changes the risk of oropharyngeal 
cancers. In one study, cancer of the larynx was found to be 
markedly less likely among ex-smokers than among current 
cigarette smokers [33]. In a relatively large case-control 
study in Brazil [34], 784 cases of mouth, pharynx, and lar- 
ynx cancers were compared to 1578 noncancer controls: 
compared to never smokers, former smokers of >20 years 
had an OR=2.0  (95% CI 1.0-3.8) for all types combined; 
lower risks for mouth (OR= 1.6) and pharyngeal cancer 
(OR = 1.5) and a higher risk for laryngeal cancer (OR = 3.6). 
The benefits of quitting were greatest for cigarettes and less- 
er for cigars and pipes. 

included male gender, white race, current snuff use, and cur- 
rent chewing tobacco use, with snuff having the highest risk 
(OR = 18.4). 

A "snuff pouch keratosis" in the mouth is common 
among users of snuff, with a prevalence of 1.6 per 1000 
adults in a population-based study of 23,616 white 
American adults over the age of 35 [39]. Early lesions can 
be commonly found in adolescent snuff users [38]. There are 
other reports linking smokeless tobacco products with 
precancerous lesions of the oral cavity. In India, chewing 
tobacco is associated with erythroplakia [40], and oral dys- 
plasia [29]. Stopping the use of smokeless tobacco results in 
the disappearance of oral leukoplakia [41 ]. 

The type of tobacco in smokeless tobacco products carries 
different risks for SCCHN [42-47], although not all stud- 
ies are supportive of this conclusion. In the United States, 
Winn and co-workers reported a 4.2-fold increased risk 
(95% CI = 2.6-6.7) in Southern white women who exclusive- 
ly use snuff [46]. In contrast, an analysis of the relationship 
between smokeless tobacco and cancer of the oral cavity in 
the National Mortality Followback Study did not detect an 
increased risk [48]. Toombak in the Sudan carries a very high 
risk [49], whereas the use of snus in Sweden generally is not 
associated with SCCHN [24,49,50]. Snus is not fermented 
and so has a much lower level of N-nitrosamines [51] and has 
a lower genotoxic potential [52], which might explain the 
lack of increased risk. A large number of studies in India, 
including cohort, case-control, and intervention studies, sup- 
port the association between oral cancer and smokeless 
tobacco, and these studies are consistent, strong, coherent, 
and temporally plausible [43,44,49]. 

A. S m o k e l e s s  T o b a c c o  P r o d u c t s  

Smokeless tobacco products include chewing tobacco, 
dry snuff (used in the nasal cavity), wet snuff (a moist wad 
of tobacco, usually placed between the lips and gums), and 
nass (a mixture of tobacco, lime, ash, and cotton oil). The 
use of smokeless tobacco varies greatly around the world, 
e.g., there are particularly high rates in Scandinavia (where 
a popular form of snuff is known as snus), India, southeast- 
ern Asia, Sudan, and parts of the United States. Smokeless 
tobacco products from these different regions are produced 
differently and have different levels of carcinogens [35,36]. 
In the United States, there has been a sharp increase in the 
use of these products since the 1980s, particularly among 
athletes and high school and college students [37]. Data 
from the 1986 to 1987 National Survey of Oral Health in 
U.S. school children examined relationships between smoke- 
less tobacco and alcohol and the presence of oral soft tissue 
lesions [38]. In the study sample of over 17,000 children 
between the ages of 12 and 17, 1.5% had smokeless tobacco 
lesions of the mouth. Factors associated with these lesions 

B. M o l e c u l a r  a n d  G e n e t i c  C h a n g e s  in 

S q u a m o u s  Cell C a r c i n o m a  of  

t h e  H e a d  a n d  N e c k  

Preneoplastic lesions, which include keratosis, dysplasia, 
carcinoma in situ, and microinvasive cancer, are considered a 
sequential continuum [53]. Keratosis is the commonest oral 
lesion, occurring as white (leukoplakia) or red (erythroplakia) 
patches, and is present in 1 to 10% of adults [54]. Some 
molecular evidence exists that premalignant lesions are the 
direct precursors of invasive lesions [55]. Cessation of smok- 
ing does not remove the potential for progression of the dis- 
ease and all patients must be followed indefinitely [53]. 
Excellent reviews of the molecular changes present in oropha- 
ryngeal cancer have been published [54,56]. Many of the 
molecular changes present in smoking-related upper aerodiges- 
tive tract tumors, including lung and oropharyngeal cancers, 
are similar and commence during multistage pathogenesis 
[54,56]. The changes include frequent losses at chromosome 
arms 3p, 9p, 17p, 5q, and 8p, aneuploidy, p53 gene mutations, 
and expression abnormalities of the TGF-c~-signaling pathway, 
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activation of, telomeiase, downregulation of RAR-~, and 
inactivation of the p16 gene [57-60]. Deregulation of the cell 
cycle is related to the degree of tobacco exposure [61,62]. 

III. MOLECULAR EPIDEMIOLOGY OF 
HEAD AND NECK CANCER 

The study of genetic susceptibilities can improve the 
accuracy of estimates for association from carcinogen expo- 
sure [63]. Tobacco toxicants affect people to a variable 
degree. There is large interindividual variation in cellular 
responses, e.g., in metabolism and detoxification of toxi- 
cants, and DNA repair. As other cellular responses to DNA 
damage are identified (e.g., cell cycle delays, heat shock), 
interindividual variation in risk is likely to be discovered for 
these as well. Interindividual effects in cellular responses 
could be due to genetically determined differences in enzyme 
expression, kinetics, or stability. Also, induction of enzymes 
from previous exposures or comorbidity may also contribute 
to cancer risk, and induction has a genetic component. 

Disease risk from genetic variation can range from small 
to large, depending on the genetic penetrance. Highly pene- 
trant cancer susceptibility genes cause familial cancers, but 
account for less than 1% of all cancers [64]. Low penetrant 
genes cause common sporadic cancers and have large public 
health consequences [65] because they have high prevalences. 

Genetic susceptibility can be assessed either phenotypi- 
cally (measuring the resultant enzymatic function) or 
genotypically (determining the genetic code). Phenotypic 
assays may include determining enzymatic activity by 
administering probe drugs to individuals and measuring 
blood levels or urinary metabolites, assessing carcinogen 
metabolic capacity in cultured lymphocytes, or establishing 
the ratios of endogenously produced substances, such as 
estrogen metabolite ratios. Some extensively studied pheno- 
types in relation to smoking risk include aryl hydrocarbon 
hydroxylase activity [66]. In general, it is preferable to use a 
genetic-based assay to assess cancer risk because DNA is 
easier to obtain and the assays are technically simpler. 
However, phenotypes represent a multigenic trait and may 
not be characterized adequately by only one genetic assay. 
Therefore, there is a role for both genetic- and phenotype- 
based assays in research studies. 

How and why people smoke cigarettes affect their 
level of exposure and consequently their cancer risk. The 
greatest contributor to smoking addiction is the availability 
of tobacco and our cultural acceptance of tobacco smoking. 
Genetics plays a lesser role. The tobacco smoking epidemic 
has only occurred since the mid-1920s, and it is unlikely that 
our genetics have evolved in that amount of time. 
Nonetheless, twin studies indicate a substantial genetic role 
for both smoking initiation and smoking persistence 
[67-69]. People smoke in ways that will maintain a desired 

blood nicotine level. Nicotine in turn stimulates reward 
mechanisms in the brain. Presynaptic nicotinic acetyl- 
choline receptors stimulate the secretion of dopamine into 
neuronal synapses. There are also effects on other pathways, 
such as those that involve serotonin. 

For dopamine, synaptic dopamine stimulates dopamine 
receptors, where five subtypes have been identified, which are 
considered to be D1- or D2-1ike. Synaptic dopamine levels 
are governed by the presynaptic dopamine transporter protein. 
In humans, different types of data support the link between 
nicotine and dopamine. The genes that code for dopamine 
receptors (e.g., DRD2, DRD4), dopamine transporter reup- 
take (SL6A3), and dopamine synthesis (e.g., dopamine 
hydroxylase, tyrosine hydroxylase, tryptophan hydroxylase, 
catechol-O-methyltransferase, monoamine oxidase) are 
polymorphic. Some of the polymorphisms result in altered 
protein function. Persons with higher levels of synaptic 
dopamine or "more stimulation" of dopamine receptors may 
have less rewarding effects from nicotine and so would be 
less likely to become smokers and would quit more easily. 
For example, in a study of 500 smokers and nonsmokers, 
several candidate genes have been implicated [70], whereas 
our other studies of candidate genes have yielded null results 
[71]. Other investigators have also reported supporting 
evidence [72-74]. 

IV. XENOBIOTIC METABOLISM OF 
CARCINOGENS IN HEAD AND 

NECK CANCER 

Oropharyngeal epithelium can metabolically activate 
tobacco smoke carcinogens, which cause DNA damage 
[75,76]. The highest levels of CYP1A1 expression have been 
reported in these tissues compared to others [76]. NAT1, but 
not NAT2, activity is present, and there is some evidence that 
CYP2C plays an important role in these tissues. Aromatic 
DNA and 4-ABP adducts have been detected in laryngeal 
tissues, which were higher in smokers compared to non- 
smokers [77,78]. 

N-Nitroso compounds in smokeless tobacco have been 
demonstrated to cause cancers of the mouth and lip, nasal cav- 
ity, esophagus, stomach, and lungs in laboratory animals. 
Urinary metabolites of tobacco specific nitrosomes (TSNs) 
have been measured in persons using smokeless tobacco prod- 
ucts, and higher levels were associated with oral leukoplakia, 
indicating higher use of the products [50]. Hemoglobin 
adducts to these carcinogens are measurable in the blood of 
smokeless tobacco users [79] and thus may be useful bio- 
markers for measuring exposure levels among users. 
Hemoglobin adduct levels have been found to be higher in 
snuff users compared to nonusers [79]. Other exposures that 
occur with the use of smokeless tobacco products include 
compounds that cause oxidative DNA damage [80]. 
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Several studies have indicated that there is increased risk 
for oropharyngeal cancers, which have a heritable trait demon- 
strated by genetic polymorphisms, although which markers 
play the greatest role is not yet known [81-85] and there is 
some evidence for a greater effect in persons with lower levels 
of smoking [86]. In one study, heritable traits in carcinogen 
metabolism increased the frequency of p53 mutations [87]. 

The p53 gene is commonly mutated in cancers associated 
with smokeless tobacco products, and while some differences 
in spectra have been reported for different regions in the 
world, no hot spots or patterns have been shown consistently 
compared to oral cavity cancers related to smoking. 
Mutational spectra of p53 in oropharyngeal cancers are simi- 
lar to those in the lung [88], although some disagree [89]. 
Mutations occur more commonly in smokers than in non- 
smokers [57,88,90,91 ]. In a study by Brennan and co-workers 
[57] the frequency of p53 mutations for tobacco and alcohol 
users was higher than for either of these exposures alone. In 
one study, heritable traits in carcinogen metabolism increased 
the frequency of p53 mutations [87]. 

V. DNA REPAIR PHENOTYPE AND RISK OF 
HEAD AND NECK CANCER 

In the process of evolution, species of all living organ- 
isms have developed sophisticated DNA repair pathways 

and mechanisms (Table 15.1) to battle genomic insults from 
environmental hazards in order to survive and maintain 
genomic integrity. The DNA repair capacity appears to meet 
the challenge from the nal~ural environment; e.g., human 
skin repair capacity can just meet the repair demand from 
sunlight exposure at midday [92]. Overloaded DNA damage 
leads to either cell death or mutant cancerous cells that have 
escaped from repair systems. It has been reported that more 
than 150 human genes are involved in various repair path- 
ways and that the number is likely to increase when the 
human genome project refines its published draft of the 
human genome [93]. These repair genes are grossly catego- 
rized into four important and well-characterized repair 
pathways: base excision repair (BER), nucleotide excision 
repair (NER), mismatch repair (MMR), and homologous 
recombinational repair (RCR). 

Assays that measure cellular DNA repair are now being 
applied in population studies to investigate the association 
between DNA repair and susceptibility to cancer. Generally, 
cellular responses to DNA damage fall into three major 
categories: direct reversal of damage, e.g., enzymatic photore- 
activation; excision of damage by BER or NER; and 
postreplication repair, namely MMR and RCR [3]. While 
the presence of only one unrepaired DNA lesion can block 
the transcription of an essential gene [94,95], there is a wide 
range of repair ability in the general population [96,97], 
with xeroderma pigmentation (XP) patients representing the 

TABLE 15.1 S o m e  Impor tan t  Genes  in Major  H uman  DNA Repair Pathways  a 

Type Genes involved Damage involved 

Base excision repair 
(BER) 

Nucleotide excision repair 
(NER) 

Mismatch repair 
(MMR) 

Recombinational repair 
(RCR) 

DNA ligase (LIG3) 
DNA glycosylase (MBD4, MPG, 
MYH, NTH1, OGG1, SMUG1, TDG, 
UNG), APE1, APE2, XRCC1 
ADPRT, ADPRTL2, ADPRTL3 

XPA, XPC XPF/ERCC4, XPE, 
XPG/ERCC5, ERCC1 
CSB/ERCC6, CSA/CKN1, XAB2 
TFIIH (XPB/ERCC3 XPD/ERCC2, GTF2H1, 
GTF2H2\I, GTF2H3, GTF2H4, CDK7, 
CCNH, MNAT), DDB1, DDB2, MMS19, CENN2 
RAD23A, RAD23B, 
LIG1 RPA1, RPA2, RPA3 

MSH2, MHS3, MSH6, MSH4, 
MSH5, MLH1, MLH3, PMS1, PMS2, 
PMS2L3, PMS2L4 

RAD50, RAD51, RAD51B, RAD51C, 
RAD51D, RAD54L, RAD54B RAD52, 
DMC1, MRE11A, NBS1, ERCC1, XPF/ERCC4, 
XRCC2, XRCC3, XRCC4, XRCC5, XRCC6 
XRCC7, XRCC8, BRCA1, BRCA2 

Single base damage repair 

Bulky nucleotide damage, including 
ultraviolet photoproducts and chemical 
carcinogen-induced adducts 

Base mismatch 

Double strand breaks V(D)J recombination 

aSee review by Wood et al. [93]. 
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extreme end of the repair spectrum [98]. Because there is a 
shortage of target tissues for laboratory experiments, periph- 
eral blood lymphocytes have been used extensively as 
surrogate tissue [96,99]. 

lowest tertiles of DRC had a more than a two- and fourfold 
increased risk, respectively. These results suggest that sub- 
optimal DRC may contribute to the susceptibility to tobacco 
carcinogenesis. 

A. H o s t - C e l l  Reac t iva t ion  Assay  for NER 

While there are many assays that measure the efficiency 
of multiple steps of excision repair individually, the ability to 
test the whole pathway is needed for population studies, in 
which time, cost, and repeatability of measurements are 
major concerns. Therefore, the host cell reactivation (HCR) 
assay, which measures the expression level of a damaged 
reporter gene as a marker of repair proficiency in the host 
cell, is the assay of choice [ 100,101]. The HCR assay uses 
undamaged cells, is relatively fast, and is an objective way of 
measuring repair [ 100]. In the assay, a damaged nonreplicat- 
ing recombinant plasmid (pCMVcat) harboring a chloram- 
phenicol acetyltransferase reporter gene is introduced by 
transfection into primary lymphocytes. Reactivated chloram- 
phenicol acetyltransferase enzyme activity is measured as a 
function of nucleotide excision repair of the damaged bacte- 
rial gene [100]. Both lymphocytes [96] and skin fibroblasts 
[102] from patients who have basal cell carcinoma but not 
XP have lower excision-repair rates of a UV-damaged 
reporter gene than individuals without cancer. Their finding 
suggests that the repair capacity of lymphocytes can be con- 
sidered a reflection of an individual's overall repair capacity. 

To investigate whether differences in DRC for repairing 
tobacco carcinogen-induced DNA damage are associated 
with differential susceptibility to tobacco-related cancer 
[97,103] the HCR assay was used with benzo[a]pyrene diol 
epoxid (BPDE)-damaged plasmids in both an initial pilot 
study (51 patients and 56 frequency-matched controls) and 
a subsequent large hospital-based case-control study of lung 
cancer (316 each lung cancer patients and controls). A sta- 
tistically significantly lower DRC was observed in cases 
compared with controls and was associated with a greater 
than a twofold increased risk of lung cancer [97]. Compared 
to the highest DRC quartile in controls, suboptimal DRC 
was associated with adjusted risks for lung cancer in a 
dose-response fashion (Ptrend<0.001). Cases who were 
younger at diagnosis (< 60 years), female, lighter smokers, 
or who reported a family history of cancer exhibited the 
lowest DRC and the highest lung cancer risk among their 
subgroups, suggesting that these subgroups may be espe- 
cially susceptible to lung cancer [96]. A low DRC found in 
women in this study is consistent with epidemiological find- 
ings that women are at a higher risk of tobacco-induced 
cancer as compared to men [104-106]. Using the same 
assay, Cheng and colleagues [107] investigated the role of 
DRC in head and neck cancer, and again DRC was signifi- 
cantly lower in cases (8.6%) than in controls (12.4%) with a 
similar dose-response trend; i.e., those in the middle and 

B. M u t a g e n  Sensi t ivi ty  Assay  

This is another functional assay that measures quantita- 
tively chromatid breaks in response to in vitro exposure to 
carcinogens in short-term cultures of peripheral blood 
lymphocytes. Several case-control [108-110] and cohort 
studies [111,112] have suggested that induced and sponta- 
neous lymphocytic chromosome aberrations can be used as 
markers of susceptibility. The implications of chromosomal 
aberrations and genomic instability in carcinogenesis of the 
head and neck have been reviewed comprehensively 
elsewhere [113,114]. 

In the general population, the frequency of spontaneous 
chromosome aberrations is low [115], and classic cyto- 
genetic assays assessing these types of aberrations may 
not be applicable to epidemiological studies requiting a 
large number of samples. Therefore, Hsu and co-workers 
[116,117] developed an assay for mutagen sensitivity to 
measure genetic susceptibility by estimating the frequency 
of in vitro bleomycin-induced breaks in short-term lympho- 
cyte cultures. Bleomycin is considered radiomimetic (i.e., it 
causes the generation of free oxygen radicals), which is rel- 
evant to tobacco-induced carcinogenesis because numerous 
compounds in tobacco condensate may generate free oxy- 
gen radicals that can induce single- and double-stranded 
breaks. Mutagen sensitivity has consistently been shown in 
case-control studies to be a significant independent predic- 
tor of the risk for lung and upper aerodigestive tract cancers 
[109,110,116,118,119]. Lighter smokers and former smok- 
ers appear to be at higher risk than heavier smokers, as are 
younger patients. In upper aerodigestive tract cancer, 
bleomycin sensitivity was highest in subjects under age 30 
[120]. These results suggest that this assay may serve as a 
biomarker for susceptibility to tobacco-related cancer. 

The bleomycin assay has since been modified by using 
BPDE as the test mutagen [121], and BPDE sensitivity has 
also been associated with a significantly elevated risk for 
head and neck cancer [122] and lung cancer [123]. In a pilot 
case-control study of 60 SCCHN patients and 112 healthy 
controls, the high frequency of BPDE-induced chromatid 
breaks was associated with more than a twofold increased 
risk of head and neck cancer, and there was a dose-response 
relationship between the frequency of B PDE-induced chro- 
matid breaks and risk, suggesting that the BPDE-induced 
breaks/cell (b/c) value is a significant risk factor for head 
and neck cancer [ 122]. In lung cancer, risks were higher for 
lighter smokers and younger patients. There was also a 
dose-response relationship between the quartiles of num- 
bers of BPDE-induced breaks and lung cancer risk, and risk 
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was the highest in subjects who were sensitive to both 
BPDE and bleomycin [123]. Findings that cancer is more 
likely to develop at younger ages in people who have the 
sensitive phenotype support the hypothesis that BPDE- 
induced chromatid breaks are a marker for genetic susceptibil- 
ity to tobacco-induced carcinogenesis. 

It has been suggested that the mutagen sensitivity assay 
indirectly measures the effectiveness of one or more DNA 
repair mechanisms [ 124]. A correlation between the cellular 
DNA repair capacity measured by the host cell reactivation 
assay and the frequency of mutagen-induced in vitro 
chromatid breaks has been reported [lla,121]. Mutagen 
sensitivity may also involve an inherent chromatin alteration 
that permits more efficient translation of DNA damage into 
chromosome damage after exposure to a mutagen [126]. 
Although the mechanism underlying the association 
between induced chromosomal aberrations and suscepti- 
bility to cancer remains to be unraveled, tobacco smoke 
causes both oxidative damage and bulky adducts. Defects in 
both BER and NER mechanisms may therefore increase the 
risk of smoking-related cancer dramatically. 

C. 3 2 p - P o s t l a b e l i n g  A s s a y  of  

DNA A d d u c t s  

A relatively large variation is observed in the level of per- 
sistent DNA adducts in vivo that are believed to be related to 
smoking [ 127,128]. Although this variation could be partly 
due to experimental methodology, it may reflect true bio- 
logical variation that is a valid phenotypic marker for the 
joint effect of host metabolic activities and DNA repair in 
response to carcinogen exposure [129]. Using the 32p-post- 
labeling assay developed by Reddy et al. [130], Phillips 
et al. [ 131 ] noted a linear relationship between the levels of 
aromatic DNA adducts in human lung and the number of 
cigarettes smoked per day. While some studies have failed to 
find a correlation between lymphocyte adduct levels and 
smoking habits [132,133], one study reported a significant 
difference between levels in smokers and nonsmokers [99]. 

A large in vivo variation of adduct levels may be driven 
by variation in the activities of enzymes involved in 
carcinogen bioactivation [134,135], such as CYP1A1 [136], 
which can be induced by smoking in the target tissues [ 137]. 
To tackle this problem, Li et al. [ 129] developed a new assay 
of in vitro induction of carcinogen-DNA adducts by an ulti- 
mate carcinogen. In this assay, stimulated lymphocytes were 
treated with BPDE [the ultimate carcinogen of B(a)P, which 
does not need bioactivation]. Therefore, the variation in lev- 
els of BPDE-induced DNA adducts should reflect only 
genetic variation in phase II enzymes and DRC. However, 
phase II enzymes have little effect, if any, on the in vitro 
formation of adducts in this assay because of the relatively 
large dose (4 laM) of BPDE used and the rapid binding 
of BPDE to DNA, which peaks within 15 rain [138]. 

The ultimate carcinogen generates in vitro adduct levels that 
are a hundredfold higher than in vivo adduct levels; 
furthermore, the variation in such induced adduct levels is 
within a hundredfold rather than a thousandfold as often 
seen in vivo. 

In a pilot study of 91 patients with squamous cell carci- 
nomas of the head and neck and 115 controls, Li et al. [ 139] 
found that levels of BPDE-DNA adducts were significantly 
higher in cases than in controls (mean + SD, 76.8 _+ 77.4 and 
47.1 + 48.0/107 nucleotides, respectively; P < 0.001). Using 
the median level of control values (35/107 ) as the cutoff 
point, about 66% of cases were distributed above this level. 
High levels of BPDE-induced DNA adducts were associat- 
ed with more than a twofold increased risk. There was a sta- 
tistically significant dose-response relationship between the 
quartile levels of B PDE-induced DNA adducts and the risk 
of head and neck cancer (trend test, P=0.003), suggesting 
that this biomarker may have the potential to complement 
with other biomarkers in identifying individuals at an 
increased risk of developing tobacco-related cancers. Indeed, 
similar findings were also observed in lung cancer studies 
[129,140]. 

D. A s s a y s  for DNA Repa i r  G e n e  T r a n s c r i p t  

(mRNA) Leve ls  

While the DRC phenotype can be affected by genetic 
polymorphisms of the genes that participate in the repair 
pathway, epigenetic factors could also influence the repair 
outcome. For instance, the expression levels of repair genes 
may be affected epigenetically. To investigate the variation 
in expression levels, a multiplex reverse transcriptase poly- 
merase chain reaction (RT-PCR) assay has been used to 
measure the levels of several DNA repair gene transcripts 
relative to those of a ubiquitous housekeeping gene [141 ]. In 
this technique, transcripts from several repair genes and the 
]3-actin gene are amplified simultaneously, and the transcript 
levels are quantified in relation to the ]3-actin level by a com- 
puterized densitometry analysis of gel electrophoresis of the 
multiplex RT-PCR products. This assay is also flexible in 
grouping into one experiment the genes involved in the same 
repair pathway such as MMR [142] or NER [143]. 

Using this multiplex RT-PCR assay, Wei et al. [144] 
simultaneously evaluated the relative expression levels of 
five MMR genes (hMSH2, hMLH1, hPMS1, hPMS2, and 
hGTBP/hMSH6) in the peripheral lymphocytes of 78 patients 
with head and neck cancer and 86 controls. The relative 
MMR gene expression was not correlated with disease stage 
or tumor site in the cases or with smoking and alcohol use in 
the controls, but increased with age in both cases and con- 
trols. The mean expression levels of hMLH1, hPMS1, and 
hGTBP/hMSH6 were significantly lower in cases than in 
controls. A low expression of hMLH1 was associated with 
more than a fourfold increased risk, and a low expression of 
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hGTBP/hMSH6 was associated with more than a twofold 
increased risk. Cheng et al. [145] used this assay to measure 
the relative expression levels of five NER genes [ERCC1, 
XPB/ERCC3, XPG/ERCC5, CSB/ERCC6, and XPC (ERCC, 
excision repair cross-complementing; CSB, Cockayne's syn- 
drome complementary group B)] in phytohemagglutinin- 
stimulated peripheral lymphocytes obtained from 75 lung 
cancer patients and 95 controls. They found a 12.2 and 
12.5% decrease in the baseline expression levels of 
XPG/ERCC5 and CSB/ERCC6, respectively, in cases com- 
pared with controls (P < 0.01). When the median expression 
level in the controls was used as the cutoff point, lung cancer 
patients were significantly more likely than controls to have 
reduced expression levels of XPG/ERCC5 and CSB/ERCC6, 
which were associated with more than a twofold increased 
risk of lung cancer. There was also a dose-response relation- 
ship between reduced expression levels and increased lung 
cancer risk (trend test: P < 0.01). These results suggest that 
individuals with low expression levels of DNA repair genes 
may be at a higher risk of tobacco-related cancer. 

VI. P O L Y M O R P H I S M S  IN DNA 
REPAIR GENES 

Genetic polymorphisms of DNA repair genes may also 
contribute to variation in DNA repair capacity. Clearly, func- 
tional (phenotypic) studies of DNA repair in individuals with 
various genotypes of DNA repair genes are needed. 
However, it will be difficult to detect subtle differences in 
DNA repair capacity due to a single polymorphism of a sin- 
gle gene in a very complex pathway. The entire coding 
regions of several DNA repair genes on chromosome 19, i.e., 
three NER genes (ERCC1, XPD/ERCC2, and XPF/ERCC4), 
one RCR gene (XRCC3), and one BER gene (XRCC1), have 
been resequenced in 12 normal individuals [ 146]. Of these, 7 
variants of ERCC1, 17 of XPD/ERCC2, 6 of XPF/ERCC4, 4 
of XRCC3, and 12 of XRCC1 were identified. Among these 
variants, 4 variants of XPD/ERCC2, 3 variants of XRCC1, 1 
variant of XRCC3, and 1 variant of XPF/ERCC4 result in 
an amino acid sequence change. Later, another 6 variants 
of XPF/ERCC4 were identified in 38 individuals [147]; 
2 variants of XPA (chromosome 9) and 2 XPB/ERCC3 (chro- 
mosome 2) were identified in 35 individuals; and 2 variants 
of XPC (chromosome 3) [148] and 3 variants of XPG/ 
ERCC5 (chromosome 13) [149] were identified. Although 
the significance of these variants is largely unknown, the 
implication is that variants that cause amino acid substitu- 
tions may have an impact on the function of the proteins and 
therefore on the efficiency of DNA repair. Those variants 
that do not cause an amino acid change may also have 
an impact on DNA repair function because they may 
lie in introns that regulate splicing, cause mRNA instability, 
or may be linked to genetic changes in other genes. 

Therefore, the impact of these polymorphisms on disease 
outcomes is important to ultimately understanding their 
functional relevance. 

The XPD protein is an evolutionarily conserved helicase, a 
subunit of transcription factor IIH (TFIIH) that is essential for 
transcription and NER [ 150]. Mutations in XPD prevent its pro- 
tein from interacting with p44, another subunit of TFIIH [ 151 ], 
and cause decreased helicase activity, resulting in a defect in 
NER. Mutations at different sites result in distinct clinical phe- 
notypes [152]. XPD is also thought to be involved in repairing 
genetic damage induced by tobacco carcinogens [ 125]. 

Several XPD polymorphisms have been identified in the 
coding regions with a relative high frequency [146,153]. 
These common (allele frequencies >0.20) polymorphisms 
include C22541A (156Arg) of exon 6 and C35326T (711Asp) 
without amino acid changes and G23592A (Asp312Asn) of 
exon 10 and A35931C (Lys751Gln) of exon 23 with amino 
acid changes. The Lys751Gln polymorphism is located about 
50 bases upstream from the poly(A) signal and therefore may 
alter XPD protein function. In a study of 31 women, those 
with the 751Gin/Gin genotype were found to have higher lev- 
els of chromatid aberrations induced by X-ray [154]. 
However, this finding was not confirmed in another study that 
measured the frequency of smoking-induced sister chromatid 
exchanges and polyphenol DNA adducts (n=61) [155]. 

In a case-control study of 189 head and neck patients and 
496 cancer-free controls, Sturgis et al. [125] found that 
the frequency of the 22541 AA homozygous genotype was 
lower in cases (15.9%) than in controls (20.4%), but this 
difference was not statistically different. The frequency of 
the 751Gin/Gin homozygous genotype was higher in cases 
(16.4%) than in controls (11.5%) and was associated with a 
borderline increased risk (OR = 1.55). The risk was higher in 
older subjects (OR= 2.22), current smokers (OR= 1.83), and 
current drinkers (OR = 2.59). Furthermore, the 751Gin variant 
was found to be associated with more than a twofold risk of 
melanoma [156], and the 751 Lys--->Gln substitution may 
affect protein function [153]. The Asp312Asn variant was 
found to be associated with nearly a twofold lung cancer risk 
in two independent studies [157,158]. The XPD C22541A 
and C35326T polymorphisms are silent, resulting in no amino 
acid substitutions [ 146], and were not found to be associated 
with an increased risk of cancer [11,159]. However, it is pos- 
sible that such a sequence variation could affect RNA stability 
or otherwise disturb protein synthesis [153]. 

Several polymorphisms of XRCC1 have also been identi- 
fied [146]. These include polymorphisms resulting in a 
nonconservative amino acid substitution at C26304T of 
codon 194 (Arg194Trp) in exon 6; G27466A of codon 280 
(Arg280His) in exon 9, and G28152A of codon 399 
(Arg399Gln) in exon 10. Although the functional relevance 
of these variants is unknown, codon 399 is within the XRCC1 
BRCT (breast cancer susceptibility protein-l) domain 
(codons 314-402) [160], which is highly homologous to 
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BRCA1 (a gene also involved in DNA repair), containing a 
binding site for poly(ADP-ribose) polymerase (PARP) 
[ 161 ]. Because the role of XRCC1 in BER involves bringing 
together DNA polymerase ~ ([3-pol), DNA ligase III (LIG 
III), and PARP at the site of DNA damage [162-164], the 
codon 399 variant could have an impact on repair activity. 
The codon 194 polymorphism resides in the linker regions 
of the XRCC1 N-terminal domain separating the helix 3 and 
~-pol involved in binding a single nucleotide gap DNA sub- 
strate [165]. Lunn et al. [166] reported that the codon 399 
variant was associated with higher levels of both aflatoxin 
B 1-DNA adducts and glycophorin A variants in a normal 
population, suggesting that this variant may be an adverse 
genotype. However, few studies have studied the associa- 
tions between polymorphisms of the DNA repair gene 
XRCC1 and the risk of cancer. 

In a case-control study, Sturgis et al. [ 125] reported that 
88.7% of 203 head and neck cancer cases and 85.6% of 424 
controls lacked the codon 194 Trp variant, with a significant 
risk for oral cavity and pharynx cancers of 2.46. Thirty-two 
cases (15.8%) and 46 controls (10.8%) were homozygous 
for the codon 399 Gln variant (adjusted OR= 1.59) for all 
cases. Furthermore, when the two genotypes were com- 
bined, the adjusted OR was 1.51 for either risk genotype and 
2.02 for both risk genotypes. In addition, the codon 399 
Arg/Gln or Gln/Gln genotypes were associated with a risk of 
breast cancer in African Americans and gastric cancer in a 
Chinese population [166a,166b]; the codon 280 Arg/His and 
His/His genotypes were associated with a risk of lung cancer 
in a Chinese population [167]; and both the 194Trp and the 
399Gln variant alleles were associated with an increased risk 
of colon cancer in an Egyptian population [168]. However, 
some of these polymorphisms were not found to be associat- 
ed with an increased risk of cancer in other studies 
[158,159,169]. Despite some conflicting reports, the variants 
of XRCC1 and their impact on cancer risk have generated 
much interest in the scientific community [ 170]. 

The hOGG1 gene is localized on chromosome 3p25 and 
encodes two forms of protein that result from an alternative 
splicing of a single messenger RNA [ 171 ]. The o~-hOGG 1 
protein has a nuclear localization, whereas the [3-hOGG 1 is 
targeted to the mitochondrion. The ~-hOGG1 protein is a 
DNA glycosylase/AP lyase that excises 8-OH-G and Fapy- 
G from y-irradiated DNA. There are both somatic and 
polymorphic mutations of the hOGG1 gene in lung and kid- 
ney tumors [ 172,173]. The mutant forms c~-hOGG 1-Gln46 
and o~-hOGG 1-His 154 are defective in their catalytic capac- 
ities, especially for 8-OH-Gua [174]. A polymorphism at 
codon 326 (Ser326Cys) leads to hOGG1-Ser326 and 
hOGG1-Cys326 proteins [172]. Activity in the repair of 
8-hydroxyguanine appears to be greater with the Ser326 pro- 
tein than with the Cys326 protein. Because tobacco carcino- 
gens produce 8-hydroxyguanine residues, the capacity to 
repair these lesions can be involved in cancer susceptibility. 

Sugimura et al. [175,175a] found that those with the 
hOOG1 Cys/Cys of codon 326 were at an increased risk 
of squamous cell and nonadenocarcinoma lung cancer 
compared to those with the Ser/Cys or those with the 
Ser/Ser genotypes combined (ORs of 3.0 and 2.2, respec- 
tively). The distributions of this polymorphism varied 
for different populations (Chinese, Japanese, Micronesians, 
Melanesians, Hungarians, and Australian Caucasians), with 
a much lower prevalence of the Cys allele in the latter three 
populations. Another population-based study of 128 lung 
cancer cases and 268 controls identified a polymorphic 
allele 3 in hMMH/OGG1 exon 1 and found it to be signifi- 
cantly related to risk of adenocarcinoma of the lung 
(OR= 3.2) among Japanese [176]. This polymorphism was 
also identified in European patients with head and neck or 
kidney cancer not associated with increased risk [177]. 
Polymorphisms involving intron 4 and exon 7 were present 
in 30% of 33 patients. Loss of heterozygosity (LOH) at 
the hOGG1 gene locus was found to be a very common 
occurrence in lung tumorigenesis [178]. However, the 
hOGG1 polymorphisms studied were not found to be major 
contributors to individual lung cancer susceptibility in 
Caucasians, although it is reported to be associated 
with esophageal cancer in a Chinese population [179]. 
Correlations between DNA repair genotype and pheno- 
type are needed, and confirmatory large, well-designed 
case-control or cohort studies will be required to confirm 
the impact of these genetic variants and cancer risk. 

VII. P O L Y M O R P H I S M S  IN CELL 
CYCLE GENES 

In response to DNA damage, the cell cycle becomes 
arrested under the control of many cell cycle-related genes, 
one of which is cyclin D 1 (CCND1), which plays a critical 
role in cell cycle control. Studies show that cyclin D1 
overexpression and loss of p l6INK4A expression predict 
early relapse and reduced survival in squamous cell carci- 
noma of the anterior tongue [180]. The G---~A polymor- 
phism (G870A) of exon 4 of CCND1 creates an alternate 
splicing site of its mRNA, encoding a protein with an altered 
carboxy-terminal domain. It has been suggested that DNA 
damage in cells with the A allele bypasses the G1/S check- 
point of the cell cycle more easily than damage in cells with- 
out the A allele. In a hospital-based case-control study of 
233 newly diagnosed SCCHN patients and 248 noncancer 
controls, Zheng et al. [181] found that compared with the 
wild-type CCND1 GG, the CCND1 AA genotype was asso- 
ciated with an almost twofold increased risk for SCCHN. 
Among the cases, the mean age of onset was 59.0, 56.8, and 
55.5 years for the GG, GA, and AA genotypes, respectively. 
In the stratification analysis, the CCND1 AA variant geno- 
type was associated with a more than a threefold increased 
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risk in individuals who were <45 years old, females, non- 
smokers, and nonalcohol users. These results suggest that 
the CCND1 polymorphism is associated with early onset of 
SCCHN and contributes to susceptibility to SCCHN. 
However, polymorphisms of p 16 have no effect on the risk 
of SCCHN [182] because p 16 abnormalities are likely medi- 
ated by other mechanisms such as methylation status [ 183] 
in the etiology of SCCHN. 

In summary, DNA repair is critical in maintaining 
genomic integrity and genetic stability. Ample evidence 
shows that etiologic or susceptibility factors for SCCHN 
include suboptimal DNA repair, resulting in higher levels 
of tobacco-induced DNA adducts, higher frequencies of 
chromosomal aberrations, and likely high frequencies of 
mutations in oncogenes or tumor suppresser genes. The 
susceptible phenotype of suboptimal DNA repair will 
be evaluated further by genotyping the genes involved in 
the specific repair pathway. The functional relevance of 
genetic polymorphisms offers biological plausibility in 
using genotypes to predict DRC, and are amenable to high- 
throughput analysis, thereby adding in molecular epidemio- 
logical studies. Some genetic variants in cell cycle genes 
may also be relevant in genetic susceptibility to SCCHN. 
Ultimately, the goal of such work is to reliably estimate 
an individual's risk of developing SCCHN based on their 
genetic profile. Such a risk assessment would allow for 
improved primary prevention, such as individualized tobacco 
and alcohol cessation consulting/treatment, early detection 
through a more aggressive screening practice, chemopre- 
vention through diet modification, and pharmaceutical and 
secondary prevention for detecting and preventing secondary 
primary malignancies. 
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Head and neck tumorigenesis has been proposed to 
represent a field cancerization process. The whole epithe- 
lium is exposed to carcinogenic insult (e.g., tobacco prod- 
ucts) and cofactors (e.g., alcohol), resulting in chronic tissue 
damage and wound repair. DNA damage created by car- 
cinogens is translated into more permanent genetic changes 
during proliferation, resulting in the presence of genomic 
damage throughout the exposed field. With chronic injury, 
genomic alterations accumulate, leading to multifocal 
clonal outgrowths that grow out at the expense of normal 
epithelium and continue to evolve toward malignancy. 
The field cancerization process in the head and neck epithe- 
lium is manifest by clinically detectable lesions (e.g., leuko- 
plakia) prior to cancer development, progressive histologic 
changes, and alterations of genetic and phenotypic markers 
in the epithelial cells. With continued genetic evolution 
throughout the epithelial field, multiple, genetically distinct 
primary tumors may develop in synchrony or sequentially 
over time. This chapter reviews evidence for the field 
cancerization process during multistep head and neck 
tumorigenesis and discusses the implications of such a 
process in the clinical management of individuals at 
high risk for first and second head and neck primary 
tumors. 

I. INTRODUCTION 

Head and neck cancer remains a significant public 
health problem throughout the world. It is estimated that 
in the year 2002 in the United States there will be approx- 
imately 28,900 new cases of cancer of the oral cavity and 
pharynx and approximately 8900 new cases of laryngeal 
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cancer [1]. This accounts for approximately 5% of the 
malignancies. However, head and neck cancer can account 
for up to 40% of malignancies in the Far East and India 
[2]. Despite improvements in surgery, radiotherapy, and 
chemotherapy, the 5-year survival rates have improved 
only marginally over the past 20-30 years. New approach- 
es need to be developed that can reduce both the incidence 
and the mortality of head and neck cancer [3]. The new 
strategies can take the form of preventive measures that 
interfere with the head and neck tumorigenesis process or 
therapeutic measures that interfere with growth, survival, 
and metastatic processes associated with tumor progres- 
sion [4,5]. The development of targeted approaches for 
both prevention and therapy will require improved under- 
standing of the process of head and neck tumor develop- 
ment, as well as further characterization of the specific 
molecular events that underlie the tumor phenotype. 

Tumors of the head and neck have been proposed to 
reflect a "field cancerization" process whereby the tissue 
region is thought to be exposed to carcinogenic insult (e.g., 
tobacco products and alcohol) and is at increased risk for 
multistep tumor development [6-10]. As shown in Fig. 16. 1, 
the working model for head and neck cancer development is 
that exposure to carcinogens leads to the accumulation of 
genetic changes throughout the directly exposed tissue, as 
well as in tissues exposed systemically to the metabolic 
products of the carcinogens. Genomic damage in the form of 
DNA adducts or their processed repair intermediates (e.g., 
DNA single and double strand breaks, abasic DNA residues) 

associated with the carcinogenic exposure leads to cellular 
and tissue damage and various types of tissue response. One 
component of the tissue reaction might be an inflammatory 
response, leading to the influx of cells such as granulocytes 
and macrophages that can produce free radicals as part of 
their normal function. This would lead to further damage to 
the genome of the epithelial cells. Another component of 
this tissue response may be a healing reaction, leading to 
increased levels of cellular proliferation. With cellular pro- 
liferation, damage to the DNA of the cells, if not repaired 
prior to DNA synthesis, is translated during DNA synthesis 
into more permanent types of genomic change such as DNA 
point mutation, deletion, insertion, and recombination, 
which can then be transmitted to the offspring of the dam- 
aged cells. When changes occur in regions of the genome 
that influence the survival of the cell following injury or 
influence the regulatory circuits of the cell, these geneti- 
cally altered cells may preferentially expand within the 
exposed epithelium at the expense of their epithelial neigh- 
bors. With continued carcinogenic exposure and resultant 
chronic tissue healing, clonal outgrowths of these initiated 
cells may continue to accumulate new genetic hits and lead 
to the development of subclonal outgrowths with more 
evolved genotypes (Fig. 16. 2). Eventually, one or more of 
these clones may collect sufficient numbers of genetic hits to 
influence all the pathways necessary for tumor development, 
invasion, and metastasis. 

The concept of field cancerization in the setting of head and 
neck cancer is important because it has critical implications for 

FIGURE 16-1 Field cancerization and multistep tumorigenesis. 
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FIGURE 16-2 Multiple focal clonal evolution during head and neck tumorigenesis. 

assessing the risk of first and second primary tumors and 
thus can have a profound impact on the clinical management 
of individuals with premalignant lesions, of individuals who 
have been definitively treated for a first primary tumor and 
remain at high risk for developing a second primary tumor, 
and of individuals presenting with either a recurrence or a 
second primary tumor. The goal of this chapter is to review 
the clinical, pathologic, and genetic evidence for the concept 
of head and neck field cancerization and then discuss its 
implications for the clinical management of individuals at 
increased risk for developing first or second head and neck 
cancers. 

II. CLINICAL EVIDENCE FOR HEAD AND NECK 
FIELD CANCERIZATION 

A. Role of  T o b a c c o ,  Alcohol  Exposu re ,  a n d  

Viral E x p o s u r e  

The clinical manifestations of a field cancerization and 
multistep head and neck tumorigenesis process can be seen 
in multiple ways. First, head and neck cancer has been 
shown to be highly associated with tobacco and alcohol 
exposure [11-14]. In fact, it is estimated that 50-70% of 
deaths resulting from oral and laryngeal cancer can be 
attributed to tobacco smoking [15]. The risk of developing 
head and neck cancer increases as a function of both the 
intensity (e.g., packs per day) and the duration (e.g., pack 
years) of tobacco exposure [16,17] and decreases gradually 
following cessation of tobacco exposure [ 18]. 

While the majority of head and neck cancers is attribut- 
able to tobacco and alcohol exposure, nearly one-fourth to 
one-third of head and neck cancers occur in nonsmokers. 
The etiologic agents or intrinsic factors responsible for head 
and neck cancer in nonsmokers are less understood. 
However, they may also influence the head and neck 
region in a field cancerization manner. For example, mucosa 
of the upper aerodigestive tract can be infected by human 
papillomaviruses (HPV), albeit in a potentially more focal 
fashion than that affected by tobacco exposure [19]. While 
the reported frequency is highly variable depending on the 
detection technique, more than 50% of head and neck 
cancers, especially in the tonsil and base of tongue, have 
been reported to harbor (HPV) [20,21]. It has been shown 
that (1) high-risk HPV 16 is present in 90% of HPV-positive 
head and neck cancer cases [22] and (2) that the gene prod- 
ucts of HPV16 are reported to be especially potent with 
regard to interfering with cell cycle regulation, altering cel- 
lular response to injury, promoting genomic instability, and 
facilitating immortalization [23]. These findings suggest 
that HPV16 can facilitate the acquisition of genetic events 
associated with head and neck tumorigenesis or can act in 
combination with exposure of the head and neck mucosa to 
carcinogens [24]. 

B. S e c o n d  P r imary  T u m o r  D e v e l o p m e n t  

A second clinical feature that suggests head and neck 
field cancerization is the frequent multifocal nature of the 
disease [9,25]. While it is not infrequent that multiple sites 
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of disease are concurrently detected, the more frequent 
observation is the high frequency of second primary develop- 
ment in individuals whose first head and neck primary has 
been definitively treated. For clinical purposes, second pri- 
mary tumors have been defined using the criteria developed 
by Warren and Gates whereby tumors were called second 
primary tumors if they exhibited a different histology, if they 
showed a similar histology but occurred more than 3 years 
after therapy for the first primary, or if they were separated 
from the initial primary tumor by more than 2 cm [26]. More 
recently, the validity of this definition has been examined 
through molecular classification of the first and second 
tumors, which will be discussed in more detail later. 
Nevertheless, using clinical criteria as the basis for defining 
a second primary, individuals who suffer a first primary 
tumor in the head and neck region have at least a 40% chance 
of developing a second aerodigestive tract tumor in their life- 
time at a rate of approximately 3.5-4% per year [27-31 ]. 

A recent analysis of second primary development in 
individuals participating in a head and neck retinoid 
chemoprevention trial provided additional insights regard- 
ing head and neck field carcinogenesis [31]. First, the 
majority (70%) of the second primary tumors involved 
tobacco-related sites. In fact, the highest frequency of second 
primary tumors in tobacco-associated sites occurred in 
current smokers (4.2% per year) followed by that in former 
smokers (3.2% per year) followed by that in nonsmokers 
(1.9% per year). Second, the site and frequency of the second 
primary tumor development were related to the site of the 
first primary, perhaps providing insight to the individual 
nature of the epithelial fields most affected by carcinogen 
exposure. In this case, the rates of second primary tumor 
development in tobacco-related sites were highest for 
pharyngeal primaries (5.1% per year) when compared to 
oral cavity (4.3% per year) and larynx (2.7% per year). For 
example, second primary tumors arising following an oral 
cavity first primary occurred frequently in the oral cavity, 
whereas those arising following a laryngeal first primary 
occurred frequently in the lung. 

It is notable that nonsmokers also show a defined rate of 
second primary tumor development, albeit lower than that 
found associated with current or former tobacco exposure. 
This might suggest that the nature of the field in nonsmok- 
ers is more defined than that in current or former smokers. 
Along these lines, when the rates of disease-specific survival 
were compared between individuals with HPV-positive and 
HPV-negative head and neck squamous cell tumors using a 
Kaplan-Meier plot, the two curves appeared to separate at 
around 18 months with survival being higher for those hav- 
ing HPV-positive tumors [21 ]. It was therefore hypothesized 
that the risk of second primaries might be lower in individ- 
uals with HPV-positive tumors due to more localized HPV 
infections and perhaps a more limited epithelial field sus- 
ceptible for the development of a second primary tumor. 

C. P r e m a l i g n a n t  Les ions  a n d  Risk of  

T u m o r  D e v e l o p m e n t  

A third clinical feature consistent with the notion of 
head and neck field cancerization is the finding of multifo- 
cal foci of intraepithelial neoplasia in the carcinogen- 
exposed tissue. The presence of such lesions in the exposed 
epithelium is associated with an increased risk for develop- 
ing head and neck cancer. For example, oral leukoplakia 
and oral erythroplakia are common lesions observed in 
individuals exposed to tobacco or other products containing 
carcinogenic compounds (e.g., betel quid) [32]. Overall, 
while the risk of developing oral cancer over 10 years in 
individuals with oral leukoplakia is approximately 10%, this 
frequency approaches 40% when leukoplakia lesions are 
more histologically advanced [33,34]. Of importance, only 
approximately half of oral cancers develop at the site of 
leukoplakia. This would suggest that the increased cancer 
risk associated with intraepithelial neoplasia is for the whole 
field that is carcinogen exposed. 

A similar observation is seen with intraepithelial neoplasia 
of the larynx. While tobacco exposure is the most common 
factor leading to tissue changes in the larynx, gastroesophageal 
reflux is also known to contribute in association with exposure 
of the laryngeal epithelium to low pH and bile acids [35-39]. 
As with the oral cavity, the presence of advanced histologic 
lesions in the larynx is a significant risk factor for developing 
laryngeal cancer, with 40-50% of the cases developing tumors 
within 3-4 years [40-43]. 

i!!. HISTOPATHOLOGIC EVIDENCE OF 
FIELD CANCERIZATION 

A. Animal  M o d e l s  of  H e a d  a n d  

N e c k  C a r c i n o g e n e s i s  

Exposure of animal model epithelial tissues to carcinogens 
demonstrates the presence of histopathologic changes that 
evolve during multistage carcinogenesis. Frequently, these 
epithelial changes can be observed throughout the entire 
exposed epithelium, even though tumors may evolve in only 
a few foci. One animal model system that demonstrates this 
nicely for the head and neck is the Syrian hamster buccal 
pouch carcinogenesis model [44]. In this model, the hamster 
buccal pouch is painted with 7,12-dimethylbenz[a]anthracene 
(DMBA) three times a week and this is associated with a 
progressive histologic change from normal to hyperplasia 
to dysplasia with or without papilloma to squamous cell 
carcinoma. Interestingly, histologic changes can also be 
viewed in the contralateral buccal pouch tissue, possibly due 
to the transfer of carcinogen from one side to the other or 
global effects of an inflammatory stimulus associated with 
tissue injury. 
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A second animal model that has provided insight into 
the nature of head and neck field cancerization and multistep 
tumorigenesis involves painting the rodent oral epithelium 
with 4-nitroquinoline-l-oxide [45,46]. Again, the treated 
epithelium shows progressive histologic changes prior to 
cancer development throughout the exposed epithelium. 
One important finding from these studies is that field 
changes can be seen in the painted epithelium as well as in 
the underlying connective tissue, including the generation 
and infiltration of inflammatory cells and changes in 
vascularization within the stroma. These findings might 
support the hypothesis that epithelial tumorigenesis involves 
more than simply an accumulation of genetic changes in the 
epithelium due to direct carcinogenic exposure. That is, it 
likely involves an interactive process between the damaged 
epithelium and the underlying stroma that may be respond- 
ing to the damaged epithelium by eliciting a wound healing 
process [47,48]. In some experimental models, the growth 
of epithelial cells on top of stromal components derived 
from more advanced lesions is associated with abnormal 
epithelial cell growth and differentiation [49]. These models 
and cells derived from these tissues have provided the 
opportunity to explore the early genotypic and phenotypic 
changes that occur in the field of cancerization prior to 
the development of cancer at one or more foci within the 
epithelial field [50]. 

B. His to log ic  C h a n g e s  in 

t h e  C a r c i n o g e n - E x p o s e d  Ep i the l ium 

Careful histopathologic analysis of the aerodigestive 
tract of current and former smokers demonstrates the 
presence of histologic changes throughout the exposed 
tissue. For example, Auerbach and colleagues [51] took 
lobectomy and pneumonectomy specimens of smokers and 
individuals with lung cancer and carried out histopatholog- 
ical evaluations of the epithelial linings throughout the 
lung. Over 90% of the tissue sections derived from light 
smokers and nearly all the tissue sections derived from 
heavy smokers and from individuals with lung cancer 
showed some form of epithelial change, including loss of 
cilia, basal cell hyperplasia, and/or carcinoma in situ. 

Similar histologic changes are seen throughout the 
upper aerodigestive tract of individuals with exposure to 
tobacco products and alcohol [35]. In many cases, the 
clinically evident premalignant lesions, such as leuko- 
plakia and erythroplakia, show the greatest degree of his- 
tologic change. These changes appear to be highly related 
to carcinogenic exposure. For example, the risk of vocal 
cord metaplasia and dysplasia is much higher in smokers 
compared to nonsmokers, and the size of the affected area 
increases with aging, tobacco, and alcohol exposure 
[42-54]. However, the finding that the risk of vocal cord 
dysplasia is higher in blue collar workers than in white 

collar workers, after stratification of smoking habits, sug- 
gests that other etiologic agents may influence histologi- 
cal changes in the epithelial field [55]. 

C. His to log ic  C h a n g e s  in t h e  Field of  

H e a d  a n d  N e c k  T u m o r s  

Careful analyses of head and neck squamous cell carci- 
nomas frequently show premalignant lesions that appear to 
undergo a continuous histologic progression from histolog- 
ically normal epithelium to hyperplasia to dysplasia to car- 
cinoma in situ to invasive carcinoma. This finding provides 
both a visualization of the multistep tumorigenesis process 
and a setting in which to more fully explore the timing of 
specific genotypic and phenotypic changes associated with 
multistep tumorigenesis. At the same time, head and neck 
tumor specimens also exhibit premalignant lesions that are 
not contiguous with the primary tumor. As discussed later, 
molecular genetic analyses of these various lesions indicate 
that they may be genetically distinct from the primary 
tumor. 

IV. GENETIC EVIDENCE FOR 
FIELD CANCERIZATION 

A. DNA D a m a g e  Resu l t ing  f rom 

C a r c i n o g e n  E x p o s u r e  

If whole tissue fields receive carcinogen exposure and are 
at increased risk for developing tumors, one would expect to 
see evidence of DNA damage throughout the field. Cigarette 
smoke includes a complex mixture of more than 4000 chem- 
ical compounds that are delivered to tissue in both gas and 
tar phases. Of these, more than 40 have been identified as 
carcinogens. In some cases, the chemicals are procarcino- 
gens [e.g., benzo(a)pyrene and nitrosamines] that need to be 
activated to induce DNA damage. In other cases, the com- 
pounds are directly reactive unless detoxified by the host. 
One form of DNA damage that is caused by tobacco expo- 
sure is the DNA adduct, whereby a chemical moiety 
becomes covalently attached to the DNA. Evidence for the 
presence of DNA adducts in the tobacco-exposed head and 
neck tissue field has been measured a number of ways. 
For example, a number of investigators have utilized the 
32p-postlabeling technique to detect DNA adducts in normal- 
appearing mucosa of the larynx and oral cavity [55-58]. 
The levels of these adducts are found to be correlated with 
tobacco exposure, as well as the expression of metabolic 
activating enzymes such as P450 2C, 3A4, and/or 1A1. Of 
interest, similar levels of adducts can be detected in oral 
biopsies as buccal mucosa scrapings from smokers, and 
these levels are significantly higher than that found in similar 
samples of nonsmokers [59]. 
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While the 32p-postlabeling technique is very sensitive in 
that it can detect one adducted nucleotide in a background 
of up to 101~ normal nucleotides [60], the procedure still 
requires significant amounts of tissue and its use is limited 
when only small biopsies are available. More recently, some 
investigators have turned to more sensitive assays systems 
that can be accomplished on a cell-by-cell basis. For example, 
antibodies have been developed that can recognize specific 
types of DNA adducts, including polycyclic aromatic hydro- 
carbon-DNA (PAH-DNA) adducts, 4-aminobiphenyl-DNA 
adducts, and malonaldehyde-DNA adducts [61-64]. While 
all of these studies show higher adduct levels in smokers 
when compared to nonsmokers, considerable variation in 
adduct levels was found between individuals, suggesting 
either differences in their levels of exposure or interindividual 
differences in their capability to activate or detoxify carcino- 
gens or to repair DNA adducts caused by carcinogens. Of 
importance to the notion of field carcinogenesis, DNA 
adducts could be detected in various oral cavity sites within 
the same individual (e.g., floor of mouth and buccal mucosa), 
and the levels of adducts within the individual were related to 
the degree of ongoing smoking exposure (e.g., amount of tar 
and number of cigarettes smoked per day) [61 ]. However, the 
levels of adducts detected were not related to the degree of 
smoking history (e.g., pack-years). Thus, the tissue half-life 
of DNA adducts may be relatively short. Also, when cells pro- 
liferate, the DNA adducts get diluted because they do not 
reproduce themselves during DNA replication. As a result, the 
measurement of DNA adducts might reflect the level of ongo- 
ing DNA damage more than the levels of accumulated levels 
of DNA damage. 

B. C h r o m o s o m e  C h a n g e s  in 

t h e  C a r c i n o g e n - E x p o s e d  Field 

Carcinogenic exposure to tissue can induce cell death in 
damaged cells, cell turnover, and subsequent wound healing. 
Associated with the wound healing process is an increase 
in the proliferative component of the damaged tissue. When 
cells attempt to replicate DNA containing DNA adducts, the 
result is the induction of DNA mutations and chromosome 
damage in the form of broken or rearranged chromosomes. 
When cells containing chromosome damage attempt to divide, 
chromosome regions no longer attached to kinetochores 
tend to lag behind during anaphase and may not be incorpo- 
rated into the main nucleus during telophase. The result 
of this is the formation of micronuclei. Indeed, exfolliated 
cells from the oral cavity of carcinogen-exposed individuals 
demonstrate increased frequencies of micronuclei [65]. 
Interestingly, the frequency of micronuclei is increased 
greatly (upward toward eightfold) in individuals exposed 
to both tobacco products and alcohol when compared 
to each agent alone [66]. The reason for this is not well 

understood. However, it has been suggested that ethanol 
exposure can have an inhibitory effect on the repair of 
DNA damage induced by carcinogens [67,68]. In addition, 
exposure of cells in vitro to cigarette smoke condensate can 
also cause abnormalities in the centrosomal location in 
mitotic cells, perhaps leading to subsequent chromosome 
nondisjunction [69]. 

Again, because micronuclei are formed during mitosis, 
they do not accumulate as cell populations undergo multiple 
cell cycles. For example, a dramatic increase in micronuclei 
frequency can be detected in exfolliated cells of the oral 
mucosa during radiation therapy; however, the micronuclei 
frequency decreases significantly within a couple weeks 
of therapy completion. 

In an attempt to explore more permanent genetic changes 
in the head and neck epithelial field exposed to carcinogens, 
investigators have attempted to examine mitotic cells for evi- 
dence of changes in chromosome number as well as in chro- 
mosome structure. Unfortunately, the fraction of actively 
dividing cells present in the epithelium is small and thus 
mitotic figures of exfolliated cells or cells derived from 
biopsies are few in number [70]. However, if these cells are 
placed in culture and analyzed after a short period of in vitro 

growth, chromosome changes can be visualized in epithelial 
cells derived from squamous cell carcinomas of the head 
and neck and skin [71-74]. An interesting finding from 
these studies was the diversity of clonal populations that 
could be identified within the same cell culture, suggesting 
the presence of several distinct populations within the sam- 
ple. It is still not clear whether these separate clones were 
derived from tumor cells or from premalignant outgrowths 
in the field of the tumors or from other cell types contained 
within the specimen [75]. In any event, these findings sug- 
gest that chromosome changes are ongoing throughout the 
exposed epithelial field. 

In order to overcome the problem of the paucity of mito- 
tic cells in fresh tissue specimens, our own laboratory turned 
to a technique called premature chromosome condensation 
(PCC) that permits the visualization of chromosomes while 
cells are still in interphase [76]. Using this technique on tis- 
sues derived at different stages of tumorigenesis in the 
DMBA-treated hamster cheek pouch model, we demon- 
strated two important findings. First, distinct chromosome 
changes were observed in the premalignant phase and the 
number of chromosome changes was found to accumulate 
with continued carcinogenic exposure [77]. Second, chromo- 
some damage was observed throughout the field of carcino- 
gen exposure, not only in the specific site that ultimately 
developed tumors. The PCC technique was also applied to 
a limited number of cases where cells were dissociated 
from fresh leukoplakia biopsies. Of interest, there was a 
wide variation in chromosome copy numbers per cell sug- 
gestive of a profound ongoing chromosome instability 
process in the premalignant field [78]. 
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C. Ev idence  for C h r o m o s o m e  Instabi l i ty  in 

t h e  H e a d  a n d  N e c k  Epi the l ium 

While the PCC technique is useful in situations where 
flesh target cells are plentiful, it is not easily adaptable to 
tissue biopsies of carcinogen-exposed head and neck epithe- 
lium. The technique of in situ hybridization (ISH) involves 
the use of labeled DNA probes that recognize chromosome- 
specific repetitive target sequences, chromosome single 
gene copy sequences, sequences along the whole chromo- 
some length, or sequences in chromosome segments 
[79-81 ]. The attractiveness of this technology is that it per- 
mits genetic analysis of nondividing cells such as those 
found in exfoliated populations, touch preparations, 
dissociated tissues, or on tissue sections of archival material 
[82]. The visual output of this procedure can be obtained 
using fluorescence or immunocytochemical reactions. 

To examine the nature of chromosome instability in the 
field of head and neck tumors, archival surgical specimens 
were sought that exhibited a contiguous histologic progres- 
sion from normal adjacent epithelium through hyperplasia 
to dysplasia to invasive cancer. In situ hybridization using 
probes for highly repeated sequences located in the 
centromere regions of specific chromosomes was then used 
on tissue sections of these specimens to detect chromosome 
polysomy, or the presence of cells with three or more 
chromosome copies [83]. Of interest to the notion of field 
cancerization, chromosome polysomy could be detected in 
35% of the cases of apparently normal epithelium adjacent 
to the tumor. Moreover, the frequency of chromosome 
polysomy was found to increase with evidence of histologic 
progression through the transition from normal epithelium 
to hyperplasia (65% of cases) to dysplasia (95% of cases) to 
invasive cancer. In this setting, each chromosome probe 
used (i.e., probes for chromosomes 7, 9, 11, and 17) showed 
the same trend toward increasing chromosome instability 
with histologic progression. A similar finding was reported 
in a series of 16 squamous cell carcinomas of the head and 
neck using probes for chromosomes 1, 3, 7, 8, 9, and 17 
[84]. Of interest, synchronous low-grade and high-grade 
dysplastic lesions showed discordant chromosome signa- 
tures, suggesting a multifocal pattern of chromosome insta- 
bility. In addition, exfolliated cells from normal-appearing 
mucosa in the field of head and neck tumors also showed 
evidence of chromosome instability [85]. Thus, global 
genomic instability may occur very early in the carcinogen- 
exposed epithelial field, likely a downstream consequence 
of carcinogen-induced DNA damage and subsequent wound 
healing processes. 

In the case of normal epithelium and premalignant lesions 
adjacent to tumors, one can think of these regions as being 
epithelium at 100% cancer risk. Thus, one might expect to 
see the highest degrees of chromosome instability. It was 
therefore of interest to determine whether chromosome 

polysomy could be detected in the epithelium of individuals 
thought to be at increased risk for developing head and neck 
cancer. Pilot in situ hybridization studies on oral leukoplakia 
lesions using probes for chromosomes 7 and 17 showed a 
wide degree of variation in chromosome polysomy levels 
between different subjects. While dysplastic lesions showed 
higher levels of chromosome polysomy than hyperplastic 
lesions, some hyperplastic lesions showed high levels of 
chromosome polysomy [86]. 

These in situ hybridization studies have been expanded 
in association with chemoprevention trials using the reversal 
of leukoplakia and histologic progression as end points. 
While similar observations have been made, several findings 
relating to field cancerization have been made. For example, 
many biopsy samples show heterogeneous degrees of 
histologic progression within the same sample. While, in 
general, dysplastic lesions show higher levels of chromo- 
some polysomy than hyperplastic lesions, hyperplastic 
lesions in the same field as dysplastic lesions show higher 
levels of chromosome polysomy than hyperplastic lesions in 
a biopsy without evidence of more histologically advanced 
sites [87]. Thus, the measurement of chromosome instabil- 
ity seems to provide unique global information about the 
tissue field that may not be detected by histology. 

This observation is important because the sampling of 
tissue fields for malignancy-associated changes must be 
considered somewhat random. Despite the presence of a 
clinically evident leukoplakia lesion, one cannot predict 
the future location of a cancer. Thus, it is desirable to have 
a technology that can provide relevant information about 
events such as genomic instabiity that drive the tumorigene- 
sis process throughout the field. 

The idea that measures of chromosome instability pro- 
vide additional information to histology is further supported 
when advanced premalignant lesions of the oral cavity were 
compared to those in the larynx. While severely dysplastic 
lesions showed higher levels of chromosome polysomy than 
lesions with moderate or mild dysplasia in both tissue sites, 
lesions in the oral cavity showed significantly higher levels 
of chromosome polysomy than those lesions in the larynx 
[88]. It is therefore possible that different tissue sites 
respond differently in terms of histological change for the 
same degree of ongoing genetic insult to the epithelial field. 

Another setting where chromosome instability measure- 
ments add information to histology is in the setting where 
individuals have decreased their exposure to carcinogenic 
insult (e.g., following smoking cessation). Biopsies from indi- 
viduals who still show clinical manifestations of leukoplakia 
despite smoking cessation show higher chromosome 
polysomy levels in their oral epithelium than those from cur- 
rent smokers with leukoplakia [89]. This would suggest that 
ongoing tissue damage and wound healing due to carcino- 
genic exposure may provide a reactive tissue component 
that contributes to apparent histologic progression. 
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Much of the discussion so far has focused on extrinsic 
carcinogen exposure as the driving force for the generation 
of chromosome instability in the epithelium at risk. 
However, some individuals develop head and neck cancer 
as well as head and neck cancer intraepithelial neoplasia 
without known risk factors such as tobacco and alcohol 
exposure. In some cases, this may be associated with HPV 
infection. However, there still appears to be groups of indi- 
viduals that develop head and neck lesions with no known 
risk factors. The underlying forces driving tumorigenesis are 
not well understood. One possibility is that factors intrinsic 
to the host are responsible, including intrinsic defects in 
DNA repair, cell cycle regulation, or tissue homeostasis. The 
importance of these intrinsic factors in head and neck 
tumorigenesis is discussed extensively in another chapter of 
this volume. Interestingly, however, in situ hybridization 
analyses of leukoplakia samples from individuals without 
a smoking and drinking history show relatively high levels 
of chromosome polysomy [88]. Thus, the notion of field 
cancerization can still be applied to epithelial tissues 
without known etiologic factors. 

One attractive feature of the in situ hybridization tech- 
nique is that it permits a genetic analysis while still retain- 
ing tissue architecture. This allows one to examine cofactors 
that might influence the degree of ongoing genetic instabil- 
ity in the tissue because one can examine adjacent tissue 
sections for possible interacting events in the same tissue 
region. For example, leukoplakia samples can exhibit mani- 
festations of HPV infection (e.g., koilocytosis) in the tissue 
sections. By carrying out a spatial examination of chromo- 
some polysomy within the multilayered epithelium, it was 
found that lesions showing HPV manifestations exhibited 
retention of chromosomally altered cells into the parabasal 
and superficial layers of the epithelium [87]. Thus it is pos- 
sible that HPV infection may enhance the survival and 
retention of damaged cells in the epithelium and enhance the 
accumulation of genetic changes in the exposed field. In a 
similar type of analysis, it was shown that epithelial regions 
showing altered p53 expression showed higher levels of 
chromosome polysomy than epithelial regions showing 
no abnormal p53 protein levels [89]. This association was 
clearly visible within tissue sections showing a transition 
from normal to abnormal levels of p53 protein levels. This 
might suggest that alterations in p53 function enhance 
genomic instability induced by carcinogenic exposure, pos- 
sibly by inhibiting the turnover of damaged cells in the 
epithelium. 

D. in Si tu  Hybr id iza t ion  Evidence  for Clonal  

O u t g r o w t h s  du r ing  Field Cance r i za t i on  

When cell populations growing in vitro on culture 
dishes are treated with agents that induce cellular death, the 
dying cells frequently fall off the culture dish and the 

surviving cells repopulate the surface of the dish in a clonal 
manner. Chronic cell injury and subsequent cell repopu- 
lation might then lead to the accumulation of additional 
genetic changes in the population that permit the develop- 
ment and outgrowth of cells that have preferential survival 
capabilities. One might imagine that a similar phenomenon 
could occur in the head and neck epithelium with chronic 
carcinogenic exposure that takes place over years, resulting 
in waves of tissue injury followed by wound healing. 

The in situ hybridization studies described previously 
indicated that head and neck tumors and premalignant 
lesions demonstrated significant levels of chromosome 
polysomy. However, it was not known whether these cells 
with abnormal numbers of chromosomes were distributed 
randomly throughout the carcinogen-exposed epithelial 
field or were clustered as a result of selective outgrowth of 
cells (i.e., clones) with abnormal numbers of chromo- 
somes. To address this issue, our laboratory used an image 
analysis system associated with the light microscope to 
record the coordinates and chromosome copy number of 
each cell analyzed in the epithelial regions of biopsy- 
derived tissue sections. This permitted the creation of a 
spatial genetic map representation of the epithelium. 
Because of nuclear truncation associated with cutting tissue 
sections, the number of chromosome copies per cell was 
underrepresented. Therefore, it was difficult to easily visu- 
alize outgrowths of monosomic (one chromosome copy per 
cell), trisomic (three copies per cell), and tetrasomic (four 
copies per cell) clones. However, using special gating tech- 
niques (similar to that used in flow cytometry analysis) and 
nearest neighbor analysis, localized chromosome indices 
within the epithelium could be determined. When this local- 
ized chromosome index was three-halves that found in nor- 
mal lymphocytes, the epithelial cell region was considered 
as part of a trisomic clone of cells. When this localized chro- 
mosome index was one-half that of lymphocytes, it was con- 
sidered part of a monosomic clone. 

When this genetic mapping approach was applied to tis- 
sue sections exhibiting an apparent contiguous transition 
from normal epithelium through premalignant lesions to 
invasive head and neck cancer, the increase in polysomic 
cells during the transition was found to be partly associ- 
ated with an increased number of cells involved in clonal 
outgrowths. Several interesting patterns were discovered 
with this spatial type of clonal analysis. First, when differ- 
ent chromosome probes were utilized on adjacent tissue 
sections, distinct regions of clonal outgrowths could be 
visualized. Similar types of results were also seen in other 
epithelial regions chronically exposed to carcinogens 
and/or environmental factors [90]. This would suggest that 
the chronically exposed epithelium consists of a mosaic of 
clones and subclones of varying size. Second, this 
approach allowed the detection of monosomic clones, as 
well as trisomic and tetrasomic clones. In the setting of 
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analysis of thin tissue sections (e.g., 4-gm sections), there 
is an underrepresentation of chromosome copy numbers, as 
many of the nuclei are cut during the sectioning, leaving 
only partial nuclei in the tissue section. As a result, there is 
a copy number frequency shift toward lower values such that 
the normal average chromosome copy number decreases 
from 2 copies to about 1.2-1.4 copies on the average. The 
nearest neighborhood analysis can take this into account by 
looking for regions of cells that exhibit half this normal 
average number of chromosome copies. Thus, regions of 
monosomic populations can be identified within the epithe- 
lium and increase the sensitivity for detecting clonal out- 
growths in the chronically damaged epithelium. 

A third beneficial result became apparent while carry- 
ing out these spatial analyses of chromosome copy num- 
bers. When adjacent sections to the chromosome analyses 
were examined spatially for other types of genotypic/phe- 
notypic alterations that might interact functionally with 
the cellular response to carcinogenic damage, it was found 
that some types of changes facilitated clonal outgrowth in 
the damaged epithelium. For example, abnormal increases 
in cyclin D 1 expression were found to be associated with 
an increase in generalized genetic instability. However, 
when overexpression of cyclin D1 occurred at the same 
time as loss of heterozygosity at chromosome 9p21, tetra- 
somic clones appeared in the epithelium [91]. Cyclin D1 
overexpression also appeared to upregulate the expression 
of fragile sites in the chromosome 11 q 13 region (detected 
by in situ hybridization using probes that flank the fragile 
site) [92] and facilitate the development and outgrowth of 
clones containing chromosome 1 lq13 gene amplification 
(including cyclin D 1) [93,94]. Thus, as genetic and pheno- 
typic events accumulate in the tissue over time, different 
types of changes may interact functionally to increase the 
degree of genetic instability (per unit degree of carcinogenic 
exposure) or to facilitate the outgrowth of clones either by 
permitting damaged cells to survive damage or to overcome 
senescence. 

This in situ hybridization mapping technique has also 
been applied to intraepithelial neoplastic lesions of subjects 
at increased risk for head and neck cancer due to clinical 
manifestations of leukoplakia/erythroplakia of the oral cav- 
ity or larynx. Evidence for multifocal clonal outgrowths is 
also found in these subjects' risk epithelia and can be found 
very early in the histologic progression pathway [87]. The 
frequency of cells involved in clonal outgrowths in these 
precursor lesions is found to increase with histologic transi- 
tion from normal-appearing epithelium to hyperplasia to 
mild to moderate to severe dysplasia. However, there is a 
high degree of variability of clonal frequencies found with- 
in individuals' biopsies that have similar histologic appear- 
ances. Again, factors such as overexpression of cyclin D1 
and loss of p 16 expression are associated with genetic insta- 
bility and clonal outgrowths in these precursor lesions [95]. 

E. M o l e c u l a r  G e n e t i c  Ev idence  for Clonal  

O u t g r o w t h s  du r ing  Field C a n c e r i z a t i o n  

Throughout the years, successive technological innova- 
tions have permitted descriptions of specific molecular and 
phenotypic events associated with oral cancer development. 
For example, cytogenetic studies, starting with metaphase 
analysis and moving to G banding, fluorescence in situ 

hybridization, spectral karyotyping, and comparative 
genomic hybridization (CGH) have now identified a large 
number of specific chromosome changes in tumor speci- 
mens [96-98]. Molecular analyses (e.g., microsatellite 
analyses, mutation analyses) improved the delineation of 
chromosome regions frequently altered or deleted and likely 
to harbor tumor suppressor genes [99-102]. More recent 
studies have indicated that alteration of the remaining func- 
tion or expression of the wild type allele may occur through 
genetic (e.g., mutation) or epigenetic (e.g., promoter methy- 
lation) pathways [103,104]. One important take-home les- 
son is that an important driving force of the head and neck 
tumorigenesis process must be the induction of random 
chromosome instability, which may impact specific chromo- 
some regions important in the development of the malignant 
phenotype [ 105,106]. 

Examinations of premalignant epithelial regions in the 
field of head and neck cancers have demonstrated the 
presence of some of these same genetic and epigenetic 
changes [107,108]. Some genetic events (e.g., 9p21 and 
3p LOH) are found frequently in hyperplastic and mild 
dysplasia, whereas other events (e.g., LOH at 4q, 8p, 11 q, 
and 17p LOH) are observed more frequently in more 
advanced lesions [109-111]. More recently, some of these 
same molecular events have been detected in precursor 
lesions (e.g., oral lichen planus, leukoplakia, and erythro- 
plakia) in individuals without detectable head and neck 
cancer [95,112-116]. Thus, it is clear from this molecular 
genetic information and from the in situ hybridization 
studies described earlier that clonal outgrowths can occur 
early during the head and neck tumorigenesis process. 

While more detailed descriptions of the molecular changes 
associated with head and neck tumorigenesis and the 
implications of their timing during cancer development are 
provided elsewhere in this volume, these molecular events 
have proven useful in characterizing the nature of head 
and neck field cancerization. Early cytogenetic studies on 
short-term cultures of head and neck tumors demonstrated the 
presence of multiple clonal populations within the same 
specimen [71-74]. Thus there was some question whether 
head and neck tumors were multiclonal or whether some 
genetically distinct premalignant cells in the specimen 
were able to proliferate in vitro and contribute unique cyto- 
genetic information [ 117]. 

With the advent of molecular technologies that could be 
applied to small samples (e.g., microdissection of cells from 
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the epithelium and polymerase chain reaction amplification of 
informative genetic regions), the question of unifocal versus 
multifocal head and neck tumors could be better addressed. 
Early studies compared first and second primary tumors or 
synchronous tumors one molecular marker at a time (e.g., p53 
mutation) and found evidence for gene discordance between 
tumors [118,119]. When multiple primary head and neck 
cancers were examined with multiple molecular markers to 
define a more global genotype of the lesions, there was still 
considerable evidence for the discordance of tumors, suggest- 
ing multifocality of genetically distinct tumors [120-122]. 

However, other investigators have found that some of the 
apparently molecularly distinct tumors still contain some 
common molecular events [123-125]. Moreover, close 
molecular examination of the apparently normal margins of 
head and neck tumors had provided evidence for the presence 
of small number of cells that carry some of the same genetic 
changes found in the primary tumor [126,127]. Thus, the 
alternative hypothesis suggests that a single progenitor clone 
may get established early during the disease process and 
migrate through the epithelium and then discordantly evolve 
along distinct molecular pathways [ 128]. In this latter hypoth- 
esis, the head and neck cancerization process still involves the 
development of multifocal patterns of clones and subclonal 
evolution throughout the epithelial field [90]. However, if ini- 
tiated epithelial cell migration occurs early during develop- 
ment, it is possible that a second tumor could arise in a distant 
site in the epithelial field and still be considered part of the 
same original clone. More recently, hybrid hypotheses have 
been proposed whereby some second primaries are thought to 
arise from a totally distinct molecular pathway, some are late 
recurrences or metastases of the same primary tumor, and 
some are derived from the same genetically altered precursor 
clone but have subsequently evolved along a different molec- 
ular pathway toward cancer. This latter category has been 
termed "SFT" or second field cancer [129,130]. 

V. PHENOTYPIC CHANGES ASSOCIATED WITH 
FIELD CARCINOGENESIS 

Chronic exposure of the head and neck epithelium to 
carcinogens leads to a cyclical pattern of tissue damage 
and rehealing processes, as well as an accumulation of 
genetic changes that drive multistep tumorigenesis 
throughout the exposed field. As a result, the tissue under- 
goes considerable phenotypic change, some of which 
might be important to the tumorigenesis process and some 
of which may simply reflect a response to tissue injury. 
Phenotypic changes that are important in the tumorigene- 
sis process might be proposed to be those that are impor- 
tant for developing the tumor phenotype, i.e., altering 
pathways that influence inappropriate cell growth, immor- 
talization, differentiation, cell loss, ability to take over the 

epithelium, migrate, invade, and metastasize, and develop 
new vasculature [ 131 ]. 

One approach to identifying phenotypic changes that 
might be important for head and neck tumor development is 
to examine phenotypic changes that occur in the field of head 
and neck tumors. For example, immunohistochemical 
examination of tissue sections of tumors and their adjacent 
normal and premalignant lesions has demonstrated an 
altered phenotypic expression of molecules that influence 
many of these tumor-associated processes. For example, 
altered patterns of proliferation can be detected early during 
the tumorigenesis process, even in normal-appearing epithe- 
lium adjacent to the tumor [132,133]. Moreover, the levels 
of abnormal proliferation are found to increase as the tissue 
passes through the histologic progression to cancer. The 
driving forces for abnormal epithelial proliferation in the 
epithelial field are not known; however, proliferation 
changes are associated with an increased expression of gene 
products that are known to influence the initiation of prolif- 
eration, such as growth factor receptors and their ligands 
[134-137], products that drive cells through the cell cycle, 
such as cyclin D1 and DNA replication factors [93,138,139], 
and abnormal expression of products such as p53 that might 
be important in controlling growth and permitting cell death 
[140-142]. Another important phenotypic event that must 
occur during tumorigenesis is immortalization. In some 
cases, this may be facilitated by HPV infection in the epithe- 
lial field. Other important events in immortalization may be 
the activation of telomerase and the inactivation of p 16, both 
of which apparently can occur very early during the multi- 
step tumorigenesis process [143-145]. 

Many of these same types of changes can be found in 
lesions in the cancerization field of individuals at risk for 
developing head and neck cancer. While some of these phe- 
notypic events might be important for particular functions, 
such as continued proliferation, their abnormal expression 
might also play a role in driving the tumorigenesis process 
itself. For example, overexpression of cyclin D1 can lead to 
genetic instability and facilitate gene amplification and 
clonal outgrowth [91-93,95]. Similarly, dysfunctional p53 
expression can also facilitate the accumulation of genetic 
damage, as well as permit the survival of damaged cells 
[89]. Thus, despite a common exposure to carcinogen, the 
rate of multifocal progression at different regions of the can- 
cerization field may differ according to the molecular and 
phenotypic events that have already accumulated at that site. 

VI. CLINICAL IMPLICATIONS OF 
FIELD CANCERIZATION 

The notion of head and neck field cancerization has 
important clinical implications in several settings, including 
first and second cancer risk estimation, assessment of 
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response to chemopreventive intervention, and clinical man- 
agement of secondary or recurrent head and neck primaries. 

A. H e a d  a n d  N e c k  T u m o r  

Risk Estimation 

One of the problems facing the clinical management of 
individuals exhibiting so-called premalignant lesions is that 
it is difficult to identify which lesions are simply reactive and 
are not destined to progress to cancer and which lesions are 
likely to progress to cancer. While lesions demonstrating 
higher histologic progression are associated with an 
increased cancer risk, the prediction of cancer risk by histo- 
logic status is limited in accuracy. Moreover, it is known that 
nearly half of head and neck cancers develop at sites away 
from the premalignant lesions. These factors create two prob- 
lems. First, the future site of the tumor is unknown and there- 
fore one does not know where to biopsy. Second, a careful 
analysis of the target lesion for specific changes that repre- 
sent late events during tumorigenesis might not provide a 
proper risk assessment if the future tumor site is not biopsied. 

The notion that head and neck tumors arise in a field 
of tumorigenesis may provide an alternative approach for 
risk assessment. Studies in in vitro and in vivo model 
systems, as well as in the clinical setting, have shown a dose 
response between carcinogen exposure and tumor incidence. 
While it is true that specific changes have to occur in a 
particular epithelial site in order to develop the tumor 
phenotype, the studies described in this chapter suggest that 
molecular and phenotypic changes are occurring throughout 
the carcinogenic field. Thus, it might be predicted that 
those tissues carrying the greatest burden of genetic and 
phenotypic change might be at the highest risk for develop- 
ing a cancer somewhere in the exposed epithelial field. 

A number of studies have provided some support for this 
notion. For example, individuals whose oral and laryngeal 
premalignant lesions show the highest degree of generalized 
genetic instability, as assessed by chromosome in situ 
hybridization, have been shown to exhibit significantly 
higher rates of progression to head and neck cancer 
[86,88,146]. Similarly, individuals whose tissue fields 
exhibit altered p53 and cyclin D 1 expression (in part due to 
the presence of a cyclin D 1 polymorphism), both known to 
affect the accumulation of genetic instability, have also been 
reported to have an increased rate of head and cancer devel- 
opment [95,147-149]. Similarly, as described in more depth 
elsewhere in this volume, studies examining clonal out- 
growths in the head and neck epithelium indicate significant 
potential for the assessment of head and neck cancer risk. 
For example, DNA content measurements of cells in oral 
leukoplakia have shown that individuals whose lesions show 
unstable aneuploid DNA develop oral squamous cell carci- 
nomas at a much higher rate than lesions showing stable 

tetraploidy or stable diploidy [150]. Similarly, those individ- 
uals who show increased genetic instability and clonal out- 
growth (in the form of increased frequencies of LOH) in 
biopsied lesions show an increased head and neck tumor risk 
[95,151-153]. 

If markers of epithelial field carcinogenesis can be used 
to stratify individuals with premalignant lesions according 
to cancer risk, this would be useful for identifying indivi- 
duals who would best benefit by different chemopreventive 
strategies. For example, individuals with a very high risk 
for developing head and neck tumors might benefit from 
more aggressive chemoprevention approaches, such as 
combination treatments or even gene therapy strategies 
(e.g., targeting p53). The narrowing of these studies to indi- 

viduals at highest risk would increase the efficacy of these 
prevention strategies, especially if cancer incidence is the 
primary end point. These subjects might also benefit from 
more frequent surveillance in the hope of early cancer 
detection. However, individuals whose epithelial fields show 
measures of decreased risk might benefit from strategies that 
slow the acquisition of new genetic changes (e.g., tobacco 
and alcohol cessation and antioxidants). 

If measured changes in the head and neck epithelium 
can be used for assessing the risk of developing a first 
primary tumor, one might suspect that similar measurements 
might prove useful for predicting the likelihood of develop- 
ing a second head and neck primary tumor following 
definitive treatment of the first primary. Along these lines, 
overexpression of p53 in the first primary tumor as well as 
overexpression in normal-appearing epithelia in the field 
of the first primary tumor has been associated, but not 
uniformly, with an increased incidence of second primaries 
[154-157]. Similarly, overexpression of glutathione 
S-transferase in the normal epithelium in the field of the first 
primary predicts second primary tumor development [158]. 

B. A s s e s s m e n t  of  R e s p o n s e  to  

C h e m o p r e v e n t i v e  In t e rven t ion  

The genetic and phenotypic changes seen in the canceriza- 
tion field can be used as intermediate markers of response 
during chemoprevention studies [159,160]. For example, pre- 
malignant lesions of the head and neck frequently show loss 
of expression of the retinoic acid receptor [~ [161 ]. Because 
retinoids have been shown to upregulate this receptor in vitro, 
one potential biomarker of chemopreventive efficacy is the 
reexpression of retinoic acid receptor ~ [162]. Retinoid trials 
in oral leukoplakia have suggested that individuals whose 
lesion show abnormal p53 expression exhibit a decreased 
response [163]. This has led to the generation of new treat- 
ment strategies using combinations of agents, including 
13-cis-refinoic acid, interferon o~, and o~-tocopherol [164]. 
Measurements of the epithelial field during these trials have 
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provided unique information. First, those individuals whose 
epithelial fields show the highest genetic instability and p53 
expression show decreased response rates to treatment [ 165]. 
Second, downregulation of cyclin D 1 is a necessary but not 
sufficient condition for response [149]. Third, while the 
treatment can result in the disappearance of histologically 
abnormal epithelium, clinically evident disease, and 
improved organ function (e.g., voice quality in the larynx), 
the original clonal outgrowths remain in the epithelial field 
[166,167]. This would suggest that the reversal of pheno- 
typic abnormalities might precede the disappearance of 
genotypic changes during response. The clinical implication 
of this finding is that subjects might benefit from prolonged 
chemopreventive intervention in order to reverse the clonal 
outgrowth and evolution that had been established through 
years of chronic exposure of the epithelial field to carcinogens 
and their cofactors. 

event contains both similar and different molecular changes 
from the first primary, it is not clear whether it will behave 
as a second primary or a recurrence or metastasis. It will be 
important to carry out retrospective studies combining 
molecular characterization of both the first primary and the 
second event with careful analysis of clinical outcome, espe- 
cially in the setting where chemopreventive intervention or 
adjuvant treatment was undertaken in an attempt to prevent 
second primaries as well as prevent recurrences [31,168]. 
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C. I m p l i c a t i o n s  for M a n a g e m e n t  of  

R e c u r r e n t  D i s e a s e  or  S e c o n d  P r imar i e s  

The clinical approach to the management of recurrence 
and or metastases is generally different from that of a 
second primary tumor. In the case of recurrent disease or 
metastases, the biology of the recurring disease might be 
considered similar to that of the primary disease. If recur- 
rence indicates that the tumor was somewhat refractory to 
the first treatment approach, then subsequent treatments 
might include additional approaches or modalities than that 
used for the primary tumor. Moreover, the next treatment 
would tend to involve a more systemic approach to disease 
control, especially if the second event is a metastasis. 
However, if the second primary has evolved through a 
distinct molecular pathway compared to the first primary, 
then one might consider treatments similar to that appropri- 
ate for a first primary tumor (e.g., surgical excision alone 
with or without radiotherapy). In addition, if a second 
primary tumor has occurred, one would seriously consider 
adjuvant chemopreventive measures to prevent additional, 
genetically distinct tumors from subsequently arising in the 
cancerization field. 

As discussed earlier, it is not always possible to defini- 
tively distinguish recurrent disease from second primary 
tumors based solely on clinical criteria. For this reason, 
there is increased interest for molecularly characterizing 
similarities and differences between the first primary 
cancer and the second malignant event. If the second event 
shows many of the same molecular genetic changes as the 
first primary, then one would expect that it is either a 
recurrence or a metastasis. However, if the second event 
shares few molecular changes in common with the first 
primary tumor, then the second event likely represents the 
field cancerization process whereby multiple clones have 
evolved independently to the invasive state. If the second 
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The application of molecular technology to samples will 
revolutionize the way in which we detect and manage oral 
mucosa regions with increased cancer risk. This chapter dis- 
cusses briefly the limitations of current approaches for iden- 
tifying oral premalignant lesions (OPLs). We suggest that 

the old definition of OPLs be extended to include not only 
morpholog ica l ly  but also genet ical ly  altered tissue in which 
cancer is more likely to occur. As an example of how molec- 
ular markers can have an impact on clinical activities, this 
chapter describes data obtained on OPLs using microsatellite 
analysis for loss of heterozygosity (LOH). This approach can 
be used to (1) identify those lesions that appear clinically 
and histologically benign, yet contain high-risk genetic 
alterations; (2) provide an early indication of recurrence of a 
cancer at a former oral cancer site; (3) construct risk models 
and staging systems that can be used to triage patients into 
different treatment groups, thus sparing low-risk cases and 
focusing intervention on high-risk lesions; and (4) judge 
efficacy of treatment of OPLs. In addition, the potential use 
of exfoliated cells as a source for DNA for microsatellite 
analysis is discussed, with an indication of how such a non- 
invasive approach can be used to extend our ability to iden- 
tify and manage regions of high risk. In summary, in the 
future we are likely to see a gradual extension of the classi- 
cal clinical and histological approaches to following OPLs to 
an inclusion of an evaluation of molecular markers. The role 
of scientists in translational research will be to determine 
how best to integrate these different disciplines. 

I. I N T R O D U C T I O N  

Oral squamous cell carcinoma (SCC) is believed to 
progress through sequential stages of premalignancies to 
invasive cancer. Once invasion takes place, prognosis is 
poor and mortality and morbidity rates are dismal. Five-year 
survival for oral SCC has remained at less than 50% for 
the last three decades [ 1 ]. Even when treatment is effective, 
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it is often at a cost of serious cosmetic and/or functional 
compromise. 

These statistics support the need for earlier diagnosis of the 
disease and the development of better approaches to identify- 
ing mucosa at a premalignant stage. Such efforts are timely, 
given the possibility of applying current technological 
advances to the identification of genetic change in clinical 
specimens. We know that cancer development is driven by the 
accumulation of alterations to critical control genes and that 
these in turn are associated with the clinical and histological 
changes that occur in a tissue during carcinogenesis. The 
question to be asked is how to begin to integrate such genetic 
information into clinical practice, to use it to improve our 
ability to detect regions in the oral mucosa with increased 
cancer risk. This chapter presents a brief summary of the 
traditional approaches used to identify oral premalignant 
lesions (OPLs), the limitations of these approaches, and sug- 
gestions on how molecular techniques could facilitate the 
identification and management of such lesions. 

II. ORAL PREMALIGNANT LESIONS (OPLs):  
TRADITIONAL AND EVOLVING DEFINITIONS 

Historically, the definition of an oral premalignant lesion 
dates back to 1978, when it was defined by the World Health 
Organization (WHO) as a morphologically altered tissue in 
which cancer is more likely to occur than in its apparently 
normal counterpart [2]. At the clinical level, OPLs present 
most frequently as leukoplakia or occasionally as erythro- 
plakia [3]. The WHO [2] defines leukoplakia in the oral 
cavity as a white patch or plaque of oral mucosa that cannot 
be characterized clinically or pathologically as any other 
diagnosable disease and is not removed by rubbing. 
Erythroplakia are fiery red patches that again cannot be 
characterized clinically or pathologically as any other defin- 
able lesion [3]. Both of these definitions rely heavily on the 
ability of a clinician to exclude other oral lesions [4]. This 
can be a challenge, as a number of very common oral con- 
ditions can present clinically as white or red patches. For 
example, oral frictional keratosis and lichen planus are often 
indistinguishable clinically from leukoplakia. Also, mucositis 
of various causes can resemble erythroplakia. 

The greatest problem lies in the ability to exclude reactive 
lesions. The subjectivity of such exclusions is probably 
largely responsible for the wide variation in rates of malig- 
nant progression for oral leukoplakia in different studies 
(0.15 to 50%) [5-7]. Studies with a high proportion of reac- 
tive lesions (e.g., frictional keratosis) would have a lower 
rate of cancer transformation. This difficulty in lesion dif- 
ferentiation is also probably responsible for the fact that the 
most common sites for leukoplakia are different from those 
in tumors in patients in developed countries. Although most 
leukoplakia are on the buccal and alveolar mucosae [8-11 ], 

the majority of dysplastic leukoplakia (up to 93%) and 
80-90% of tumors preferentially develop on the floor 
of mouth and ventrolateral tongue [5,9,10,12-15]. This 
apparent contradiction can be partially explained by the fact 
that both buccal and alveolar mucosae are prone to trauma 
and to the occurrence of frictional keratosis. 

One additional point is worrisome with respect to our 
reliance on the presence of leukoplakia or erythroplakia 
as the first indication of an area at risk for malignancy. 
Increasing evidence suggests that histological dysplasia 
might not always manifest clinical change. The white 
mucosa patches seen clinically are a result of the thickening 
of the oral mucosal epithelial lining, a condition associated 
with epithelial hyperplasia (hyperkeratosis and/or epithelial 
acanthosis). Dysplastic lesions present frequently as white 
patches because epithelial hyperplasia commonly accompa- 
nies dysplasia. However, this may not always be so, as 
dysplastic changes (loss of differentiation, increased mito- 
sis, and increased nuclear-cytoplasmic ratio) have been 
reported in "normal" appearing tissue that lies outside of 
clinical premalignant and malignant lesions [16,17]. With 
progression of the premalignant lesions, dysplastic epithe- 
lium can become atrophic. Such lesions will appear as red 
patches because submucosal vascularity reflects better 
through the thinned epithelium. Again, the presence of 
alterations in epithelial thickness (i.e., hyperplasia or 
atrophy) is detected clinically as a lesion. 

Evidence also suggests that tissue can be normal both clin- 
ically and histologically, yet contain genetic changes found 
frequently in premalignant and malignant lesions. These 
morphologically innocuous but genetically abnormal cells 
may have an increased cancer risk [18-26] (see Section VI). 
Such clones of abnormal cells may be responsible for cases 
of "de nova" development of SCC. In the Western world, a 
significant proportion of oral SCCs appear to develop without 
preceding leukoplakia [27]. For instance, a study from the 
Netherlands showed that only about 50% of oral SCCs were 
associated with or preceded by leukoplakia [28]. Another 
indication of such a possibility lies in the sudden appearance 
of second primary cancers at distant sites in a patient who 
already has had one oral SCC. Such occurrences have been 
reported without preceding leukoplakia at the new cancer site 
and are attributed to a field effect on cancerization. 

Taken together, the aforementioned data suggest that 
we may need to revise the old definition of OPLs to include 
not only morphologically, but also genetically altered tissue 
in which cancer is more likely to occur. This would allow 
us to identify and study a broader range of alterations 
that could put oral mucosa at risk. Figure 17.1 shows 
a scenario that includes four types of such alterations. 
Type 1 has only genetic changes and can only be detected 
molecularly. Type 2 shows both genetic alterations and 
dysplasia and is detectable by both molecular and histolog- 
ical techniques. Types 3 and 4 consist of lesions that have 
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FIGURE 17.1 Detection limits for different approaches to assessing alterations in the oral cavity. 

genetic, histological, and clinical alterations and hence can 
be detected with each of these approaches. The value in 
adding molecular markers to the evaluation of types 3 and 4 
lies not in the identification of the lesion, but rather in the 
prediction of risk. This is a major problem in the current 
management of OPLs and is discussed later. 

III. LACK OF A RELIABLE SYSTEM FOR 
PREDICTING PROGRESSION RISK OF OPLs  

OPLs consist of a heterogeneous group of lesions that 
vary in potential for malignant transformation with only a 
fraction eventually progressing into cancer [5,6,29,30]. This 
heterogeneity partly results from inclusion of various reac- 
tive lesions as true leukoplakia and partly from the fact that 
premalignant lesions at different stages of progression (dif- 
ferent risks) are all lumped together. 

Histological criteria (the presence and degree of dysplasia) 
represent the current gold standard for judging the malig- 
nant risk of OPLs [6,31-34]. Histology has a relatively good 
predictive value for high-grade premalignant/preinvasive 
lesions (severe dysplasia and CIS). Many believe that these 
lesions, if untreated, have a high chance of progression into 
invasive lesions [33], with some believing that progression 
for such lesions is inevitable [35]. However, determination 
of prognosis for lesions with histological changes that are 
less than severe is more problematic. The majority of OPLs 
without dysplasia or with low-grade dysplasia (mild and 
moderate dysplasia) will not progress into cancer 
[6,33,36-38] and histology alone does not clearly differen- 
tiate between those that will and will not progress. 
Unfortunately, as a group, these lesions represent the bulk of 

leukoplakia and account for the majority of cases that 
later progress to cancer [6,9]. 

An increased malignant risk of OPLs is also associated 
with a number of other clinical factors. These include a non- 
homogeneous clinical type, location at certain high-risk 
sites (floor of mouth, lateroventral tongue, and soft palate), 
a large size or long duration, presence of symptoms, history 
of cancer, absence of apparent etiologies, a female gender, 
and Candida infection [14,39-41]. 

There have been efforts to establish a staging system for 
oral leukoplakia that takes into consideration these different 
risk factors [29,30,42]. Such studies all use histology, clini- 
cal appearance, and size of the lesions as risk determinants 
for staging. Site of the lesion has also been proposed, but 
only in a single study [29]. Nonetheless, no studies have 
been done to confirm the risk prediction value of these sys- 
tems, and currently no reliable means exist to predict the 
malignant risk of a given lesion. 

IV. LACK OF A C O N S E N S U S  O N  
TREATMENT FOR OPLs  

The management of OPLs is not surprisingly a topic of 
heated debate given the problems in identifying and in pre- 
dicting the risk for such lesions [5,31,38,43-46]. There is 
general agreement that high-grade OPLs (severe dysplasia 
or CIS) should be removed, in most cases, with a wide 
margin. However, there is no consensus for leukoplakia 
without dysplasia or with low-grade dysplasia. In fact, many 
suggest that such lesions could be monitored safely 
[36,38,44,47]. Even among those who choose to treat, there 
is no agreement on the method of treatment. Treatments 
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vary widely from the use of anti-inflammatory agents, vita- 
mins, or chemotherapy with bleomycin to surgical removal 
by scalpel, laser, cryoprobe, or electrosurgery. When lesions 
are excised, there is also a wide variation in the width of 
normal looking mucosa included as a margin. In some cases, 
there is no margin, in others a narrow margin (1-2 mm), and 
still others a slightly wider margin (> 3 mm). A high rate of 
recurrence (10-35%) suggests that the removal of such 
lesions is frequently inadequate [5,48]. 

V. USE OF MICROSATELLITE ANALYSIS TO 
IDENTIFY ORAL M U C O S A L  REGIONS 

AT RISK FOR P R O G R E S S I O N  

A. Loss  of  H e t e r o z y g o s i t y  A s s e s s m e n t  

in oral  s q u a m o u s  cell c a r c i n o m a  

(SCCs) a n d  O P L s  

Early indications are that the incorporation of molecular 
techniques into clinical practice will eventually revolution- 
ize the way we deal with patients. Such tools will both 
facilitate the identification of mucosa at risk for progression 
and provide information that will assist clinicians in 
designing and managing the treatment of such lesions. The 
remainder of this chapter focuses specifically on one assay, 
microsatellite analysis, which is receiving much attention as 
an early tool for such studies. 

Microsatellite analysis is one of the more popular 
approaches available for detecting genetic alterations in pre- 
malignant lesions. This polymerase chain reaction-based 
protocol measures alterations in chromosomal regions that 
contain short tandem nucleotide repeats (microsatellites) 
[49]. The high degree of polymorphism in these regions 
allows one to detect both maternal and paternal alleles for 
most individuals and to determine whether lesions show an 
alteration in the quantity of one of the alleles, called a loss 
of heterozygosity (LOH) or allelic imbalance (A1). LOH is 
usually assumed to represent the deletion (or inactivation) of 
a known or putative tumor suppressor gene located near 
the microsatellite marker. For example, LOH at 9p21 corre- 
sponds to a loss of p16 (CDKN2/MTS1), a cyclin-dependent 
kinase inhibitor involved in cell cycle regulation [7]; loss at 
17p 13, especially within the TP53 locus, may be associated 
with inactivation of the p53 gene; and finally LOH at 3p 14 
may involve the FHIT gene, although the latter association 
is still controversial. 1 

1Although LOH is usually equated with deletion of a tumor suppressor 
gene, occasionally this alteration might signal an amplification event, as 
chromosome gains in a tumor or premalignant lesion can also manifest as 
a relative change in gene dosage (or imbalance) when compared with 
normal DNA. For example, the LOH at l lq13 at the bcl-1/int-2 locus 
is thought to represent the amplification of a region containing the 
protooncogene cyclin Dl[50]. 

One of the main advantages of microsatellite analysis is 
that it requires only small quantities of DNA, and is thus 
suitable for use with the typically small OPLs, yet provides 
information of significant biological and clinical value. 
LOH is a common event in head and neck and oral SCCs, 
with numerous studies reporting its occurrence at specific 
chromosomal regions: 3p, 4q, 5q, 7q, 8p, 9p, 10q, 1 lq, 13q, 
14q, 17p, 18q, and 22q [51-66]. There have been fewer 
studies on LOH in OPLs, probably because of the difficulty 
in working with these small lesions and the fact that such 
lesions are not as readily accessible as SCCs in the larger 
institutes in which such research often is conducted. 
Nevertheless, results from these studies clearly show that 
LOH is also a frequent event in OPLs, occurring in many of 
the same regions as in SCCs [52,67-72]. 

Among the earliest studies of LOH in head and neck 
OPLs was that of Califano et al. [51 ]. That study examined 
LOH patterns (10 loci examined) in a wide spectrum of 
lesions, including oral hyperplasia, dysplasia, CIS, and 
SCC, to determine whether there was an association of such 
alterations with the histological progression of the disease. 
The study showed that LOH occurred early in disease devel- 
opment. Loss of at least one locus occurred in nearly all 
samples of dysplasia and CIS but was present in less than 
one-third of hyperplasias. Although the authors suggested 
that it was the accumulation and not necessarily the order of 
genetic events that determined progression, they also indi- 
cated that some losses were more likely to occur early in the 
development of the disease and others at later stages. For 
example, LOH at 9p was the earliest event, associated with 
transition from normal to benign hyperplasia; LOH at 3p 
and 17p were more often associated with development of 
dysplasia; whereas CIS and SCC were characterized by 
additional deletions on 4q, 6p, 8p, 1 l q, 13q, and 14q. 

B. Prediction of Risk of 
P r o g r e s s i o n  for O P L s  

The aforementioned studies suggest that LOH is a 
common event in OPLs and can occur early in carcinogene- 
sis. Can this assay be used to improve our ability to predict 
risk of malignant transformation for OPLs? This possibility 
is supported by several studies. 

In 1996, Mao et al. [70] examined 84 oral leukoplakia 
samples from 37 patients enrolled in a chemoprevention 
study. The samples were analyzed for LOH at 9p21 and 
3p 14. LOH at either or both loci was observed in 19 of these 
patients and this loss was strongly associated with cancer 
progression. Seven (37%) of the 19 positive cases later 
developed SCC. In contrast, only 1 of 18 cases (6%) with- 
out LOH progressed to cancer. 

Partridge and co-workers also looked for an association 
between LOH pattern and progression. In an early study in 
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that laboratory, they reported an association between multiple 
LOH in OPLs and increased progression risk [73]. This result 
was again observed in a more recent study from that labora- 
tory [74] involving 78 OPLs, diagnosed histologically with 
hyperplasia or dysplasia, all from patients with no prior 
history of oral cancer. In half of the patients the lesions pro- 
gressed, usually at or adjacent to the original site. Progressing 
lesions were characterized by the presence of multiple regions 
of LOH, with loss of 9p or 3p present in 94% of lesions. 

We have completed a retrospective study that restricted 
the focus to OPLs withoutmor with minimal--dysplasia 
[72]. These are the lesions that are the most difficult for 
clinicians to manage. One hundred and sixteen biopsies of 
OPLs were examined to see if a correlation existed 
between LOH at 7 chromosome arms (3p, 4q, 8p, 9p, 11 q, 
13q, and 17p) and progression risk. None of the patients 
had a history of cancer prior to the studied hyperplasia or 
mild/moderate dysplasia. Twenty-nine of the 116 OPLs 
progressed to cancer. The progressing lesions showed not 
only a significantly higher number of LOHs, but also char- 
acteristic LOH patterns (Fig. 17.2) [72]. LOH at 3p and/or 
9p was present in 97% of progressing lesions, suggesting 
that loss at these arms may be a progression prerequisite. 
However, because many nonprogressing lesions also 
showed losses at 3p and/or 9p, such loss alone is probably 
insufficient for malignant transformation. Indeed, cases 
with LOH at these arms but no others showed only a 
3.8-fold increase in relative risk for cancer development. 
In contrast, individuals with additional losses at 4q, 8p, 
l lq, 13q, or 17p showed a 33-fold increase in relative 

cancer risk. In nonprogression cases, additional losses 
were uncommon. These results suggest that LOH patterns 
may differentiate three progression risk groups: low, with 
retention of 3p and 9p; intermediate, with losses at 3p 
and/or 9p; and high, with losses at 3p and/or 9p plus losses 
at 4q, 8p, 1 lq, 13q, or 17p [72,75]. 

We have also explored one other situation in which the 
microsatellite assay might facilitate clinical management of 
OPLs, which is in predicting risk for lesions at "low-risk" 
oral sites. As stated previously in Section I, among Western 
populations such lesions include those on the buccal and 
alveolar mucosa, which have a much lower risk of progres- 
sion than OPL on the floor of the mouth and the ventro- 
lateral tongue, high-risk (HR) sites [5,9,12-15,76-78]. 
We hypothesized that if the location of leukoplakia is a crit- 
ical prognostic factor regardless of the degree of dysplasia, 
leukoplakias with a similar degree of dysplasia from HR and 
LR sites should be genetically different. To test this hypoth- 
esis, we analyzed 127 oral dysplasias from HR and LR intra- 
oral sites for LOH at loci at 3p14, 9p21, and 17p11.2-13.1 
(Table 17.1). Results showed that dysplasias from HR sites 
contained significantly higher LOH frequencies than those 
from LR sites (% with any loss, P=  0.0004; % with multiple 
losses, P=0.0001; loss on 3p and/or 9p, P=0.0005, and % 
loss on each of the arms, P < 0.05) [79]. 

These data support a more aggressive intervention for 
lesions at HR sites, regardless of the level of dysplasia 
observed in the lesion. For example, a hyperkeratotic lesion 
with mild epithelial dysplasia in the floor of mouth is con- 
sidered by many to have enough risk to warrant complete 
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FIGURE 1 7 . 2  Probability of primary OPL not progressing into cancer, according to LOH pattern. All samples were 
assayed for LOH on seven arms (3p, 9p, 4q, 8p, l lq ,  13q, and 17p). The lowest risk (RR= 1) was associated with 
retention of both 3p and 9p (n = 56). LOH at 3p and/or 9p in the absence of LOH at any other arm had an intermediate 
level of risk (RR = 3.75; n = 26). The highest risk was associated with LOH at 3p and/or 9p in the presence of LOH at 
any other arm (RR = 33.4; n = 34). Adapted from Rosin et  al. [72]. 
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TABLE 17.1 LOH Frequencies in OPLs at High- and 
Low-Risk Sites a 

No. High risk b Low risk c P value 

No. of cases 71 56 
No. with any loss d 56 (79) e 27 (48) 0.0004 
With multiple lossf 38 (54) 11 (20) 0.0001 
LOH on 3p and/or 9p 53 (75) 24 (43) 0.0005 

those observed in severe dysplasia and CIS. The finding of 
such high-risk LOH patterns in verrucous leukoplakia may 
account for the high probability of progression. This finding 
also has important clinical implications, as it suggests 
that microsatellite analysis might facilitate differentiation 
between reactive hyperplasia and verrucous leukoplakia, 
significantly improving prognosis for patients with the latter 
lesions. 

aFrom Zhang et al. [79]. 
bHigh-risk site (floor of mouth, ventral lateral tongue, soft 

palate-anterior-pillar-retromolar complex). 
CLow-risk (rest of oral cavity). 
dLOH present at 3p, 9p, or 17p. 
eLoss/informative cases (% loss). 
fLOH present at more than one of the three arms. 

removal if the lesion persists after the elimination of possi- 
ble causative factors [80]. Our molecular data support this 
intervention. In contrast, a mild dysplasia from the buccal 
mucosa is regarded to have significantly less malignant risk 
and is often left for further observation. Our data suggest 
that it is important to assess such lesions for their genetic 
profile. Although the majority may have little risk, a fraction 
(with high-risk genetic profiles) should be managed more 
aggressively. 

Interestingly, when the degree of dysplasia was consid- 
ered, LOH frequencies showed significant increases for HR 
compared to LR sites with mild and moderate dysplasias, 
but not with severe dysplasias/CIS [79]. Mucosa from LR 
sites, such as buccal mucosa and gingiva, is much more 
likely to be traumatized (e.g., biting) than mucosa from HR 
sites, such as the floor of mouth and ventral tongue. Injury 
due to trauma or local inflammation can induce atypical 
changes in epithelia that resemble low-grade dysplasias. 
Such changes are not believed to signal malignant risk. 
Thus the genetic damage associated with progression would 
be present more often at HR sites, where trauma is less 
likely to induce histological alterations. With an increasing 
degree of dysplasia, it is less likely that dysplastic changes 
are confused with reactive epithelial atypical changes. 
Microsatellite analysis might provide us with a valuable tool 
for differentiating reactive lesions at LR sites from "true" 
premalignancies. 

Another example of the use of microsatellite analysis to 
differentiate between reactive lesions and high-risk OPL 
is with verrucous leukoplakia [81]. This lesion appears 
morphologically benign with little or no dysplasia, yet has a 
high cancer risk (reported malignant transformation rate of 
70% [82]). The lack of dysplasia in verrucous leukoplakia 
has made it difficult to differentiate such lesions from reac- 
tive hyperplasia, often delaying diagnosis of the condition. 
We have shown that despite a benign appearance, such 
lesions possess multiple LOH alterations that are similar to 

C. P r e d i c t i o n  of  R e c u r r e n c e  of  SCC 

in Ora l  C a n c e r  P a t i e n t s  

Molecular markers may also play a role in the early 
identification of high-risk OPLs in cancer patients after 
treatment. Such identification could significantly improve 
the prognosis of patients with oral SCC, as the high 
mortality associated with this disease is at least partially due 
to the frequent development of recurrent or secondary 
primary tumors [83-85]. 

At present, many lesions still escape identification and go 
on to become cancer despite vigorous monitoring of 
patients. Clinical and histological changes are not reliable 
indicators of malignant risk for OPLs in former cancer 
patients. The radiation and extensive surgery received by 
such patients induce reactive white and red lesions at 
previous cancer site that are not differentiated easily 
from true premalignant changes. Histologically, treatment 
effects also generate reactive changes resembling low-grade 
dysplasia. The situation is further complicated by the 
reluctance of clinicians to repeatedly biopsy such fragile 
sites, hence delaying the diagnosis of high-risk changes. 
Molecular markers that can identify high-risk lesions 
could revolutionize follow-up. 

We did a retrospective study on biopsies from 68 patients 
with prior oral SCC who subsequently developed a leuko- 
plakia at the former cancer site. The objective of the study 
was to determine whether microsatellite analysis of a leuko- 
plakia at a former cancer site could predict the probability of 
development into a recurrent cancer. We were unable to dif- 
ferentiate cases that developed into a recurrent cancer on the 
basis of the more traditional predictors of recurrence (i.e., 
stage and grade of the primary cancer and presence or 
degree of dysplasia in the leukoplakia). However, LOH pat- 
terns were predictive of risk. The relative risk of recurrence 
was 23.5-fold higher when leukoplakia had a loss at 3p or 9p 
and was 26.8-fold higher when that loss occurred in combi- 
nation with LOH at 4q, 8p, 1 lq, 13q, or 17p (unpublished 
data). 

If this pattern of loss is confirmed in a prospective 
study, it would suggest the possibility of active intervention 
whenever a leukoplakia at a former cancer site contained 
a loss at either 3p or 9p. This would facilitate management 
of these lesions greatly. 



17. LOH Analysis of OPLs 251 

D. Use  of  Microsa te i l i t e  Analysis  to  

Ident i fy  Type  1 a n d  2 0 P L s  

Section I suggested that genetic alterations occur outside 
of regions with identifiable clinical and/or histological 
change and that such alterations could signal a significant 
risk for such mucosa. There are now several studies using 
microsatellite analysis that support this possibility. 

In one study, microsatellite analysis was performed on 
biopsies of normal or minimally altered bronchial epithe- 
lium of 54 chronic smokers (40 current smokers and 14 
former smokers) [86]. LOH was present in the majority 
of these samples, occurring at 3p, 9p, and 17p in 75, 57, 
and 18%, respectively, of informative lesions studied. 
In contrast, LOH was not observed in samples from 5 
nonsmoker controls, with the exception of a single case with 
LOH at 3p only. 

A second study showed similar results [25]. Multiple 
biopsies were taken under fluorescence bronchoscopy 
of normal or minimally altered bronchial epithelium of 
54 chronic smokers. Twenty-six of these biopsies were 
also histologically normal. Twelve (46%) of the 26 sam- 
ples were shown to contain LOH. LOH was also present 
in dysplastic lesions taken from these same patients. None 
of the samples from 21 nonsmoker controls contained 
LOH. Thus, respiratory tracts of long-term heavy smokers 
appear to contain multiple abnormal premalignant genetic 
clones with or without accompanying morphological 
changes. 

In another study, LOH was analyzed in nasopharyngeal 
biopsies taken from patients from southern China, where 
there is a high incidence of nasopharyngeal carcinoma [22]. 
LOH at 3p was observed in 74% of 23 biopsies from 
clinically and histologically normal-looking epithelia and in 
75% of 8 dysplastic biopsies. In contrast, a low frequency of 
loss was observed for biopsies from subjects coming from 
northern or central China, where there is a low incidence 
of nasopharyngeal carcinoma. 

Califano et al. [87] presented further evidence supporting 
the presence of high-risk genetic profiles in clinically and 
histologically normal tissue. In this study, microsatellite 
analysis was performed on metastatic tumors of 18 patients 
with unknown primary head and neck SCC. In such cases 
the tumor presents as a cervical lymph node metastasis 
without identification of the primary tumor. The LOH 
patterns of these metastatic tumors were compared with 
those in histologically benign surveillance biopsy specimens 
from the oropharyngeal mucosa, taken from sites mostly 
likely to harbor an occult primary tumor. In 10 (55%) of the 
18 patients, alterations in biopsies of these normal-looking 
mucosae were the same as those in the metastatic tumors. 
Futhermore, 3 of the 10 patients subsequently developed 
SCC in or near the sites of morphologically normal-looking 
but genetically abnormal mucosae [87]. 

Finally, using molecular markers, many studies have 
demonstrated genetic changes in apparently normal-looking 
tissue adjacent to premalignant or malignant lesions that are 
similar to the lesions themselves [51,88-96] (unpublished 
data from this laboratory). This again supports the spread of 
abnormal cells beyond a clinical lesion. Indeed the molecu- 
lar change does not necessarily have to be adjacent to a 
tumor, but in some cases can be quite distant from the tumor 
site [18-21,23] (unpublished data from this laboratory). 

VI. USE OF MOLECULAR MARKERS 
TO MANAGE OPLs  

A. S t ag ing  of  OPLs  

Because oral cancer develops along complex molecular 
pathways, it is unlikely that a single marker or a class of 
markers will be able to predict the outcome of every oral 
leukoplakia [97] nor will these markers replace pathological 
indicators in the near future. The value of histology as 
an indicator of cancer risk is timetested not only in the 
oral cavity or other head and neck regions, but also in other 
sites, including the uterine cervix, lung, breast, skin, and 
esophagus [6,32,98-102]. More likely, the future will see 
a gradual extension of the classical histological and 
clinical approaches to include an evaluation of molecular 
markers. 

In support of this probability is a report by Lee et al. 

[ 103] that summarized 10 years of translational research on 
OPLs at MD Anderson. This report concluded that histology 
(presence of pronounced dysplasia) and molecular markers 
(LOH, p53 mutation, and chromosome polysomy) were 
independent risk predictors. An increase in abnormality in 
either histology or genetic markers was associated with 
an increase in cancer risk. More recently, another study 
reported an association of ploidy in dysplastic lesions 
with progression risk for OPL [97,104]. The lowest risk 
was associated with diploid dysplastic leukoplakias 
(3% progressed into oral SCC), tetraploid lesions had an 
intermediate risk (60% showed progression), and aneuploid 
dysplasias showed the greatest risk (84% progressed). 
With time, more such studies will accrue. A future goal 
for individuals involved in translational research will be 
to determine which combinations of histological and 
molecular markers best predict risk. 

How can such information best be handled? One possi- 
bility is to develop staging systems that incorporate different 
risk factors into risk models. One such model is presented in 
Table 17.2. For the sake of simplicity, this hypothetical 
model only includes pathological and molecular markers 
(clinical features, such as appearance, site, and size of the 
lesion, are not included, but should be part of an eventual 
screening system). In this model, the majority of OPLs 
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TABLE i 7.2 Staging of Oral Premalignant Lesions with 
Both Pathologic and Genetic Indices a 

Stage (cancer risk) 
Pathology (p)b and 

genetic (G) c patterns 

PI+G1 
P1 +G2 
P2 + G 1 
P2 + G2 
P3+G1 
P3 +G2 
P1 +G3 
P2 + G3 
P3 + G3 

aAdapted from Zhang and Rosin [ 104a]. 
bpathological indices: P1, no dysplasia or mild dysplasia; P2, moderate 

dysplasia and P3, severe dysplasia/CIS. 
CGenetic patterns, categorized by increasing risk: G 1, low risk; G 2, 

intermediate risk; and G 3 high risk. 

would be placed into stage 1, with the lowest probability of 
progressing to cancer. Such lesions would contain both low- 
risk pathology (P1) and genetic patterns (G1). Emergence of 
intermediate-risk patterns in either histology (P2) or genetic 
profile (G2) would place a lesion into stage 2. Stage 3 would 
contain lesions with a high-risk genetic or histology pattern. 
It should be noted that the greatest impact of such a staging 
system would be on lesions in stage 3. Such lesions would 
now include cases with a relatively benign phenotype (with- 
out or with minimal dysplasia) but a high-risk genotype 

(e.g., P1 + G3)" 

B. Use  of  M o l e c u l a r  M a r k e r s  to  

M a k e  T r e a t m e n t  Dec i s ions  

The value of the aforementioned approach would be 
to better target intervention. For example, stage 1 lesions 
(the bulk of OPLs) might be left untreated, perhaps with 
periodic monitoring for clinical or molecular change, thus 
sparing large numbers of patients from invasive procedures. 
Stage 2 0 P L s  might be treated conservatively or be given 
a chemopreventive regime. In contrast, lesions in stage 3 
would require a more aggressive treatment involving either 
excision with wide margins or, for more diffuse lesions, 
some form of drug therapy. Significant toxicity might be 
justified for such cases. 

A retrospective study in our laboratory supports this 
possibility. Sixty-six OPLs with low-grade dysplasia 
were investigated for their response to treatment by surgery 
and/or laser. The clinical history and LOH patterns of 
the lesions were known. Twenty-four of these lesions 
were not removed clinically (only received an incisional 
diagnostic biopsy). Ten of these 24 lesions showed a 

low-risk LOH pattern (i.e., stage 1 of the aforementioned 
scenario). Only 1 (10%) progressed into cancer. In contrast, 
the remaining 14 lesions had intermediate or high-risk 
LOH patterns (stages 2 and 3). Eight of these lesions (58%) 
developed SCC [105]. 

That study also showed that even when excised, the treat- 
ment of lesions with high-risk LOH patterns was frequently 
inadequate. Eleven such dysplastic lesions were studied. All 
of the lesions were judged to be clinically excised but went 
on to become cancer. Histological evidence for removal was 
not available, as most lesions were treated with laser. Fifty 
biopsies from the 11 progressing dysplasias (sampled over 
time) were analyzed by microsatellite analysis of loci on 
7 chromosome arms (3p, 4q, 8p, 9p, l lq, 13q, and 17p). 
Nine of the 11 had LOH patterns that suggested the presence 
of the same clones (allelic specific mutations) in successive 
biopsies, indicating incomplete removal of these lesions, 
despite a clinical impression of removal. 

Would a wide excision margin have improved outcome 
for these lesions? When a tumor is removed surgically, a 
wide normal-looking mucosa margin (1..5-2 cm) is taken to 
ensure removal of the lesion. Such treatment has a high cure 
rate for early stage tumors. However, in contrast to the 
aggressive treatment of oral SCC, surgical removal of OPLs 
is generally done with a small margin at best (1-3 mm). 
Increasing margin width could have a significant impact on 
high-risk OPLs. 

However, it is possible that at least a portion of such 
lesions have extensive spread of premalignant clones outside 
of the clinical lesion. In such cases, removal may indeed be 
futile, and systemic treatment such as chemotherapy or 
chemoprevention might be more appropriate. Identification 
of such hidden widespread clones with focal clinical lesions 
could be facilitated by using molecular techniques. 

C. Use  of  M o l e c u l a r  M a r k e r s  to  

A s s e s s  T r e a t m e n t  Efficacy 

Not only could molecular markers help us establish 
appropriate treatment plans for OPLs (whom to treat and 
how to treat), but, as indicated earlier, they have potential 
value as indicators of the efficacy of treatment. Such a use 
for molecular markers should be extended. 

For example, a study by Brennan et al. [ 106] showed that 
the presence of genetically abnormal clones (cells with p53 
mutation) in margins of surgical resections of oral SCCs 
predicted tumor recurrence, even when such margins 
appeared to be histologically clean. The same principle 
could be applied to OPLs. Microsatellite analysis could be 
used to judge treatment efficacy [105]. 

In support of this possibility is a report of a chemo' 
prevention trial of patients with OPLs treated with N-(4- 
hydroxyphenyl)retinamide (4-HPR). Efficacy of treatment 



17. LOH Analysis of OPLs 2 5 3  

was judged not only with clinical and histological end 
points, but also with microsatellite analysis. The study 
showed that "scars" of genetically altered clones with LOH 
often could be detected in lesions after treatment even 
when they appeared to have regressed both clinically and 
histologically. The subsequent reappearance of such lesions 
once therapy was halted appeared to be associated with the 
presence of these genetic clones [71,107,108]. 

Vll. EXFOLIATED CELL SAMPLING: 
A NONINVASIVE M E T H O D  FOR 

IDENTIFICATION, RISK PREDICTION, 
AND M A N A G E M E N T  OF O P L s  

One of the main barriers to the use of molecular tech- 
niques to identify and manage OPLs is the requirement 
for biopsies to provide the specimens for analysis. A possi- 
ble solution to this problem is to perform molecular analysis 
on exfoliated cells collected noninvasively from a tissue. 
There are currently two types of studies aimed at exploring 
such approaches. In one, cells are collected "globally" 
from a targeted organ in the form of sputum (for the lung), 
urine (for the bladder), stools (for the bowels), saliva, and 
mouth rinse (for the oral cavity). The other approach 
uses cells collected from specific sites of interest within 
a tissue, such as with scrapes of leukoplakia within an 
oral cavity. 

A number of studies have investigated the value of 
studying exfoliated cells obtained globally from a targeted 
organ. Such studies have shown that molecular changes in 
cells isolated from sputum and urine are similar to those 
observed in lung and bladder cancers, suggesting that the 
identification of such changes in exfoliated cells might serve 
as an early indication of the presence of a tumor in these 
organs [70,109]. Similar studies have been done on patients 
with head and neck SCC and have found that p53 mutations 
and microsatellite alterations (LOH or microsatellite insta- 
bility) in cells obtained from saliva match alterations present 
in tumor biopsies [110,111]. More recently, these studies 
have been extended to an assessment of saliva DNA from 
head and neck cancer patients for epigenetic alterations that 
may play a role in cancer development. Aberrant DNA 
methylation patterns were detected in exfoliated cell 
samples that were identical to those present in the tumors 
[ 112]. These results are extremely promising. 

Our laboratory has investigated whether exfoliated cells 
taken from a specific site in the oral cavity could reveal 
molecular changes present at that site. In an early study, 
we compared LOH patterns in biopsies of oral SCCs to 
those obtained from exfoliated cell samples collected by 
scrapping the same SCC prior to biopsy [113]. Results 
showed that LOH patterns in exfoliated cells are highly 
representative of those in biopsies. 

We are currently confirming the aforementioned results 
and also extending them to include OPLs. To date, we 
have analyzed and compared LOH frequencies at 3p 14 and 
9p21 (four primers for each location) in scrapes and concur- 
rent biopsies of the same lesion from 68 clinical lesions 
(23 SCCs, 18 OPLs in patients with history of oral cancer, 
and 27 primary OPLs) (unpublished data). As shown 
in Table 17.3, 51 (75%) of the 68 lesions examined 
demonstrated LOH in their biopsies. Forty-four (86%) of the 
51 positive cases showed identical LOH patterns in the 
scrapes to those seen in biopsies. Of significance, LOH was 
not detected in any exfoliated cell samples from lesions in 
which biopsies were negative for LOH, suggesting that the 
approach is very specific (no false-positive scrapes). 

These data support the use of this approach for screening 
and follow-up of OPLs. However, it should be noted that the 
procedure is still in its infancy and that modifications are 
required to improve the sensitivity of the approach. Such 
modifications could incorporate other molecular end points 
into the analysis; however, given the limited amount of DNA 
in these samples, such a change would have to be accompa- 
nied by a modification of the technique toward a higher 
throughput analysis so that multiple regions of alteration 
could be examined at the same time. Such technical alter- 
ations are now being explored. 

Even with the current scrape assay we are already able 
to suggest some ways in which the approach could be 
used to improve the clinical management of OPLs. One poten- 
tial use is as an early screen of lesions where there is insuffi- 
cient clinical information to warrant a decision to biopsy. For 
example, clinicians are often reluctant to biopsy a homoge- 
neous leukoplakia located at a low-risk site because only a 
small proportion of these lesions have a malignant risk. 
However, loss at 3p14 and 9p21 in a scrape of such a lesion 
would support the biopsy of this lesion, irrespective of clini- 
cal appearance of the lesion or its history, given the increased 
risk for progression or recurrence associated with this pat- 
tern of alteration [70,72]. Thus, scrapes could be used to 
triage patients with clinically innocuous lesions, preventing 

TABLE 17.3 Loss of  Heterozygosity at 3p 14 and 9p21 in 
Exfoliated Cells and Concurrent Biops ies  

Biopsies Scrapes LOH in both 
Total positive positive biopsies and 

Sample cases for LOH for LOH scrapes 

SCC 23 23/23 (100%) a 20/23 (87%) 20/23 (87%) 

OPL after SCC 18 11/18 (61%) 10/18 (56%) 10/11 (91%) 

OPL, no SCC 
history 27 17/27 (63%) 14/27 (52%) 14/17 (82%) 

All cases 68 51/68 (75%) 44/68 (65%) 44/51 (86%) 

aLoss at 3p 14 and/or 9p21/informative cases (% loss). 
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FIGURE 1 7.3 LOH analysis of primary OPL during progression into SCC. This 55-year-old male is a former smoker 
(from age 16 to 40) who developed a verrucous leukoplakia on the left buccal mucosa extending to the lower gum of the 
molar area. The index (VH0) and repeat biopsies VH17 and VH34 taken 17 and 34 months thereafter (subscripts indicate 
time from index biopsy) all showed a hyperplasia with verrucous configuration. A verrucous carcinoma was 
diagnosed 44 months after the initial biopsy. DNA was isolated from stroma (N), verrucous hyperplasia (VH), and tumor 
(T) cells microdissected from lesion biopsies and from exfoliative cells from clinically normal oral mucosa (NE) and the 
lesion (LE). A loss of the upper allele at D3S1300 was observed in all biopsies and lesion scrapes but was absent in the 
normal stroma and scrapes of the normal mucosa. 

unnecessary biopsy in the majority of such cases, yet provid- 

ing an opportunity to spot potentially high-risk lesions. 

Another  potential role for exfoliated cell analysis is to 

identify temporal  patterns of genetic alterations during 

follow-up, to serve as early predictors of risk of progression 

for pr imary OPLs or of tumor recurrence or formation of  

second primaries in oral cancer patients. Figure 17.3 shows 

LOH analysis of a primary OPL with a high-risk LOH 

pattern (LOH on 3p and 4q, see Section IV, B). This lesion 

progressed into cancer  44 months after the initial assess- 

ment, despite laser ablation at 34 months. LOH was present 

in biopsies and scrapes on mult iple occasions before the 

development  of the carcinoma. 

In a second example,  Fig. 17.4 shows LOH patterns of 

biopsies and scrapes of a patient who developed a recurrent 

cancer. At 6 months after treatment,  no apparent clinical 

changes  were  obse rved  at the cancer  site. However ,  

microsatel l i te  analysis of  a scrape from the site showed the 

same allelic loss at 9p that had been present in the initial 

CIS. The same loss was seen in scrapes 9 and 14 months 

posttreatment,  but there was still no apparent  clinical lesion. 

Morphologica l  changes were not seen until 25 months 

posttreatment.  At this point, the lesion was biopsied and 

showed mild dysplasia, again with the same LOH pattern 

observed in previous scrapes. The lesion went  on to become 

a recurrent tumor 53 months after t reatment of the primary 

SCC, with all of the remaining scrapes and biopsies 

showing the same allelic loss. As exemplif ied by this case, 

molecular  analysis of scrapes could enable us to identify 

high-risk lesions at sites of  previous cancer  months before 

the appearance of morphological  changes and could guide 

t reatment  of such lesions, thus preventing tumor  recurrence. 

Finally, scrapes may play a role in assessing normal- 

looking mucosa  adjacent to clinically visible high-risk OPLs 

to determine how far such lesions have spread. For those 

lesions shown to be discrete, surgical removal  of  the clinical 

lesion could be performed with margins that extend into 

regions that show no molecular  change. However, genetic 

FIGURE 1 7.4 LOH patterns of biopsies and scrapes obtained from a former cancer site of a 62-year-old male smoker. 
This patient had a CIS (To) on the right lateral border of the tongue that was removed by excision. The original CIS had 
a loss of the upper allele on both IFNA (not shown) and D9S171. The same loss was observed in scrapes 6, 9, 14, 25, and 
38 months and in biopsies 25, 38, 46, and 53 months after the initial CIS. The biopsies were diagnosed 
histologically as mild dysplasia (D25), severe dysplasia (D39), mild dysplasia (D46), and finally SCC (T53). N, normal 
genomic DNA from connective tissue. LE, scrape from lesion site. NE, scrapes of normal epithelium contralateral to the 
lesion site. Subscripts indicate time (months) from initial biopsy of CIS (To). 
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FIGURE 17 .5  Temporal changes of clinical, histological, and molecular indices in an OPL that developed into CIS. 
The index biopsy of this lesion had a low clinicopathological risk (<2 cm in size, homogeneous in appearance, and mild 
dysplasia; for clinicopathological staging criteria, see Axell et al. [30]), but a high-risk genotype. Bleomycin treatment 
decreased the size of the lesion, but it persisted. At month 52, the lesion still maintained a low clinicopathological but high 
molecular risk. However, only a portion of the allelic losses seen in the index biopsy were present, probably due to the 
selective pressure of treatment on subclones within the initial lesion. At month 77, almost 6.5 years after molecular 
indication of high risk, the lesion finally showed clinicopathological progression to a high-risk lesion (nonhomogeneous 
and sever dysplaisa). The molecular risk remained high with emergence of a clone(s) that showed more of the allelic 
losses that were present in the initial lesion. The lesion was subsequently excised but recurred and was treated by topical 
bleomycin at month 87. At month 101, the lesion presented clinicopathologically as an intermediate risk lesion (2 cm in 
size, nonhomogeneous) with the same high-risk molecular clone as that seen in the index biopsy. The lesion progressed 
into a CIS at month 117. Clinical features: Numbers represent lesion size (diameter in mm); hollow circle represents 
homogeneous appearance; dot-filled circles represent nonhomogeneous appearance. Genotype: Numbers represent 
chromosomal arms with LOH. Treatment: Gray triangle represents incisional biopsy; hollow arrow with letter B 
represents topical bleomycin treatment; black jagged triangle represents excision.(see also color insert.) 

analysis of scrapes could identify widespread lesions that 
are not amenable to surgical removal. Identification of 
these lesions could prevent unnecessary repeat surgeries and 
provide a rationale for other treatment, such as aggressive 
topical chemotherapy of the whole oral cavity, despite cost 
and potential side effects. 

VIll. THE NEED FOR 
LONGITUDINAL STUDIES 

Although data provided here are promising, proof of the 
actual prognostic value of molecular markers requires long- 
term longitudinal studies. In October 1999, we began accruing 

patients into a National Institute of Dental and Craniofacial 
Research-funded prospective study that will examine temporal 
patterns of allelic loss in biopsies and scrapes collected serially 
over time in 300 patients. The study has two arms. The first 
includes 150 patients that have been treated for oral cancer 
and who are at elevated risk for local recurrence and for devel- 
opment of second primaries. The second includes 150 patients 
with oral dysplasia, but no history of oral cancer. The study 
will follow all clinical lesions identified at entry into the study 
and those that develop during the course of the study. Among 
those currently enrolled, 53% of the cancer patients and 
42% of dysplasia patients have >2 lesions at entry (24 and 
14% have 3 or more lesions). Follow-up time will be up to 7 
years in duration. To date we have recruited 1 l0 patients with 
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a history of oral SCC and 60 patients with primary dysplastic 
leukoplakia. 

This will be one of the first studies to follow molecular 
changes in such lesions over an extended period. In addition, 
the study will collect information on clinical, histological, 
and molecular alterations for all lesions every 6 months. 
This will allow us to look for associations of the more 
traditional indicators of risk (clinical, histological) and 
molecular patterns that might better predict outcome. An 
example of the types of information that can be obtained 
with such analysis is shown in Fig. 17.5 (see also color 
insert). At the same time, information on alterations to 
smoking and alcohol habits or interim treatment will be 
collected to allow us to control for confounding effects pro- 
duced by these alterations on markers and outcome. 

Data generated by this study will lead to a better under- 
standing of the natural history of the development of aerodi- 
gestive tract cancer by providing insight into the evolution 
of genetic clones in such lesions over time. It will allow us 
to determine what impact temporal shifts in genetic clones 
have on the phenotypic behavior of cells in a lesion and on 
its ultimate outcome. Finally, and more specifically, the 
study will test the three risk profiles identified in our 
earlier retrospective studies to determine their validity as 
prognostic indicators. 
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Oral premalignant lesions have served as a widely 
used model system in chemoprevention research. 
Chemoprevention of these lesions has direct clinical rele- 
vance and can also be used to screen agents that may 
have efficacy in the prevention of oral, pharyngeal, or other 
cancers. This chapter introduces the reader to various types 
of oral premalignant lesions, discusses design and interpre- 
tation issues of relevance to chemoprevention trials in 
this clinical setting, and reviews the results of chemopre- 
vention trials of oral premalignancy. Several agents/classes 
of agents have been evaluated for chemopreventive efficacy 
in oral precancerous lesions and are discussed herein, 
including various retinoids, [~-carotene, the algae Spirulina 
fusiformis, vitamin E, selenium, tea, protease inhibitors 
(Bowman-Birk inhibitor concentrate), and bleomycin. 
Some of these agents have established efficacy in terms 
of regressing oral precancerous lesions, demonstrating 

the "proof of principle" behind chemoprevention of oral pre- 
malignancy. However, these same agents have limitations 
to their widespread use for this purpose. The chapter con- 
cludes with a discussion of the validity of oral precancerous 
lesions in predicting the efficacy of agents for oral cancer 
prevention and discusses challenges that lie ahead with 
regard to identifying suitable agents with clear evidence 
of efficacy but without significant toxicity. 

I. ORAL PREMALIGNANT LESIONS: 
DEFINITION AND SIGNIFICANCE 

Many oral and pharyngeal carcinomas are preceded by pre- 
cancerous lesions that present as red, white, or red and white 
patches or plaques that will not rub off and cannot be charac- 
terized clinically or pathologically as any other disease [1]. 
White oral lesions meeting these criteria are termed oral leuko- 
plakia; those that are red are referred to as erythroplakia; and 
those that are both red and white are termed oral erythroleuko- 
plakia. Although each of these lesions has been classified as 
precancerous, it is well established that lesions with a red com- 
ponent are most likely to undergo malignant transformation or 
to exhibit either invasive or in situ carcinoma [2,3]. Small 
hyperplastic leukoplakia lesions have a 30-40% spontaneous 
regression rate and less than a 5% risk of malignant transfor- 
mation, whereas erythroleukoplakia and dysplastic leuko- 
plakia lesions are associated with a low rate of spontaneous 
regression and a 30-40% long-term risk of oral cancer [4]. A 
mainstay in the prevention of oral and pharyngeal cancer is, 
therefore, the early identification and removal of such lesions. 

It is estimated that approximately 75% of all oral and 
pharyngeal cancer cases in the United States are attributable 
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to smoking and drinking [5]. Smoking, and to some extent, 
drinking have also been implicated as risk factors for oral 
precancer [6-9]. Consequently, the reduction or elimination 
of smoking and heavy drinking represent another critical 
strategy for preventing oral and pharyngeal cancer. 

Although the removal of precancerous lesions and the 
elimination of known risk factors are viable and important 
strategies for preventing oral and pharyngeal cancer, they do 
suffer from important limitations. First, precancerous lesions 
that have been removed can recur, thereby requiting subse- 
quent biopsies and close follow-up. Further, because lesions 
can be large or multifocal, their complete removal may some- 
times be deemed inappropriate, particularly when incisional 
biopsy reveals a histopathologic picture suggesting a low risk 
of transformation. An additional limitation of these prevention 
strategies is that persons who have been exposed previously to 
risk factors for oral/pharyngeal cancers are likely to have cells 
that have undergone initiation and promotion and are at risk of 
proceeding further down the path of oral carcinogenesis. 

One additional strategy for the prevention of oral and 
pharyngeal cancer that has the potential to address these 
limitations, at least in part, is the use of chemopreventive 
agents. Cancer chemopreventive agents are specific nutri- 
ents or other chemicals that are used to suppress or reverse 
carcinogenesis and to prevent the development of invasive 
cancer [10]. These agents, while potentially useful for the 
general population, may have particular utility for persons 
who are presumed to be at an elevated risk of oral and 
pharyngeal cancer, due either to the presence of a precan- 
cerous lesion or a significant history of risk factor exposure. 

Oral precancerous lesions have been relatively well stud- 
ied in chemoprevention research. Oral precancerous lesions 
are used as intermediate end point biological markers in 
order to help screen potential chemopreventive agents that 
might have utility in the prevention of oral and pharyngeal 
cancers. Also, because treatment strategies for large or dif- 
fuse, multifocal oral precancerous lesions are limited, suc- 
cessful chemopreventive agents for these lesions would have 
direct clinical relevance. 

!!. C H E M O P R E V E N T I O N  TRIALS: GENERAL 
DESIGN AND O U T C O M E  ASSESSMENT 

Prior to reviewing the results of chemoprevention trials 
of various agents in oral precancerous lesions, it is necessary 
to understand how these trials are conducted, how efficacy is 
assessed, and the resulting implications for interpreting the 
results of these types of trials. 

Previous trials investigating the use of chemopreventive 
agents in treating potentially precancerous oral lesions have 
focused primarily on individuals with oral leukoplakia. Oral 
leukoplakia serves as a useful model because it is often 
readily visible and accessible and can therefore be measured, 

photographed, and biopsied. Because the term "oral leuko- 
plakia" represents a clinical diagnosis, however, the under- 
lying histopathological picture can vary widely from lesion 
to lesion, with a concomitantly wide range in malignant 
potential. Consequently, chemoprevention trials of oral pre- 
malignancy often present information on or, in some 
instances, restrict their eligibility criteria to specific 
histopathologic diagnoses. 

Clearly, patients who have had full excision of suspicious 
lesions are generally not good candidates for recruitment for 
efficacy trials, although such patients could be enrolled into 
trials aimed at maintenance of remissions (e.g., see Costa 
et al. [11]). In contrast, patients with multifocal lesions or 
lesions not fully excised would be suitable candidates for 
recruitment. 

Prior to placing patients on an intervention, baseline eval- 
uation of the lesion must be performed. The baseline evalu- 
ation is predicated on the response criteria selected for the 
trial, which can vary across trials. For example, efficacy 
evaluation in most trials includes a visual examination of the 
lesion. Responses are then quantified by bidimensional 
measurements of the lesions pre- and postintervention 
and/or by the use of intraoral photography of the lesions. 
The histological response is also sometimes used as a crite- 
rion in order to evaluate efficacy; this approach requires oral 
biopsies pre- and postintervention. While this approach may 
seem more objective than visual estimation of change in the 
size of a lesion, it must be recognized that this approach has 
limitations as well. The baseline biopsy, for example, is gen- 
erally done on the most suspicious looking lesion/part of a 
lesion. It is quite possible that the initial biopsy might 
remove areas of the most severe dysplasia, with the result 
that lesions appear to improve histologically at the time of 
the second biopsy. Histological or visual responses could be 
susceptible to observer bias in estimating response in a single- 
arm trial. Also, spontaneous regression of oral leukoplakia 
lesions is known to occur in the absence of intervention. 
These limitations all point to the need for placebo controls 
and blinding of study subjects and of observers (double blind- 
ing) in order to evaluate the effect of a given intervention 
more objectively. For these reasons, the greatest emphasis is 
given to randomized, placebo-controlled trials of oral leuko- 
plakia/oral dysplasia (see Section III). 

While visual and histological evaluations of lesions have 
been the primary response criteria used in chemoprevention 
trials of oral premalignancy, other intermediate end points, 
such as micronuclei in exfoliated oral mucosal cells and 
biomarkers of cell proliferation, have also been evaluated 
(e.g., see Li et al. [12]). A promising research area of 
relevance here is the molecular assessment of risk of oral 
cancer in patients with leukoplakia. That is, molecular 
evaluation of biopsied tissue has been shown to be of value 
in predicting which lesions will progress to oral carcinomas 
[13,14]. Molecular markers may have utility in monitoring 
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risk for patients with oral premalignancies and in 
evaluating efficacy in chemoprevention trials. The ability of 
a chemopreventive agent to reverse a molecular alteration 
that is strongly associated with the development of invasive 
malignancy might better predict efficacy in the prevention 
of oral cancer than visual changes in lesion size. Thus, it 
is likely that molecular end points will be commonly 
incorporated as part of the outcome assessment in future 
chemoprevention trials of oral leukoplakia. 

III. REVIEW OF TRIALS 

A. Retinoids 

Retinoids, including vitamin A, were the first class of 
chemopreventive agents to be widely studied in the reversal 
of oral premalignant lesions. Many single-arm trials of vita- 
min A and certain retinoids were completed in the mid- 
1970s. These early single-arm trials will not be reviewed 
here, but are important as they set the foundation for newer, 
placebo-controlled trials that are considered here. These 
single-arm trials identified several aspects of retinoid 
chemoprevention that remain relevant today. That is, they 
established the concepts that retinoids had efficacy in the 
reversal of oral precancerous lesions, that retinoid-related 
toxicity caused some patients to discontinue therapy, and 
that relapses commonly occurred within 2-3 months after 
the cessation of therapy [ 15]. 

One of the first randomized, placebo-controlled studies 
to emerge following the early trials was a 3-month study of 
13-cis-retinoic acid (2 mg/kg/day), which was published in 
1986 [ 16]. The complete plus partial response rate in the 44 
evaluable patients was 67% in the retinoid arm and 10% in 
the placebo arm (p = 0.0002). The histopathologic improve- 
ment rate (e.g., reversal of dysplasia) was also higher in the 
retinoid arm (54% vs 10%, p=0.01). There were two major 
problems, however, with this high-dose, short-term 
approach. First, high-dose 13-cis-retinoic acid toxicity was 
substantial and not acceptable in this clinical setting. 
Second, over half of the responders recurred or developed 
new lesions within 3 months of stopping the intervention. 

Based on the results of this placebo-controlled trial, a ran- 
domized maintenance trial was designed [17]. In this trial, 
patients initially received a 3-month induction course of 
high-dose 13-cis-retinoic acid (1.5 mg/kg/day), followed by 
a 9-month maintenance course with low-dose 13-cis-retinoic 
acid (0.5 mg/kg/day) or ~-carotene (30 mg/day) in patients 
with responding or stable lesions during the high-dose induc- 
tion phase. The induction-phase response rate was 55% (95% 
CI=42-67%). During the maintenance phase, 2 (8%) of the 
patients in the retinoid group progressed versus 16 (55%) in 
the ~-carotene group (p<0.001). Toxic effects of low-dose 
13-cis-retinoic acid maintenance therapy were mild, 

although greater than for ~3-carotene, with no patients 
discontinuing therapy because of toxicity. 

Another trial of 13-cis-retinoic acid used topical applica- 
tion rather than oral dosing of the retinoid [18]. In this 
double-blind study, 10 patients with oral leukoplakia were 
randomly assigned to daily treatments (three topical appli- 
cations) with 0.1% 13-cis-retinoic acid gel or placebo 
gel for 4 months. Patients who originally received placebo 
crossed over to the intervention for an additional 4 months. 
Following completion of topical retinoid treatment, all 
patients showed a significant improvement in size and 
clinical appearance (change in color from white to pink) of 
the oral lesions. In contrast, no patients showed improve- 
ments following completion of placebo treatment. Of 9 
evaluable patients who completed the retinoid intervention, 
1 had a complete response and 8 had partial responses (50% 
or greater reduction in the size of the lesion). No side effects 
were observed with this topical intervention. 

Fenretinide [N-4-hydroxyphenyl retinamide (4HPR)], 
another promising retinoid, is also being evaluated in oral 
premalignancy [ 11 ]. Patients with oral premalignant lesions 
were treated with laser resection to remove lesions and were 
then randomized to 1 year of systemic 4HPR maintenance 
therapy (200 mg/day) or no intervention with a planned 
4-year follow-up after completing the intervention. 
Recruitment was initiated in 1988 with a target sample size 
of 190, and recruitment was closed in 1994 with 174 
patients enrolled (170 evaluable). A 3-day drug holiday at 
the end of each month was prescribed to avoid the adverse 
effects (night blindness) of lowering serum retinol by 4HPR 
treatment. There were 11 recurrences in each group, 
but only 3 new occurrences in the 4HPR group versus 12 
in the control group, for an overall failure of 14/84 (17%) 
in the retinoid group versus 23/86 (27%) in the control 
group. Two other randomized studies involving retinol 
[19,20] and another involving the retinoid N-4-(hydroxycar- 
bophenyl) retinamide (4HCR [21]) have been reported 
(see Table 18.1); all observed significant retinoid chemopre- 
ventive activity. 

Thus, there is a consistent body of literature documenting 
that a variety of different retinoids have efficacy in the regres- 
sion of oral premalignant lesions. However, as noted in 
the early trials, this literature clearly indicates that lesions return 
rapidly upon cessation of intervention, requiring the use of 
long-term preventive therapy. Consequently, a current goal 
with regard to both retinoids and other chemopreventive agents 
is to identify efficacious agents with minimal or no toxicity, 
allowing for the possibility of long-term preventive therapy. 

Of concern with regard to the possible long-term use of 
13-cis-retinoic acid for preventive therapy are results from a 
second primary lung cancer prevention trial of this agent [22]. 
This trial investigated the use of 13-cis-retinoic acid 
(30 mg/day) for the prevention of second primary tumors in 
patients with stage I nonsmall cell lung cancer. This retinoid 
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TABLE 18.1 R a n d o m i z e d  Trials of  C h e m o p r e v e n t i v e  Agen t s  in Oral  Leukoplakia  

Statistical 
Population Intervention b N End point Result significance Reference 

United States 13cRA (2 mg/kg/day) 24 Regression 67% p=0.0002 Hong et al. [16] 
Placebo 20 10% 

United States 13cRA (1.5 mg/kg/day) 66 Regression 55% Lippman et al. [17] 
initially; stable or improved 

13cRA (0.5 mg/kg/day) 24 Progression after 8% p<0.001 
[3-carotene (30 mg/day) 29 13cRA induction 55 % 

Italy 13cRA gel (0.1%) vs placebo gel 10 Regression 100% p not reported Piattelli et al. [18] 
Placebo group crossed over 

at end of initial 0% placebo 
intervention period 

Italy a 4HPR (200 mg/day) 84 Recurrence+ 17% p not reported Costa et al. [11] 
No treatment control 86 new lesion 27% 

India Vitamin A (300,000 IU/week) 50 Complete 52% p<0.0001 Sankaranarayanan 
BC (360 mg/week) 55 regression 33% et al. [19] 
Placebo 55 10% 

India Vitamin A (200,000 IU/week) 21 Complete 57% p<0.05 Stich et al. [20] 
Placebo 33 regression 3% 

China 4HCR (40 mg/day) 31 Complete 87% p<0.01 Han et al. [21] 
Placebo 30 regression 17 % 

India BC (180 mg/week) 27 Complete 14.8% p=NS Stich et al. [26] 
(betel nut chewers) BC and retinol (100,000 IU/week) 51 regression 27.5% p<0.05 

Placebo 33 3% 

United States BC (60 mg/day) initially 54 Regression 52% Garewal et al. [32] 
Responders: BC (60 mg/day) 11 Relapse in 18% (failure) p= NS 
Placebo 12 responders 17 % 

Uzbekistan BC (40 mg/day) + retinol 384 Leukoplakia OR =0.62 p<0.05 Zaridze et al. [33] 
(100,000 IU/week) + vitamin E prevalence (0.39-0.98) 
(80 mg/week) 

Placebo 291 

India S p i r u l i n a f u s i f o r m i s  (1 g/day) 60 Complete 45% p<0.0001 Mathew et al. [37] 
Placebo (nonconcurrent) 55 regression 7% 

China Green tea (3 g mixed tea oral 29 Partial regression 37.9% p<0.05 Li et al. [12] 
capsule + topical) (30% or more 

decrease in size) 
Placebo capsule and vehicle 30 10.0% 

topical control 

Canada Bleomycin 1% in DMSO 10 % reduction 81% p=0.001 Epstein et al. [48] 
DMSO 12 in lesion size 21% 

aOngoing; interim report. 
bBC, [3-carotene; DMSO, dimethyl sulfoxide; NS, not significant; OR, odds ratio; 4HPR, N-4-hydroxyphenyl retinamide; 4HCR, N-4-hydroxycarbo- 

phenyl retinamide; 13cRA, 13-cis-ret inoic  acid. 

did not improve the overall rates of second primary tumors, 
recurrences or mortality. However, of potential concern was 
the observation that 13-cis-retinoic acid increased the risk of 
recurrence in smokers (hazard ratio for treatment by current 
versus never-smoking status= 3.11, 95% CI 1.00-9.71). Thus, 
current smokers should probably be advised not to use 
13-cis-retinoic acid as a long-term chemopreventive agent, 
with the exception of smokers participating in other trials [23] 
with appropriate monitoring for long-term safety and toxicity. 

B. [~ -Caro tene  

~-Carotene is structurally related to retinoids, being a pre- 
cursor of vitamin A. Unlike the retinoids, ~-carotene does not 
exhibit retinoid-like side effects such as mucocutaneous toxi- 
city, making it attractive for evaluation as a long-term preven- 
tive therapy. Studies in the 1980s in populations at high risk 
of oral cancer (tobacco chewers, betel quid chewers) demon- 
strated that supplemental ~-carotene and retinol reduced the 
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frequency of oral micronuclei significantly [24-26]. These 
trials, suggesting beneficial effects of ~-carotene on markers 
of DNA damage, set the stage for subsequent trials of this 
agent in oral premalignant lesions. At least nine trials have 
investigated the effects of supplemental ~-carotene, alone or 
in combination with other agents, on the regression of oral 
leukoplakia. Five nonrandomized studies [27-31] and the 
nonrandomized induction phase of a randomized trial [32] 
reported response rates ranging from 44 to 97%. The 
response rates from these uncontrolled studies, however, 
must be interpreted cautiously for the reasons alluded to ear- 
lier. Four placebo-controlled trials of [3-carotene and oral 
leukoplakia are available. Stich et al. [26] reported that the 
combination of ~-carotene (180 mg/week) plus retinol 
(100,000 IU/week) produced complete remissions in 27.5%, 
~-carotene alone in 14.8%, and placebo in 3.0% of subjects 
(partial remissions were not reported) with a 6-month inter- 
vention. Sankaranarayanan et al. [19] got better response 
rates with a longer duration of intervention (12 months), 
consisting of 33% complete regression with 13-carotene 
(360 mg/week) and 52% with retinyl palmitate (300,000 
IU/week) versus 10% in the placebo arm. In a trial in 
Uzbekistan [33], 6 months of treatment with the combination 
of retinol (100,000 IU/week), [3-carotene (40 mg/day), and 
vitamin E (80 mg/week) led to a significant reduction in 
the prevalence odds ratio of oral leukoplakia (OR=0.62; 
95% CI=0.39-0.98). The risk of progression or no change 
versus regression was also reduced by 40% by this interven- 
tion, although it was not statistically significant (OR =0.60, 
95% CI=0.23-1.63). A trial with even a longer duration of 
intervention is available: Garewal et al. [32] gave ~-carotene 
(60 mg/day) to 54 patients with oral leukoplakia for 6 
months and then randomized responders to continue supple- 
menting with ~-carotene (same dose) or placebo for another 
12 months (total duration of supplementation up to 18 
months). Of those who initially responded to [3-carotene, 2 of 
11 in the [3-carotene arm and 2 of 12 in the placebo arm sub- 
sequently relapsed. 

These trials indicate that supplemental forms of 
13-carotene have the ability to regress oral precancerous 
lesions. Of concern with regard to the possible long-term 
use of 13-carotene for preventive therapy are results from 
two primary lung cancer prevention trials involving 
13-carotene [34,35]. Lung cancer incidence and mortality 
were increased significantly rather than reduced in smokers 
who received supplemental [~-carotene for several years. 
These results, coupled with those seen for 13-cis-retinoic 
acid, suggest that chemoprevention in current smokers may 
be particularly challenging. 

Evidence shows that the lung cancer-promoting effect of 
[3-carotene in smokers is dose dependent [36] and, to date, 
is only observed with purified supplements of all-trans 
~-carotene. Given this, results of another trial of a 
carotenoid-containing plant extract are of interest. This 

trial [37] evaluated the chemopreventive efficacy of the 
blue-green algae Spirulina fusiformis, which is known to be 
a concentrated natural source of carotenoids and other 
micronutrients. The trial was done in tobacco chewers in 
Kerala, India, with 60 subjects given algae (lyophilized 
powder, 1 g/day for 12 months). These subjects were 
compared to 55 subjects from the placebo arm of another 
randomized trial (nonconcurrent control). The complete 
regression rate was 45% (20 of 44 evaluable) in subjects 
given the algae as compared to 7% (3 of 43 evaluable, 
p<0.0001) of subjects in a nonconcurrent placebo arm. The 
ability of the algae to regress lesions varied with the type of 
lesion, ranging from 57% for subjects with homogeneous 
leukoplakia to 25% for persons with erythroleukoplakia to 
0% for persons with ulcerated and nodular lesions. Similar 
to what is observed in other trials, recurrent lesions 
commonly developed following the cessation of supplemen- 
tation. As the algae Spirulina contains many natural 
compounds, including carotenoids, vitamin E, and other 
micronutrients, it is not clear which of these agents (or 
combinations of agents) are responsible for the observed 
efficacy. Nonetheless, there is considerable interest in these 
types of interventions given the unexpected adverse effects 
observed for high-dose single agents as described earlier. 

C. Vi tamin  E a n d  S e l e n i u m  

Vitamin E (400 IU twice daily) was evaluated by itself in a 
single-arm, 24-week trial in oral leukoplakia in which both 
clinical (46%) and histological (21%) responses were observed 
[38]. Similarly, selenium (300 ~tg selenium/day for three 
4-week cycles) has also been evaluated in a single-arm trial 
done in Italy [39]. A 38.8% response rate was observed follow- 
ing supplementation. While these trials suggest efficacy, both 
were uncontrolled and thus need to be interpreted cautiously. 

D. O t h e r  A g e n t s  

In addition to the nutrients/nutrient derivatives described 
earlier, there are several other chemopreventive agents for 
oral precancerous lesions under evaluation. They are 
described briefly here. 

1. Tea/Tea Components 

It is well known that tea and tea components have the 
ability to inhibit cancer formation in various animal car- 
cinogenesis models [40]. The chemopreventive activity of 
tea and its components in humans, however, is less clear. Tea 
contains polyphenolic compounds known as catechins. The 
most abundant catechin in tea is (-)-epigallocatechin-3- 
gallate (EGCG), which purportedly has numerous biochemi- 
cal effects, including, but not limited to, antioxidant activity, 
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inhibition of AP-1 activity, and inhibition of angiogenesis 
[40]. Given the documented antitumor activity in animal 
models and the ability to monitor EGCG levels in blood as 
a biomarker of adherence, it is not surprising that there is 
interest in tea as a possible chemopreventive agent for oral 
leukoplakia. 

To date, a feasibility study of green tea in 28 patients with 
precancerous lesions has been completed in India [41], and 
results of one randomized trial of tea in oral leukoplakia 
patients from China are now available [12]. In the trial, 59 
patients with oral leukoplakia were randomized to an inter- 
vention of mixed tea (encapsulated product developed by the 
authors; 3 g oral administration plus topical treatment) or a 
control group (placebo capsule and glycerin topical treatment) 
for 6 months. At the end of intervention, the lesion size 
decreased in 37.9% of 29 treated patients and increased in 
3.4% as compared to decreases in 10.0% of 30 control patients 
and increases in 6.7% (p < 0.01). Persons in the treatment 
group also had a lower frequency of micronucleated exfoliated 
oral mucosal cells and less evidence of oral mucosal cell pro- 
liferation, as assessed by proliferating cell nuclear antigen 
(PCNA). These results are promising, but confirmation in 
other populations and with other tea preparations is needed. 

2. Protease Inhibitors 

Certain protease inhibitors are capable of preventing car- 
cinogenesis in a wide variety of in vivo and in vitro model 
systems [42]. One particular protease inhibitor, derived from 
soybeans, is known as the Bowman-Birk inhibitor (BBI) and 
has been studied extensively [42]. A concentrate of BBI, 
known as Bowman-Birk inhibitor concentrate (BBIC), was 
approved by the FDA in 1992 as an investigational new drug. 
This approval is required prior to studying the chemopreven- 
tive efficacy of BBIC (or any new drug) in human popula- 
tions. Human trials of BBIC ensued, including a recently 
completed phase IIa trial involving oral leukoplakia. 

In this trial, 33 patients with oral leukoplakia were given 
BBIC for 1 month and 32 completed the intervention [43]. 
BBIC was dispensed as a powder that was reconstituted with a 
commercial saliva substitute, and patients were instructed to 
hold the B BIC suspension in the mouth for 1 min and then 
swallow. Clinical response was based on measurements of 
lesion areas and analysis of blinded clinical judgments of intra- 
oral photographs. Two patients had complete responses and 8 
had partial responses, resulting in an overall clinical response 
rate of 31%. The mean pretreatment total lesion area decreased 
from 615 to 438 m m  2 after treatment (p < 0.004). As discussed 
earlier, because leukoplakia lesions can regress spontaneously 
in the absence of intervention, results from any single-arm trial 
need to be interpreted cautiously, but these results support fur- 
ther evaluation of B BIC in randomized trials. Of note, two 
patients were known to have subsequently developed oral can- 
cers within 16 months of completing the BBIC trial, although 

only 2 of the initial 32 subjects had evidence of dysplasia (not 
those who developed malignancies). The authors concluded 
that it was extremely unlikely that BBIC acted as a procarcino- 
gen, but this observation suggests that future trials of B BIC 
should ideally have multiyear intervention and follow-up. 

3. Bleomycin 

The previous sections emphasized the use of nutrients, 
nutrient derivatives, or diet-derived substances, usually con- 
sumed orally, as chemopreventive agents. A different strat- 
egy for chemoprevention involves the topical application of 
bleomycin, a drug that is better known for its use in cancer 
chemotherapy. Bleomycins are glycopeptides originally 
extracted from a strain of Streptomyces verticillus [44] and 
are cytotoxic antibiotics. The primary action of bleomycin is 
to produce single- and double-strand DNA breaks [44]. 

Single-arm trials in the 1980s first investigated the 
chemopreventive activity of bleomycin, administered topi- 
cally as a solution with dimethyl sulfoxide (DMSO), in 
patients with oral precancerous lesions [45-47]. Clinical 
responses observed in these pilot studies served as the basis 
for a subsequent randomized trial of 1% bleomycin in 
DMSO versus DMSO alone [48]. Treatments were applied 
topically for 5 min once daily for 14 consecutive days, with 
posttreatment biopsies at 4 weeks following treatment. 
Twenty-two patients were randomized in this trial. Treated 
patients had a significant decrease in the size of the lesions 
(p=0.001) and had a nonsignificant histological reduction 
in dysplasia (p =0.094). Longer term follow-up of this same 
intervention in 19 treated patients, all of whom had dysplas- 
tic leukoplakia, has also been done (single arm trial). Partial 
responses or better were achieved in 94% of patients [49]. 
After a mean follow-up of 3.4 years, 31.6% of patients had 
no clinically visible lesions, 47.4% had clinically benign 
lesions, but 11% developed malignant transformation [49]. 
The authors concluded that topical bleomycin may have 
value in inhibiting tumor progression in this setting, but 
close follow-up for progression remains critical. 

IV. VALIDITY OF ORAL PRECANCEROUS 
LESIONS IN PREDICTING EFFICACY OF 

AGENTS FOR ORAL CANCER PREVENTION 

Because oral leukoplakia lesions can undergo malignant 
transformation, agents that either reduce lesion size or lead 
to histological improvements may have direct clinical bene- 
fits. This implies, however, that chemopreventive efficacy in 
oral leukoplakia predicts efficacy in the prevention of oral 
cancers, a premise that may not be true. It could be argued, 
for example, that lesions that respond might not be the 
types of lesions that are most likely to undergo malignant 
transformation. Thus, an examination of the validity of oral 
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precancerous lesion response in predicting efficacy in oral 
cancer prevention is needed. 

Direct evidence for the validity of oral precancerous 
lesions in predicting the efficacy of agents for oral cancer 
prevention would ideally come from large, randomized 
trials of oral cancer prevention that collect data on inter- 
mediate end point responses, including oral leukoplakias. To 
date, however, primary prevention trials of oral cancer have 
not been done due to the large sample sizes that would be 
required (tens of thousands of randomized individuals). 
Trials aimed at the prevention of second malignant tumors 
of the mouth and throat are feasible, and a few have been 
completed or are underway. However, most of these trials 
have not collected data on both precancerous lesions and 
malignancies within the same trial, primarily due to cost 
constraints. Nonetheless, data are now available from a few 
randomized trials of various retinoids and the carotenoid 
~-carotene that bear on the issue of the validity of oral pre- 
cancerous lesions with regard to predicting efficacy in oral 
cancer prevention. 

The first randomized trial aimed at the prevention of 
second primary cancers of the mouth and throat to be com- 
pleted was a trial of high-dose 13-cis-retinoic acid versus 
placebo in 103 head and neck cancer patients [50]. 
Following definitive local therapy of stage I-IV disease, 
patients were assigned randomly to 12 months of 13-cis- 
retinoic acid (50-100 mg/m2/day) or placebo. At a median 
followup of 32 months, there were no significant differences 
in primary disease recurrence (local, regional, or distant) or 
survival. The rate of second primary tumors, however, was 
significantly lower in the retinoid arm than in the placebo 
group, with second primary tumors developing in 2 (4%) of 
the retinoid-treated patients compared with 12 (24%) of the 
placebo-treated patients (p=0.005). This trial was reana- 
lyzed with a longer median follow-up of 55 months [51]. 
With additional follow-up, each group had one more second 
primary tumor in the aerodigestive tract, resulting in a 
cumulative total of 3 of the retinoid group and 13 of the 
placebo group (p=0.008). As discussed earlier (see Section 
III,A), 13-cis-retinoic acid has shown consistent chemopre- 
ventive efficacy in the setting of oral precancerous lesions; 
therefore, the observed reduction in second primary tumors 
provides some assurance that responses in oral precancerous 
lesions predict responses for second primary tumors. 

Supplemental [3-carotene has also shown consistent 
chemopreventive efficacy in the setting of oral precancerous 
lesions (see Section III,B). To date, only one chemopreven- 
tion trial of supplemental ~-carotene for the prevention of 
second primary tumors of the mouth and throat is available 
[52]. After definitive local therapy, 264 patients with 
stage I/II head and neck cancer were randomized to either 
supplemental ~-carotene (50 mg/day) or identical placebo. 
The median follow-up was 51.1 months from the date 
of randomization. Persons randomized to supplemental 

[3-carotene had a 31% decrease in second head and neck 
cancer risk (RR =0.69); however, the result was not statisti- 
cally significant (95% CI 0.39-1.25). Thus, responses of 
premalignant lesions to 13-cis-retinoic acid and ~3-carotene 
are consistent with lower rates of second head and neck 
tumors developing in patients who received these agents. 

A third randomized prevention trial studied the retinoid 
etretinate in 316 patients with stage I to III squamous cell 
carcinoma of the oral cavity or oropharynx [53]. In this trial, 
there was no difference in the rate of second primary tumor 
development between intervention and control arms. Trials 
of etretinate in oral precancerous lesions are not available. 
The lack of efficacy in this trial could be attributed to the 
fact that etretinate is not transcriptionally active [4]. This 
trial highlights the notion that the efficacy observed for one 
or more structurally related compounds (vitamin A, certain 
retinoids) should not be generalized to other related com- 
pounds in the absence of supporting clinical data. 

V. SUMMARY AND C O N C L U S I O N S  

Oral precancerous lesions have been relatively well stud- 
ied in chemoprevention research. Oral precancerous lesions 
are used as intermediate end point biological markers in 
order to help screen potential chemopreventive agents that 
might have utility in the prevention of oral and pharyngeal 
cancers. Also, because treatment strategies for large or 
diffuse, multifocal oral precancerous lesions are limited, 
successful chemopreventive agents for these lesions would 
have direct clinical relevance. Clinical trials aimed at evalu- 
ating the chemopreventive efficacy of candidate compounds 
need to carefully consider how to classify responses, given 
the many issues in response assessment as detailed in 
this chapter. Single-arm trials have value for identifying 
agents with potential efficacy, but further evaluation in 
randomized trials is critical. To date, randomized trials of 
several agents are available, with efficacy clearly indicated 
for certain retinoids and supplemental [3-carotene, demon- 
strating the "proof of principle" behind the chemoprevention 
of oral premalignancy. The most widely studied retinoid 
(13-cis-retinoic acid) and carotenoid (~-carotene), however, 
have been shown to interact with tobacco smoke to increase 
the risk of lung cancer (recurrences for 13-cis-retinoic acid; 
primary lung cancers for [3-carotene). Given this, the 
long-term preventive therapy of these agents for oral 
precancerous lesions, at least in smokers, is unlikely. 

Limited data from randomized trials also suggest efficacy 
for tea/tea components, and topically applied bleomycin, 
and single arm trials of vitamin E, selenium, and BBIC have 
also suggested further evaluation of these agents. The 
ultimate use of any agent for long-term chemoprevention in 
this clinical setting will require evidence of efficacy in oral 
precancerous lesions and in oral cancers. Also, a lack of 



268 Iii. Prevention and Detection 

evidence of acute toxicity and of adverse effects on other 
cancers/mortality should also be required prior to wide- 
spread use of any agent for chemoprevention. 
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1. INTRODUCTION 

Head and neck cancers comprise a majority of the 
upper aerodigestive tract (UADT) epithelial malignancies. 
These tumors are typically of squamous cell histology 
and originate along the epithelial lining of the UADT. 
Damage to the epithelium results from chronic carcinogen 
exposure via inhalation or diet, especially from alcohol and 
tobacco use. These factors are common to head and neck 
cancer development worldwide. Prevention strategies 
have included primary prevention of tobacco and alcohol 
use. These campaigns, however, have not succeeded in 
improving the overall mortality, especially in developing 
countries. 

The complexity of head and neck cancer treatment relates 
to the substantial progress that has been made in the areas 
of surgery, concomitant chemoradiotherapy, and intensity 
modulated radiotherapy over the past few decades. The 
5-year survival rate has improved only slightly from the 
1960s. The high mortality rate of this cancer makes it a 
worldwide public health menace. This disease devastates 
functional abilities, including problems with speech, swal- 
lowing, and cosmetic appearance, all of which lead to the 
subsequent loss of self-esteem; hence, making it a particu- 
larly troubling disease. In fact, even those patients who are 
fortunate enough to be cured of this illness often succumb to 
a second smoking-related cancer at some point in their 
lifetime. The problem of second, metachronous primary 
cancers in this patient group continues, with some studies 
indicating that these cancers are the major determinants of 
overall prognosis in patients definitively treated for early 
stage disease. 

It has been shown that second primary tumors (SPTs) 
help determine survival among patients with advanced head 
and neck cancer who did not experience primary tumor 
recurrence within 2 years after definitive treatment [1]. 
Subsequently, larger studies [2,3] assessed the impact of 
second malignancies in patients who had prior head and 
neck cancer. A review of head and neck cancer patients 
treated on various Radiation Therapy Oncology Group 
(RTOG) protocols showed that despite improvements in 
local control, overall survival did not improve due to the 
development of second malignancies. 

Novel approaches to diagnosis and treatment may 
emerge from the increased understanding of the biology of 
head and neck cancer. Chemoprevention methods, using the 
model of UADT malignancy, are still experimental but may 
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one day prove useful for population-wide recommendations. 
Prevention strategies other than primary prevention with 
tobacco and alcohol cessation include prevention of recur- 
rence and second primary tumors. 

Large trials have been undertaken to study the major 
cancer sites, including oral cavity, hypopharynx, and larynx. 
These trials analyze rates of tumor incidence, recurrence, or 
SPT incidence and require large amounts of time and 
money. Development of validated intermediate biological 
markers may obviate the need for large, time-consuming 
trials. This chapter focuses on the development of new 
treatment strategies and intermediate markers for head and 
neck cancer. The major cancer sites discussed include the 
oral cavity, pharynx, and larynx. The establishment of effec- 
tive preventive measures and early diagnosis of these lesions 
will certainly be necessary before eradication of this disease 
becomes reality. 

Worldwide, UADT cancers account for roughly 10% of 
all cancers. The male-to-female ratio is approximately 4:1. 
Oral and pharyngeal cancers have decreased in incidence 
in white men and white women under the age of 65 over 
the past 2 decades. Geographical variation plays a role in 
head and neck cancer rate and incidence. For example, rates 
of laryngeal cancer in males 70-74 years old are two to 
six times higher in Bombay than in Scandinavia. Asians 
appear to have a higher oral cavity cancer incidence because 
of increased use of betel nut mixtures and smokeless 
tobacco [10]. In the United States, variations in the inci- 
dence of oral cancer during 1950-1969 were observed [11]. 
Males in urban areas had a higher rate of UADT cancer 
attributed to alcohol and tobacco consumption; in contrast, 
women in southern regions had increased oral cancer due 
to snuff use [12]. 

!1. EPIDEMIOLOGY 

UADT cancers represent 3% of all U.S. cancers. An 
estimated 40,000 new cases of head and neck cancer were 
diagnosed in 2001 in the United States alone, resulting in 
more than 12,000 deaths [4]. Despite significant improve- 
ments in diagnosis, local management, and chemotherapy of 
head and neck cancer, there has been no significant increase 
in long-term survival since the early 1970s. 

The 5-year survival rate is 40% for head and neck cancer 
patients in the United States and other developed countries. 
This is comparable to the 5-year survival rate in the 1960s, 
despite advances in detection, surgery, and chemotherapy. 
Typically, patients with head and neck squamous cell 
carcinoma (HNSCC) are over age 50 and incidence 
increases with age. Ninety percent of head and neck cancers 
occur in individuals with known chronic carcinogen expo- 
sure, predominantly tobacco and related substances such 
as betel leaf. This relationship of tobacco exposure and 
disease development has been clearly demonstrated as a 
dose-response relationship with greater risk proportional to 
duration and intensity of exposure [5,6]. Alcohol is a 
closely linked carcinogenic agent and seems to potentiate 
tobacco's effects on the aerodigestive epithelium [7]. 

However, other factors must be considered as etiologic 
agents in head and neck cancer other than alcohol and 
tobacco, as tobacco users far outnumber cases of this disease. 
Genetic susceptibility is becoming better understood and 
may provide an explanation. Mutagen sensitivity, a marker 
of underlying DNA repair deficiency, for example, is associ- 
ated with an increased risk of head and neck cancer [8]. 
Ataxia telangiectasia, Fanconi's anemia, and xeroderma 
pigmentosum are syndromes characterized by mutagen 
sensitivity and have all been associated with oral cavity 
cancers [9]. 

i!i. NATURAL HISTORY 

Malignancies of the UADT are predominantly of epithe- 
lial mucosal origin. The region provides a unique opportu- 
nity to monitor cancer development. Many lesions are 
clinically apparent by direct visual inspection, indirect 
laryngoscopy, or palpation. Premalignant lesions include 
leukoplakia, defined as a white mucosal patch, or erythro- 
plakia, a red mucosal patch, neither of which can be scraped 
off. These lesions can represent hyperplasia, dysplasia, or 
carcinoma in situ. These lesions are commonly observed in 
individuals with known carcinogen exposure and are associ- 
ated with a high rate of progression to invasive cancer, 
usually over several years. These lesions have served as a 
model for the development of treatment for intraepithelial 
neoplasia. Squamous cell carcinomas of the head and neck 
have a high propensity for metastasis, especially to regional 
lymph nodes. Advanced disease ultimately leads to distant 
spread to other organs, commonly the lungs. 

Diagnosing head and neck cancers at earlier stages is the 
key to treatment success. Lesions within the oral cavity may 
be diagnosed early because of their overt visual appearance. 
Other lesions, such as laryngeal tumors, frequently produce 
symptoms such as hoarseness during the early stages. 
However, there are regions in the UADT that are not readily 
visualized or do not produce early symptoms such as tumors 
arising from the pyriform sinus and nasopharnyx. These 
tumors are often not diagnosed early and are usually locally 
advanced or metastatic upon presentation. 

For early stage squamous cell lesions of the head and 
neck, current therapy, including surgery and/or radiation, is 
effective. Locally advanced disease is cured much less 
frequently. Metastatic disease involving distant organs is 
not curable with current therapy. Although early stage 
UADT cancers can be "cured" by conventional therapy, 
these patients' course is complicated by the development of 
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second primary tumors. These SPTs occur most commonly 
within the UADT, lungs, and esophagus. 

Prevention and early detection of head and neck squa- 
mous cell carcinomas are very important. The natural 
history of these UADT tumors progressing from premalig- 
nant lesions, to invasive cancers, to occurrence of second 
primary tumors has led investigators to explore methods to 
prevent these cancers. Individuals at risk include those with 
known carcinogen exposure, especially from tobacco and 
alcohol consumption. The UADT provides an easily acces- 
sible region for following detectable lesions, especially 
leukoplakia or erythroplakia. 

Studies of the molecular biology of HNSCC develop- 
ment may detect early genetic alterations that are not 
clinically apparent. This could lead to possible agents 
effective in blocking the process of carcinogenesis via 
chemopreventive measures or dietary modifications, before 
invasive cancer develops. These genetic alterations or 
biomarkers could provide a means for mass screening 
programs identifying individuals with premalignant lesions, 
early stage lesions, or otherwise at high risk of developing 
head and neck cancer. This could lead to earlier, more effec- 
tive treatments to prevent cancer or cure early stage disease. 
Screening strategies that would detect head and neck cancer 
and decrease mortality are still being developed and guide- 
lines are not yet established. 

IV. RISK FACTORS 

A. Alcoho l  a n d  T o b a c c o  

Cigarette smoking is the predominant cause of cancer of 
the lung, oral cavity, larynx, and pharynx [13,14]. As early as 
1928, it has been reported that there is a higher incidence of 
smoking among patients with cancer than among controls 
[15] and in 1939 that a relationship between smoking and 
lung cancer was observed [16]. There are clearly strong 
dose-response carcinogenic relationships with tobacco 
[17,18] as studies document 5- to 25-fold increased risks of 
developing cancer for the heaviest smokers as compared with 
nonsmokers [18] and a higher risk of UADT cancer with 
unfiltered cigarette use. However, it has been demonstrated 
that overall risk decreases after successively longer periods 
of time of smoking cessation [19-21]. In heavy smokers, 
many years must pass before the risk decreases, but still falls 
short of those people who never smoked [19]. The risk of 
bronchogenic carcinoma appears less for cigar and pipe 
smokers, although these forms of tobacco are clearly associ- 
ated with UADT cancers. The pooling of saliva, which 
contains carcinogens, in gravity-dependent areas such as 
along the lateral and ventral surfaces of the tongue and in the 
floor of the mouth may account for the increased frequency 
of oral squamous cell carcinomas in these locations [22]. 

There are an estimated 1 billion smokers worldwide, 
one-third of which reside in China. The incidence of 
smokers in the United States and other developed countries 
is decreasing [23]. From 1970 to 1985, cigarette consump- 
tion decreased in most developed countries. However, 
overall worldwide consumption increased 7%. This was due 
to the dramatic increase in cigarette consumption in 
third-world countries such as those in Latin America, Africa, 
and Asia [24]. The major carcinogenic activity of cigarette 
smoke resides in the tar fraction. More than 3000 chemicals 
have been identified in tobacco smoke. Polynuclear aro- 
matic hydrocarbons such as benzopyrenes account for most 
tumorigenic activity [25]. Upon activation by specific 
enzymes in human tissue, the compounds become muta- 
genic. Binding of these activated carcinogens to macromol- 
ecules such as DNA may induce point mutations such as 
those involving the K-ras oncogene [26]. Nitrosamines are 
also present and have a propensity to form tumors in the 
upper airways of animals. Although cigarette smoking is the 
most prevalent form of tobacco consumption and has been 
associated with the greatest number of head and neck cancer 
cases, other patterns of tobacco use are also associated with 
significant risk. 

Smokeless tobacco continues to be a growing interna- 
tional problem, as rates in the United States remain largely 
unchanged. Chewing tobacco is associated with the devel- 
opment of oral cavity cancer and is strongly associated with 
the development of oral leukoplakia, a premalignant lesion 
of the oral cavity. High school students have been observed 
to develop these lesions. The increased use by younger 
people most likely accounts for the recent excess of oral 
cancer mortality in this age group [27-32]. The use of 
smokeless tobacco also carries a risk of cheek and gum can- 
cer and, to a lesser extent, pharyngeal cancer in long-term 
users [33]. The major carcinogens in smokeless tobacco are 
polonium 210 and tobacco-specific nitrosamines [34]. As 
the production (up 42% over the past two decades) and sales 
of smokeless tobacco continue to increase, the incidence 
pattern of squamous cell carcinoma of the oral cavity will 
change. In other areas of the world, such as India and 
Indonesia, tobacco is used in different forms, such as betel 
nut quids. Squamous cell cancer of the oral cavity accounts 
for 50% of all cancers in Bombay where this form of 
tobacco use is more prevalent. There is also a strong associ- 
ation between development of premalignant lesions of the 
oral cavity such as leukoplakia and use of this form of 
tobacco-containing quids [32,35-37]. 

UADT cancer rates in the United States have changed 
over time as tobacco-use habits have shifted. Among 
American women and nonwhite men, head and neck 
squamous cell cancer incidence and mortality rates have 
increased since the early 1950s, most strikingly for oral 
cancer (sevenfold increase in women). Regional differences 
have become apparent, as women in the southeastern United 
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States had a 30% greater risk of oral and pharyngeal cancer 
than women from northern urban areas [31,33]. Analysis of 
the impact of specific patterns of tobacco consumption and 
the development of head and neck cancer has been compli- 
cated by the fact that many individuals use tobacco in sev- 
eral forms. This is further confounded by a history of 
concomitant alcohol exposure. 

Alcohol has been implicated as a cofactor in head and 
neck cancer development. It seems to have a synergistic 
effect with tobacco consumption acting in a multiplicative 
fashion [20,38]. Independently, however, alcohol appears to 
have only a modest effect on the increased risk of oropha- 
ryngeal and laryngeal cancers [39,40]. This risk is lower 
than that associated with tobacco alone. Investigations into 
whether type of alcoholic beverage consumed determines 
risk remain unclear. Ethanol itself seems to be the important 
factor [41,42]. The importance of alcohol consumption and 
the development of premalignant lesions such as oral leuko- 
plakia are still unclear [43-46]. Cancer risks appear highest 
for heavy drinkers, independent of tobacco use. Also, 
drinkers who developed head and neck squamous cell carci- 
noma were more likely to develop oropharyngeal rather than 
laryngeal cancer, suggesting that despite field cancerization, 
individual sites may vary in their susceptibility and exposure 
to alcohol as a carcinogen [47]. The role of alcohol as an 
agent in carcinogenesis of the UADT, independent and in 
association with tobacco, still requires further investigation. 

Despite aggressive campaigns for smoking cessation, 
especially for young people, tobacco-related malignancy 
remains a worldwide epidemic. Cigarette smoking, although 
socially acceptable in the past, today has found itself a 
target for increasing regulation. Concern about the health 
risks from exposure to passive smoke has contributed to 
these changes. As up to 75% of all UADT cancer cases are 
attributed to tobacco and/or alcohol, reduction in exposure 
could have a significant impact on cancer medicine, but will 
require both changes in personal lifestyle and governmental 
legislation [20]. 

B. Viral Infec t ion  

Viruses have been associated with UADT cancers. 
However, their role in carcinogenesis is not clear [48]. 
Papillomavirus infections and cancer development were first 
described by Shope in 1933 [49]. He observed that infection 
with the cottontail rabbit papillomavirus, a deoxyri- 
bonucleic acid (DNA) virus, led to invasive epithelial neo- 
plasms. Infections usually result in benign, self-limiting 
warts or epithelial tumors [50-52]. Human papillomavirus 
(HPV) infections are associated with about 10% of the 
worldwide cancer burden, most of which are anogenital 
cancers [53,54]. The frequency of HPV in benign and 
precancerous lesions of the UADT has ranged from 18.5 
to 35.9%. Its overall prevalence in head and neck tumors 

using polymerase chain reaction (PCR) was 34.5%, with the 
majority of cases containing the "high-risk" types 16 (40%) 
and 18 (11.9%) [54]. The causal role for HPV in tumorige- 
nesis remains unclear. Cell culture studies have shown that 
high-risk HPVs have the ability to immortalize and trans- 
form epithelial tissue, whereas HPV-6 and 11, associated 
with benign lesions, do not [55-62]. Expression of the open 
reading frames E6 and E7 of HPV-16 or 18 is sufficient for 
immortalization [63-65]. Interaction between these HPV 
proteins and cellular proteins is believed to have a role in 
transformation. HPV-16 E7 forms a complex with the Rb 
tumor suppressor protein in vivo and in vitro [66,67]. The 
binding of Rb, which prevents abnormal cell proliferation, 
suppresses this activity. Other cell cycle regulators have 
been observed to form complexes with HPV-16 E7, includ- 
ing p107, p130, and cyclin-dependent kinase 2-cyclin A 
[68-70]. These interactions add to abnormal cell cycle 
progression and transformation. 

HPV-16 and -18 E6 protein has been described to com- 
plex with p53, another tumor suppressor protein, leading to 
p53 degradation [71,72]. p53 induces cell cycle inhibition 
when DNA damage increases, thus allowing for repair. 
However, when p53 is suppressed when complexed to the 
E6 protein, DNA replication continues before repair occurs. 
This leads to accumulation of mutations, which could 
contribute to malignant conversion. Mechanisms other than 
the presence of HPV-16 and -18 proteins are involved in 
tumorigenesis, including carcinogen exposure [73-76]. 

Epstein-Barr virus (EBV), a member of the Herpesvirus 
family and the cause of infectious mononucleosis, was first 
reported in 1885 and infects more than 95% of the adult 
human population [77]. EBV has been clearly linked to 
nasopharyngeal carcinoma. Undifferentiated nasopharyn- 
geal cancer, which is most prevalent in high-risk populations 
such as the Cantonese people of southern China, has been 
clearly linked to EBV and not to smoking [78]. In contrast, 
nasopharyngeal cancer in low-risk regions, such as the 
United States, has been linked predominantly to smoking 
[79]. EBV DNA is found in tissue from all nasopharyngeal 
cancer types, including premalignant. However, its expres- 
sion is much lower in squamous cell carcinoma than in 
undifferentiated tumors. Studies show that immunoglobulin 
A (IgA)-early antigen and viral capsid antigen (VCA) of 
EBV are the most specific markers and IgG-VCA the most 
sensitive markers for nasopharyngeal cancer. Cell-free EBV 
DNA has been detected in the plasma and serum of patients 
with nasopharyngeal cancer in which significantly elevated 
levels were found in patients who eventually relapsed. Low 
levels of serum EBV DNA were observed in patients 
who remained in remission [80]. Antibodies against 
Epstein-Barr virus nuclear antigen- 1 (EBNA- 1), a protein 
expressed consistently in EBV-infected cells and in EBV- 
related malignant tissues, may prove to be efficacious in 
developing serological markers for screening people at high 
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risk for nasopharyngeal cancer [81 ]. EBV has been reported 
to occur in mesopharyngeal and hypopharyngeal carci- 
nomas [82] and in oral hairy leukoplakia [83], and also to 
be associated with higher levels of transforming growth fac- 
tor-[~-I in nasopharyngeal carcinoma [84]. Development of 
biomarkers and implementation of screening programs for 
EBV-associated cancers continue to progress, but further 
investigations are needed. 

Herpes simplex virus-1 (HSV-1) has also been impli- 
cated as a possible etiologic agent in head and neck cancer. 
Studies have shown that patients with oral squamous cell 
carcinoma (SCC) have increased levels of HSV-1 IgA and 
IgM antibodies that are of prognostic significance [85]. 
However, other laboratory work has demonstrated the pres- 
ence of HSV-1 gene products in isolated cases of oral SCC 
[86]; thus, HSV-1 may have a role in head and neck cancer 
tumorigenesis as research continues. 

C. Gene t i c s  

Genetic risk factors for UADT cancers were first sug- 
gested when these cancers were found in atypical patients, 
such as nonusers of tobacco and alcohol, patients with early 
age of onset, or those with unusual tumor sites [87]. The rate 
of accumulation of genetic damage reflects the interaction 
between cells and carcinogens and the capacity of the cells 
to repair DNA damage [88]. Genetic-based research in 
tobacco-related carcinogenesis has focused on human 
leukocyte antigen (HLA) phenotypes, polymorphic variabil- 
ity of metabolic enzymes, and chromosome fragility 
[89-92]. Studies have demonstrated that in untreated UADT 
cancer, chromosome fragility, measured by bleomycin 
mutagen sensitivity, is a strong independent risk factor for 
UADT cancer [93]. It also has synergism with tobacco in 
causing UADT cancer. Chromosome fragility also corre- 
lated with the development of second primary tumors 
following UADT cancer [94]. 

V. BIOLOGY OF HEAD AND NECK CANCER 

A. Field Cancerization 

In field cancerization, diffuse epithelial injury results 
from carcinogen exposure in the upper aerodigestive tract; 
genetic changes and the presence of premalignant and 
malignant lesions in one region of the field are associated 
with an increased risk of cancer developing throughout 
the entire field. In 1953, Slaughter et al. [95] first described 
field cancerization associated with squamous cell carci- 
noma of the head and neck. Their studies included histolog- 
ical examination of 783 resected head and neck cancer 
specimens. Epithelium from sites beyond the original inva- 
sive cancer was found to be abnormal in every case, with 

abnormalities including epithelial hyperplasia and hyperker- 
atinization, dyskaryosis, and carcinoma in situ. In addition, 
88 patients (11.2%) were found to have multiple, distinct 
invasive cancers within the surgical resection specimen. 
The authors suggested that oral cavity squamous cell carci- 
noma originated from epithelium that had been "precondi- 
tioned by an as-yet unknown carcinogenic agent" and 
resulted in an irreversible change that made development of 
cancer inevitable. Thus, a "preconditioned" or "condemned" 
epithelium could conceivably become activated or break 
down into cancer at multiple points producing separate 
tumors. The interaction of host susceptibility and carcinogen 
exposure (i.e., tobacco and/or alcohol) leads to the variation 
in cancer susceptibility and presentation. Development of 
SPTs confers a greater risk of mortality on early stage 
treated head and neck cancer patients. The concepts of field 
cancerization and a condemned epithelium explain the 
biological basis for UADT cancers and why they recur or 
persist despite therapeutic intervention. 

The diffuse epithelial damage from carcinogen exposure 
certainly could be prevented by carcinogen avoidance. 
Because the region of exposure in the UADT is vast, screen- 
ing and early detection become more difficult once exposure 
has occurred. Screening procedures may identify prevalent 
cases at an earlier stage in their natural history and would 
offer an opportunity for curative therapy. However, because 
the entire field has been carcinogen exposed, effective local 
therapy will not eliminate the risk of a second cancer devel- 
oping. Areas of epithelium, which appear grossly normal, 
may already have phenotypic and genotypic changes, which 
predict an increased risk of developing UADT cancer. 

B. M u l t i s t e p  C a r c i n o g e n e s i s  

The multistep carcinogenesis theory describes a stepwise 
accumulation of alterations, both genotypic and phenotypic. 
Arresting one or several of the steps may impede the 
development of cancer. This has been particularly well 
described in the UADT by studies that focus on oral pre- 
malignant lesions (leukoplakia and erythroplakia) and the 
associated increased risk of progression to cancer. The 
complex fundamental biology of head and neck squamous 
cell cancer remains poorly understood despite intensive 
study. Epithelial carcinogenesis, based on animal studies, is 
divided into three phases: initiation, promotion, and 
progression. DNA damage occurs during initiation and the 
mutation becomes fixed after several cellular divisions. 
Carcinogen exposure strongly influences this step as these 
chemical events occur very rapidly. During promotion, phe- 
notypic clonal expansion of the molecularly damaged cell 
occurs, leading to hyperplasia. This process is slow and 
occurs over a long period of time. Progression is the most 
complex step, as genetic and phenotypic changes occur with 
rapid cellular expansion [96]. Primary prevention efforts 
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such as avoidance of carcinogens affect the initiation phase. 
Chemoprevention targets the promotion and progression 
phases as premalignant lesions evolve during these periods 
[97]. An important goal of clinical and basic research is to 
establish markers of these carcinogenic steps, thus helping 
to identify individuals at high risk for UADT cancers. These 
"intermediate markers" could not only be used as screening 
devices, but also as indicators for early evaluation of chemo- 
preventive agent efficacy [98]. 

Longitudinal studies have shown that patients with a 
prior treated cancer have the single highest risk for develop- 
ment of second primary tumors [99,100], including patients 
with laryngeal cancers who were found to have a lifetime 
risk for SPTs of 25-40% in the SEER database. 

The theory of clonal origin of metachronous or synchro- 
nous primary cancers remains controversial. Studies have 
focused on whether these SPTs are associated synchro- 
nously or metachronously with the index primary tumor. 
Theories generated from the field cancerization model were 
whether the areas of abnormality involved separate, inde- 
pendent clones with a unique set of genetic alterations or if 
they were genetically related and derived from a single 
cellular clone. Observations have led to a belief that a 
common, clonal origin of the histopathologically distinct 
areas in premalignant lesions exists. Additional genetic 
losses were associated with a more malignant phenotype 
[ 101 ]. For example, discordant p53 mutations found in mul- 
tiple tumors in the same field were a result of genetic events 
such as 3p and 9p21 loss preceding p53 mutation [102]. 
Thus, as the clonal population expands, genetic hetero- 
geneity occurs. This may explain the histopathologic abnor- 
malities found in primary and second primary tumors. 
Genetic alterations present in preneoplastic and neoplastic 
lesions from HNSCC biopsies were used to evaluate a tem- 
poral order of events [103]. By using microsatellite analysis 
of minimal regions of loss on the 10 most frequently 
lost chromosomal arms in HNSCC, 3 patients had a clear 
genetic progression with new lesions of LOH correlating 
with histologic progression. Further studies evaluated paired 
tumors from patients with HNSCC and a solitary lung squa- 
mous cell carcinoma for LOH at chromosomal arms 3p and 
9p [ 104]. Of 16 patients, 10 patients were found to have con- 
cordant patterns of loss at all chromosomal loci, whereas 3 
patients had discordant patterns. These studies suggest a 
common clone and that squamous SPTs of the lung were 
most likely late primary tumor metastases as opposed to 
metachronous independent SPTs. 

VI. C H E M O P R E v E N T I O N  

Chemoprevention is defined as the use of specific natural 
or synthetic chemical agents to reverse, suppress, or prevent 
carcinogenic progression to invasive cancer [105,106]. 

Cancer chemoprevention is a rapidly developing field that 
approaches carcinogenesis from a different perspective. 
Previously, early detection techniques were employed to 
reduce morbidity and mortality with respect to cancer treat- 
ment. In lung cancer, this included early chest X-ray and 
sputum cytology analysis in individuals at high risk. Despite 
these early detection techniques, overall mortality did not 
improve. Chemoprevention bridges basic biologic research 
with clinical chemical intervention and attempts to halt 
the process of carcinogenesis. Chemoprevention trials are 
based on the hypothesis that interruption of the biological 
processes involved in carcinogenesis will inhibit this 
process and, in turn, reduce cancer incidence. This hypothe- 
sis provides a framework for the design and evaluation of 
chemoprevention trials, including the rationale for the selec- 
tion of agents that are likely to inhibit biological processes 
and the development of intermediate markers associated 
with carcinogenesis. Trials in UADT have been encourag- 
ing, and this approach is being studied actively as a strategy 
to prevent head and neck cancer. Clinical studies have 
focused on reversing premalignant lesions such as oral 
leukoplakia and development of invasive cancers in high- 
risk individuals and in those with a previous history of 
head and neck cancer (Table 19.1). These trials are guided 
by the concepts of field cancerization and multistep carcino 
genesis. Because large randomized trials are difficult and 
expensive, the pursuit of intermediate biomarkers is para- 
mount. These trials may serve as a model for chemopreven- 
tion strategies and increase the understanding of head and 
neck cancer biology with hope that findings may eventually 
be translated into the treatment of other body systems. 

VII. CHEMOPREVENTION TRIALS 

Cancer chemoprevention is still investigational, although 
its role in oncologic practice continues to expand. 
Prevention in cancer has become more prominent as frustra- 
tion over the failures of current therapeutic modalities has 
grown. A variety of chemopreventive agents have been 
studied in over 40 randomized trials since 1990. Some 
clinical activity has been demonstrated, proving the poten- 
tial utility of this method of cancer prevention. Still, large 
randomized trials are needed before chemoprevention 
agents can be fully integrated into standard oncologic 
practice. Major trials are listed in Tables 19.1 and 19.2. 

A. Oral  P r e m a l i g n a n c y  

Leukoplakia and erythroplakia are the predominant pre- 
malignant lesions in oral cancer [107-109]. Leukoplakia, a 
white patch that cannot be scraped off, is clearly associated 
with oral cancer development [110]. Erythroplakia, a red, 
velvety lesion in the oral mucosa, is more often associated 
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TABLE 19.1 Selected Randomized Head and Neck Chemoprevention Trials 

Study Agent Sample size Result 

Hong 1986 Isotretinoin (1-2 mg/kg/day) 44 
Stich 1988 Vitamin A (200,000 U/week) 65 
Han 1990 Retinamide (40 mg/day) 61 
Lippman 1993 Isotretinioin (0.5 mg/kg/day) 70 
Costa 1994 Fenretinide (200 mg/day) 153 
Hong 1990/1994 Isotretinoin (50-100 mg/mZ/day) 103 
Bolla 1994 Etretinate (25-50 mg/day) 316 
Garewal 1999 ~-Carotene (60 mg/day) 50 
Van Zandwijk 2000 a Retinyl palmitate (300,000 IU/day) 2592 

N-Acetylcysteine (600 mg/day) 
Low-dose 13-cRA RTOG b 91-15 1384 

Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Negative 

Ongoing 

aStudy included head and neck (60%) and lung (40%) cancer. 
bRadiation Therapy Oncology Group. 

with in s i t u  or invasive carcinoma [111]. Both of these 
lesions harbor different degrees of histology, including 
hyperplasia and dysplasia, and are found in the United 

States predominantly in tobacco users. Standard therapy 
for these lesions includes surgical removal or laser excision. 
These lesions have shown propensity for relapse or develop- 
ment in new lesions, despite surgical intervention, most 
commonly in those patients with tobacco, cigarette and alco- 

hol histories [112]. Spontaneous regression occurs in 
10-20% of lesions. In the largest U.S. series, Silverman 
e t  al. [113] followed 257 leukoplakia patients for 7.2 years. 
Malignant transformation occurred in 45 of these patients 
(17.5%) who developed squamous cell carcinoma of the 
oral cavity. Cancer development was fourfold higher in 
erythroplakia as compared with leukoplakia, and marginal 
improvement of these lesions occurred with smoking cessa- 

tion. These facts support the notion of field cancerization, 
that oral leukoplakia is a marker of this damage, and that 
systemic treatment is required for treatment. Because of the 

accessibility of these lesions and the capability to monitor 
them safely, they serve as an excellent model for chemopre- 
vention and biomarker studies. 

Because of its effects on epithelial differentiation, vitamin 

A has been studied as both a topical and a systemic treatment 
for oral leukoplakia. These trials, which were first initiated in 
the 1950s, demonstrated regression of oral leukoplakia and 
also documented the toxic effects associated with vitamin A 
[114-117]. As studies continued, the balance between toxic- 
ity and efficacy of other natural and synthetic vitamin A 

agents was critical for the development of chemoprevention 
trials in oral cancer. Stich e t  al. [118] reported a 57% 

TABLE 19.2 Selected Studies of Natural Agent Chemoprevention in Oral Premalignancy 

Investigator Agent(s) Sample size Clinical responses (%) 

Wulf, 1957 Vitamin A 20 90 
Silverman et al., 1963 Vitamin A 16 44 
Silverman et al., 1965 Vitamin A 6 83 
Ryssel et al., 1 9 7 1  ~-All-trans-refinoic acid 10 70 
Koch, 1978, 1 9 8 1  ~-All-trans-retinoic acid 27 59 

13-cis-Retinoic acid 24 87 
Etretinate 24 92 
Etretinate (oral, topical) 24 83 
Etretinate 21 71 

Stich et al., 1988 [3-Carotene 27 15 
l~-Carotene and vitamin A 51 28 
Placebo 33 3 

Garewal et al., 1 9 9 0  [~-Carotene 24 71 
Toma et al., 1990 ~-Carotene 24 27 

Selenium 25 33 
Malaker et al., 1 9 9 1  ~-Carotene 18 44 
Benner et al., 1 9 9 3  [~-Tocopherol 43 46 
Kaugars et al., 1 9 9 4  ~-Carotene, vitamins E,C 79 57 
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complete clinical response rate using vitamin A to reverse 
leukoplakia. Interest in other vitamin A agents and their role 
in cancer treatment was explored. Stich et al. [ 119] pioneered 
a series of trials testing ~-carotene in high-risk groups, 
namely betel nut and snuff users. Micronucleated buccal 
mucosa cells were studied, introducing the concept of early 
intermediate end points as markers of activity. These investi- 
gators studied 130 patients who received placebo, [3-carotene 
alone, or [3-carotene plus retinol. They found that the 
combination of ~-carotene plus retinol was twice as active in 
inducing remission in leukoplakia [120]. Single-arm trials of 
~-carotene followed, which reported decreasing response 
rates with increasing doses, but these studies were not ran- 
domized and their responses were not documented histologi- 
cally [121-123]. However, these trials have been extremely 
important in developing potentially useful chemopreventive 
regimens against carcinogenesis. Other agents have been 
studied in the model of human oral leukoplakia, including tx- 
tocopherol (vitamin E) and selenium. A nonrandomized trial 
in oral leukoplakia using selenium [124] produced a 33% 
response rate. A trial of t~-tocopherol [125] produced a 46% 
response rate. Continued studies will help devise combination 
regimens that may be more efficacious than single agents 
[120]. As the result of successful treatment of leukoplakia 
lesions with vitamin A treatment, studies of other retinoids, 
including trans-retinoic acid, etretinate, 13-cis-retinoic acid 
(13-cRA), and N-4-(hydroxycarbophenyl) retinamide, have 
been performed. Clinical responses have been reported with 
these agents [ 117,126-132]. 

In 1986, a landmark trial by Hong et al. [133] reported 
several important aspects of retinoid treatment in oral prema- 
lignancy. This pioneering randomized, double-blind, placebo- 
controlled trial followed 44 patients treated with high-dose 
13-cRA (1 to 2 mg per kilogram per day) for 3 months and 
followed for 6 months. Clinical responses, including both 
complete or partial response, were observed in 67% of those 
treated with the high-dose retinoid and in 10% of those given 
placebo (p = 0.0002). Histologic responses, including reversal 
of dysplasia, occurred in 54% of retinoid-treated patients and 
in 10% of patients given placebo (p = 0.01 ). Several important 
facts arose from this short high-dose retinoid regimen. First, 
toxicity was dose related and was reversible with drug ces- 
sation. Eighty-eight percent of patients receiving 2-mg/kg 
experienced moderate to severe cheilitis, dry skin, and peel- 
ing and 76% had conjunctivitis. Forty-seven percent of 
patients required dose reduction to 1 mg/kg/day and many 
still experienced mild skin toxicities. This group also had 
significantly lower response rates as compared with the 
2 mg/kg/day dose group. Second, remission was short-lived 
after therapy was stopped, as more than 50% of participants 
relapsed within 3 months after drug cessation. These find- 
ings suggested that long-term administration of chemopre- 
ventive drugs was needed to confer protection from cancer 
development. 

The study that followed addressed these problems of 
relapse and toxicity. This trial examined the effect of 
high-dose 13-cRA (1.5 mg/kg/day) induction for 3 months 
followed by maintenance therapy with low-dose 13-cRA 
(0.5 mg/kg/day) or [3-carotene (30 mg/day) [134]. Low-dose 
13-cRA was used to keep patients in remission after induction, 
but to avoid side effects with higher dose 13-cRA. 
Epidemiologic evidence suggested efficacy with ~-carotene. 
Induction therapy produced a response rate of greater than 
50% and reversal of dysplasia in 43%, which was consistent 
with the previous trial. However, in the maintenance phase, 
low-dose 13-cRA was much more effective than ~-carotene 
in maintaining remissions. Relapse occurred in 8% of 
patients treated with low-dose 13-cRA, whereas 55% of 
~-carotene-treated patients experienced relapse (p < 0.01). 13- 
cRA treatment was also associated with a reduction in 
micronuclei frequency and with histological responses. The 
low-dose schedule significantly reduced the toxic effects of 
the drug, although they were still greater than those in the 
~-carotene group. This study confirmed that high-dose 13- 
cRA induction followed by low-dose maintenance therapy is 
effective in preventing recurrence with minimal toxicity. 

These results led to the formation of a currently ongoing 
randomized trial in oral premalignancy. This study com- 
pares low-dose 13-cRA (0.5 mg/kg/day) for 1 year and then 
0.25 mg/kg/day for the next 2 years in combination with 
[3-carotene (50 mg per day) and retinyl palmitate (25,000 
IU per day) for a total of 3 years. This study will attempt to 
identify an appropriate maintenance dose-maximizing 
efficacy while minimizing toxicity. Intermediate markers 
will also be assessed. However, the [3-carotene dose was 
subsequently removed after results from the ct-tocopherol, 
[3-carotene (ATBC) study [135] and the [3-carotene and 
retinol efficacy trial (CARET) [136] reported adverse 
outcomes with ~-carotene supplementation in smokers 
as well as its lack of efficacy from the Physicians' 
Health Study [123]. 

The ~-tocopherol, [3-carotene (ATBC) cancer prevention 
study was a randomized, double-blind, placebo-controlled, 
primary prevention trial in which 29,133 Finnish male 
smokers received either tx-tocopherol (50 mg a day) alone, 
[3-carotene (20 mg a day) alone, both tx-tocopherol and 13- 
carotene, or a placebo [ 135]. Male participants were between 
50 and 69 years of age and all smoked five or more cigarettes 
a day. Patients received follow-up observations for 5 to 8 
years. Lung cancer incidence, the primary end point, did not 
change with the addition of t~-tocopherol alone, nor did the 
overall mortality rate. However, both groups who received 
[3-carotene supplementation (alone or with t~-tocopherol) 
had an 18% increase in the incidence of lung cancer. There 
appeared to be a stronger adverse effect from ~-carotene in 
the men who smoked more than 20 cigarettes a day. This 
trial raised the serious issue that pharmacologic doses of 
~-carotene could potentially be harmful in active smokers. 
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The ~-carotene and retinol efficacy trial (CARET) con- 
firmed the results of the Finnish trial. This randomized, 
double-blind, placebo-controlled trial tested the combination 
of 30 mg of [3-carotene and 25,000 IU of retinyl palmitate 
against a placebo in 18,314 men and women aged 50 to 69 
years who were at high risk for lung cancer [136]. A major- 
ity of participants (14,254) had a smoking history of at least 
20 pack-years and were either current smokers or recent 
ex-smokers. Extensive occupational exposure to asbestos 
was noted in 4060 men. This trial was stopped alter 21 
months because there was evidence of no benefit or of possi- 
ble harm. Lung cancer incidence, the primary end point, 
increased 28% in the active intervention group. The overall 
mortality rate also increased 17% in this group. Given these 
results, in addition to those of the ATBC trial, high-dose 
~-carotene is not recommended for patients at high risk who 
continue to smoke. 

The Physicians Health Study, a randomized, double- 
blind, placebo-controlled trial, studied 22,071 healthy male 
physicians. Half of the participants (11,036) received 50 mg 
of ~-carotene on alternate days and the other half (11,035) 
received placebos. The use of supplemental [3-carotene 
showed virtually no adverse or beneficial effects on cancer 
incidence or overall mortality rate during a 12-year follow- 
up period [ 137]. 

Analysis of subgroups of the previously mentioned stud- 
ies, especially the ATBC and CARET studies, has provided 
few explanations for the increase in lung cancer incidence. 
It seems that [3-carotene has a harmful effect only in heavy 
smokers at high risk or people who have been exposed to 
asbestos. Current recommendations are for these people to 
avoid [3-carotene in large doses [138]. 

Chemoprevention and treatment trials of oral prema lig- 
nancy will continue as head and neck cancer continues to be 
a challenge. Use of natural and synthetic agents may indeed 
reduce the risk of cancer in high-risk individuals. The 
optimal dosage and maintenance schedules still need further 
clarification. Through this approach we hope to identify 
accurate biomarkers and to establish effective treatment 
regimens for head and neck carcinogenesis. 

B. S e c o n d  P r imary  T u m o r s  

Head and neck cancer patients who have been treated 
successfully remain at a significantly increased risk for 
developing additional neoplasms within the UADT and 
lungs [5,139-144]. The concept of multistep field cancer- 
ization explains the development of multiple independent 
tumor sites within the aerodigestive tract. In fact, despite 
occurring in all treatment stages of head and neck cancer, 
SPTs have the greatest impact on patients treated for early 
stage disease (stage I or II), which is usually curative 
[145,146]. The lifetime risk of developing a second primary 

tumor in head and neck squamous cell cancer is 20% and the 
annual rate is 4-6%. One study in oral cancer reported rates 
of 3.6% per year [147]. SPTs are the major cause of death 
after curative surgery in head and neck cancer and are the 
leading cause of death in early stage disease, more so than 
recurrence [1,3,145-148]. Retinoids have been proven 
active in oral premalignancy. These facts have provided the 
basis for chemoprevention trials in head and neck cancer 
evaluating SPTs and the impact of smoking. 

Variations in reported occurrence rates depend on the 
population studied and the methods used for diagnosing an 
SPT. Currently, the Warren-Gates criteria [149], published 
in the 1930s are used to diagnose an SPT. The definition of 
SPT is as follows: (1) it is a new cancer of a different histo- 
logical type; (2) it is a cancer, regardless of site, that occurs 
after more than 3 years; (3) in the head and neck, the lesion 
is separated from the initial primary tumor by more than 
2 cm of clinically normal epithelium; and (4) in the lung, if 
the cancer is of squamous cell histological type and devel- 
ops within 3 years, it presents as a solitary mass, the patient 
must be free of local or regional disease, and there must be 
changes consistent with dysplasia or carcinoma in situ with- 
in the bronchial epithelium. Using these criteria, the risk of 
local recurrence seems to decline over time, whereas the risk 
of SPT is constant for the first 8 years following initial head 
and neck cancer [1]. 

Because of the morbidity associated with the develop- 
ment of SPTs in head and neck cancer, the first phase III 
adjuvant chemoprevention trial was performed by Hong 
et al. [150] in 1990. This randomized, placebo-controlled, 
double-blind study followed 103 patients with stage I 
through IV (M0) head and neck cancer who were random- 
ized to receive high-dose 13-cRA (100 mg/m2/day) or 
placebo for 1 year after definitive local therapy. The dosage 
of 13-cRA was reduced to 50 mg/mZ/day after 13 of the first 
44 patients experienced intolerable side effects. The primary 
end points were primary recurrence and SPT development. 
In the two treatment arms, there was no difference in local 
recurrence development or distant metastases. However, 
patients treated with 13-cRA had a dramatically lower 
incidence of SPTs. Of the 103 patients followed for a 
median of 42 months, SPTs developed in 6% (3 of 49) of 
those in the 13-cRA arm, whereas 28% (14 of 51) developed 
SPTs in the placebo arm. Consistent with field carcino- 
genesis, most of the SPTs developed in the UADT, esopha- 
gus, and lung in the placebo group (14 of 17) and were 
histologically squamous cell type. Additionally, none of the 
patients receiving 13-c-RA developed an SPT during the 
year of active treatment. Despite only 47% of the 13-cRA 
treatment arm patients completing the therapy as prescribed, 
the reduction in SPT development was still significant. 

Based on the important findings of the previous study, a 
randomized chemoprevention trial in head and neck squa- 
mous cell cancer designed to prevent SPT development was 
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instituted through the University of Texas M. D. Anderson 
Cancer Center and its affiliated Community Clinical 
Oncology Program (CCOP) and the Radiation Therapy 
Oncology Group (RTOG) [151,152]. This randomized, 
double-blind trial was launched in 1991 and studied the 
effect of low-dose 13-cRA to prevent second primary 
tumors in patients definitively treated for stage I or II squa- 
mous cell carcinoma for up to 3 years before participation 
(T1NOM0 or T2NOM0). Patients received 30 mg per day of 
13-cRA or placebo for 3 years and were followed for an 
additional 4 years. This study recently completed accrual 
with 1190 randomized and 1384 registered patients. Second 
primary tumor incidence according to prior tumor stage as 
well as related to smoking status (current, former, never) has 
been reported. The annual primary tumor recurrence rate 
was 2.8% and the SPT occurrence rate was 5.1% annually. 
Stage II HNSCC had a higher rate of second primary tumor 
development than stage I. Additionally, active smokers had 
a significantly higher recurrence rate than former and never 
smokers (4.3% vs 3.3% vs 1.9%). This prospective study 
demonstrated for the first time the impact of active smoking 
status and second primary tumor development. The SPT rate 
was significantly higher in smokers vs nonactive smokers 
(p=0.018) and was marginally significant between former 
and never smokers (p=0.11). The site of SPT also differed 
by the primary index tumor. Patients with primary laryngeal 
cancers were most likely to develop SPT in either the lung 
or the larynx, whereas patients with oral cavity primaries 
were most likely to develop second primaries in either the 
oral cavity or the lung. Finally, patients with an index 
primary tumor of the pharynx developed SPTs in the lung, 
oral cavity, pharynx, or esophagus. Compared to previous 
trials, SPTs occurred more frequently than expected at the 
index primary sites of the oral upper aerodigestive tract. The 
lower dose of 13-cRA was also well tolerated with few 
grade 3 toxicities. This trial is scheduled to be unblinded in 
2002 [153-156]. 

Additional completed studies in head and neck chemopre- 
vention are listed in Tables 19.1 and 19.2. Other major phase 
III studies include EUROSCAN and the US-Intergroup NCI 
91-0001 trial. EUROSCAN, a randomized adjuvant chemo- 
prevention study of the European Organization for Research 
and Treatment of Cancer (EORTC) Head/Neck and Lung 
Cancer Groups, studied the effects of vitamin A (retinyl 
palmitate) and N-acetylcysteine in patients with early stage 
head and neck and lung cancer [155,157]. In the trials, 2592 
patients with cancers of the larynx (Tis-T3, N0-N1), oral 
cavity (Tis-T2, NON1), and NSCLC (T1-T2, NON1) 
received retinyl palmitate (300,000 IU a day in year 1; 
150,000 IU a day in year 2), N-acetylcysteine (600 mg a day 
for 2 years), both drugs, or placebo. There were no end point 
differences among the three active treatment arms and the 
placebo group in terms of lung cancer incidence, occurrence 
of second primary cancer, and survival. There was a statisti- 

cally significant difference in time to development of SPTs 
within the carcinogen-exposed field (p =0.045) in favor of the 
retinoid-treated group. The majority (93%) of the patient pop- 
ulation were considered regular smokers with at least half 
with greater than 43 pack-years of tobacco exposure. 
Problems with the study included differences in medication 
adherence across the three treatment groups and the testing of 
N-acetylcysteine, a drug with little established efficacy in 
chemoprevention in 1300 patients at risk. 

US-Intergroup NCI 91-0001, a randomized, double-blind 
study using low-dose 13-cRA after complete resection of 
stage I NSCLC, completed accrual in April 1997 with 1486 
participants [ 158]. The study objectives were to evaluate the 
efficacy of 13-cRA in reducing the incidence of second pri- 
mary tumors in patients after complete resection of stage I 
NSCLC, to look at the qualitative and quantitative toxicity 
of daily low-dose 13-cRA (30 mg/day), and to compare the 
overall survival rates of patients receiving 13-cRA and those 
receiving a placebo. Randomization of 1304 patients was 
completed in June 1997. Patients were required to have 
complete resection of primary stage I NSCLC (postopera- 
tive T1 or T2,N0) 6 weeks to 3 years prior to registering. 
One thousand one hundred sixty-six patients with patho- 
logic stage I NSCLC (6 weeks to 3 years from definitive 
resection and no prior radiotherapy or chemotherapy) were 
evaluated. Patients took the study drug for 3 years and were 
stratified at randomization by tumor stage, histology, and 
smoking status. After a median follow-up of 3.5 years, there 
were no statistically significant differences between the 
placebo and isotretinoin arms with respect to the time to 
SPTs, recurrences, or mortality. Multivariate analyses 
showed that the rate of SPTs was not affected by any strati- 
fication factor. The recurrence rate was affected by tumor 
stage [HR for T2 vs T1 - 1.77 (95% C I -  1.35 to 2.31)] and 
a treatment by smoking interaction [HR for treatment by 
current vs never-smoking status-3.11 (95% CI-1 .00  to 
9.71)]. Mortality was affected by tumor stage, histology, and 
a treatment by smoking interaction. The authors concluded 
isotretinoin did not improve overall survival rates of SPTs, 
recurrences, or mortality in stage I NSCLC and possibly, in 
subset analyses, that isotretinoin was harmful in current 
smokers and beneficial in never smokers. 

Researchers at Yale University in a randomized, double- 
blind, placebo-controlled trial studied the efficacy of 
[3-carotene (50 mg per day) in reducing local recurrence 
and SPTs in head and neck cancer [ 159]. Two hundred sixty- 
four patients, some recruited from the state tumor registry, 
with curatively treated early stage squamous cell carcinoma 
of the oral cavity, pharynx, or larynx were randomized. 
Patients were assigned to receive 50 mg of [3-carotene per 
day or placebo and were followed for 90 months for the 
development of SPTs and local recurrences. After a median 
follow-up of 51 months, there was no difference between 
the two groups in the time to failure (SPTs and local 
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recurrences). In site-specific analyses, supplemental [3- 
carotene had no significant effect on second head and neck 
cancer or lung cancer. Total mortality was not significantly 
affected by the drug intervention. Based on the point esti- 
mates, the authors concluded that a nonsignificant but possi- 
ble decrease in the risk of second head and neck cancer, as 
well as a possible increase in lung cancer risk, was suggested. 

VIII. B I O C H E M O P R E V E N T I O N  

B iochemoprevention is currently being studied as another 
method to prevent treatment failure. The combination of 
retinoids and interferons have single agent and when 
combined, synergistic effects in modulating proliferation, 
differentiation, and apoptosis. A phase II study tested the 
combination of interferon-~ (IFN-a), 13-cRA, and cz-toco- 
pherol (AT) as adjuvant treatment in patients with defini- 
tively treated locally advanced HNSCC [ 160]. Patients were 
treated with IFN-cz (3 x 106 IU/m 2, sc injection, three times 
a week), 13-cRA (50 mg/mZ/day orally, daily), and AT 
(1200 IU/day, orally, daily) for 12 months. Of 45 patients, 
11 were stage III and 34 were stage IV. Thirty-eight (86%) 
of 44 patients completed the 12-month treatment. At a 
median of 24 months follow-up, local/regional recurrence 
was 9%, local/regional recurrence and distant metastases 
was 5%, and second primary tumors 2% (nonaerodigestive 
tract). Median 1- and 2-year survival rates were 98 and 91% 
with disease-free survival rates of 91 and 84%, respectively. 
This biologic combination was generally well tolerated and 
seems promising as adjuvant treatment for locally advanced 
HNSCC. A phase III study is ongoing. If positive, this 
approach will set a new standard of care in definitively 
treated advanced HNSCC patients. 

As technology and medicine continue to develop, more 
precise techniques will appear. Currently, definitions regard- 
ing the classification of SPTs are the Warren-Gates criteria, 
published in the 1930s [142]. Intermediate biomarkers have 
become an important and exciting subject in the field of 
chemoprevention and head and neck cancer. Synchronous 
and metachronous tumors are differentiated via time of 
occurrence and distance from the index primary as well as 
histology. A more precise molecular classification method is 
needed and is currently being developed to better identify 
and differentiate the molecular profiles of SPT and recur- 
rence. As this classification method becomes elucidated, it 
may open new avenues into the treatment and prevention of 
cancer. 

IX. SUMMARY: FUTURE DIRECTIONS 

Squamous cell carcinomas of the head and neck are a 
major public health problem in the United States. Exposure 

to tobacco and the tobacco-related illness that follows 
contributes to the horrible morbidity and mortality. Smoking 
cessation campaigns for current smokers and prevention of 
youth smokers may have a profound impact on the incidence 
of head and neck cancer. Behavior modification targeting 
both tobacco and alcohol use is needed. Patients with early 
stage cancers can still be cured as compared to later stage 
disease patients; however, screening strategies, which are 
cost-effective and efficacious, have yet to be developed. 

Field carcinogenesis, or the concept of diffusely "con- 
demned" carcinogen-exposed epithelium, has led to the 
development of intervention strategies. Chemoprevention 
efforts have impacted the treatment of premalignant lesions 
such as leukoplakia and the prevention of invasive disease in 
high-risk patients, as well as second primary tumors. Agents 
used in chemoprevention continue to be tested as the under- 
standing of the biology of tumorigenesis continues to be 
elucidated. As ongoing chemoprevention studies continue, 
effective strategies in the prevention of head and neck 
cancer may be established. Dietary interventions continue to 
be studied and may influence further trials in reducing head 
and neck cancer incidence. 

The treatment of head and neck cancer, like other 
cancers, is characterized by feelings of both frustration and 
hope. Chemopreventive agents have demonstrated efficacy 
thus far and hope to define their future role in treating and, 
more importantly, preventing head and neck cancers in high- 
risk individuals. Second primary tumors have emerged as an 
increasingly important problem, despite curative local 
therapy, underscoring the principle of field cancerization. 
Chemopreventive agents have impacted this arena as well 
and as further studies are performed, their role in preventing 
SPTs will be further defined. Small molecule compounds 
that target specific receptors or mutations may play a signif- 
icant role as their side effect profiles are tolerable. 
Development of a risk model is important to help guide and 
tailor therapy for patients with various risk profiles, thus 
allowing stratification based on risk factors. A multidiscipli- 
nary approach from clinicians and basic researchers is 
needed to study the biology of head and neck cancer before 
chemoprevention can be incorporated into a societal 
standard of care. 
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I. INTRODUCTION 

Although the etiology of cancer is not fully understood, 
head and neck cancer provides an excellent model system for 

biomarker-integrated carcinogenesis and cancer prevention 
studies. The advantage of using the head and neck model 
system for biomarker research includes (1) well-known risk 
factors, such as the use of tobacco, alcohol, or, particularly 
in southeast Asia, betel nut chewing; (2) easily identifiable 
premalignant lesions, such as oral leukoplakia, oral erythro- 
plakia, and hoarseness-related laryngeal lesions; (3) a well- 
established histological progression model from normal to 
hyperplasia, mild dysplasia, moderate dysplasia, severe dys- 
plasia, to carcinoma in situ, and cancer; and (4) readily 
accessible anatomy for biopsy to obtain tissue samples. 
Similar to most other malignancies, head and neck cancer 
takes many years to develop. This long duration gives a 
window of opportunity to monitor, intervene, delay, or 
reverse the carcinogenesis. Several active agents for treating 
head and neck premalignant lesions, such as 13-cis-re t inoic  

acid (13cRA), N-(4-hydroxyphenyl) retinamide (4-HPR), 
interferon ~, and their combinations, have been reported 
in the literature [1-3]. With successful chemoprevention 
strategies and accessible tissues for biopsy to evaluate the 
treatment effect, the head and neck cancer model system 
provides an ideal setting for biomarker-integrated, transla- 
tion chemoprevention studies [4-6]. 

The advance of biological science has fueled the discov- 
ery and characterization of many molecular, cellular, and 
genetic biomarkers in the past decades. In addition to the 
standard medical, demographic, epidemiologic, and histo- 
logical information, increased knowledge of biomarkers, 
such as p53 protein and mutation, DNA content, chromo- 
some polysomy, loss of heterozygosity (LOH), proliferating 
cell nuclear antigen (PCNA) or Ki-67, tumor growth factor 
(TGF)-~, retinoic acid nuclear acid receptor-J3 (RAR-[3), 
DNA repair capacity, micronuclei, p16 methylation, and 

Head and Neck Cancer 2 8 7  
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mutagen sensitivity assay, has enriched the field of cancer 
research tremendously [7-20]. The three main roles of 
biomarkers are (1) as intermediate or surrogate end points, 
(2) for risk assessment, and (3) as covariates or prognostic 
factors. This chapter describes the type of biomarkers and 
statistical methods applicable to different types of biomark, 
ers. Examples are given to illustrate statistical methods. 

To facilitate the discussion, various statistical methods 
will be illustrated in the following sections by using data 
obtained from a retinoid chemoprevention trial in patients 
with oral premalignant lesions (OPLs). While the main 
result of this OPL trial was reported in the literature [ 1 ], we 
include a brief summary, as follows. From 1988 to 1991, 70 
advanced OPL patients were enrolled in a chemoprevention 
trial with a 3-month high-dose 13cRA induction (1.5 mg/ 
kg/day) followed by a 9-month maintenance treatment with 
either low-dose 13cRA (0.5 mg/kg/day) or [3-carotene (30 
mg/day). Biopsies were taken at baseline and at 3-month 
and 12-month visits. Due to patient refusal, loss to follow- 
up, and limited amount of tissues, biomarkers have not been 
analyzed on all participants, but only on the available tissue 
samples. Because we use data from an updated database, the 
result reported herein may be slightly different from what 
was reported previously in the literature. 

!i. TYPE OF BIOMARKER MEASURES 

Knowing the type of biomarker is essential for choosing 
the proper statistical method for biomarker analysis. 
Biomarkers can be measured qualitatively, quantitatively, or 
semiquantitatively. Qualitative measures can produce either 
dichotomous or categorical outcomes (Table 20.1). One of the 
simplest and most commonly used measures is to summarize 
the biomarker by a dichotomous or binary outcome, such as 
(+) or (-) p16 methylation, or the presence or absence of a 
p53 mutation. Qualitative biomarker measures can also pro- 
duce categorical variables, such as the result of LOH analysis 
that can be described as noninformative, retention, loss, or 

shift. The possible outcomes in categorical variables do not 
necessarily have a natural order to their relationships. 

Immunohistochemistry (IHC) staining is a widely applied 
method that stains cells with a specific monoclonal antibody 
of interest. Typical results of IHC can be summarized in 
semiquantitative measures, such as the staining intensity or 
percent positivity in the cells counted. Staining intensity is 
summarized either by reading the intensity in the majority of 
cells or in the highest stained region as 0, 1+, 2+, or 3+, 
which makes it an ordinal categorical variable. The percent- 
age of cells stained positive can be considered as a continu- 
ous variable if the denominator is large and the value is 
away from 0 or 100%. True quantitative measures, such as 
the serum or tissue 4-HPR levels in a chemoprevention trial, 
produce continuous variables. Table 20.1 shows that contin- 
uous variables can be regrouped into ordinal categorical or 
dichotomous variables. Polytomous categorical variables, 
either ordinal or not, can be reduced further to dichotomous 
variables by combining the groups. Qualitative variables are 
often classified as categorical variables because no particu- 
lar order may exist. However, quantitative variables typi- 
cally are considered as continuous variables. 

Table 20.2 gives an example of IHC staining for a certain 
marker, such as the p53 protein, in five subjects by the 
percentage of cells stained. Subject A has 100% of the cells 
stained negative. Subject B has 80% of the cells stained 
negative and 20% of the cells stained 1+, etc. There are at 
least four different methods for summarizing data. 

1. By the positivity or negativity of the staining. In Table 20.2, 
there is only one subject with negative staining of all 
cells (subject A). The other four subjects have some 
cells with positive staining. 

2. By the level of staining intensity. If the highest staining 
intensity is considered, the maximum staining intensity 
is 0 in subject A, 1+ in subject B, 2+ in subject C, and 
3+ in subjects D and E, respectively. 

3. By percentage of cells stained positive (labeling index, 
LI). The percentage positivity in each of the five 

TABLE 20.1 Different Types  of  Biomarker  M e a s u r e s  and  the  Result ing O u t c o m e  Variables 

Type of outcome variables 

Type of biomarker 
measures Dichotomous Polytomous-categorical Polytomous-ordinal categorical Continuous 

Qualitative 

Semiquantitative 

Quantitative 

Presence/absence 
of a certain trait or 
mutation 

Positive/negative 
staining 

Grouped marker: 
high/low 

Different cell type: round, 
spindle, irregular, etc. LOH: 
noninformative, 
retention, loss, or shift 

Staining intensity: 
0, 1+, 2+, 3+ 

Grouped marker: 
high/medium/low 

Percent positivity: 
% of cells stained (+) 

Serum or tissue 
4-HPR levels 



20. Statistical Methods for Biomarker Analysis 289  

TABLE 20.2 
by Percentage of Cells Stained in Five Subjects 

Example of lmmunohistochemistry Staining 

Subject 

Intensity A B C D E 

0+ 100 80 80 20 0 

1 + 0 20 0 30 10 

2+ 0 0 20 40 10 

3+ 0 0 0 l0 80 

TABLE 20.3 Summary of lmmunohistochemistry 
Staining in Five Subjects 

subjects is 0, 20, 20, 80, and 100%, corresponding to a 
LI of 0, 0.2, 0.2, 0.8, and 1.0, respectively. 

4. By the weighted mean index (WMI). The weighted 
mean index computes the weighted mean of the 

percentage of cell stained positive, weighted by intensity. 
The WMI is 0, 0.2, 0.4, 1.4, and 2.7, respectively. 

When the intensity and percentage positivity are consid- 
ered together, e.g., by examining the intensity and percent 
positivity in the majority of positively stained cells, Table 
20.3 shows that subjects can be classified into groups 
described as "no expression" (no shadingmsubject  A), "low 

expression" (with light gray shading--subjects  B and C), or 
"high expression" (with dark gray shadingmsubjects D and 
E). The same result can be achieved by grouping subjects 

based on their WMI with the cut points of 0 and 1. Subjects 
with WMI =0  belong to the no expression group, a value of 

0 < WMI < 1 ranks subjects in the low expression group, and 
WMI > 1 places subjects in the high expression group. 

The choice of the cut point may vary from marker to 
marker, but a consistent grouping method needs to be sought 
and the results need to be validated by other studies. The 
choice of a cut-off point will be discussed further in Section V. 

Iii. S T A N D A R D  STATISTICAL M E T H O D S  

F O R  ANALYZING B I O M A R K E R S  

Table 20.4 lists the standard statistical methods, which 
can be applied to biomarker analysis. The association 
between two categorical variables, e.g., histology (hyper- 

plasia or dysplasia) and p53 protein expression (low or high) 
in patients with oral leukoplakia, can be summarized in a 

TABLE 20.4 Standard Statistical Methods  for Biomaker Analysis 

Type of data 

Statistical method Categorical 
Continuous non 

Gaussian distributed 
Continuous 

Gaussian distributed Survival 

Describe one group Proportion Median, percentiles Mean (SD) Kaplan-Meier curve 

Compared one )~2-square test, Fisher's Sign test or One-sample t test Test for median 
group to a preset exact test signed rank test survival or survival 
value rate at a fixed time 

Compared two McNemar's test Sign test or Paired t test Methods for 
paired groups signed rank test censored paired data 

Compared paired Cochran-Mantel- Friedman's test Repeated measures Methods for 
data with several Haenszel test ANOVA censored paired data 
measurements 

Compared two )~2 test, Fisher's Wilcoxon rank Two-sample t test Log-rank test 
unpaired groups exact test sum test 

Compared several )~2 test, Fisher's Kruskal-Wallis One-way Log-rank test 
unmatched groups exact test test ANOVA 

Model multiple Logistic Nonparametric Multiple Cox regression 
prognostic variables regression regression regression 

Association )~2 test, Fisher's Spearman Pearson Correlation in 
among variables exact test correlation correlation parametric 

survival models 
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2 x 2  contingency table. A )~2 test can be applied if the 
sample size is large such that the test statistics can be 
approximated accurately by the ~2 distribution. If the 
sample size is small, especially when the expected count of 
any cell is less than five under the null hypothesis of no 
association, Fisher's exact test should be applied. 

When a biomarker is measured over time, e.g., when the 
p53 status is measured at baseline and after treatment, it 
results in paired data. Because p53 status is measured twice 
within the same patient, correlation between the measure- 
ments exists and appropriate statistical methods for analyz- 
ing paired data should be applied accordingly. When the 
correlation is properly accounted for, paired design can be 
statistically more powerful than the unpaired design because 
each patient serves as his/her own control. 

IV. DISTRIBUTION OF 
C O N T I N U O U S  BIOMARKERS 

The first step of analyzing a continuous biomarker is to 
characterize its distribution by plotting data and computing 
summary statistics. Several functions and procedures are 

readily available in standard statistical software packages, 
such as SAS, S-PLUS, and SPSS. In addition, BLiP plot--a  
versatile, one-dimensional distribution plot written in S- 
PLUS--was developed to provide standard plots as well as 
customized plots [21]. We use the baseline chromosome 
polysomy in the OPL study for illustration. Chromosome 
polysomy (CP) is defined as the percentage of cells having 
three or more copies of chromosome 9 in the lesion by the 
technique of chromosome in situ hybridization (CISH) [10]. 

Forty patients had baseline CP measured in the OPL 
study. The summary statistics of CP are listed as follows. 

N 40 

Minimum 0.2 

First quartile 1.375 

Median 3.25 

Third quartile 8.35 

Maximum 39.5 

Mean 6.642 

SD 8.393 

Figure 20.1 shows distribution plots using the BLiP func- 
tion. Figure 20.1A gives the histogram of CP by an interval 

FIGURE 20.1 Distribution plots for chromosome polysomy (CP) in 40 patients with oral leukoplakia. 
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of 5. Most patients have low CP values with 26 between 0 
and 5, and 6 between 5 and 10, etc. Only 1 patient has CP 
between 35 and 40. Figure 20.1B shows the box plot of the 
data. The middle shaded box indicates the range of the 
middle 50% of the data. The lower end, middle bar, and 
upper end of the box correspond to the 25th, 50th (median), 
and 75th percentiles. The lines or whiskers extending from 
either end of the box cover the vast majority of the data 
(about 99% if data are Gaussian distributed), with outliers 
indicated by separate dots. With a moderate or small sample 
size, it is beneficial to see the exact value of each data point. 
Figures 20.1C and 20.1D show two dot plots by stacking the 
points or jittering the points on the vertical axis according to 
the range of the density plot. The stacking dot plot is partic- 
ularly useful when ties in the data are observed. The jittered 
plot separates the ties by jittering points. Jittered plots show 
the shape of the distribution and also identify the individual 
data point. While histograms and box plots present the 
information on grouped data, and dot plots reveal informa- 
tion of individual data, all four plots show clearly that the 
distribution of CP is concentrated heavily on the left (small 
values) and skewed to the right. Combining both the sumary 
statistics and the distribution plot can give a comprehensive 
assessment of data distribution and can be used for data 
screening and outlier identification. This procedure should 
be applied routinely as the first step of data analysis before 
model fitting and hypothesis testing. 

variable. In addition, with grouped data, Kaplan-Meier sur- 
vival curves can be plotted for different biomarker groups to 
provide a visual aid on the impact of the biomarker. One dis- 
advantage of analysis based on grouped data is the loss of 
efficiency. When the Gaussian assumption is met, analysis 
based on continuous data typically will be more power- 
ful than analysis based on grouped data. The choice of 
grouping data or not involves a trade-off in robustness versus 
efficiency. It also depends on the purpose of the study and the 
ultimate inference the investigator wants to make. 

If grouping data is desirable, the next obvious step is to 
determine the number of groups and cut points. The choice 
may be arbitrary, but continuous biomarkers are typically 
grouped into two groups (negative/positive, normal/abnor- 
mal, low/high), three groups (low/medium/high), or four 
groups (four quartiles). Before any grouping takes place, 
one should first examine the distribution of the biomarker 
and its relationship with the primary variable(s) of interest 
by various distribution plots, scatter plots, trellis plots, resid- 
ual plots, or martingale residual plots for survival data 
[22-25]. If the relationship between the outcome variable 
and the biomarker is monotone, the choice of number of 
groups depends on the inference objective. If the relation- 
ship is not monotone, careful evaluation is required to deter- 
mine the underlying mechanism before deciding on whether 
or how to categorize the continuous variables. The common 
practice of categorizing data is as follows. 

V. C H O O S I N G  CUT P O I N T S  FOR 
C O N T I N U O U S  BIOMARKERS 

Many standard statistical methods, such as t test, ANOVA, 
and linear regression analysis, require that data are Gaussian 
distributed. Although the mean of a variable converges to 
Gaussian distribution as the sample size increases by the cen- 
tral limit theorem, Gaussian approximation may not be satis- 
factory with limited sample size. When the distribution is 
highly skewed, such as the CP example given earlier, oufliers 
with extreme values become highly influential and can bias the 
statistical inference. One approach is to use nonparametric 
methods. Another common practice is to group the continu- 
ous variable into several categories, e.g., normal/abnormal, 
low/high, or low/medium/high groups, and analyze data 
based on the grouped variable. One main advantage of using 
the grouped variable is to gain robustness in inference 
making. Working with grouped data can also simplify the 
analysis and make the result easily understandable. For 
example, after grouping, all data can be shown in the contin- 
gency table format and analyzed accordingly. The ratio of 
odds of developing disease between abnormal versus normal 
marker groups, i.e., the odds ratio, can be easier understood 
and more meaningful than the regression coefficient 
obtained from analysis based on a non-Gaussian continuous 

1. Use a commonly accepted standard cutoff when it is 
available. For example, a total blood cholesterol level of less 
than 200 mg/dl or a PSA blood level of less than 4 ng/ml is 
generally considered as the threshold for normal. Using the 
standard cutoff produces a consistent grouping scheme and 
makes it easy to compare results across studies. 

2. Use percentiles in data. For example, case-control 
studies often use median, tertiles, or quartiles in the control 
group as cutoff values. If the analysis method is defined 
prospectively, it can remove the potential bias and subjec- 
tivity that occurred in the post-hoc data analysis. The per- 
centile method, however, is still data dependent. Every study 
may have different cutoff values, which makes comparison 
between studies difficult. 

3. Choose the optimal cut points. One big temptation in 
data analysis is to select the method yielding the most sig- 
nificant test result, i.e., the smallest P value. For example, 
Fig. 20.2 shows the result of using chromosome polysomy to 
predict cancer development in 40 leukoplakia patients. If CP 
is dichotomized into high and low groups, the bottom panel 
shows the number of patients in the high CP group (on the y 
axis) by the corresponding CP cutoff value (on the x axis). 
The top panel shows the P value of the log-rank test between 
the resulting high and low CP groups for each cut point. 
As can be seen, choosing a cutoff CP of 3 to 8 and 9 to 10 
produces significant results at 5% level. The optimal cutoff 
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FIGURE 2 0 . 2  Choosing the cutoff value for dichotomize chromosome polysomy (CP) into low and high groups 
and the corresponding test result for comparing the time to cancer by CP groups using the log-rank test. 

lies between 5 and 6, which produces a P value of less than 
0.01. It has been reported in the literature that the optimal 
cutoff point approach is associated with a considerably 
inflated type I error rate [26]. Inflation of the type I error is 
due to repeated significance testing. Table 20.5 shows a 
well-known result that the type I error rate increases as the 
number of tests increases. Corrections were proposed to 
adjust the P value based on the optimal cut points [26]. By 
definition, the optimal cut point approach is data dependent. 
When the sample size is small, the result can be highly vari- 
able and vulnerable to random variations in data. 

Whenever possible, a prespecified, standard, consistent 
method for defining cutoff points should be used. A haphaz- 
ard, liberal choice for the cut point can severely damage the 
validity of statistical inference. It is also a main source of 
confusing and, sometimes, conflicting results reported in the 
literature. Sensitivity analysis by varying the cut points or by 
cross validation should be applied to examine the internal 
consistency in data. Analysis based on the post-hoc choice 
of cut points will need to be validated by prospectively 
defined cut points in future studies. 

VI. ANALYSIS OF SURROGATE 
END P O I N T  BIOMARKERS 

This section, illustrates the use of standard statistical 
methods in identifying surrogate end point biomarkers 

(SEB) in cancer prevention studies. The previously reported 
OPL trial [1] will be taken as an example for assessing 
the use of RAR-I] as a surrogate end point biomarker. 

Four key aspects need to be evaluated for a biomarker to 
be considered as a good SEB candidate. 

1. Differential expression between normal and premalig- 
nant lesions or cancer. A biomarker can be considered a 
surrogate for cancer development if it is directly involved or 
indirectly linked to the specific process of carcinogenesis. 

TABLE 20.5 Repeated Significance Testings 

N u m b e r  of  Overal l  type  I 
tests error 

1 0.05 

2 0.08 

3 0.11 

4 0.13 

5 0.14 

10 0.19 

20 0.25 

50 0.32 

100 0.37 

1000 0.53 

oo 1.00 
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TABLE 20.6 Differential Expression of RAR-]3 between 
Normal and Oral Premalignant Lesions (OPLs) 

TABLE 20.8 Upregulation of RAR-]3 by 13cRA 
(Incorrect Presentation of Data) 

Normal OPL Total 

RAR-~ (-) 0 (0%) 28 (52%) 28 
RAR-~ (+) 7 (100%) 26 (48%) 33 
Total 7 (100%) 54 (100%) 61 

Time 

Before After 
RAR-[3 status treatment treatment Total 

(-) 23 5 28 
(+) 17 35 52 
Total 40 40 80 

One indication is to show the association between biomarker 
and disease progression. Table 20.6 shows that RAR-~ was 
expressed in seven out of seven normal subjects. However, 
only 48% of the 54 patients with OPLs expressed the RAR-[3. 
The loss of RAR-I] expression (in 52% of the patients) is sig- 
nificant in OPLs compared to normals (Fisher's exact test, 
P=0.013). We chose the Fisher's exact test because the 
expected number of RAR-[3 (-) and normal under the null 
hypothesis of no association is less than 5. Specifically, when 
there is no association between RAR-~ expression and histol- 
ogy, the expected number of RAR-~ (-) and normal histology 
is as follows" 

Probability(RAR-I] negative and normal histology) • 61 
= probability(RAR-I] negative) 

x probability(normal histology) x 61 
= 28/61 • 7/61 x 61 = 3.2. 

2. Biomarker can be modulated by preventive treatment 
of  choice. After establishing the differential expression of a 
biomarker between normal and OPLs, the next step is to 
examine whether the biomarker can be modulated by the 
treatment of choice. If so, the biomarker can be used for 
evaluating treatment efficacy. Table 20.7 shows the result of 
40 patients with OPLs treated with 13cRA. Data show an 
impressive upregulation of RAR-~ expression from 42% 
(17/40) before the treatment to 88% (35/40) after the treat- 
ment. Specifically, 4 patients showed consistent RAR-[3 (-) 
and 16 patients had consistent RAR-[3 (+) expression before 
and after treatment; 19 patients had negative RAR-I3 expres- 
sion at baseline but positive RAR-~ expression after treat- 
ment and only 1 patient had a loss of RAR-~ expression 
after treatment. McNemar's test shows that RAR-~ is upreg- 
ulated significantly after 13cRA treatment (P < 0.0001). It is 
important to recognize that data of RAR-~ expression before 

and after treatment is paired data and should be analyzed 
accordingly using McNemar's test. A common mistake is to 
take the same data but list them as shown in Table 20.8, and 
then use ~2 test to test the change in RAR-13 expression. One 
immediate indication that something is wrong is that the total 
sample size is inflated incorrectly (doubled). 

3. Biomarker modulation correlates with short-term 
response. After observing the biomarker modulation by treat- 
ment, the next question to ask is, "What does it mean?" Does 
biomarker modulation mean anything in preventing cancer? 
Now we see that RAR-13 expression can be upregulated by 
13cRA treatment, but how does it relate to clinical findings? 
Table 20.9 shows the relationship between the change in RAR- 
13 expression and a short-term (3-month) clinical response. 
Twenty-two out of 28 patients (79%) with RAR-13 upregula- 
tion demonstrated a clinical response, whereas only 4 out of 12 
(33%) patients without RAR-I] upregulation had a clinical 
response. The association between RAR-~ upregulation and 
clinical response is statistically significant (Fisher's exact test, 
P = 0.011, ~2 test, P = 0.006). 

4. Biomarker change over time correlates with cancer 
development. In addition to the correlation of biomarker 
modulation and short-term response, it is important to con- 
firm that the worsening or progression of a biomarker 
measure is indicative of the ultimate development of cancer. 
With a median follow-up of 7 years, 22 of 70 (31.4%) 
patients in the OPL trial developed cancers in the upper 
aerodigestive tract. Figure 20.3A shows the Kaplan-Meier 
cancer-free survival plot with its 95% confidence interval 
(CI). The time to cancer development ranges from 2.6 
months to more than 10 years after registration in the trial 
[27,28]. Figure 20.3B showed the distribution of time to 

TABLE 20.7 Upregulation of RAR-13 by 13cRA 

After treatment 

Before treatment RAR-[~ (-) RAR-[~ (+) Total 

RAR-~ (-) 4 
RAR-~ (+) 1 
Total 5 (12%) 

19 23 (58%) 
16 17 (42%) 
35 (88%) 40 

TABLE 20.9 RAR-]3 Upregulation Is Associated 
with Clinical Response 

Treatment result 

RAR-~ 
Expression No response Response Total 

Decrease/no change 8 (67%) 4 (33%) 12 (100%) 
Increase 6 (21%) 22 (79%) 28 (100%) 
Total 14 26 40 
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FIGURE 2 0 . 3  Kaplan-Meier plots for cancer-free survival with 95% confidence interval, by the last RAR-[3 status, 
and by treatment. 

cancer development by the last measure of RAR-]3 expres- 
sion. We chose the last measure of RAR-[3 expression 
because the RAR-[3 expression changed after treatment. 
Three out of 10 patients with a negative last RAR-[3 expres- 
sion developed cancer, and 15 out of 46 with a positive last 
RAR-[5 expression developed cancer. There was no differ- 
ence in time to cancer development between the two groups 
(log-rank test, P=0.88).  

There are two explanations for the lack of association of 
the last RAR-[5 expression with the prediction of cancer. 
First, in most cases, the last RAR-]3 expression was mea- 
sured 12 months after trial registration, but the cancer devel- 
oped considerably longer after that. We do not have the 
RAR-[5 expression status right before the development of 
cancer, nor do we have the RAR-13 expression in the tumor 
tissues. Without this information, the relationship of loss 
of RAR-[3 expression and cancer development could not 
be assessed more definitely. Second, although the loss of 
RAR-]3 expression in the tumor has been well established 
in head and neck cancer, approximately 40% of patients 
developed cancer via other mechanisms that were indepen- 
dent of the loss of retinoid acid receptor expression. 
Further discussion of incorporating biomarkers for cancer 
risk modeling is given in the next section. 

Long-term follow-up is required to study the relationship 
between biomarker and cancer development. For example, 
with a mean follow-up of 103 months, it has been reported that 
DNA ploidy is a prognostic marker for cancer development in 

oral leukoplakia patients [11 ]. Repeated biopsies are required 
to capture the change of biomarker over time. Survival analy- 
sis methods should be applied for time-to-event data. As 
shown earlier, the survival curves are typically 
computed using Kaplan-Meier product limit estimators. 
The difference in survival curves can be tested by the log- 
rank test or Gehan-Wilcoxon test. The Cox proportional 
hazards model can be applied to model the survival time 
by incorporating multiple covariates. With repeated 
measured data, the biomarker change over time can be ana- 
lyzed by the Cox model with time-dependent covariates 
[22,23]. 

More statistical methods for defining, evaluating, and 
analyzing the surrogate end point biomarkers can be found 
in the following papers. Prentice [29] first gave a rigorous 
statistical definition of SEB that a surrogate for a true end 
point should yield a valid test of the null hypothesis of no 
association between the treatment and the true response. It 
implies that the SEB should essentially be in the disease 
progression pathway and that the treatment should affect the 
outcome by modulating the SEB. More general models were 
proposed to estimate the proportion of the treatment effect 
on the outcome explained by the SEB [30,31] and the asso- 
ciation among treatment, SEB, and the clinical end point 
[32]. A latent disease model assumes that the treatment 
effect on both the SEB and the clinical end point is mediated 
through a latent variable [33]. De Gruttola et al. [34] gave 
a summary of considerations in evaluating the SEB in 
clinical trials. 
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VII. P R E D I C T I N G  C A N C E R  D E V E L O P M E N T  

U S I N G  CLINICAL,  H I S T O L O G I C A L ,  
E P I D E M I O L O G I C ,  A N D  M U L T I P L E  

B I O M A R K E R  I N F O R M A T I O N  

Using the previously presented chemoprevention trial 

with 70 OPL patients, our primary goal is to develop a 
model for predicting cancer development. As indicated ear- 
lier, 22 ofthe 70 patients (31.4%) developed cancers of the 
upper digestive tract with a median follow-up of 7 years. 

Over 20 medical/demographic and epidemiologic variables 
were collected in the study. There were also more than 10 
biomarkers measured on available tissue samples at baseline 
and, for some markers, at additional follow-up visits. Not 

every patient had a biopsy. Missing data on biomarkers also 
resulted from exhausting tissue samples due to the limited 
amount of tissues procured. We will illustrate a successful 
strategy of comprehensive cancer risk assessment amid all 
these complications. 

A. S i n g l e - C o v a r i a t e  C o x  M o d e l  A n a l y s i s  o n  

M e d i c a l ,  D e m o g r a p h i c ,  a n d  

E p i d e m i o l o g i c  V a r i a b l e s  

The Cox proportional hazards model is a very general 
semiparametric method for analyzing time-to-event data. 
Table 20.10 summarizes the prognostic value of medical, 

demographic, and epidemiologic variables when each vari- 
able is considered by itself for predicting cancer develop- 
ment in the Cox model. We found that the two strongest 
predictors for cancer are prior cancer history and histology. 

New cancers developed in 7 of 11 patients (63.6%) with a 
prior history of cancer compared to only 15 of 59 patients 
(25.4%) with no prior cancer history. The risk ratio was 1.89 

(P=0.009)  with a 95% confidence interval of (1.17, 3.05). 
Similarly, the cancer risk of OPLs with moderate or severe 
dysplasia was 2.3 times (95% CI: 1.39 to 3.81) higher than 
the cancer risk of OPLs with hyperplasia or mild dysplasia 

(P=O.OO1). 

TABLE 20.10 Analysis of Cancer Risk by Patient Characteristics, Medical, Demographic, and 
Epidemiologic Variables Using the Cox Proportional Hazards Model 

Risk ratio 
Variable Category Cancer N (95 % confidence interval) P value 

Sex Female 15 37 1.33 (0.84, 2.09) 0.22 
Male 7 33 

Age > 60 16 35 1.61 (1.01, 2.58) 0.05 
< 60 6 35 

Smoking Current 11 39 0.98 (0.64, 1.50) 0.93 
Former, never 11 31 

Alcohol Current 16 49 1.27 (0.79, 2.04) 0.32 
Former, never 6 21 

Chewing tobacco Yes 1 10 0.57 (0.21, 1.56) 0.27 
No 21 60 

Site Tongue/floor of mouth 11 27 1.14 (0.74, 1.75) 0.56 
Others 11 43 

Cancer history Yes 7 11 1.89 (1.17, 3.05) 0.009 
No 15 59 

Histology Moderate/severe dysplasia 6 9 2.30 (1.39, 3.81) 0.001 
Hyperplasia/ 

mild dysplasia 16 61 

Erythroplakia Yes 11 30 1.27 (0.83, 1.95) 0.27 
No 11 40 

Treatment Low-dose 13cRA 9 26 1.00 (0.46, 2.18) a 0.99 
13-carotene 11 33 1.06 (0.77, 1.46) a 0.74 
Induction only 2 11 

3-month response Response 11 39 0.85 (0.55, 1.30) 0.45 
No response 10 26 

12-month response Response 5 24 0.58 (0.35, 0.98) 0.04 
No response 13 27 

a Compared to the induction-only group. 
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To assess the treatment effect, 9 of 26 (34.6%), 11 of 
33 (33.3%), and 2 of 11 (18.2%) patients developed cancer 
in the low-dose 13cRA, ~-carotene, and induction-only 
treatment groups, respectively. The relatively smaller 
percentage of cancer development in the induction-only 
group was associated with a shorter follow-up period due to 
loss of follow-up or progression. Figure 20.3C shows the 
cancer-free survival of the low-dose 13cRA and [~-carotene 
treatment groups. Although the overall time-to-cancer 
development was not statistically significant between the 
two groups (P=0.70), it appeared that cancer onset was 
somewhat delayed in the low-dose 13cRA treatment group 
between years 1 and 3. With a smoothing bandwidth 
of 0.8 year, the estimated cancer rates at years 1, 2, and 3 
were 2.5, 5.7 and 9.6% for the low-dose 13cRA treatment 
group and 6.2, 7.1, and 10.4% for the [3-carotene treatment 
group, respectively. As a reminder, patients in this study 
received only up to 1 year of treatment. The agents may 
not have a prolonged effect after the completion of 
treatment. 

Clinical response at 12 months, but not at 3 months, was 
statistically significantly predictive of cancer. Subjects 
showing a continued response to maintenance therapy devel- 
oped fewer cancers than nonresponders (risk ratio=0.58, 
P=0.04). Older patients had a higher risk of developing 
cancer (risk ratio= 1.61, P =0.05). In our sample, smoking 
status, alcohol use, and chewing tobacco did not predict 
cancer risk, however. 

B. C o m b i n e d  P red i c t i ve  Effect  of  

H i s t o l o g y  a n d  Prior  C a n c e r  H i s t o r y  on  

C a n c e r  D e v e l o p m e n t  

Applying the interval event chart [35], Fig. 20.4 provides 
a graphic assessment of the combined effect of histology and 
prior cancer history on time-to-cancer development. Event 
charts are very useful in revealing the association of multiple 
time-to-event data at the individual level. Starting from the 
bottom of Fig. 20.4, 6 of 9 patients with moderate or severe 
dysplasia developed cancer. One of these 6 patients had 
a prior cancer (shown in a solid circle), which occurred 
approximately 10 years before trial registration, and then 
developed a new cancer approximately 4 years after registra- 
tion. The events of 59 patients with hyperplasia or mild 
dysplasia are plotted in the upper part of Fig. 20.4. Among 
them, 6 of 10 patients with prior cancer history developed 
new cancer. Although patients with a prior history of cancer 
were more likely to develop new cancers, it appears that time 
since the prior cancer did not correlate with time to new 
cancer development. Furthermore, the relatively long time 
from prior cancer to new cancer diagnosis (range=6.0-26.6 
years, median = 9.2 years, N= 7) suggests that the new cancer 
is unlikely the result of locoregional recurrence. 

Figure 20.4 shows that six patients developed cancer 
within 5 years but had no prior history of cancer or 
moderate/severe dysplasia. However, one patient with mod- 
erate/severe dysplasia and three patients with a history of 

FIGURE 20.4 Interval event chart in years since registration. 
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prior cancer did not develop cancer after more than 5 years 
of follow-up. These findings indicate that prior cancer 
history and histology combined cannot completely explain 
the cancer risk. Results call for an investigation of the 
predictive effect of the molecular and cellular biomarkers 
to enhance the accuracy of cancer risk assessment. 

C. B i o m a r k e r s  as  P r e d i c t o r s  for Cancer"  O n e  

C o v a r i a t e  C a s e  

Although several biomarkers were analyzed in the OPL 
study, we chose five main biomarkers for analysis. 

1. Chromosome Polysomy 

Baseline tissue samples were available from 40 patients 
for the analysis (Fig. 20.2). Due to the skewed distribution 
(range: 0.2-39.5; mean: 6.6; median: 3.3), we chose 3 as the 
cutoff for dichotomizing the chromosomal polysomy into 
the low and high groups. The choice of the cut point is close 
to the median of data and was a standard cutoff used in the 
past from the same laboratory. It was not the optimal cut 
point resulting in the smallest P value described previously. 
Table 20.11 shows that 13 out of 20 (65%) patients with 
high polysomy developed cancer, whereas only 5 of 20 
(25%) patients had cancer in the low polysomy group. The 
risk ratio was 1.85 with a 95% CI of 1.05-3.25 (P=0.03). 

2. p53 Protein 

The p53 protein in OPL was measured at baseline and 
at 3 months after trial registration. At each time point, 
the percentage of cells staining positive was counted in the 
basal layer, parabasal layer, and whole layer. Therefore, we 
have six measures for p53. How do we choose which marker 
or what combination of markers to use? 

One standard statistical method for dimension reduction 
is principal component analysis (PCA). In the presence of 

FIGURE 2 0 . 5  Principal component analysis on p53 status. 

a large number of variables, the goal of PCA is to find a 
small number of transformed variables to explain most of 
the variability introduced by the original variables. It can 
be achieved by forming orthogonal linear combinations of 
the original variables. Fig. 20.5 plots the first and second 
principal components, which explain 80.5 and 11.5% of the 
total variability contained in the data. The accession number 
of each patient is shown in Fig. 20.5 with the principal com- 
ponent direction of each of the original six variables marked 
by a pointed line. As illustrated, the three baseline measure- 
ments and three measurements at an interval of 3 months 
cluster with themselves, respectively. Also, not much differ- 
ence is seen among basal, parabasal, and whole layers 
within each time point. The PCA suggests that instead of 
using all six variables, it is sufficient to use one or at most 
two principal components for data analysis. We decided to 
use the baseline parabasal layer p53 measure as the marker 

TABLE 20.11 Analysis of Cancer Risk by Cellular and Molecular Biomarkers 
Using the Cox Proportional Hazards Model: One Covariate 

Variable 
Risk ratio 

Category Cancer N (95 % confidence interval) P value 

Chromosomal 
polysomy 

p53 in 
parabasal layer 

LOH in 
3p or 9p 

Last measured 
RAR-~ 

Last measured 
micronuclei 

> 3 % 13 20 1.85 (1.05, 3.25) 
< 3% 5 20 
> 0.2 6 10 1.53 (0.91, 2.59) 
< 0.2 10 42 
Yes 8 19 1.94 (0.89, 4.23) 
No 2 18 
Loss 3 10 0.91 (0.26, 3.21) 
Present 15 46 
>2 6 18 0.91 (0.56, 1.47) 
<2 16 45 

0.03 

0.11 

0.09 

0.88 

0.70 
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for predicting cancer risk. The decision was based on our 
prior published report showing no p53 modulation during 
treatment and worsening histology associated with higher 
p53 accumulation in the parabasal layer [14]. The usage of 
original variables rather than the principal components will 
also help enhance the interpretability of the model. In addi- 
tion, consistent with our prior papers, we chose 0.2 as a 
cutoff for dichotomizing the p53 labeling index [14,17]. 
Among the 52 evaluable patients, 6 of 10 (60%) in the high 
p53 group developed cancer, whereas only 10 of 42 patients 
(24%) developed cancer in the low p53 group (P=0.11, 
Table 20.11). 

3. LOH at 3p or 9p 

In 37 evaluable patients, 8 of 19 (42%) patients with 
3p or 9p LOH and 2 of 18 (11%) patients without LOH 
developed cancer. Our initial report showed that 3p or 9p 
LOH was associated with a higher cancer risk [7]. However, 
with a longer follow-up, this significant association was 
somewhat weakened (P=0.09, Table 20.11). 

4. RAR-[3 Expression 

RAR-[3 expression was measured at baseline, 3 months, 
and 12 months after trial registration. Due to the change of 
RAR-[3 status (upregulated to 90% expression at 3 months) 
[12] in our retinoid-based trial, we used the last measured 
RAR-13 status as the covariate for modeling cancer develop- 
ment. We found that RAR-[3 expression measured at the 
last follow-up in the trial was not a predictor for long-term 
cancer risk (P=0.88, Table 20.11). 

5. Micronuclei 

Similar to the RAR-[3 expression, micronuclei were also 
measured at baseline, 3 months, and 12 months after trial reg- 
istration. Because baseline micronuclei were reduced after the 
13eRA induction treatment [ 13], we chose the last measured 
micronuclei as the predictor for cancer development. Table 
20.11 shows that there was no difference in cancer risk 
between the low and high micronuclei groups (P =0.70). 

D. B i o m a r k e r s  as  P r e d i c t o r s  for C a n c e r :  

Mul t ip l e  C o v a r i a t e s  C a s e  

Figure 20.6 (see also color insert) shows the scatter plot 
matrix of the follow-up time (time to cancer development or 
lost to follow-up), cancer status, chromosomal polysomy, 
LOH, and p53 status. Each panel is one scatter plot of a pair 
of variables corresponding to the label on the x axis and y 
axis. Small random variations were added to the values of 
the discrete variables (cancer status and LOH: 0=No,  
1 = Yes) to break the ties for a better visualization of data. 
Selected points were marked with colors. 

The scatter plot matrix revealed that there was a weak to 
moderate correlation between chromosomal polysomy 
and p53 expression (Pearson's r=0.61, Spearman's r=0.23) 
but no correlation between polysomy and LOH (Spearman's 
r= -0 .07)  or p53 and LOH (Spearman's r=0.07). The 
second row of plots indicates that patients with cancer were 
inclined to have higher chromosomal polysomy (CP), higher 
p53 expression, and LOH, consistent with the results 
presented in Table 20.11. Figure 20.6 also shows that 
patients having two or three of the high-risk factors were 
more likely to develop cancer. Better visualization can be 
achieved by "brushing" or highlighting points with certain 
features interactively on a computer monitor. For example, 
the magenta circle represents a patient with high CR high 
p53, and LOH. Sure enough, the patient developed cancer 
3 years after registration. The patient marked by a red circle 
also had high CR high p53, and LOH. The patient developed 
cancer at year 10. Interestingly, one patient marked with 
orange had high CP and high p53, but no LOH. The patient 
was cancer free after about 5 years of follow-up. Brushing, 
in conjunction with a scatter plot matrix, provides a power- 
ful tool for visualizing the complex interactions among 
multiple variables. 

Because of the limited sample size and missing bio- 
marker values, only 24 patients had complete data on these 
three variables, which restricts the use of conventional 
regression analysis with multiple covariates. To overcome 
this limitation, we devised a combined score, denoted as 
CRp53.LOH, to capture the collective information con- 
tained in these three markers. CP.p53.LOH was computed as 
the sum of the three indicators, one for each of the three bio- 
markers. Each indicator was assigned a value of either 0 or 
1, denoting either a low- or a high-risk marker value, respec- 
tively. If a biomarker value was missing, the indicator was 
set as 0. Nine patients who were missing all CP, p53, and 
LOH information were removed from the analysis. With this 
combined score, CP.p53.LOH has a risk ratio of 2.27 (95% 
CI: 1.41-3.66) and was highly significant in predicting 
cancer development (P=0.0008, Table 20.12). 

E. C o m b i n e d  B i o m a r k e r  S c o r e  a n d  Pa t i en t  

C h a r a c t e r i s t i c s  as  P r e d i c t o r s  for Cance r :  

Mul t i p l e  C o v a r i a t e s  C a s e  

When the combined biomarker score and cancer history 
were entered in the Cox regression analysis, model 2 in 
Table 20.12 shows that CP.p53.LOH remained highly sig- 
nificant in predicting cancer. Cancer history remained sig- 
nificant (P = 0.046) for cancer risk, but was not as significant 
in combination as it was when used as a single predictor 
(P=0.009, Table 20.10). The result indicated that, after 
incorporating the biomarker information, the predictive 
value of cancer history was less important than we had seen 
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FIGURE 20 .6  Scatter plot matrix of time (CAN.TIME), cancer status (CAN.ST), chromosomal polysomy 
(C.POLY), LOH at 3p or 9p, and p53. (See also color insert.) 

previously. In other words, a major part of the information 
contained in cancer history for predicting new cancer was 
associated with high chromosomal polysomy, high p53 
expression, and LOH. Model 3 in Table 20.12 shows the 

TABLE 20.12 Analysis of Cancer Risk by Combined 
Biomarker Score and Patient Characteristics Using the Cox 

Proportional Hazards Model: Multiple Covariates 

Risk ratio 
(95 % confidence 

Model N Variable interval) P value 

1 61 CEp53.LOH 2.27 (1.41, 3.66) 0.0008 

2 61 CEp53.LOH 2.02 (1.21, 3.35) 0.007 
Cancer history 2.90 (1.02, 8.22) 0.046 

3 61 CEp53.LOH 2.41 (1.44, 4.03) 0.0008 
Histology 2.68 (1.57, 4.59) 0.0003 

4 61 CEp53.LOH 2.07 (1.17, 3.63) 0.012 
Histology 2.49 (1.45, 4.28) 0.001 
Cancer history 2.38 (0.78, 7.22) 0.13 

joint predictive effect of CRp53.LOH and histology. Both 
variables remained highly significant (CEp53.LOH, 
P=0.0008; histology, P=0.0003), suggesting that the his- 
tology and the combined biomarker score jointly were 
important in predicting cancer development. Figure 20.7 plots 
the probability of cancer incidence by histology and  
CEp53.LOH, showing that among patients with hyperpla- 
sia/mild dysplasia lesions, the cancer incidence rates were 
1/22 (4.5%), 6/22 (27.3%), 4/7 (57.1%), and 2/2 (100%) for 
the combined biomarker scores of 0, 1, 2, and 3, respectively. 
Cancer incidence rates for patients with moderate/severe dys- 
plasia were 1/3 (33.3%) if the combined biomarker score was 
0 and 5/5 (100%) if patients had at least one biomarker in the 
high-risk range. The same trend held in 24 patients with com- 
plete biomarker information (data not shown). Although the 
sample size in several subgroups was small, the trend shown 
in Fig. 20.7 illustrates the value of using both histology and 
biomarker information in modeling cancer risk. 

When CEp53.LOH, histology, and cancer history were 
entered in the Cox regression analysis, model 4 indicated 
that cancer history was no longer significant (P=0.13) 



300 III. Prevention and Detection 

100 

o~ 8O 
v 

o 
E 60 
"o 

o 
C 

~. 40 

o 
c 

O 20 

N = 3  

N=22 

I 

0 

N=3 
A 

N=2 
A . D  

N=2  

HYP + MIL DYSP 

MOD + SEV DYSP 

I I I 

1 2 3 

Chromosomal Polysomy, P53, LOH Combined Score 
FIGURE 2 0 . 7  Cancer incidence rate (_ 1 standard error) by the composite score of chormosomal polysomy, p53, and 
LOH at 3p or 9p. (HYP, hyperplasia; MIL, mild; MOD, moderate; SEV, severe; DYSP, dysplasia.) 

but CP.p53.LOH and histology remained significant (Table 
20.12). The likelihood ratio test showed that model 4 did not 
provide significant improvement over model 3 by adding 
prior cancer history (P=0.13). Therefore, the best model 
for predicting cancer risk in our data contains the combined 
biomarker score and histology presented in model 3. 

A test of proportional hazards assumption for model 3 
was assessed by the cox.zph function in S-Plus [36,37]. Plots 
of regression coefficients versus time are all flat (figures 
not shown), indicating that the proportional hazards model 
provides a reasonable fit to data. The P values for testing 
nonproportionality was 0.74, suggesting that there is no sig- 
nificant deviation from the proportional hazards assumption. 

F. Sens i t iv i ty  Analys is  o n  P a t i e n t s  wi th  

Missing B i o m a r k e r  I n f o r m a t i o n  

We also performed sensitivity analysis by assigning 
missing biomarkers a value of 0.5. Results are consistent 
with models 1 through 4 in Table 20.12. Specifically, if 0.5 
was assigned to missing biomarkers, the combined bio- 
marker score was still significant in predicting cancer devel- 
opment as a single covariate (P= 0.002), and in combination 
with histology (combined biomarker score, P=0.002 and 
histology, P = 0.001 ). 

G. Recu r s ive  Pa r t i t i on ing  for t h e  

Class i f i ca t ion  of  C a n c e r  Risk: C a s e  of  

Mul t ip l e  C o v a r i a t e s  

In the aforementioned analyses, we determined that his- 
tology, history of cancer, chromosomal polysomy, p53, and 

LOH are important predictors for cancer development. We 
have also applied recursive partitioning (RP) to construct an 
alternative classification model for cancer risk using these 
five covariates (Fig. 20.8). Except for p53, four of the five 
covariates were chosen in the model. The classification tree 
started with node 1 at the top where 22 out of 70 total 
patients developed cancer. The standardized event rate (a 
special case of the event rate in the Poisson model for cen- 
sored data with exponential scaling) was set to 1 for the 
entire sample in node 1. The RP model chose histology for 
the first split. Patients with hyperplasia or mild dysplasia 
were placed in node 2, where 16 of 61 patients had cancer. 
The remaining patients with moderate or severe dysplasia 
formed node 3, where 6 of 9 patients had cancer. The stan- 
dardized event rates were 0.8 and 2.6 in nodes 2 and 3, 
respectively. Patients in node 2 were further split into two 
groups according to their prior cancer history, to nodes 4 and 
5. For patients with hyperplasia or mild dysplasia and no 
history of cancer (node 4), LOH was the next variable 
chosen for classification. Finally, chromosomal polysomy 
with a cutoff value of 4.25 was selected to split patients in 
node 7 to nodes 8 and 9. Nodes 6, 8, 9, 5, and 3 are terminal 
nodes with increasing standardized event rates. The 
observed cancer incidence rates in these groups were 
5.3, 13.3, 33.3, 60, and 66.7%, respectively. Note that 
8 patients were not shown in the terminal nodes due to miss- 
ing biomarker information. The RP algorithm uses all 
available information at each split. Therefore, variables with 
higher predictive power and less missing values are more 
likely to be chosen in earlier steps. Results show that 
patients with either moderate/severe dysplasia or a history 
of cancer had a high risk for new cancer. In the remaining 
patients, i.e., patients with hyperplasia/mild dysplasia 
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FIGURE 20.8 Recursive partitioning tree for time to cancer development. (HIST, histology; HYR hyperplasia; MIL, 
MOD, or SEV, mild, moderate, or severe dysplasia, respectively; HXC, history of cancer; LOH, LOH at 3p or 9p; 
CP, chormosomal polysomy.) 

and no history of cancer, LOH and CP can provide addi- 
tional information to classify patients according to their 
cancer risk. 

VIII. SUMMARY AND DESIGN 
C O N S I D E R A T I O N S  FOR BIOMARKER- 

INTEGRATED TRANSLATIONAL STUDIES 

Many key questions are often raised in cancer prevention 
trials. Typically, the questions include: 

1. Are the treatments effective in preventing or delaying 
cancer? 

2. How can biomarkers be used as prognostic factors for 
treatment effect? 

3. How can biomarkers be used in predicting cancer 
development? 

4. How can biomarkers be used in identifying high-risk 
individuals? 

5. How can we identify suitable biomarkers to be used as 
surrogate end points? 

6. How can the information of multiple biomarkers be 
combined and utilized in data analysis? 

7. How do we perform a comprehensive cancer risk 
assessment using medical/demographic variables, 
epidemiologic measures, and multiple biomarker 
information in predicting cancer development? 

8. Can the surrogate end point biomarkers and/or the risk 
assessment models be validated? 

All these questions are important questions and demand 
answers. However, no single prevention trial can provide 
answers for all the questions. The major challenges are 
(a) limited number of patients and/or follow-up; (b) only a 
small fraction of patients develop cancer; (c) cancer develop- 
ment is a long and complicated process with many factors 
and pathways; (d) loss of information due to loss of follow- 
up, refusal, death, or other competing risks with some data 
being censored before cancer development; (e) noncompli- 
ance; (f) large number of correlated variables; (g) biomarkers 
are often measured with errors; and (h) missing values due to 
patients dropping out or due to insufficient amount of tissue 
for biomarker analysis, etc. With the help of applying rele- 
vant statistical methods, we illustrate a practical data analy- 
sis scheme to address some of the aforementioned questions 
using the example of the OPL trial stated in earlier sections. 

To ensure the success of translational chemoprevention 
trials, the following important design issues must be 
prospectively planned and considered: 

1. Identify the biomarkers to be measured in the study, 
including clearly specified rationale and hypothesis. 

2. Collect sufficient tissue specimens for complete 
biomarker analysis over time to minimize the amount 
of missing data. 

3. Keep a uniform follow-up schedule. 
4. Prioritize the biomarkers to be analyzed. 
5. Reduce interpatient variability by selecting subjects 

with comparable characteristics by carefully chosen 
eligibility criteria. 
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6. Reduce the measurement variability by increasing the 
process reliability. 

7. Store tissues for both premalignant and cancer lesions 
to facilitate comparison. 

8. Increase sample size to have enough power for testing 
multiple end points, interactions, and subset analysis. 

More design and statistical considerations for the 
biomarker development can be found elsewhere [38,39]. 
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I. I N T R O D U C T I O N  

The potential benefit of an efficient and powerful screen- 
ing tool for early detection of the upper aerodigestive tract 
[head and neck squamous cell carcinoma (HNSCC)] can 
hardly be overstated. When discovered early in its clinical 
course, HNSCC is controlled readily using a single treatment 
modality with a high rate of long-term cure. For example, 
a T1 true vocal cord cancer should be cured by endoscopic 
excision or narrow field radiation alone in nearly 90% of 
cases. In contrast, the rate of cure for a stage IV larynx can- 
cer even when treated with combined therapy, with con- 
comitant severe morbidity, is just over 50% [ 1]. The contrast 
in success is equally great for early vs late cancers of the 

oral cavity and pharynx. Even without the development of 
new treatment strategies and agents, HNSCC would be 
eliminated as a major health concern if it could be detected at 
its earliest stages in the population at large. 

At the same time that the benefits of early detection of 
HNSCC are compelling, so are the challenges that combine 
to cause most cases to elude diagnosis until the tumor 
reaches an advanced stage. Alcohol and tobacco use put 
people at a risk to develop the disease. The habitual use of 
these products characterizes a life style in which individuals 
are not predisposed to give careful attention to health issues. 
Furthermore, the social classes most at risk for HNSCC are 
not those with the most ready access to quality health care. 
Add  to these facts the technical challenges of a thorough 
evaluation of the mucosa of the upper aerodigestive tract, 
which requires special expertise to perform, and it is easy to 
see why delays in a patient reaching a head and neck 
oncologist are the rule rather than the exception. Even when 
a qualified expert has been consulted, the hidden nature of 
many early lesions amidst the crypts and crevices of the oral 
cavity, pharynx, and larynx accentuates the need for new 
detection strategies. 

The explosion of information about the molecular basis 
of neoplastic transformation that occurred in the 1990s 
has provided a myriad of opportunities for progress in 
understanding and managing HNSCC. It is now accepted 
that cancers, including HNSCC, develop from a clonal 
population of cells that has become increasingly altered 
through the accumulation of genetic damage. Each addi- 
tional mutation or other genetic alteration provides either a 
growth advantage for the cell, permitting it to overgrow its 
neighbors as it divides more rapidly, or conveys some other 
phenotypic characteristic of malignancy such as invasion, 

Head and Neck Cancer 3 0 5  
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stimulation of new blood vessel growth, and metastasis. 
With the advent of the polymerase chain reaction (PCR), 
small samples of DNA could be amplified to provide 
material sufficient for study by direct sequencing of the 
genetic code. This technique, together with numerous 
sophisticated methods for manipulating DNA in order 
to gain insight into the function of individual genes, yielded 
evidence for some of the seminal events that produce malig- 
nancy. By comparing the sequence of DNA isolated and 
amplified from tumor cells with that of normal DNA 
from the same individual, highly specific markers for the 
clonal cancer cells became available. For example, the p53 
gene is a tumor suppressor gene frequently involved in 
tumor progression and is commonly inactivated by point 
mutations that can serve as detection markers for HNSCC. 
However, the identification of other genes involved directly 
in malignant transformation that contain point mutations 
in HNSCC and other tumors stalled in the late 1990s. 
Molecular detection schemes using other types of alteration 
have been explored, using DNA, mRNA, protein, and anti- 
body as the markers. 

An ideal tumor marker for molecular detection must 
have distinct attributes. It must be highly sensitive, able 
to provide a signal for a very small number of cancer 
cells amidst a background of normal cells. It must 
also be highly specific, able to distinguish between cancer 
and noncancerous tissue accurately. The event that produces 
the marker should occur relatively early in the malignant 
transformation process so that the appearance of the marker 
heralds the presence of disease at its initial stages. The 
method of detection must be made readily available 
for widespread use. Thus, it must be inexpensive, amenable 
to automation in order to facilitate the screening of large 
numbers of individuals quickly, and simple and reliable 
enough to be performed reproducibly in laboratories 
throughout the world. Ideally, the use of a single marker 
would suffice to screen every individual, i.e., the marker 
would be universal. Of course, no marker possessing 
all of these attributes for HNSCC detection has been 
identified to date. 

Molecular detection strategies can be applied to a variety 
of clinical scenarios that have slightly different require- 
ments. De novo identification of cancer is perhaps the most 
challenging and the most urgent application. De novo 
screening requires universal markers that can be used to test 
individuals with no previous tumor available to identify a 
specific marker. Although all cancers may ultimately 
possess similar biologic capacities, no single known onco- 
gene is altered in all HNSCC. All cancers express proteins 
not commonly seen in normal tissue, or at levels that are 
abnormal, however, no protein highly specific for HNSCC 
has yet been identified. 

Once a cancer is discovered, the malignant cells can be 
analyzed, and specific alterations that are present only in 

the malignant cells can be identified. Those alterations can 
then serve as highly specific markers for the detection of 
cancer in that individual under a variety of circumstances. 
One example is the use of tumor-specific markers for the 
surveillance of cancer recurrence after primary therapy. 
Early detection of recurrent cancer may have less impact on 
outcome than early de novo detection, but it may permit 
salvage treatment with increased success if minimal residual 
disease can be identified promptly. Molecular detection may 
also provide information about the extent and potential 
behavior of disease, directing adjuvant therapy to those 
individuals that are in greatest need. 

Before a cancer cell can be detected, the cells or their 
products (DNA, protein, etc.) must be accessible for testing. 
HNSCC is an ideal candidate for molecular detection 
because of the ready access to the mucosa of the upper 
aerodigestive tract. Epithelial cells can be inspected in situ 
or harvested by biopsy, brushing, or simply rinsing the 
surface with a fluid. Lymph node metastases are available 
through fine needle aspiration biopsy, and circulating 
metastatic cells may be identified in lymphatic fluid, 
peripheral blood, or bone marrow. 

Patients with HNSCC cannot wait for the identification 
of ideal markers to help manage their disease. Technological 
advancements gleaned from other research endeavors can 
be applied to tumor-screening efforts and new and better 
markers can be added as they become available. Methods 
for high throughput analysis at low cost are on the horizon, 
including silicon chip microarray technologies and 
fluorescent tags permitting automated detection. 

!!. DETECTION OF HEAD AND NECK 
S Q U A M O U S  CELL C A R C I N O M A  IN 

EXFOLIATED CELL SAMPLES 

A. G e n e  M u t a t i o n s  

Because cancer is caused by alterations in the genetic 
code, DNA provides one of the most direct sources for 
potential markers. Tumor-specific alterations have been 
described in several target genes, including p53 and p16. 
Factors exist with both of these genes that limit their 
use as ideal markers. Less than half of all HNSCC have 
any identifiable alteration in the p53 gene [2]. The spectrum 
of mutations of the p53 gene present in a population 
of HNSCC tumors includes numerous base pair substitu- 
tions and deletions that can occur at many positions 
throughout the gene. The use of mutations at p53 hot spots 
for cancer detection could permit the implementation of this 
molecular approach for de novo detection. In contrast, the 
p16 gene is altered in the majority of HNSCC cases, but the 
alteration is caused most commonly by homozygous dele- 
tion or promoter hypermethylation rather than by point 
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mutation [3]. Other oncogenes harboring specific mutations 
(PTEN, etc.) are rarely detected in HNSCC. 

B. M i c r o s a t e l l i t e  P a n e l s  

Tumor-specific microsatellite alterations provide a fertile 
source of potential tumor markers. Microsatellites are 
composed of short sequences of DNA that are repeated 
with variable copy numbers and are scattered throughout the 
genome. They are not necessarily contained within the 
encoded portion of genes, and their purpose is uncertain. 
To be useful for cancer detection, a microsatellite must be 
highly polymorphic. That is, the copy number must vary 
among most individuals so that it is likely that the repeat 
number in a given person's maternal and paternal allele is 
different. If that is the case, the microsatellite is said to be 
"informative." Tumor DNA can display an alteration at an 
informative microsatellite in two ways. If one allele is lost 
by all members of the clonal population comprising the 
cancer, the alteration is called loss of heterozygosity (LOH). 
If, instead, the tumor cells develop an altered allele with 
a number of repeats that is different from either the 
maternal or paternal copy, the alteration is called a shift or 
microsatellite instability (MSI). 

In order to detect an alteration in a microsatellite, the 
DNA including and surrounding it is amplified using specific 

PCR primers. The product is then separated electrophoreti- 
cally by size using a variety of different matrices and plat- 
forms. Radiolabeling or fluorescent labeling of the PCR 
product permits detection of the different sized fragments. 
LOH in tumor cells produces a decrease in the intensity of 
the band for the'lost allele. Because there are always some 
normal cells mixed with the tumor in a clinical specimen, a 
complete absence of the band is not the rule. Convention has 
it that a specimen is scored as showing LOH if there is a 
diminution of one band of 30-50% when the tumor speci- 
men is compared with normal DNA from the same individ- 
ual. This normal DNA can be conveniently isolated from 
peripheral blood leukocytes (PBL). In the case of tumor- 
specific MSI, a new additional band will appear in the tumor 
sample together with the normal bands (Fig. 21.1, 
see also color insert). 

Several early studies yielded important information 
providing the basis for early detection of de n o v o  lesions 
in the general population. A survey of alterations in a popu- 
lation of 35 HNSCC samples showed several key regions 
within the genome that frequently display alteration. 
Chief among these are portions of chromosomal arm 9p, 3p, 
and 17p. In fact, there are many regions that display 
alterations in over a third of all HNSCC [4]. Later, a study 
comparing the rate of alteration at various chromosomal 
sites found in invasive cancer with that in premalignant 

FIGURE 21.1 Schema for altered band pattern on polyacrylamide gel electropheresis (PAGE) for tumor-associated 
loss of heterozygosity (LOH) and microsatellite shift. N = normal (control) DNA displaying polymorphism of the 
hypothetical microsatellite. With LOH, a deletion of one chromosomal arm results in absence of the band for the 
microsatellite allele located on the deleted segment. A shift pattern occurs when the tumor cells display a new form of 
the microsatellite containing a novel number of repeats. (See also color insert.) 
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disease demonstrated that microsatellite alterations located 
on 3p and 9p are particularly valuable for the detection of 
cancer in its earliest state [5]. Each of these sites displays 
alterations in a large percentage of cases of premalignant 
lesions, and the rate of alteration does not increase substan- 
tially in invasive lesions. From this evidence, it is postulated 
that events involving genes located on 9p and 3p are among 
the earliest changes in the development of HNSCC. The tar- 
get on 9p may well be p16 and its close neighbor, p14 ARF, 
whereas the target(s) on 3p has yet to be determined. 
Regardless of the target gene at these sites, alterations in 
microsatellites on 3p and 9p are particularly valuable as 
potential markers for molecular detection. 

Early studies reported successful molecular detection 
using microsatellite markers when visible lesions were 
scraped or brushed [6-8]. In one of these studies, micro- 
satellite alterations were detected in each of 32 laryngeal 
lesions, both benign and malignant, sampled by a cytologic 
brush [8]. Scraping or brushing an obvious tumor is closely 
akin to taking a biopsy and is not equal to the rigor of 
primary detection strategies. 

Microsatellite shifts result in the presence of a new 
visible band or peak derived from tumor cells. Hence, MSI 
is easier to detect in a clinical sample than LOH. The loss of 
an allele by rare cancer cells may be masked by the over- 
whelming majority of normal cells within a sample. 
Combining the information about early changes with the 
favorable nature of MSI, a panel of microsatellites was 
compiled in an effort to include markers that could detect 
the vast majority of HNSCC cancers in the population at 
large. Twenty-three microsatellites were selected using cues 
derived from similar efforts in other tumor types, especially 

bladder cancer [9]. In order to test the efficacy of the panel, 
it was applied to 44 cases of known HNSCC for which 
samples of tumor were available. In each case, the patient 
had provided a rinse and swab sample of the oral cavity 
prior to tumor treatment. Swabs were taken with a cotton- 
tipped applicator from prescribed surfaces of the oral cavity, 
avoiding the obvious visible cancer. The exfoliated cells 
were collected, DNA extracted, and amplified by PCR for 
all 23 microsatellites. Tumor DNA from biopsy material and 
normal PBL DNA were also extracted and tested and results 
compared with DNA from oral rinses of 43 healthy volun- 
teers. 

At least one of the microsatellite markers displayed an 
alteration in 86% of the tumors. When a marker was present 
in the tumor, it could be detected in the oral rinse specimen, 
indicating the presence of cancer cells in 92% of cases. MSI 
was more likely to be detected than LOH, as predicted. Most 
encouraging was the fact that 12 of 13 early lesions were 
detected, including three of three cases of metastatic 
cancer from clinically occult primary tumors (Tx) and 9 of 
10 T1 tumors. In addition, all four cases in which tumor had 
recurred after prior radiation were detected successfully 
[ 10]. This approach is promising for the successful applica- 
tion of a microsatellite panel for early detection and 
posttreatment surveillance screening. The results of this and 
other early detection studies are summarized in Table 21.1. 

One flaw in the microsatellite screening panel is the 
failure to detect 14% of cases with known tumor. In order 
to be useful for actual screening efforts, the panel must be 
augmented with a goal of capturing over 95% of all cases. 
Another problem is the massive amount of work involved in 
amplifying and separating 23 microsatellite assays for test 

TABLE 21.1 Early D e t e c t i o n  S t u d i e s  

Marker Population Tissue Sensitivity/specificity References 

23 microsatellites 

3 genes 

EBV DNA 

12 microsatellites 

4 genes 

EBV DNA 

HPV DNA 

Anti-p53 ab 

Anti-EBV TK ab 

44 HNSCC Oral rinse 92% / 100% 
43 healthy controls 

30 HNSCC Oral rinse 65%/97% 
30 healthy controls 

21 NPC NP brushing 90%/99% 
157 controls 

21 HNSCC Serum 29% positive 

50 HNSCC Serum 42%/? 

167 NPC Serum 59%/87% 
77 controls 

70 HNSCC Serum 40% / ? 

70 HNSCC Serum 34% HNSCC 
50 premalignant 30% premalignant 
63 controls 6% controls 

87 NPC Serum 93%/94% 
52 control 

Spafford et al. [10] 

Rosas et al. [ 13] 

Lin et al. [15] 

Nawroz et al. [19] 

Sanchez-Cespedes et al. [22] 

Shotelersuk et al. [23] 

Capone et al. [26] 

Ralhan et al. [27] 

Connolly et al. [28] 
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and normal DNA for each subject screened. Finally, reading 
of data by visual inspection introduces unwanted labor and 
subjectivity that could adversely affect the successful 
implementation of the test on a widespread basis. 

Other centers have attempted a similar approach using 
microsatellite alterations to detect HNSCC in saliva with 
mixed results. A cohort of 37 cancer patients at the M.D. 
Anderson Cancer Center was assessed using a panel of 25 
microsatellites. The markers chosen were mostly LOH 
markers and few displayed instability. Most tumors had a 
marker altered among the panel [32 of 37 (86%)]. However, 
LOH of a marker was detected in only 18 saliva specimens 
(49%), and most of the alterations in the saliva did not 
correlate with those in tumor. It is noteworthy that 3 subjects 
had a total of 11 shift markers detected in saliva, suggesting 
again that microsatellite instability is easier to detect than 
LOH [11]. These investigators did not include a healthy 
control population in the study. They concluded that (1) 
certain combinations of markers improved the rate of 
detection over that of the entire panel and (2) clonal hetero- 
geneity may explain the discordant results between tumor 
and saliva. 

The method of sample procurement in early detection 
schemes may have a profound impact on results. The feasi- 
bility of self-collection of useful oral rinse samples by 
subjects at home has been piloted. Successful PCR amplifi- 
cation of DNA from the home collection samples was 
possible in over 85% of cases [12]. 

C. H y p e r m e t h y l a t i o n  

Methylation of cytosine moieties in DNA is a normal 
occurrence that plays a role in X inactivation and tissue 
specialization during embryogenesis. CpG islands in pro- 
moter regions are subject to hypermethylation, turning off 
transcription of downstream genes. The hypermethylation 
of CpG islands in promoter regions in tumor cells is part of 
an of inactivation pattern for putative target suppressor 
genes. This is the mechanism responsible for the inactiva- 
tion of p16 in a substantial proportion of cases of HNSCC. 

Promoter hypermethylation provides an opportunity to 
improve on the results of molecular detection of HNSCC 
with microsatellite panels in two ways. First, methylated 
genes constitute additional markers to improve the yield of 
detected tumors in the general population. Assay methods 
using fluorescent probes released in methylation-specific 
PCR (MSP) offer the potential for automated detection. 
Hypermethylation has been demonstrated to successfully 
identify cancer cells in exfoliative oral rinse samples using 
three target genes. Aberrant methylation was detected in at 
least one of the three genes in 17 of 30 primary tumors 
(56%). When the tumor displayed a hypermethylation 
marker, the same aberration could be identified in 11 of 17 

samples of exfoliated cells in saliva (65%). The cohort of 
successfully detected tumors included six T1 lesions, five 
from the oral cavity and one from an oropharyngeal site. 
There were no cases in which hypermethylated DNA was 
detected in saliva of patients whose tumors did not display 
that marker, although 1 of 30 healthy control subjects 
provided a saliva sample in which hypermethylation was 
detected. This subject was a smoker and had hypermethyla- 
tion of two of the three target genes. The individual was not 
followed longterm in the study in order to determine 
whether the appearance of abnormal DNA in the saliva 
was a false-positive signal or a case of early detection of 
mucosal neoplasia [13]. Hypermethylation is detectable 
using automated semiquantitative fluorescence methods and 
can be used to estimate tumor burden. These advantages 
make hypermethylation an attractive category of tumor 
marker for the further development of molecular detection 
schemes. 

D. Viral M a r k e r s  

Nasopharyngeal carcinoma (NPC) must be considered as 
a distinctive entity in light of its unique etiologic association 
with Epstein-Barr virus (EBV). That association provides a 
powerful approach to molecular detection, which constitutes 
a line of investigation that has several advantages over 
early detection of HNSCC using gene mutations, hyperme- 
thylation, and microsatellite alterations. Viral DNA is dis- 
tinct from that of the host and thus is potentially a highly 
sensitive marker. The specificity of cancer detection using 
viral markers may be more problematic in that some 
individuals may display viral DNA as a result of infection or 
merely a carrier state rather than indicating the presence 
of virally induced cancer. 

The nasopharynx is accessible via an endoscopic 
approach with either biopsy or brush cytologic sampling 
performed easily. In one study, brush samples were analyzed 
using PCR to identify viral DNA in a group of 21 NPC 
patients and 157 controls from high-risk populations. 
Nineteen tumor patients tested positive for EBV DNA (90%) 
compared to 2 of 149 informative control samples (1.3%). 
One of the positive control samples was due to the presence 
of an EBV-positive inverted papilloma [14]. A similar study 
with a smaller control arm provided nearly identical results 
with 36 of 38 cancer patients testing positive for EBV by 
nasal swab [ 15]. Furthermore, EBV DNA detection methods 
may be applied to fine needle aspiration biopsy (FNAB) 
samples for the assessment of neck metastases. This may 
help indicate the site of origin when the primary disease has 
an occult presentation. Specimens from 10 patients with 
NPC, 19 with other HNSCC, and 1 with lymphoma were 
analyzed using in situ hybridization for EBV. All FNAB 
samples from the NPC patients demonstrated the presence 
of EBV, while none of the others tested positively [ 16]. 
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III. DETECTION OF CIRCULATING 
T U M O R  MARKERS 

A. T u m o r  D N A  

It is well recognized that naked tumor DNA circulates in 
a relatively concentrated state in the blood of patients with 
solid malignancy. This phenomenon may be due to tumor 
necrosis or apoptosis in the primary site or to destruction of 
circulating tumor cells (metastatic or premetastatic). In the 
latter case, the presence of circulating tumor DNA may be a 
marker for increased risk of metastatic disease. However, if 
tumor DNA is released from the primary site early in the 
development of disease, it may lend itself to early detection 
of cancer via analysis of a blood sample, a very appealing 
concept. Indeed, numerous efforts to detect HNSCC using 
tumor antigens have appeared in the literature over recent 
decades [17,18] but have suffered from a low specificity 
with results for cancer patients overlapping with those of 
healthy control subjects. 

Tumor-specific genetic alterations may be detected in 
plasma or serum DNA of HNSCC patients. This approach 
should eliminate concern over test specificity; however, the 
sensitivity under various circumstances must be evaluated. 
When a panel of 12 microsatellite alterations were analyzed 
in a small series of 21 HNSCC patients who provided 
peripheral blood serum samples, 6 (29%) were found to 
contain DNA with one or more tumor-specific markers. All 
6 patients with positive test results had advanced disease 
(stage III or IV), 5 had regional lymph node metastases, 
and 3 developed distant metastases [19]. An attempt to 
streamline this approach using only one microsatellite and 
p53 gene mutation as markers in 117 cancer patients was 
largely unsuccessful in detecting circulating tumor-specific 
DNA [20]. Microsatellite analysis on plasma is difficult 
due to the isolation of minute quantities of DNA and is eas- 
ily misinterpreted. The discordant results achieved in these 
reports may also be due to the use of more numerous 
microsatellite markers in the successful study. A third report 
confirmed the ability to detect tumor DNA in a subset of 
HNSCC patients (17 of 58) using a panel of 8 micro- 
satellite markers, but found no correlation with disease 
behavior [21]. 

Gene promoter hypermethylation, which can be detected 
using high-throughput, automated methods may prove more 
useful for detection of circulating tumor DNA. In a pilot 
study of the serum of 50 HNSCC patients, four genes were 
tested using methylation-specific PCR (MSP). Over half of 
the tumors displayed hypermethylation in at least one of 
the four marker genes. Twenty-one paired tumor and 
plasma DNA samples had the same methylation pattern. 
Five of these subjects went on to develop distant metastatic 
disease compared to only 1 of the 29 individuals without 
evidence of circulating tumor DNA [22]. 

Circulating viral DNA is also a promising marker for 
the presence of tumor in NPC patients. In a study of 167 
NPC patients and 77 healthy blood donors, EBV DNA could 
be detected in 98 of 167 patients' serum prior to treatment, 
but was also found in 10 of the 77 control samples. This 
study went on to pilot the use of EBV detection in serial 
posttreatment samples for tumor surveillance. They found a 
high degree of specificity for the continued presence or 
return of EBV DNA in that setting with no false-positive 
results among 37 patients [23]. A smaller study of 17 NPC 
patients corroborated these findings. Circulating EBV DNA 
titers remained low in the 11 patients who remained in 
remission, while rising substantially in 6 with recurrent 
disease. In some cases, significant elevations in serum 
EBV DNA predated the clinical documentation of recur- 
rence by up to 6 months [24,24a]. 

Nearly one-quarter of all nonnasopharyngeal HNSCC 
and over one-half of all tonsil and tongue base HNSCC 
contain DNA of the human papillomavirus (HPV) [25]. 
Thus, HPV DNA may be a useful marker for a subset of 
HNSCC cases, especially in surveillance paradigms simi- 
lar to those just discussed using EBV. In a pilot study of 
70 HNSCC patients, serum was analyzed for the presence 
of HPV DNA using PCR followed by dot-blot analysis. 
HPV-16 DNA was present in 15 of the 70 tumors (21%). 
When real-time quantitative PCR was used, six serum 
samples were found to contain HPV DNA. Four of these 
individuals went on to develop distant metastatic disease 
[26]. It appears that HPV DNA may be a useful marker for 
tumor burden for the subset of oropharyngeal HNSCC for 
prognostic and surveillance applications. 

B. C i rcu la t ing  T u m o r - R e l a t e d  

A n t i b o d i e s  

The immune response to tumor antigens in the form of 
circulating tumor-specific antibodies may serve as a marker 
for the presence of HNSCC. In theory, the production of anti- 
bodies to unique tumor antigens may be highly specific and 
could occur after stimulation with a very small tumor innocu- 
lum. The search for tumor-specific antigens has been ongoing 
for several decades. Most proteins displayed by tumor cells 
are also present to some degree in normal cell populations. 
Furthermore, tumor cells seem to enjoy protection from an 
effective immune response. This may be because of a gener- 
alized immunodeficiency in tumor patients, absence of unique 
antigens, or development of cancer antigens outside of an 
effective immune-stimulating context. 

New information about the genetic alterations that are 
unique and responsible for tumorigenesis has provided clues 
as to possible antibody markers for tumor burden. Once 
again, mutant p53 gene sequences and viral DNA have 
served as prototypes for this approach to tumor marker 
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development. In one such study, sera of 120 patients with 
premalignant or invasive oral cancer lesions were analyzed 
for the presence of antibodies to p53 protein (wild type) 
by an Ab-captured enzyme immunoassay. Circulating anti- 
bodies were detected in 24 of 70 serum samples from 
patients with invasive cancer (34%) compared to those of 15 
of 50 patients with preinvasive lesions (30%). Four of 63 
healthy normal control subjects also had circulating p53 
antibodies, although the quantitative level of antibodies was 
lower, on average, in the control group. All cancer patients 
that had circulating anti-p53 antibodies had p53 protein 
expression in their tumors as detected by immunohistochem- 
istry. However, 13 patients whose tumors displayed p53 pro- 
tein failed to develop detectable levels of anti-p53 antibodies 
[27]. From these results, it seems that p53 antibodies are not 
a particularly sensitive or specific marker for HNSCC. 

Epstein-Barr virus DNA encodes several proteins that 
may serve as antigens for the stimulation of antibody 
production. One of these antigens, thymidine kinase (TK), is 
highly immunogenic in its full-length form. This antigen was 
used to develop a simple ELISA test for the serum IgA 
response to EBV-related NPC. Serum from 52 healthy sub- 
jects who were seropositive for EBV was studied, along with 
that of 87 NPC patients. Three control subjects and 81 of the 
cancer patients had circulating anti-TK antibodies, for a sen- 
sitivity of 93% and a specificity of 94% [28]. Once again, the 
highly unique nature of EBV-related NPC makes this subset 
of HNSCC stand apart from other forms of the disease. 
However, the results are promising for serum detection of dis- 
ease by the measurement of circulating antibodies if a highly 
immunogenic tumor-specific antigen has been identified. 

IV. MICROARRAYS 

The adaptation of silicon chip technology to molecular 
biology has introduced a powerful and potentially fertile 
new approach to cancer detection. Using microarrays, a 
survey of thousands of proteins or mRNA transcripts can be 
performed in a single assay for a given clinical sample. 
While the methods involved are not without difficulty and 
need rigorous adherence to laboratory standards, what is 
truly challenging is the interpretation of the plethora of 
data that is produced from each chip. The fluorescent 
signal reading of the chip is automated, producing individ- 
ual values for each transcript or protein in the array 
compared with that of a normal control sample. However, 
the shear number of molecules for which data are produced 
renders impractical any approach that considers them 
individually. Instead, the moieties are clustered or grouped 
using sophisticated mathematical approaches in an effort 
to separate samples into categories in which molecular data 
mirror the clinical parameter(s) (e.g., malignant vs prema- 
lignant vs benign). 

Another challenge to the application of mRNA expres- 
sion arrays for the molecular detection of HNSCC is the 
need for undegenerated, high-quality RNA. In a pilot proj- 
ect to collect useful RNA from exfoliated cells, only the 
highly abundant transcripts were detectable. At the tran- 
script level of most genes, accurate measure was not possi- 
ble. This would be expected to be even more problematic in 
the case of a tumor-related gene present in a small subset of 
the cells found in a clinical specimen [29]. 

The results of microarray studies have not matured at pres- 
ent to the point for use in early detection schemes, although 
it may be expected that such applications will be more 
commonplace in the near future. Already, profiles of cancer 
specimen collections are being compiled and reported [30]. 

V. SPECTROSCOPIC  ANALYSIS 

In some ways, microarray assessment of thousands of 
proteins in a tissue specimen at a molecular level conceptu- 
ally parallels spectroscopic evaluations of gross tissue. Both 
gather broad-sweeping data that are related to the spectrum 
of proteins or ribonucleic acid present within the tissue. 
Spectroscopy in various forms has been piloted for detection 
of malignancy of the mouth and throat. Midinfrared fiber- 
optic attenuated total reflectance spectroscopy reportedly 
can distinguish between benign and malignant oral mucosa 
due to a weakening or absence of the band at 1745 cm, 
which is assigned to the vibration of the ester group on 
triglycerides [31]. Similarly, Raman spectroscopy has been 
suggested as a means of detecting early malignancy. This 
approach analyzes scattered photons after monochromatic 
laser excitation of the tissue. The detailed spectral array can 
be compared peak by peak or using mathematical manipula- 
tions such as linear discriminant analysis to separate the 
results of diseased from healthy mucosa. Scottish investiga- 
tors have documented predictive sensitivities of 80-90% for 
normal, dysplastic, and invasive laryngeal lesions analyzed 
in this fashion [32]. Similar results have been reported using 
fluorescence spectroscopy to distinguish between malignant 
and normal oral and nasopharyngeal mucosal lesions. 
Optimal excitation wavelengths for the detection of cancer 
have been proposed [33-35]. Spectroscopic analysis has yet 
to be field tested for actual de novo  detection of malignant 
mucosal disease. 

VI. DIAGNOSTIC OR P R O G N O S T I C  
BIOMARKERS IN BIOPSY MATERIAL 

Genetic alterations may enhance the information avail- 
able from tissue biopsies to further refine diagnosis under 
certain circumstances. For example, directed biopsies from 
the upper aerodigestive tract taken during the workup of 
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HNSCC metastatic from an occult primary may show dys- 
plasia or other premalignant change. The question then 
arises as to whether the metastatic focus and the premalig- 
nant cells are related clonally, i.e., is the dysplastic area 
accurately indicative of a nearby primary invasive cancer 
site? Another clinical dilemma surrounds the proper 
management of individuals with multiple or recurring pre- 
malignant lesions. Areas destined to progress to invasive 
cancer would be best treated aggressively with wide local 
excision or even radiation therapy, whereas those that may 
remain indolent could be watched expectantly. 

A retrospective molecular analysis of directed biopsy 
tissue taken from patients with metastatic HNSCC from 
occult primaries was performed. Tumor cells from the 
metastatic focus were analyzed using a panel of microsatel- 
lites. Available markers were then used to screen the 
histologically normal tissue from directed biopsies that had 
been preserved in formalin. In 6 of 10 cases, concordant 
alterations in at least one marker were identified in tumor 
and at least one biopsy site. In two of these cases, the 
location of the biopsy identified as containing cells related 
clonally to the tumor (bearing identical microsatellite 
alterations) corresponded closely to the location of the 
subsequent development of clinically apparent disease 
presumed to be the primary [36]. 

Loss of heterozygosity of microsatellite markers mapped 
to 3p, 9p, and 17p has been shown by several investigators 
to accurately predict which premalignant lesions will 
progress to invasive cancer. LOH at 3p and 9p confers a 
relative risk of 3.8 for tumor progression, whereas the addi- 
tional presence of LOH on 4q, 8p, 1 lq, or 17p is associated 
with a risk of 33-fold [37-39]. Combined with enhanced 
means of inspection of the mucosa using a supravital stain 
such as Toluidine blue, microsatellite analysis may prove of 
value in not only detecting early lesions, but in distinguish- 
ing clinically relevant changes [40]. 

VIi. CONCLUSION 

Molecular detection of HNSCC using high-throughput, 
low-cost, and accurate methods will be integrated into 
clinical practice in the near future. The marriage of molecu- 
lar biology to clinical practice in this manner promises to be 
a fruitful one, providing oncologists with an opportunity 
to identify patients during the earliest and most amenable 
stages for treatment and cure with currently available 
treatment modalities. 
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!. INTRODUCTION 

Appropriate management of the regional lymph nodes is 
important in the treatment of patients with squamous cell 
carcinoma (SqCC) of the upper aerodigestive tract. Signifi- 
cant changes have occurred in the management of the lymph 
nodes of the neck in the past two decades. Today, in addition 
to radical neck dissection, described by Crile [ 1 ] in 1906 and 
popularized by Martin and colleagues [2] during the 1950s, 
surgical treatment of the neck includes modifications of this 
operation and other types of neck dissection. Also, cervical 
lymph node metastases are frequently treated with combina- 
tions of surgery and radiation therapy and sometimes with 
radiation therapy alone. Thus, appropriate treatment plan- 
ning requires the clinician to have a working understanding 
of the incidence, patterns, and prognostic implications of 

lymph node metastases for the different head and neck 
tumor sites and of the current treatment strategies. 

!1. INCIDENCE OF CERVICAL METASTASES 

Although the ability to detect occult cervical lymph node 
metastases has improved with the advent of modern imaging 
techniques, particularly when combined with fine needle 
aspiration cytology, a considerable number of such metas- 
tases remain undetectable without histopathological exami- 
nation of the lymph nodes. Currently, therapeutic decisions 
in patients with cancer of the upper aerodigestive tract and 
stage NO neck are, for the most part, based on the probabil- 
ity of lymph node metastases for a given tumor. For many 
years, clinicians have used the stage of the primary tumor 
and its site of origin to estimate the probability of lymph 
node metastases. Lindberg's [3] classical incidence figures, 
which were based on the presence of palpablely phadeno- 
pathy in over 2000 patients with SqCC of the head and neck, 
have been refined by the studies of Byers et al. [4] and Shah 
[5] of a large number of neck dissection specimens and by 
numerous studies trying to identify histological, cytological, 
and molecular features of the primary tumor that can predict 
its propensity to metastasize to the lymph nodes. 

A. C a n c e r  of  t he  Pha rynx  

Pharyngeal carcinomas have a higher propensity to meta- 
stasize to the lymph nodes than carcinomas of the larynx and 
oral cavity. In fact, this propensity is so high for carcinomas 
of the nasopharynx, tonsillar fossa, base of the tongue, and 
hypopharynx that the rate of occurrence of lymph node 
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TABLE 22.1 Incidence of Lymph Node Metastases by 
Site and Stage (Based on Physical Examination) 

Patients with lymph node metastases (%) 

Site of primary tumor T1 T2 T3 T4 

Tonsil 70.5 67.5 70 89.5 
Base of tongue 70 71 74.5 84.5 
Pharyngeal walls 25 30 67 76 

TABLE 22.3 Frequency of Nodal Metastases in 
Supraglottic Cancer 

Shah and Tollefsen [9] DeSanto [10] 
"T" stage (%) (%) 

T1 40 17 
T2 42 39 
T3 55 52 
T4 65 90 

metastases in patients with small (T1 and T2) and large (T3 
and T4) tumors is between 70 and 90% (Table 22.1). 

B. C a n c e r  of  t h e  Larynx 

The frequency of nodal metastases according to site of 
origin within the larynx and T stage is shown in Tables 22.2 
and 22.3. 

In addition to the T stage, McGavran et  al. [11] have 
studied the relationship between various characteristics of 
the primary tumor and the probability of lymph node meta- 
stases in a homogeneous series of 96 patients who underwent 
en  b l o c  laryngectomy and radical neck dissection. They 
found that the incidence of lymph node metastases was 
significantly higher in patients whose tumors measured more 
than 2 cm in diameter, were poorly differentiated, or exhib- 
ited an infiltrating rather than a pushing margin or perineural 
invasion. Unfortunately, these authors did not perform a 
multivariate analysis. More recently, Kowalski et  al. [12] 
performed a similar study of 103 cases of laryngeal carci- 
noma who underwent either unilateral or bilateral compre- 
hensive neck dissection. Interestingly, a logistic regression 
analysis demonstrated that tumor site (supraglottic origin) 
and poor histological differentiation were the only predictors 
of nodal metastases. When they consider only cases staged 
NO, the probability of occult lymph node metastases was 
influenced significantly only by a supraglottic origin of the 
primary tumor [12]. In studies of advanced laryngeal cancer, 
the highest incidence of cervical lymph node metastases is 
associated with supraglottic tumors (65%), whereas metastases 
are found in only 20-22% of advanced glottic tumors [13,14]. 

A number of other putative predictive factors have been 
studied. For instance, some investigators have found a 

TABLE 22.2 Frequency of Nodal Metastases in 
Giottic Cancer 

Stage 

Daly and DeSanto 
Yuen et al. [6] Strong [7] et al. [8] 

(%) (%) (%) 

T1-T2 5-8 1-7 
T3 11 15 < 20 
T4 16 

correlation between DNA index and lymph node status in 
laryngeal carcinomas, with a higher incidence of nodal 
metastases in patients with aneuploid tumors [ 15,16]. 

Expression of epidermal growth factor (EGFR) is another 
potentially useful biological marker. A significant correla- 
tion between expression of EGFR and the risk of lymph 
node metastases was observed by Maurizi e t  al. [17] in a 
study of 140 cases of laryngeal carcinoma. 

C. C a n c e r  o f  t h e  Oral  Cavi ty  

The frequency of nodal metastases according to site 
of origin within the oral cavity and T stage is shown in 
Table 22.4. 

Cancers of the oral cavity have been investigated more 
extensively than other tumors of the upper aerodigestive 
tract regarding clinical, histological, biochemical, and 
genetic factors that may be useful predictors of the propen- 
sity of a tumor to metastasize to the lymph nodes, and thus 
may be useful in treatment planning. In a study of 126 
patients with squamous cell carcinoma of the oral cavity 
who underwent neck dissection as part of their treatment, 
Martinez-Gimeno and colleagues [18] found a statistically 
significant association between lymph node metastasis and 
the presence of microvascular invasion, grade of differentia- 
tion, tumor thickness, inflammatory infiltration, tumoral 
interphase, and the presence of perineural spread. These 
investigators designed a scoring system based on their 
results with scores ranging from (a) 7 to 12, (b) 13 to 16, 
(c) 17 to 20, and (d) 21 to 30 points. The respective risk of 
metastasis was (a) 0%, (b) 20%, (c) 63.6%, and (d) 86.3%. 
Prognostic score systems like this have not been embraced 

TABLE 22.4 Incidence of Lymph Node Metastases in 
Oral Cavity a 

Necks with nodal Metastases (%) 

Site of primary tumor T1 T2 T3 T4 

Oral tongue 14 30 47.5 76.5 
Floor of mouth 11 29 43.5 53.5 
Retromolar trigone 11.5 37.5 54 67.5 

aModified from Lindberg [3]. 
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widely, possibly because they are not simple and easily 
relSroducible and they require full histopathological evalua- 
tion of the primary tumor on permanent sections, which are 
the characteristics of an ideal "predictive factor." Thus, the 
search continues for such a factor or parameter. 

1. Tumor Thickness 

The incidence of nodal metastases in patients with squa- 
mous cell carcinoma of the floor of the mouth and oral 
tongue appears to increase as a function of the thickness of 
the primary tumor. In 1986, Mohit-Tabatabai et al. [19] 
found a significant correlation between tumor thickness 
greater than 1.5 mm and subsequent development of neck 
metastases in a series of patients with stage I and II carcino- 
mas of the floor of mouth. In the same year, Spiro et al. [20] 
found, in a study of 105 patients with oral and oropharyn- 
geal carcinoma with NO necks, that lymph node metastases 
occurred more frequently in patients whose tumors mea- 
sured 2 mm in thickness or more. 

Using mathematical modeling, the estimated risk of 
cervical node metastasis, relative to the thickness of squa- 
mous cell carcinomas of the oral cavity, was found to 
be approximately 3.9% for 1-mm-thick cancers, 17% for 
2-mm-thick cancers, and 25% for 3-mm-thick cancers [21]. 
Similar findings by Frierson and Cooper [22] in patients 
with carcinoma of the lower lip and by Rasgon et al. [23] in 
patients with oral and oropharyngeal carcinoma support the 
importance of thickness as a predictor of nodal metastases. 
However, its usefulness in planning treatment of the neck is 
limited by the difficulty in determining tumor thickness by 
inspection or in biopsy specimens. 

2. Histologic Grade 

Although there is no general agreement about the prog- 
nostic impact of histologic differentiation, several studies 
have demonstrated a higher incidence of neck node metas- 
tases in patients with poorly differentiated squamous cell 
carcinoma [22,24-26]. In oral cavity tumors, a higher grade 
of malignancy, in terms of degree of differentiation and 
character of the borders, may increase the risk of metastases 
beyond the first and second echelon of regional lymph nodes 
[27] and may increase the risk of occult metastases in lower 
levels of the neck. In a multivariate analysis of a cohort of 
patients with T1 and T2 squamous cell carcinoma of the oral 
tongue, Beenken et al. [28] found that the worse prognosis in 
this population of patients with early tongue cancer was asso- 
ciated with the presence of a poorly differentiated tumor. 

3. Invasive Margin of the Tumor 

More recently, attention has focused on the "malignancy 
grading" and character of the invasive margin of the tumor 

(pushing vs infiltrating). Bryne et al. [29] have shown that 
oral cavity carcinomas that exhibit an infiltrating margin 
with abundant mitoses and nuclear polymorphism are 
associated with a dismal survival. Others have shown an 
increased risk of occult lymph node metastases for such 
tumors [22,26,27,30,31 ]. 

4. Vascular Invasion 

The role of vascular invasion as a risk factor for lymph 
node metastases is unclear. In a study of 43 patients, Close 
et al. [32] found lymph node metastases in 77% of the cases 
in which vascular invasion was present, but only in 25% of 
the cases in which it was not present. While Crissman and 
co-workers [30] and Poleksic and colleagues [33] have 
found a similar correlation, others have not [22,24]. 

5. Perineural Invasion 

Several studies have suggested a strong correlation 
between the presence of perineural invasion at the primary 
site and cervical lymph node metastases [22,26]. 

6. Inflammatory Infiltrate 

A marked inflammatory infiltrate in the stroma surround- 
ing the tumor has been found to correlate with a lower 
incidence of lymph node metastases in some studies 
[19,22,26]. Unfortunately, other studies have not shown 
such a correlation [24,30,32]. 

7. DNA Content 

A recent prospective study correlated various tumor and 
patient factors with the presence or absence of pathologi- 
cally positive nodes in a group of 91 patients with cancer of 
the oral tongue who underwent glossectomy and elective 
neck dissection. The best predictors of nodal metastases 
were depth of muscle invasion, double DNA aneuploidy, 
and poor histologic differentiation [34]. 

III. PATTERNS OF LYMPHATIC SPREAD 

Anatomical and radiographical studies of the lymphatics 
of the head and neck have demonstrated that lymphatic 
drainage of the different areas of the upper aerodigestive 
tract occurs along predictable pathways [35,36]. Further- 
more, multiple clinical studies have demonstrated that 
tumors from these areas metastasize to the lymph nodes 
following the same pathways, at least as long as the neck 
has not been treated previously with surgery or radiation 
[5,37]. It is now commonly accepted that the lymph node 
groups that harbor metastases most frequently in patients 
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with carcinomas of the oral cavity are the submental (Ia), 
submandibular (Ib), upper jugular (II), and midjugular (III), 
whereas the lymph nodes along the jugular vein (II, III, IV) 
are involved more frequently in patients with tumors of the 
oropharynx, larynx, and hypopharynx. It has been shown 
convincingly that these patterns of distribution occur both in 
patients staged clinically NO who are found to have occult 
metastases and in patients with palpable, histologically 
proven lymph node metastases [5,37]. It must be kept in 
mind, however, that skip metastasis--meaning direct metas- 
tases beyond the first or second echelon of expected lym- 
phatic drainage--does occur [38]. 

In addition to these lymphatic pathways, the retropharyn- 
geal nodes are a common site for metastases in tumors of the 
hypopharynx, tonsillar fossa, soft palate, and posterior and 
lateral oropharyngeal walls [39,40]. The paratracheal nodes 
are a common site of metastases for laryngeal carcinomas 
that involve the subglottic region and for carcinomas of the 
cervical esophagus. In a study that included 91 patients 
with carcinoma of the larynx who underwent paratracheal 
lymph node dissection, Weber and colleagues found that 
metastases to these lymph nodes occurred more often 
in patients with subglottic tumors (40%) and transglottic 
tumors (21.4%), but they also occurred in patients with 
glottic (13%) and supraglottic tumors (15.7%). The pres- 
ence of paratracheal lymph node (PTLN) metastases had a 
significant negative impact on survival. While the survival at 
48 months for the entire group of 141 patients was 60%, 
none of the 29 patients with PTLN metastases survived 
beyond 42 months (p < 0.001) [41-43]. 

IV. PROGNOSTIC  IMPLICATIONS OF 
NECK NODE METASTASES 

The presence of clinically obvious, histologically proven 
lymph node metastases is the single most important prog- 
nostic factor in patients with SqCC of the head and neck. In 
general, it decreases the overall survival by at least one-half 
[44]. However, the unfavorable impact on survival varies 
depending on the following factors. 

a. Presence of extracapsular spread (ECS) of tumor. 
Numerous studies have demonstrated that tumor extension 
beyond the capsule of a lymph node worsens the prognosis. 
Johnson et al. [45] have reported that less than 40% of 
patients with histologic evidence of ECS were free of dis- 
ease 24 months after therapy. Furthermore, the survival of 
these patients was significantly lower than comparable 
patients whose metastases were confined to the lymph nodes 
[46]. Similarly, Steinhart et al. [47] found that the rate 
of extracapsular spread was especially high (70%) in 
patients with carcinomas of the hypopharynx and that the 
5-year survival rate was greatly different for patients with 

extracapsular spread of tumor (28%) and patients with no 
metastases (77%). Interestingly, a correlation between the 
degree of ECS and prognosis has not yet been established 
clearly, although Carter et al. [48] have reported that macro- 
scopically recognizable ECS carries a worse prognosis than 
microscopic spread. 

b. Desmoplastic stromal pattern. In a study done at the 
Mayo Clinic, a desmoplasfic stromal pattern in the lymph 
nodes involved by tumor was associated with almost a sev- 
enfold increase in the risk for recurrence in the neck. The 
study included 284 patients with pathologically confirmed 
metastatic squamous cell carcinoma who underwent neck 
dissection and received no adjuvant therapy. This finding 
has not been reported by others [49]. 

c. The number of lymph nodes involved. The survival of 
patients with histologically positive nodes is significantly 
lower when multiple nodes are involved [44]. In a study 
by Leemans and colleagues [96], the overall incidence of 
distant metastases in a group of 281 head and neck cancer 
patients who underwent a neck dissection was 10.7%, 
whereas it was 46.8% in the group of patients with three or 
more positive nodes. 

d. The level of the neck metastases. Several studies have 
suggested that survival decreases as lymph nodes in lower 
levels of the neck become involved [25,50-52]. This ten- 
dency has been best demonstrated by Ho [53] and Teo et al. 

[54] for nasopharyngeal carcinoma: the lower the level, the 
worse the prognosis. Grandi et al. [55] have defined three 
levels in the neck (upper, middle, and lower) divided 
by two imaginary lines that pass through the hyoid bone 
and through the lower border of the thyroid cartilage. 
They found that the worse prognosis was associated with 
the presence of nodal metastases at the lower level. Based 
on these observations, a new staging system for the neck 
in patients with nasopharyngeal carcinoma has been imple- 
mented [55]. Likewise, the most recent American Joint 
Committee on Cancer Staging System includes a notation 
on the level location of the nodes for the N1-N3 staging 
categories [97]. 

The prognostic significance of nonpalpable (occult) 
metastases in the NO neck is less clearly defined. It is more 
difficult to study because the T stage also affects prognosis 
and may overshadow the effect of occult neck nodes [56]. 
However, it has been shown that ECS does occur in nonpal- 
pable lymph nodes [4]. Also, as in patients with palpable 
nodal metastases, the number and location of involved nodes 
in the NO neck appear to affect prognosis [52,57-59]. For 
instance, Kalnins et al. [60] found that patients with SqCC 
of the oral cavity and uninvolved neck nodes had a 75% 
5-year survival. Survival decreased to 49% when one node 
was involved histopathologically, 30% when two nodes 
were involved, and 13% when three or more nodes were 
involved by tumor. 
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V. CURRENT MANAGEMENT OF LYMPH 
NODES OF THE NECK 

of additional subclinical lymph nodes would again indicate 
the need for postoperative radiation therapy. 

A. O r o p h a r y n g e a l  C a n c e r s  

Tumors of the oropharynx have a high propensity to 
metastasize to the regional lymph nodes even in early stages. 
Therefore, the regional lymph nodes should be treated 
electively, regardless of the stage of the primary tumor. With 
the exception of early, well-lateralized lesions, carcinomas 
of the oropharynx have a tendency to metastasize to both 
sides of the neck, and therefore treatment of both sides of 
the neck is often indicated. Treatment of the retropharyngeal 
nodes should be considered for tumors extending onto the 
pharyngeal walls, as historically, retropharyngeal nodal 
metastasis occurred in up to 44% of cases [61 ]. 

1. NO 

In general, the treatment modality used for neck nodes 
depends on the treatment modality used for the primary 
tumor. When the primary is treated with radiation, elective 
irradiation of the neck nodes can result in regional control 
in over 95% of the cases [62]. If the intent is to treat the 
primary tumor with surgery alone, elective treatment of the 
neck should consist of bilateral neck dissections. Postopera- 
tive irradiation is indicated when metastases are found in 
multiple lymph nodes or when there is extracapsular exten- 
sion of the tumor. This usually consists of a radiation dose 
of 50 to 63 Gy and is delivered as soon as healing is 
adequate, preferably before 6 weeks after surgery. 

3. N2 or N3 

Patients with oropharyngeal cancer and advanced neck 
metastases can be managed in different ways, depending on 
the size of the primary tumor and the choice of treatment for 
it. If the primary tumor is advanced and requires surgery, an 
appropriate ipsilateral or bilateral neck dissection, including 
the retropharyngeal nodes, is performed. Postoperatively, 
radiation is delivered to both the primary and the neck. If the 
primary tumor is amenable to radiotherapy, but the tumor in 
the neck warrants combined therapy, the patient can be 
treated with radiotherapy to the primary tumor and the neck, 
followed by neck dissection 6-8 weeks later. When organ 
preservation protocols combining chemotherapy and radia- 
tion are utilized, even in the case of a clinical complete 
response in the neck, dissection is indicated for these 
patients, as 25% will have an incomplete histologic response 
and are at risk for higher rates of recurrence [63]. 

Interestingly, patients with neck metastases from oropha- 
ryngeal cancer who respond completely to treatment with 
the "concomitant boost" regimen do not appear to need a 
planned neck dissection. In a recent analysis of 75 patients 
treated in this manner who did not undergo neck dissection, 
the recurrence rate in the neck at 2 years was 13% among 
patients whose nodal disease was 3 cm or larger and 
15% among those whose nodes were less than 3 cm in 
diameter [64]. 

2. N1 

Elective neck irradiation or neck dissection results in a 
high rate of regional control, and the treatment choice is 
often based on the preferences of the institution. Ideally 
though, treatment of the neck should again be tailored by 
treatment of the primary tumor. 

A number of head and neck oncologists believe that 
when patients present with clinically palpable disease, 
they should undergo combined surgery and radiation. This 
preference must be identified prior to the initiation of radia- 
tion therapy if that is the selected treatment for the primary. 
In these cases, while the upper jugular and midjugular 
lymph node groups are treated with the same high dose of 
radiation as the primary tumor, the remainder of the neck 
can be treated with a minimal dose of 50 Gy. The surgeon 
then performs neck dissection 5 to 6 weeks after the com- 
pletion of radiation. 

Those who argue for surgical management of all N1 
necks point out the additional staging information gained 
through histologic evaluation of the lymph nodes. Assess- 
ment for extracapsular spread or microscopic involvement 

B. C a n c e r  of  t h e  Larynx 

1. NO 

The efficacy of elective treatment of the neck in patients 
with larynx cancer has been compared to that of therapeutic 
neck dissection at the time metastases become clinically 
apparent in an interesting retrospective study by Gallo et al. 

[65]. They found no significant difference in the 5-year sur- 
vival of a group of 76 patients who underwent elective neck 
dissection and were found to have histologically positive 
nodes and a group of 96 patients who were initially staged 
NO, but subsequently developed lymph node metastases and 
underwent therapeutic neck dissection. However, other ret- 
rospective studies have found that elective neck dissection 
decreases the neck recurrence rates significantly in patients 
treated for NO supraglottic carcinoma [66]. 

Self-examination by the patient and reliable follow-up 
are essential for watchful waiting to succeed in the manage- 
ment of the NO neck. Unfortunately, a significant number of 
the patients who do not undergo elective neck dissection 
cannot be salvaged later, when they present with palpable 
metastases, because the disease is too far advanced [67]. 
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Consequently, most head and neck surgeons prefer to treat 
the neck electively, even though the impact of this decision 
on patient survival remains controversial. 

Another alternative consists of performing intraoperative 
frozen sections of the jugulodigastric lymph nodes. If the 
presence of metastasis is demonstrated, neck dissection is 
performed [68]. 

Indications for elective treatment of the neck vary 
depending on the site of origin and extent of the primary 
tumor. The probability of occult lymph node metastases in 
glottic cancers is low; accordingly, elective treatment of the 
regional lymph nodes is not indicated in patients with T1 
and T2 cancers. While some surgeons believe that elective 
treatment of the lymph nodes is not indicated in patients 
with T3 glottic tumors, others have observed lymph node 
metastases in 17-22% of the cases and recommend elective 
treatment of the neck [ 14,69]. The incidence of lymph node 
metastases in patients with T4 tumors is sufficiently high to 
warrant elective treatment. 

The probability of occult metastases when the primary 
tumor is located in the supraglottic larynx is sufficiently 
high, regardless of the tumor stage, that elective treatment is 
warranted. A possible exception to this may be T 1 tumors of 
the suprahyoid epiglottis. Because "as many as 75% of 
cervical failures occur in the undissected" contralateral side 
of the neck, elective treatment of the neck in supraglottic 
cancers should include the lymph nodes at risk on both sides 
of the neck [70]. 

It is difficult to make recommendations about elective 
treatment of the cervical lymph nodes in subglottic cancers. 
On the one hand, because of our knowledge about the 
distribution of lymph node metastases in these cases, it 
seems prudent to treat the paratracheal lymph nodes on both 
sides. On the other hand, elective treatment of the lateral 
compartments of the neck does not seem necessary, as the 
reported incidence of metastases to these nodes is relatively 
low (10%) [71,72]. 

In general, when surgery is selected as the treatment 
modality for the primary tumor and elective treatment of the 
lymph nodes is indicated, a neck dissection is performed. 
Elective surgical treatment of the neck in patients with 
larynx cancer should consist of a lateral neck dissection [73] 
or a modified radical neck dissection type III ("functional 
neck dissection"), which removes lymph node levels II, III, 
IV, and V and preserves the sternocleidomastoid muscle, the 
internal jugular vein, and the spinal accessory nerve. In 
addition, ipsilateral paratracheal node dissection may be 
beneficial for "transglottic" tumors and for tumors that 
exhibit subglottic extension. 

The rationale to include level V in elective neck dissec- 
tions for patients with cancer of the larynx has to be ques- 
tioned in light of the results of studies of functional neck 
dissection specimens from patients with larynx cancer. 
These studies have shown that the lymph nodes of the 

posterior triangle of the neck are seldom involved in these 
patients [15,65]. Interestingly, Ambrosch et al. [74] advocate 
dissecting levels II and III only. They have reported very low 
recurrence rates in level IV or anywhere in the neck using 
this approach. Finally, the efficacy of elective lateral neck 
dissection and modified radical neck dissection has been 
compared in a prospective randomized study of patients with 
supraglottic and transglottic cancers [75]. This study found 
that the rates of 5-year overall survival and neck recurrence 
were similar for the two operations. Consequently, it is not 
necessary to dissect level V nodes routinely when treating the 
neck electively in patients with larynx cancer. 

Bilateral neck dissection is indicated in the surgical man- 
agement of cancer of the supraglottic larynx [76]. With the 
use of selective neck dissection, the issue of postoperative 
morbidity has been reduced significantly. In a review of the 
clinical course of 76 patients undergoing excision of supra- 
glottic squamous carcinoma combined with bilateral neck 
dissection, a decrease in neck recurrences from 20 to 9% 
was attributed to the use of bilateral neck dissection [76]. 

However, if a laryngeal cancer is treated with radiation, 
the lymph nodes at high risk are treated with radiation as 
well. Following elective neck irradiation, the risk of devel- 
oping clinically positive nodes in an NO neck is about 5% 
[77,78]. In another study, isolated neck failure was observed 
in 1% of 413 patients with larynx cancer treated by elective 
neck irradiation at the Institute Gustave Roussi [79]. This 
compares favorably with a 2.9% rate of recurrence in the 
neck in 328 cases treated at the same institution with selec- 
tive neck dissection extended to a modified radical neck 
dissection if positive at frozen section. 

2. NI -N3  

When palpable cervical lymph node metastases are pres- 
ent in patients with cancer of the larynx, a neck dissection is 
the mainstay of treatment. The extent of the dissection to be 
performed depends on the extent of the disease in the neck. 

Numerous studies suggest that the rate of tumor recur- 
rence in the neck is decreased by the addition of radiation 
when multiple nodes are involved at multiple levels of the 
neck and when ECS of tumor is found [80-83]. The dose 
of postoperative radiation therapy is essential to achieve 
optimal results. Daily fractions of 1.8 Gy to a total dose of 
57.6 Gy to the entire operative bed is currently recom- 
mended. Sites of increased risk for recurrence, such as areas 
of the neck where ECS of tumor was found, should be 
boosted to 63 Gy [84]. Timing of the initiation of radiother- 
apy is also important; delays beyond 6 weeks may compro- 
mise tumor control [80]. 

In cases with advanced neck metastases (> 3 cm in diam- 
eter) with a small primary tumor in the larynx in which the 
neck has to be treated with surgery while the primary can be 
treated successfully with radiation alone, Verschuur et al. 
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[85] have performed a neck dissection first, followed within 
4 weeks by radiotherapy to the primary and to the neck. In a 
group of 15 patients treated in this manner, no recurrence in 
the neck was observed at 5 years [85]. Using a similar treat- 
ment approach in 65 patients with tumors of the larynx and 
hypopharynx, the French Head and Study Group observed a 
rate of recurrence in the neck of 4.6% [86]. 

C. C a n c e r  of  t h e  Ora l  Cavi ty  

1. NO 

The value of elective treatment of the neck is not univer- 
sally accepted. The notion of watching the neck and treating it 
only when metastases become clinically apparent is allegedly 
supported by two prospective randomized studies involving 
cancers of the oral cavity [67,87]. In both studies, the survival 
of patients who underwent "elective" neck dissection was not 
significantly better than the survival of patients who under- 
went a delayed therapeutic neck dissection. Unfortunately, 
these studies did not resolve the controversy; in fact, they have 
been criticized because the number of patients studied was 
insufficient to be conclusive. More recently, a retrospective 
study done by Yuen et al. [88] and a prospective, controlled 
study reported by Kligerman et al. [89] have shown a statisti- 
cally significant survival advantage for patients with cancer of 
the tongue in whom the neck nodes were treated electively. 

Surgical treatment of the NO neck is preferred when 
surgery is selected for the treatment of the primary tumor, 
particularly when the expectations of controlling the pri- 
mary with surgery alone are reasonably good. In such cases 
(i.e., T2 and selected T3 tumors), appropriate dissection of 
the regional lymph nodes alone is, in most cases, sufficient 
to control the disease in the neck. Surgical dissection of the 
cervical lymph nodes is also desirable when the neck must 
be entered, and certain structures, such as the hypoglossal 
nerve or the carotid artery, need to be exposed to facilitate 
adequate resection of the primary tumor. 

Postoperative radiation therapy may also be beneficial 
when the following features are found on histopathological 
examination of the node dissection specimen(s). 

Presence of tumor in more than two lymph nodes. 
Presence of tumor in multiple node groups. 
Presence of extracapsular spread of tumor. 

When a single metastasis is found in the lymph nodes 
(PN1), surgery alone has been considered adequate treat- 
ment. Regional recurrence rates from 16 to 25%, however, 
have been reported with surgery alone, and it has been 
suggested that postoperative radiation may be beneficial 
[93]. Unfortunately, the role of postoperative radiation has 
not been clearly defined for this group of patients, as a 
review from multiple institutions showed no statistically 
significant difference in the rate of recurrence in the neck in 

patients with tongue cancer, staged NO clinically and staged 
N1 pathologically, that were treated with either surgery 
alone or surgery and postoperative radiation therapy [93,94]. 

Surgical dissection of the cervical lymph nodes is also 
desirable when the neck must be entered and certain struc- 
tures, such as the hypoglossal nerve or the carotid artery, 
need to be exposed to facilitate the resection of the primary 
tumor. 

The elective neck dissection most commonly done in 
patients with oral cancer is the supraomohyoid neck dissec- 
tion, which consists of the enbloc  removal of nodal regions 
I, II, and III. The operation is performed on both sides of the 
neck in patients with cancers of the anterior tongue and floor 
of the mouth. A bilateral dissection is performed when the 
lesion is located at or near the midline. 

Using the supraomohyoid dissection in this manner, the 
rate of recurrence in the neck, ranges from zero when the 
nodes removed were histologically negative to 12.5% when 
there were multiple positive nodes or ECS. Incorrect clinical 
staging of the NO occurs in approximately 20% of the 
patients, even when imaging studies are used. Intraoperative 
palpation and inspection does not improve significantly the 
surgeon's ability to predict nodal stage. Thus, upstaging the 
neck without frozen-section examination of suspected 
lymph nodes is not reliable. While some authors recommend 
converting the selective dissection to a radical or modified 
radical neck dissection on the basis of the results of frozen 
sections, this is not necessary [98]. Removal of the steruo- 
cleidomastoid muscle (SCM), the internal jugular vein (IJV) 
or of the posterior triangle of the neck is not done unless 
they are obviously involved by the tumor. The decision to 
extend a selective neck dissection, to include the jugular 
vein, the spinal accessory nerve or occasionally the 
hypoglossal or the vagus nerve, is based on the findings at 
the time of surgery and on an objective assessment of the 
extent of nodal disease by the surgeon. In patients with car- 
cinoma of the oral tongue, Byers et al. [91 ] reported finding 
"skip metastases" to lymph nodes in level III or IV in 15.8% 
of the patients. As a result, they recommend performing a 
dissection of level IV, whenever an elective neck dissection 
is performed in a patient with cancer of the oral tongue. 
Since then, other have found that the incidence of metas- 
tases in level IV lymph nodes in patients with T1-3 NO 
tumors of the tongue is low (4%) and that dissecting level 
IV only when suspicious nodes (enlarged or hardened) are 
found in level III or in multiple levels is not associated with 
increased rates of recurrence in the neck [92]. 

2. N1-N3 Neck 

Surgery continues to be the mainstay in the treatment of 
patients with palpable cervical lymph node metastases. The 
surgical treatment of the N+ neck is, in our practice, a matter 
of surgical judgment, as we accept the premise that it is 
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surgically feasible and oncologically sound to remove lymph 
nodes obviously involved by tumor, with the surrounding 
fibrofatty tissue of the neck and without removing important 
uninvolved structures, such as the spinal accessory nerve. In 
addition, with the judicious combination of surgery and radi- 
ation therapy, excellent tumor control in the neck can be 
obtained while preserving function and cosmesis. It cannot be 
overemphasized, however, that the main goal of neck dissec- 
tion is to adequately remove the tumor in the neck and that 
radiation therapy does not compensate for poor surgical 
judgment and technique. Preservation of adjacent structures 
should be pursued only when a clearly identifiable plane 
exists between the tumor and such a structure. Creation of a 
plane by cutting into the tumor and tumor spillage must be 
avoided. 

VI. TYPES OF NECK DISSECTION 

The classification of neck dissections presented here has 
been sanctioned by the American Academy of Otolaryngol- 
ogy-Head and Neck Surgery, Inc., and by the American 
Society for Head and Neck Surgery in 1989 [66]. This 
classification standardized the names used for the various 
modifications of the radical neck dissection, thereby reduc- 
ing the confusion that existed for many years when surgeons 
used diverse names to refer to the same operation. It is based 
primarily on the lymph node groups of the neck that are 
removed and secondarily on the anatomic structures that 
may be preserved, such as the spinal accessory nerve and the 
internal jugular vein. It also relies on the acceptance of a 
uniform nomenclature for the lymph node groups of the 
neck, in groups or levels I through VI. 

This classification groups neck dissections into four cat- 
egories: radical, modified radical, selective, and extended. 

Radical neck dissection consists of the removal of all five 
lymph node groups of one side of the neck, including the 
sternocleidomastoid muscle, the internal jugular vein, and 
the spinal accessory nerve. 

Modified radical neck dissections include modifications 
of the radical neck dissection that were developed with the 
intention of reducing the morbidity of this operation by pre- 
serving one or more of the following structures: the spinal 
accessory nerve, the internal jugular vein, or the sternoclei- 
domastoid muscle. Like radical neck dissection, modified 
radical neck dissections remove all five nodal groups in one 
side of the neck. The three neck dissections that can be 
included in this category differ from each other only in the 
number of neural, vascular, and muscular structures that are 
preserved. Therefore, Medina [95] suggested subclassifying 
these neck dissections into a type I in which only "one" 
structure, the spinal accessory nerve, is preserved, type II in 
which "two" structures, the spinal accessory nerve and the 
internal jugular vein, are preserved, and type III in which all 

"three" structures, the spinal accessory nerve, the internal 
jugular vein, and the sternocleidomastoid muscle, are 
preserved. 

Selective neck dissections (SND) consist of the removal 
of only the lymph node groups that are at the highest risk of 
containing metastases according to the location of the pri- 
mary tumor. The spinal accessory nerve, the internal jugular 
vein, and the sternocleidomastoid muscle are preserved. 
Four different neck dissections can be included in this 
category. The updated classification calls for abandoning the 
terms lateral or supraomohyoid and instead using the terms 
selective neck dissection (SND) with the lymph node levels 
removed [99]. 

SND of lymph node levels II, III, and IV are removed 
(lateral). 

SND of lymph node levels I, II, and III are removed 
(supraomohyoid). 

Posterolateral neck dissection: suboccipital and 
retroauricular nodes are removed in addition to lymph 
node levels II, III, IV, and V. 

SND of level VI (anterior). 

The term extended neck dissection is used, in addition to 
any of the aforementioned designations, when a given neck 
dissection is "extended" to include either lymph node groups 
or structures of the neck that are not removed routinely, such 
as the retropharyngeal nodes or the carotid artery. 
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Invasion of the carotid artery by squamous cell carcinoma 
is associated with a very poor prognosis. Understanding of the 
clinical history, diagnostic testing, and various therapeutic 
options for management of the carotid artery in advanced 
head and neck carcinoma is crucial for optimal patient man- 
agement. Surgical options that have been utilized in the past 
have included ligation, peeling off the tumor from the artery, 
and resection followed by immediate reconstruction with a 
venous graft. These options all have various degrees of suc- 
cess associated with their usage. We feel that carotid artery 
resection with immediate arterial graft reconstruction in select 
patients produces local control and reduced morbidity and 
should be the preferred technique for this difficult problem. 

i 

I. MANAGEMENT OF THE CAROTID ARTERY IN 
ADVANCED HEAD AND NECK CANCER 

The first ligation of the common carotid for hemorrhage 
was attributed to Ambroise Pare in 1552 [1]. In the late 

1700s, John Abernathy of St. Bartholemew's Hospital in 
London made the first complete report of ligation of the 
carotid artery for hemorrhage [2]. In the 19th century, carotid 
artery ligation was performed to treat various disease entities, 
such as tumors, aneurysms, epilepsy, trigeminal neuralgia, 
psychosis, hemiplegia, and headache [3]. As expected, the 
morbidity and mortality of this procedure eventually limited 
enthusiasm [3]. In 1879, Wyeth [4] reported a 41% mortality 
rate with the procedure and went on to condemn the proce- 
dure as "wrong in principle, unsafe in practice and (one that) 
should cease to be a surgical procedure." 

Martin [5] was the first to recognize that by maintaining 
a normal blood pressure and intravascular volume, the mor- 
tality and morbidity of carotid ligation could be improved 
significantly. Until that observation the mortality of ligation 
approached 50%. Later in 1953 [6] and in 1957 [7], Conley 
reported the use of autogenous vein grafts for reconstruction 
after carotid artery resection. This was followed by other 
reports from Keirle and Altemeier [8], Rella et al. [9] and 
Lore [ 10,11] in the 1960s describing the use of autogenous 
and prosthetic grafts. Current treatment of advanced neck 
carcinoma could involve the resection of the carotid artery. 
Controversies exist in defining the role this procedure may 
have in the treatment of these patients. Clinical presentation, 
radiological diagnosis, treatment options, surgical proce- 
dures, and complications are discussed in this chapter. 

II. PATIENT PRESENTATION: CLINICAL AND 
RADIOLOGICAL DIAGNOSIS 

Patients with carcinoma invading the carotid artery usu- 
ally present with a fixed neck mass. This means that the 
mass either has no motion upon palpation or movement of 
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the mass can be achieved in the horizontal axis only, but not 
in the vertical axis. The size and location of the mass in the 
neck are important to note in order to establish surgical 
options. Patients with very high cervical masses that invaded 
the skull base or alternatively whose removal will not leave 
enough distal carotid artery to sew to do not have a surgical 
option. Patients who present with skin invasion and ulcera- 
tion associated with episodes of bleeding may have an 
impending carotid artery rupture and clinical management 
should be instituted expeditiously. Clinical impression alone 
has a rate of inaccuracy for predicting carotid artery invasion 
of 32 to 63% [12]. 

A Computed Tomography (CT) scan with contrast of the 
neck helps evaluate the size and extension of the mass and 
its relation to the carotid artery wall (Fig. 23.1). Loss of 
tissue planes and arterial wall definition between the artery 
and the tumor may suggest the presence of carotid artery 
invasion [ 13]. CT can exclude patients without carotid artery 
involvement, but has a high false-positive rate of 94% [ 14]. 
The combination of clinical assessment with CT scan results 
appears to be the most predictive of tumor invasion [12]. 
Yoo et  al. [12] have demonstrated that more than 180 ~ of 
carotid artery encasement as seen by a CT scan predicts a 
poor clinical outcome, but not the extent of tumor invasion 
into the carotid artery. Magnetic resonance imaging (MRI) 
criterion for invasion is evidence of loss of the fascial plane 
around the internal or common carotid artery [13]. MRI is 
helpful in distinguishing between fibrosis and edema from 
tumor in postradiotherapy patients [13]. 

Using MRI, CT, or ultrasound, carotid involvement 
of 270 ~ or more predicts arterial wall invasion with a 
sensitivity of 92 to 100% and a specificity of 88 to 93% 
[17,18]. More than 80% of patients with carotid encasement 

greater than 270 ~ had direct tumor invasion [ 12]. Ultrasound 
criteria for invasion of the carotid artery are a step off in the 
echo-dense signal in both planes (transverse and longitudinal) 
and luminal invasion by tumor [13]. Adequate sonographic 
imaging of the carotid artery in bulky neck cancers can be 
troublesome. In view of a significant incidence of distant 
metastasis reported in the literature (21-67%) [ 15,16] in this 
group of patients, a complete workup for distant metastasis 
should be performed. This includes a chest X-ray and liver 
enzyme levels. If abnormalities are found in these tests, then 
a CT scan of the chest and abdomen and bone scans are 
indicated. 

Sessa et  al. [19] presented a series of 30 patients who 
underwent carotid artery resection. During surgery the 
tumor either encased the artery or it was intimately adherent 
to the vessel wall. Twenty-nine patients underwent preoper- 
ative carotid angiography. Arteriograms showed carotid 
invasion in 2 cases, nonatherosclerotic lumenal narrowing, 
suggesting carotid invasion in 6 patients, and normal arterio- 
gram in 15 cases. These results demonstrate that carotid 
arteriography is not reliable in predicting which patients will 
need carotid artery resection. Reilly et al. [20] found that 
arteriography correctly identified tumor invasion of the 
carotid artery in only 1 of 12 patients. 

!il. CLINICAL O U T C O M E  

Prognosis of patients with advanced carcinoma in the 
neck with carotid artery invasion is very poor. It is known 
that the 5-year survival of patients with N+ disease is 
reduced by half in patients with squamous cell carcinoma of 
the head and neck (SCCHN)[21]. In patients with advanced 

FIGURE 23.1 Axial CT scan of the neck showing (a) less than 180 ~ and (b) more than 180 ~ of carotid artery encasement. 
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neck carcinoma, the incidence of distant metastasis is four 
times that associated with NO or N1 disease [21]. Massive 
fixed neck disease is usually associated with macroscopic 
extracapsular lymph node spread with tumoral invasion of 
the soft tissues of the neck, which significantly increases the 
rates of recurrence and distant metastasis and decreases sur- 
vival [21]. Snyderman et al. [15] made a retrospective 
review of 22 series of patients (n= 158) undergoing carotid 
artery resection for SCCHN and found a 2-year disease-free 
survival rate of 22%. They also reported an incidence of 
recurrence in 74% of patients in a period of 24 months (32% 
local, 47% regional, 21% distant) [15]. More than 180 ~ of 
artery encasement predicts a poor clinical outcome [12]. 
Although the carotid artery can be resected out, complete 
excision of cancer is difficult, as the adjacent soft tissue 
is diffusely infiltrated by tumor. Incomplete resection of 
tumor is associated with high locoregional recurrence rates, 
which is an important factor for the development of distant 
metastasis [22]. 

Direct tumor invasion of the carotid artery wall has been 
found in 37 to 42% of specimens after carotid resection 
[23,24]. The adventitia of the carotid artery serves as a barri- 
er to tumor invasion [23]. High proportions of patients who 
have carotid artery resections do not have microscopic arteri- 
al wall invasion. This fact can explain why there is not a sig- 
nificant difference in survival rates between patients with N3 
disease with extracapsular spread and patients undergoing 
carotid artery resection [15,25]. However, patients with direct 
tumor invasion of the carotid artery wall in resection speci- 
mens have a dismal prognosis [25]. One hundred percent 
recurrence and mortality rates have been reported in patients 
with carcinoma microscopically invading the fascia and wall 
of the carotid artery [25]. We demonstrated previously that 
overall survival was worse in patients who had tumor within 
1.8 mm from the elastic lamina of the vessel wall [12]. 

The outcome is very poor in patients with recurrence in a 
previously operated neck [26]. Initial therapy might destroy 
natural tissue barriers to tumor spread and reduce the effica- 
cy of salvage surgery. The use of preoperative radiotherapy 
in this patient population can be as high as 70 to 85% 
[3,24,27]. Salvage surgery in previously irradiated patients 
with fixed neck nodes is associated with a poor survival 
(7% survival at 2 years) [28]. 

IV. N O N S U R G I C A L  TREATMENT O P T I O N S  

Nonsurgical modalities for the treatment of advanced 
neck carcinoma include radiotherapy (conventional exter- 
nal beam, altered fractionation regimens, brachytherapy, 
or reirradiation), chemotherapy, or chemoradiotherapy. 
Conventional external beam radiotherapy consists of once- 
a-day fractionation treatments (150-200 cGy/fraction) for 
total doses of 7000 to 8000 cGy [29,30]. 

Altered fractionation radiotherapy schedules have been 
compared to conventional radiotherapy for the treatment of 
advanced head and neck carcinoma [29]. Hyperfractionation 
(twice-a-day, lower dose per fraction) treatment permits an 
increase in the total amount of radiation dose delivered to the 
tumor [29]. Accelerated fractionation (treating once per day 
on 6 to 7 days of the week or using a split-course treatment 
or a concomitant boost) prevents treatment failure due to 
tumor cell regeneration during treatment [29]. Two phase III 
randomized studies done by Radiation Therapy Oncology 
Group (RTOG) (9003) and European Organization for 
Research and Treatment of Cancer (EORTC) demonstrated 
that accelerated fractionation was significantly better in terms 
of local-regional control than conventional fractionation in 
patients with locally advanced head and neck cancer [31,32]. 
However, overall and disease-free survival was not improved. 

The use of intraoperative radiation therapy (IORT) as a sup- 
plement to surgical resection in advanced neck carcinoma is 
controversial. One study of 16 patients undergoing carotid 
artery resection for advanced neck carcinoma and IORT 
(1500-2000 cGY) showed a 1-year local control rate of 60% 
[23]. In a retrospective study of 75 patients with advanced neck 
carcinoma, Freeman et al. [33] found a local control rate of 
68% using a combination of extended neck dissection, includ- 
ing carotid artery resection if necessary, and IORT (2000-cGy 
electron beam dose) [33]. Nag et al. [34] presented a series of 
38 patients with previously irradiated recurrent advanced head 
and neck malignancies that were treated with radical surgery 
and IORT. Locoregional control rates at 6 months, 1 year, and 
2 years were 33, 11, and 4%, respectively. It was concluded 
that intraoperative radiotherapy is not sufficient for the control 
of recurrent, previously irradiated head and neck cancer. A 
limited external beam radiation therapy and/or brachytherapy 
should be added to increase local control [34]. 

Additional local radiation can be delivered using intersti- 
tial implants (i.e., 192Ir, 198Au, 125I)to improve local control. 
Werber et  al. [35] demonstrated that carotid-sheath contents 
in rabbits could tolerate high doses (13,000 c G y ) o f  
low-dose interstitial brachytherapy (192Ir implants) without 
complications. Ultrasound examination of the carotid artery 
done in 24 patients with advanced recurrent head and cancer 
treated with salvage surgery and intraoperative iodine (125 I) 
implants showed that after 1 year of treatment there were 
minimal or no changes in the carotid artery wall compared 
to the contralateral side [36]. Local control rates of 58 to 
64% have been reported with the use o f  125I implants in 
advanced head and neck carcinoma [37,38]. However, other 
institutions have abandoned the use of these implants 
because of high recurrence rates in areas outside the implant 
site [26]. The patients also develop extreme fibrosis of the 
soft tissue of the neck and experience chronic pain [26]. �9 

Initial disappointment with chemotherapy came about 
because no trial demonstrated a survival benefit in postoper- 
ative adjuvant [39,40] or neoadjuvant trials [41]. However, 
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platinum-based chemotherapy has shown to improve sur- 
vival when used in conjunction with radiation for nasopha- 
ryngeal carcinoma [42] and unresectable head and neck 
squamous carcinoma (HNSCC) [43-46]. When cisplatinum 
was used together with 5-fluorouracil, organ preservation of 
the larynx [47] and hypopharynx [48] has been achieved. 
Chemoradiation using cisplatinum after surgical resection 
has demonstrated a benefit in local control for high-risk 
patients in a phase II setting [49] and overall survival (phase 
III, France) [46] and is currently being tested in a phase III 
trial (expected release of information spring 2002). Organ 
preservation approaches have now been converted into nonsur- 
gical approaches because of the benefit of chemoradiation [43]. 

is often necessary, yet is associated with high morbidity 
and mortality. 

Peeling off the tumor from the carotid artery and remov- 
ing all gross disease is a surgical option that needs to be 
considered carefully. Leaving microscopic tumor cells 
behind can increase the risk of locoregional recurrence in 
more than 60% of patients and increase the risk of late 
carotid artery blowout from continuous erosion from malig- 
nant cells and the loss of supporting adventitia [19]. It has 
been demonstrated that 50% of patients with tumor fixation 
to the carotid artery with less than 180 ~ involvement of the 
carotid artery by CT have tumor in a distance greater than 
1.8 mm from the elastic lamina. Peeling off tumor in these 
patients should be considered [12]. 

V. SURGICAL TREATMENT O P T I O N S  

The axiom of surgical oncology is to resect a margin of 
normal tissue around a tumor to assure that no cancer cells 
are left behind and to assure that resection will improve 
overall survival and not cause undue morbidity. The defini- 
tion of resectability is variable among surgeons and institu- 
tions and is subject to opinion and bias. Some proposed 
criteria of an unresectable cancer are tumor invasion into the 
floor of neck or prevertebral fascia, direct extension into 
mediastinum, skull base, nasopharynx, or cranial cavity 
along with carotid artery encasement or invasion. An indi- 
rect definition of unresectability is the presence of distant 
metastasis, medically ineligible for surgery, no improvement 
in survival, or if the overall 2-year survival is less than 20%. 
If a group of patients have a less than 20% overall survival, 
this cohort should be placed in clinical trials to find 
regimens that can improve outcomes. 

Carotid artery resection is recommended when the goal is 
complete tumor removal. Complete tumor removal with 
negative histological margins is the most important prog- 
nostic factor in head and neck surgery [25]. In our institu- 
tion, 63% of patients (n = 30) who underwent carotid artery 
resection had local control at their time of their death or at 
their most recent follow-up (mean follow up of 20 months). 
Disease-free survival rates were 60, 31, and 10% at 1, 2, and 
5 years, respectively [19]. The final decision to resect the 
carotid artery en b loc  with the tumor mass is made by the 
surgeon in the operating suite. Complete tumor encasement 
of the carotid artery and an inability to find a tumor-free 
plane are important factors to consider when deciding to 
resect the vessel. Others perform frozen sections to confirm 
the presence of cancer cells in the adventitia [20]. 

In a small group of patients, palliation of pain and pre- 
vention of carotid blowout and carotid hemorrhage can be 
achieved with carotid artery resection and revascularization. 
In the presence of imminent carotid artery rupture with 
evidence of gross infection, carotid artery ligation without 
revascularization or placement of a detachable balloon 

VI. PREOPERATIVE EVALUATION 

Various techniques have been described that are designed 
to assess collateral circulation in the circle of Willis. These 
tests are supposed to help predict which patients will toler- 
ate carotid sacrifice without neurologic sequelae. The Matas 
test consists of compressing the carotid artery against a ver- 
tebral transverse process for 10 min while observing deteri- 
oration of neurologic function [50]. Oculoplethysmography 
is performed with ipsilateral carotid artery occlusion and 
assumes that the pressure in the ophtalmic artery is propor- 
tional to the efficiency of the collateral cerebral flow [25]. 
Direct intraoperative carotid stump pressures can estimate 
collateral circulation [51]. If the stump pressure is greater 
than 70 mm Hg, there is little risk of neurologic impairment 
[25]. If the stump pressure is less than 50 mm Hg, there is a 
high risk of cerebrovascular accident [25]. Stump pressure 
between 50 and 70 mmHg indicates an increased risk for 
stroke [25]. Carotid arteriography can demonstrate non- 
stenotic patent carotid arteries, spontaneous "crossover" and 
an intact circle of Willis [52]. Temporary balloon occlusion 
of the carotid artery is performed while the patient is awake. 
The balloon is inflated for 30 min and the patient is moni- 
tored for any neurologic sequelae [52]. Then a xenon-133 
(Xe 133) CT scan is performed in order to make quantitative 
assessments of cerebral blood flow [51 ]. Inhaled xenon acts 
as a contrast agent whose uptake and diffusion from cerebral 
tissue are proportional to blood flow [51]. With this tech- 
nique, a cerebral blood flow map is obtained after balloon 
occlusion. Positron emission tomography (PET)can also 
measure cerebral blood flow in addition to metabolic param- 
eters, simultaneously [51 ]. PET provides the most accurate 
knowledge regarding cerebral hemodynamics [51 ]. 

Despite the aforementioned techniques, stroke risk con- 
tinues to be high because there are other factors that cause 
postcarotid ligation brain infarction. Urken et  al. [53] cited 
the unreliable nature of preoperative or intraoperative 
testing in predicting the risk of stroke. Stroke rates after a 
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negative balloon occlusion test are approximately 30%, 
which is not significantly different from the stroke rate that 
would be expected after unselected ligation alone [54]. Two 
causes of stroke after carotid artery ligation without recon- 
struction are hemispheric hypotension from poor collateral 
flow and thrombus extension from the internal carotid artery 
to the middle or anterior cerebral arteries [54]. 

Vascular reconstruction is important even in patients with 
adequate collateral cerebral blood flow. Patients that have a 
high risk of developing a stroke may still undergo carotid 
artery resection with revascularization. In our institution, 
a complete physical examination describing the tumor stag- 
ing and the patient's performance status is followed by a 
thorough evaluation of the extension of the neck metastasis 
and the condition of the carotid artery wall using CT scans 
(and MRI scans as needed). Then preoperative carotid arteri- 
ography is performed to define the intracranial vascular 
anatomy, including the collateral pathways, and to evaluate 
atherosclerotic disease and search for other vascular 
abnormality [ 19]. The vascular surgeon is consulted preoper- 
atively. Carotid artery resection is performed followed by 
immediate reconstruction with an autogenous vascular graft. 

Vll. SURGICAL PROCEDURE 

Normal systemic blood pressure is maintained during the 
procedure. The patient is anticoagulated with intravenous 
heparin to avoid propagation of thrombus in the carotid sys- 
tem. Lore [55] recommended avoiding entering the respira- 
tory or digestive tract with the use of any reconstructive graft 

i: 

because of the risk of graft infection. He also suggested not 
performing vessel reconstruction at the same stage of the 
primary tumor surgery. In our experience, all of the neck 
surgical fields were exposed intraoperatively to pharyngeal 
or tracheal contamination when the aerodigestive tract was 
sectioned and thus were considered contaminated [19]. 

The entire extracranial (distal) and extrathoracic (proxi- 
mal) portion of the carotid artery is exposed. Additional 
exposure superiorly can be achieved by performing a 
mandibulotomy posterior to the third molar tooth [56]. 
Proximal and distal vessel control is necessary for graft 
reconstruction. We do not perform carotid artery resection if 
the base of the skull is involved by disease and if less than 2 
cm of distal internal carotid artery from the base of skull is 
available [55]. However, Urken et al. [57] has reported anas- 
tomosis to the carotid artery in the distal temporal bone when 
tumor involves the base of the skull. The proximal portion of 
the common carotid artery should be exposed at least 3 cm 
above the clavicle [54]. The proximal side-to-end anasto- 
mosis of the vascular graft to carotid is performed using 
an angulated vascular clamp that tangentially occludes 
the common carotid artery while still allowing blood to 
pass through the vessel [55]. The internal carotid artery 
distal to the tumor is cross clamped and is then transected. 
Prior to carotid artery cross clamping, Decadron and 
Etomidate are administered to the patient. An end to end 
anastomosis is performed at the distal internal carotid artery. 
Ligation and transection of the common carotid artery distal 
to the proximal anastomosis are performed [55]. The carotid 
segment with the vagus nerve is removed en bloc  with 
the tumor (Fig. 23.2). The average time of interruption of 

FIGURE 23.2 Resected specimen demonstrating tumor and intraluminal carotid artery. 
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FIGURE 23.3 Superficial femoral artery graft. 

cerebral blood flow can be as low as 4 min, which negates 
the need for intraoperative vascular shunts for cerebral 
protection [27]. 

In our institution, superficial femoral artery grafts 
(Fig. 23.3) are preferred for revascularization of the carotid 
artery (superficial femoral artery are screened preoperative- 
ly to assess its quality and diameter using either selective 

femoral arteriography or duplex imaging). Grafting between 
the common carotid to internal carotid artery is performed 
more frequently (Fig. 23.4). Biller et al. [27] prefer to 
perform proximal anastomosis in the subclavian artery for 
various reasons: it is located at a distance from the pharynx 
and from the area of recurrence and it is outside the field of 
irradiation. Superficial femoral artery discontinuity in the 

FIGURE 23.4 Superficial femoral artery graft in place after anastomosis was performed to proximal and distal 
carotid artery. 
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thigh is replaced with a segment of expanded polytetrafluor- 
oethylene by a separate surgical team. 

Intraoperative arteriography is carried out to assess the 
technical result. Vascular anastomotic suture lines in the 
neck are covered with soft tissue (i.e., local soft tissue and 
skin or pedicled myocutaneous flaps). Closed-system 
suction catheters are used to drain the dead space. 
Perioperative intravenous antibiotics are administered, and 
postoperative anticoagulation is not required. Prior to dis- 
charge, patients should have their neck and thigh imaged 
using duplex ultrasound to determine carotid and superficial 
femoral artery patency [19]. 

VIII. POSTOPERATIVE C O M P L I C A T I O N S  

When carotid artery resection and ligation have been 
performed, high rates of neurological complications (45%) 
and mortality (31-41%) have been reported [2,7]. Major 
neurological complications include coma and hemiplegia. 
Transient ischemic attacks with mild paresis are considered 
minor complications. Many patients may have a delayed 
development of neurologic deficits (up to 6 days after 
ligation), which could be caused by a late propagation of 
thrombus into the low-flow intracranial circulation [54]. 
Late stroke rates have been reported to be 5 and 6% of the 
patients at 6 and 12 months, respectively [23,54]. 
Perioperative death mainly results from cerebral infarction. 
Maintaining a normal blood pressure and normal volume 
status are imperative in order to reduce cerebral complica- 
tions and mortality rates [5]. 

The complication rates have been reduced with the use 
of carotid artery reconstruction with synthetic, venous 
(greater saphenous vein), or arterial (superficial femoral 
artery) grafts [58]. The stroke rate and perioperative mortali- 
ty (less than 5%) have been lowered significantly with 
carotid artery reconstruction [19,54]. In 1981, Lore and 
Boulous [56] presented a series of 10 patients who under- 
went carotid artery resection. Revascularization was done 
with either autogenous saphenous vein or synthetic grafts. 
The main complication they reported was wound infection 
(sometimes associated with salivary fistula), which can lead 
to graft exposure and occlusion and breakdown of the vascu- 
lar anastomosis [56]. Although they advocate the use of 
synthetic grafts for carotid replacement, we feel that if the 
upper aerodigestive tract is violated and the wound is 
contaminated, the complications associated with infection 
make the use of synthetic material inadvisable in most 
circumstances [ 19]. 

Saphenous vein grafts may have difficulty tolerating an 
infection or fistula. Graft coverage with local soft tissue and 
myocutaneous flaps help significantly in the protection of the 
graft from a hostile environment, i.e., infected wounds, salivary 
leaks, and irradiated fields [19]. The long-term deleterious 

effect that scarring and fibrosis may have on this type of graft 
has to be investigated. Wright et aL [54] reported only one 
saphenous graft blowout in a series of 20 patients (90% cases 
had intraoperative contamination and 50% had intraoperative 
radiotherapy). This carotid reconstruction that failed was only 
covered with a skin graft. None of the remaining 19 patients 
who had their graft covered with local or myocutaneous flaps 
had a graft blowout. The rate of a major stroke was 5% [54]. 

Arterial grafts may be more resistant to infection and 
may have superior patency rates [19]. Stoney and Wiley [59] 
were the first to describe the use of autogenous arterial 
bypass grafts for use in septic and irradiated wounds. Our 
experience with the superficial femoral artery graft in 
carotid reconstruction has been reported [19]. In our series 
of 30 patients, no case of suture line disruption or graft 
blowout was observed despite the high incidence of wound 
infection (43%) and fistula (30%) [19]. The size and 
mechanical strength, along with durable resistance to infec- 
tion and thrombosis, make arterial grafts an excellent alter- 
native in carotid artery reconstruction. Thirteen percent of 
the patients had complications at the superficial femoral 
artery harvest site, which include asymptomatic occlusion of 
the graft, superficial thigh wound infection, persistent 
lymph leak, and an infected pseudoaneurysm. There were 
no long-term complications. Only one stroke-related death 
(3%) occurred during the postoperative period [19]. 

Vascular complications associated with radiation therapy 
are accelerated atherosclerosis, radiation arteritis, and poor 
wound healing [54]. Salvage surgery after radiation therapy 
can be very difficult and is associated with a 60 to 70% rate 
of major postoperative complications, often resulting in the 
need for multiple reconstructive operations and prolonged 
hospitalizations [60]. 

Resection of the vagus nerve is associated with motor 
and sensory impairment of the palate, pharynx, and larynx, 
and with visceral deficits (i.e., decreased gastric emptying) 
[61]. Patients may need swallowing therapy, vocal cord 
medialization techniques, and prokinetic agents to improve 
their symptoms. Bilateral-staged carotid artery resections 
have been performed. These patients may experience a 
decreased response to hypoxia and deregulation of the blood 
pressure secondary to removal of both the carotid body and 
the carotid sinus [27]. 

IX. C O N C L U S I O N  

The management of patients with advanced neck carci- 
noma invading the carotid artery should be discussed in a 
multidisciplinary head and neck tumor conference, as it is 
subject of debate. Proponents of carotid artery resection 
contend that the surgical morbidity has been decreased 
significantly with the use of autogenous vascular grafts 
for reconstruction done by experienced surgeons. Although 
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survival rates are low, improved local-regional control 
can be achieved with complete tumor removal and perhaps 
adjuvant radiotherapy and chemotherapy. Surgical resection 
can alleviate pain and massive carotid bleeding. If the 
patient chooses surgery, the head and neck surgeon should 
accomplish a complete tumor resection with adequate mar- 
gins and the vascular surgeon should reconstruct the carotid 
artery. Nonsurgical modalities are a second option in the 
treatment of patients with advanced neck carcinoma in order 
to avoid complications of carotid artery resection. However, 
radiotherapy and chemotherapy are associated with signifi- 
cant morbidity, a decrease in the quality of life, and loss of 
function (affecting mastication, swallowing, and speech) 
[62]. A prospective randomized trial comparing both treat- 
ment modalities is difficult to perform, as the number of 
patients needed to reach statistical power is too large. 
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Surgery of the skull base has made tremendous strides 
over the past several decades. Areas of the base of skull con- 
sidered surgically unresectable are now commonly operated 
within. Advances in intraoperative monitoring, radiographic 
imaging, anesthetic technique, and the concept of a skull 
base surgery team composed of multiple specialists have all 
improved surgical treatment and outcome. The following 
chapter provides an introduction to the diagnostic evaluation 

of the skull base tumor patient, the anesthetic and intraoper- 
ative monitoring options available, common pathologies 
encountered, surgical approaches for tumors involving 
the cranial base, and a discussion of potential complications. 
The skull base has been divided into anatomical regions, 
anterior, anterior-lateral, middle, and posterior, with each 
section reviewed individually. 

I. I N T R O D U C T I O N  

Surgery of the skull base for the treatment of benign 
tumors and malignancies has made considerable advance- 
ments since the 1960s. Ketcham et al. [1] published their 
series of craniofacial resections and demonstrated the fea- 
sibility of safely operating in the sinonasal/anterior cra- 
nial base region. Although they reported a complication 
rate of 80% and a mortality of 7%, their outcomes were 
far better than results reported previously up to that time. 
Follow-up of their patients revealed 65% were alive and 
without evidence of disease at 3 years [1]. Another study 
by Terz et al. [2] found that 72 and 50% of their patients 
were without disease at 3 and 5 years, respectively. 
Additional advances in posterior skull base surgery by 
House [3] and his development of the translabyrinthine 
approach for acoustic neuroma removal reduced surgical 
morbidity and mortality significantly. These early devel- 
opments provided a foundation for future surgeons to 
build upon. 

Technological advancements have made a significant 
impact on skull base surgery. Advances in radiolog- 
ical imaging using magnetic resonance imaging (MRI), 
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computerized tomography (CT) scan, angiography, com- 
puter guidance systems, and positron emission tomography 
(PET) scan have all enhanced the diagnostics, surgical plan- 
ning, treatment, and postoperative follow-up of patients. 
Advances in anesthetic techniques have permitted longer 
and safer procedures, whereas the electrophysiological 
monitoring of cranial nerves during surgery has enhanced 
the ability of surgeons to preserve function. 

Advances in otolaryngology/head and neck surgery, plas- 
tics and reconstructive surgery, ophthalmology, oral/max- 
illofacial surgery, and neurosurgery have all resulted in 
improved treatment for skull base tumors. The development 
of a skull base surgery team has improved patient outcomes 
by blending the expertise of each specialist and combining 
it into one team focused on an optimal outcome. 

!!. EVALUATION OF PATIENT 

A. His to ry  a n d  Physical  Examina t ion  

The evaluation of the patient with a cranial base lesion 
begins with a thorough history and physical examination. A 
complete head and neck examination, along with a neuro- 
logical assessment, is performed. Particular emphasis in the 
examination is placed on the region of tumor involvement. 
Lesions of the anterior skull base frequently present with 
symptoms localized to the orbit, nose, or sinus area. Specific 
symptoms, such as nasal obstruction, epistaxis, anosmia, 
reduced visual acuity, proptosis, diplopia, epiphora, sinusi- 
tis, cerebral spinal fluid leak, or facial pain, may be present. 
Lesions of the anterolateral/middle skull base frequently 
present with symptoms localized to the posterior orbit, 
nasopharynx, or infratemporal fossa region. Specific symp- 
toms, such as facial numbness, trismus, serous otitis media, 
endocrinopathy, or ocular gaze palsy, may be present. 
Lesions of the posterior skull base frequently present with 
symptoms localized to the temporal bone, cerebellum, or 
brain stem region. Specific symptoms, such as facial palsy, 
hearing loss, tinnitus, vertigo, vocal cord paralysis, cough, 
aspiration, shoulder weakness, lingual atrophy, ataxia, paral- 
ysis of conjugate gaze, or glossopharyngeal neuralgia, may 
be present. At the completion of the history and physical 
examination, the examiner should have an idea of the extent 
and location of the skull base lesion. 

B. R a d i o g r a p h i c  Imag ing  

After completing the history and physical examination, it 
is important to obtain a high-quality imaging study, which is 
used for defining tumor location, extension, and position 
relative to vital structures. MRI provides excellent visuali- 
zation of the intracranial contents, including the dura, 
meninges, and brain, with the addition of gadolinium 

(gadopentetate meglumine) providing enhancement of con- 
spicuous pathology. We request axial, coronal, and sagittal 
images with 3-mm sections. All signal intensities, such as 
T1, T2, and proton-density images, are ordered. T1 images 
provide excellent normal anatomical detail, whereas T2 
images enhance abnormal tissue pathology. Gadolinium 
infusion and fat suppression are used to define the intracra- 
nial extension of tumor and differentiate cystic from solid 
lesions. The addition of gradient-echo imaging and mag- 
netic resonance angiography helps define the vascular 
anatomy. Cortical bone is visualized as a signal void, 
whereas the medullary cavity, if filled with fat or marrow, 
shows signal enhancement. Manipulation of the proton exci- 
tation time (TE) and relaxation time (TR) is used to help dif- 
ferentiate tumor from muscle and fat. Gadolinium with fat 
suppression helps in demonstrating perineural tumor spread 
and in visualizing the cavernous sinus. 

A C T  scan is preferred for visualizing bony structures, 
foramina, fissures, and canal (carotid). We request 3- to 
4-mm overlapping axial and coronal cuts with soft tissue 
and bone windows. For temporal bone visualization, 1- to 
2-mm overlapping fine cuts are requested. Two major disad- 
vantages of CT are the inadequate display of intracranial 
structures and an inability to obtain direct sagittal images. 
Direct sagittal images are available with MRI and improve 
visualization of the sella turcica, clivus, foramen magnum, 
cribriform plate, and nasopharynx. Obtaining both MRI 
and CT scans will frequently complement each other 
and enhance the surgeon's preoperative knowledge 
concerning tumor extension into soft tissue, bone, and 
foramen. 

C. Caro t id  Artery  A s s e s s m e n t  

Skull base imaging will occasionally reveal tumor invad- 
ing the carotid artery. In this situation it is necessary to 
determine preoperatively whether the patient can tolerate 
carotid artery occlusion. There is a stroke rate of 26% for 
individuals undergoing abrupt carotid artery occlusion and a 
mortality rate of 12% [4]. In cases necessitating carotid 
artery occlusion, we obtain a balloon occlusion test preoper- 
atively. For this test, the interventional radiologist will trans- 
femorally cannulate the carotid artery and occlude the 
lumen for 15 min while monitoring the patient's neurologic 
function. If any neurologic deficit develops, the balloon is 
deflated immediately and the test is terminated. Those who 
fail balloon test occlusion should be considered for nonop- 
erative therapies. Immediate neurologic deficits occur in 
5-10% of individuals tested [4,5]. If the patient tolerates the 
balloon occlusion, a second phase of testing is performed 
with a xenon-CT scan, which quantifies the cerebral blood 
flow of the patient. If the cerebral blood flow rate is between 
15 and 35 ml/100 g/min (25% of patients), there is a 
small-to-moderate risk of stroke with carotid artery ligation. 
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In this situation, reconstruction with an interposition graft at 
the time of surgery is recommended. If the cerebral blood 
flow rate is >35 ml/100 g/min (70% of patients), there is 
minimal risk of stroke with permanent artery occlusion. 
Even with minimal risk, it is still best to provide an interpo- 
sition graft and maintain carotid artery perfusion [5]. Even 
though balloon occlusion testing and cerebral blood flow 
studies are very helpful, they can never fully predict the 
neurological outcome after carotid artery occlusion, even in 
low-risk patients [6]. 

D. S p e c i a l i z e d  D i a g n o s t i c  T e s t s  

Additional tests may be requested based on tumor loca- 
tion. For anterior lesions involving the orbit or periorbital 
region, neuroophthalmologic consultation and testing 
should be considered. Testing of structures traversing the 
superior orbital fissure can be performed. Visual acuity, 
visual fields, ocular mobility, optic nerve, and lacrimal 
apparatus function can also be assessed. Tumors arising 
from the posterior fossa will frequently need audiologic 
testing, which includes an audiogram, brain stem 
auditory-evoked responses, otoacoustic emissions, and 
electronystagmography. Tests are selected at the discretion 
of the evaluating specialist. 

III. ANESTHETIC CONSIDERATIONS 

A. P r e o p e r a t i v e  C o n s i d e r a t i o n  

Preparation of the patient undergoing skull base surgery 
can be complicated and requires effective communication 
among the team of surgeons, anesthesiologists, nurses, and 
ancillary staff. Prior to surgery a complete patient assess- 
ment is performed. Preoperative counseling by the sur- 
geon(s) and anesthesiologist(s) regarding the operative and 
anesthetic risks is performed. The anesthesiologist must 
understand the surgical exposure needed, physiological 
monitoring planned, and patient positioning required. 
Because of these issues, the patient's head and extremities 
may not be readily accessible intraoperatively to the anes- 
thesiologist. The development of a team with individuals 
familiar with the complexities involving skull base surgery 
is extremely valuable. 

Because of the long duration of the procedure, proper 
patient positioning and padding are vital in the prevention of 
pressure sores and/or neuropathies. The patient is positioned 
on an egg crate or soft mattress. The arms are protected in a 
neutral position with additional soft padding. If an oblique, 
park bench, or sitting position is required, a beanbag mat- 
tress with an auxiliary roll is used. Heel cushions are also 
utilized. Frequently, a Mayfield head holder is used for head 
positioning (horseshoe or pins). The horseshoe head holder 

is used frequently to allow turning of the patient's head 
intraoperatively. It is important to further cushion the holder 
with foam and gauze padding to prevent pressure necrosis of 
the face. 

The endotracheal tube must also be secured properly 
to the patient. Orotracheal tubes can be sutured to the 
mandible to prevent extrusion should frequent head turning 
be necessary. Nasotracheal tubes must be secured carefully 
with a stitch and pressure necrosis of the alar cartilage 
prevented. For extensive skull base procedures where the 
development of a tension pneumocephalus is a significant 
risk, performing a tracheotomy at the start of the procedure 
should be considered. 

Additional use of warming blankets, compression stock- 
ings, and sequential compression devices are used to 
decrease the risk of deep vein thrombosis and pulmonary 
embolism. Two large-bore intravenous catheters provide 
adequate venous access. An arterial line allows for continu- 
ous blood pressure monitoring and access for blood sam- 
piing. A central venous pressure line or Swan-Ganz catheter 
is utilized frequently. In preparation for surgery, the selected 
skull base region is widely exposed and cleansed. If access 
to the eye is necessary, a corneal shield or tarsorraphy stitch 
may be placed for protection. 

B. A n e s t h e t i c  T e c h n i q u e  

The induction, maintenance, and emergence from anes- 
thesia can be a challenge for the anesthesiologist. A smooth 
induction without hypertension, hypotension, hypoxia, or 
hypercarbia is important. Many patients with skull base 
tumors will have difficult airways and a decreased tolerance 
of fluctuations in blood pressure or oxygenation. The anes- 
thesiologist must also understand the neurophysiologic 
monitoring requirements of the case and plan accordingly. If 
electromyography (EMG) monitoring is planned, paralytic 
agents should not be used after the induction of anesthesia. 
In this instance, a narcotic-based anesthetic technique is 
commonly used. Narcotic agents are favorable for skull base 
surgery because they decrease the cerebral oxygen con- 
sumption rate, have fewer hypotensive side effects, avoid 
elevation of the intracranial pressure, and are reversible, 
allowing for rapid emergence from anesthesia. Intra- 
operatively, proper fluid management is critical. Diuretics 
are often administered to shrink the brain during the 
intracranial portion of the surgery to enhance surgical expo- 
sure. Simultaneously, hypovolemia and hypotension are to 
be avoided, whereas excessive fluid administration can 
cause cerebral edema. Fluids are generally replaced with 
isotonic crystalloid solutions (normal saline, lactated 
Ringer's, or plasmalyte) and colloid solutions (albumin, het- 
astarch). Extensive blood loss requires transfusions. The 
replacement of clotting factors (fresh frozen plasma, 
platelets) should be administered after four to six units of 
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packed red blood cells have been transfused to prevent 
coagulopathy. 

Proper preoperative preparation and anesthetic technique 
are cornerstones in a successful skull base operation. The 
coordination of the skull base team and preparation of the 
patient may be as complex as the surgical procedure and 
should not be underestimated. 

IV. PHYSIOLOGICAL M O N I T O R I N G  

A number of neurophysiological monitoring options are 
available during skull base surgery. For comprehensive cov- 
erage of intraoperative monitoring, see reviews by Sclabassi 
and others [7]. The principal reason for monitoring is that 
the cerebral cortex, brain stem, and cranial nerves are sensi- 
tive to physiologic change, physical manipulation, or minor 
trauma. Therefore, the intraoperative monitoring of these 
structures can be used to minimize or prevent neurological 
damage. For difficult or revision cases, neurophysiological 
monitoring can aid in the identification of distorted nervous 
structures. It is important to emphasize that monitoring is 
not a substitute for having a detailed knowledge of the 
anatomy and precise operative technique. 

Neurophysiological monitoring is carried out at three 
levels: the cerebral cortex, the brain stem, and the cranial 
nerves. Electroencephalography (EEG) can provide basic 
information about the cerebral cortex function and warn of 
decreased cerebral perfusion or oxygenation. More detailed 
information can be provided by somatosensory-evoked 
potentials. A peripheral nerve (most commonly median 
nerve) is stimulated and the cerebral cortex response is 
recorded. Visual-evoked potentials record the effects of light 
stimulation on the visual axis, measuring response from the 
retina to the occipital cortex. Brain stem function can be 
monitored by recording the somatosensory brain stem- 
evoked potentials or the brain stem auditory-evoked 
responses (BAER). Peripheral cranial nerve monitoring by 
EMG provides information about the cranial nerve and the 
corresponding brain stem nucleus. All motor cranial nerves 
(III, IV, V 3, VI, VII, IX, X, XI, XII) can be evaluated by 
placing an electrode into the muscle they individually inner- 
vate. Muscle action potentials are monitored, and activity 
caused by trauma or irritation to the nerve can be detected. 
Additionally, the location of intact nerves can be confirmed 
by stimulating each with specialized probes and observing 
the action potential generated. BAER is used to monitor 
hearing intraoperatively. EMG monitoring requires the 
patient to be nonparalyzed during surgery and this must be 
communicated to the anesthesiologist at the outset of the 
procedure. Today, the facial nerve is the most commonly 
monitored nerve during skull base surgery, other cranial 
nerves can be selectively monitored at the discretion of the 
surgeon. 

V. PATHOLOGY 

There are a diverse number of pathologic lesions, which 
may develop in or involve the skull base. Intracranial exten- 
sion of extracranial tumors is much more common than 
primary intracranial tumors with extradural extension. This 
section describes briefly the common benign and malignant 
tumors involving the skull base. 

A variety of tumors can involve the anterior skull base. 
The ethmoid sinus is the most common extradural site from 
which tumor extends into the anterior cranial base. A benign 
tumor originating from this location, such as inverting papil- 
loma, has the potential to develop into a malignant lesion in 
10% of cases. Other benign lesions include neurofibroma, 
nasal glioma, and anterior meningocele. Sinonasal malig- 
nancies, which may extend into the anterior skull base, 
include esthesioneuroblastoma, squamous cell carcinoma, 
adenocarcinoma, adenoid cystic carcinoma, and various sar- 
comas. Benign and malignant lesions originating from bone 
or cartilage involving the anterior skull base include fibrous 
dysplasia, ossifying fibroma, chordoma, chondrosarcoma, 
and osteogenic sarcoma. Other tumors include malignant 
schwannoma, plasmacytoma, melanoma, lymphoma, and 
metastatic tumors. In children, rhabdomyosarcoma is the 
most common malignant tumor of this region. Juvenile 
nasopharyngeal angiofibroma presents in young male ado- 
lescents. Olfactory groove meningiomas arise as intracranial 
tumors with extradural extension. 

A variety of lesions arise from or extend into the antero- 
lateral skull base or infratemporal fossa region. Juvenile 
nasopharyngeal angiofibroma can extend laterally through 
the pterygomaxillary fissure into the infratemporal fossa. 
Often, this lateral extension cannot be accessed adequately 
via a transpalatal or transmaxillary approach. Benign lesions 
involving this region include schwannomas, glomus tumors, 
chondromas, meningiomas, and fibrous dysplasia. An 
unusual condition seen occasionally in the infratemporal 
fossa is inflammatory pseudotumor, usually originating 
from the orbit. This condition is characterized by inflamma- 
tory tissue on biopsy and is managed by steroid treatment. 

Malignant tumors can involve the infratemporal fossa. 
Squamous cell carcinoma extending from the maxillary 
sinus, nasopharynx, or temporal bone can invade this region. 
Malignant salivary gland tumors arising from the deep lobe 
of the parotid gland or minor salivary gland may also extend 
into the area. Lymphomas occasionally present as an 
infratemporal fossa mass. Rhabdomyosarcoma should also 
be considered in differential diagnosis, especially in chil- 
dren and young adults. Chordomas, chondrosacromas, and 
other metastatic tumors such as breast, prostate, melanoma, 
and kidney cancers, also present in this region. 

Neoplasms arising from the middle or posterior cranial 
base often spread and involve adjacent skull base regions. 
Both benign and malignant lesions occur in this area. 
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Malignancies involving the middle or posterior skull 
base include squamous cell carcinomas, chordomas, or 
chondrosarcomas. Benign lesions commonly involving 
these regions include meningiomas, epidermal cysts, para- 
gangliomas, acoustic neuromas, and schwannomas. 
Treatment options are limited primarily to surgical resection 
and radiation therapy. Both are quite challenging given the 
risk of injury to normal adjacent structures with either 
modality. 

A. M a l i g n a n t  Les ions  

1. Squamous Cell Carcinoma 

Squamous cell carcinoma (SCCA) is a malignancy 
derived from the squamous epithelia of the upper respiratory 
tract. It is the most common malignancy of the head and 
neck region and may extend into the anterior or anterolateral 
skull base from the sinonasal cavity, oropharynx, hypophar- 
ynx oral cavity, or nasopharynx. Extension into the middle 
or posterior skull base may come from the external auditory 
canal. SCCA can directly invade soft tissue or bone and 
spread intracranially via perineural spread through skull 
base foramina. Histologically, SCCA is divided into well, 
moderate, and poorly differentiated tumors based on the 
degree of intercellular bridges, amount of keratinization, 
nuclear pleomorphism, mitotic rate, and degree of cell 
cohesion. Immunohistochemistry show this tumor to be 
cytokeratin positive. Treatment options of surgery, radiation 
therapy, and/or chemotherapy are based on tumor location 
and extension within the skull base. 

2. Adenoid Cystic Carcinoma 

Adenoid cystic carcinoma (ACC) is a tumor of salivary 
gland origin. ACC is composed of small basal duct lining 
cells and myoepithelia cells arranged in a characteristic crib- 
riform pattern. It is the most common malignant tumor of 
minor salivary gland origin occurring in the sinuses, oral 
cavity, or oropharynx. ACC is characterized by a slow 
continuous growth over a long time period. Adenoid cystic 
carcinoma is neurotropic and extends intracranially by per- 
ineural spread. The incidence of lymphatic metastasis is 
13-16% [8], whereas hematogenous metastasis is 40%. 
Three histological patterns of ACC have been described, 
which include tubular, solid, and cribriform. The cribriform 
pattern consists of the "classic" pattern with nests of cells 
demonstrating multiple circular spaces filled with bluish or 
pink mucinous material. The tubular pattern consists of cells 
arranged in individual ducts or tubules, and the solid pattern 
has sheets of basaloid cells with few cyst formations. 
Surgical resection with postoperative radiation therapy is the 
primary therapy for this cancer. Chemotherapy is reserved 
for residual, recurrent, metastatic, or unresectable disease. 

3. Esthesioneuroblastoma 

Esthesioneuroblastoma or olfactory neuroblastoma is a 
neuroectodermal tumor arising from the olfactory epithe- 
lium. It is characteristically identified high in the nasal vault 
and is attached to the cribriform plate. Symptoms of nasal 
obstruction, epistaxis, or change in smell are common at the 
time of diagnosis. Cervical lymph node metastasis occurs in 
10-30% of cases and systemic metastasis occurs in 8-46% 
of cases [9-12]. The incidence of local recurrence is 
30-40% [9-11]. The 5- and 10-year survival rates are 70-80 
and 60-70%, respectively [9,10]. Histologically, this tumor 
is characterized by small, round cells slightly larger than 
lymphocytes growing in a lobular or diffuse pattern or a 
combination of both. There are hyperchromatic nuclei 
with uniform chromatin distribution. The cytoplasm is 
sparse, whereas the stroma is highly vascular and often 
shows a neurofibrillary appearance. Homer Wright and 
Flexner-Wintersteiner rosettes are seen frequently. The 
immunohistochemistry stain is positive for synaptophysin 
and neuron-specific enolase, whereas the S-100 protein may 
be focally positive [11,13]. Wide excision with postopera- 
tive radiation therapy is frequently recommended for this 
cancer. Chemotherapy is reserved for recurrent, residual, 
metastatic, or unresectable disease. 

4. Chordoma 

Chordomas are slow-growing, locally aggressive malig- 
nant neoplasms derived from the vestigial remnants of the 
notochord. They are relatively rare and comprise only 1% of 
intracranial tumors [14]. Most large series indicate that 35% 
of chordomas originate from the base of skull/clivus. They 
typically present in the third and fourth decades of life. The 
most common presenting symptoms include diplopia from 
cranial nerve VI involvement and headache [15]. The tumor 
affects males more frequently. MRI is important to delineate 
the extent of the tumor. Findings include posterior extension 
to the pontine cistern and a lobulated, "honeycomb" appear- 
ance after gadolinium enhancement. A CT scan demon- 
strates osteolysis [16]. The treatment is wide surgical 
excision and radiation therapy. Complete surgical resection 
is difficult and local recurrence is common but systemic 
metastases are rare. The average survival of patients with a 
cranial chordomas is 4-8 years. 

Histologically, chordomas are classified into three types: 
conventional or classic, chondroid, and dedifferentiated. 
Chordomas are characterized by epithelioid cells with vesic- 
ular nuclei and copious granular to vacuolated-appearing 
cytoplasm creating the characteristic physaliferous cells. 
Chondroid chordomas, a variant of chordoma, have a better 
prognosis than nonchondroid chordomas. Chondroid chor- 
domas are noted for their predominance in females, younger 
patients, and presence of a cartilaginous component [ 17]. 



3 4 4  IV. Current Approaches 

5. Chondrosarcoma 

Chondrosarcomas are often confused with chordomas but 
should be differentiated, as their prognosis is significantly 
better. Females are affected more commonly and the 
average age is 39 years old. They originate form the petro- 
occipital junction in 66% and the clivus in 28% of cases [ 18]. 
MRI findings in both chondrosarcomas and sarcomas are a 
low signal intensity on Tl-weighted images and a medium-to- 
high signal intensity on T2-weighted scans. There is a hetero- 
geneous but usually intense enhancement with contrast [19]. 

Sarcomas are generally radio resistant, and surgical exci- 
sion is the primary treatment modality. Both anterior and 
lateral approaches to the tumor are effective and should be tai- 
lored to the individual tumor location. A lateral approach 
offers the advantages of better control of major vascular struc- 
tures and avoidance of cerebral spinal fluid (CSF) contamina- 
tion with pharyngeal secretions. Radiation has a variable 
role with some advocating postoperative radiation only for 
incomplete tumor excision [15] or in all patients with chor- 
doma postoperatively [18]. Morbidity is quite high in terms of 
cranial nerve deficits and CSF leakage [15]. One series 
reported a 5-year recurrence-free survival rate for chordoma 
and chondrosarcoma as 65 and 90%, respectively [15]. In 
another series of 200 skull base chondrosarcomas, the 5- and 
10-year local control rates were 99 and 98%, respectively. 

B. Ben ign  L e s i o n s  

1. Fibrous Dysplasia 

Fibrous dysplasia is a benign fibroosseous process in 
which normal bone is replaced by fibrous connective tissue 
and structurally weak fibrillar bone. It may be monostotic or 
polyostotic and frequently involves the craniofacial com- 
plex, most commonly occurring in the calvarium and 
maxilla. It is usually a self-limiting process, which starts in 
childhood and may not give symptoms until adulthood. 
Albright's syndrome consists of polyostotic fibrous dyspla- 
sia, pigmented skin lesion, and endocrine abnormalities 
such as precocious puberty. Histologically, fibrous dysplasia 
is characterized by irregularly woven bony trabeculae 
surrounded by loose, uniform fibroblastic spindle cells. The 
trabeculae are often described as having a "Chinese charac- 
ter" shape. The treatment is surgical resection or curettage. 

2. Juvenile Nasopharyngeai Angiofibroma 

Juvenile nasopharyngeal angiofibromas (JNA) typically 
occur in young adolescent male and frequently present as 
recurrent epistaxis. JNA is a vascular tumor, which may be 
locally aggressive and originates from the posterolateral 
nasal wall in the region of the sphenopalatine foramen. It 
comprises only 0.5% of all head and neck lesions, but up to 

20% will have intracranial extension at the time of diagno- 
sis. There is a 10% recurrence rate after surgical resection. 
Histologically, the tumor is nonencapsulated with slit-like 
vascular channels (stag-horn shaped) interspersed within a 
fibrous stroma. Immunohistology is positive for vimentin 
and occasionally the androgen receptor. Primary treatment 
is surgical resection with radiation therapy used for advance 
unresectable lesions, which invade vital structures. 

3. Meningioma 

Meningiomas are usually benign, slow-growing, extra- 
axial brain tumors arising from the meningocytes of arach- 
noid granulations [20]. They present in middle-to-late adult 
life and show a female predominance. Meningiomas com- 
prise 15% of all intracranial tumors and occur frequently in 
the parasagittal region along the dural sinuses, lateral 
cerebral convexities, sphenoid ridge, and areas of dural pen- 
etration by cranial nerves. In 20% of cases, extracranial 
extension occurs into the calvarium, skull base, orbit, 
middle ear, sinonasal cavity, or parapharyngeal space. 
Meningiomas are the second most common tumor originat- 
ing in the cerebellopontine angle (CPA) and may also be 
found ectopically in the middle ear, sinonasal cavities, orbit, 
oral cavity, and parotid gland. Symptoms usually include 
progressive hearing loss, dysequilibrium, headache, and 
cranial neuropathies. Overall, 90% of meningiomas are 
benign, 6% are atypical, and 2% are malignant. 

Meningiomas demonstrate a pathognomonic speckled 
calcification within the substance of the tumor on CT. 
Lesions are usually solitary, well demarcated, firm, smooth 
or lobulated. Histologically, there are four basic growth 
patterns: syncytial, fibroblastic, transitional, or angioblastic. 
Only the angioblastic variant has any clinical relevance, 
which displays a more aggressive behavior. Neurofibro- 
matosis II predisposes patients to multiple meningiomas and 
acoustic neuromas. 

Complete surgical resection is usually curative and is rec- 
ommended whenever possible. Stereotactic radiation should 
be considered for lesions in vital areas [21], as adjuvant 
therapy after subtotal resections [21 ], or in poor surgical risk 
patients. Symptomatic postradiation perilesional edema has 
occurred in a number of patients and does not appear to be 
related to tumor volume, radiation dosage, or amount of 
brain in the radiation field [22]. Chemotherapy with hydrox- 
yurea, interferon ~, tomoxifen, and mifepristone (RU-486) 
has been somewhat successful in unresectable tumors or 
treatment failures [23]. 

4. Epidermoid Cyst (EC) 

Epidermoid cysts of the skull base are congenital lesions 
believed to originate from epithelial rests. They consist of 
desquamated keratin debris within a stratified squamous 
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epithelial lining. EC are identified most commonly within 
the petrous portion of the temporal bone (40%). Because of 
their slow growth, symptoms do not typically present until 
the fourth decade of life. EC are identical to middle ear 
cholesteatomas and expand along the path of least resist- 
ance. They can displace cranial nerves, brain, and vascular 
structures causing neurological symptoms, which may 
include sensorineural hearing loss, imbalance, ataxia, facial 
tic, facial paresis, or trigeminal neuralgia. 

CT and MRI aid in making the diagnosis. By CT, EC 
appear hypointense compared to brain and do not enhance 
with contrast. The capsule can demonstrate calcification. With 
MRI, EC are homogeneous and isointense to brain on T2 and 
heterogeneous and hypointense to brain on T1 images. 

The treatment of EC is surgical resection as they are 
radioresistant. The primary objective is to decompress the 
mass and remove the nonadherent portions of the capsule. 
Dissection of the tumor capsule on vital structures is not 
recommended and therefore subtotal resection may be 
necessary in a significant number of patients. Long-term 
follow-up with serial imaging studies is necessary. The 13- 
year recurrence-free survival rate for totally resected tumors 
is 95% compared to 65% for subtotally resected tumors [24]. 

5. Paragangliomas 

The so-called "glomus" tumors involving the skull base 
are of neural crest origin and arise in close association with 
the autonomic ganglion cells surrounding the jugular bulb or 
vagus nerve. Jugulotympanic paragangliomas spread along 
the path of least resistance through the air cell tracts within 
the temporal bone [25,26]. Extratemporal spread occurs 
through the lumen of the internal jugular vein, the eustachian 
tube, internal auditory canal, jugular foramen, and other neu- 
romuscular foramina. The posterior cranial fossa is involved 
much more commonly than the middle cranial fossa. 

Approximately 5% of paragangliomas are malignant [27] 
and are typically slow growing and asymptomatic until 
advanced size. Initial symptoms include pulsatile tinnitus, 
hearing loss, and aural fullness followed by facial paralysis 
and lower cranial nerve symptoms. Intravagal tumors 
usually present as a vague, painless mass high in the neck 
behind the angle of the mandible [28]. 

Jugulotympanic paragangliomas are the most common 
tumor of the middle ear [29] and the second most common 
tumor of the temporal bone [30]. Females are affected more 
commonly than males, and the typical age at presentation is 
between the fifth and sixth decades of life. There appears to 
be a familial tendency in some cases [31]. Multicentricity 
occurs in 10% of nonfamilial cases, with other primary 
ipsi- or contralateral paragangliomas of the carotid body, 
intravagal, or jugulotympanic region present [30,32,33]. 

One to 3% of tumors secrete catecholamines, and preop- 
erative screening for urinary catecholamines is generally 

recommented [34]. CT is useful in determining the amount 
of bony destruction, whereas MRI delineates the limits of 
the tumor. Both studies should be part of the preoperative 
workup. Diagnostic angiography is usually not necessary; 
however, preoperative embolization is performed frequently 
to reduce intraoperative bleeding. 

Surgery is the mainstay of therapy, although stereotactic 
radiation therapy can be used in cases of residual or recur- 
rent tumor or in poor surgical candidates [35]. Watchful 
waiting may be more appropriate for patients with small 
tumors or advanced age. 

6. Acoustic Neuromas 

Acoustic neuromas are benign tumors that arise from the 
supporting Schwann cells of the vestibular portion of the 
vestibulocochlear nerve. These tumors account for 10% of 
all intracranial neoplasms and up to 90% of all CPA tumors. 
There are approximately 1:100,000 cases annually in the 
general population. Up to 96% of individuals with neurofi- 
bromatosis type 2 will have bilateral acoustic tumors [36]. 

Symptoms include progressive sensorineural hearing 
loss, tinnitus, and dysequilibrium. Facial paresthesias and 
numbness develop as the tumor extends superiorly. 
Although the facial nerve is adjacent to the cranial nerve 
VIII in the brain stem and internal auditory canal, facial 
paralysis or paresis is typically a late finding. The tumor 
growth rate is quite variable. The average growth rate is 
between 2.5 and 4 mm/year, although a significant propor- 
tion will not demonstrate any growth. Tumors typically 
expand in a lateral-to-medial direction, resulting in brain 
stem compression, hydrocephalus, elevated intracranial 
pressure, and eventual death if left untreated. 

To identify tumors, MRI with gadolinium is  the study 
of choice for diagnosis. Acoustic neuromas are isointense 
or mildly hypointense compared to brain on T1 images 
and mildly hyperintense on T2 images. The addition of 
gadolinium contrast increases the sensitivity of the scan. 

Therapeutic options for acoustic neuromas include 
watchful waiting, stereotactic radiotherapy, or surgical 
resection. Studies, which have performed serial observation 
of tumors by MRI, have reported that only 30-50% of 
tumors increase in size after initial detection [37-39]. These 
findings have significant implications on the management of 
acoustic neuromas. Age at diagnosis, tumor size, contralat- 
eral hearing status, current health status, and symptoms 
must all be taken into consideration when selecting a course 
of therapy. The majority of patients over the age of 65 with 
small tumors are best managed by observation using serial 
imaging [18]. A significant number will have regression of 
tumor size [ 18]. 

Stereotactic radiotherapy can be attractive, as a craniotomy 
and hospitalization are avoided. However, long-term studies 
have shown that there are still complications of hearing loss 
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and facial nerve paresis associated with this treatment. As an 
alternative, surgery offers a much better long-term tumor con- 
trol rate of 98% [40], whereas the long-term results of low-dose 
radiation are still not available. When observation is not 
indicated, surgical resection is the treatment of choice unless 
the patient's health is poor or refuses surgery [40,41]. 

7. Facial and Lower Cranial Nerve Schwannomas 

Facial nerve schwannomas can arise from any location 
along the course of the nerve. Hemifacial spasm is a 
common symptom and can help differentiate facial schwan- 
nomas from vestibular schwannomas. Facial weakness does 
not present until the tumor becomes very large. MRI char- 
acteristics are identical to those of acoustic neuromas. 

Schwannomas of cranial nerves IX, X, or XI typically 
form within the jugular foramen and produce deficits of the 
nerve involved. Larger tumors can cause deficiencies of all 
nerves within the foramen. Treatment options include surgi- 
cal resection or stereotactic radiation therapy. Surgical 
resection can be accomplished usually through a combined 
infratemporal fossa and transjugular approach. 

VI. SURGERY OF SKULL BASE 

A number of neoplasms can involve the cranial base. 
Each is unique and is approached on an individual basis with 
the goal of obtain optimal surgical resection while preserv- 
ing vital structures and neurologic function. The ideal 
surgical exposure avoids prolonged retract of the skull base 
maintains separation of the cranial contents from the sinues, 
nasal cavity, or middle ear space, which is important for the 
prevention of infection. 

For purposes of discussion, the skull base has been 
divided anatomically into anterior, anterolateral, and mid- 
dle/posterior regions. For each region, the anatomy, surgical 
approaches, and reconstructive techniques are discussed. 

and disadvantages. The traditional transfrontal approach 
(Fig. 24.1) was described by Derome [42,43] to access infe- 
riorly down to the level of the sphenoid sinus and clivus. 
Lateral access to the optic canal, orbit, superior orbital 
fissure, and cavernous sinus is possible through this expo- 
sure. The disadvantage of this approach is the frontal lobe 
retraction required to expose the region. An improvement to 
this approach has been the subfrontal approach (Fig. 24.1) 
pioneered by Raveh et al. [44,45], which reduces retraction 
on the brain and improves posterior and inferior exposure of 
the skull base. The transethmoidal approach (Fig. 24.2) 
is another option, which provides direct access to the 
anterocentral skull base. It is not used as frequently due to 
incisions placed directly over the face. This exposure can be 
extended to access the frontal sinus, medial orbit, maxillary 
sinus, nasal cavity, sphenoid, pituitary, clivus, pterygopala- 
tine fossa, and petrous apex [46]. The transeptal/transnasal 
approach (Fig. 24.3) is the simplest method to approach the 
pituitary and upper clivus. Surgery in this region may be 
performed with a microscope or endoscope. Instrumenting 
laterally within this exposure can be a limitation. To visual- 
ize the entire clivus inferiorly, a transmaxillary approach 
(Fig. 24.4) may be added to the transeptal/transnasal 
approach by mobilizing the lower maxilla via a LeFort I 
osteotomy with or without palatal split. The transmaxillary 
approach may also be used to access the pterygoid region by 
degloving the face and removing the medial and posterior 
maxillary sinus walls. The transoral approach (Fig. 24.5) is 
used to access midline lesions, which extend from the lower 
clivus down to C2-C3. Further superior extension may be 

A. An te r io r  Skull Base  

Anterior cranial base surgery addresses tumors arising 
from the central craniofacial region. Anatomically, this 
includes the olfactory region, paranasal sinus, orbit, nasal 
cavity, nasopharynx, and clivus. Tumors are characterized as 
arising from the extracranial or intracranial region. 
Extracranial tumors arising from the sinonasal region 
extending into the brain or orbit are more common than 
intracranial tumors extending externally. 

1. Surgical Approaches 

There are a number of approaches available for accessing 
the anterior skull base, each with their own advantages 

FIGURE 24.1 The transfrontal and subfrontal to approach the skull base. 
The arrow indicates the improved view with subfrontal extension. 
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FIGURE 2 4 . 2  The transethmoidal approach to the skull base. (a) The arrow indicates addition of lateral rhinotomy 
improving the ability to instrument in this area. (b) Lines show the amount of lateral extension available through this 
exposure. 

obtained by splitting the soft palate and additional inferior 
extension by depressing the tongue. 

2. Subfrontal Approach 

Raveh, in 1978, pioneered the subfrontal approach to the 
anterior skull base. Initially, this approach was use to repair 
high-velocity skull base trauma and congential anomalies. It 
provides vertical access from the anterior ethmoid roof 

down to the clivus and horizontal access across both orbital 
roofs, extending toward the temporal bone. Visualization of 
the nasal cavity and maxillary sinuses is obtained easily. The 
exposure allows for intra- and extradural tumor resection 
with minimal or no frontal lobe retraction. 

The subfrontal approach begins with a coronal incision per- 
formed from preauricular crease to preauricular crease. 
A pericranial flap is preserved and based on the supratrochlear 
and supraorbital arteries for later use in reconstruction of the 

FIGURE 2 4 . 3  The transseptal-transsphenoidal approach to the skull 
base. Lines indicates the extent of exposure. 

FIGURE 2 4 . 4  The transmaxillary with the Le Fort I osteotomy approach 
to the skull base. Lines indicate the extent of exposure. 
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FIGURE 24.5 The transoral approach to the clivus and cervical spine. 
Lines indicate the amount of superior and inferior exposure available 
through this approach. 

anterior skull base defect. The flap is carried down to the 
frontozygomatic suture line laterally and to the rhinion and 
piriform aperture medially. The orbit is accessed and the 
periorbita is elevated off the medial, superior, and lateral 
orbital walls. The anterior ethmoidal artery is ligated. 
Osteotomies are marked out, and the size of the frontal bone 
flap removal is dependent on the size of tumor being removed. 
Osteotomies are usually performed as follows: superior 

osteotomymplaced across the frontal bone in a horizontal 
plane, lateral osteotomies--cut from the superior osteotomy 
ends inferiorly down to the superior orbital rims bilaterally, 
orbital osteotomiesmplaced from the superior orbital rim 
cut 1 cm posterior into the superior orbital roof, then cut 90 ~ 
medially to the medial orbital wall, then cut inferiorly down 
the medial orbital wall to the level of the nasolacrimal duct, 
and then cut anteriorly and out the medial orbital wall, ante- 
rior osteotomy~placed along the nasomaxillary groove 
horizontally just anterior to the lacrimal duct and connected 
with the opposite side (Fig. 24.6). A final vertical osteotomy 
is performed anterior to the crista galli detaching the 
frontonasal segment. The orbit and dura are protected at all 
times with ribbon retractors. There are variations in the size 
of bone flap removed. A Raveh type I approach removes the 
frontonasal segment while preserving the posterior wall of 
the frontal sinus. The posterior wall is removed in a second 
step and is indicated when tumor abuts this region. A Raveh 
type II approach removes the frontonasal segment, which 
includes the posterior wall of the frontal sinus. This is per- 
formed when tumor does involve the posterior wall or 
broader intracranial exposure is needed to access the tumor. 
Visualization and removal of tumor extending to the sphe- 
noid sinus and clivus are achieved easily (Fig. 24.7). 
Craniofacial resections may also be performed through this 
exposure. For sinonasal tumors extending through the 
olfactory groove, the olfactory cleft may be keyholed easily 
and dropped inferiorly into the sinus cavity for an en bloc 
resection. If tumor only involves one side of the olfactory 
groove, the involved side may be visualized and resected 
easily while preserving the opposite side. 

FIGURE 24.6 The subfrontal approach. (a) Subcranial access viewed from above. (b) Osteotomies performed, FS, 
frontal sinus. 
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FIGURE 2 4 . 7  Raveh type 1 and 2 approaches. (a) The frontal bone flap created with the type 1 and 2 approaches. 
(b) Removal of the frontal bone flap and view obtained. 

4. Reconstruction 

Meticulous dural reconstruction is performed to avoid 
CSF leak and infection. Small dural defects are sutured 
shut while larger defects may be repaired using an anteriorly 
based pericranial flap or a laterally based temporalis- 
pericranial flap, which is supplied by the superficial 
and deep temporal arteries. Either flap is rotated into 
the defect and used to separate the dura from the sinonasal 
cavity. Other options include using tensor fascia lata, 
temporalis fascia, lyophilized dura, or bovine pericardium 
to separate the regions. For large defects a free or pedicled 
myocutaneous flap may be used. To prevent herniation 
of the medial orbital contents, temporalis fascia or tensor 
fascia lata may be used to line the medial wall. Gel foam 
(Pharmacia & Upjohn Comp., Kalamazoo, MI) is then place 
on top of the fascia, and Xeroform petrolatum gauze 
(Sherwood Medical, St. Louis, MO) is then used to line the 
cavity [47]. Bacitracin-impregnated packing is placed to 
hold the gratis in position for 1 week and is then removed. 
Free bone gratis to reconstruct the medial orbital wall are 
rarely performed. If used, they must be completely sur- 
rounded by vascularized tissue or have a high risk of failure. 
This is especially true in a previously irradiated tissue bed. 
The frontal bone flap is replaced and the frontal sinus is 
cranialized prior to reinsertion, while the nasofrontal duct 
region is also obliterated. 

B. A n t e r o l a t e r a l  Skull Base  

Surgery of the anterolateral cranial base requires a 
detailed anatomical knowledge of the infratemporal fossa, 
parapharyngeal space, pterygopalatine fossa, orbit, floor of 
the middle cranial fossa, and cavernous sinus. Several 
anatomic barriers are encountered during the surgical 
approach to the infratemporal fossa. Superficially located 
are the facial nerve, parotid gland, temporalis muscle, zygo- 
matic arch, and mandible. The internal maxillary artery 
passes just deep to the mandible and provides deep branches 
to the temporalis muscle. The lateral wall of the orbit and 
squamous portion of the temporal bone lie under the tempo- 
ralis muscle. The inferior orbital fissure is encountered on 
the deep aspect of the lateral orbital wall, and further 
dissection along the greater wing of the sphenoid leads to 
the lateral pterygoid process of the sphenoid bone. At the 
posterior-lateral edge of the pterygoid process lies the third 
division of the trigeminal nerve (V3) emanating from 
foramen ovale. Directly behind foramen ovale, the middle 
meningeal artery passes through foramen spinosum. 
Posterior and lateral to foramen spinosum lies the spine 
of the sphenoid bone, which serves as a landmark for iden- 
tifying the internal carotid artery (ICA) and its bony canal 
(Fig. 24.8). Anterior to the pterygoid plate lies a gap 
between the plate and the posterior wall of the maxillary 
sinus called the pterygomaxillary fissure. The interorbital 
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FIGURE 24 .8  Anatomy of the skull base and infratemporal fossa. The most important structures of the infratemporal 
fossa are located along the dashed line. 1, lateral pterygoid muscle; 2, lateral pterygoid plate; 3, medial pterygoid 
muscle; 4, foramen ovale; 5, foramen spinosum; 6, glenoid fossa; 7, spine of the sphenoid; 8, groove for Eustachian tube; 
9, styloid process; 10, carotid atery canal; 11, external auditory canal; 12, stylomastoid foramen; 13, jugular foramen; 
14, occipital condyle; 15, pterygoid hamulus; 16, Eustachian tube; 17, trigeminal nerve, third division; 18, middle 
meningeal artery; 19, temporal mandibular joint; 20, chorda typmani nerve; 21, internal carotid artery; 22, jugular vein; 
23, cranial nerve IX, X and XI; 24, cranial nerve XII. 

fissure lies anterior to the pterygomaxillary fissure. The ICA 
ascends superiorly into the skull base directly medial to the 
neck of the condyle. Access to the superior portion of the 
ICA requires mobilisation or removal of the condyle and 
temporal mandibular joint (TMJ). Once the ICA enters the 
temporal bone below the cochlea, it turns horizontally and 
medially. It passes medially to the eustachian tube and travels 
toward the trigeminal nerve as it enters the cavernous sinus. 
The cavernous sinus is a dural ensheathed venous plexus that 
contains the ICA and cranial nerves III, IV, V 1, V 2, and VI. 

1. Surgical Approach 

Several surgical approaches have been described for 
accessing tumors of the anterolateral skull base. They can be 

broadly classified into two types; those traversing through 
the temporal bone and those anterior approaches in front of 
the temporal bone. The transtemporal approach commonly 
utilized for accessing the infratemporal fossa was popularized 
by Fisch and Pillsbury [48] and modified by others, whereas 
the particular transzygomatic approach was described by 
Obwegeser [49], Sehkar et al. [50], and others [51 ]. This sec- 
tion concentrates on the preauricular transzygomatic 
approach and the facial translocation approach described by 
Janecka and co-workers [46] for accessing this region. 

2. Preauricular Infratemporal Fossa Dissection 

The surgical procedure starts with a coronal incision 
extended inferiorly into the preauricular skin crease. If access 
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to the carotid artery or jugular vein is needed, the incision is 
extended into the neck. The coronal flap is elevated in a sub- 
galeal plane, and the pericranium is preserved for possible 
use during reconstruction. A subcutaneous flap is elevated 
over the parotid gland for increased exposure. Care is taken to 
elevate directly on top of the temporal fat pad, just deep to the 
superficial layer of the deep temporalis muscle. It is important 

to stay deep to the fascia and error deep into the fat when 
elevating this flap to avoid injury to the temporal branch of the 
facial nerve. Careful dissection is then performed down to the 
zygomatic arch. The arch and lateral orbital rim are exposed 
by subperiosteal dissection (Fig. 24.9a). The zygomatic arch 
is then transected and retracted inferiorly (Fig. 24.9b). 
Titanium microplates are precontoured and predrilled prior 

FIGURE 24.9 (a) The preauricular retromaxillary-infratemporal fossa approach is performed over the lateral orbital 
rim and zygomotic arch. (b) Osteotomy of the zygomotic arch is performed, with the anterior osteotomy as far as needed 
and the posterior osteotomy art the root of the zygomatic arch. (c) The zygomatic arch with attached masseter muscle 
is the retracted inferiorly. (d) The carotid process of the mandible with attached temporalis muscle is the retracted 
superiorly, exposing the intratemporal fossa. 
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to performing osteotomies for precise anatomical recon- 
struction later. The anterior osteotomy can be made either 
behind the lateral orbital rim or include a portion of the rim 
for extended exposure. The posterior osteotomy is per- 
formed at the root of the zygoma. The masseter muscle is 
usually left attached to the inferiorly retracted zygomatic 
arch or may be detached from the arch if necessary 
(Fig. 24.9c). The temporalis muscle can be handled one of 
two ways. The muscle can be transected from its insertion 
onto the coronoid process of the mandible and reflected 
superiorly (Fig. 24.9d). The superior and posterior portions 
of the muscle are left attached to the squamous portion of 
the temporal bone to preserve the blood supply [49,52]. 
Alternatively, the muscle can be detached from the squa- 
mous portion of the temporal bone and reflected inferiorly 
while preserving the internal maxillary artery and deep 
temporal branches to the muscle [50]. The inferiorly pedi- 
cled temporalis muscle can be used later as a vascularized 
flap for soft tissue reconstruction. The mandibular condyle 
can be handled in several ways. For anterior lesions where 
exposure of the internal carotid artery is not necessary, the 
condyle may be left undisturbed. For extensive lesions that 
require exposure of the intratemporal portion of the internal 
carotid artery, the TMJ and condyle can be either removed 
or reflected inferiorly. Unfortunately, condylar resection can 
result in mandibular drift and malocclusion, whereas mobi- 
lization of the TMJ can result in trismus postoperatively. 
Mobilization of the mandible is aided by carefully dissect- 
ing the parotid gland off the underlying masseter muscle, 
thereby freeing the mandible for inferior displacement. 
Cervical exposure provides access and control of the 
carotid sheath structures, as well as exposure to cranial 
nerves IX-XII. 

The lateral orbital wall, squamous portion of the tempo- 
ral bone, and greater wing of the sphenoid bone are exposed 
after displacement of the temporalis muscle. Inferomedially 
the greater wing of the sphenoid bone and pterygoid process 
are encountered as the lateral pterygoid muscle is elevated. 
The lateral pterygoid plate is identified and is followed 
posteriorly to locate V 3 as it exits through foramen ovale. 
Just posterior to V 3 lies the middle meningeal artery entering 
foramen spinosum. 

At this point in the procedure, further dissection is tai- 
lored to the lesion being resected (Fig. 24.10). Access to the 
cavernous sinus is obtained by performing a pterional cran- 
iotomy extending inferomedially to foramen ovale. 
Removing the cranial bone flap provides additional 
exposure to the lateral orbital wall. Removal of the ptery- 
goid plates and posterior wall of the maxillary sinus 
provides access to the nasopharynx and sphenoid sinus. 
Bone remaining inferomedially is rongeured away to expose 
V 3, whereas V 2 can be visualized extradurally by drilling 
away the base of the lateral pteryoid process. The internal 
carotid artery may be followed superiorly in the skull base 

FIGURE 24.10 Anterior-lateral approach to the skull base showing 
exposure via (1) requires significant retraction of the temporal lobe to reach 
cavernous sinus and clivus, (2) addition of osteotomy of the zygomatic arch 
improves the exposure but still requires some retraction, (3) coronoid 
resection improves exposure even more, and (4) division of the mandible 
extends exposure to the retropharyngeal craniocervical region. 

up to its entrance into the carotid canal. The eustachian tube 
may be resected to further expose the carotid within the 
skull base. The cavernous sinus is encountered by removing 
the bony ring surrounding V 3 and dissecting in a posterior 
and medial direction. Here the cavernous sinus and contents 
are encountered. The extent of dissection varies depending 
on tumor size and location. This lateral approach is often 
combined with an anterior craniofacial or transmaxillary 
approach, depending on the extent anterior exposure 
required. 

3. Facial Translocation 

The facial translocation approach [46] provides 
panoramic access to the infratemporal fossa, lateral orbit, 
and maxilla. The approach is oriented in a more anterior 
direction than the preauricular transzygomatic approach, 
and the anatomical barriers are the same as described previ- 
ously. The primary difference between the facial transloca- 
tion approach and the transzygomatic preauricular approach 
is the choice of incisions. The facial incision starts with a 
lateral rhinotomy incision that extends laterally through the 
lacrimal duct into a transconjunctival incision to completely 
mobilize the lower eyelid. The lateral canthus is detached 
and the incision is extended across the face posteriorly to the 
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helical root. The transected lacrimal duct is repaired and 
stented at the end of the procedure. The temporal branch of 
the facial nerve is identified, tagged, and transected. It is 
later repaired at the conclusion of the case. From the helical 
root, the incision is extended superiorly into a coronal inci- 
sion. The preauricular incision may also be extended into 
the cervical region if necessary. The anterior cheek flap 
is elevated subperiosteally and the infraorbital nerve is 
transected, helping to expose the maxilla, lateral orbital rim, 
and zygomatic arch. The coronal incision is dissected 
anteriorly and the pericranium is preserved for use later in 
reconstruction. Osteotomies are performed to remove the 
lateral orbital rim, maxilla, and zygoma en bloc.  From 
here, the dissection is very similar to the infratemporal 
fossa dissection described previously. The authors who pio- 
neered this approach emphasize the preservation of the 
blood supply to the temporalis muscle for later soft tissue 
reconstruction [50]. 

4. Reconstruction 

After the tumor has been resected, reconstruction of 
the defect requires a watertight dural repair, soft tissue 
reconstruction, and skeletal frame restoration. In certain 
instances, replacement of resected skin is also necessary. 
For dural repair, small openings can be closed primarily, 
whereas larger defects require grafting. Tensor fascia 
lata, temporalis fascia, lyophilized dura, bovine peri- 
cardium, or other graft materials can be used. Vascularized 
soft tissue for reinforcing dual repair can be provided 
by local flaps, such as temporalis muscle, pericranial, or 
temporoparietal fascia flaps. Regional myocutaneous flaps 
are occasionally utilized for large defects. Extensive 
defects may require a vascularized free tissue flap [52], 
which provides abundant vascularized tissue without the 
constraints inherent in myocutaneous flaps. Fibrin glue is 
also helpful in providing a watertight seal. Lumbar drainage 
can reduce the CSF pressure and help facilitate the healing 
process. 

The zygomatic arch and orbital rim are replaced and 
plated into proper position using the precontoured and 
predrilled plates and screws. If an open cavity into the max- 
illary sinus or nasal cavity is present, this may be skin 
grafted and packed with gauze for 7-10 days to allow for 
healing. In cases where nonvascularized bone grafts are used 
for reconstruction, it is critical that they be surrounded by 
vascularized tissue. This is especially important if preopera- 
tive radiation therapy has been administered or postopera- 
tive radiation treatment is planned. Failure to cover all 
surfaces with vascularized tissue can result in bone necrosis. 
If there is a significant cutaneous defect after tumor resec- 
tion, local advancement flaps may be used for skin closure. 
If this is not adequate, a myocutaneous or vascularized 
free tissue transfer can provide coverage. 

C. M i d d l e  a n d  P o s t e r i o r  Skull Base  

There are several approaches to the middle and posterior 
skull base and fossa. Tumors of the middle skull base 
are approached most often through an infratemporal 
or anterolateral approach discussed earlier in this chapter. 
The middle cranial base can also be accessed by extending 
any of the posterior cranial base approaches medially 
through the cochlea and IAC. This often involves trans- 
posing the intratemporal course of the facial nerve. The 
choice of approach depends in large part on the location 
of the tumor and hearing status. Occasionally, these 
approaches are combined to provide access for larger 
tumors. 

1. Middle Fossa Approach 

The middle fossa approach is primarily indicated for 
small intracanalicular tumors or tumors with minimal 
cerebellopontive angle (CPA) involvement and serviceable 
preoperative hearing (Fig. 24.11). A temporal craniotomy is 
performed and the IAC is outlined after identifying the supe- 
rior semicircular canal and geniculate ganglion (Fig. 24.12). 
The primary advantage of this approach is the excellent 
exposure of the IAC fundus with hearing preservation. The 
disadvantages are limited access to the CPA and inferior IAC. 

The middle fossa approach can be extended to include 
removal of the petrous ridge and posterior aspects of the 
temporal bone up to the labyrinth. Anterior bone removal is 
extended up to foramen lacerum and the internal carotid 

FIGURE 24.11 Middle fossa transpetrous apex approach demonstrating 
the transverse access through this exposure. 
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FIGURE 24.12 (a) Coronal through the temporal bone illustrating the relationship between the undersurface of the 
temporal lobe and the roof of the petrous pyramid. (b) Extradural elevation of the temporal lobe demonstrating 
exposure to the internal auditory canal. 

artery. This extended approach is indicated for patients with 
serviceable hearing for the removal of extensive petrous 
ridge and petroclival lesions involving the temporal bone. 
This includes lesions extending through the tentorium into 
the middle fossa. 

2. Translabyrinthine Approach 

The translabyrinthine approach is indicated for tumors of 
all sizes involving the CPA. It is accomplished through a 
transmastoid labyrinthectomy in which the sigmoid sinus, 
middle and posterior fossa dura, and the external genu and 
vertical segment of the facial nerve are skeletonized. The IAC 
is encountered medial to the semicircular canals and can 
be opened to expose the contents. Dissection can be carried 
more medially to access petroclival lesions as well 
(Fig. 24.13). 

Primary advantages of the translabyrinthine approach 
include wide exposure of the CPA, avoidance of retraction 
of the cerebellum, and easy identification of the facial nerve 
at the fundus of the IAC. The primary disadvantage is 
hearing loss. 

The translabyrinthine approach can be extended 
anteriorly to include removal of the external auditory 
canal, tympanic membrane, ossicles, and cochlea. This 
transcochlear approach requires transposition of the facial 
nerve posteriorly from its intratemporal course and removal 

of the posterior external auditory canal (EAC) with over- 
sewing of the external auditory meatus. The primary benefit 
of this approach is access to the petrous apex 
and clivus. Petroclival meningiomas, epidermoid cysts, 
glomus jungulare tumors, temporal bone carcinomas, 
and extensive schwannomas are accessed readily with this 
technique. 

3. Retrosigmoid (Suboccipital) Approach 

The retrosigmoid approach provides wide exposure of 
the posterior fossa for the excision of CPA lesions. It is per- 
formed (initiated) by making a craniotomy bounded by the 
transverse sinus superiorly and the sigmoid sinus anteriorly. 
The posterior fossa dura is opened and the cerebellum is 
reacted posteriorly. The sigmoid can be retracted to provide 
further anterior exposure. It is often necessary to drill off 
the posterior lip of the IAC to expose its contents fully 
(Fig. 24.13). 

The advantages of this approach are that hearing preser- 
vation is possible and wide exposure of the posterior fossa 
is available. The disadvantages are the risk of permanent 
hearing loss during IAC exposure and hydrocephalus from 
prolonged retraction of the cerebellum. Furthermore, the 
intradural drilling of bone has been associated with severe 
postoperative headaches in a significant proportion of 
patients [54]. 
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concern for both the patient and the surgeon. Appropriate 
patient selection, preoperative planning, and optimization of 
the medical condition can help reduce the rate of complica- 
tions. However, despite the most exhaustive preparations, 
complications will continue to occur both intraoperatively 
and postoperatively. 

FIGURE 24.13 An axial view of the common approaches to posterior 
and middle fossa. Demonstrated are (1) transcochlear, (2) translabyrinthine, 
(3) retrolabyrinthine, and (4) retrosigmoid accesses. 

4. Retrolabyrinthine Approach 

Primary indications for retrolabyrinthine approach 
include vestibular nerve section and trigeminal neurotomy 
for tic douloureux. This approach involves a simple mas- 
toidectomy with posterior fossa dura exposure from 1 to 2 
cm posterior to the sigmoid sinus to the level of the semicir- 
cular canals anteriorly. The posterior fossa dura anterior to 
the sigmoid is opened and the sigmoid sinus is retracted lat- 
erally to provide exposure into the CPA (Fig. 24.13). This 
approach allows preservation of heating and requires less 
cerebellar retraction than the retrosigmoid procedure, which 
is used for the similar indications. There is no problem with 
the postoperative headaches that are associated with the 
retrosigmoid approach. The primary disadvantage of the 
retrolabyrinthine approach is the limited exposure into 
the posterior fossa, which may be critical in the case of a 
intraoperative hemorrhage. 

Vll. C O M P L I C A T I O N S  

The complex anatomy and aggressive behavior of tumors 
in the skull base make perioperative complications a valid 

A. I n t r a o p e r a t i v e  C o m p l i c a t i o n s  

Given the long duration of skull base procedures, proper 
positioning of the patient on the operating room table is 
imperative. Padding must be placed to minimize risks of 
pressure necrosis or peripheral nerve injury. Compression 
stockings or sequential compressive devices are placed to 
minimize risks of thromboembolism from deep venous 
structures in the lower extremities. 

With advances in available anesthetics and intraoperative 
monitoring, anesthesia-related complications have been 
reduced. Intraoperative hemorrhage can be minimized 
by the preoperative embolization of prominent feeder 
vessels in selected tumors. With large vascular structures 
in the surgical field, transfusions of blood products are 
often necessary. It is important to provide the patient 
an opportunity for autologous blood donation, as well as typ- 
ing and cross matching sufficient units of blood. Preoperative 
balloon test occlusion can help predict risk of stroke should 
carotid artery ligation be necessary. Preparation for arterial 
grafting should be made preoperatively should the patient be 
in a high-risk group for stroke. Venous bleeding is usually 
controlled by vessel ligation, bipolar electrocauterization, or 
packing with absorbable hemostatic agents. 

Along with venous bleeding comes the risk of air 
embolism. This occurs when the head is positioned 
higher than the heart to minimize venous bleeding. 
Large amounts of air can enter through a venotomy and 
travel to the right heart where it can get trapped and elimi- 
nate cardiac output or enter the pulmonary circulation where 
it will produce pulmonary arterial vasoconstriction, leading 
to cor pulmonale and pulmonary edema. The management 
of this complication requires immediate occlusion of the 
open vein, compressing both jugular veins, discontinuing 
any nitrous oxide inhalants, and placing the patients in 
a left lateral Trendelenburg position (fight side up) in an 
attempt to trap the air in the fight side of the heart. 
At this point, the air may be aspirated by a fight atrial 
catheter or a needle inserted subxiphoid into the right 
ventricle. 

One of the most common complications in skull base 
surgery is a cerebrospinal fluid leak. The incidence of a 
CSF leak varies proportionally to the size of the dural defect 
created. Recognized leaks are closed primarily, in a water- 
tight fashion. Larger defects can be repaired with pericra- 
nium, temporalis fascia, cadveric dura, fascia lata, or a 
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microvascular myofascial flap. Reinforcement with muscle 
or fibrin glue may also be helpful. 

B. Postoperative Complications 

Cerebrospinal fluid leaks detected in the postoperative 
period occur typically through the surgical wound, ear canal 
(otorrhea), or nose (rhinorrhea). Early identification and 
measures to correct this are important to minimize the risk 
of CSF contamination and the development of meningitis. 
Depending on the side of origin and the severity of the 
leak, treatment measures include bed rest, oversewing the 
skin incision, lumbar drainage, dural grafting, soft tissue 
obliteration, and eustachian tube or canal obliteration. 

Neurological complication can include an isolated cra- 
nial nerve deficit or a severe life threatening cerebrovascular 
accident. Early detection of neurological deficiency and 
rapid treatment by the interventional neurovascular service 
or thrombolytic therapy can potentially avert a disaster. 
Cranial nerve deficits can be addressed postoperatively with 
appropriate consultation and rehabilitation. Elevated 
intracranial pressure causing hydrocephalus needs early 
identification and an appropriate shunting procedure. 

Wound infections are usually delayed several days 
postoperatively and many require incision, drainage, 
debridement, and possibly flap reconstruction, as well as 
antimicrobial therapy. Meningitis must be detected early and 
empiric antibiotic therapy initiated immediately after the 
CSF is cultured. Antibiotics can be adjusted based on culture 
sensitivity results. As with all surgery, anticipation and 
preparation for complications before they happen will 
minimize adverse events. 

VIII. CONCLUSION 

Advances in otolaryngology/head and neck surgery, plas- 
tics and reconstruction surgery ophthalmology, oral/maxillo- 
facial surgery, and neurosurgery have all resulted in improved 
treatment for skull base tumors. The development of a skull 
base surgery team has improved results greatly by combining 
the expertise of each specialists and forming one team 
focused on an optimal outcomes. Future advances in diagnos- 
tic imaging, anesthetic techniques, intraoperative monitoring, 
and surgical techniques should continue to improve the 
surgical outcome of tumors involving the cranial base. 

References 

1. Ketcham, A. S., Wilkins, R. H., Van Buren, J. M., and Smith, R. R. 
(1963). Combined intracranial facial approach to the paranasal sinuses. 
Am. J. Surg. 106, 698-703. 

2. Terz, J. J., Young, H. E, and Lawrence, W., Jr. (1980). Combined cran- 
iofacial resection for locally advanced carcinoma of the head and neck. 
Am. J. Surg. 140, 618-624. 

3. House, W. E (1979). A history of acoustic tumor surgery. In "Acoustic 
Tumors" (W. E House, and C. M. Luetje, eds.), Vol. I, pp. 3--41. 
University Park Press, Baltimore. 

4. Linkskey, M. E., Jungreis, C. A., Yonas, H., Hirsch, W. L., Sekhar, L. 
N., Horton, J. A., and Janosky, J. E. (1994). Stroke risk after abrupt 
internal carotid artery sacrifice: Accuracy of preoperative assessment 
with balloon test occlusion and stable xenon-enhanced CT. AJNR Am. 
J. Neuroradiol. 15, 829-843. 

5. Steed, D. L., Webster, M. W., DeVries, E. J., Jungreis, C. A., Horton, 
J. A., Sehkar, L., and Yonas, H. (1990). Clinical observations on the 
effect of carotid artery occlusion on cerebral blood flow mapped by 
xenon computed tomography and its correlation with carotid artery 
back pressure. J. Vasc. Surg. 11, 38-44. 

6. Nemzek, W. R. (1998). Carotid artery assessment and interventional 
radiologic procedures before skull base surgery. In "Surgery of the 
Skull Base" (E J. Donald, ed.), pp. 105-118. Lippincott-Raven, 
Philadelphia. 

7. Sclabassi, R. J., Balzer, J. R., and Krieger, D. N. (1998). Intraoperative 
neurophysiologica monitoring. In "Surgery of the Skull Base" (E J. 
Donald, ed.), pp. 137-161. Lippincott-Raven, Philadelphia. 

8. Matsuba, H. M., Spector, G. J., Thawley, S. E., Simpson, J. R., 
Mauney, M., and Pikul, E J. (1986). Adenoid cystic salivary gland car- 
cinoma: A histologic review of treatment failure patterns. Cancer 57, 
519-524. 

9. Dulgerov, E, and Calcaterra, T. (1992). Esthesioneuroblastoma: The 
UCL A experience 1970-1990. Laryngoscope 102, 843-849. 

10. Eden, B. V., Debo, R. E, Lamer, J. M., Kelly, M. D., Levine, E A., 
Stewart, F. M., Cantrell, R. W., and Constabel, W. C. (1994). 
Esthesioneuroblastoma: Long term outcome and patterns of failure. 
Cancer 73, 2556-2562. 

11. Hirose, T., Scheitauer, B. W., Lopes, M. B., Gerber, H. A., Altermatt, 
H. J., Harner, S. G., and VandenBerg, S. R. (1994). Olfactory neurob- 
lastoma: An immunohistochemical, ultrastructural and flow cytometric 
study. Cancer 73, 4-19. 

12. Schwaab, G., Micheau, C., LeGuillou, C., Pacheco, L., Marandas, E, 
Comenge, C., Richard, J. M., and Wibault, P. (1988). Olfactory 
esthesioneuroma: A report of 40 cases. Laryngoscope 98, 872-876. 

13. Taxy, J. B., Hharani, N. K., Mills, S. E., Frierson, H. E, Jr., and Bould, 
V. E. (1986). The spectrum of olfactory neural tumors: A light-micro- 
scopic, immunohistochemical and ultrastructural analysis. Am. J. Surg. 
Pathol. 10, 687-695. 

14. Barnes, L. (1991 ). Pathobiology of selected tumors of the base of the 
skull. Skull Base Surg. 1,207-213. 

15. Gay, E., Sekhar, L. N., Rubinstein, Wright, D. C., Sen, C., and Janecka, 
I. P. (1995). Chordomas and chondrosarcomas of the cranial 
base: Results and follow-up of 60 patients. Neurosurgery 36, 887-896. 

16. Doucet, V., Peretti-Viton, E, Figarella-Branger, D., Manera, L., and 
Salamon, G. (1997). MRI of intracranial chordomas: Extent of tumour 
and contrast enhancement. Neuroradiology 39, 571-576. 

17. Wenig, B. M. (1993). "Atlas of Head and Neck Pathology," p. 188. 
Saunders, Philadelphia. 

18. Rosenberg, A. E., Nielsen, G. P., Keel, S. B., Renard, L. G., Fitzek, 
M. M., Munzenrider, J. E., and Liebsch, N. J. (1999). Chondrosarcoma 
of the base of the skull: A clinicopathologic study of 200 cases with 
emphasis on its distinction from chordoma. Am. J. Surg. Pathol. 23, 
1370-1378. 

19. Weber, A. L., Brown, E. W., Hug, E. B., and Liebsch, N. J. (1995). 
Cartilaginous tumors and chordomas of the cranial base. Otolaryngol. 
Clin. North Am. 28, 453-471. 

20. Barnes, L., and Kapadia, S. B. (1994). The biology and pathology of 
selected skull base tumors. J. Neurooncol. 20, 213-240. 

21. Roche, E H., Regis, J., Dufour, H., Fournier, H.D., Delsanti, C., Pellet, 
W., Grisoli, E, and Peragut, J. C. (2000). Gamma knife radiosurgery in 
the management of cavernous sinus meningiomas. J. Neurosurg. 
93(Suppl. 3), 68-73. 



24. Skull Base Surgery 357 

22. Singh, V. E, Kansai, S., Vaishya, S., Julka, E K., and Mehta, V. S. 
(2000). Early complications following gamma knife radiosurgery for 
intracranial meningiomas. J. Neurosurg. 93(Suppl. 3), 57-61. 

23. Chamberlain, M. C. (2001). Meningiomas. Curr. Treat. Options 
Neurol. 3, 67-76. 

24. Talacchi, A., Sala, E, Alessandrini, E, Turazzi, S., and Bricolo, A. 
(1998). Assessment and surgical management of posterior fossa epi- 
dermoid tumors: Report of 28 cases. Neurosurgery 42, 242-251. 

25. Rosenwasser, H. (1968). Monograph on glomus jugulare tumors. Arch. 
Otolaryngol. 88, 3-40. 

26. Myers, E. N., Newman, J., Kaseff, L., and Black, F. O. (1971). Glomus 
jugulare tumor: A radiographic-histologic correlation. Laryngoscope 
81, 1838-1851. 

27. Manolidis, S., Shohet, J.A., Jackson, C. G., and Glasscock, M. E. 
(1999). Malignant glomus tumors. Laryngoscope 109, 30-34. 

28. Conley, J. J, and Clairmont, A. A. (1977). Glomus intravagale. 
Laryngoscope 87, 2096-2100. 

29. Spector, G. J., Sobol, S., Thawley, S. E., Maisel, R. H., and Ogura, J. 
H. (1979). Panel discussion: Glomus jagulare tumors of the temporal 
bone. Laryngoscope 89, 1628-1639. 

30. Spector, G. J., Gado, M., Ciralsky, R., Ogura, J. H., and Maisel, R. H. 
(1975). Neurologic implications of glomus tumors in the head and 
neck. Laryngoscope 85, 1387-1395. 

31. van Baars, E M., Cremers, C. W., van den Broek, P., and Veldman, J. 
E. (1981). Familiar non-chromaffinic paragangliomas (glomus 
tumors): Clinical and genetic aspects. Acta Otolaryngol. 91, 589-593. 

32. Irons, G. B., Weiland, L. H., and Brown, W. L. (1977). Paragangliomas 
of the neck: Clinical and pathologic analysis of 116 cases. Surg. Clin. 
North Am. 57, 575-583. 

33. Bickerstaff, E. R., and Howell, J. S. (1953). Neurological importance 
of tumors of the glomus jugulare. Brain 76, 576-593. 

34. Jackson, C. G. (1993). Diagnosis for treatment planning and treatment 
options. Laryngoscope 103(Suppl. 60), 7-15. 

35. Jordan, J. A., Roland, P. S., McManus, C., Weiner, R. L., and Giller, 
C. A. (2000). Stereotactic radiosurgery for glomus jugulare tumors. 
Laryngoscope 110, 35-38. 

36. Martuza, R. L., and Eldridge, R. (1988). Neurofibromatosis 2 (bilateral 
acoustic neurofibromatosis). N. Engl. J. Med. 318, 684-688. 

37. Fucci, M. J., Buchman, C.A., Brackmann, D. E., Berliner, K. I. (1999). 
Acoustic tumor growth: Implications for treatment choices. Am. J. 
Otol. 20, 495-499. 

38. Tschudi, D. C., Linder, T. E., and Fisch, U. (2000). Conservative man- 
agement of unilateral acoustic neuromas. Am. J. Otol. 21, 722-728. 

39. Shin, Y. J., Fraysse, B., Cognard, C., Gafsi, I., Charlet, J. P., 
Berges, C., Deguine, O., and Tremoulet, M. (2000). Effectiveness 
of conservative management of acoustic neuromas. Am. J. Otol. 21, 
857-862. 

40. Kaylie, D. M., Horgan, M. J., Delashaw, J. B., and McMenomey, S. O. 
(2000). A meta-analysis comparing outcomes of microsurgery and 
gamma knife radiosurgery. Laryngoscope 110, 1850-1856. 

41. Prasad, D., Steiner, M., and Steiner, L. (2000). Gamma surgery for 
vestibular schwannoma. J. Neurosurg. 92, 745-759. 

42. Derome, E (1983). Chirurgie des tumeurs osseuses de la base du crane. 
Rev. Laryngol. 104, 283-286. 

43. Deromone, E (1988). The transbasal approach to tumors invading 
the skull base. In "Operative Neurosurgical Techniques" (H. H. Schmidek 
and W. H. Sweet, eds.), pp. 619-633. Grune & Stratton, Orlando, E L. 

44. Raveh, J., Laedrach, K., Vuillemin, T., and Zingg, M. (1992). 
Management of combined frontonaso-orbital/skull base fractures and 
telecanthus in 355 cases. Arch. Otolaryngol. Head Neck Surg. 118, 
605-614. 

45. Reveh, J., Reidli, M., and Markwalder, T. M. (1984). Operative 
management of 194 cases of combined maxillofacial-frontobasal 
fractures: Principles and modification. J. Oral Maxillofac. Surg. 42, 
555-564. 

46. Janecka, I. E, Sen, C. N., Sekhar, L.N., and Arriaga, M. (1990). Facial 
translocation: A new approach to the cranial base. Otolaryngol. Head 
Neck Surg. 103, 413-419. 

47. Mathog, R. H., Shibuya, T. Y., Leider, J. S., and Marunick, M. T. 
(1997). Rehabilitation for extended facial and craniofacial resection. 
Laryngoscope 107, 30-39. 

48. Fisch, U., and Pillsbury, H. C. (1979). Infratemporal fossa approach to 
lesions in the temporal bone and base of the skull. Arch. Otolaryngol. 
105, 99-107. 

49. Obwegeser, H. L. (1985). Temporal approach to the TMJ, the orbit, and 
the retromaxillary-infracranial region. Head Neck 7, 185-199. 

50. Sekhar, L. N., Schram, E L., and Jones, N. E (1987). Subtemporal- 
preauricular infratemporal fossa approach to large lateral and posterior 
cranial base neoplasms. J. Neurosurg. 67, 488-499. 

51. A1-Mefty, O., and Anand, V. K. (1990). Zygomatic approach to skull- 
base lesions. J. Neurosurg. 73, 668-673. 

52. Shibuya, T. Y., Doerr, T. D., Mathog, R. H., Burgio, D. L., 
Meleca, R. J., Yoo, G. H., and Guthikonda, M. (2000). Functional out- 
comes of the retromaxillary-infratemporal fossa dissection for advanced 
head and neck skull base lesions. Skull Base Surg. 10, 109-117. 

53. Urken, M. L., Catalano, E J., Sen., C., Post, K., Futran, N., and Biller, 
H. E (1993). Free tissue transfer for skull base reconstruction: Analysis 
of complications and a classification scheme for defining skull base 
defects~ Arch. Otolaryngol. Head Neck Surg. 119, 1318-1325. 

54. Jackson, C. G., McGrew, B. M., Forest, J. A., Hampf, C. R., Glasscock, 
M. E., III, Brandes, J. L., and Hanson, M. B. (2000). Comparison 
of postoperative headache after retrosigmoid approach: Vestibular 
nerve section versus vestibular schwannoma resection. Am. J. Otol. 21, 
412-416. 



C H A P T E R 

25 

Management of Laryngeal Cancer 

R. KIM DAVIS 
Division of Otolaryngology--Head and Neck Surgery 

University of Utah School of Medicine 
Salt Lake City, Utah 84132 

I. Introduction 359 
II. Treatment of Carcinoma in Situ and 

Minimally Invasive T 1 Glottic Cancer 
III. Treatment of T 1 Glottic Cancer 361 
IV. Treatment of T 2 Glottic Cancer 363 
V. Treatment of T 3 and T 4 Glottic Cancer 

VI. Treatment of Supraglottic Cancer 369 
VII. Summary 371 

References 372 

360 

366 

I. I N T R O D U C T I O N  

Today is a fascinating time in the treatment of cancers of 
the larynx. Historical paradigms of management are either 
being challenged or actually changed. Early cancers of the 
larynx were treated by full-course irradiation therapy given 
as daily fractionations 5 days a week for a period of 6 to 
7 weeks. Advanced cancer was typically treated by total 
laryngectomy with or without pre- or postoperative irradia- 
tion. Currently, radiation therapy for early cancer of the 
larynx is yet often employed in the country, but increas- 
ingly more altered fractionation or hyperfraction- 
ation schemes are used. More significantly, the primary 
role of radiation therapy in these lesions has been altered by 
the introduction of the CO 2 laser, utilized transorally with 
sophisticated microlaryngeal surgical techniques. Even the 
role of the laser is currently undergoing significant change, 
as carcinoma in situ and very early T 1 lesions of the true 
vocal cord, the very lesions first treated by the laser, are 
now best recognized to be treated by cold instrument 
excision. 

The major historical change in surgery has been move- 
ment away from transcutaneous procedures, especially total 
laryngectomy, to a variety of procedures that conserve laryn- 
geal function. External approaches to conservation surgery 
of the larynx have evolved from open supraglottic laryngec- 
tomy and a variety of partial laryngectomy procedures for 
glottic cancer to the various modifications of supracricoid 
laryngectomy and Pearson's near total laryngectomy. 
Endoscopic supraglottic laryngectomy is becoming increas- 
ingly advocated for T 1 through selected T 3 supraglottic 
cancers, whereas the endoscopic resection of glottic cancer 
is extending well beyond treatment of the early cancers 
already mentioned. 

Another significant change in treatment paradigms has 
been the introduction of chemotherapy as an additional 
modality to treat laryngeal cancer. As is well known to all 
head and neck oncologists, this role of chemotherapy has 
already evolved, both by the schemes of application and by 
the chemotherapeutic agents employed. Examples of these 
changes include the introduction of induction chemotherapy 
before definitive surgery followed by postoperative irradia- 
tion to the more current thoughts of concomitant chemother- 
apy and irradiation. 

In the face of the many changes and treatment options 
available to surgeons today, it is especially important to 
understand the principles governing the different treatment 
modalities and to develop as clearly as possible guidelines to 
the appropriate applications of these various approaches. 
The intent of this chapter is to describe principles of cancer 
treatment and then to list the application of these principles 
as it relates to surgery, irradiation therapy, and chemothe- 
apy. Woven into the discussion of these techniques will be 
the author's personal preferences for treatment in each of the 
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different stages of cancer and the rationale developed to 
justify these choices. 

II. TREATMENT OF C A R C I N O M A  
I N  S I T U  AND MINIMALLY INVASIVE 

T 1 GLOTTIC CANCER 

Patients presenting with dysplastic-appearing true vocal 
cords typically undergo surgical microlaryngoscopy with, at 
a minimum, selected biopsies from the dysplastic-appearing 
areas. Historically supravital dyes such as toluidine blue 
have been used to best direct these biopsies. Areas of great- 
est staining have been biopsied or very limited areas of 
dysplasia simply removed by microlaryngeal surgical tech- 
niques. When such biopsy techniques have shown carci- 
noma in situ two treatment approaches were historically 
taken. In some centers, patients with extensive carcinoma 
in situ have received primary irradiation therapy, usually 
with single daily fractions of 180 to 200 cGy given 5 days a 
week for 6 or 7 weeks. Success rates for this approach are 
reported in the 80-95% range. 

The primary surgical alternative to this has been micro- 
surgical resection of the areas of dysplasia, initially 
described as a cord stripping type approach. With the preci- 
sion of the surgical microscope, incisions were placed 
posterior to the area of dysplasia and carried through the 
mucosa and into the lamina propria. A microsurgical cup 
was then used to hold the area posteriorly while gentle 
traction was applied to further dissect or literally strip the 
abnormal epithelium off the vocal cord from posterior to 
anterior. Attention was directed to preservation of the ante- 
rior commissure mucosa. When dysplastic changes involved 
both vocal cords, two separate microlaryngeal resection 
sessions were used wherein one cord at a time was operated 
on. These procedures typically did not take any special 
precautions to preserve the lamina propria. 

With introduction of the carbon dioxide laser, microsur- 
gical cold instrument approaches were often replaced by 
transoral resection of these dysplastic areas using the laser. 
The advantage of the laser was the near total hemostasis 
obtained along the laser incisional lines. The laser was first 
used to incise the vocal cord posteriorly, after which micro- 
surgical cups were applied and the cord was again stripped 
by applying tension with selective further laser resection in 
areas not elevated by tension alone. Where the epithelium 
did not cleanly lift off of the underlying lamina propria, 
some surgeons advocated starting the laser incision posteri- 
orly and using the laser to separate the epithelium along the 
full length of the cord. As was true in earlier cold surgical 
techniques, special attention was given at the anterior 
commissure where it was quickly recognized that overvig- 
orous laser excision would often lead to scar tissue forma- 
tion and webbing. 

After introduction of the laser, it became readily apparent 
that resection along the full true vocal cord resulted in sig- 
nificant scarring in the underlying lamina propria. This 
problem of overvigorous laser excision led to the innovation 
of"microspot" laser technology wherein the initial 1- to 2-mm 
spot sizes of the first lasers were replaced with microspots 
of 0.3 to 0.64 mm. This microspot technique allowed more 
precise incision of the epithelium with less thermal damage 
occurring to underlying structures. Judicious application of 
microspot cutting techniques did eliminate some of the 
notable thermal damage seen using the first lasers. 

For a brief period of time, cryotherapy was also used to 
treat carcinoma in situ and limited T 1 glottic cancer. Success 
rates with this approach were reported in the 80-90% 
range, but few surgeons embraced this technique, as there 
were no definitive pathology margins possible to observe. 
Additionally, the very few people who advocated laser 
vaporization of dysplastic areas versus excision also fell into 
rapid disfavor for the same reason. In addition to the lack of 
specific tumor margins, thermal damage to the underlying 
lamina propria was extensive. 

Today, transoral resection of carcinoma in situ or early 
glottic cancer has developed into a phonomicrosurgical 
approach pioneered by Zeitels and other laryngologists 
[1-4]. This approach resulted from the convergence of a 
microlaryngoscopy surgical technique with the body cover 
mucosal wave theory of voice production. Whereas the pre- 
viously described procedures resulted in cure rates of carci- 
noma in situ and early glottic cancer in the 90% range, the 
vocal results were not adequate. Vocal outcome using the 
phonomicrosurgical approach was improved by minimizing 
the deep resection margin, thereby preserving the vocal 
folds' normal layered microstructure of epithelium and the 
lamina propria. 

Zeitels described four basic procedures, which varied 
with the depth of resection, to accomplish a narrow field 
deep cancer margin. In an early study of 20 patients, 13 with 
T 1 cancers and 7 with carcinoma in situ, promising results 
were seen [3]. No patient who underwent cancer resection 
developed recurrence with a minimum follow-up of 2 years 
and a mean follow-up of 42 months. In patients with carci- 
noma in situ, two patients later developed microinvasive 
carcinoma, despite block resection, but were both retreated 
successfully. 

Zeitels' retrospective review of 307 microsurgical proce- 
dures included 263 procedures for glottic cancer. Cold 
instruments alone were used in 203 surgeries, whereas 60 
procedures utilized both cold instruments and the CO 2 laser 
[2]. The governing principle in this study was that voice 
would best be preserved by maximally preserving the 
lamina propria and epithelium. Zeitels advocated precise 
tangential dissection in order to accomplish this goal. In lim- 
ited lesions, this dissection was best accomplished with cold 
instruments alone. The CO 2 laser was utilized for selected 
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larger glottic lesions, in which bleeding would obscure visu- 
alization of the microanatomy of the musculo-membranous 
vocal fold. Both cure rates and voice preservation were 
enhanced by this approach. 

One of the especially helpful phonomicrosurgical 
techniques is to inject saline with epinephrine immediately 
below the vocal cord epithelium in patients with apparent 
dysplasia or early cancer [4]. Careful injection in this 
manner will literally balloon up or lift off the dysplastic 
epithelium or very limited early cancer. Where these lesions 
lift up, cold instrument dissection can be used readily to 
resect the lesion and preserve maximally the underlying 
lamina propria. When the injection technique is used, any 
area of the vocal cord that is tethered down to the underly- 
ing vocalis muscle suggests a deeper invasion of cancer. 
These areas of deeper tethering can then be selectively 
resected with the laser to gain a deep tumor margin. Using 
this technique, the lamina propria of the true vocal cord is 
certainly better preserved with resultant voice improvement. 

III. TREATMENT OF T l GLOTTIC CANCER 

T 1 squamous cell carcinoma of the true vocal cord has 
historically been treated by full course irradiation therapy. 
This has generally been accomplished using opposed lateral 
wedged portals with daily fractionation doses of 180 to 220 
cGy. Historically, it became apparent that daily fractionation 
doses of at least 200 cGy per day produced higher cure rates 
than doses less than 200 cGy. Refinements in this approach 
have included using oblique portals to limit overirradiation 
of the arytenoid and interarytenoid areas, as well as hyper- 
fractionation or altered fractionation schemes. This is dis- 
cussed in Section IV. 

Success rates in treating stage I glottic cancers have 
depended on the location and extent of these T 1 lesions. 
Cancer confined to one true vocal cord without extension to 
the vocal process of the arytenoid cartilage or to the ante- 
rior commissure is reported to be cured from 80 to 95% of 
the time [5-9]. Large teaching institutions with excellent 
radiation therapy departments have typically reported cure 
rates over 90%. The actual cure rate in a countrywide set- 
ting, including all radiation therapy facilities, probably falls 
below the 90% rate. Very few studies have actually assessed 
countrywide cure rates, but most head and neck oncologists 
would accept cure rates of 85+5% for these limited T 1 
lesions (Tla). Certainly the initial paradigm and standard of 
care in stage I laryngeal cancer have been to use irradiation 
therapy. 

More extensive T 1 glottic cancers, especially those 
involving the anterior commissure area or involving the 
posterior true vocal cord, are generally considered more 
difficult to cure by radiation therapy alone. Cure rates for 
these anterior commissure and posterior glottic T 1 cancers 

(Tlb) are clearly less than Tla cancers. This poorer rate of 
cure using conventional radiation therapy for these T lb 
lesions has been one of the impetuses to current hyperfrac- 
tionation schemes, or potentially even the use of concomi- 
tant chemotherapy and irradiation in these more threatening 
early cancers. 

The poorer cure rates with T lb lesions or with bulky T 1 
glottic cancers in general are consistent with the principle 
that irradiation therapy in squamous cell carcinomas is more 
effective when treating smaller volumes of cancer. The full 
rationale of this statement is discussed later in the chapter. 
What is clear is that conventional daily fractionation 
schemes alone do not cure a significant number of patients 
with these T lb lesions. An extension of this same thought 
is that radiation clearly does not cure all squamous cell 
cancers, even T la lesions. 

The actual number of squamous cell carcinomas able to 
be cured by irradiation is not as apparent as studies report- 
ing success rates using irradiation would imply. In an 
interesting study in 1973 by Lillie and DeSanto [10], 
patients were treated by endoscopic transoral cordectomy 
using nonlaser techniques. The main purpose of this paper 
was to present the excellent surgical results obtained by this 
approach. A very important issue raised by this paper was 
that more than 20% of the patients they took to surgery had 
no residual cancer. In these patients the initial biopsies 
of their early glottic cancer had in fact removed all demon- 
strable cancer. In the second operation where more tissue 
was taken, there was no residual cancer. 

Lillie and DeSanto's study suggests that a certain number 
of patients are actually cured by their biopsy procedures and 
do not need subsequent surgery or irradiation. If this group 
of patients is as high as 20%, and this certainly seems plau- 
sible to the author as his own personal experience has been 
that approximately 30% of his patients have had no resid- 
ual cancer after staging biopsies, then these patients, if irra- 
diated, would certainly have been reported as cured by 
irradiation. The implication of this thought is that the 
number of patients actually cured by irradiation is over- 
stated. The actual cure rate of T 1 glottic cancer treated by 
irradiation is less than the reported series of 85_+5%. The 
point of this discussion is not to state that irradiation is 
unimportant, which is clearly not the case, but to make a 
simple point that not all patients are curable by irradiation 
and that even early cancers are sometimes radioresistant. 

Very early in the evolution of treating stage I glottic 
cancer, surgery developed a role parallel to that of irradia- 
tion. When the only alternative to radiation therapy was 
extensive oblative laryngeal surgeries, then it was apparent 
that radiation was in fact the treatment of choice. When 
external conservation surgery of the larynx was developed, 
then this paradigm shifted. 

Through the pioneering work of Ogura and many other 
surgeons, the principles of partial laryngectomy were 
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carefully elucidated [11-15]. Partial laryngectomy for glot- 
tic cancer was a very significant advance and offered a clear 
alternative to irradiation. Whereas these procedures were 
an especial advantage in stage II glottic cancer, application 
of partial laryngectomy to stage I glottic cancer was highly 
successful. 

Over time, a large variety of external conservation 
operations were introduced ranging from hemilaryngectomy 
to a variety of anterior vertical partial laryngectomies. The 
success rate in treating both T la and T lb glottic cancers by 
these external approaches has historically been greater than 
90%. These procedures still remain an important part of the 
armamentarium of head and neck surgeons, but even here 
the paradigm has shifted. 

Lillie and DeSanto [10] reported excellent results in 
patients with T 1 glottic cancer who were treated by endo- 
scopic transoral cordectomy using the nonlaser technique. 
In the 1970s, transoral CO 2 laser excision of early glottic 
cancer was introduced in America by Strong, Jako, and 
Vaughan [16,17]. The principle of this microsurgical 
approach has already been discussed for carcinoma in situ 

and minimally invasive T 1 glottic cancers [3]. Transoral CO 2 
laser excision proved to be an excellent modality for treating 
T1 glottic cancers. 

Initial transoral laser excision of stage I glottic cancer 
involved partial cordectomies, which were limited to the 
anterior true vocal cord. Resection of the posterior true vocal 
cord to include the arytenoid cartilage was felt to be 
absolutely contraindicated due to the high likelihood of 
postoperative aspiration. This philosophy had been devel- 
oped by Vaughan in animal studies where full cordectomy, 
including arytenoid cartilage resection, led to intolerable 
aspiration in almost all of the study animals. This principle 
was then extrapolated to use of the CO 2 laser in human 
patients. 

With this premise of the inability to endoscopically resect 
the arytenoid cartilage (without immediate reconstruction), 
initial guidelines to the resection of glottic cancer were 
investigated by Davis and colleagues [ 18] in a cadaver study 
in the early 1980s. In this study, it was determined that exci- 
sion could be accomplished at a right angle across the vocal 
process of the arytenoid cartilage through the paraglottic 
space to the thyroid cartilage. This incision line was deter- 
mined to be the posterior lateral extent to which safe laser 
excision could be accomplished. Anteriorly, it was found 
that the thyroid cartilage could be approached readily in 
almost all patients were the anterior commissure could be 
exposed by the large bore tubed laryngoscopes of that era. 

In keeping with earlier well-established guidelines 
related to external conservation surgery of the larynx, Davis 
and Jako suggested limitations to endoscopic resection. The 
limitation at the anterior commissure of cancer extension 
inferiorly was set at 5 mm, well within the 10-mm guide- 
line for open partial laryngectomy. The rationale for this 

decision was that as endoscopic surgery was in fact a new 
modality, and as cancer can escape through the cricoid 
thyroid membrane, which is normally 10 mm below the 
inferior edge of the anterior true vocal cord, then laser exci- 
sions were felt to necessarily be limited for the safety of 
these patients. 

A very important consideration in limiting the posterior 
resection line to the already described tangential incision 
across the vocal process of the arytenoid cartilage came 
from the remarkable work of John Kirchner [ 19]. In elegant 
studies of whole mount laryngeal specimens, Dr. Kirchner 
had clearly shown that a main avenue of cancer escape from 
the glottis both inferiorly and superiorly was in this poste- 
rior paraglottic space. Cancers that approached this space 
were clearly not able to be resected by the transoral laser 
resection techniques then advocated. Additionally, using 
endoscopic laser techniques of that period, the posterior 
paraglottic space was very poorly visualized deep to the 
vocal process. Further, large blood vessels were known 
to traverse this space, which were difficult to control 
endoscopically. 

With the anatomical guidelines suggested by Davis and 
Jako, most surgeons confined CO 2 laser transoral excision to 
T la lesions that could be encompassed readily by the laser 
under clear vision. The CO 2 laser was used to outline the 
intended area of resection. The cancer was grasped with a 
small forceps and pulled anteromedially. The outlined area 
was then incised more deeply with the laser, and the cancer 
was resected from posterior to anterior. The cancer was then 
removed on block and oriented so that definitive margins 
could be determined. 

As the CO 2 laser caused some charring at the incision 
line, this technique had the potential of somewhat obscuring 
margins, which were narrow in the first place. True margins 
after laser excision needed to be taken from the excisional 
bed using the standard cold instrument technique. 

Using the aforementioned technique, the Boston 
University experience in 100 patients was reported by 
Blakesley et al. [20]. Patients who underwent laser cordec- 
tomy and had negative cold instrument biopsies after the 
laser excision were not further treated. Patients who had 
positive biopsies after the laser excision were treated either 
by open vertical partial laryngectomy or, more typically, by 
postoperative irradiation. Cure rates using this approach 
were over 90% for patients with negative margins and 
approximately 85% for those patients with positive mar- 
gins who then underwent full course irradiation after laser 
excision. The limited number of patients retreated by open 
vertical partial laryngectomy were all cured. 

Data reported by the Boston group have been duplicated 
by other investigators [21-23]. When Tla lesions have been 
the focus of these reports, the cure rates have remained uni- 
formly over 90% and are basically similar to the radiation 
therapy reports showing the highest success rates. CO 2 laser 
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excision of T la lesions was felt to be at least comparable to 
radiation therapy results and represented an appropriate 
alternative in selected patients. 

One advantage of laser excision for these early cancers 
was that this was a very cost-efficient procedure. Patients 
who resided at a distance from a major therapy center were 
subjected to one limited surgery and then could return to 
their homes without the need of the protracted time away 
from home and employment or the expense of radia- 
tion therapy techniques. Conversely, patients with greater 
availability to radiation therapy facilities could yet undergo 
radiation therapy. 

Whereas cure rates were felt to be similar between these 
two modalities, voice preservation was felt to be best with 
irradiation. While this concept is being challenged today, 
radiation therapy nonetheless was and is employed more 
commonly to treat T la glottic cancer. 

Refinements in transoral laser microsurgery of T 1 glottic 
cancer have largely come from Germany where Steiner, 
Rudert, and other surgeons have both refined these tech- 
niques and notably extended endoscopic resection beyond 
T 1 glottic cancer [24]. Within the realm of purely T 1 glottic 
cancer, one significant refinement introduced by Steiner was 
to initially transect the cancer at a right angle to the lateral 
surface of the true vocal cord. This literal transection and 
incision of cancer was carried to a point in the paraglottic 
space beyond the lateral edge of cancer. Once this point had 
been determined, then the lesion was removed in several 
surgical fragments. Typically the posterior part of the lesion 
was first removed and then under very clear vision with a 
known lateral and inferior extent the anterior-most part of 
the cancer was removed. This approach allowed better visu- 
alization of the cancer and ultimately better preservation of 
the true vocal cord as the cancer was not simply excised on 
block by a full cordectomy. Margins were determined by 
direct visualization and pathological review. 

The main criticism with laser excision of T 1 cancers has 
been the poor cure rates reported by some investigators in 
cancers involving the anterior commissure. This criticism 
has almost certainly been justified as the series reporting 
such poor results have used simple laser cordectomy 
approaches without the appropriate dissection at the ante- 
rior commissure, which is now advocated. The principles of 
approaching the anterior commissure are discussed in the 
following section. 

IV. TREATMENT OF T 2 GLOTTIC CANCER 

In the United States, T 2 glottic cancer has historically 
been treated most frequently by either full-course irradiation 
therapy or by the open partial laryngectomy procedures ini- 
tially developed by Ogura and associates and refined by 
many other surgeons over time. The AJCC staging system 

defines T 2 glottic cancer as tumors extending to the subglot- 
tis and/or the supraglottis with normal true vocal cord 
mobility, or glottic lesions with impaired true vocal cord 
mobility. This section presents the principles of radiation 
therapy and surgery for these T 2 glottic cancers. 

Radiation therapy for T 2 glottic cancer is generally given 
using opposed lateral-wedged portals with field sizes of 
4 x 4 to 5 x 5 cm 2. The Co-60 unit or a 4-MV linear acceler- 
ator is used in most institutions. For bulky T 2 lesions, a field 
size of 6 x 6 cm 2 is often advocated. The most common 
fractionation schemes include 66 Gy in 33 daily fractions 
of 200 cGy or 63 Gy in 28 daily fractions of 225 cGy. Most 
institutions do not support the prophylactic treatment of 
regional lymph nodes in patients with T 2 glottic cancer 
[9,25,26]. 

The success rate in unselected patients treated by radia- 
tion therapy averages approximately 70%. The range in 
several large series is from 69 to 75% [5,9,27,28]. Radiation 
therapy series often include data of surgical salvage in 
patients treated unsuccessfully by irradiation. Surgical 
salvage of radiation failure can be accomplished 60 to 75% 
of time, leading to ultimate cure rates when salvage surgery 
is included of approximately 90%. However, the country 
norm for the salvage surgery of T 2 glottic cancer is total 
laryngectomy. 

As at least 60% of patients with T 2 glottic cancer can be 
cured by irradiation, there is certainly a need to define prog- 
nostic indicators to preselect to the maximum extent possi- 
ble those patients who will be cured by radiation. Prognostic 
factors identified and defined in the literature include 
gender, age, hemoglobin (Hb) level prior to and during 
radiotherapy, anterior commissure involvement, posterior 
glottic involvement, and the continuation or not of smoking 
after therapy [29-33]. Most series show that gender and age 
have little value as prognostic indicators. Anemia before or 
after radiation therapy has been shown to be an indicator, 
but it is unclear whether this association is due to tumor 
hypoxia or tumor volume. 

Tumor volume has clearly been shown to be a major 
prognostic indicator in supraglottic cancer, but it is cer- 
tainly logical that tumor volume would have prognostic 
significance in more bulky T 2 glottic lesions. As cigarette 
smoking is one of the major contributing factors to the 
development of glottic cancer in the first place, it is logical 
to assume that patients who continue to smoke after being 
treated will have a higher cancer recurrence. This has been 
shown in several series where up to a sixfold increase in 
local recurrence from cancer has been reported. 

When treatment-related factors are analyzed in patients 
with T 2 glottic cancer treated by irradiation, the variables 
include the overall duration of radiation therapy, the 
dose per fraction, the total dose beam energy, and the 
radio-therapeutic technique. As is true in most cancers, pro- 
longing the overall treatment time in patients undergoing 



364 IV. Current Approaches 

continuous-course irradiation has been shown to affect 
survival adversely [34-37]. Investigations have shown 
decreased survivals of up to 10 to 15% when treatment time 
has exceeded 35 days in one series or 45 days in another 
study. The dose per fraction also has bearing on the ultimate 
survival time. It is well known that better local control rates 
have been obtained using >200-cGy daily fractions versus 
the original standard 180 cGy per fraction despite similar 
total dose [38]. 

The most significant tumor-related variables involve 
tumor bulk and extension of T 2 glottic cancer to either the 
anterior commissure or the posterior glottis [26,32,33]. 
When these two sites have been involved, some reported 
series show survival rates as low as 50 to 60%. Critical 
analysis of these series by radiation therapists usually attrib- 
utes the poor local control rates to understaging of the initial 
lesion or inadequate radiation doses. Inadequate dosing can 
be due to inappropriately small field sizes or difficulties 
with dose distribution in either the anterior or the posterior 
commissure [7,39]. In several critical reviews of anterior 
commissure cancer involvement where these problems were 
felt to be addressed appropriately, the only negative prog- 
nostic indicator was felt to be subglottic extension of cancer. 

Impaired true vocal cord mobility is uniformly regarded 
as a poor prognostic indicator in T 2 lesions [5,8,9,27,28,40]. 
Related to this, several authors have advocated the subclas- 
sification of T 2 glottic cancer to T2a lesions, meaning those 
with normal true cord mobility, and Tzb lesions being those 
of impaired cord mobility. Most radiation therapists cur- 
rently advocate higher total doses or altered fractionation 
schemes in patients with Tzb cancers or, more recently, 
treatment of these lesions with concomitant chemotherapy 
and irradiation [41 ]. 

While increasing fractionation size appears to improve 
ultimate tumor response, it also leads to more significant 
acute and long-term complications. As the dose per fraction 
is increased, the potential for late tissue damage to connec- 
tive tissue, muscle, bone, and nervous tissue increases. As 
these late tissue effects are less influenced by overall 
treatment time than by fraction size, and as ultimate cure 
rates depend on a shorter treatment period, the principle of 
smaller treatment doses and a shorter time frame should be 
oncologically sound. Several altered fractionation schemes 
using this principle have been developed. 

The most commonly used altered fractionation scheme is 
hyperfractionation. A typical scheme of hyperfractionation 
involves giving twice-daily fractions of 120 cGy to a total 
dose of 74 to 80 Gy. In actual reported series it is yet unclear 
whether such fractionation does significantly improve the 
effectiveness of treating T 2 glottic cancer. 

The rationale for concomitant chemotherapy and irra- 
diation has developed over time after initial studies using 
induction chemotherapy. The literature of induction 
chemotherapy is very expansive, involves a number of 

chemotherapeutic agents, and is not fully discussed here. 
Principles of induction chemotherapy did emerge in these 
studies and have led to the current thoughts regarding 
concomitant therapy with chemotherapy and irradiation. 

It was clearly shown in initial chemotherapeutic studies 
that multiple agents had significantly higher response rates 
than single agents [42]. Certainly the most studied and 
most effective regiments have used cisplatinum and 
5-fluorouracil. Patients who achieve a complete clinical 
and radiological response to induction chemotherapy have 
been shown to have significantly higher chances of ultimate 
tumor cure than patients with partial or no response [43,44]. 
Complete response rates have averaged in the literature 
between 15 and 40%, with most series showing a complete 
response in and around 25 + 5 % [44-46]. In general, patients 
who have achieved a complete response to chemotherapy for 
solid cancers without boney involvement have then shown 
cure rates with definitive radiation given after chemotherapy 
in the 70 to 90% range. The implication derived from these 
results is that full-course irradiation has certainly been able 
to sterilize microscopic residual cancer in a high percentage 
of patients who achieve a complete response to induction 
chemotherapy. 

When all head and neck cancer patients given induction 
chemotherapy have been looked at, the overall cure rates 
have not improved. Patients with only a partial response to 
chemotherapy at best follow expected survival patterns as 
seen in historical controls. Nonresponse to chemotherapy is 
a very poor prognostic indicator with most patients dying in 
less than 1 year from the onset of treatment time [47]. 

Most oncologists agree that induction chemotherapy is at 
a minimum a prognostic indicator selecting out patients who 
can be cured by radiation. Proponents of radiation therapy 
without chemotherapy would argue that the complete 
responders to chemotherapy are only those patients who 
would have been cured by radiation therapy alone. 

The movement to concomitant chemotherapy and irradi- 
ation has been based on several principles. Clearly some 
patients derive benefit from chemotherapy when used in an 
inductive mode, and certainly from radiation, which is 
known to be curative in many patients. The idea of using 
both modalities together is therefore logical. Additionally, 
chemotherapeutic agents, beyond their ability to kill cancer 
cells, are also known to be sensitizers for definitive irradia- 
tion. Using these modalities together is an extension of these 
thoughts. 

The yet unresolved problem with concomitant therapy 
has been the significant morbidity seen in patients using this 
treatment technique. Whether the expected severe acute 
effects or, in some cases, the profound long-term effects will 
justify concomitant therapy in stage II glottic cancer remains 
very much to be seen. Certainly the judicious approach of 
concomitant therapy in appropriate treatment protocols for 
higher risk T 2 cancers should be investigated further. 
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The argument for primary irradiation to include hyper- 
fractionation schemes or concomitant chemotherapy and 
radiotherapy is that cure rates are comparable to those 
achieved by partial laryngectomy surgical techniques 
(especially when salvage surgery is added) and, equally 
importantly, that functional preservation is better. Vocal 
quality following irradiation is accepted as a country norm 
to be superior to voice quality following open partial laryn- 
gectomy. Glottic sphincteric function is also clearly better in 
patients irradiated successfully than in those undergoing any 
partial surgical procedure. 

Despite the purported advantages of irradiation, partial 
laryngectomy procedures are advocated by head and neck 
surgeons as an alternative to radiation therapy. The most 
significant single rationale for this bias is that ultimate con- 
trol by radiation is in fact dependent on subsequent surgical 
salvage procedures, which often has meant total laryngec- 
tomy. In other words, ultimate local control by irradiation 
will mean that a certain number of patients will undergo 
total laryngectomy. Proponents of partial laryngectomy 
would suggest that ultimate cure rates are at least as high as 
radiation therapy techniques when salvage is included. 
When salvage is excluded, partial laryngectomy techniques 
are felt to provide higher survival rates with ultimate better 
functional preservation. 

All initial partial laryngectomy techniques for T 2 glottic 
cancer involved external approaches. These approaches have 
been named hemilaryngectomy and a variety of vertical 
laryngectomy approaches to include anterior vertical, lateral 
vertical, anterior lateral vertical laryngectomy, and so on. The 
surgical principle has been that the area of cancer involve- 
ment is approached by a laryngofissure technique wherein the 
thyroid cartilage is divided in the midline for unilateral 
lesions or across the midline in lesions involving the anterior 
commissure. The involved area of the glottic larynx is 
removed with adequate margins and the preservation of at 
least one functional true vocal cord based on superior and 
recurrent laryngeal nerve preservation, and preservation of at 
least one arytenoid cartilage and cricoarytenoid joint. 

In these techniques, when the cancer has been removed 
and the larynx preserved as just stated, restoration of voice 
and sphincteric function has depended on the introduction 
into the surgical defect of enough adynamic bulky tissue to 
allow glottic closure against this buttress for the preserva- 
tion of speech and laryngeal sphincteric function. Clearly 
partial laryngectomy surgeries, which preserve more normal 
tissue, will have better functional results. Patients undergo- 
ing external approaches almost always need tracheotomy 
placement at surgery and continue until such time as more 
normal laryngeal function has returned. Patients as well 
need feeding tubes while glottic sphincteric function is 
returning. 

The indications and contraindications to partial laryngec- 
tomy were initially introduced by Ogura and have by and 

large remained intact over time [ 12-14]. Some conventional 
vertical partial laryngectomy procedures to include resec- 
tion of part of the cricoid have been proposed, but generally 
have not been used countywide due to the functional prob- 
lems of aspiration, poor voice, or the need for long-term 
tracheotomy. More recently supracricoid laryngectomy 
approaches developed in Europe have been introduced to 
address these issues. These techniques are discussed in 
depth in Section V. 

As familiarity with transoral laser microsurgery has 
increased, and more significantly due to the pioneering 
efforts of Dr. Wolfgang Steiner and other German physi- 
cians, transoral laser excision of stage II glottic cancer 
has developed into an exciting alternative to conventional 
external partial laryngectomy procedures. Steiner, in 
particular, has extended the bounds of transoral laser micro- 
surgery significantly beyond the anatomical limitations 
originally proposed by Davis and Jako, which were 
described previously [ 18]. 

The principles involved in the extension of endoscopic 
surgery from selected T 1 cancer to T 2 glottic cancer do not 
differ from the principles espoused for open vertical partial 
laryngectomy. The difference involves the approach to these 
cancers. 

As is true in any cancer surgery, exposure of the cancer 
and surrounding normal structures is critical. As was 
described originally by Davis and Jako when the anterior 
commissure can be well seen with a tubed laryngoscope, 
cancer excision can extend all the way to the thyroid carti- 
lage. Visualization of this area has been improved by both 
the introduction of adjustable laryngoscopes and with 
newer, better contoured tubed scopes. Additionally, the abil- 
ity to endoscopically expose the paraglottis and anterior 
commissure has been enhanced greatly by techniques of 
endoscopic resection of supraglottic tissue, which open the 
full view of the underlying glottic larynx. 

Resection of the false vocal cord ipsilateral to a glottic 
cancer literally unroofs the ventricle and anterior aspect of 
the true vocal cord. When the resection of the false vocal 
cord is taken all the way to the superior aspect of the thyroid 
cartilage, then the anterior lateral paraglottic space is also 
fully opened. Additionally, when the ipsilateral hemiepiglot- 
tis and aryepiglottic fold are resected endoscopically, the 
full posterior paraglottic space can be visualized. These 
refinements of exposure of the glottic larynx were devel- 
oped in the evolution of endoscopic supraglottic laryngec- 
tomy, which is discussed later. Importantly though, exposure 
of the glottis and the full paraglottic space is possible endo- 
scopically in most patients. In contrast to external partial 
laryngectomy for glottic cancer, in endoscopic partial laryn- 
gectomy the thyroid cartilage need not be divided nor the 
skin and subcutaneous tissues to gain this full exposure. 
When either the hemiepiglottis and false vocal cord are 
resected, or false vocal cord alone is moved, the upper edge 
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of the thyroid cartilage can be identified. With this exposure, 
endoscopic surgery can comfortably remove all cancer ante- 
rior to the body of the arytenoid cartilage. Very importantly, 
the internal perichondrium of the thyroid lamina can be 
exposed from above and literally dissected from the thyroid 
cartilage to clearly define the extent of a T 2 glottic cancer. If 
cancer in fact is involving the thyroid cartilage, then this is 
definitively known and the surgery appropriately adjusted. 

In contrast to open vertical partial laryngectomy where 
the arytenoid cartilage can be removed, most transoral laser 
microsurgeons do not feel the arytenoid cartilage can be 
removed completely without significant aspiration occur- 
ring. The obvious reason for this is that endoscopic 
approaches to date do not reconstruct the posterior glottis 
where the arytenoid cartilage is removed in a single stage. 
Open vertical partial laryngectomy techniques in contrast do 
reconstruct this area at the time of cancer resection. 

In the evolution of CO 2 microsurgery for T 1 laryngeal 
cancer, it became very evident that when all of the arytenoid 
cartilage, with the exception of part of the vocal process, 
was preserved, a neocord would develop from granulation 
tissue that was adequate to prevent aspiration. While the 
vocal qualities of this neocord were obviously not the same 
as the uninvolved true vocal cord on the opposite side, these 
neocords were in fact mobile, provided good voice, and 
certainly allowed preservation of sphincteric function. When 
laser resection techniques were expanded, it became appar- 
ent that further resection of the arytenoid cartilage could be 
accomplished but without the same functional normalcy. If 
the main aspect of the body of the arytenoid was preserved 
and the vocal process and part of the arytenoid resected, 
then the resultant neocord formation still resulted in a fixed 
structure against which the other true vocal cord could but- 
tress for the return of speech and sphincteric function. This 
was much more akin to the functional results seen in full 
hemilaryngectomy where the total arytenoid cartilage was 
removed and replaced by soft tissue. In contrast to the open 
techniques, though, the full extent to which the neocord 
would buttress the true cord and provide posterior glottic 
competence was more limited. It became apparent in 
extended endoscopic resections where part of the arytenoid 
cartilage was preserved that subsequent medialization 
procedures could be performed to further improve sphinc- 
teric function and voice. 

When these observations were fully appreciated, it 
became apparent that in patients who can be adequately 
visualized endoscopically, most Tza glottic cancers could 
in fact be resected with the same cancer margin and 
functional result as those obtained by open vertical partial 
laryngectomy. The limitation of the endoscopic approach 
related to tumor involvement in and around the arytenoid 
cartilage. If the arytenoid body could be preserved, then 
the endoscopic resection of T 2 lesions could in fact be 
accomplished. 

Endoscopic laser resection in T 1 glottic cancer has been 
reported to result in poor results when there was anterior 
commissure involvement. These initial published reports of 
CO 2 laser resection involved using endoscopic techniques of 
simple cordectomy without the elaborate exposure and con- 
trol of the anterior commissure earlier stated in this chapter. 

When cancer involves the anterior commissure area, 
exposure must be first obtained superiorly as presented. As 
the perichondrium of the thyroid cartilage is microdissected 
from above if cancer is found to involve the internal thyroid 
cartilage perichondrium, then the endoscopic approach 
either needs to be converted to an open approach or be cou- 
pled to a limited external approach wherein a selected part 
of the thyroid cartilage is resected after being exposed 
through a small transcutaneous incision. This simple refine- 
ment has allowed the anterior commissure to be controlled 
well in a predominantly endoscopic procedure. 

As mentioned earlier in the radiation therapy section, 
both radiation therapists and surgeons agree that significant 
infraglottic cancer extension is a main precipitating cause of 
failure, both by radiation therapy and by partial laryngec- 
tomy. Advocates of transoral laser microsurgery would 
suggest that given the magnification and ability to see the 
anterior subglottis when this area is appropriately 
approached endoscopically, actual cancer mapping can be 
accomplished surgically. Anterior, inferior cancer extension 
is mapped endoscopically by carefully resecting cancer 
down to the area of the cricothyroid membrane or along the 
anterior tracheal wall. Obviously if cancer is escaping the 
cricoid thyroid membrane, then endoscopic resection alone 
is inadequate. It has been noted, however, that a number of 
cancer extensions in this area tend to be superficial and can 
in fact be resected with margins controlled by appropriate 
pathological analysis. 

The treatment options for T 2 glottic cancer include 
irradiation with recently developed hyperfractionation tech- 
niques or concomitant radiation therapy with chemotherapy. 
These techniques show promise but must yet be better 
elucidated in controlled studies. Partial laryngectomy tech- 
niques yet remain very viable and certainly are preferred 
when the arytenoid cartilage must be resected completely. 
However, in patients where adequate exposure can be 
obtained, and where newer techniques of endoscopic resec- 
tion are employed, almost all Tza glottic cancers can be 
resected by transoral laser microsurgical techniques without 
violation of oncological principles and with expected excel- 
lent functional result. 

V. TREATMENT OF T 3 AND T 4 
GLOTTIC CANCER 

For several decades the gold standard in the treatment of 
T 3 and T 4 glottic carcinoma has been total laryngectomy. 
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Cure rates for T 3 glottic cancer treated in this way are 
predictably higher than treatment of T 4 cancers. As very few 
conservation surgical options are available for T 4 glottic 
cancer, the focus of this section is on T 3 glottic cancer. The 
challenge for the head and neck oncologist is to maintain the 
cure rate able to be obtained by total laryngectomy for these 
advanced glottic cancers while introducing surgical innerva- 
tions that better preserve laryngeal function. 

As total laryngectomy is remarkably morbid, primary 
radiation therapy to treat T 3 glottic cancer has been his- 
torically used and is strongly advocated by some. Radical 
irradiation is the primary modality followed by salvage 
total laryngectomy in cases of radiation failure [48]. More 
recently, induction chemotherapy has been used as a prog- 
nosticator of radiotherapeutic response in laryngeal preser- 
vation regimens. In these series, patients obtaining at least 
partial responses (meaning greater than 50% reduction in 
tumor volume) to induction chemotherapy have been treated 
by subsequent irradiation therapy only. Patients who achieve 
less than a partial response to chemotherapy have been 
treated by total laryngectomy with or without postoperative 
irradiation. The rationale for each of these different 
approaches is now presented. 

Treatment of T 3 glottic cancer by primary irradiation has 
yielded local control rates in the 50-60% range [49,50]. Of 
the patients who fail radical irradiation, total laryngectomy 
is reported to salvage approximately half of this group, 
yielding an overall cure rate of 70_+5% with a laryngeal 
preservation rate of the original 50% [48]. Centers that 
follow this particular regimen generally are proponents of 
radial radiotherapy for favorable lesions, typically those that 
involve only one side of the larynx, do not impair the airway, 
and are in reliable patients who are easy to examine. In 
1984, DeSanto [51] presented a strong rebuttal to this 
approach in a series involving T 3 glottic cancers in patients 
who were treated by total laryngectomy. Ultimate survival 
in this group was in the 90% range versus the 75% figure 
reported in the radial irradiation and salvage surgery 
group. Many patients were spared two-modality therapy and 
with the development of tracheal esophageal speech did 
significantly well. 

When total laryngectomy with postoperative irradiation is 
compared to radical radiotherapy and surgical salvage, actuar- 
ial 4-year disease rates have been seen by some investigators 
to be significantly better in the combined treatment group. 
Thakar et al, [52] showed a 4-year disease-free survival rate of 
79.3% in the combined therapy group versus a 65.3% control 
rate in the radical radiotherapy and surgical salvage group. 
Failure in the latter group was almost always at the primary 
site. The probability of surviving with an intact larynx in this 
series was only 30%. These authors strongly felt that radical 
irradiation with surgical salvage was not indicated. 

As an alternative to total laryngectomy, Pearson and asso- 
ciates [53] at the Mayo Clinic published their experience 

with near-total laryngectomy. The basic principle of this 
procedure involved the preservation of the posterior half of 
an uninvolved hemilarynx. By bringing a superiorly based 
pharyngeal flap to this preserved tissue, an internal shunt 
could be created that provided voice by using the innervated 
arytenoid to allow air passage into the pharynx and, at the 
same time, prevented aspiration of food and saliva into the 
trachea. Patients undergoing this procedure therefore had 
voice preservation, but nonetheless had a stoma for 
respiration. 

As an alternative to total laryngectomy or Pearson's near- 
total laryngectomy, Brasnu and Laccourreye [54,55] of 
France advocated the supracricoid partial laryngectomy- 
cricohyoidopexy for selected T 3 glottic laryngeal patients. 
In patients amenable to this approach, a stoma can be 
avoided. This procedure is also possible in T 4 glottic cancers 
with limited thyroid cartilage invasion. 

As discussed in Section IV, supracricoid partial laryngec- 
tomy is even better amenable to T 2 glottic cancers with 
extension to the ventricle, false vocal cord, petiole of the 
epiglottis, anterior aspect of the arytenoid cartilage, and/or 
impaired vocal cord mobility [56]. 

Transoral laser excision of T 3 glottic cancers has been 
advocated by Steiner, but is being done infrequently in 
America [57]. Most American endoscopic advocates do not 
feel T 3 cancer is amenable for endoscopic resection if the 
arytenoid cartilage area is involved by cancer, whereas 
cancers that fix the true vocal cord due to direct exten- 
sion into the vocalis muscle anteriorly could be treated 
endoscopically if appropriate visualization is possible. If 
endoscopic resection would require arytenoid cartilage 
removal, then American surgeons have not advocated this 
approach. 

Significant interest has been developed in the last decade 
in the use of induction chemotherapy followed by irradiation 
or potentially followed by conservation surgical procedures. 
It has long been established in patients treated initially by 
radical irradiation who recur that the only safe and viable 
surgical salvage procedure must encompass the area where 
the original cancer had been. Brandenburg's work empha- 
sized this principle by showing that limited clinical recur- 
rence following irradiation meant that the probability of 
viable cancer cells in other areas of previous cancer was still 
very high [58]. Any surgical procedure that removes less 
than the full original area of cancer with appropriate margins 
would be fraught with a high likelihood of later recurrence. 

Induction chemotherapy has introduced a new concept to 
the original thought of surgical salvage after radical irradia- 
tion. When a patient with laryngeal cancer undergoes induc- 
tion chemotherapy and achieves a complete response, then 
almost all oncologists would agree that subsequent irradia- 
tion therapy alone is a very reasonable and likely successful 
therapeutic approach to organ preservation. An interesting 
question is raised when induction chemotherapy results in a 
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significant partial response in glottic cancer not originally 
able to be treated by partial laryngectomy. Could partial 
laryngectomy be used to resection all residual clinical 
disease as a second adjunctive therapy before full-course 
irradiation? If the surgical procedure removed all known 
remaining cancer following partial response to chemother- 
apy, then it would seem logical that subsequent full-course 
irradiation given to the full origin area of cancer with appro- 
priate margins could be given with a high expectation of 
therapeutic success. The basic issue is whether partial 
response further treated by surgery to gain complete 
response and then irradiated would be similar to complete 
response by chemotherapy followed by irradiation alone. 
This idea seems plausible and may be an appropriate alter- 
native if the conservation surgery can be accomplished and 
followed by irradiation without undue morbidity. 

The issue of whether induction chemotherapy could be 
followed by conservation surgery alone to less than the full 
area of the original cancer is a more tenuous idea. If the 
work of Brandenburg and others related to recurrence after 
irradiation would also pertain to chemotherapeutic response, 
then it would seem unlikely that partial laryngectomy 
procedures could be done as a final therapeutic modality. 
At this point in time there are no definitive series in the 
literature to either justify or refute this concept, but experi- 
ence from the past would suggest that partial laryngectomy 
alone after initial chemotherapy likely would not be ade- 
quate if the partial laryngectomy would not have been 
possible in the first place. 

There has been significant interest in the laryngeal 
preservation study conducted in the Veterans Administration 
Hospital system in the United States [58]. The principles of 
this approach have already been stated. Responders to 
chemotherapy are treated by radiation alone, whereas non- 
responders received total laryngectomy. Very important in 
this approach is the determination of whether there are 
specific tumor or biologic factors that are predictive of 
chemotherapeutic response, organ preservation, and subse- 
quent survival. When the large VA study was analyzed, the 
potential prognostic variables included clinical and histo- 
logical factors, immunohistochemical expression of prolif- 
erating cell nuclear antigen and p53, and adjusted DNA 
index measurements [60]. Multivariate analysis revealed 
that the best predictor of a complete response to induction 
chemotherapy was low t class. Additionally, p53 overex- 
pression and elevated proliferating cell nuclear antigen 
index were independent predictors of successful organ 
preservation. 

In summary, there are a number of different therapeutic 
approaches to T 3 glottic cancer. Total laryngectomy still 
remains the most proven treatment modality with the high- 
est ultimate survival. Pearson's near total laryngectomy is a 
very good alternative in appropriately trained hands [61]. 
Radical irradiation followed by surgical salvage will save 

30 to 50% of larynges in these patients but with a likely 
poorer overall survival (10 to 20% less) than total laryngec- 
tomy alone. Patients who are complete responders to induc- 
tion chemotherapy have a high chance of cure by subsequent 
full-course irradiation alone. Partial responders to induction 
chemotherapy may be salvaged adequately with laryngeal 
preservation by conservation surgeries if subsequent full- 
course irradiation is later given to the full original area of 
cancer. Supracricoid laryngectomy does benefit selected 
patients with T 3 glottic lesions. Endoscopic resection of T 3 
glottic cancer may be possible if vocal cord fixation is due 
to anterior true vocal cord invasion. 

Current trials of hyperfractionated irradiation or con- 
comitant chemotherapy and irradiation for T 3 glottic cancer 
offer some hope that these approaches may yield better 
results than radiation alone. Whether these approaches ulti- 
mately gain widespread use will be dependent not only on 
the cure rates obtainable by these measures, but also by both 
short- and long-term morbidity, which accompany these 
approaches. 

Patients with T 3 and T 4 glottic cancers also have a risk of 
regional spread of cancer [62,63]. Related to this elective 
treatment of the neck is recommended in T 3 transglottic can- 
cers, most T 4 glottic cancers, and in patients with subglottic 
cancers. The N o neck may be treated electively by either 
surgery or irradiation, but irradiation is best reserved for 
cases where that modality is employed for the primary 
tumor. Elective neck dissection can provide important infor- 
mation for prognostic purposes and therapeutic decisions. 
This is accomplished by establishing the presence, number 
and location, and nature of occult lymph node metastases. 
Elective neck dissection involving removal of lymph node 
areas 2, 3, and 4 on the side ipsilateral to the cancer is the 
procedure of choice. Paratracheal nodes (lymph node level 
6) should be dissected in stage IV glottic and subglottic can- 
cers. Dissection of lymph nodes levels 1 and 5 are almost 
never indicated in these glottic cancers, as tumor very rarely 
involves these regions. 

The role of sentinel lymph node biopsy is not fully eluci- 
dated in head and neck cancers in general to include cancers 
of the larynx. The initially expressed concern is that sentinel 
lymph node biopsies may fail to detect tumor on frozen 
section analysis or may not reveal skipped metastases. As 
functional neck dissections can be done with minimal 
morbidity, sentinel node procedures seem less likely to be of 
help than in other cancer models. 

T3N 1 or occasional T3N 2 patients may be treated by 
selective neck dissection without postoperative irradiation. 
Almost all oncologists agree that any patient with an extra- 
capsular extension is best treated by postoperative irradia- 
tion. Patients with N 3 neck disease almost always require 
either modified radical or full radical neck dissections where 
again lymph node levels 2, 3, and 4 must be dissected but 
with jugular vein and sternocleidomastoid muscle resection. 



2.5. Management of Laryngeal Cancer 369 

The survival in patients with T 4 glottic cancer still 
remains poor. Total laryngectomy followed by full-course 
irradiation remains the treatment of choice. Patients who 
undergo induction chemotherapy with complete response 
have a much better prognosis than partial or nonresponders. 
The theoretical area of concern in T 4 glottic cancer patients 
with cartilage invasion is whether subsequent irradiation is 
adequate to eliminate cancer in cartilage. 

Current regimens of concomitant chemotherapy and irra- 
diation may offer better potential cure rates with an increase 
in laryngeal preservation than irradiation alone. For this to 
be true, complete response rates to this modality will need to 
be shown to be higher than those obtained by irradiation 
alone. Additionally, salvage surgery when indicated will 
need to be able to be done without morbidity beyond that 
seen with radiation and salvage surgery. 

VI. TREATMENT OF 
SUPRAGLOTTIC CANCER 

Supraglottic carcinomas have historically been managed 
by radiation alone, surgery alone, or by combined therapy in 
the most advanced stage lesions. In contrast to early glottic 
cancer, supraglottic cancers more extensive than T 1 suprahy- 
oid supraglottic cancers require treatment of the neck due to 
the high propensity for regional metastatic cancer spread. This 
propensity for neck spread derives from a significantly richer 
field of lymphatics in the supraglottis which develop due to 
the significantly different embryology of the supraglottic 
versus the glottic larynx. 

Stage I suprahyoid supraglottic cancers are very rare and 
are treated either by primary irradiation therapy or by 
epiglottectomy. As there is little risk of spread to the neck, 
radiation portals can be reduced significantly from fields 
used to treat other supraglottic primary cancers. 

Surgical approaches to T 1 supraglottic cancer originally 
were transcutaneous resection of the epiglottis, which often 
necessitated tracheotomy and postoperative feeding tubes. 
In the late 1970s and early 1980s the concept of transoral 
laser resection of the epiglottis was well developed and 
found to be a very viable alternative to open supraglottic 
resection [64]. Patients with transoral epiglottectomy faired 
extremely well with minimal postoperative airway or other 
functional problems to include aspiration. 

T 2 supraglottic cancer has historically been treated most 
often by full-course irradiation therapy. In patients with ade- 
quate pulmonary function, open supraglottic laryngectomy 
was developed as a very viable alternative to irradiation. 
When patients with T 2 supraglottic cancers are treated by 
irradiation, the radiation portals include both sides of the 
neck due to the high propensity of regional metastatic 
spread. Patients treated by surgery only have under- 
gone supraglottic laryngectomy with a functional neck 

dissection(s). As is true in glottic carcinomas, supraglottic 
cancers rarely metastasis to lymph node levels 1 or 5. 
Selective neck dissections have therefore involved lymph 
node levels 2, 3, and 4. 

As many supraglottic cancers are either midline or near 
midline structures, the concept of bilateral functional neck 
dissection was advocated when surgery alone was used. In 
America, these neck dissections were almost always done at 
the time of open supraglottic laryngectomy. Some European 
surgeons have advocated supraglottic laryngectomy in one 
setting followed by neck dissection(s) approximately 1 
week after primary surgery. The principle espoused in this 
approach has been that some cancer cells may be in transit 
from the primary site to the neck and would not necessarily 
be included in selective neck dissection done at the same 
time as supraglottic laryngectomy. 

When T 2 supraglottic cancers are lateralized to one side 
of the supraglottis, some surgeons have advocated supra- 
glottic laryngectomy coupled with ipsilateral functional 
neck dissection. If pathological review shows cancer in 
the neck dissection specimen, then the contralateral neck 
would need to be treated either by simultaneous dissection, 
as a later dissection, or by irradiation therapy when the 
contralateral neck was N o and irradiation was otherwise 
indicated. 

In midline T 2 supraglottic lesions treated by surgery only, 
many patients have undergone simultaneous bilateral func- 
tional neck dissections. DeSanto [65] has advocated an 
interesting alternative approach. In T 2 (or T3) N0M 0 supra- 
glottic cancer located to any degree more on one side of the 
supraglottis, then neck dissection is first done on that side. 
Frozen section analysis of the neck dissection specimen is 
done immediately at the time of surgery while the supra- 
glottic laryngectomy is being performed. When the frozen 
sections are completely negative for cancer, then the con- 
tralateral neck is not dissected simultaneously. If any lymph 
node spread is found in the ipsilateral neck dissection 
specimen, then the contralateral neck is also operated on in 
that same setting. 

In DeSanto's series, only 1 of 98 N o patients who were 
node negative on frozen section analysis had subsequent 
contralateral neck cancer and underwent later neck dissec- 
tion. Conversely, when the first side of the neck dissected 
was positive for lymph node spread, 31 of these 90 patients 
required contralateral neck dissection for cancer at some 
point in time. Nineteen of these 32 (59%) patients died of 
their disease. In contrast, only 25 of 156 (16%) of patients 
with unilateral neck dissections died of their cancers. 

DeSanto further compared the results of delayed dissec- 
tion on the second side of the neck to simultaneous bilateral 
neck dissection when the first dissected side was positive for 
cancer. His data showed a higher death rate from disease as 
well as a higher frequency of distant metastasis when the 
contralateral neck dissection was delayed. 
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In series that present results of radiation therapy alone for 
stage II supraglottic cancers, the 3-year disease-free survival 
rates are reported from 60 to 80% [66,67]. The probability 
of response to radiotherapy is definitely influenced by the 
actual volume of tumor present in the supraglottis. Work 
done at the University of Florida has shown that tumors 
less than 6 cm 3 had response rates in the 80% range, 
whereas tumors larger than 6 cm 3 had response rates less 
than 50% [67,68]. 

One of the problems in evaluating success with radiation 
therapy for supraglottic lesions that are clinically and radio- 
logically T 2 relates to the probability of understaging these 
cancers. Zeitels [69] has reported that nearly 30% of appar- 
ent T 2 infrahyoid epiglottic cancers are actually T 3 lesions 
based on invasion of the preepiglottic space, which is not 
apparent clinically, but is proven pathologically. These 
results were seen in the analysis of supraglottic cancer 
resection specimens obtained by transoral laser micro- 
surgery. Obviously, if irradiation only is given it is not 
possible to sort out which of the apparent T 2 lesions are in 
fact more aggressive and are in reality T 3 cancers. 

Success rates in treating T 3 supraglottic cancer by radia- 
tion therapy alone are as expected less than results seen in 
T 2 lesions. These results range from 40 to 70% and in all 
likelihood are somewhat site dependent. T 3 cancers that 
have developed by extending into the paraglottic space to 
produce immobility of the true vocal cord are likely more 
aggressive and less likely to be cured than cancers staged T 3 
due to extension through the epiglottis into the preepiglottic 
space. 

Surgical approaches to supraglottic cancers started with 
total laryngectomy and then advanced to the conservation 
procedures described by Ogura and associates [70-73] of 
horizontal partial laryngectomy or supraglottic laryngec- 
tomy. As the resection of supraglottic tissue removes part of 
the sphincteric function of the larynx, patients so treated are 
more susceptible to postoperative aspiration and subsequent 
pulmonary compromise. Related to this pulmonary function 
test standards have been developed to help select which 
patients are amenable to open supraglottic resection. 

The limitations for supraglottic laryngectomy initially 
defined by Ogura and others have largely remained in place 
up to this time. The original external supraglottic laryngec- 
tomies entailed removal of the full supraglottis above the 
level of the true vocal cords and included the preepiglottic 
space and hyoid bone. The first modification to this 
approach came from Italian surgeons, who found that resec- 
tion of the hyoid bone was in fact not necessary in many 
patients [73]. Leaving the hyoid bone in place allowed the 
resected residual larynx to be suspended to the hyoid, which 
helped diminish postoperative aspiration. 

In patients staged T 3 based on paraglottic space inva- 
sion and vocal cord fixation, some extended supraglottic 
laryngectomy procedures have been proposed that entail 

resection of the full supraglottis with the resection carried 
down into the glottic larynx. Pearson's near-total laryngec- 
tomy is one example of such a procedure that has been 
shown to successfully remove T 3 and even T 4 supra- 
glottic cancers with limited thyroid cartilage invasion. This 
procedure, as already discussed, leaves the patient stoma 
dependent but does leave a shunt for the production of 
speech. 

More recently, French physicians have introduced 
supracricoid partial laryngectomies for both glottic and 
supraglottic squamous cell carcinomas, as discussed earlier. 
Supracricoid partial laryngectomy with cricohyoidopexy is 
a very viable alternative to extended supraglottic laryngec- 
tomy or near-total laryngectomy in lesions that involve the 
anterior aspect of the larynx. In this procedure, after resec- 
tion of the cancer, the cricoid cartilage is pexed to the 
remaining hyoid bone, helping to prevent aspiration, leaving 
a viable voice, and avoiding a tracheostoma. 

As discussed in the section on advanced glottic cancer, 
investigations have been done and are ongoing to enhance 
the effect of primary irradiation for these more extensive 
supraglottic cancers. Nakfoor, and colleagues [66] at the 
Massachusetts General Hospital and the Massachusetts Eye 
and Ear Infirmary have used accelerated radiotherapy in 
the treatment of these lesions. Their experience from 1981 
to 1992 included 164 evaluable patients for stages I-IV 
supraglottic cancer. Their approach was to use accelerated 
hyperfractionated radiotherapy to 67.2-72 Gy in 1.6-Gy 
fractions given twice daily for 6 weeks. Their success rates 
in treating T 3 and T 4 supraglottic cancers are reported to be 
76 and 43% 5-year actuarial local and regional control. 
When surgical salvage is included, the ultimate local control 
rates for T 3 and T 4 lesions were 88 and 51%. Voice preser- 
vation for T 3 and T 4 patients was 72 and 43%, respectively. 

Current studies are ongoing in institutions using other 
hyperfractionation regimes, as well as studies using con- 
comitant chemotherapy and irradiation. Advanced stage 
supraglottic cancer was also included in the large VA coop- 
erative study, which has been discussed previously. Success 
rates in stage IV supraglottic cancer are comparably poor, 
similar to stage IV glottic cancer. The protocols of larynx 
preservation are the same for both. 

Transoral laser resection of supraglottic cancer is now 
becoming used more prevalently. As stated earlier in this 
section, transoral resection of T 1 suprahyoid epiglottic 
cancer has been performed for almost 20 years and is an 
accepted alternative for this rare and early supraglottic 
cancer [74]. Endoscopic supraglottic resection for stage II 
and more recently stage III lesions has developed very 
slowly in America. This procedure developed in America as 
basically an adjunctive procedure done to stabilize the 
airway of patients with extensive supraglottic cancers before 
definitive therapy usually total laryngectomy and postoper- 
ative irradiation [75]. In some cases, patients had extended 
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epiglottic, aryepiglottic fold, or false vocal cord resections 
prior to definitive irradiation, again with the intent of stabi- 
lizing the airway and preventing obstruction during the 
course of irradiation. As it became apparent that many of 
these patients tolerated the endoscopic resections extremely 
well with minimal postoperative morbidity to include 
airway loss or bleeding, the concept of resection of all visi- 
ble cancer followed by definitive radiation was advocated. 

Zeitels and Davis [75-77] have reported their prelimi- 
nary experiences in resecting supraglottic cancers endo- 
scopically and either coupling these resections with 
postoperative irradiation or relying on surgery alone. This 
determination was based on the size of the primary lesion 
and the degree of confidence with which the cancer was 
fully resected endoscopically. 

Initial endoscopic resections involved piecemeal resection 
of cancers through large-bore laryngoscopes. As the full sur- 
gical field could rarely be seen in one laryngoscope place- 
ment, these scopes were often adjusted during the surgery in 
a mosaic-type way. As results of this approach were reported, 
there was justifiable concern that these resections may not 
have been oncologically sound due to the challenges of expo- 
sure. It was certainly recognized that these endoscopic supra- 
glottic resections were more difficult to perform than open 
supraglottic laryngectomy and were fraught with some 
chance of inadequate cancer resection. As adjustable laryn- 
goscopes were introduced, and as evolutions in surgical tech- 
nique developed, transoral laser supraglottic resection has 
become better understood and accepted in America. 

In Germany, Steiner and Rudert, among others, have long 
advocated transoral laser supraglottic resection of T 2 and 
selected T 3 or even T 4 supraglottic cancer [78-80]. Primary 
endoscopic resection in the hands of these surgeons has 
often been done in one setting with neck dissection done 
within a week of the primary procedure. Success rates 
reported by these German physicians are similar to success 
rates reported by other surgeons worldwide using open 
supraglottic laryngectomy. 

While it is beyond the intent of this chapter to be a surgi- 
cal atlas, there are key surgical steps that allow endoscopic 
resection to be safe and effective. Use of the adjustable laryn- 
goscope has already been addressed. Excellent visualization 
must be obtained for any endoscopic (or other) surgery to be 
successful. The single surgical innovation that has most 
helped endoscopic surgery has been the initial transection of 
the epiglottis from pharyngoepiglottic fold to pharyn- 
goepiglottic fold as the first step of endoscopic resection. This 
epiglottectomy often transects cancer, but totally opens a view 
of the residual supraglottis and preepiglottic space superiorly 
and anteriorly, which allows supraglottic laryngectomy to be 
done to the same extent that would be done in an open proce- 
dure. The obvious difference is that normal tissues are not 
divided to gain tumor access, thereby notably lessening post- 
operative morbidity in the endoscopic approach. 

In the initial work by Davis endoscopic supraglottic 
laryngectomy was coupled with irradiation as stated previ- 
ously. Importantly, patients undergoing endoscopic resec- 
tion and postoperative irradiation did not have the same 
magnitude of postoperative problems to include inability to 
swallow that had been seen in open supraglottic laryngec- 
tomy followed by irradiation. Additionally, while the same 
guidelines of assuring adequate pulmonary reserve were 
followed in the endoscopic resections, it certainly appeared 
anecdotally that patients had significantly less aspiration, 
suggesting that patients with poorer pulmonary function 
could even be treated this way. 

As the work of the pioneering German surgeons became 
well known in America, the limitations to supraglottic laryn- 
gectomy done endoscopically were certainly broadened. 
More notably, the need to give postoperative irradiation for 
control of the primary site in the supraglottis was appropri- 
ately called into question. At the current time, endoscopic 
supraglottic laryngectomy in patients in whom the supra- 
glottis can adequately be exposed endoscopically is felt to 
be an alternative to open supraglottic laryngectomy. The 
same ultimate tumor margins can be obtained to include 
hyoid bone resection and resection of the upper part of the 
thyroid cartilage where needed. 

Treatment of T 4 supraglottic cancer has been alluded 
to in the discussion of T 2 and T 3 cancers. T 4 supraglottic 
cancer still remains highly threatening with survival rates 
from primary irradiation less than 50%, even with the more 
innovative approaches. Many T 4 supraglottic cancers still 
require a total laryngectomy with postoperative irradiation 
with an expected ultimate survival near 50%. Laryngeal- 
sparing regimes are used appropriately with T 4 supraglottic 
cancer and will continue to be investigated. 

Vll. SUMMARY 

Treatment options in the management of laryngeal cancer 
have been presented from a principal basis. The focus has 
been on why different modalities of therapy could be 
selected versus any in-depth discussion of how these 
approaches are done. The author's own preference for treat- 
ment of laryngeal cancer is as follows. 

1. Carcinoma in situ of the true vocal cords is best 
treated by phonomicrosurgical techniques as advocated by 
Zeitels and others. 

2. Tla glottic cancers in patients who can be exposed 
endoscopically are best treated by transoral laser micro- 
surgery. Tlb lesions involving the anterior larynx are 
also treated preferentially by laser resection utilizing the 
principles listed beyond standard cordectomy techniques. 
T lb lesions involving the posterior glottis are treated 
preferentially by radiotherapy with the hope that altered 
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fractionation or chemo-irradiation schemes may produce 
better results. 

3. T2a glottic lesions are best treated by transoral laser 
resection in patients adequately able to be exposed or by 
open vertical partial laryngectomy or supracricoid partial 
laryngectomy in patients where exposure is more difficult. 
T2b cancers are best treated by these open surgical 
approaches. Radiotherapy is reserved for patients who are 
not surgical candidates. 

4. The gold standard for cure in T 3 glottic cancer still 
remains total laryngectomy. Where cancer involves the ante- 
rior glottis more significantly, open partial laryngectomy or 
supracricoid partial laryngectomy is advocated. The use of 
laryngeal preservation schemes to include induction 
chemotherapy are an important alternative therapy. 
Additionally, concurrent chemotherapy and irradiation will 
likely become a viable alternative. 

5. Stage IV glottic and supraglottic cancers are highly 
threatening and are best treated by total laryngectomy and 
postoperative irradiation in most cases. Complete response 
to either induction chemotherapy followed by irradiation or 
to concurrent chemotherapy and radiation may save the need 
for total laryngectomy. 
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I. INTRODUCTION 

When we think of "organ preservation" in the treatment 
of laryngeal cancer, many of us think of either radiation 
alone or chemotherapy and radiation in combination. The 
reason for this is likely to be that the clinicians who have 
advocated the development of nonsurgical approaches such 
as chemotherapy/radiation therapy protocols have often used 
the words "organ preservation" in response to the common 
use of total laryngectomy for a high percentage of laryngeal 
cancers. What role does surgery play for the clinician who 
limits their organ preservation approach to "nonsurgical" 
modalities such as radiation or chemotherapy and radiation 
therapy? In the nonsurgical "organ preservation" view, sur- 
gery most often means total laryngectomy and essentially 
constitutes a "back-up" approach for patients who are either 
not candidates for aggressive nonsurgical regimens or who 
have failed locally or regionally after nonsurgical therapy. 
Although it was recognized that surgical therapies existed to 
save the voice box, in the nonsurgical "organ preservation" 
viewpoint, these surgical techniques were considered dubi- 
ous because either very few surgeons performed them with 
any regularity or the functional results, when applied for the 
intermediate and larger lesions, were suspect. Nonetheless, a 
renaissance is evident in the literature for the partial surgical 
approaches for laryngeal preservation. So although larynx 
sparing techniques have been available for over a century to 
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treat laryngeal cancer, the spectrum of surgical organ preser- 
vation techniques has been broadened during the past 
decade. The results of the new organ preservation surgery 
approaches are not only excellent in terms of oncologic 
outcomes, but also in terms of speech and swallowing out- 
comes. The purpose of this chapter is to present the role of 
organ preservation surgery for laryngeal cancer. 

A situation has arisen where a dichotomy has developed 
among many clinicians and even medical centers, in which 
essentially one of two approaches for laryngeal organ 
preservation dominates, either surgical or nonsurgical. This 
pattern developed during an era when the conservation or 
partial surgical approach was dominated by the vertical 
hemilaryngectomy and the supraglottic laryngectomy. The 
standard form of these two procedures has only limited 
indications for the management of mostly early laryngeal 
carcinoma. Surgeons that limit themselves to utilizing only 
vertical hemilaryngectomy and the supraglottic laryngec- 
tomy as their "conservation" approaches can only treat a 
very select group of patients and therefore must offer the 
remaining patients total laryngectomy or perhaps near total 
laryngectomy, both of which require a permanent stoma. 
The result has been that some surgical residents who are 
being trained in centers where nonsurgical organ preserva- 
tion approaches dominate may not understand the surgical 
organ preservation techniques. The reality is, however, that 
both surgical and nonsurgical approaches for laryngeal 
preservation are important and valuable. 

In a chapter of this size it is not possible to provide a com- 
prehensive analysis of all aspects of organ preservation sur- 
gery. The goal of this chapter is to provide an introduction that 
allows clinicians to assess which organ preservation surgical 
options may be of benefit for their patients and counsel their 
patients concerning those options. It is critical for any clini- 
cian counseling a patient with laryngeal cancer to discuss both 
nonsurgical and surgical approaches for organ preservation. 
In the "internet" era, patients now have access to information 
about all approaches, surgical and nonsurgical, so it behooves 
the clinician to be prepared to answer educated questions. In 
most cases, however, the depth of understanding that is 
required for a surgeon to actually perform these procedures 
can be found in the literature that is referenced throughout. 

11. BASIC CONCEPTS:  BEYOND 
CONSERVATION LARYNGEAL SURGERY 
TO ORGAN PRESERVATION SURGERY 

O F TH E LARYNX 

Conservation laryngeal surgery is a type of surgery in 
which the skin is incised and the larynx is opened to remove 
the cancer. In the late 19th century, the vertical partial laryn- 
gectomy was developed and remained the dominant conser- 
vation laryngeal technique for most of the 20th century [1]. 

Alonso [2] made a significant contribution in 1947 by intro- 
ducing the supraglottic partial laryngectomy for the treatment 
of selected supraglottic carcinomas. Both vertical partial 
laryngectomies and supraglottic partial laryngectomies are 
excellent in terms of oncologic control for early laryngeal 
carcinomas were utilized for very selected, mostly early 
carcinomas [3,4]. The problem with the conservation surgery 
paradigm, which was dependent on the vertical partial laryn- 
gectomy and the supraglottic partial laryngectomy, was that 
there was still a large number of patients that required either 
near-total or total laryngectomy, both of which require a 
permanent tracheostoma [5]. The strategy that was developed 
to deal with this dilemma, by some surgeons, was to extend 
the indications of vertical partial laryngectomy and supraglot- 
tic partial laryngectomy. These extended procedures posed 
problems because the original procedures were designed for 
small lesions. The pundits who published the results follow- 
ing extended vertical partial laryngectomies and extended 
supraglottic partial laryngectomies tended to report their 
techniques in small numbers, with variability in terms of both 
functional outcome and local control [6-9]. In addition, it was 
not realistic to think that many of these techniques could ever 
be adopted by surgeons, other than by the original authors and 
their teams, as they were reported with a plethora of difficult 
to reproduce laryngeal reconstructions frequently with very 
little in the way of technical detail. So in trying to salvage the 
conservation surgery approach by extending the standard 
techniques, the pundits actually pushed the field into the 
hands of a few experts and out of the hands of the front-line 
clinicians and their daily practices. Why perform a vertical 
partial laryngectomy for T1 cancer when the voice outcome 
was so much worse than radiation therapy and the cure rates 
are the same? Furthermore, why perform an extended vertical 
hemilaryngectomy for a T2 glottic carcinoma when the con- 
trol rates were clearly variable and the functional outcome of 
the difficult to reproduce reconstruction was unsure [10]? 
Similar statements can be made for higher staged glottic 
lesions, and parallel arguments can be made for the role of 
supraglottic laryngectomy. So for the otolaryngologist-head 
and neck surgeon in the community, who most commonly is 
the first to diagnosis these carcinomas, the conservation 
surgery approaches played little role in their own practices, 
the result of which was turning to an approach of radiation for 
small and intermediate lesions followed by total laryngec- 
tomy for failure and total laryngectomy for very advanced 
cancers as primary treatment [ 11 ]. 

Nonsurgical organ preservation protocols utilizing novel 
combinations of radiation and chemotherapy were developed 
in response to the limitations of the conservation surgical 
approach to avoid a permanent tracheostoma in higher stage 
tumors. In 1985 the VA Cooperative Studies Program prospec- 
tively randomized patients between induction chemotherapy 
and radiation versus the standard therapy of total laryngec- 
tomy with postoperative radiation therapy [12]. While survival 
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was not compromised in the induction chemotherapy and 
radiation ann, over one-third of these patients still underwent 
total laryngectomy [12]. Shortly after publication of the 
VA Cooperative Studies program, Intergroup 91-11 was insti- 
tuted comparing radiation alone, induction chemotherapy 
followed by radiation therapy (VA protocol), and concomitant 
chemotherapy and radiation therapy in an effort to define the 
optimal nonsurgical organ preservation approach. The results 
of Intergroup 91-11 indicated that the superior arm was 
concomitant chemotherapy and radiation therapy, yielding an 
actuarial 85% laryngeal preservation rate at 5 years. In the 
United States, at the inception of the VA trial and Intergroup 
91-11, the only standard surgical approaches for laryngeal 
preservation were supraglottic partial laryngectomy and verti- 
cal hemilaryngectomy. At the time it was reasonable to search 
for nonsurgical alternatives to total laryngectomy because 
these two surgical approaches had limited application for 
patients with early lesions, leaving the surgical option for the 
majority of patients with intermediate and advanced carcino- 
mas being total laryngectomy. In European chemotherapy 
radiation trials, patients who are candidates for organ preser- 
vation surgery were explicitly excluded from nonsurgical 
organ preservation trials; this was not the case in either the VA 
trial or Intergroup 91-11 [12-15]. Why did such a different 
approach evolve in Europe? 

By the late 1950s in Europe, a new strategy was developed 
to avoid total laryngectomy in intermediate and advanced laryn- 
geal cancer [16]. This involved the introduction of new surgical 
techniques known as supracricoid partial laryngectomies 
[17,18]. There are actually two version of the supracricoid 
partial laryngectomy. The supracricoid partial laryngectomy 
used for selected glottic carcinomas results in the resection of 
both true cords, both false cords, the bilateral paraglottic spaces, 
and the entire thyroid cartilage. Reconstruction is performed by 
suturing the cricoid to the epiglottis and hyoid, and hence the 
name cricohyoidoepiglottopexy (CHEP). When supracricoid 
partial laryngectomy is used for selected supraglottic carcino- 
mas, all of the tissue that is resected in the supracricoid partial 
laryngectomy with CHEP but also resects the whole preepiglot- 
tic space and epiglottis. Reconstruction in this case is done 
by suturing the cricoid to the hyoid and hence the name crico- 
hyoidopexy (CHP). Supracricoid partial laryngectomies have 
been reported from centers in numerous European countries to 
have reproducibly excellent local control and functional out- 
come for selected cases of laryngeal carcinoma [17-20]. 
Supracricoid partial laryngectomies have been noted to be 
an excellent addition to the surgical armamentarium for the 
management of laryngeal carcinoma; in addition, the quality 
of life following supracricoid partial laryngectomy has been 
shown to be superior to total laryngectomy with tracheoe- 
sophageal puncture [2i,22]. 

During the two decades since the inception of the VA trial 
and the decade since the inception of Intergroup 91-11, 
supracricoid partial laryngectomies, which have been utilized 

for over 40 years in Europe [16], have become increasingly 
popular surgical therapy in the United States. Supracricoid 
partial laryngectomies allow for a surgical larynx preserva- 
tion rate of approximately 95% when utilized for selected 
cases of intermediate and advanced laryngeal carcinomas 
[23,24]. At present, in the United States, the choice of organ 
preservation surgery versus nonsurgical organ preservation 
tends to vary based on the experience of the clinicians 
involved and the "culture" of the institution where the patient 
seeks treatment. The only oncologic criteria that preclude 
performing organ preservation surgery, when supracricoid 
partial laryngectomies are included among the options, are 
(1) arytenoid cartilage fixation, (2) greater than 1 cm of 
cancer extension into the subglottis at the midcord level, and 
(3) interarytenoid involvement. Therefore, while advance- 
ments have been made over the past two decades in nonsur- 
gical approaches to avoid total laryngectomy, synchronous 
developments in the area of organ preservation surgery have 
decreased the percentage of patients requiting total laryngec- 
tomy when surgery is the primary modality. 

The second major development in surgical approaches 
for organ preservation over the past two decades was the 
introduction of endoscopic resection of laryngeal carcinoma. 
Endoscopic approaches, utilizing both laser and standard 
techniques, have been shown to have high local control rates 
for early lesions. In addition, contrary to popular belief among 
patients and clinicians, the voice outcome following endo- 
scopic resection of selected glottic and supraglottic lesions 
has been shown to be equivalent to radiation therapy [25]. 

The addition of supracricoid partial laryngectomies on one 
end of the surgical spectrum and endoscopic approaches on 
the other has fueled a renaissance in the surgical management 
of laryngeal carcinoma. Integration of endoscopic techniques, 
conservation surgical techniques, and supracricoid partial 
laryngectomies can be done by uniting them under a new 
paradigm known as "organ preservation surgery" for laryn- 
geal cancer. By necessity, to understand the organ preserva- 
tion surgery approach, we must move beyond the older 
conservation surgery paradigm. Adopting the organ preserva- 
tion surgery approach requires not only a change in perspec- 
tive, but also an understanding of five critical principles. 

II!. PRINCIPLE ONE" NONSURGICAL ORGAN 
PRESERVATION STRATEGIES VERSUS 

ORGAN PRESERVATION SURGERY 

During the past few years publications and protocols 
focusing on chemotherapy radiation schemes to avoid 
surgery at the primary site have utilized the term organ 
preservation as a description of their purpose. The implica- 
tion is that there is nonsurgical organ preservation and then 
there is surgery. In some institutions, surgery most often 
means total laryngectomy or some other partial laryngeal 



3 7 8  IV. Current Approaches 

procedure that "we do not do here" or "might work but at 
the expense of terrible swallowing problems." This type of 
perspective may have been reasonable at a time when the 
conservation surgery paradigm depended only on vertical 
partial laryngectomy and supraglottic laryngectomy and 
their difficult to reproduce extended variations. However, 
with the addition of endoscopic approaches and supracricoid 
partial laryngectomies, the myopic perspective that only 
nonsurgical approaches are the "true" organ preservation 
approaches is both untrue and unacceptable. 

So the first concept of the organ preservation surgery 
paradigm is that there are nonsurgical as well as surgical 
approaches for organ preservation and that both have a place 
in the management of laryngeal cancer. The first question that 
may come to mind is "If we are resecting a large portion of 
abnormal and even normal larynx, how can this possibly be 
considered organ preservation?" Doesn't organ preservation 
mean that we should end up with a "normal larynx" at the end 
of treatment? In the first place, a larynx that has cancer in it is 
no longer a "normal larynx." Even after successful nonsurgical 
organ preservation therapy, such as radiation and chemo- 
radiation, the presence of a cancer itself, particularly large 
cancers, can result in the destruction of normal tissue and 
permanent scarring, affecting all aspects of laryngeal function 
[26]. In the second place, all treatments of larynx cancer, both 
surgical and nonsurgical, have both acute and chronic perma- 
nent side effects, both in the larynx and in the surrounding 
tissues. 

A common misconception among both surgeons and 
patients is that radiation therapy is the preferred modality of 
treatment for early laryngeal carcinoma because the voice 
quality is superior to surgery. This fallacy most likely arose 
during a time when the only surgical options were proce- 
dures such as the vertical partial laryngectomy for glottic 
carcinoma rather than on the contemporary approach of 
partial endoscopic cordectomy. The reality is that with the 
advent of glottic and supraglottic endoscopic approaches, 
and open approaches such as the supraglottic laryngectomy, 
enough of the vocal cords can be saved so that the postoper- 
ative voice can either be normal after surgical resections or 
equivalent to radiation therapy. The classic example of this 
is when a patient has a very superficial, small or medium 
sized, midcord, T1 glottic carcinoma, when the reasons 
given to a patient for choosing radiation is that the cure rate 
is the same as for surgery and the voice after radiation is 
superior. The present literature does not support this 
concept; at present, simply put, this concept is inaccurate. 
When radiation is utilized, even for early glottic carcinoma, 
there is an impact on the tissues of the larynx, resulting in 
abnormal vocal quality [27]. Additionally, data now 
clearly show that the key issue for voice quality after endo- 
scopic resections is the amount of tissue that is removed, 
with less of course being better. Studies demonstrate that 
voice after partial endoscopic cordectomy for early glottic 

cancer is equivalent to voice after radiation therapy for 
similar lesions [25,28]. Voice after chemoradiation for 
advanced laryngeal cancer significantly deviates from 
normal [29]. 

Of course, it would be ludicrous to say that all larynx 
sparing surgical techniques leave patients with voice quality 
that is equivalent to radiation or chemotherapy radiation 
therapy. For intermediate or advanced laryngeal cancer, the 
surgical organ preservation techniques may result in worse 
voice quality than the nonsurgical approaches (although this 
point has not been studied as yet). Nonetheless, the major 
determinant of quality of life is the stoma and not post- 
treatment voice quality [30]. Given this finding, the most 
important factor in recommending either a surgical or a non- 
surgical technique is not voice quality, but the overall local 
control, which of course has a major impact on the ultimate 
number of patients who will need a permanent tracheostomas 
after salvage laryngectomy. This point is particularly impor- 
tant when we compare oncologic and function results follow- 
ing radiation therapy alone versus supracricoid partial 
laryngectomy. Although it has not been studied, it is our expe- 
rience that voice quality is superior following radiation ther- 
apy for a T2 glottic carcinoma when compared to voice 
results following supracricoid partial laryngectomy. The key 
issue is that the local control for supracricoid partial laryn- 
gectomy is approximately 95% [18], whereas the local 
control following radiation therapy for the same lesion is 
approximately 30% [31 ]. The much higher local failure rate 
for radiation results in almost a third of patients ultimately 
requiring total laryngectomy and therefore a permanent 
stoma; it is the permanent stoma that patients dislike. 
Therefore, on the basis of vocal quality, the nonsurgical organ 
preservation approach, in this case radiation, is a better choice 
than supracricoid partial laryngectomy for T2 glottic carci- 
noma. Conversely, if the primary goal is avoiding total laryn- 
gectomy for a larger proportion of the patients, and hence 
lower the incidence of permanent tracheostoma for the group, 
then supracricoid partial laryngectomy is superior to radiation 
therapy. Almost all patients who fail radiation therapy for a 
T2 glottic carcinoma require total laryngectomy for salvage 
[32]. Because the presence of a permanent stoma has a 
greater impact on quality of life than hoarseness [30], it 
is reasonable to offer the patient supracricoid laryngectomy as 
the surgical alternative to radiation therapy for T2 glottic 
carcinoma. 

In light of the 85% organ preservation with concurrent 
chemotherapy and radiation therapy, as reported in the 
Intergroup 91-11 study [33], new questions arise concerning 
the role of organ preservation surgery. If this type of excel- 
lent result can be achieved, why should a surgeon learn these 
complex techniques or offer these techniques as an option? 
First, retrospective surgical literature indicates that if the 
appropriate organ preservation surgery technique is utilized, 
than the expected local control is on the order of 90-95%, 
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which is superior to the 85% achieved by concurrent 
chemoradiation therapy [33]. Some would argue that a 
weakness of the organ preservation approach is that since 
there is always some possibility of intraoperative conversion 
to total laryngectomy, all patients must be consented for a 
total laryngectomy at the time of organ preservation surgery. 
This should be a rare occurrence if patient selection has 
been done appropriately. In any case, there is a percentage 
of patients that immediately following concurrent 
chemotherapy and radiation therapy will require total laryn- 
gectomy for persistent disease, which is the nonsurgical 
equivalent to intraoperative conversion to total laryngec- 
tomy. One interesting finding in Intergroup 91-11 is that 
although the 5-year actuarial organ preservation rate for 
chemotherapy and radiation (85%) was superior to either 
induction chemotherapy followed radiation (71%) or radia- 
tion alone (64%). Nonetheless, the overall survival was not 
statistically different in any of the three groups (54, 53, and 
59%, respectively) [33]. Of note, in a study reported by 
Laccourreye et al. for 60 patients that underwent supra- 
cricoid partial laryngectomy with CHP with neoadjuvant 
chemotherapy for advanced endolaryngeal carcinoma clas- 
sified as T3-T4, the overall laryngeal preservation rate was 
91.7% and the 5-year actuarial survival estimate was 72.7%. 
The 5-year actuarial survival was almost 20% higher in the 
organ preservation surgery group compared to the concur- 
rent chemotherapy radiation therapy group (72.7% versus 
54%) [34]. One might say that this is an unfair comparison, 
as Laccourreye's group utilized induction chemotherapy; 
however, numerous other studies have yielded similar 
results without the use of induction chemotherapy 
[19,35,36]. It is possible that differences in nodal status, 
underlying medical illness, and other factors may account 
for the differences in survival between Intergroup 91-11 data 
and organ preservation surgery data. However, it is also 
possible that if patients are dying of other causes in the 
Intergroup 91-11 study, that if they had lived longer as a 
group that the local failure rate would have been higher. At 
present, literature indicates that both the local control and 
the survival are superior following organ preservation 
surgery regimens that include supracricoid partial lar- 
yngectomy when compared to concurrent chemotherapy 
radiation therapy. 

These differences in local control and survival between 
surgical and nonsurgical organ preservation are particularly 
important based on the inclusion and exclusion criteria of 
Intergroup 91-11. Inclusion criteria for Intergroup 91-11 
were (1) glottic or supraglottic carcinoma, (2) T2-T4, 
and (3) T4 tumors had to meet the following criteria: 
(a) questionable cartilage invasion by CT scan only (clinical 
T3) without penetration beyond the larynx and (b) supra- 
glottic primary with invasion of the base of tongue up 
to 1 cm clinically and by imaging studies. The only onco- 
logic criteria that preclude performing organ preservation 

surgery when supracricoid partial laryngectomies are 
included among the options are (1) fixation of the arytenoid 
cartilage, (2) greater than 1 cm of cancer extension into 
the subglottis at the midcord level, or (3) interarytenoid 
involvement. Therefore, a large number of patients that 
were included in this nonsurgical organ preservation 
trial would have been candidates for an organ preservation 
surgery technique. In addition, Intergroup 91-11 only 
included patients in whom the nutritional, pulmonary, and 
cardiac status must be considered adequate to tolerate the 
proposed chemotherapy, radiation therapy, and surgical 
treatment. In our experience, patients that cannot tolerate the 
postoperative course of a supraglottic or supracricoid partial 
laryngectomy for medical reasons would also not be a 
candidate for the rigorous concurrent chemotherapy 
radiation therapy regimen of Intergroup 91-11. Given the 
improvements in both local control and survival following 
organ preservation surgery, a reasonable approach is to 
offer all patients with stage III and IV glottic and supraglot- 
tic carcinoma, who are organ preservation surgery candi- 
dates, the organ preservation surgery approach, with 
concurrent chemotherapy radiation therapy offered to those 
patients with cancers that are not suitable for organ 
preservation surgery. Total laryngectomy is then reserved 
for those patients who are not candidates for organ preser- 
vation surgery and who do not fit inclusion criteria for 
Intergroup 91-11. 

While it would be ideal for all surgeons to perform all of 
the available organ preservation surgical techniques, this is 
unlikely to ever be the case because (1) there are many sur- 
geons who do not see a high enough volume of laryngeal 
cancer to gain expertise in these techniques, (2) some sur- 
geons do not have the desire to perform these techniques 
themselves, and (3) just as in some institutions it is clear that 
surgical approaches dominate, there are institutions where 
nonsurgical approaches are the tradition. Nonetheless, given 
that the literature now shows that there is safety and efficacy 
of both surgical and nonsurgical organ preservation 
approaches, insular institutional traditions are not acceptable 
alternatives to appropriate informed consent based on that lit- 
erature. The fact that a clinician does not choose to perform a 
given surgical technique him/herself is not an excuse for a 
lack of full understanding of the indications and posttreatment 
impact of the technique in terms of both function and cancer 
control. The surgeon counseling patients with laryngeal 
cancer must understand both nonsurgical and surgical organ 
preservation approaches, even if they never actually perform 
these procedures themselves. Either a surgeon or a non- 
surgeon should, from an ethical standpoint, also be prepared 
to refer a patient to a head and neck surgeon who has expert- 
ise with organ preservation surgical techniques if, after 
appropriate counseling, the patient prefers to undergo or 
requires additional information concerning the surgical 
approach. 
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A. T S t a g i n g  in L a r y n g e a l  C a r c i n o m a  

The organ preservation surgery approach and nonsurgical 
organ preservation approaches differ in their pretreatment 
workups. The role of T staging in nonsurgical approaches 
such as radiation and chemoradiation is to predict prognosis 
based on a large series of patients reported in the literature. 
The T staging system, however, plays no role in assessing 
which organ preservation surgery to perform. This is because 
the T staging system is an artificial division of a large spec- 
trum of cancers into four stages based on a gross extension of 
tumor and vocal cord mobility [37]. The choice of which 
organ preservation surgery is the best option in a particular 
case requires a very precise assessment of the two- and three- 
dimensional extent of the cancer; a much more precise assess- 
ment than is possible with four T stages. While T staging is 
not useful for choosing a particular organ preservation proce- 
dure, once the procedure is chosen, the T staging system is 
useful for comparing the prognosis to nonsurgical organ 
preservation approaches. 

B. P r e t r e a t m e n t  E n d o s c o p y  for 

Laryngeal  C a r c i n o m a  

The nonsurgeon assesses the gross findings in the larynx, 
such as whether the tumor is exophytic or endophytic, the 
sites of involvement of the cancer, i.e., true cord and epiglot- 
tis, and the vocal cord mobility when they perform indirect 
laryngoscopy. In other words, indirect laryngoscopy is per- 
formed to T stage the cancer. Because the organ preservation 
surgeon must precisely map the surface extent of the carci- 
noma with greater accuracy than the T staging system, they 
should use pretreatment endoscopy indirectly in the office 
and under general anesthesia directly in the operating room 
to accomplish this goal [38]. 

D. R a d i o l o g y  pr ior  t o  T r e a t m e n t  of  

L a r y n g e a l  Ca~ ' c inoma  

As in the remainder of the pretreatment workup, the 
nonsurgeon is more focused on the gross characteristics of 
the tumor, such as tumor volume, and radiographs are 
utilized to asses these findings. The greater the tumor 
volume of the tumor, the worse the prognosis following 
radiation therapy [41]. The tumor volume itself is not a 
relevant issue for the organ preservation surgeon. There are 
areas of cancer invasion that are hard to evaluate clinically, 
such as early cartilaginous invasion, moderate invasion of 
the preepiglottic space or subglottic extension, and exten- 
sion of the carcinoma out of the larynx; assessment of these 
areas is most valuable aspect of radiographs to the organ 
preservation surgeon [42]. 

E. C o n f i r m a t i o n  of  F ind ings  Fol lowing  

T r e a t m e n t  of  La ryngea l  C a r c i n o m a  

A key difference in nonsurgical versus surgical organ 
preservation approaches is in the confirmation of the 
clinical examination findings. The surgeon confirms their 
pretreatment clinical assessment at the time of surgery, very 
shortly after the workup. The nonsurgeon, however, never 
removes the tumor and therefore at no time actually 
confirms the pretreatment assessment. This difference has a 
major impact on the treatment. Critical reliance on the 
pretreatment clinical examination means that if the assess- 
ment is inadequate, the wrong procedure may be recom- 
mended, the outcome of which may be total laryngectomy. 
Therefore, only surgeons who have attained expertise in the 
organ preservation surgery workup (not only the techniques 
themselves) can apply these techniques successfully. 

C. Laryngea l  Mobi l i t i e s  in 

Laryngea l  C a r c i n o m a  

While the nonsurgeon assesses vocal cord mobility to 
T stage the patient, the organ preservation surgeon assesses 
laryngeal mobilities for other reasons as well. An excellent 
approach used to study the clinical pathologic nature of laryn- 
geal cancer is to section the whole pathologic specimen and 
then correlate malignant extension seen on the sections with 
clinical findings. These whole organ section studies have cor- 
related changes in laryngeal mobilities with the depth and 
extent of the cancer. Kirchner and Som [39] have shown that 
fixation of the vocal cord correlates with deep invasion into 
the thyroarytenoid muscle. Brasnu et  al. [40] have shown that 
arytenoid fixation is due either to cricoarytenoid muscle 
invasion or to cricoarytenoid joint invasion. The organ preser- 
vation surgeon uses both vocal cord and arytenoid mobility to 
assess depth of invasion of the cancer, which in turn enables 
them to make the appropriate choice of surgical technique. 

IV. PRINCIPLE T W O :  
THE CRICOARYTENOID UNIT 

In the old conservation surgery paradigm the vocal 
cord was the central focus, largely ignoring the role of the 
mobility of the arytenoid cartilage. In the organ preservation 
surgery paradigm the focus shifts posteriorly to the cricoary- 
tenoid unit. The cricoarytenoid unit includes one arytenoid 
cartilage, the cricoid, the ipsilateral superior and recurrent 
laryngeal nerves, and the ipsilateral cricoarytenoid muscula- 
ture. The cricoarytenoid units are in fact the engine 
of the larynx. They are responsible for opening and closing 
the larynx in speech, respiration, and swallowing. So 
speech, swallowing, and respiration without a permanent 
tracheostomy are possible if the organ preservation surgery 
approach spares at least one functional cricoarytenoid unit. 
So sparing at least one vocal cord (or most of one), which is 
so central to the conservation surgery approach, has changed 
to sparing at least one cricoarytenoid unit in the organ 
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preservation surgery approach. Sparing a vocal cord does 
not preserve voice, rather it preserves vocal quality. 

V. PRINCIPLE THREE: THE SPECTRUM 
C O N C E P T  OF LARYNGEAL C A R C I N O M A  AND 

LARYNGEAL CANCER SURGERY 

We have already discussed the inadequacies of the T 
staging system in the workup of a patient for organ preser- 
vation surgery. This is evident to any head and neck surgery 
resident who reads the literature and discovers that numer- 
ous surgical techniques have been recommended for a given 
T stage, but when they get to the specifics of the indications, 
there is tremendous overlap in the literature. The literature in 
some cases seems almost contradictory, with one surgical 
expert strongly recommending one procedure for a particu- 
lar lesion and another recommending an entirely different 
procedure. With such a large number of organ preservation 
techniques and such a large diversity in the superficial and 

deep extent of laryngeal carcinoma at the time of presenta- 
tion, it can be quite challenging to plan treatment for these 
patients. In the face of the challenges of organ preservation 
surgery workup, some surgeons might rather simply leave 
these options out of the discussion and only recommend 
nonsurgical organ preservation surgery to their patients. The 
reality is that the literature supports the feasibility of the 
organ preservation surgical techniques so to ignore them 
is both ethically unsound and medicolegally unwise. Even if 
a surgeon would rather not perform thes,e procedures, they 
are obliged to know when the techniques are best utilized. 
The organ preservation surgery spectrum may be utilized 
to decrease some of the complexity of the pretreatment 
workup, which can be particularly challenging for those 
residents in training. There is a spectrum of surgical proce- 
dures that may be utilized to preserve the larynx, and a 
corresponding spectrum of lesions, from small to large 
(Figs. 26.1 and 26.2). 

The upper portion of the spectrum shows numerous 
schematic larynges, with the lesions being the smallest to 

FIGURE 26.1 The organ preservation surgery spectrum for glottic carcinoma published with permission from 
"Organ Preservation Surgery for Laryngeal Carcinoma," G. S. Weinstein, O. Laccourreye, D. Brasnu, and H. LaccOUlTye, 
Singular Publishing, San Diego, 1999. 
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FIGURE 26.2 The organ preservation surgery spectrum for supraglottic carcinoma. Published with permission 
from "Organ Preservation Surgery for Laryngeal Carcinoma," G. S. Weinstein, O. Laccourreye, D. Brasnu, and 
H. Laccourrye, Singular Publishing, San Diego, 1999. 

the largest, from left to right with a blank schematic in 
between. The box below the schematic is a box used to doc- 
ument the mobility of the vocal cords, the arytenoids, and 
other details, including cartilage invasion or subglottic 
extension. On the bottom portion of Fig. 26.1 is the spec- 
trum of organ preservation surgical techniques, from least to 
most extensive. There is a different spectra for glottic and 
supraglottic lesions (Figs. 26.1 and 26.2). The techniques 
included in the spectra have been well documented in the lit- 
erature of having not only consistent oncologic control, but 
also a consistent functional outcome in terms of speech and 
swallowing without a tracheostomy. The clinician can use 
these spectra by drawing the lesion that they are evaluating 
either in a blank laryngeal schematic or one of the examples 
if they match. The surgeon then matches their lesions with 
the procedures. Note that in some cases there is more than 
one surgical option for a given lesion. This is because there 
are some controversies in the literature. The surgeon can 
then use the technique that in their experience has the best 
outcomes. 

VI. PRINCIPLE FOUR: RESECTION OF 
N O R M A L  TISSUE TO MAINTAIN 

POSTOPERATIVE FUNCTION 

In the conservation laryngeal surgery paradigm, the 
goal of the surgeon is to resect only the amount of tissue nec- 
essary to remove the cancer, preserving as much normal 
tissue as possible. The reconstruction is then performed based 
on the remaining tissue. This approach led to a plethora of 
difficult to reproduce complex reconstructions. Because the 
surgeon is constantly attempting to create a novel approach 
for reconstruction, depending on the defect, the functional 
outcome by necessity is unpredictable in many cases. 

The quantum leap beyond the conservation surgery para- 
digm made by the surgeons who developed the supracricoid 
partial laryngectomys was accepting that it was reasonable 
to remove "normal" laryngeal tissues, beyond that which is 
considered an oncologic margin, so that the postoperative 
functional outcome would be improved. So when perform- 
ing a supracricoid partial laryngectomy for a unilateral T3 
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carcinoma, the surgeon resects both true vocal cords, not 
just the ipsilateral cord. The opposite cord and the entire 
thyroid cartilage are resected in this case, not for oncologic 
reasons but to allow for a predictable functional reconstruc- 
tion. The principle is that there are certain postoperative 
anatomical configurations of the larynx, which, by the expe- 
rience of numerous surgeons, yields consistent functional 
outcomes. The organ preservation surgeon must be willing 
to resect uninvolved laryngeal tissue to allow for a recon- 
struction that will result in consistent functional outcome. 
The supracricoid partial laryngectomy is just one example 
of how this concept is applied to organ preservation surgery. 
Hirano et al. [43] have shown that in the supraglottic partial 
laryngectomy that the surgeon should always remove both 
false vocal cords, even when it is not indicated from an 
oncologic perspective, or the patient will have increased 
dysphagia. Another example is imbrication laryngoplasty 
following vertical partial laryngectomy [3]. In that proce- 
dure, a strip of thyroid cartilage is resected with the glottic 
level and then reconstruction is performed by imbricating 
the upper portion of the remaining thyroid cartilage medial 
to the lower portion (Fig. 26.3). The false cord is then 
advanced in place of the missing vocal cord. In this case the 
thyroid cartilage is not removed for oncologic reasons, but is 
resected to allow the false cord to be medialized by the 
imbrication of the cartilage and a better cord reconstruction 
with an improved voice outcome [44]. 

VII. PRINCIPLE FIVE: THE I M P O R T A N C E  OF 
LOCAL C O N T R O L  

The final fundamental principle of the organ preservation 
surgery approach is that local control is critical. Numerous 

studies have shown that local failure following either surgical 
or nonsurgical organ preservation approaches has been asso- 
ciated with a decrease in survival [32,45-47]. In addition, as 
mentioned earlier, the reason local control is important is that 
in the vast majority of local failures, the patient must undergo 
total laryngectomy. The importance of avoiding total laryn- 
gectomy is that studies have shown that the major determi- 
nant of quality of life after the treatment of laryngeal cancer 
is the need for a permanent tracheostoma [30]. 

VIII. O R G A N  PRESERVATION 
SURGICAL T E C H N I Q U E S  

A. P r e o p e r a t i v e  Clinical A s s e s s m e n t  

Both indirect and direct laryngoscopy are necessary in the 
pretreatment workup for organ preservation surgery. The indi- 
rect laryngoscopy typically done in the office is particularly 
important to assess both vocal cord and arytenoid mobilities, 
which cannot be done at the time of direct laryngoscopy when 
the patient is under general anesthesia. During direct laryn- 
goscopy in the operating room, some assessments can be 
made more easily than in the office, including palpation of the 
vallecula to assess the extent of preepiglottic space invasion, 
precise measurement of the extension into the subglottis, or 
the extent of involvement of the ventricle, among others. 

The role of bronchoscopy and esophagoscopy remains 
controversial [38]. With the exception of carcinoma in situ 

or T1 glottic carcinoma, the neck and primary site should be 
evaluated with a magnetic resonance imaging scan or a com- 
puterized tomographic scan, basing the choice of scan on the 
desires of the radiologist. In the absence of other symptoms, 
the only metastatic workup necessary is a chest X ray. 

FIGURE 26.3 Imbrication laryngoplasty. Published with permission from "Organ Preservation Surgery for Laryngeal 
Carcinoma," G. S. Weinstein, O. Laccourreye, D. Brasnu, and H. Laccourrye, Singular Publishing, San Diego, 1999. 
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IX. O R G A N  PRESERVATION SURGERY FOR 
CARCINO/~u~S ARISING AT 

THE GLOTTIC LEVEL 

A. E n d o s c o p i c  A p p r o a c h e s  

A common scenario is for the surgeon to encounter a 
white lesion of the larynx that is discrete on the midlevel 
of the mobile true vocal cord. It is not uncommon for 
surgeons to do a small incisional biopsy of this type of 
lesions, while leaving most of the lesion on the vocal cord. 
There are a number of weaknesses to this incisional biopsy 
approach of the discrete laryngeal lesion. First, only a small 
portion of the lesion is biopsied so the surgeon never knows 
if this small sample actually represents the whole lesion. 
Second, the pathologist typically receives a minute speci- 
men, and in many cases can only give a "rule out diagnosis" 
such as "at least carcinoma in situ, possible invasion." This 
then leads to a therapeutic dilemma: (1) do you get more 
tissue, (2) remove the whole lesion, or (3) radiate the lesion? 
When the cord is mobile and the lesion is superficial, the 
possible pathologic diagnoses include (1) a benign process, 
(2) some degree of dysplasia, (3) carcinoma in situ, (4) 
microinvasive carcinoma, and (5) invasive malignancy. The 
reality is that if the surgeon removes the whole lesion, then 
diagnoses one through four need no further treatment. The 
last diagnosis, invasive malignancy, may be treated with 
either radiation or further partial cordectomy depending on 
the voice outcome expectations. The concern for most sur- 
geons in excising the entire lesion is that there will be a poor 
voice outcome, and they do not want to risk this for a poten- 
tially benign lesion. Zeitels [48,49] has overcome this prob- 
lem by popularizing a technique in which the mucosa is 
injected with an epinephrine solution, causing a sort of sub- 
mucosal bleb or blister [48,49]. This process raises the 
mucosa from the vocal ligament so that when the entire cord 
mucosa is excised, the ligament may be spared, providing a 
scaffold upon which the cord mucosa may regenerate. If 
after injection, a portion of the mucosa is adherent to the 
underlying muscle, then this correlates with invasion by the 
carcinoma. In this case, Zeitels advocated excising the 
adherent area with a cuff of normal tissue. Because this 
technique is for relatively small white lesions, only a mini- 
mal resection of healthy tissue is needed and therefore the 
voice results can still be expected to be excellent. We use a 
25-gauge butterfly needle with the "wings" cut off and a 
tuberculin syringe to inject 1% lidocaine with 1:100,000 
epinephrine to do the injection. We use a microalligator for- 
ceps to control the needle. Zeitels reports excellent onco- 
logic and functional outcomes following this technique. 
Surgeons interested in utilizing this technique should review 
the technique described by Zeitels and then do this tech- 
nique [48-50]. If it works in your hands, it will likely 
become a standard part of your armamentarium. 

In general for discrete resectable carcinoma in situ surgi- 
cal resection is superior to radiation because it takes less 
time, it is less expensive, the cure rates are the same, and 
the functional outcome is comparable [48,51-53]. Radiation 
does have a definite role in carcinoma in situ of the larynx. 
Radiation is useful for patients who have multiple recur- 
rences following repeated surgical resections, contraindica- 
tions to general anesthesia, or extensive carcinoma in 
situ throughout the larynx precluding adequate surgical 
excision [54]. 

Because T1 glottic carcinomas may range in size from 
minute midcord lesions to extensive lesions involving both 
true vocal cords, the anterior commissure, and the subglottis 
bilaterally, clinical judgment is required on the part of the 
clinician evaluating the patient to assess the role of endo- 
scopic resection. In one study, the local control rates for 
early glottic carcinoma were equivalent for radiation versus 
surgery, the voice quality after laser resection was as good 
as after radiotherapy, and the cost of laser cordectomy was 
much lower [28]. The degree of hoarseness after endoscopic 
excision correlates directly with the extent of the endoscopic 
resection [55]. When the clinician's judgement, based on 
literature and clinical experience, is that the voice outcome 
will be comparable with radiation therapy, then the approach 
of choice is endoscopic excision. This would commonly be 
the case for discrete white lesions that do not involve the 
anterior commissure, microinvasive carcinomas, or when a 
primary invasive carcinoma would permit a partial rather 
than a total endoscopic cordectomy. The role of endoscopic 
excision of T2 glottic carcinoma continues to be controver- 
sial. While the most aggressive laser endoscopic resections 
are presently being published from German centers, Eckel 
and Thumfart [56] have recommended that endoscopic 
resections not be attempted for T3 glottic carcinomas. The 
description of these techniques by Steiner and Ambrosch 
[57] is the most comprehensive at present. 

B. Vert ical  Part ial  L a r y n g e c t o m y  

The commonality among all the procedures in this 
category is a vertical transection through the thyroid carti- 
lage to gain access to the endolarynx for the resection of 
tumors on the glottic level. In these procedures, a temporary 
tracheostomy is indicated. Vertical partial laryngectomies 
are really a family of procedures including open laryn- 
gofissure and cordectomy, vertical hemilaryngectomy, and 
epiglottic laryngoplasty. A range of local control of 
89-100% can be expected from vertical hemilaryngectomy 
selected T1 glottic carcinomas [3,10,58-61]. For larger can- 
cers, the role of vertical partial laryngectomy is less clear. 
For instance, the local control for T2 glottic carcinoma with 
vertical partial laryngectomy is much more variable, with a 
local failure rate ranging from 4 to 26% [3,10,59,60,62-65]. 
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It is because of this wide range of local failure rates that this 
author prefers supracricoid partial laryngectomy, which has 
been shown in the literature to have a consistently higher 
local control rate for T2 glottic carcinoma [22]. Although 
the oncologic outcome following the vertical partial laryn- 
gectomy is excellent when there is strict adherence to the 
indications, the weakness of the procedures is the need for a 
temporary tracheostomy, as well as some degree of post- 
operative hoarseness. The latter weakness has decreased the 
use of these techniques, in many cases in favor of radiation 
therapy. On the surgical side, the role of vertical partial 
laryngectomy has been limited by the introduction of endo- 
scopic approaches for very early lesions and by supracricoid 
partial laryngectomy with cricohyoidoepiglottopexy for 
selected intermediate and advanced glottic lesions [66]. 

Although hoarseness can be expected following vertical 
partial laryngectomy, Brasnu et al. [44] have demonstrated 
that reconstruction with a false cord advancement flap yields 
improved voice results. Imbrication laryngoplasty goes 
one step further than Brasnu's work by medializing the false 
vocal cord advancement flap with a portion of the thyroid 
cartilage [3,67]. 

C. Sup rac r i co id  Partial L a r y n g e c t o m y  

with  C r i c o h y o i d o e p i g l o t t o p e x y  

When supracricoid partial laryngectomy is utilized for 
selected glottic carcinoma, resection includes the entire 
thyroid cartilage, both true and false cords, sparing at least 
one cricoarytenoid unit. The cricoid is sutured to the hyoid 
and epiglottis to accomplish the reconstruction and hence 
the name cricohyoidoepiglottopexy (CHEP). (Fig. 26.4, see 
also color insert). T2 and T3 glottic carcinomas are the 
primary lesions that are amenable to this procedure. 
Laccourreye et al. [68] reported a 5-year local control rate 
for 62 patients of 98.2%(61/62) for Tlb and T2 lesions with 
invasion of the anterior commissure. In another report, 
Laccourreye et al. [69] noted a 5-year local control rate of 
95.5% among 67 patients with T2 lesions (31 with impaired 
motion of the true vocal cord and 36 without impaired 
motion). The 5-year actuarial local control estimate was 
90% in 20 patients with T3 glottic carcinoma with vocal 
cord fixation [70]. Chevalier et al. [71] reported a local 
control rate of 94.6% among a group of 112 previously 
untreated patients with impaired motion (T2 =90) or fixa- 
tion (T3 = 22) of the true vocal cord. 

The typical outcome in terms of function is temporary 
difficulty swallowing, a temporary tracheostomy, and per- 
manent hoarseness. Although the voice is hoarse, quality 
of life data indicate that the patients perception of the voice 
following supracricoid partial laryngectomy is superior to 
total laryngectomy with tracheoesophageal puncture [22]. 
Voice analysis following supracricoid partial laryngectomy 

FIGURE 26.4 Postoperative appearance of the larynx after supra- 
cricoid partial laryngectomy with cricohyoidoepiglottopexy in (A) respira- 
tion (arytenoids open), (B) phonation beginning (arytenoids partially 
closed), and (C) phonation (arytenoids closed). Published with permission 
from G. S. Weinstein and Laccourreye O. (1994). Supracricoid laryngec- 
tomy with cricohyoidoepiglottopexy. Otolaryngol. Head Neck Surg. 111, 
684-685. (See also color insert.) 

reveals that the phrase grouping and number of words per 
minute are similar to normal speakers, whereas the funda- 
mental frequency is lower and wider than normal, suggest- 
ing voice instability [72]. Nonetheless, qualitatively the 
voice is hoarse. The technique is well described in a number 
of publications [ 18,73]. 
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X. O R G A N  PRESERVATION SURGERY FOR 
C A R C I N O M A S  ARISING AT 
THE SUPRAGLOTTIC LEVEL 

A. E n d o s c o p i c  A p p r o a c h e s  

The value of endoscopic approaches for supraglottic 
carcinoma is that the procedures can be done transorally 
and typically they may be performed without a tra- 
cheostomy. Carcinoma in situ of the supraglottis should be 
managed by endoscopic excision unless the lesion is so 
widespread that this is not possible. Davis and Hayes [74] 
reported a 4.2% local failure rate among 24 patients treated 
with transoral laser supraglottic laryngectomy and post- 
operative radiation therapy for T2 or microscopic T3 
tumors. Although these authors used postoperative radiation 
therapy, the preponderance of data now indicates that this is 
not indicated, except in the typical postoperative cases such 
as positive margins, perineural invasion, multiple lymph 
node metastases, or extracapsular spread from lymph node 
metastases. The key point in endoscopic excision is not just 
a "debulking procedure," it is as a true a resection as can be 
accomplished by any open approach. Eckel and Thumfart 
[56] reported on 15 patients undergoing laser supraglottic 
laryngectomy with no local recurrences. Zeitels et al. [75] 
published the results of a series of patients undergoing laser 
resections without postoperative radiation therapy, including 
22 patients with mostly T1 cancers of the supraglottis and 
hypopharynx, without local failure. Another German report 
noted that among 48 patients with early supraglottic carci- 
noma managed by laser supraglottic laryngectomy, there 
was a 5-year local control rate of 100% for T1 disease and 
89% for T2 [76]. The necks should be dissected bilaterally. 
Therapeutic neck dissections can be done 4-8 days after the 
primary resection, whereas elective neck dissections can be 
done 4 to 6 weeks following the initial surgery [57]. 

When laser supraglottic laryngectomy has been utilized 
for more advanced supraglottic carcinomas, the results are 
more variable. Eckel and Thumfart [56] recommended that 
laser supraglottic carcinoma should not be used for T3 
supraglottic carcinomas. Steneir et al. [77], nonetheless, 
advocated the use of laser resection for T3 supraglottic car- 
cinoma. The timing of neck dissection is done as discussed 
earlier [57]. Rudert, from Keil, Germany, advocates laser for 
T3 supraglottic lesions in which the tumor invades only the 
central portion of the preepiglottic space and does not 
extend laterally and submucosally into the aryeipglottic 
region (personal communication). 

Excellent functional and oncologic findings are dependent 
on performing thetechniques appropriately. The technique as 
decribed by either Rudert or Steiner is recommended 
[57,78]. The functional outcome following laser supraglottic 
laryngectomy has the advantage of not requiring a trache- 
ostomy in most cases and temporary dysphagia in the vast 

majority of patients. Voice quality is excellent, as the vocal 
cords are not resected (Fig. 26.5, see also color insert). 

B. S u p r a g l o t t i c  Part ia l  L a r y n g e c t o m y  

Open supraglottic partial laryngectomy results in 
excision of the epiglottis, both false cords, and the upper 
half of the thyroid cartilage. The three types of extended 
resections include resection of (1) the tongue base, (2) the 
arytenoid, or (3) the pyriform sinus. A similar trend of 
decreased utilization has been seen with supraglottic partial 

FIGURE 26.5 (A) A carcinoma of the epiglottis and the left aryepiglot- 
tic fold in a 89-year-old patient before laser resection (initially palliatively 
indicated). No tracheostomy was performed. (B) The larynx 1 year later 
without evidence of disease. Published with permission from "Organ 
Preservation Surgery for Laryngeal Carcinoma," G. S. Weinstein, 
O. Laccourreye, D. Brasnu, and H. Laccourrye, Singular Publishing, San 
Diego, 1999. (See also color insert.) 
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laryngectomy as we have seen with vertical partial laryn- 
gectomy. The reasons for this are (1) the use of nonsurgical 
procedures such as radiation or chemotherapy radiation for 
selected supraglottic carcinomas, (2) the introduction of 
endoscopic supraglottic laryngectomy as a replacement for 
early lesions, and (3) the increased use of supracricoid 
partial laryngectomy with CHP for more advanced supra- 
glottic lesions. Local failure following open supraglottic 
partial laryngectomy for T1 carcinoma ranged from 0 to 
10% and ranged from 0 to 15% for T2 lesions [4,79-82]. As 
in endoscopic supraglottic laryngectomy, the results when 
open supraglottic laryngectomy is utilized for T3 and T4 
supraglottic carcinomas are much more variable then when 
it is used for T1 or T2 lesions. The range of local failure 
rates for T3 supraglottic carcinomas is from 0 to 75% and 
for T4 carcinomas is from 0 to 67% [4,79-82]. Given the 
variability in oncologic outcomes when supraglottic laryn- 
gectomy is utilized for T3 and T4 carcinomas, caution is 
recommended when considering this option. If the clinical 
examination reveals an extension of carcinoma to the glottic 
level, ventricle, or impaired or fixed mobility of the vocal 
cord, supraglottic partial laryngectomy is contraindicated 
and supracricoid partial laryngectomy with CHP becomes 
the organ preservation surgery option. 

While functional outcome has been reported to be 
consistently good after standard supraglottic laryngectomy 
[43], the incidence of impaired swallowing has been noted 
to be higher following extended supraglottic laryngectomy 
[83]. Again, as in other procedures, attention to technical 
details will improve the chance for successful oncologic and 
functional outcome [84]. 

C. Sup rac r i co id  Partial L a r y n g e c t o m y  

wi th  C r i c o h y o i d o p e x y  

When supracricoid partial laryngectomy is utilized for 
supraglottic carcinoma, resection includes the entire thyroid 
cartilage, both true and false cords, and the entire epiglottis 
and preepiglottic space, sparing at least one cricoarytenoid 
unit. The cricoid is sutured to the hyoid to accomplish the 
reconstruction and hence the name cricohyoidopexy (Fig. 
26.6, see also color insert). Indications for supracricoid partial 
laryngectomy with CHP include supraglottic carcinomas 
with glottic level invasion either via the ventricle or anterior 
commissure, impaired vocal cord mobility, preepiglottic 
space invasion, or limited thyroid cartilage invasion. 
Laccourreye et al. [17] reported on 68 patients who under- 
went supracricoid partial laryngectomy with CHP (T1 = 1, 
T2=40, T3 = 26, T4= 1) and found no local recurrences. In 
another study, Laccourreye et al. [85] reported on 19 patients 
who underwent supracricoid partial laryngectomy with crico- 
hyoidopexy for supraglottic carcinomas involving the 
preepiglottic space and found that the local failure rate was 
5.6% (1/19). Chevalier and Piquet [35] reported on a 3.3% 

FIGURE 2616 Postoperative appearance of the neolarynx after 
supracricoid partial laryngectomy with cricohyoidopexy sparing both ary- 
tenoids and (A) arytenoids open and (B) arytenoids closed. Published with 
permission from "Organ Preservation Surgery for Laryngeal Carcinoma," 
G. S. Weinstein, O. Laccourreye, D. Brasnu, and H. Laccourrye, Singular 
Publishing, San Diego, 1999. (See also color insert.) 

local failure rate among 61 patients with supraglottic carci- 
noma managed by supracricoid partial laryngectomy with 
cricohyoidopexy. An Italian series reported a local failure rate 
of 6% among 98 supraglottic and transglottic carcinomas fol- 
lowing supracricoid partial laryngectomy with CHP [20]. 

This procedure is the most extensive organ preserva- 
tion surgical technique, particularly when one arytenoid is 
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resected, and it is critical to follow the technique precisely 
[ 17,86]. Overall, the reported functional outcome in terms of 
speech and swallowing and tracheal decannulation has been 
consistently excellent. One study noted significantly less 
efficient jitter, shimmer, and maximum phonation time, 
which is consistent with the long-term qualitative finding of 
hoarseness [87]. 

D. Role  of  O r g a n  P r e s e r v a t i o n  S u r g e r y  

Fo l lowing  R a d i a t i o n  Failure 

A common misconception is that a patient may undergo 
nonsurgical organ preservation such as radiation or 
chemotherapy radiation and then if they have local failure 
they surely will be able to undergo some organ preservation 
surgical technique. The simple fact is that patients who fail 
nonsurgical therapy are highly unlikely to remain candidates 
for surgical laryngeal preservation [88,89]. This even 
applies to T1 lesions [32]. The issue may be late recognition 
of recurrence because of postradiation changes, including 
edema, erythema, or changes in arytenoid or vocal cord 
mobility secondary to treatment or scar tissue [90]. It is 
important for the clinician who is recommending a nonsur- 
gical organ preservation approach that he/she makes it clear 
that if the patient fails therapy then it is extremely likely that 
they will need a total laryngectomy for salvage. However, 
there are some patients who fail either radiation or 
chemotherapy and radiation and are still candidates for 
organ preservation surgery. Biller and colleagues [91] noted 
a local control rate of 80% following postradiation vertical 
hemilaryngectomy. Sorenson et  al. [92] cautioned that both 
functional and oncologic outcome was poor when supra- 
glottic partial laryngectomy was utilized in the postradiation 
setting. Laccourreye and co-workers [93] have shown that 
supracricoid partial laryngectomy with either CHEP or CHP 
is a viable alternative for recurrent lesions that are too large 
or otherwise not amenable to either vertical partial laryn- 
gectomy or suparglottic laryngectomy. 

XI. S U M M A R Y  

There has been a revolution in the laryngeal organ preser- 
vation arena. The catalyst for the change has been (1) the 
refinement and successful utilization of transoral endoscopic 
resections for earlier cancers (2) and the introduction of 
supracricoid partial laryngectomies for intermediate to 
advanced cancers. The result of this revolution has been to 
change the role of surgery both in perspective and in man- 
agement for laryngeal cancer. The impact has been to broaden 
our perspective so that the limited view that organ preserva- 
tion means only nonsurgical approaches have been aban- 
doned for the broader view that there are both nonsurgical and 

surgical organ preservation approaches, which each having a 
useful role in the management of laryngeal carcinomas. 

Utilizing the organ preservation surgery approach 
requires a change in perspective. The adoption of a number 
of principles allows the surgeon to apply these techniques 
with success: (1) accepting that there are both surgical 
and nonsurgical organ preservation approaches, both of 
which have a role in the management of laryngeal carci- 
noma, (2) the concept that in the organ preservation surgery 
paradigm the focus is no longer on the vocal cord but on the 
cricoarytenoid unit, (3) understanding that it is not possible 
to use the T staging system in the pretreatment evaluation of 
candidates for organ preservation surgery and that a more 
useful approach is to understand that there is a spectrum of 
cancers from smallest to largest and a spectrum of proce- 
dures, also from smallest to largest, and the goal of the 
surgeon is to match the appropriate procedure with the 
appropriate lesion, (4) although the goal in the conservation 
surgery approach was to spare as much normal tissue as 
possible, in the organ preservation surgery approach, it is 
acceptable to resect normal tissue if the outcome is an 
anatomical configuration that consistently yields good func- 
tional results, and (5) the goal of the organ preservation 
surgeon is to achieve a high local control rate to decrease the 
need for salvage laryngectomy and the concomitant stoma 
that would be required. Data also show that local failure 
impacts negatively on survival. 

This chapter provides an introduction to the concepts of 
organ preservation surgery of the larynx. The literature is 
replete with detailed descriptions of the technical aspects of 
these techniques. In the internet age, the patient, their 
friends, and family frequently have access to the latest infor- 
mation available. It is no longer possible for the clinician to 
ignore either surgical or nonsurgical approaches when coun- 
seling patients. Even if the patient does not seem to be aware 
of all of the options available to them prior to treatment, it 
is becoming more and more likely that at the time of a 
recurrence they will come across what their actual options 
might have been prior to treatment. Clinicians who are 
counseling patients concerning the alternatives for laryngeal 
organ preservation should understand surgical as well as 
nonsurgical options presently available and be prepared to 
provide an honest appraisal of all approaches. 
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FIGURE 26 .4  Postoperative appeareance of tim l~ynx afler 
supracricoid l:x.lrlial laryngeetomy with ¢ricohyoidoepigtottopexy h~ 
(A) respiration (m'ytenoids open), (B) plaonation begirmmg (ary- 
tenoids partially closed), and (C) phonation (arytenoids closed). 
Published with permission fn~m G.S. Wehastein and O. Laccourreye 
(1994). Supracricoid laryngeetomy with cricohyoidoepiglotlopexy. 
OtolaryngoL Head Neck Surg, 111, 684~585. 



FIGURE 2.6.5 (A) A carcinoma of the epig|uttis and the left aryepigiettic fold in an 89-year-old patient before laser 
resection (initially palliatively indicated). No tracheostomy was performed. (B)The Iaryn× 1 year later without evidence 
of disease. Published with permission from "Organ Preservation Snrgery for Laryngeal Cm~cinoma," G.S. Weinstein, 
O. Laccourreye, D. Brasnu, and 14. Laccourreye, Singular Publishing, San Diego, 1999. 



FIGURE 26.6  Po,~mperative appearance of the neoIurynx after sopvacdcoid partial ]aryngectomy with orieohy- 
oidope×y sparing both arytenNds and (A) arytenoids open rind (B) arytermids closed, Published with permission li'om 
'~Organ Preservatiotl Surgel3' tot LaryngeN Carcinoma," G,S, Weinstein, O, Laccourreyo, D. Brasnu, ,'rod H, Laccourreye, 
Singutar Publishing, San Diego, 1999, 
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I. INTRODUCTION 

RADPLAT refers to a high-dose cisplatin intraarterial 
(IA) chemoradiation protocol developed to treat patients 
with advanced head and neck cancer. The treatment program 
incorporates a novel technique for infusing cisplatin directly 
into the tumor bed while minimizing the effects of the drug 
systemically. This is achieved by using microcatheters 
placed angiographically to permit superselective rapid infu- 
sions while sodium thiosulfate, a neutralizing agent for cis- 
platin, is simultaneously infused systemically. Because of 
this, it is feasible to increase the dose intensity of cisplatin 
by a magnitude that is at least five times higher relative to 
standard chemotherapy protocols, thereby enabling the 
delivery of an enormous amount of drug over a relatively 
short time interval. 

The theoretical advantage the high-dose intensity 
chemotherapy regimen employed in the RADPLAT program 

relates to the phenomenon of acquired drug resistance. Head 
and neck tumors have a high rate of response to combination 
chemotherapy, particularly cisplatin based, when used in the 
neoadjuvant setting. However, despite this initial sensitivity 
by the tumor, a survival advantage for patients treated in this 
manner has yet to be demonstrated. One explanation for 
such treatment failure is drug resistance that is known to 
develop rapidly following exposure to chemotherapy agents 
[1-3]. Using a sponge gel-supported histoculture, 43 tumor 
specimens from patients with squamous cell carcinoma 
(SCC) of the upper aerodigestive tract (UADT) were grown 
and exposed to cisplatin [4]. Growth inhibition by the drug, 
in concentrations equivalent to peak therapeutic doses 
(1.5 ~tg/ml) and concentrations 10- and 25-fold greater (15 
and 37.5 ~tg/ml), were measured in specimens from patients 
with previously untreated and recurrent lesions. In vitro, the 
rate of sensitivity of the tumor samples to cisplatin concen- 
trations of 1.5, 15, and 37.5 ~tg/ml was 25.9, 63.3, and 
79.3%, respectively, among patients with previously 
untreated disease compared to 10.0, 55.6, and 85.6% for 
patients with recurrent disease. These results indicate that 
resistance to standard doses of cisplatin by squamous cell 
carcinoma (SCC) of the UADT can be substantially over- 
come with a decadose (10x) increase and is more pro- 
nounced in tumors from patients with recurrent disease. 

The pharmacokinetics of IA therapy were described by 
Eckman et al. [5]. The relative advantage of IA infusion is 
directly proportional to the plasma clearance of the drug and 
is inversely proportional to the plasma flow to the tumor. 
Thus, the faster the drug is excreted, and the slower 
the tumor plasma flow, the larger the relative advantage 
for infusing by the IA route. In the case of head and 
neck lesions, Wheeler et al. [6] reported that the mean 
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tumor blood flow estimated by radionucleotide washout 
techniques was 13.6+_6.7 ml 100 g/ml compared to 
4.2+_2.1 ml/100 g/min for normal tissue (scalp). This 
provided a mean tumor: normal tissue blood flow ratio of 
3.9+_2.7 ml/100 g/min, thus favoring drug delivery to the 
tumor contained within the infused region. 

Results from the IA trials are variable, but several 
studies, particularly those using cisplatin-based regimens, 
indicate that a high response rate can be achieved. Others 
argue that the best results of IA chemotherapy do not 
surpass the best response rates from IV chemotherapy and 
when combined with the increased risk of local toxicity, 
there is no advantage to this approach. Most of the technical 
complications have been related to catheter placements, 
including thrombosis, dislodgement, and hemorrhage. 
However, newer and safer angiographic techniques as used 
in our study now permit highly selective placements of 
microcatheters into small arteries under direct vision using 
fluoroscopy [7]. These advances in interventional vascular 
radiology make it possible to selectively and repeatedly 
infuse chemotherapeutic agents into head and neck tumors 
with minimal side effects [8]. 

!I. RADPLAT DRUG DELIVERY TECHNIQUE 

Cisplatin is infused over 3-5 min through a microcatheter 
placed intraarterially using angiographic techniques to 

selectively encompass only the dominant blood supply of the 
targeted tumor. Simultaneous with starting the IA infusion of 
cisplatin, sodium thiosulfate (9 g/m 2 over 30 min, followed 
by 12 g/m 2 over 2 h) is given intravenously. This allows the 
tumor bed to initially receive the full dose of cisplatin prior 
to the neutralizing agent and for the systemic organs to 
receive the neutralizing agent prior to the cisplatin (Fig. 27.1). 
Patients receive pretreatment IV hydration over 2 h consist- 
ing of 2 liters of normal saline containing 20 mEq KC1 and 
2 g magnesium sulfate. Cisplatin is dissolved in 400 ml normal 
saline. Posttreatment hydration consists of 1 liter of normal 
saline containing 20 mEq KC1 and 2 g magnesium sulfate 
over 6 h. Decadron is also administered intravenously (IV) or 
orally (PO), 4 mg every 6 h until the following morning. 

Thiosulfate reacts covalently with cisplatin to produce a 
complex that is still soluble but is totally devoid of either 
toxicity or antitumor activity [9]. When this neutralization 
occurs in the plasma, it effectively increases the plasma 
"clearance" of cisplatin. The extent of reaction is a function 
of the concentration of both agents. Thiosulfate is not a 
very potent neutralization agent, and molar thiosulfate/cis- 
platin ratios in excess of 10 are required before the reaction 
is fast enough to contribute significantly to the clearance 
of cisplatin [10]. Thiosulfate itself is very nontoxic and 
doses in excess of 72 g can be given acutely, which is well 
above that needed to provide effective cisplatin neutraliza- 
tion. Pharmacokinetic studies have demonstrated an impor- 
tant additional feature of thiosulfate: it is concentrated 

FIGURE 27.1 Schematic representation of RADPLAT infusion technique with systemic sodium thiosulfate 
neutralization. 
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extensively (> 25-fold) in the urine, which provides excel- 
lent protection against cisplatin-induced nephrotoxicity. 

Patients are admitted to the hospital and hydrated 
overnight. Catheterization is done by interventional radiolo- 
gists under local anesthesia in the angiography suite. 
Transfemoral carotid arteriography is first done to assess 
the vascular anatomy and any vessel pathology [7]. The 
appropriate arteries supplying the region of primary disease 
will then be infused with cisplatin. This is usually achieved 
by placing a microcatheter, introduced transaxially through 
a tracker catheter, into the external carotid artery at the 
level of the orifice of the dominant branching artery to the 
tumor. Thus, cisplatin can be infused rapidly to selectively 
encompass on its initial exposure only the territory of the 
targeted tumor. In selected patients with bulky disease cross- 
ing the midline, bilateral transfemoral catheterizations 
are performed to permit simultaneous infusions of the 
contralateral disease. In each patient, the goal is to infuse 
the component of the disease considered to be bulky and/or 
infiltrative and likely to fail radiotherapy alone. Surgery and 
radiation therapy are used to treat the regional lymphatics, 
although in selected patients who have unresectable neck 
disease, it is often possible to infuse its blood supply 
through the superior thyroid artery or the thyrocervical 
trunk. 

III. RADPLAT RESULTS 

The original clinical trial was a phase I study designed 
to determine the maximum tolerated dose of cisplatin 
that could be administered [11]. Cohorts of patients 
received dose intensity schedules of 50, 100, 150, and 
200 mg/mZ/week. The dose-limiting toxicity was a severe 
leakage of electrolytes from the kidneys that could be 
alleviated by intravenous replacement therapy until recovery 
was established. The maximum tolerated dose was 
150 mg/mZ/week x 4. None of the patients had irreversible 
nephrotoxicity. Other grade III-IV toxicities noted during 
this trial were gastrointestinal symptoms (four events) and 
neutropenia (one event). Among 22 patients with previously 
untreated disease, 9 (41%) had a complete response (CR) 
and 10 (45%) had a partial response (PR). Thus, the major 
response rate was 86%. Among the 16 patients with recur- 
rent disease, 4 had a CR (25%), and 6 had a PR (38%), for 
a major response rate of 63%. Because this was a dose- 
escalating study in which the dose intensity schedule ranged 
between 32.5 and 200 mg/mZ/week, a more detailed analy- 
sis of the response effects of cisplatin at specific dose inten- 
sities was done [12]. The overall response rate (CR and PR) 
to cisplatin therapy at dose intensity intervals of 0 to 74, 75, 
to 149 and 150 to 200 mg/mZ/week was 45.5, 72.7, and 
100%, respectively. The average received dose intensity for 
nonresponders (NR) versus responders (CR and PR) was 

57.8 and 120.7 mg/m2/week, respectively (P=0.031). These 
data indicate that high-dose cisplatin exposure increases the 
rate of tumor response in SCC of the UADT and support the 
hypothesis that acquired cisplatin resistance by these tumors 
is usually mild to moderate and can be circumvented by 
10-fold concentrations of the drug. The decadose effect was 
achieved by increasing the dose and condensing the overall 
treatment time. Calculated as the dose intensity value, this 
increased cisplatin exposure reaches an equivalent that is 
10-fold greater relative to standard cisplatin protocols. 

When radiotherapy was given concomitantly with 
targeted cisplatin chemotherapy, i.e., RADPLAT, prelimi- 
nary observations indicated an extremely high complete 
pathologic response rate, sustained disease control above the 
clavicles, and a relatively low rate of toxicity [13-15]. 
Conventional external beam irradiation was used in daily 
fractions (180 to 200 cGy/fraction) to a total dose of 68.5 to 
74.0 Gy given over 7 to 8 weeks. All patients received IA 
cisplatin and IV sodium thiosulfate infusions concurrently 
on days 1, 8, 15, and 22 of radiotherapy. Planned neck 
dissection was done 2 months after treatment in patients 
whose original nodal disease was considered to be N2 or 
N3. Salvage surgery was done in patients who developed 
recurrent disease that was considered to be resectable. 

The most recent analysis included 213 patients treated 
between 1993 and 1998 at the University of Tennessee, 
Memphis, for whom the follow-up ranged between 16 and 
74 months (median, 30 months) [16]. Organized by a 
specific subsite, the distribution of patients is as follows: 
oral cavity, 22 (10.3%); oropharyngeal wall, 89 (41.8%); 
hypopharynx, 44 (20.7%); larynx, 44 (20.7%); nasophar- 
ynx, 7 (3.3%); and other sites, 7 (3.3%). One-third of the 
lesions were massive and anatomically unresectable, 
whereas two-thirds were potentially resectable by technical 
(anatomic) criteria, but removal would have caused the loss 
of one or more organs necessary for speech and swallowing. 
Ninety-four patients (44%) had T4 disease; 102 (48%) had 
T3 disease; 15 (7%) had T2 disease; and two (1%) had T1 
disease (both had N3 nodal disease). Distributed by N stage, 
the patient breakdown is as follows: NO disease, 61 (29%); 
N1, 36 (17%); N2, 90 (42%); and N3, 26 (1%). Thus, 
only 28.6% of patients had stage III disease, whereas the 
remaining 71.4% had stage IV disease. 

Of the 213 patients entered into the treatment program, 
a complete response in the primary site was obtained in 171 
(80%). However, the complete response rate in the primary 
site for those patients who completed the treatment and 
were available for restaging at 2 months following radio- 
therapy was 171 of 189 (90.5%). Of the 152 patients with 
clinically node-positive disease, a complete response was 
obtained in 92 (61%). Among the 17 patients who had a 
partial response to treatment in the primary site, 12 subse- 
quently underwent salvage surgery, of whom 9 had com- 
plete eradication of disease. However, 6 of these patients 
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subsequently developed recurrent disease, 4 within the pri- 
mary site and 2 at distant sites. Thus, only 3 of 17 patients 
who had a partial response in the primary site remained 
disease free despite attempts at surgical salvage. The single 
patient who had no response had massive unresectable 
disease extending from the nasopharynx to the piriform 
sinus and had no further active treatment after failing 
intraarterial cisplatin and radiotherapy. 

There were 95 grade III-IV events of toxicity among the 
213 patients undergoing a cumulative total of 717 infusions. 
This total included 56 events of mucositis, 2 incidents of 
gastrointestinal toxicity, 17 hematologic events, 9 neuro- 
logic events, and 8 cardiovascular events. There were 6 
grade V toxicities (treatment-related deaths). No events of 
grade III-IV toxicity were noted in 130 of 213 patients 
(61%), whereas 73 patients experienced 1 event, 8 patients 
experienced 2 events, and 2 patients had 3 events. One 
hundred and seventy patients (80%) received all four 
planned infusions of cisplatin; 22 (10%) received three 
infusions, and 21 (10%) received less than three infusions. 
The total number of central nervous system events was 7 
(1% of all infusions), 5 of which were cerebrovascular 
accidents and 2 transient ischemic attacks. Although each 
of the cerebrovascular patients had residual motor deficits, 
these were mild, and all of these patients were able to 
remain ambulatory and physically active. 

With a median follow-up interval of 30 months (range, 16 
to 69 months), the Kaplan-Meier plot projected disease- 
specific survival at 5 years to be 53.6% (SD, 3.9%) and the 
overall survival to be 38.8% (SD, 3.7%) (Fig. 27.2). 
Comparison of survival rates between patients with T3 
versus T4 lesions did not show any significant difference 
between the two subsets (P=0.095). However, there was a 
significant difference between patients with N0-N1 versus 
N2-N3 disease (P = 0.014). The Kaplan-Meier plot for the 
rate of disease control above the clavicle for all patients was 
74.3% (SD, 3.6%) at 5 years. Eighteen patients (8%) had 
persistent disease after treatment, most of whom did not 
complete the protocol. Among the remaining 195 patients 
rendered disease free following treatment, 51 patients (26%) 
developed recurrences" 11 (6%) within the primary site, 5 
(3%) within the regional lymphatics, and 35 (18%) in distant 
sites (lung, 12; bone, 10; multiple sites, 13). 

Death from persistent or recurrent disease within the 
primary site or the neck is often associated with catastrophic 
suffering, including alterations in important bodily functions, 
severe pain, and disfigurement. Very few patients in the study 
succumbed to persistent disease following initial therapy, and 
only 16 patients died of recurrent disease above the clavicle. 
The majority of patients who died of disease did so because 
of recurrent tumor at distant sites, most commonly the lungs. 
This pattern of cancer death is different from that seen in 
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most head and neck cancer trials in which death from 
locoregional disease is by far more common. It is likely that 
distant metastatic disease in patients with head and neck 
cancer is usually masked by locoregional disease. With 
improved methods to control disease above the clavicle, one 
can expect an unmasking of clinical distant disease among 
patients who had occult metastatic disease prior to therapy. 
The emerging problem of death from distant disease will 
require designing of subsequent studies to include a sys- 
temic treatment component, particularly for patients who 
are at greatest risk. 

A. T e m p o r a l  Bone  C a r c i n o m a  

Supradose cisplatin infusions delivered selectively to 
the skull base combined with concurrent systemic cisplatin 
neutralization were given to 14 patients with temporal bone 
cancer [ 17]. In 5 patients, the epithelial site of origin was the 
external auditory canal, in another 5 the parotid gland, and 
in the remaining 4 the mucosa of the pharynx. Ten patients 
had squamous cell carcinoma, 2 had mucoepidermoid carci- 
noma, and 2 had adenoid cystic carcinoma. Six patients had 
previously untreated tumors, whereas 8 presented with 
recurrent disease. The extent of temporal bone invasion, as 
determined by physical examination and radiographs, was 
as follows: external bony canal only (4); external bony 
canal/mastoid (1); external bony canal/mastoid/petrous apex 
(4); mastoid/petrous apex (2); mastoid/hypotympanum (1); 
and petrous apex only (2 patients). Four patients received 
chemotherapy alone, 4 had concomitant radiotherapy, and 6 
had subsequent radiotherapy and/or temporal bone surgery. 
All of the patients tolerated the chemotherapy without any 
significant complications or toxicity. All 3 of the patients 
with previously untreated disease responded to chemother- 
apy (2 CR, 1 PR); 3 of the seven patients with recurrent 
disease responded to chemotherapy and all 4 patients treated 
with chemoradiation had a complete response (including 1 
patient with recurrent disease). At a median follow-up of 19 
months (range, from 5 to 63 months), 9 of 14 patients were 
alive, including the 4 who were treated with targeted 
chemoradiation. Data support further investigations using 
targeted high-dose chemotherapy, particularly when it is 
given simultaneously with radiotherapy, for patients with 
malignant skull base lesions. 

B. M a s s i v e  N e c k  M e t a s t a s e s  (N3 Disease )  

Patients who present with bulky nodal disease are at high 
risk for failure both in the regional site and distantly. Results 
with targeted chemoradiation for this unfavorable group of 
patients have been quite encouraging with regard to achiev- 
ing effective regional control, but the rate of distant metas- 
tases continues to be excessive [18]. Thirty-one patients 
with N3 nodal disease were treated at the University of 

Tennessee Health Science Center between June 1993 and 
June 1997 [19]. All patients received the RADPLAT proto- 
col as described previously, including a high total dose of 
radiotherapy (68 to 74 Gy/7 week) to the nodal disease. Five 
patients did not complete the protocol and were thus 
unevaluable. Of the 26 evaluable patients, disease response 
in the neck at 2 months following the completion of radio- 
therapy based on clinical criteria [physical examination and 
computerized tomography (CT) scans] was as follows: CR, 
4 patients; PR, 21 patients; and NR, 1 patient. Nineteen 
patients subsequently underwent a salvage neck dissection, 
5 of whom had histologic evidence of residual disease. The 
7 evaluable patients who did not have a neck dissection fol- 
lowing RADPLAT included 4 with a complete response and 
3 who died of intercurrent disease prior to restaging. There 
were no recurrences in the neck among the 23 patients who 
were rendered disease free following treatment, whereas 1 
patient had a recurrence at the primary site and 11 patients 
had recurrences at distant sites. With a median follow-up of 
15 months (range, 4 to 41 months), the 3-year overall and 
disease-free survival rate is 41 and 43%, respectively. Thus, 
targeted chemoradiation followed by surgical salvage is a 
highly effective approach for regional control of patients 
with N3 nodal disease, whereas additional strategies are 
required to address the problem of distant metastases [ 19]. 

C. A d v a n c e d  Pa ranasa l  Sinus  C a n c e r  

RADPLAT has also been used to treat patients with 
advanced paranasal sinus cancer. Eleven patients (10 T4; 1 
T3) were treated between June 1994 and June 1998 at the 
University of Tennessee Health Science Center [20]. Patients 
received three (n = 2) or four (n = 9) intraarterial infusions of 
cisplatin (150 mg/m2), simultaneous systemic neutralization 
with intravenous sodium thiosulfate (9 g/m2), and concomi- 
tant radiotherapy (median dose, 50 Gy; range, 48 to 70 Gy). 
The protocol included a planned surgical resection 2 months 
after the completion of radiotherapy. Four patients did not 
have surgery (2 refused and 2 died of intercurrent disease). 
Seven patients were resected (6 through a bifrontal cran- 
iotomy approach and 1 through a transfacial approach). 
Three specimens were found to contain microscopic foci of 
residual tumor, whereas the remaining four specimens were 
negative. At a median follow-up of 13 months (range, 6 to 23 
months), 8 of 11 patients are alive and free of disease. No 
recurrences have yet been observed. Orbital exenteration 
and/or palatectomy was not required for any patient prima- 
rily because the surgical approach was almost always from 
above (transfrontal) without the use of en bloc resection of 
tissue. The results, although preliminary, support the use of 
preoperative targeted supradose intraarterial chemotherapy 
and concomitant radiotherapy as a neoadjuvant treatment of 
advanced paranasal sinus carcinomas, facilitating surgical 
resections with organ preservation. 



3 9 8  IV. Current Approaches 

D. B o n e  a n d  Cart i lage Invas ion  

It is particularly enlightening to analyze this subset of 
patients with T4 lesions of the head and neck who have been 
treated with chemoradiation because common philosophy 
dictates surgical management for resectable disease. At the 
University of Tennessee, Memphis, 135 of 293 patients 
treated with targeted chemoradiation between 1993 and 
1998 had T4 primary disease. Within this group, 45 patients 
had lesions with evidence of bone and/or cartilage invasion. 
A retrospective analysis was done to compare the efficacy of 
RADPLAT in patients with invasion of bony or cartilagi- 
nous structures (group I, n = 45) versus other patients having 
T4 disease without bone or cartilage involvement (group II, 
n=90) [21]. The presence of bone/cartilage invasion was 
established by a review of tumor diagrams of clinical find- 
ings and CT or magnetic resonance imaging. Thirty patients 
had evidence of bone invasion, with the following break- 
down: mandible, 12; maxilla, 9; sphenoid, 3; and hyoid, 6. 
Thirty-eight patients had evidence of cartilage invasion: 
epiglottic, 18; thyroid, 16; and cricoid, 4. The rate of 
complete response obtained in group I (69%) was not sig- 
nificantly different from that in group II (71%, P=0.79). 
The 2-year overall actuarial survival for group I [46.3%; 
95% confidence interval (CI)=30.3% to 62.3%] was not 
significantly different (generalized Wilcoxon test, P=0.36) 
from that of group II (36.9%; 95% CI = 25.5% to 48.4%). A 
marked trend was noted for higher response rates in cases of 
cartilage invasion (83%) than in those with bone invasion 
(62%, P=0.15). This may be reflective of patients with 
laryngeal cancer who typically have smaller volume disease. 
Equivalence of the efficacy of treatment in the two groups 
suggests that targeted chemoradiation can be a definitive 
therapeutic option in patients with advanced head and neck 
cancer invading bony or cartilaginous structures. 

IV. RADPLAT EXPERIENCE AT OTHER CENTERS 

At the Netherlands Cancer Institute in Amsterdam, Tan 
and associates have been using the RADPLAT protocol 
since 1997. The initial phase II study using the exact proto- 
col, as developed by Robbins and colleagues, included 
patients primarily with T4 lesions of the upper aerodigestive 
tract who were considered to be inoperable. Eighty-five 
patients were treated between April 1997 and December 
1999 with radiotherapy (70 Gy, 7 weeks, 35 fractions) 
and concomitant superselective intraarterial cisplatin 
(150 mg/m 2, days 1, 8, 15, and 22) and systemic sodium 
thiosulfate neutralization. There were 73 patients with T4 
lesions and 12 with T3, whereas 61 patients had N+ nodal 
disease. Complete remission was achieved in 88%. At 2 
years, the overall and disease-free survival was 65 and 45%, 
respectively. The rates of loco-regional and local control 

were 57 and 61%, respectively. No treatment interruptions 
or dose limitations resulted from acute toxicity. There was 
one treatment-related death, whereas 17% of patients had a 
grade IV hematologic toxicity. There were no grade IV 
nonhematologic toxicities. Grade III mucositis was seen in 
43% of patients, and grade III GI toxicity was seen in 60%. 
Ten percent of the patients had evidence of hearing loss. 
These authors concluded that the RADPLAT treatment 
schedule is feasible to transport to other centers and pro- 
vides an excellent response and organ preservation rate. This 
study has now led to the initiation of a multicenter phase III 
trial comparing radiotherapy and concomitant systemic cis- 
platin vs RADPLAT [22]. 

A concurrent analysis of the Amsterdam patients was 
done for quality of life. Fifty patients were interviewed by 
means of the Functional Assessment of Cancer Therapy 
(FACT) questionnaire, including a special head and neck 
module and the University of Washington questionnaire, 
pretreatment, and 3, 6, 9, and 12 months after starting 
therapy. Results indicated that most subscales of the facts 
showed a significant decline between the pretreatment and 3 
months after initial treatment. Thirty-seven patients could be 
analyzed at the 6-month measuring point. Analysis showed 
that some stabilization occurred between 3 and 6 months. 
Only the functional well-being scale already showed a 
slightly positive trend. Feelings of nausea did occur sporad- 
ically during the total period. After 6 months, 13 patients 
(26%) still had a feeding tube. Xerostomia and feelings of 
pain were reported by 18 (36%) and 11 (22%) patients, 
respectively. Of the 23 patients who had a job pretreatment, 
6 were back at work. The authors concluded that the overall 
quality of life aspects declined during the treatment period 
and then seemed to stabilize after 3 months. These findings 
are similar to a study performed at the University of 
Tennessee by Murray and colleagues. They noted decline of 
quality of life and swallowing function during therapy but a 
recovery to pretreatment levels at 6 months follow-up. 
However, swallowing recovery was not complete compared 
to pretreatment levels [23]. 

At the George Washington University Medical Center in 
Washington, DC, Wilson and co-workers [24] have used the 
RADPLAT approach for patients with advanced head and 
neck cancer since 1994. The treatment regimen consisted of 
four weekly intraarterial infusions of cisplatin (150 mg/m 2) 
targeting the tumor bed, followed by 6 weeks of radiation 
therapy. Thus the program is of a sequential nature rather 
than the simultaneous type used by the group at the 
University of Tennessee. Wilson et al. [24] reported their 
experience with 58 patients with a median follow-up of 
25 months. Forty-two had previously untreated disease, 
whereas 16 had recurrent lesions. Of the 42 previously 
untreated patients, 27 were alive and disease free, corre- 
sponding to a sustained complete response rate of 64.3% at 
a median follow-up of 30 months. Among the 16 patients 
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with recurrent lesions, there were 4 survivors, corresponding 
to a sustained complete response rate of 25% with a median 
follow-up of 15.5 months. This group reported no deaths or 
serious complications related to the treatment in either 
group. Only 1 patient required resection of the tumor site 
because of relapse. The authors concluded that the combi- 
nation of high-dose, intraarterial cisplatin and radiation 
therapy is effective in improving both survival and organ 
preservation rates in previously untreated advanced squa- 
mous cell carcinoma of the head and neck [24]. 

At the University of Kentucky, Valentino and colleagues 
applied the RADPLAT principle in a different manner to 
patients with advanced head and neck cancer. Rather than 
delivering the chemotherapy at the beginning of radiation 
therapy, these authors tested the concept of a concomitant 
chemotherapy boost toward the end of radiation therapy 
when there is a known biologic risk of resistant tumor cell 
repopulation. Referred to as HYPERRADPLAT, 20 patients 
with locally advanced disease were treated between 
December 1995 and November 1997 with hyperfractionated 
radiation therapy (76.8-79.2 Gy at 1.2 Gy twice daily over 
6-7 weeks) and high-dose intraarterial cisplatin (150 mg/m 2) 
given at the start of radiation therapy boost treatment, i.e., 
start of week 6. Seventeen patients (85%) had T4 disease and 
14 (70%) had N2-N3 disease. Results indicated that grade 
Ill-IV acute toxicity was limited to 1 grade IV (5%) and 14 
grade III (70%) mucosal events. No grade Ill-IV hematologic 
toxicity was observed. Median weight loss during therapy 
was 9% (2-16%). Eighteen patients had a complete response 
(90%) at the primary site; 14 were confirmed pathologically. 
Among 17 patients with positive neck disease, 16 (94%) 
achieved complete response in the neck, including 12 of 13 
patients with N2-N3 disease who underwent planned neck 
dissection. At a follow-up of 12 to 32 months and a median 
follow-up of 20 months, 11 patients were alive without dis- 
ease, 5 died of disease, and 4 died of intercurrent disease. 
Eighteen patients (90%) remain disease free at the primary 
site, and the locoregional control rate was 80%. These authors 
concluded that high-dose intraarterial cisplatin and concur- 
rent hyperfractionated radiation therapy is very feasible and 
warranted further study. The high complete response rate and 
low-grade IV toxicity rate in this highly unfavorable subset of 
patients studied appeared better than previously reported 
chemoradiation regimens for more favorable patients [25]. 

V. NEW DIRECTIONS USING 
THE RADPLAT CONCEPT 

Work to date using the technique of rapid intraarterial 
infusions of supradose cisplatin, combined with systemic 
sodium thiosulfate neutralization and concomitant radio- 
therapy, indicates that this method is very effective at eradi- 
cating disease in the treatment field. Its weaknesses relate to 

the chronic soft tissue side effects seen locally, i.e., fibrosis 
and xerostomia and its low therapeutic effect systemically. 
We have initiated two new strategies (PENTORADPLAT 
and NEORADPLAT) to address the former concern and 
are currently planning to add a systemic treatment regimen 
using an antiangiogenesis agent for the latter. We have also 
conducted a multicenter phase II trial (multi-RADPLAT) to 
determine whether targeted chemoradiotherapy can be done 
safely and effectively by other institutions. 

A. PENTORADPLAT 

Patients eligible For the PENTORADPLAT protocol 
included those treated on the RADPLAT protocol who 
would have undergone a planned limited neck dissection 
because of initial bulky lymphadenopathy, i.e., N2 or N3 dis- 
ease. In an attempt to reduce this soft tissue neck toxicity, 
treatment with pentoxiphyline, 400 mg orally, four times a 
day, was initiated on day 1 of the RADPLAT protocol and 
was continued daily For a total of at least 6 months, or 2 
months Following the neck dissection, whichever was longer. 

Seventeen patients initiated and/or completed the 
PENTORADPLAT protocol and also underwent assessment 
of the neck. Two of the 17 patients experienced neck 
relapses and were excluded from this toxicity analysis. In 
the primary site, 15 of 15 patients had complete responses. 
In neck disease, 12 of 15 had complete responses, and 3 had 
partial responses. Thirteen of 15 patients are alive without 
any evidence of recurrent disease, whereas the other 2 died 
of distant metastases. The median interval between the neck 
dissection (or at the end of radiotherapy) and the neck 
assessment was 12 months (range, 2 to 26 months). The rate 
of "worst" neck fibrosis among the 15 patients was grade 0 
to 2, 12 patients; and grade III-IV, 3 patients. Twelve of the 
15 patients showed good, i.e., 60 to 89 ~ to full, i.e., 90 ~ , 
lateral range of neck motion. None of the 15 patients 
have experienced a wound complication. These results 
were compared with those in a similar group of stage IV, 
N2-N3 patients (n-15)  who were relatively matched for 
clinical and disease characteristics but were unable to take 
pentoxiphyline for various reasons, including percutaneous 
endoscopic gastrostomy placement prior to therapy or 
cost of the drug. Comparison between the two groups of 
patients revealed the rate of neck fibrosis to be lower in 
the PENTORADPLAT group compared with the control 
group: grade 0-11=80% (n=12/15) vs 60% (n=9/15), 
respectively, and grade III-IV=20% (n=3/15) v s 4 0 %  
(n - 6/15), respectively. 

Our preliminary results indicate that the prophylactic use 
of pentoxiphyline reduces the rate and severity of late neck 
fibrosis following treatment of stage IV, N2-N3 squamous 
cell carcinoma of the head and neck with intraarterial 
cisplatin and radical doses of radiotherapy followed by a 
limited neck dissection. 
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B. NEORADPLAT 

Intermediate (T3 or larger T2) cancers of the oral cavity 
and oropharynx are currently treated on chemoradiation 
protocols incorporating high-dose radiotherapy or with exten- 
sive surgery with or without adjuvant radiation. To minimize 
toxic effects of radiation, i.e., fibrosis, xerostomia, and loss of 
taste, and those of surgery (functional and cosmetic impair- 
ment), we initiated a new treatment regimen of reduced radio- 
therapy (50 Gy) and concomitant IA cisplatin followed by 
limited surgery ("tumorectomy" or biopsy only). The objec- 
tive was to study the efficacy of this regimen in patients with 
T2/T3 squamous cancers of the oral cavity and oropharynx. 
Treatment consisted of IA cisplatin (150 mg/m2/week • 4) 
with sodium thiosulfate protection (9 mg/m 2) and concurrent 
radiotherapy to a dose of 50 Gy at 2.0 Gy/fraction to the 
primary site/overt nodal disease. Surgery consisted of a con- 
servative excision of any residual tumor or scar tissue and 
was performed if frozen-section biopsy at 8 weeks following 
treatment restaging revealed residual cancer or if there 
remained some suspicion of residual disease despite a nega- 
tive biopsy. Twenty-one patients with a T2/T3 primary 
(T2=3; T3= 18) and N0/N2 nodal disease (NO= 12; N1 =5; 
N2 =4) are available for analysis after a median follow-up of 
36 months (range, 15 to 57 months). Four cisplatin infusions 
could be delivered in 19 of 21 patients. One patient died 3 
months after completion of radiotherapy from aspiration 
pneumonia. Otherwise, the toxicity profile was favorable 
(hematologic: grade 3, 3; grade 4, 1; neurologic: cranial neu- 
ropathy, 1). Complete histologic response at the primary site 
was obtained after chemoradiation in 15 of 20 evaluable 
patients (75%), with 19 of 21 patients rendered disease free 
after surgery. No surgery was necessary in 8 patients, whereas 
10 patients required limited surgery: transoral (retromolar 
trigone excision, 2; tonsillectomy, 1; partial glossectomy, 5) 
or lip splitting (retromolar trigone excision, 2). One patient 
required a composite resection and another a transoral 
hemiglossectomy. Six of the 9 patients with node-positive 
disease underwent a selective neck dissection; no histologic 
evidence of cancer was found in the neck contents in 4 
patients. Local recurrence developed in 3 patients (14%). The 
actuarial overall and disease-specific survival rates at 2 years 
are 73 and 83%, respectively. We concluded that this regimen 
of IA cisplatin and reduced-dose radiation with or without 
limited surgery is highly effective in the treatment of inter- 
mediate squamous oral and oropharyngeal cancers [26]. 
Further analysis is necessary to determine whether the 
reduced dose of radiation therapy had any ameliorative 
effects on soft tissue function, including salivary flow. 

C. Multi-RADPLAT 

Although we have proven conclusively that the RAD- 
PLAT protocol is feasible with very promising results in 

a single institutional setting, questions still remain about 
the "exportability" and feasibility of this highly technical 
concept to the "community at large." In an attempt to 
answer this question, an 11 center National Cancer 
Institute/National Institutes of Health-funded trial was 
conducted under the auspices of the Radiation Therapy 
Oncology Group (RTOG) to determine the feasibility of 
using intraarterial cisplatin (P) and radiotherapy (RT) for 
advanced head and neck squamous cell carcinoma in a 
multi-institutional setting, i.e., multi-RADPLAT [27], 

Major eligibility requirements for the multi-RADPLAT 
protocol included stage IV, T4, N0/N3 SCC of the oral 
cavity, oropharynx, hypopharynx, or larynx. Treatment 
consisted of IA-P (150 mg/m 2 on days 1, 8, 15, and 22) 
and concurrent RT at a total dose of 70 Gy at 2.0 Gy/frac- 
tion/7 week. Protocol feasibility was defined as the ability to 
deliver three to four cycles of IA-P and the full dose of RT. 
Between May 1997 and December 1999, 62 of the 67 
patients enrolled in the trial were eligible for analysis; 2 
were determined to be ineligible (1 due to a previous 
prostate cancer and 1 due to below normal creatinine clear- 
ance). Data on the other 3 patients are still pending. Fourteen 
patients were enrolled by the experienced institutions and 
the remaining 48 came from inexperienced centers. Of the 
48 patients entered by the inexperienced institutions, a subto- 
tal of 16 patients represented the "first 2 patients" from 
each center and thus part of the "learning curve." The other 
32 patients compromised the population of patients from 
the inexperienced institutions, which was to be considered 
for the primary analysis of feasibility of the multi-RAD- 
PLAT protocol. 

Clinical characteristics of the 62 patients included a 
median age at diagnosis of 52 years (range, 21-75), 56 
(90%) males and 6 (10%) females, and 49 (79%) 
Caucasians, 11 (18%) African-Americans, and 2 (3%) 
Native American/Alaskan. Sites of disease origin included 
oropharynx in 32 (52%), 20 of which originated from the 
base of tongue, hypopharynx in 8 (13%), larynx in 7 (11%), 
and oral cavity in 14 (23%). (Table 27.1). The Karnofsky 
performance status was as follows: "100" in 7 (12%) 
patients, "90" in 30 (49%), "80" in 16 (26%), "70" in 6 
(10%), and "60" in 2 (3%). All patients were diagnosed with 
AJC stage IV disease (Table 27.2). Fifty-seven (95%) 
patients presented with T4 lesions, and 3 had T3 disease. 
Lymph nodal staging was as follows: NO in 20 (33%), N1 in 
5 (8%), N2 in 30 (50%), and N3 in 5 (8%). 

1. Intraarterial Cisplatin Infusions 

Overall, among all 62 patients from all centers, cisplatin 
infusions were delivered as follows: three or four infusions 
in 12 (19%) and 46 (74%) patients respectively; two infu- 
sions in 2 (3%); one infusion in 1 (2%) patient, and data 
pending in the other 1 (2%) patient. For the 14 patients 
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TABLE 27.1 Feasibility of lntraarterial Cisplatin and Concurrent Radiation 
Therapy on RTOG 9615 

Intraarterial cisplatin and 
concurrent RT 

All patients Experienced institutions 
n=62 (%) n = 1 4  (%) 

Inexperienced institutions 

Learning curve 
(first two patients) 3 + patients 

n = 1 6  (%) n = 3 2  (%) 

Feasible (three or four IA 52 (84%) 12 (86%) 12 (75%) 28 (88%) 

Infusions, full-dose RT) 

Three or four IA infusions, 4 (7%) 1 (7%) 2 (12.5%) 1 (3%) 

RT < full dose 

Three or four IA infusions, 2 (4%) 0 2 (12.5%) 0 

RT data pending 

One or two IA infusions, 3 (5%) 0 0 3 (9%) 
RT per protocol 

Chemotherapy data pending, 1 (2%) 1 (7%) 0 0 
RT per protocol 

enrolled from the experienced centers, 10 (71%) underwent 
four infusions, 3 (21%) had three infusions, and data are still 
pending in the other 1 patient. Among the 16 patients who 
formed the learning curve at inexperienced institutions (i.e., 
first 2 patients from each center), the delivery of IA cisplatin 
infusions was as follows: three or four infusions in 2 (13%) 
and 14 (88%) patients, respectively. Excluding the "learning 
curve" patients, the delivery of IA infusions among the 
remaining 32 patients was as follows: three or four infusions 
in 7 (22%) and 22 (69%) patients, respectively; two infu- 
sions in 2 (6%); and one infusions in 1 (3%). 

Overall, multi-RADPLAT was feasible (i.e., three or four 
infusions of IA cisplatin and full dose of RT) in 52 (84%) 
patients. In 4 (7%) and 2 (4%) patients, three or four 
infusions of IA cisplatin were delivered, but the radiation 
was either less than the protocol dose or RT data are still 
pending, respectively. Three patients underwent only one or 
two infusions of the IA cisplatin, although the RT was 
per protocol. In 1 patient, the RT was per protocol but 
chemotherapy data are still pending. For the 14 patients 
enrolled from the experienced centers, multi-RADPLAT 
was feasible in 12 (86%) patients; in 1 patient, four IA 

infusions were delivered but the RT was less than the proto- 
col dose. In another 1 patient, the RT was per protocol but 
the chemotherapy administration is still pending. Analyzing 
just the first 2 "learning curve" patients (i.e., n = 16 patients) 
from the inexperienced centers, the protocol therapy 
was feasible in 12 (75%) patients; four IA infusions were 
delivered but the RT was not per protocol in 2 (12.5%) 
patients; and in another 2 (12.5%) patients, three (n= 1) 
or four (n = 1) cycles of cisplatin were infused but RT data 
are still pending. Excluding the "learning curve" patients, 
multi-RADPLAT was feasible in 28 (88%) patients; in 1 
patient, three IA infusions were given but the RT was not per 
protocol; and in 3 patients, only one (n= 1) or two (n= 2) 
cycles of cisplatin were infused, although the RT was per 
protocol. Overall, at the inexperienced centers, the protocol 
therapy was feasible in 40 (83%) of 48 patients, with radio- 
therapy data still pending in 2 patients. Response rates were 
available in 61 of the 62 patients. At the primary site, a 
complete response was obtained in 51 (84%) of 61 patients. 
At the nodal regions, a complete response was attained in 34 
(87%) of 39 patients; 4 of the 34 patients achieved a CR by 
salvage neck dissection. Overall, a complete response was 

TABLE 27.2 RTOG 9615L Grade III-V Toxicities 

Institution type 

Hematologic, grade Nonhematologic, grade 

I I I  IV V III  IV V 

Overall 

I l l  IV V 

Experienced, n = 14 

Inexperienced 

First two patients, n = 16 
All subsequent patients, n = 32 

2 0 0 7 2 0 

2 3 1 a 7 4 2 a 
13 7 0 21 6 0 

7 

5 
16 

2 

7 
13 

aDVT = 1, leukopenia/pneumonia = 1. 
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attained both at the primary site and at the nodal region in 
49 (80%) of 61 patients. 

Survival data were available for all 62 patients. At a 
median follow-up of 18.4 months (range, 0.6-33.2 months), 
the 1- and 2-year Kaplan-Meier survival rates are 71% 
(95% CI: 59.1 and 83.1%) and 58% (95% CI: 42.5 and 
73.8%), respectively (Fig. 27.3). 

Overall, among all 62 patients, the rate of grade III, IV, 
and V toxicities was 45, 35, and 3%, respectively. Of signif- 
icance, the rate of grade III and IV mucositis was 47 and 
10%, respectively. Grade III and IV neurological toxicity 
was seen in 3 (5%) and 1 (2%) patients, respectively. 
Additionally, 2 patients experienced transient ischemic 
attacks that fully resolved without residual neurological 
deficits. Only 2 of 14 patients from the experienced institu- 
tions had grade III hematologic toxicity; no grade IV or V 
hematologic toxicity was observed at the experienced insti- 
tution (Tables 27.1 and 27.2). However, at the inexperienced 
institutions, the rate of grade III, IV, and V hematologic 
toxicity by the number of patients was 15 (31%), 10 (21%), 
and 1 (2%), respectively. The single patient who died due 
to leukopenia at an inexperienced institution was the first 
patient enrolled in the multi-RADPLAT protocol at this 
center. In terms of nonhematologic toxicity, the rate of non- 
hematologic grade III and IV toxicity was 50% (n=7 
patients) and 14% (n= 2 patients), respectively at the expe- 
rienced centers. At the inexperienced institutions, the rate of 
nonhematologic grade III, IV, and V toxicities was 45% 
(n=28 patients), 16% (n=10 patients), and 3% (n=2 
patients), respectively. The 2 patients who experienced non- 
hematologic lethal toxicity at the inexperienced institution 
included the other previously reported patient who had  
developed leukopenia and pneumonia, as well as another 
patient who developed a deep vein thrombosis. 

The pattern of recurrence for patients who had initially 
attained a complete remission was as follows: primary site 

only, n=5 patients; primary site and nodal region, n=3 
patients; primary site, nodal region and distant metastases 
(bone), n = 1 patient; distant metastases only, n - 3  patients, all 
of whom failed in the lung. Second primaries have been noted 
in 5 patients. Two patients have experienced another second 
primary in the head and neck region, one patient experienced 
another primary in the head and neck and skin region, while 
one patient developed a lung primary and another developed a 
carcinoma arising from the liver. The 1- and 2-year local- 
regional failure rates are 28% (95% CI: 16.6 and 39.4%) and 
37.3% (95% CI : 24.0 and 50.5%), respectively (Fig. 27.4). 

Hence, we were able to prove that RADPLAT is indeed 
feasible in a multi-institutional setting. The feasibility 
rate of multi-RADPLAT (85%) is very similar to that of 
the initial phase II single-institution experience (87%), as 
reported previously [15]. The difference in the rate of severe 
toxicities is indicative of a learning curve at inexperienced 
institutions. 

VI. C O N C L U S I O N S  

Despite the earlier failures to demonstrate an effective 
role for chemotherapy in head and neck cancer, the promise 
remains for successfully incorporating this approach into the 
multimodality therapy for this disease. The targeted supra- 
dose cisplatin program is one strategy that appears to 
provide a lasting state of disease control for patients with 
T3-T4 resectable lesions without having to sacrifice the 
function of major organs and for patients with massive unre- 
sectable cancers. This approach is proving to be particularly 
effective for treating lesions that are otherwise difficult 
to manage, such as those in patients with massive lym- 
phadenopathy (N3 disease), advanced paranasal sinus 
cancer, and temporal bone malignancies. We have also 
demonstrated that this technique can be used safely in 
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multiple centers, where its effectiveness has been dupli- 
cated. Ultimately, randomized trials may be indicated to 
determine whether this approach can increase survival, 
maintain organ function, and improve upon the quality of 
life relative to other chemoradiotherapy protocols. 
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I. I N T R O D U C T I O N  

Thyroid cancer is somewhat uncommon, accounting for 
approximately 1% of all malignancies [1]. The incidence 
of thyroid cancer in the United States is 40 per 1,000,000 
people each year, resulting in 6 deaths per 1,000,000 
persons annually. The approximately 18,000 annual cases of 
thyroid cancer represent greater than 90% of all endocrine 
tumors and lead to approximately 1100 deaths per year. 

Although thyroid cancer is relatively rare, the incidence 
of thyroid nodules is significantly higher, affecting approxi- 
mately 4-7% of the U.S. population [2]. While the 
overwhelming majority of these nodules are benign, the 
challenge is to identify the 5% or so of those patients with a 
malignant lesion. Furthermore, a subset of thyroid cancers are 
particularly aggressive with a potential for devastating 
morbidity. No reliable indicators are currently available 
to determine which patients will develop aggressive or recur- 
rent disease, although risk categories based on clinical and 
pathologic criteria do yield important prognostic information. 

The great majority (85-90%) of thyroid carcinomas are 
well-differentiated tumors of follicular cell origin [3]. These 
lesions are defined histologically as papillary, follicular, and 
Hiirthle cell carcinoma. A small proportion (6%) of patients 
with these lesions have a family history of thyroid cancer. 
Medullary thyroid cancer, which arises from parafollicular 
C cells, accounts for about 6% of thyroid carcinomas. 
Approximately 30% of patients with these lesions have a 
strong genetic contribution. Anaplastic carcinomas, lym- 
phoma, and metastatic disease comprise a small portion of 
thyroid malignancies. 

The most common presentation of a thyroid cancer is the 
development of a thyroid mass or nodule. Assessment of the 
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lesion requires a careful history, physical examination, fine- 
needle aspiration cytology (FNAC), and perhaps imaging 
studies. With correct diagnosis and management, most 
patients with well-differentiated thyroid carcinomas have an 
excellent prognosis. Controversy regarding the treatment of 
thyroid carcinomas and the extent of thyroidectomy to be 
performed arises because of the indolent course of the major- 
ity of thyroid cancers. Interventions for thyroid cancer have 
been difficult to evaluate because of the long follow-up and 
large number of patients needed to determine differences in 
survival. Furthermore, the morbidity that may accompany 
any aggressive intervention needs to be balanced with the 
generally good prognosis of thyroid cancer patients. 

This chapter, begins with a review of the present under- 
standing of pathogenetic mechanisms leading to thyroid 
cancer. After a brief review of risk factors and staging of 
thyroid carcinomas, we describe an algorithm for the evalu- 
ation of a thyroid nodule and the available diagnostic tools. 
A review of the different forms of thyroid cancer, ranging 
from well-differentiated carcinomas to anaplastic and other 
less common malignancies, is followed by a discussion of 
surgical management and postoperative adjuvant treatment. 

!!. MOLECULAR BASIS FOR 
THYROID CANCER 

A number of genetic and molecular abnormalities have 
been described in thyroid carcinomas. As with other head and 
neck cancers, an accumulation of genetic alterations appears to 
be required for progression to a thyroid carcinoma. However, 
the events and their order have not been well delineated. 

Alterations noted in the development of thyroid carcino- 
mas include changes in total cellular DNA content. The loss 
of chromosomes, or aneuploidy, has been noted in 10% of all 
papillary carcinomas, but is present in 25-50% of all patients 
who die from these lesions [4]. Similarly, development of 
follicular adenomas is associated with a loss of the short arm 
of chromosome 11 (11 q) and transition to a follicular adeno- 
carcinoma appears to involve a deletion of 3p [5]. 

Several oncogenes, altered genes that contribute to tumor 
development, have been identified in early thyroid tumor 
progression. Mutations in the TSH receptor and G-protein 
mutations are found in hyperfunctioning thyroid nodules 
[6]. These changes can lead to the constitutive activation of 
cell signaling pathways, such as the adenylate cyclase- 
protein kinase A system, leading to a well-differentiated 
tumor. Point mutations of the G-protein ras found in thyroid 
adenomas, multinodular goiters, and follicular carcinomas 
are believed to be an early mutation in tumor progression 
[7]. Mutations in TRK-A, a receptor for nerve growth factor, 
are associated with papillary carcinomas. Mutations in 
met~hepatic growth factor have been linked to papillary and 
poorly differentiated thyroid carcinomas. Furthermore, 

mutations in the tumor suppressor gene p53, a transcrip- 
tional regulator, appears to be involved in the progression 
from papillary to anaplastic carcinoma. 

The role of mutations of the ret oncogene in the develop- 
ment of papillary and medullary thyroid carcinomas has 
been studied extensively [8]. Located on chromosome 10, 
ret codes for a transmembrane tyrosine kinase receptor that 
binds glial cell line-derived neurotrophic factor (GDNF). 
During embryogenesis, RET is normally expressed in the 
nervous and excretory systems. Abnormalities in RET 
expression result in developmental defects, including the 
disruption of the enteric nervous system (Hirschsprung's 
disease). Medullary thyroid cancer and pheochromocytoma 
arise from neural crest cells containing ret point mutations. 
These point mutations have been well documented in 
patients with familial medullary thyroid cancer, multiple 
endocrine neoplasia (MEN) IIA and MEN IIB. 

Rearrangements of the ret gene by fusion with other 
genes also create transforming oncogenes. These oncogene 
proteinsmRET/PTC1, RET/PTC2, and RET/PTC3mare 
found in papillary thyroid cancers and are associated more 
frequently with childhood thyroid carcinomas. However, not 
all patients with papillary carcinomas express a RET/PTC 
gene [9]. There are marked geographical differences and the 
gene rearrangement is strongly associated with radiation 
exposure. Following the Chernobyl nuclear disaster, 66% of 
the papillary thyroid cancers removed from affected patients 
had RET/PTC 1 and/or RET/PTC3 rearrangements [ 10]. 

!!1. RISK FACTORS AND ETIOLOGY 

While the specific molecular events related to the devel- 
opment of thyroid carcinomas remain to be completely 
defined, several patient and environmental factors have been 
examined closely. Epidemiologic studies have not demon- 
strated a clear association between dietary iodine with 
thyroid carcinomas [ 11 ]. Additionally, there does not appear 
to be a simple relationship between benign goiter and well- 
differentiated thyroid carcinomas. Although papillary thyroid 
carcinomas are not associated with goiter, follicular and 
anaplastic thyroid carcinomas occur more commonly in 
areas of endemic goiter. Additionally, two particularly 
important risk factors, exposure to radiation and a family 
history of thyroid cancer, have been studied extensively. 

Exposure to ionizing radiation increases patient risk for 
the development of thyroid carcinoma [12,13]. Low-dose 
ionizing radiation treatments (<2000cGy) were used in 
the treatment of "enlarged thymus" to prevent "sudden 
crib death," enlarged tonsils and adenoids, acne vulgaris, 
hemangioma, ringworm, scrofula, and other conditions. The 
risk increases linearly from 6.5 to 2000 cGy and typically 
has a latent period between 10 and 30 years. Although higher 
doses of ionizing radiation typically lead to the destruction of 
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thyroid tissue, Hodgkln's disease patients who receive 4000 
cGy also have a higher incidence of thyroid cancer. Palpable 
thyroid nodularity may be present in 17-30% of patients 
exposed to ionizing radiation [ 14]. A patient with a history of 
radiation exposure who presents with a thyroid nodule has up 
to a 50% chance of having a malignancy [15]. Of these 
patients with thyroid cancer, 60% have cancer within the 
nodule, while the remaining 40% have cancer located in 
another area of the thyroid. The thyroid carcinoma tends to 
be papillary and in frequently multifocal. Additionally, there 
is a higher risk of cervical metastases. 

Similarly, patients exposed to radiation from nuclear 
weapons and accidents have a higher incidence of thyroid 
cancer. Children near the Chernobyl nuclear power facility 
had a 60-fold increase in thyroid carcinoma following the 
nuclear accident in 1986 [16]. Most of these children were 
infants at the time of the accident and a great number of these 
cases developed without the typical latency period. 

Finally, familial and genetic contributions need to be fully 
evaluated. The patient with a family history of thyroid carci- 
noma may require specific diagnostic testing. Approximately 
6% of patients with papillary thyroid cancer have familial 
disease. Papillary thyroid cancer occurs with increased fre- 
quency in certain families with breast, ovarian, renal, or cen- 
tral nervous system malignancies [17]. Gardner's syndrome 
(familial colonic polyposis) and Cowden's disease (familial 
goiter and skin hamartomas) are associated with well-differ- 
entiated thyroid carcinomas. Furthermore, patients with a 
family history of medullary thyroid cancer, MEN IIA, or IIB 
warrant evaluation for the RET point mutation. 

IV. TUMOR STAGING/CLASSIFICATION 

A number of staging and classification systems have been 
devised to stratify patients with thyroid carcinomas. These 
classifications have identified key patient- and tumor-specific 
characteristics that predict patient outcome. Risk grouping 
has been employed to focus aggressive treatment for high- 
risk patients and to avoid excessive treatment and its poten- 
tial complications in patients with a lower risk for tumor 
recurrence and/or tumor-related death. 

A. Tumor Node  Metastasis  Classification 

The American Joint Commission on Cancer (AJCC) 
and the Union International Contre le Cancer (UICC) 
adopted a tumor node metastasis (TNM) classification system 
(Table 28.1). In this system, patient age at presentation 
influences the clinical staging of a thyroid carcinoma. 
Eighty-two percent (82%) of patients with stage I disease 
had a 20-year survival of nearly 100%, whereas the 5% of 
patients with stage IV disease experienced a 5-year survival 
of only 25 % [ 18]. 

TABLE 28.1  TNM Stag ing  for Thyroid  C a n c e r  a 

Primary tumor (T) 
TX Primary tumor cannot be assessed 
TO No evidence of primary tumor 
T1 Tumor > 2 cm in greatest dimension, limited to thyroid 
T2 Tumor > 2 and < 4 cm in greatest dimension, limited to thyroid 
T3 Tumor > 4 cm in greatest dimension, limited to the thyroid or 

any Tumor with minimal extrathyroid extension (e.g., extension 
to sternothyroid muscle or perithyroid soft tissues) 

T4a Tumor of any size extending beyond the thyroid capsule to 
invade subcutaneous soft tissues, larynx, trachea, esophagus or 
recurrent laryngeal nerve 

T4b Tumor invades prevertebral fascia or encases carotid artery or 
mediastinal vessels 

All anaplastic carcinomas are considered T4 tumors. 

T4a Intrathyroidal anaplastic carcinoma--surgically resectable 
T4b Extrathyroidal anaplastic carcinomamsurgically unresectable 

Regional lymph nodes (N) 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Regional lymph node metastasis 
N 1 a Metastasis to level VI (pretracheal, paratracheal and 

prelaryngeal/Delphian lymph nodes) 
Nlb Metastasis to unilateral, bilateral or contralateral 

cervical or superior mediastinal lymph nodes 

Distant metastasis (M) 
MX Distant metastasis cannot be assessed 
M0 No distant metastasis 
M 1 Distant metastasis 

Stage grouping 

Papillary/follicular 
Stage I 
Stage II 
Stage III 

< 45 years 

Any T, any N, M0 
Any T, any N, M1 

Stage IVA 

Stage IVB 
Stage IVC 

Medullary 
Stage I 
Stage II 
Stage III 

Stage IVA 

Stage IVB 
Stage IVC 

Anaplastic 
Stage IVA 
Stage IVB 
Stage IVC 

T1, N0, M0 
T2, NO, M0 
T3, NO, M0 
T1-3, Nla, M0 
T4a, NO, M0 
T4a, Nla, M0 
T1-4a, Nlb, M0 
T4b, any N, M0 
Any T, any N, M 1 

T4a, any N, M0 
T4b, any N, M0 
Any T, any N, M1 

> 45 years 

T1, N0, M0 
T2, NO, M0 
T3, NO, M0 
Any T, Nla, M0 
T4a, NO, M0 
T4a, N1 a, M0 
T1-4a, Nlb, M0 
T4b, any N, M0 
Any T, any N, M 1 

aFrom: American Joint Committee on Cancer (2002). "AJCC Cancer 
Staging Manual" 6th ed. Springer, New York. 
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B. AMES 

In this system, patient age, tumor size, extent of tumor 
invasion, and the presence of metastases were used to strat- 
ify patients into low-risk and high-risk groups (Table 28.2). 
Low-risk patients were young (men <41 years, women 
< 51) without distant metastases and all older patients with- 
out extrathyroidal papillary carcinoma, major invasion of 
the tumor capsule by follicular carcinoma, or a primary 
tumor less than 5 cm in diameter. In a review of 310 patients 
from 1961 to 1980, low-risk patients (89%) had a mortality 
of 1.8% compared to a mortality rate of 46% in high-risk 
patients (11%). Recurrence in low-risk patients was 5% and 
in high-risk patients was 55% [19]. 

TABLE 28.2 Factors Employed in Prognostic 
Classification Systems 

AMES AGES MACIS 

Patient factors 
Age X X X 
Sex X 

Tumor factors 
Size X X X 
Histologic grade X 
Histologic type X a a 

Extrathyroidal spread X X X 
Distant metastasis X X X 
Incomplete resection X 

aAGES/MACIS classifications for papillary carcinomas only. 

C. AGES a n d  MACIS 

In the original AGES system, (a)ge at diagnosis, histologic 
tumor (g)rade, (e)xtent of disease at presentation, and tumor 
(s)ize were used to calculate a prognostic score [20]. Given the 
infrequent practice of tumor grading, a more recent modifica- 
tion of the system eliminated histologic tumor grade and incor- 
porated metastasis and extent of resection. The MACIS system 
accounts for (m)etastasis, (a)ge at diagnosis, (c)ompleteness of 
surgical resection, extrathyroidal (i)nvasion, and (s)ize [21]. 
The MACIS score is calculated as 3.1 (patient age < 40 years) 
or 0.08 x age (patient age > 40 years) + 0.3 x tumor size (in 
cm) + 1 (if extrathyroidal extension)+ 1 (if incomplete resec- 
tion) + 3(if distant metastases). Patients were stratified by their 
prognostic scores into four groups with statistically significant 
differences in 20-year disease-specific mortality. 

A number of multivariable prognostic scoring systems 
have been developed, but none are universally accepted. 
Application of these classifications to a single pop- 
ulation has demonstrated incompatible findings when com- 
pared to the original studies [22]. Furthermore, these 
systems do not necessarily apply to patients with poorly 
differentiated and more aggressive thyroid carcinomas. 
Nevertheless, some general conclusions can be drawn from 
these studies regarding the prognosis of patients with well- 
differentiated thyroid carcinomas. A low risk for tumor recur- 
rence and disease-specific mortality is noted in patients who 
are younger at diagnosis, have smaller primary tumors that 
lack extrathyroidal extension or regional/distant metastases, 
and have complete gross resection of disease at the initial 
surgery. Delay in treatment will impact prognosis negatively. 
However, the single most significant indicator overall of a 
poor prognosis is distant metastases, especially to bone [23]. 

V. EVALUATION OF A THYROID N O D U L E  

The incidence of thyroid nodule(s) is quite high, occur- 
ring spontaneously at a rate of 0,08% per year starting 

in early life and extending into the eighth decade [14]. 
Although thyroid nodules represent a wide spectrum of 
disease, the great majority are colloid nodules, adenomas, 
cysts, focal thyroiditis, and carcinoma. With a lifetime 
incidence of 4 to 7%, approximately 225,000 nodules are 
identified in the United States each year [24]. The vast 
majority of these nodules are benign and do not require 
removal. However, with 13,000 to 14,000 new thyroid 
cancers each year, about 1 in 20 new thyroid nodules will 
contain carcinoma and approximately 1 in 200 nodules will 
be lethal. Thus, the challenge in treating patients with a 
thyroid nodule(s) is to identify those with malignant lesions 
and to balance the potential morbidity of treatment with the 
aggressiveness of their disease. 

A. Clinical A s s e s s m e n t :  H i s t o r y  a n d  

Phys ica l  E x a m i n a t i o n  

A number of findings should raise the physician's suspi- 
cion of malignancy in a patient presenting with a thyroid 
nodule(s). Both younger and older patients are more likely to 
have a malignant thyroid nodule. Patients less than 20 years 
of age have an approximately 20-50% incidence of malig- 
nancy when presenting with a solitary thyroid nodule [25]. 
Nodular disease is more common in older patients, usually 
men over 40 and women over 50 years of age. Even though 
children may present with more advanced disease and even 
cervical metastases, malignancy in older patients has a con- 
siderably worse prognosis. Men often have more aggressive 
malignancies than women, but the overall incidence of both 
thyroid nodules and malignancy is higher in women. 

A family history of thyroid carcinoma should be evalu- 
ated carefully. Similarly, any history of medullary carci- 
noma, pheochromocytoma, or hyperparathyroidism should 
raise suspicion for the MEN syndromes. Additionally, 
Gardner's syndrome (polyposis coli) or Cowden's disease 
has been associated with well-differentiated thyroid 



28. Thyroid Cancer 409  

carcinomas. As described previously, a history of previ- 
ous head and neck radiation exposure significantly increases 
the risk of malignancy in those patients with a thyroid nodule. 

In evaluating the patient, rapid growth of a preexisting or 
new thyroid nodule is concerning, although the change may 
represent hemorrhage into a cyst. Throat or neck pain is 
rarely associated with carcinoma, but occurs frequently with 
hemorrhage into a benign nodule. Patients should be ques- 
tioned carefully regarding any compressive or invasive 
symptoms, such as voice change, hoarseness, dysphagia, or 
dyspnea. However, the clinician should not rely on these 
findings alone, as unilateral vocal cord paralysis can be 
present without voice change or swallowing difficulties. 
Although most patients with thyroid cancer are euthyroid at 
presentation, symptoms of hyperthyroidism and hypothy- 
roidism should be explored. Patients with large carcinomas 
that have replaced a significant portion of the normal thyroid 
gland may be hypothyroid, and patients with Hashimoto's 
thyroiditis may develop lymphoma. Although the history 
alone cannot determine the presence of thyroid cancer, 
important historical features are associated with thyroid 
carcinoma and should not be discounted even if diagnostic 
tests indicated a benign lesion. 

The physical examination of a patient with a thyroid 
nodule begins with careful palpation of the thyroid to assess 
the lesion. One should determine whether the lesion is soli- 
tary or the dominant nodule in a multinodular gland, 
although the risk of carcinoma in either setting is the same 
[2,15]. Having the patient swallow will assist in the exami- 
nation, as nonthyroid pathology does not typically elevate 
with the thyroid during swallowing. Palpable nodules are 
typically 1 cm or larger. Smaller nodules may be found inci- 
dentally on radiographic studies for other reasons and may be 
monitored. Lesions greater than 1 cm in size warrant a com- 
plete workup. Firmness of the nodule may be associated with 
an increased risk of carcinoma by two- to threefold [26]. 

Larger lesions are of more concern, as nodules greater 
than 2 cm in diameter have an increased incidence of har- 
boring carcinoma. The evaluation of larger lesions also 
requires more caution, as the rate of false-negative results 
during fine-needle aspiration also increases [27]. Potential 
substernal extension can be estimated by the relationship 
of the inferior aspect of the mass to the clavicle. Potential 
thoracic inlet obstruction due to a substernal goiter can be 
assessed with Pemburton's maneuver. The patient raises 
his/her arms over the head and positive findings of obstruc- 
tion include subjective respiratory discomfort or venous 
engorgement. Radiographic studies are more definitive in 
determining substernal involvement. 

Further assessment of the patient may reveal the extent of 
involvement of a thyroid lesion. Palpable cervical nodes 
adjacent to the thyroid nodule certainly increases the suspi- 
cion for malignancy and may even be the only presenting 
sign of a thyroid carcinoma. However, adenopathy may be 

present in a patient affected by Hashimoto's thyroiditis, 
Grave's disease, or infection [28,29]. Large lesions may 
potentially shift the larynx and trachea within the neck. 
The mobility of the nodule relative to the laryngotracheal 
complex and adjacent neck structures should be evaluated. 
Malignant lesions are more likely to be fixed to the trachea, 
esophagus, or strap muscles. 

All patients with a thyroid lesion should have a complete 
vocal cord examination. Extension into the thyroid cartilage 
and larynx may result in a complete vocal cord paralysis that 
is clinically silent. Laryngoscopy should be performed to 
assess vocal cord motion. 

Despite the importance of the initial clinical assessment, 
the history and physical examination are unreliable in the 
prediction of carcinoma. Many of the clinical signs of malig- 
nancy are manifest late in the course of disease. Additionally, 
many of these same findings may be caused by events asso- 
ciated with benign disease (e.g., hemorrhage into a benign 
nodule). Thus, clinical assessment should provide a justifica- 
tion and a context for the interpretation of diagnostic studies, 
such as fine-needle aspiration. Of particular note would be 
any patient and thyroid nodule features that might be con- 
cerning for aggressive carcinoma behavior (Table 28.3). 

B. D i a g n o s t i c  S t u d i e s  

1. Laboratory Studies 

The majority of patients who present with a thyroid 
nodule are euthyroid. The finding of hypothyroidism or 
hyperthyroidism tends to shift the workup away from 
thyroid carcinoma to a functional disorder of the thyroid 
gland, such as Hasimoto's thyroiditis or a toxic nodule [30]. 
While many thyroid hormone tests are available, few are 
needed in the initial patient evaluation. Thyroid-stimulating 

TABLE 2 8 . 3  Risk Fac tors  for Aggress ive  Behavior  
of  Wel l -Di f f e ren t i a t ed  Thyroid  C a r c i n o m a s  

Patient factors 
Age 

Male > 40 years 
Female > 50 years 

Gender 
Male > female 

Histopathologic factors (at initial presentation) 
Size (> 4 cm) 
Extrathyroidal spread 
Vascular invasion 
Lymph node metastasis 
Distant metastasis 
Histologic type 

Tall cell variant of papillary carcinoma 
Follicular carcinoma 
Htirthle cell carcinoma 
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hormone (TSH) measurement serves as an excellent screen- 
ing test. Full thyroid function tests can be performed if the 
TSH level is abnormal. 

Measurement of thyroglobulin is generally not performed 
initially, as thyroglobulin is secreted by both normal and 
malignant thyroid tissue. Levels of thyroglobulin cannot 
differentiate between benign and malignant processes, 
unless levels are extremely high, as in metastatic thyroid 
cancer. Furthermore, antithyroglobulin antibodies may also 
interfere with the assay. Thyroglobulin levels may be useful 
in following patients who have undergone total thyroidec- 
tomy for well-differentiated thyroid cancer. 

Serum calcitonin levels are not a typical initial test for 
patients with a thyroid nodule unless the patient has a 
family history of medullary thyroid cancer or MEN II. 
However, if fine-needle aspiration cytology demonstrates or 
is suspicious for medullary thyroid carcinoma, calcitonin 
levels should be obtained. Additionally, if the patient has 
RET oncogene mutations, the existence of a coexisting 
pheochromocytoma should be evaluated through a 24-h 
urine collection to measure vanillylmandelic acid (VMA), 
metanephrine, and catecholamine. The serum calcium level 
should be measured to exclude hyperparathyroidism. 

2. Imaging 

Ultrasonographic imaging is tremendously useful and 
sensitive. These studies detect nonpalpable nodules and dif- 
ferentiate between cystic and solid nodules. Identifying 
solid nodules is clearly important, as these lesions have an 
increased likelihood of harboring carcinoma [28,29]. In 
patients with a difficult neck to examine (e.g., a patient with 
previous history of head and neck irradiation), sonography 
can also clarify findings. Sonography can identify hemiage- 
nesis and contralateral lobe hypertrophy, which may be mis- 
diagnosed as a thyroid nodule. Additionally, these studies 
can identify cervical nodes, which may contain metastatic 
disease. Sonography is also useful in the evaluation of 
cervical lymph nodes in patients with a history of thyroid 
cancer who present with adenopathy or rising thyroglobulin 
levels. 

These studies provide key baseline information regarding 
nodule size and architecture. Thus, sonography is also a 
noninvasive and inexpensive method for following changes 
in the size of benign nodules. However, there is no role for 
sonography in screening asymptomatic patients for thyroid 
nodules. Additionally, these studies are not useful in the 
evaluation of substernal extent or the involvement of 
adjacent structures. 

Computed tomography (CT) and magnetic resonance 
imaging (MRI) scans are usually unnecessary in the evalua- 
tion of thyroid tumors, except for large or retrosternal 
lesions. Although these studies are not as effective as sonog- 
raphy in the evaluation of thyroid nodules, they are more 

reliable in evaluating the relationship of the thyroid lesion to 
adjacent neck structures, such as the trachea and esophagus. 
These studies are useful in determining substernal exten- 
sion, identifying cervical and mediastinal adenopathy, and 
evaluating possible tracheal invasion [31]. Caution must be 
exercised in the use of iodine-containing contrast material in 
patients with multinodular goiter if a hyperthyroid state is 
suspected and in patients with well-differentiated thyroid 
cancer. In the latter group, iodinated contrast media will 
preclude the use of postoperative radioactive iodine therapy 
for 2 to 3 months. Finally, the MRI scan is more accurate 
than a CT scan in distinguishing recurrent or persistent 
thyroid tumor from postoperative fibrosis. 

3. Thyroid Isotope Scanning 

Radionuclide scanning with iodine-123 (123I) or tech- 
netium-sestamibi (99mTc) assesses the functional activity of 
a thyroid nodule and the thyroid gland. Nodules that retain 
less radioactivity than the surrounding thyroid tissue are 
termed "cold," nonfunctioning, or hypofunctional. These 
cold nodules are thought to have lost functions of fully 
differentiated thyroid tissue and to be at increased risk of 
containing carcinoma. In a meta-analysis of patients with 
scanned nodules that were removed surgically, 95% of all 
modules were cold [28,29]. The incidence of malignancy in 
cold nodules was 10-15%, but only 4% in hot nodules. 

99mTc scanning only tests iodine transport, but can be 
performed in 1 day and involves less radiation exposure than 
123I. Cold nodules identified with this test will also be cold 
with iodine scanning. However, any "hot" nodules require 
123I scanning for confirmation. 123I scanning tests both 
transport and organification of iodine. The test is more 
expensive and requires 2 days to complete. Cold lesions can 
be more difficult to visualize because of overlying thyroid 
tissue and glandular asymmetry, although oblique views 
during scanning can improve detection. Additionally, 99mTc 
does not penetrate the sternum and is not useful in confirm- 
ing substernal extension. 

With the evolution of fine-needle aspiration cytology, 
radionuclide scanning is not performed routinely in the eval- 
uation of a thyroid nodule. More frequently, "cold" nodules 
are detected in patients during evaluation for thyroid meta- 
bolic disorders and these patients are subsequently referred 
to a surgeon for further assessment. However, patients who 
present initially with a thyroid nodule and are found to be 
hyperthyroid on preliminary thyroid function testing should 
have radionuclide scanning to differentiate toxic nodule 
versus Grave's disease. Additionally, patients suspected of 
having Hashimoto's thyroiditis may also be scanned. A 
small firm thyroid lobe in a patient with this condition 
can be mistaken for a nodule. In a hypothyroid patient with 
positive thyroid peroxidase (TPO) antibodies, radionuclide 
scanning can clarify this situation. Thus, the diagnosis of 
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Hashimoto's thyroiditis can be confirmed and fine-needle 
aspiration, which has a high false-positive rate in this 
condition, can be avoided. 

4. Fine-Needle Aspiration Cytology 

Although other studies may be helpful in the diagnosis of 
a thyroid nodule, fine-needle aspiration cytology has largely 
replaced radionuclide scanning and ultrasonographic imag- 
ing as the central diagnostic test in the initial evaluation of 
thyroid nodules. The procedure is minimally invasive and 
may be performed quickly with little patient discomfort. 
Unlike large-bore needle biopsies, such as the Tru-cut or 
Vim-Silverman needle, there are fewer complications. The 
findings are highly sensitive and specific, although the accu- 
racy of FNAC is related to the skill of the aspirator and the 
experience of the cytopathologist [32]. With the advent of 
this technique, the number of patients requiring surgery has 
decreased by 35-75% and the cost in managing patients 
with thyroid nodules has been reduced substantially [33,34]. 
Additionally, the yield of malignancies has almost tripled in 
those patients who have had thyroid surgery following 
FNAC [34,35]. The accuracy of an FNA diagnosis of papil- 
lary carcinoma is 99% with a false-positive rate of less 
than 1% [36]. 

FNAC should be one of the initial steps in the surgical 
evaluation of a thyroid nodule. Approximately 15% of all 
aspirates are inadequate or nondiagnostic, largely because of 
the sampling from cystic, hemorrhagic, hypervascular, or 
hypocellular colloid nodules. Reaspiration of the nodule is 
critical, as a nondiagnostic finding should never be inter- 
preted as a negative finding for carcinoma. In fact, surgical 
diagnoses following repeated nondiagnostic aspirations 
revealed malignant nodules in 4% of women and 29% of 
men [37]. Nodules that are difficult to localize and those that 
have yielded nondiagnostic aspirates on previous attempts 
may benefit from ultrasound-guided aspiration. 

Cytopathologic evaluation of a successful FNA will 
categorize a nodule into the following groups: benign, 
malignant, and suspicious. In 60-90% of nodules, FNAC 
will reveal a benign or "negative" diagnosis. The likelihood 
of malignancy (false-negative rate) is 1-6% [38]. The diag- 
nosis of malignancy, particularly papillary (including 
follicular variant), medullary, and anaplastic carcinomas and 
lymphomas, can be determined in about 5% of nodules. The 
likelihood of a false-positive finding is less than 5% [38]. 
Frequently, false-positives result from difficulties in inter- 
preting cytology in patients with Hashimoto's thyroiditis, 
Grave's disease, or toxic nodules. The remaining "suspi- 
cious" samples are composed of lesions that contain abnor- 
mal follicular epithelium with varying degrees of atypia. 
This finding needs to be evaluated in the context of patient 
history and physical findings that may be suggestive of 
malignancy. 

Follicular neoplasms cannot be classified by FNAC 
alone. The least worrisome finding is a macrofollicular 
lesion or colloid adenomatous nodule, which has a very low 
malignant potential. The presence of hypercellular, micro- 
follicular arrays with minimal colloid increases the concern 
for carcinoma. However, the differentiation between 
follicular adenoma and follicular carcinoma depends on the 
histologic finding of capsular or vascular invasion, which 
requires evaluation of the entire thyroid nodule. 
Occasionally, patients with a diagnosis of follicular neo- 
plasm on FNAC will have a 123I-thyroid scan. If the suspi- 
cious nodule is "cold," surgery is indicated. Overall, 20% of 
nodules diagnosed as follicular neoplasms by FNAC will 
contain thyroid carcinomas [39]. 

Similarly, Htirthle cells (oxyphilic) neoplasms can be 
difficult to evaluate. The presence of Htirthle cells in an 
aspirate may indicate an underlying Htirthle cell adenoma or 
carcinoma, but may also be present in thyroid disorders, 
such as multinodular goiter and Hashimoto's thyroiditis. 
Carcinomas can be found in up to 15% of nodules identified 
as follicular and oxyphilic neoplasms [40]. Because of the 
risk of underlying carcinoma in these cases, surgery is 
recommended. 

5. Management of a Thyroid Cyst 

Approximately 15-25% of all thyroid nodules are cystic 
or have a cystic component [14]. The presence of a cyst does 
not signify a benign lesion, as papillary carcinomas and 
parathyroid tumors may present with cystic masses. When 
encountered during fine-needle aspiration, the cyst should 
be drained completely. This may prove curative in the 
majority of simple cysts, although one or two additional 
drainage procedures may be required. However, if a cyst 
persists after three drainage attempts or reaccumulates 
quickly, the suspicion for carcinoma should increase. Brown 
fluid withdrawn from a cyst may represent old hemorrhage 
into an adenoma, but red fluid is more suspicious for carci- 
noma [26]. Clear, colorless fluid may be withdrawn from a 
parathyroid cyst and can be assessed for parathyroid 
hormone [41]. Overall, the incidence of carcinoma in all 
thyroid cysts is less than 9%, although the incidence is much 
higher in cysts greater than 4 cm in diameter [28]. In suspi- 
cious cases, the surgeon and patient should consider an 
ultrasound-guided FNA to sample a solid component of the 
lesion or a unilateral thyroid lobectomy to obtain a definitive 
diagnosis. 

6. A Rational Approach to Management of 
a Thyroid Nodule (Fig. 28.1) 

A number of diagnostic algorithms have been proposed 
for the evaluation of a thyroid nodule [32,42]. In general, 
evaluation begins with a thorough history and physical 
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examination to identify significant risk factors. Surgery may 
be deemed appropriate based solely on high-risk factors, 
such as age, sex, history of radiation exposure, rapid nodule 
growth, upper aerodigestive tract symptoms, and/or fixation. 

Baseline TSH screening then determines the diagnostic 
course. Patients with hyperthyroidism (suppressed serum 
TSH level) should receive radionuclide scanning to deter- 
mine the presence of a toxic "hot" nodule or Marine- 
Lenhart syndrome or Graves' disease with a concomitant 
"cold" nodule [43]. The majority of patients will be euthy- 
roid (normal serum TSH level) and an FNA should be 
performed. Cytologic findings that are diagnostic or 
strongly suggestive of malignancy should direct the surgeon 
to removal of the lesion. 

A diagnosis of follicular neoplasm by FNAC requires 
surgery to determine the presence of follicular adenoma or 
follicular carcinoma. An FNAC sample suspicious for 
medullary carcinoma may be subject to immunohisto- 
chemical techniques to detect calcitonin. Prior to surgical 
intervention, a patient with an FNAC suggestive of 
medullary carcinoma will require genetic studies and 
additional testing that will be discussed later (see Section 

VI,D). Suspicious findings on FNAC must be assessed in the 
context of patient risk factors in determining the need for 
surgery. If a nonsurgical approach is taken, the nodule must 
be monitored closely, usually with ultrasonography. Benign 
lesions are usually observed and require surgical removal 
only in cases of cosmetic or symptomatic concerns. These 
nodules may be reaspirated after 1 year to confirm the 
diagnosis or sooner if growth is detected. 

VI. REVIEW OF THYROID CANCERS 

A. Papi l lary  C a r c i n o m a  

1. Clinical Presentation 

Papillary carcinoma is the most common form of thyroid 
malignancy, accounting for 60-70% of all thyroid cancer 
[44,45]. This lesion typically presents in patients 30 to 40 
years of age and is more common in women, with a female- 
to-male ratio of 2:1. Interestingly, this ratio has decreased 
steadily since the 1960s as the incidence in men has risen) 
[46]. Papillary carcinomas are the predominant thyroid 
malignancy in children (75%). Although children present 
more commonly with advanced disease, including cervi- 
cal and distant metastases, their prognosis remains quite 
favorable. 

The majority of cases of papillary carcinoma occur 
spontaneously. Patients with a history of low-dose radiation 
exposure tend to develop papillary carcinomas (85-90%) 
[47]. Additionally, these lesions are more common in 
patients with Cowden's syndrome and familial polyposis. 
Only 6% of papillary carcinomas are associated with famil- 
ial disease. 

Papillary carcinoma may be classified into three cate- 
gories based on size and extent of the primary lesion 
[48,49]. Minimal or occult/microcarcinoma tumors are up to 
1.5 cm in size and demonstrate no evidence of invasiveness 
through the thyroid capsule or to cervical lymph nodes. 
These lesions are typically non palpable and are usually 
incidental findings during operative or autopsy examination. 
Intrathyroid tumors are greater than 1.5 cm in diameter, but 
are confined to the thyroid gland with no evidence of 
extrathyroid invasion. Extrathyroid tumors extend through 
the thyroid capsule to involve the surrounding viscera. This 
latter form of papillary carcinoma is associated with a 
substantial morbidity and decreased survival [48,50]. 

Most patients present with a slow-growing, painless mass 
in the neck and are often euthyroid. Often, the primary 
lesion is confined to the thyroid gland, although up to 30% 
of patients may have clinically evident cervical nodal dis- 
ease [51,52]. Histologic studies have demonstrated the 
strong lymphotropic nature of papillary carcinoma, leading 
to multifocal disease within the thyroid and regional 
lymphatics. Microscopic disease has been identified in the 
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cervical nodes of 50-80% of patients and in the contralateral 
lobe in up to 80% of patients with papillary carcinoma [53]. 
However, the significance of this microscopic disease is 
unclear, as clinical recurrence in the neck and in the con- 
tralateral lobe occurs less than 10% of patients [54]. More 
likely, the prevalence of microscopic disease suggests that 
the majority of papillary carcinomas have an indolent course 
that only occasionally becomes clinically evident. However, 
definite predictors of the clinical course for papillary 
carcinoma are not well defined. 

Advanced disease may be associated with symptoms of 
local invasion, including dysphagia, dyspnea, and hoarse- 
ness. Occasionally, cervical nodal involvement may be more 
apparent than the thyroid nodule. Distant metastases, espe- 
cially to the lungs, are encountered more commonly in 
children, although up to 10% of all patients may ultimately 
develop distant disease [40]. 

Thyroid cancer is often suspected in these patients fol- 
lowing a thorough history and physical examination. The 
diagnosis is usually established by FNAC. Thyroid function 
tests are done routinely in the preoperative assessment. 
Radiographic imaging (CT scan or MRI) is performed 
selectively to define extensive local or substernal disease 
and to evaluate possible lymph node involvement. 

2. Pathology 

On gross examination, papillary carcinoma is firm, 
white, and not encapsulated. The lesion tends to remain flat 
on sectioning, rather than bulging like normal thyroid tissue 
or benign nodular lesions. Macroscopic calcifications, 
necrosis, or cystic changes may be readily apparent [55]. 

Histologically, these lesions arise from thyroid follicular 
cells and contain papillary structures, which consist of a 
neoplastic epithelium overlying a true fibrovascular stalk 
[56]. Cells are cuboidal with a pale, abundant cytoplasm. 
Large, crowded nuclei with folded and grooved nuclear 
margins may have intranuclear cytoplasmic inclusions. 
Prominent nucleoli account for the "orphan Annie eye" 
appearance. Laminated calcium densities, psammoma 
bodies, are likely the remnants of necrotic calcified neoplas- 
tic cells and are present in 40% of cases. 

Lesions with any papillary features, even though a follic- 
ular component may predominate, behave clinically as 
papillary carcinomas. Thus, the designation of papillary 
carcinoma includes mixed papillary follicular carcinoma 
and the follicular variant of papillary carcinoma. A more 
unfavorable prognosis is associated with the certain histo- 
logic forms of papillary carcinoma, including diffuse 
sclerosing and tall cell variants [56,57]. 

Papillary carcinomas have a strong tendency for lym- 
phatic spread within the thyroid and to local lymph nodes in 
the paratracheal and cervical regions. The tendency for 
intraglandular spread may lead to the multifocal disease 

often present in patients. However, discrete lesions may be 
due to de  n o v o  formation, especially in patients exposed 
previously to ionizing radiation [58]. 

Local invasion occurs in 10-20% of these tumors, lead- 
ing to involvement of the overlying strap muscles, laryngeal 
and tracheal framework, recurrent laryngeal nerves, phar- 
ynx, and esophagus. This extension may evolve from the 
primary lesion or from the extracapsular extension of meta- 
static nodes. Angioinvasion is a clear harbinger of increased 
risk for recurrence and worse prognosis [45]. Interestingly, a 
coexisting lymphocytic thyroiditis has been correlated with 
decreased recurrence and better overall prognosis. 

3. Management and Prognosis 

The majority of patients with papillary carcinoma do 
well regardless of treatment. Prolonged survival, even with 
recurrent disease, has led to controversy regarding the extent 
of thyroidectomy for patients with well-differentiated thy- 
roid carcinomas (see Section VII,D). A balance must be 
achieved between an effective surgical treatment for these 
malignancies and the potential morbidity of this surgery. A 
number of studies have attempted to categorize patients by 
their risk factors and to justify more aggressive surgical 
intervention for high-risk patients (see Section IV). 

Minimal papillary thyroid carcinoma is usually identified 
in a thyroid specimen removed for other reasons. Unilateral 
thyroid lobectomy and isthmusectomy is usually sufficient 
surgical treatment unless there is angioinvasion or tumor 
at the margins of resection. These patients may then be treated 
with thyroid hormone to suppress TSH and closely followed. 
In patients with a small, encapsulated papillary thyroid carci- 
noma (< 1.5 cm in diameter), a total lobectomy is sufficient. 

When patients present with more extensive disease or 
indications of disease in both lobes, total or near-total thy- 
roidectomy is the procedure of choice. Additionally, patients 
stratified into high-risk categories in any of the classification 
schemes described previously (see Section IV) would 
probably benefit from a more extensive surgical procedure. 
This would permit possible thyroid hormone suppression 
therapy and radioiodine ablation of remaining disease. 

Multifocal disease is present in as many as 80% of 
patients in some reports [52,57]. This may represent de  

n o v o  multicentric tumor formation or intraglandular metas- 
tasis. The prevalence of multifocal disease lends credence to 
the argument for more complete surgical removal of the thy- 
roid gland in patients with papillary thyroid cancer. Patients 
with partial thyroidectomy had higher local recurrence rates 
and increased pulmonary and cervical metastases [59,60]. 
Controversy remains, however, because this increased local 
recurrence did not compromise disease survival in some 
studies [ 19,61 ]. 

Generally, invasive tumors are associated with a compro- 
mise in survival. Woolner et  al. [55] reviewed 1181 thyroid 
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cancer patients and found that no patient died of papillary 
cancer when the lesion was less than 1.5 cm in size. Only 
3% of patients died when the lesion was larger, but remained 
intrathyroid. Mortality rose to 16% of patients when 
extrathyroid disease was present. 

Following total thyroidectomy, patients may be moni- 
tored by following thyroglobulin levels (should remain 
below 3 ng/ml). Any rise in thyroglobulin levels is suspi- 
cious for disease recurrence and will require appropriate 
screening with 131-iodine. Approximately 12% of patients 
with papillary carcinoma are not cured by initial treatment, 
leading to a prolonged clinical course [62]. Recurrent dis- 
ease may occur after many years, involving the thyroid bed 
(5-6%), regional lymphatics (8-9%), and/or distant sites 
(4-11%) [63]. Successful treatment of recurrence varies by 
site of involvement and the patients initial risk classification. 

Local recurrence is a serious complication and is associated 
with a disease-related mortality of 33-50% [63]. Typically, 
patients with nodal recurrence fare better than those with 
tumor recurrence in the thyroid bed or distant sites. Studies 
have been inconsistent regarding the impact of cervical 
metastases on survival. Patients older than age 40 may have 
clinically evident nodal disease in 36-75% of cases and over- 
all increased mortality [23,46]. Surprisingly, some studies sug- 
gest prognosis is better with more cervical node involvement 
[21,64]. Although the role of cervical metastasis in survival 
may be controversial, there is an association with an increased 
recurrence rate, especially in elderly patient [62,64,65]. 

Given these findings and the overall prevalence of 
microscopic cervical disease with uncertain prognostic 
implications, management of cervical metastasis tends to be 
conservative. There is no role for elective neck dissection in 
the clinically disease-free neck, especially given the effec- 
tiveness of radioiodine therapy in ablating microscopic 
disease [54]. In patients with a primary tumor larger than 
2 cm in diameter or involving extrathyroidal structures, nodal 
dissection in the central compartment from hyoid bone to 
mediastinum between the internal jugular veins should be 
performed [66]. In patients with palpable neck disease, a 
selective neck dissection should be performed. Dissection of 
the posterior triangle and suprahyoid regions is typically 
unnecessary, but should be performed if disease is present. 

The presence of distant metastasis is clearly associated 
with a worse prognosis. Approximately 10% of patients with 
papillary thyroid carcinoma develop distant metastasis at 
some point during their disease course [40]. Most com- 
monly, the lungs are involved, although bone sites and the 
central nervous system may also be affected. In patients with 
macroscopic metastasis, death from disease occurs within 
1 year of detection in almost 50% of patients [67]. 

In nearly every study, patient age at the time of diagnosis 
is an important prognostic variable [23,64,68]. Older 
patients, especially above the age of 40, with papillary car- 
cinoma have a worse prognosis. Furthermore, extrathyroidal 

invasion appears to be more common in older patients. The 
prognosis for men younger than age 40 is comparable to 
women of the same age. However, overall survival is worse 
for men and the risk of death from papillary thyroid carci- 
noma may be twice as great [19,64]. Furthermore, since 
the 1960s, the increase in incidence of papillary thyroid 
carcinoma in men has decreased the gender ratio of men to 
women with the disease from 1:4 to 1:2 [46]. 

Children clearly fare better with this disease. In patients 
younger than 15, 90% demonstrate cervical metastasis at 
some time during their disease course [69]. Furthermore, up 
to 20% of children may present with pulmonary metastases 
[70]. However, neither factor seems to have any impact on 
survival. Perhaps these differences may be related to biolog- 
ical differences in the disease process or between age groups. 

Finally, the tall cell variant of papillary thyroid carci- 
noma is clearly different from other forms of this disease. 
Review of patients with tall cell variant papillary carcinoma 
demonstrates a more aggressive natural history in all age 
groups and a worse prognosis [71 ]. 

B. Follicular C a r c i n o m a  

1. Clinical Presentation 

Follicular carcinomas represent 10% of thyroid malig- 
nancies. The mean age of presentation is 50 years compared 
to the younger mean age of patients with papillary carci- 
noma (35 years). Women have this lesion more commonly, 
with a female-to-male ratio of 3:1 [72]. These lesions occur 
more frequently in iodine-deficient areas, especially areas of 
endemic goiter. Follicular carcinomas have been correlated 
with pregnancy and with certain HLA subtypes (DR1, DRw, 
and DR7). Also, a rare form of familial follicular carcinoma 
is reported in patients with dyshormonogenesis. 
Interestingly, the overall incidence of follicular carcinoma is 
decreasing in the United States. 

Patients usually present with a solitary thyroid nodule, 
although some patients may have a history of long-standing 
goiter and recent rapid size increase. These lesions are typi- 
cally painless, although hemorrhage into the nodule may 
cause pain. Cervical lymphadenopathy is uncommon at 
initial presentation, although distant metastases are encoun- 
tered more frequently than with papillary carcinomas. In 
rare cases (1%), the follicular carcinoma may be hyperfunc- 
tioning and the patient will present with signs and symptoms 
of thyrotoxicosis. 

Other than characterization of a follicular neoplasm, a 
definitive preoperative diagnosis is usually not possible by 
FNAC. Differentiation between follicular adenoma and 
follicular carcinoma requires an evaluation of the thyroid 
capsule for invasion or identification of vascular invasion. 
Typically, about 20% of thyroid nodules demonstrating 
follicular cells will contain carcinoma. 
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Unlike papillary carcinoma, follicular thyroid carci- 
nomas are less likely to metastasize via lymphatic pathways 
(found in less than 10% of patients) [31 ]. More commonly, 
follicular carcinoma spread through local extension and 
hematogenous spread. Often, the presence of cervical lymph 
node disease indicates significant local disease and visceral 
invasion [46,73]. Distant metastasis is also more common in 
follicular cancers than papillary cancers, especially at pres- 
entation [74,75]. A pathologic bone fracture may be the 
initial presentation of follicular carcinoma. Other common 
sites include the liver, lung, and brain. 

2. Pathology 

Follicular thyroid carcinoma tends to present as solitary, 
encapsulated lesions. Cytologic analysis of follicular neo- 
plasms reveals small follicular arrays or solid sheets of cells 
[56]. The follicular structures have lumen that do not contain 
colloid, and the overall architectural pattern depends on the 
degree of tumor differentiation. Increased cellularity may 
increase the suspicion for carcinoma, but cytology alone is 
not sufficient to distinguish between a follicular adenoma 
and a carcinoma. 

Histologic findings are necessary to distinguish benign 
and malignant lesions. Malignant lesions are differentiated 
by the identification of capsular invasion and potential 
microvascular invasion of vessels along the tumor capsule 
[76,77]. Complete capsular evaluation must be performed. 
Thus, frozen-section analysis is often inadequate and defin- 
itive diagnosis requires complete assessment of permanent 
sections. 

The degree of capsular invasion is important for patient 
prognosis. Follicular carcinomas can be divided into two 
broad categories. Minimally invasive tumors demonstrate 
evidence of invasion into, but not through, the tumor capsule 
at one or more sites. These lesions do not exhibit small vessel 
invasion. Frankly invasive tumors demonstrate invasion 
through the tumor and often exhibit vascular invasion [78]. 
Tumor infiltration and invasion may be apparent at surgery 
with tumor present in the middle thyroid or jugular veins. 

Many other factors have been investigated as means to 
differentiate between adenomas and carcinomas. To date, no 
molecular markers have been clinically useful. DNA ploidy 
varies in both adenomas and carcinomas with considerable 
overlap [79]. Aneuploid follicular carcinomas though are 
noted to behave in a more aggressive manner. 

3. Management and Prognosis 

Patients diagnosed with a follicular lesion by FNAC 
should have a thyroid lobectomy with isthmusectomy per- 
formed. The pyramidal lobe, if present, should be included 
in the resection. As described previously, cytologic find- 
ings alone cannot determine the presence of adenoma or 

carcinoma. Intraoperative frozen-section analysis is not 
helpful given the incomplete assessment of the tumor cap- 
sule. However, frozen sections should be analyzed to con- 
firm gross evidence of adjacent cervical lymphadenopathy. 
A total thyroidectomy is recommended if carcinoma is iden- 
tified. In patients with a clinical suspicion for follicular 
carcinoma, the tendency is to perform a more complete 
resection. Total thyroidectomy is performed in older patients 
with a nodule greater than 4 cm in size diagnosed by 
FNAC as follicular neoplasm. In these patients, the risk of 
carcinoma is approximately 50% [80]. 

A diagnosis of follicular carcinoma following a thyroid 
lobectomy usually necessitates a completion thyroidectomy. 
Patients with minimally invasive follicular cancer have a 
very good prognosis and the initial thyroid lobectomy may 
be sufficient treatment. However, invasiveness of follicular 
carcinoma correlates directly with decreased survival. In 
patients with invasive follicular carcinomas, many surgeons 
tend toward completion and total thyroidectomy to permit 
radioiodine scanning for detection and ablation of metasta- 
tic disease. More aggressive surgical intervention does not 
clearly improve survival given that invasiveness already 
indicates the increased likelihood of distant metastasis. 
Neck dissection is performed if cervical lymphadenopathy 
is present. Elective neck dissections are unwarranted 
because nodal involvement is relatively infrequent [66]. 

The recurrence rate following initial management is 
approximately 30% [81 ]. Recurrence is related to the degree 
of invasiveness of the initial lesion, not the extent of initial 
thyroid surgery. Minimally invasive disease behaves simi- 
larly to follicular adenoma and is typically cured with 
conservative surgical procedures (thyroid lobectomy) [82]. 
Recurrence of minimally invasive follicular carcinoma is 
approximately 1%. About 15% of those with recurrent or 
metastatic disease can be cured. The prognosis of these 
patients relates to the site of recurrence as well as the 
patient's initial risk stratification. Survival outcomes are 
significantly poorer in those with capsular invasion and 
angioinvasion [83]. Those with cervical node recurrence 
have a 50% cure rate, whereas those with distant metastases 
have a cure rate of about 9% [63,81 ]. 

The prognosis of patients with follicular carcinoma has 
typically been reported to be worse than for those with 
papillary carcinoma. Five-year survival is 70% and 
decreases to 40% for 10 years. The presence of distant 
metastasis diminishes 5-year survival to 20% [84]. Factors 
that worsen prognosis include age greater than 50 years old 
at presentation, tumors greater than 4 cm in size, higher 
tumor grade, marked vascular invasion, extrathyroidal inva- 
sion, and distant metastasis at the time of diagnosis [66]. 
Extrathyroidal invasion beyond the capsule and into the 
thyroid parenchyma and local structures is the key factor 
decreasing patient survival. Some reports that match age, 
sex, and stage at time of diagnosis suggest that patients with 
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papillary and follicular carcinomas have similar survival 
patterns and that the poor prognosis of those with follicular 
carcinoma is related to the increased number of patients who 
present at an older age and a more advanced disease stage 
[23,85]. Additionally, unlike papillary carcinoma, mortality 
is directly related to recurrence in patients with follicular 
carcinoma [46]. 

C. Hfir thle Cell T u m o r  

1. Clinical Presentation 

According to World Health Organization classification, 
Htirthle cell tumor (HCT) is a subtype of follicular cell neo- 
plasm. HCT nodules may be found in patients with 
Hashimoto's thyroiditis, Graves' disease, or within a nodu- 
lar goiter. These tumors are derived from oxyphilic cells of 
the thyroid gland. While the precise function of these 
cells is unknown, Htirthle cells express thyroid-stimulating 
hormone receptors and produce thyroglobulin. 

Htirthle cell neoplasms are typically diagnosed by 
FNAC. Approximately 20% of these lesions are malignant. 
As with follicular lesions, histologic criteria are required to 
diagnose carcinomas. Htirthle cell carcinomas represent 
approximately 3% of all thyroid malignancies. Htirthle cell 
carcinomas are more aggressive than follicular carcinomas. 
They are often multifocal and bilateral at presentation. 
Additionally, these malignancies are more likely to metasta- 
size to cervical nodes and distant sites [86]. 

2. Pathology 

FNAC of HTC typically demonstrates hypercellularity 
and the presence of eosinophilic cells. These neoplasm are 
characterized by sheets of eosinophilic cells packed with 
mitochondria. Cytologic differentiation between adenoma 
and malignant tumor by FNAC is extremely difficult. 

1" capsular or vascular invasion confirm 
,le cell carcinoma. 

3. Management and Prognosis 

The clinical approach to a Htirthle cell tumor is similar to 
that for follicular neoplasms. With a Htirthle cell adenoma, 
resection of the affected lobe and isthmus appears to be suf- 
ficient for cure. Invasive findings for a Htirthle neoplasm by 
frozen section examination intraoperatively or on formal 
pathology warrants a total or completion thyroidectomy. 
Htirthle cell carcinomas tend to be more aggressive than 
other follicular carcinomas and are less amenable to radio- 
iodine therapy given their decreased tendency to uptake 
radiolabeled iodine. A careful examination for local disease 
extension or adjacent cervical lymphadenopathy should be 
performed. These patients should routinely have removal of 

paratracheal nodes, as in patients with medullary thyroid 
cancer. Also, a neck dissection should be undertaken if 
lateral neck nodes are palpable. Overall, survival rates 
for Htirthle cell tumors are significantly worse than for 
follicular thyroid cancer. 

Postoperative management should include TSH suppres- 
sion and thyroglobulin monitoring. A technicium-sestamibi 
scan may be useful for detecting persistent local or meta- 
static disease. A radioiodine scan and ablation may be 
performed to remove any residual normal thyroid tissue to 
allow for better surveillance. However, this therapy is unlikely 
to be effective in tumor ablation, as few (approximately 10%) 
Htirthle cell carcinomas uptake radioiodine [87]. 

D. M e d u l l a r y  C a r c i n o m a  

1. Clinical Presentation 

Medullary thyroid carcinomas (MTC) are a distinct 
category of disease and represent approximately 5% of all 
thyroid carcinomas. These malignancies arise from parafol- 
licular C cells and may secrete calcitonin, carcinoembryonic 
antigen (CEA), histaminadases, prostaglandins, and sero- 
tonin. Measurement of secreted calcitonin is useful for the 
diagnosis of medullary carcinoma and for postsurgical 
surveillance for residual and recurrent disease. 

MTC demonstrate an intermediate behavior between 
well-differentiated thyroid cancers and anaplastic carcino- 
mas. Women and men are equally affected by medullary 
carcinomas [88]. Patients usually present with a neck mass 
associated with palpable cervical lymphadenopathy (up to 
20%) [89]. Local pain is more common in these patients, 
indicating the presence of local invasion, and may be asso- 
ciated with dysphagia, dyspnea, and/or dysphonia. MTC 
may present along with papillary thyroid carcinoma, as 
related mutations in re t  are present in both diseases. While 
MTC spreads initially to cervical nodes, distant metastases 
may be found in the mediastinum, liver, lung, and bone and 
are present in up to 50% of patients at diagnosis [90]. 

The majority (70%) of medullary carcinomas are sponta- 
neous unifocal lesions in patients aged 50-60 years old 
without an associated endocrinopathy [89]. The remaining 
30% of cases affecting younger patients are familial. These 
hereditary medullary carcinomas are inherited as autosomal- 
dominant traits with nearly 100% penetrance. Medullary 
carcinoma in these patients is preceded by multifocal C-cell 
hyperplasia and leads to disease that is multicentric and 
bilateral in 90% of cases [91,92]. Familial medullary thyroid 
carcinoma (FMTC) is not associated with any other 
endocrine pathology. Two forms of multiple endocrine 
neoplasm (MEN) syndrome are associated with MTC. 
Patients with MEN IIA exhibit MTC, pheochromocytoma, 
and hyperparathyroidis [92,93]. Patients with MEN IIB 
have a marfanoid body habitus and may suffer MTC, 
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pheochromocytoma, and mucosal neuromas. Although pen- 
etrance for MTC approaches 100% in these patients, expres- 
sion of other features is variable [91,94]. 

FNAC diagnosis of MTC is confirmed by elevated serum 
calcitonin. Additionally, these patients should have testing 
for mutation of the ret  protoncogene. Genetic screening 
has largely replaced provocative pentagastrin-stimulation 
testing. Careful screening for hereditary diseases is also 
necessary when a patient is diagnosed with MTC. 
Hyperparathyroidism can be assessed by serum calcium 
levels and appropriate imaging studies. Patients should also 
be screened for the presence of a pheochromocytoma 
with 24-h urinary levels for VMA, catecholamine, and 
metanephrine. An undiagnosed pheochromocytoma could 
lead to an intraoperative hypertensive crisis and death. 
Additionally, the detection of any hereditary form of MTC 
in a patient should lead to family screening. Affected family 
members can often be identified and treated at earlier stages 
of disease with improved survival [95,96]. 

2. Pathology 

MTC originates from parafollicular C cells of neuro- 
ectomdermal origin [97]. They descend to join the thyroid 
gland proper and are concentrated mainly in the lateral 
portions of the superior poles. Thus, most MTC lesions are 
located in the middle and upper thyroid poles. In patients with 
hereditary forms of MTC, the disease is often multifocal. 

These lesions are composed of sheets of infiltrating neo- 
plastic cells that are heterogeneous in shape and size. These 
cells are separated by collagen, amyloid, and dense irregular 
calcification. The amyloid deposits are likely polymerized 
calcitonin and are virtually pathognomonic for MTC, 
although not all MTC contain amyloid [98]. More aggres- 
sive tumors typically have increased mitotic figures, nuclear 
pleomorphism, and areas of necrosis. Immunohisto- 
chemistry for calcitonin and CEA are useful diagnostic 
studies. 

3. Management and Prognosis 

Total thyroidectomy is the treatment of choice in patients 
with MTC, as the lesions have a high incidence of multi- 
centricity and an aggressive disease course. Patients with 
FMTC or MEN II should have the entire gland removed, 
even in the absence of a palpable mass. 

Given the frequent involvement of cervical nodes, initial 
surgical management should include a central compartment 
neck dissection. When central compartment nodes are 
involved or when palpable lateral cervical nodes are present, 
treatment including an ipsilateral or bilateral modified radi- 
cal neck dissection (MRND) should be considered. 
Additionally, when the primary lesion is greater than 2 cm, 
the patient should undergo an elective ipsilateral MRND, as 

nodal metastases may be present in more than 60% of these 
patients [99,100]. If superior mediastinal lymph node 
disease is noted intraoperatively, involved areas should be 
removed. This rarely requires a median sternotomy. 

Potentially associated conditions such as hyperparathy- 
roidism and pheochromocytoma must be evaluated carefully 
and, if necessary, treated prior to thyroidectomy. A 
pheochromocytoma may need to be removed prior to treat- 
ment of the thyroid lesion. In the presence of hypercalcemia, 
the parathyroid glands need to be identified during thy- 
roidectomy. If the parathyroid glands are abnormal, they 
should be removed. Otherwise, they should be adequately 
marked to facilitate future identification, especially in 
patients with MEN IIA. 

Children with any of the genetic disorders leading to 
MTC need to be treated aggressively. Typically a total 
thyroidectomy should be performed by 5 to 6 years of age or 
before C-cell hyperplasia occurs. Pentagastrin stimulation 
of calcitonin secretion may be useful for monitoring [101 ]. 
Removal of the thyroid gland should prevent development 
of MTC in these patients and improve survival. However, 
MTC has been diagnosed in MEN 2B patients as young as 
7 months old [ 102]. 

Following surgery, patients require close follow-up and 
monitoring of serum calcitonin and CEA levels. Calcitonin 
is more sensitive for detecting persistent or recurrent dis- 
ease, but CEA levels appear to be predictive for survival 
[99]. Rising or persistent calcitonin levels should increase 
suspicion for residual or recurrent disease. Localization 
studies should be performed to identify potential sites of 
disease involvement. Tumor debulking for metastatic 
disease or local recurrence can decrease symptoms of flush- 
ing and diarrhea and may reduce the risk of death resulting 
from recurrent central neck disease [90,103]. Unfortunately, 
though, MTC do not respond to radioiodine therapy or TSH 
suppression therapy given their parafollicular C-cell origin 
[95]. External beam radiation therapy has been controversial 
for patients with positive tumor margins or unresectable 
tumor and there are no effective chemotherapy regimen. 

Prognosis for patients with MTC is directly related to 
disease stage. The overall 10-year survival rate is  between 
61 and 75%, but decreases to 45% if cervical nodes are 
involved [95,104]. The best outcome is for patients with 
FMTC, then MEN IIA, sporadic disease, and MEN IIB. 

E. Anap la s t i c  C a r c i n o m a  

1. Clinical Presentation 

Anaplastic thyroid carcinomas are one of the most 
aggressive malignancies with few patients surviving 6 
months beyond initial presentation [24,105]. These lesions 
represent less than 5% of all thyroid carcinomas [106]. 
These tumors affect patients 60-70 years of age and 
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presentation prior to the age of 50 years is extremely rare. 
Women are affected more commonly than men with a ratio of 
3:2. Eighty percent may occur with a coexisting carcinoma 
and may represent transformation of a well-differentiated 
thyroid cancer [105,107]. 

Typically, patients have a long-standing neck mass that 
enlarges rapidly. This sudden change is often accompanied 
by pain, dysphonia, dysphagia, and dyspnea. Often the mass 
is quite large and fixed to the tracheolaryngeal framework, 
resulting in vocal cord paralysis and tracheal compression. 
Over 80% have jugular lymph node involvement at the time 
of presentation and greater than 50% have systemic metas- 
tases [108]. Most patients will succumb to superior vena 
cava syndrome, asphyxiation, and/or exsanguinations. 

2. Pathology 

The gross specimen will demonstrate areas of necrosis 
and macroscopic invasion of surrounding tissues, often with 
lymph node involvement. Microscopically, sheets of cells 
with marked heterogeneity are present. Spindle, polygonal, 
and giant multinucleated cells are present with occasional 
foci of differentiated cells. These cells do not produce 
thyroglobulin, do not transport iodine, and do not express 
thyroid hormone receptors [105]. These findings can often 
be established on FNAC, although a formal biopsy is occa- 
sionally necessary to exclude a diagnosis of lymphoma. 

3. Management and Prognosis 

Management of anaplastic carcinoma is extremely difficult, 
requiring a multidisciplinary approach and close consultation 
with the patient and family. All treatment forms are disappoint- 
ing and median survival is 2 to 6 months [106,109]. Surgical 
debulking may be performed for palliation and a palliative 
airway may need to be established. One current treatment pro- 
tocol involves doxorubicin, hyperfractionated radiation therapy, 
and potentially surgical debulking [ 110,111 ]. Although survival 
beyond 2 years is only 12%, this is the one of the only regimens 
available currently for these patients. 

F. O t h e r  Fo rms  of  Thyroid  C a n c e r  

1. Insular Thyroid Carcinoma 

Insular carcinoma was named for the clusters of cells that 
contain small follicles resembling pancreatic islet cells 
[112]. These tumors are very rare and present as an inde- 
pendent lesion or concomitantly with papillary or follicular 
thyroid carcinomas. These cells stain with thyroglobulin 
antibodies, but not for calcitonin. Typically, capsular and 
vascular invasion is present at the time of diagnosis. 

These lesions are very aggressive when compared to 
follicular and papillary carcinoma and appear to have an 
increased recurrence and mortality rate when present as an 

independent process [113]. However, insular carcinoma 
located within follicular and/or papillary thyroid cancer 
does not seem to affect the clinical course adversely. 
Fortunately, many insular thyroid carcinomas are able to 
concentrate radioiodine. 

2. Lymphoma 

Primary thyroid lymphoma is unusual and represents less 
than 5% of all thyroid malignancies [114]. Women are 
affected more commonly at a ratio of 3:1 and typically 
present above 50 years of age. Patients may present with 
symptoms similar to anaplastic carcinoma, although the 
rapidly enlarging mass is often painless. Symptoms may 
also include regional adenopathy, dysphagia, and vocal cord 
paralysis secondary to recurrent laryngeal nerve invasion. 
Many affected patients are clinically hypothyroid or already 
receiving thyroid replacement therapy for conditions such as 
Hashimoto's disease [ 115]. Non-Hodgkin's B-cell type lym- 
phoma is most common, although Hodgkin's disease and 
plasmacytomas do occur more rarely [116]. Thyroid lym- 
phoma may arise as part of a generalized lymphomatous 
condition, as many of these patients have Hashimoto's 
disease. Current hypotheses include chronic antigenic lym- 
phocyte stimulation that results in lymphocyte transformation. 

A definite diagnosis needs to be made and frequently can 
be established by FNAC. Occasionally, a needle-core or 
open cervical lymph node biopsy may be necessary. Given 
the rare incidence of primary thyroid lymphoma, a compre- 
hensive survey must be performed to exclude the presence 
of lymphoma at other sites. 

Patients typically respond rapidly to chemotherapy, espe- 
cially cyclophosphamide, doxorubicin, vincristine, and 
prednisone (CHOP) [117,118]. Combined radiation and 
chemotherapy regimens have also been developed and have 
been promising. Thyroidectomy and nodal resection may be 
considered to alleviate symptoms of airway obstruction in 
patients who do not respond rapidly to treatment, but 
surgical options are not primary treatment modalities. 

The prognosis of patients depends on the histologic grade 
of the tumor and the presence of extrathyroidal disease. 
Overall, the 5-year survival is about 50%. However, 
intrathyroid disease survival is 85% and decreases to 40% 
for patients with extrathyroid disease. 

3. Metastatic Carcinoma 

The thyroid is a rare site for metastases from other 
cancers. However, metastasis may occur from primary 
lesions in the kidney, breast, lung, and skin (melanoma). The 
most common metastatic tumor to the thyroid is from a 
hypemephroma. Also, approximately 3% of bronchogenic 
carcinomas metastasize to the thyroid, but account for 20% 
of all metastases to the thyroid [ 119]. 
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Typically, the history and physical examination identify 
the source of the metastasis. FNAC is performed for defini- 
tive diagnosis. Thyroidectomy may be considered for 
palliation, especially when the primary lesion is very slow 
growing (e.g., renal cell carcinoma) [120]. 

4. Squamous Cell Carcinoma 

Squamous cell carcinoma (SCC) of the thyroid is very 
rare, representing less than 1% of thyroid cancers [121]. 
Older patients are affected most commonly and the disease 
can progress rapidly with local invasion and metastasis. 
During the workup, metastasis from another site within the 
upper aerodigestive tract needs to be excluded. Early detec- 
tion and aggressive surgical treatment appear to represent 
the best option for palliation and cure. As with other SCC of 
the head and neck, radiation therapy is probably important, 
although not well characterized [122]. 

VII. SURGICAL MANAGEMENT 
AND TECHNIQUE 

A. Surgical  A n a t o m y  a n d  E m b r y o l o g y  

The thyroid medial anlage derives from the ventral 
diverticulum from the endoderm of the first and second 
pharyngeal pouches at the foramen cecum [66,123]. The 
diverticulum descends from the base of tongue to its adult 
pretracheal position through a midline anterior path during 
weeks 4 to 7 of gestation. Lateral thyroid primordial arise 
from the fourth and fifth pharyngeal pouches and descend to 
join the central component. Parafollicular C cells arise 
from the neural crest of the fourth pharyngeal pouch as 
ultimobranchial bodies and infiltrate the upper portion of the 
thyroid lobes [ 124]. 

The thyroid gland is composed of two lateral lobes 
connected by a central isthmus, weighing 15 to 25 g in the 
adult. A thyroid lobe measures about 4 cm in height, 1.5 cm 
in width and 2 cm in depth. The superior pole lies posterior 
to the sternothyroid muscle and lateral to the inferior con- 
strictor muscle and posterior thyroid lamina. The inferior 
pole can extend to the level of the sixth tracheal ring. 
Approximately 40% of patients have a pyramidal lobe that 
arises from either lobe or the midline isthmus and extends 
superiorly (Fig. 28.2). 

The thyroid is enclosed between layers of the deep cervi- 
cal fascia in the anterior neck. The true thyroid capsule is 
tightly adherent to the thyroid gland and continues into the 
parenchyma to form fibrous septa separating the 
parenchyma into lobules. The surgical capsule is a thin, 
film-like layer of tissue lying on the true thyroid capsule. 
Posteriorly, the middle layer of the deep cervical fascia 
condenses to form the posterior suspensory ligament, or 

FIGURE 28 .2  A pyramidal lobe of the thyroid gland may occasionally 
arise from the isthmus. This portion of the gland should be identified and 
removed carefully with the surgical specimen. 

Berry's ligament, connecting the lobes of the thyroid to the 
cricoid cartilage and the first two tracheal rings. 

Blood supply to and from the thyroid gland involves two 
pairs of arteries, three pairs of veins, and a dense system of 
connecting vessels within the thyroid capsule. The inferior 
thyroid artery arises as a branch of the thyrocervical trunk. 
This vessel extends along the anterior scalene muscle, cross- 
ing beneath the long axis of the common carotid artery to 
enter the importation of the thyroid lobe. Although variable 
in its relationship, the inferior thyroid artery lies anterior to 
the recurrent laryngeal nerve in approximately 70% of 
patients [125]. The inferior thyroid artery is also the primary 
blood supply for the parathyroid glands. 

The superior thyroid artery is a branch of the external 
carotid artery and courses along the inferior constrictor 
muscle with the superior thyroid vein to supply the superior 
pole of the thyroid. This vessel lies posterolateral to the 
external branch of the superior laryngeal nerve as the nerve 
courses through the fascia overlying the cricothyroid muscle. 
Care should be taken to ligate this vessel without damaging 
the superior laryngeal nerve. Occasionally, a thyroid ima 
artery may arise from the innominate artery, carotid artery, or 
aortic arch and supply the thyroid gland near the midline 
[125]. Many veins within the thyroid capsule drain into the 
superior, middle, and inferior thyroid veins, leading to the 
internal jugular or innominate veins. The middle thyroid vein 
travels without an arterial complement, and division of this 
vessel permits adequate rotation of the thyroid lobe to iden- 
tify the recurrent laryngeal nerve and parathyroid glands. 

Careful management of thyroid carcinomas requires a 
thorough knowledge of the course of the recurrent laryngeal 
nerve (RLN) (Fig. 28.3). The RLN provides motor supply to 
the larynx and some sensory function to the upper trachea 
and subglottic area. The right RLN leaves the vagus nerve at 
the base of the neck, loops around the right subclavian 



420  IV. Current  A p p r o a c h e s  

FIGURE 2 8 . 3  (a) Schematic of thyroid gland and important adjacent structures. In the lateral view, the gland has 
been mobilized medially to demonstrate the recurrent laryngeal nerve and its close relationship to the inferior thyroid 
artery. This relationship can vary between sides within a patient. Please refer to the text for details. In the frontal 
view, the potential course(s) of the nonrecurrent laryngeal nerve has been indicated (dashed lines). (b) The course of the 
recurrent laryngeal nerve along the tracheoesophageal groove is demonstrated intraoperatively. (c) The lateral course of 
the nonrecurrent laryngeal nerve has been revealed intraoperatively. 

artery, and extends back into the thyroid bed approximately 
2 cm lateral to the trachea. The nerve enters the larynx 
between the arch of the cricoid cartilage and the inferior 
cornu of the thyroid cartilage. A "nonrecurrent" laryngeal 
nerve may rarely occur on the right side and enters from a 
more lateral course. Typically, a retroesophageal subclavian 
artery is present. The left RLN leaves the vagus at the level 
of the aortic arch and loops around the arch lateral to the 
obliterated ductus arteriosus. The nerve returns to the neck 
posterior to the carotid sheath and travels near the tracheo- 
esophageal groove along a more medial course than the right 
RLN. The nerve will cross deep to the inferior thyroid artery 

approximately 70% of the time and often branches above 
the level of the inferior thyroid artery prior to entry into the 
larynx [56]. 

Identification of the RLN is best achieved through an 
inferior approach in a space defined by Lore et  al. [127] as 
the recurrent laryngeal nerve triangle. The triangle is 
bounded by the trachea medially, the carotid sheath laterally, 
and the undersurface of the retracted inferior thyroid pole 
superiorly. Careful dissection in this area parallel to the 
course of the RLN should safely identify the nerve. A thy- 
roid goiter or unusually large thyroid mass will potentially 
displace the nerve. The RLN, in these cases, can become 
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fixed to and splay across the undersurface of the enlarged 
thyroid lobe. Great care needs to be taken in these situations 
and identification of the nerve may require a superior 
approach, identifying the RLN at its entry into the larynx. 
Finally, the RLN may be closely associated with or pene- 
trate through the ligament of Berry before entering the 
larynx. Retraction along this area during removal of the 
gland can lead to RLN injury. Thus, caution must be taken 
to carefully dissect out the course of the RLN and subject 
the nerve to as little traction injury as possible. 

The superior laryngeal nerve (SLN) descends medially to 
the carotid sheath and divides into an internal and external 
branch about 2 cm above the superior pole of the thyroid. 
The internal branch travels medially and enters through 
the posterior thyroid membrane to supply sensation to the 
supraglottis. The external branch extends medially along the 
inferior constrictor muscle to enter the cricothyroid 
muscle. Along its course, the nerve travels with the superior 
thyroid artery and vein. The nerve typically diverges from 
the superior thyroid vascular pedicle about 1 cm from the 
thyroid superior pole [ 128]. Because of the close association 
of these structures, superior pole dissection can be per- 
formed as the final step in the thyroid lobectomy to improve 
mobilization and exposure in this area. (Fig. 28.3) 

Proper management of the parathyroid glands during 
thyroid surgery is critical to avoid potential calcium 
metabolism alterations. The parathyroid glands are caramel- 
colored glands, weighing 30 to 70 mg. The superior parathy- 
roid glands are derived from the fourth pharyngeal pouch, 
whereas the inferior counterparts originate from the third 
pharyngeal pouch. The subtle distinction of tan and yellow 
coloration permits differentiation from adjacent fatty tissue, 
although with trauma, the glands can become mahogany in 
color. Eighty percent of patients have four glands and at 
least 10% have more than four glands [129]. The glands are 
situated on the undersurface of the thyroid gland in fairly 
predictable locations. The superior glands are located at the 
level of the cricoid cartilage, usually medial to the intersec- 
tion of the RLN and the inferior thyroid artery [129]. The 
inferior glands are more variable in location than their 
superior counterparts. These glands may be on the lateral or 
posterior surface of the lower pole. In many patients, the 
position of the parathyroid glands on one side is similar to 
the other side and should be a useful guide. 

B. Surgical  T e c h n i q u e  

Prior to any thyroid surgery, any voice changes or previ- 
ous neck surgery should prompt assessment of vocal cord 
mobility by indirect laryngoscopy. Although many patients 
with thyroid carcinomas are euthyroid, necessary medical 
therapy should be instituted for patients demonstrating 
thyrotoxicosis or hypothyroidism to avoid intraoperative 
metabolic derangements, such as hypertensive crisis. Details 

of this management are beyond the scope of this chapter, but 
should include consultation with an endocrinologist. 

The patient should be positioned supine on the operating 
table with an inflatable pillow or shoulder roll and adequate 
head support to permit full neck extension for optimal expo- 
sure. A symmetrical, transverse incision along a skin crease 
approximately 1 cm below the cricoid cartilage is made 
through the platysma. The length of the incision will depend 
on the size of the thyroid gland. Larger incisions will be 
necessary for patients with short, thick necks, difficulty with 
neck extension, or a low-lying thyroid gland. Subplatysmal 
skin flaps are raised superiorly to the level of the thyroid 
cartilage notch and inferiorly to within 1 cm of the clavicle. 

Exposure of the thyroid gland is obtained through a 
midline, vertical incision through the superficial layer of the 
deep cervical fascia between the sternohyoid and the ster- 
nothyroid muscles. The strap muscles are separated by blunt 
dissection and then proceed laterally along the thyroid cap- 
sule until the ansa cervicalis is noted at the lateral edge of 
the sternohyoid muscle/medial aspect of the internal jugular 
vein. Rarely, the strap muscles must be divided to gain 
access to a large thyroid tumor. This division should be done 
high on the muscle to preserve innervation from the ansa 
hypoglossal nerve. The strap muscles should be reapproxi- 
mated prior to skin closure. Any evidence of frank invasion 
of thyroid carcinoma into the strap muscles should result in 
the en  b l o c  resection of section of the affected muscle with 
the thyroid lobe. 

Through blunt dissection, the thyroid lobe is swept antero- 
medially to the tracheolaryngeal framework (Fig.28.4). The 
middle thyroid vein(s) should be identified, and division of 
this vessel should improve lateral exposure. The cricoid and 
trachea should be identified in the midline, and continued 
mobilization is achieved by sweeping dorsally all tissue along 
the posterolateral border of the thyroid lobe. Meticulous 
hemostasis should be maintained to facilitate identification of 
the SLN, RLN, and parathyroid glands. 

The RLNs should be identified relatively early (Fig. 28.3). 
As the dissection is accomplished along the inferior pole 
and the RLN triangle is revealed, attention should focus on 
finding these nerves. Especially during repeat surgery, nerve 
stimulation can be used to facilitate and confirm nerve 
identification. Once identified, the RLN should be followed 
to its laryngeal entry at the level of the cricoid cartilage, 
passing under or through Berry's ligament, and entering the 
larynx deep to the inferior constrictor muscle. The most 
difficult portion of the operation is typically during the 
dissection where the recurrent nerve passes through Berry's 
ligament. The RLN is in close proximity to the thyroid, 
tethered down by the ligament. Bleeding may occur at this 
site and should be controlled by gentle pressure prior to 
identification of the nerve to avoid injury. Use of electro- 
cautery in this region should be strictly avoided. A small 
portion of thyroid tissue may be embedded with the 
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FIGURE 28.4 (a) Careful dissection along the lateral portion of the thyroid lobe permits mobilization of the gland 
medially. (b) The superior pole of the thyroid gland can be mobilized and the superior thyroid vessels ligated. Care 
should be taken to ligate the vessels near the thyroid capsule to prevent injury to the superior laryngeal nerve. 

ligament, accounting for a remnant of thyroid tissue left 
following total thyroidectomy. 

All vessels are ligated and divided on the capsule to 
reduce the risk of parathyroid devascularization. Ischemic 
parathyroids and those situated anteriorly on the thyroid 
gland or removed with the thyroid lobe should be examined. 
They should be biopsied and confirmed by frozen-section 
examination. The parathyroid glands can be minced into 
1-mm 3 cubed pieces and reimplanted in the ipsilateral 
sternohyoid muscle or sternocleidomastoid muscle with a 
silk suture/clip to mark the reimplantation site. 

Once the lobe is mobilized and key structures are identi- 
fied, the isthmus can be transected close to the contralateral 
side. The edge of the isthmus is oversewn and a careful search 
is made for a pyramidal lob, which should be removed in 
continuity with the thyroid lobe, and isthmus when present. 

The remaining pedicle along the superior thyroid pole 
is identified by retracting the thyroid inferiomedially. 
Dissection should be carried out close to the thyroid capsule 
to avoid possible injury to the external branch of the SLN. 
Occasionally, the external branch of the SLN that supplies 
the cricothyroid muscle can be visualized. The superior pole 
vessels should be identified individually and isolated for 
ligation close to the thyroid lobe. At this point, tissues 
poterolateral to the superior pole can be swept away from 
the lobe in a posteromedial direction. 

For a total thyroidectomy, the same procedure is then 
repeated on the contralateral side. However, the decision to 
proceed to excision of the opposite thyroid lobe should 

depend on the course of the initial thyroid lobectomy. 
Following removal of the thyroid specimen, hemostasis is 
verified and a Jackson-Pratt suction drain is placed in the 
thyroid lobe bed. Divided strap muscles are reapproximated 
with absorbable sutures and closed along the midline to 
prevent tracheal adhesion to the skin. The platysma is 
reapproximated with absorbable sutures and the skin is 
closed with a running subcuticular suture. 

C. Spec ia l  Surgical  S i t u a t i o n s  

1. Cervical Lymph Nodes 

Management of the neck in patients with well-differenti- 
ated thyroid carcinomas is typically conservative. Cervical 
node disease is rare in follicular carcinomas, but more 
common in papillary carcinomas. There is no role currently 
for elective neck dissection in cases of follicular carcinoma. 
More controversy exists regarding central compartment 
dissection in patients with papillary carcinoma [130,131]. 
Typically, patients with a primary papillary carcinoma 
greater than 2 cm will have a concurrent central compart- 
ment lymph node dissection with their total thyroidectomy 
or the completion thyroid lobectomy. 

Given the higher frequency of microscopic tumor spread 
in Htirthle cell and medullary carcinomas and the inability 
of these tumors to uptake radioiodine, elective central com- 
partment lymph node dissection is commonly performed. 
When these patients present with palpable anterior lymph 
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node disease, a central compartment dissection is per- 
formed with the total thyroidectomy and the lateral cervical 
nodes are inspected carefully. When palpable lateral cervi- 
cal nodes are present, a neck dissection, including levels 
II-IV, should be performed bilaterally. Retrospective analy- 
sis revealed a 10-year survival rate of 67% for those 
patients with medullary carcinoma treated with neck dis- 
section versus 43% for those who were not [100]. 
Extension of the collar incision will provide exposure of the 
lateral neck and level V should also be removed if palpable 
disease is present. Careful inspection and dissection should 
be performed along the spinal accessory nerve, as this is a 
frequent site of metastatic thyroid disease [66]. A more 
extensive modified radical neck dissection or radical neck 
dissection may be necessary to remove gross disease. 
Finally, removal of upper mediastinal nodal groups may 
also be reasonably performed through the cervical 
approach. 

2. Intrathoracic Goiter 

Less than 1% of patients may have a thyroid gland that 
is partially or completely intrathoracic [132,133]. In the 
great majority of these patients, the intrathoracic goiter 
can be removed via a collar incision in the neck without 
resorting to a sternotomy. The vascular supply, typically 
originating in the neck, is identified, ligated, and divided. 
Division of the isthmus may facilitate mobilization of the 
substernal goiter from beneath the sternum. Large sutures 
may be placed deeply into the goiter to facilitate traction 
and blunt dissection to permit delivery of the thyroid 
through the neck. 

Patients with substernal goiters who have had previous 
thyroid operations, some with invasive malignant tumors, 
and patients with no thyroid tissue in the neck may require 
a median sternotomy. Occasionally, the substernal goiter 
may simply be too large to deliver through a cervical inci- 
sion. In these cases, the thyroidectomy is usually performed 
in collaboration with a thoracic surgeon. 

3. Recurrent Laryngeal Nerve Invasion 

Surgical situations necessitating the sacrifice of the RLN 
are quite uncommon. If preoperative vocal cord paralysis 
is present and carcinoma invasion is seen intraoperatively, 
the nerve may be sacrificed. More commonly, the RLN 
should be dissected free of gross disease. In patients with 
well- differentiated thyroid carcinomas, there is no survival 
difference between those with RLN sacrifice and those 
treated postoperatively with radioiodine for gross disease 
left on the nerve [118]. Given the lack of response by 
medullary carcinoma to postoperative radioiodine treatment, 
RLN sacrifice must be considered to achieve complete 
removal of gross disease. 

Sacrifice of the RLN requires the exclusion of nerve 
infiltration by benign disease processes. Graves' disease, 
Hashimoto's thyroiditis, and Reidel's thyroiditis can involve 
the RLN with or without vocal cord paralysis. Benign 
processes can cause stretch injuries to the RLN that resolve 
with surgical removal of the mass. Finally, lymphomas can 
involve the RLN, but treatment is rarely surgical and should 
not involve excision of the nerve. 

4. Extended Surgical Resection 

Surgical treatment of thyroid carcinomas should remove 
all gross disease, especially in patients with medullary car- 
cinoma. Fixation to the thyroid cartilage or trachea may 
require partial- to full-thickness removal of those structures. 
A thyroid cartilage lamina can be removed without major 
morbidity if the internal thyroid perichondrium is left intact. 
The trachea can be partially resected and repaired to permit 
en b loc  tumor removal. Primary anastamosis can be per- 
formed for resections involving up to four tracheal rings 
[134]. Additionally, tracheal shaving can be performed, 
leaving the internal mucosa intact. Isolated full-thickness 
defects can be repaired with composite mucosa-cartilage 
grafts from the nasal septum. In patients with more exten- 
sive skeletal involvement, a partial laryngectomy may be 
required and has demonstrated improved survival [ 135,136]. 
Total laryngectomy should be performed in only the most 
extreme cases of extensive intraluminal invasion. Typically, 
this would be done following the failure of radioiodine treat- 
ment and/or external beam radiation therapy. Pharyngeal 
and esophageal local invasion typically requires resection of 
the immediate area and primary closure (Fig. 28.5). 

D. Extent  of  S u r g e r y  

Surgery is the primary modality for the treatment of 
thyroid carcinomas. Although well-differentiated thyroid 
cancers can be extremely aggressive and lethal, the vast 
majority of patients have prolonged survival even with 
residual or recurrent disease. Thus, controversy exists 
regarding the extent of surgery to be performed in patients 
with well-differentiated carcinomas. The primary goals of 
surgical treatment should be to eradicate primary disease, to 
reduce the incidence of local/distant recurrence, and to facil- 
itate the treatment of metastases. These oncologic goals 
should be achieved with minimal morbidity. 

The large body of literature regarding thyroid carcinoma 
and its treatment has created a wide variety of terms for 
describing the extent of thyroid tissue removal. Most sur- 
geons would agree that a subtotal excision of a thyroid 
nodule is not acceptable and that the minimum amount of 
thyroid removed should be a lobectomy and isthmusectomy. 
Some surgeons advocate a near-total thyroidectomy that 
preserves the posterior portion of the gland on one side to 
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FIGURE 28.5 (a) An axial view from a CT scan demonstrates a large, locally invasive thyroid mass. (b) The large 
thyroid mass has been dissected free from adjacent structures, but involves the esophagus. (c) Resection of the thyroid 
mass required excision of a portion of the esophagus. The esophagus was closed primarily. (d) A postoperative barium 
swallow study demonstrated that the esophagus was intact and the patient was able to tolerate a regular diet. 

avoid injury to the recurrent laryngeal nerve and at least one 
parathyroid gland. A total thyroidectomy involves the com- 
plete removal of both thyroid lobes, although radioiodine 
scans may reveal 2-5% residual tissue [137]. 

Proponents of a more conservative surgical approach 
suggest that the thyroid lobectomy and isthmusectomy is 
sufficient treatment for the great majority of patients 
(> 80%). These patients would be categorized as low risk 
in the different classification schemes (see Section IV). The 
thyroid lobectomy and isthmusectomy is simpler to perform 
and less time-consuming than a total thyroidectomy. The 
overall risk of morbidity from recurrent laryngeal nerve, 
superior laryngeal nerve, and parathyroid gland injury is less. 
Finally, compared with total thyroidectomy, this conservative 
approach does not adversely affect prognosis and survival. 

A large number of studies support the conservative 
approach. In the AGES classification, low-risk patients 
with papillary carcinoma had the same 2% 25-year mortal- 
ity rate for those treated with thyroid lobectomy or total 
thyroidectomy [20]. A study by Shah et al. [45] based risk 

classifications on the AJC staging system. There was no dif- 
ference in 20-year survival based on surgical treatment 
for patients with intrathyroidal tumors of less than 4cm. 
However, patients treated with total thyroidectomy had an 
increased risk of complications. 

Although survival differences are not found, several 
studies reported an increased incidence of local recurrence in 
patients treated with only a thyroid lobectomy [138,139]. 
Some controversy remains regarding the relationship of 
local recurrence to disease survival, especially with papillary 
carcinomas [68,140]. Finally, patients categorized as high 
risk in these classification systems are treated with near-total 
or total thyroidectomy and radioiodine ablation therapy. 

A more aggressive surgical approach favors total thy- 
roidectomy in most cases and a lobectomy for small, single 
lesions. Proponents of this approach favor total thyroidectomy 
as a better oncologic operation. Removal of the entire 
thyroid gland encompasses potential extracapsular exten- 
sion and multicentric lesions. Morbidity of this procedure is 
relatively low with a good technique and an experienced 
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surgeon [141]. Several studies demonstrate improved sur- 
vival and decreased local/distant recurrence [48,62,142]. 
Cautionary studies also demonstrate the risk of aggressive 
disease even in patients determined to be low risk in the 
various classification schemes [143,144]. 

Postoperative thyroglobulin levels are more valid with 
removal of all normal thyroid tissue. Total thyroidectomy 
also facilitates the use of postoperative diagnostic scans to 
evaluate for metastases and recurrence. Radioiodine does 
not need to be used to ablate excess normal tissue and can 
be concentrated upon the removal of residual carcinoma 
and distant metastases. Finally, although rare, removal of 
the entire thyroid reduces the risk of transformation from 
a well-differentiated thyroid carcinoma to an anaplastic 
carcinoma. 

Clearly, controversy surrounding the extent of surgery 
will continue to persist, as no uniform set of characteris- 
tics can be used to classify the aggressiveness of well- 
differentiated thyroid carcinomas. Results of treatment will 
also continue to differ among institutions and surgeons. 
Nevertheless, the primary goal should remain the effective 
eradication of thyroid cancer with minimal morbidity. 

E. C o m p l i c a t i o n s  

Among head and neck surgical procedures, thyroid 
surgery is very safe. Mortality rates are extremely low and 
morbidity is relatively low. In general, serious complica- 
tions occur in less than 2% of all thyroid cases [66]. 
Complications can typically be divided into nonmetabolic 
and metabolic complications. Of particular concern are 
injuries to the recurrent laryngeal nerve and the parathyroid 
glands. 

Perioperative complications are fairly unusual in thyroid 
surgery. Postoperative infections are very unusual given the 
abundant blood supply in the thyroid bed. The prevention of 
scar widening or hypertrophy depends on proper placement 
of the incision. The incision can often be hidden within 
existing skin creases. Additionally, the incision should not 
be placed too low in the neck to avoid the increased skin 
tension over the sternal notch. Pneumothorax is very rare 
and is often associated with extended procedures that 
involve subclavicular dissection. Chylous fistula may occur 
more often on the left side, but are usually self-limiting 
when wound drainage is adequate. 

Hemorrhage is uncommon when surgery is performed 
with meticulous hemostasis. However, bleeding may occur 
due to an undetected coagulopathy or a technical mishap. 
Significant hemorrhage in the immediate postoperative 
period can lead to life-threatening airway compression. A 
rapidly expanding hematoma requires immediate opening of 
the surgical incision and evacuation of blood. Airway con- 
trol can then be established and the patient can be returned 
to the operating room for complete exploration to identify 

bleeding sites. A wound seroma may occur, especially after 
the removal of a large goiter. Should a fluid collection pres- 
ent, simple needle aspiration should manage the problem 
and prevent the risk of infection. 

Injury to the external branch of the superior laryngeal 
nerve is thought to be rare, but the exact frequency is 
unknown. Often, disturbance of SLN function is temporary 
and frequently unrecognized by the patient and the surgeon 
[ 145]. Injury to the SLN will alter function of the cricothy- 
roid muscle. Patients may have difficulty shouting and 
singers will find difficulty with pitch variation, especially in 
the higher frequencies. The external branch of the SLN is 
not often visualized and lies near the superior pole vessels. 
Adequate exposure of the superior thyroid pole and close 
ligation of the individual vessels on the thyroid capsule may 
prevent SLN injury. Voice therapy may help patients to 
compensate in cases of SLN injury. 

Injury to the RLN has a much greater impact and is more 
noticeable than SLN injury. The incidence of permanent 
RLN paralysis is approximately 1 to 1.5% for total thy- 
roidectomy and less for near-total procedures [48,146,147]. 
Temporary dysfunction due to nerve traction occurs in 2.5 to 
5% of patients [127]. Incidence increases with second and 
third procedures. RLN injury is also more common in 
thyroidectomy with neck dissection, although this may 
reflect more advanced disease states [ 148]. Disease-specific 
risk factors for permanent nerve damage include recurrent 
thyroid carcinoma, substernal goiter, and various thyroiditis 
conditions. Vocal cord function should be evaluated and 
documented by indirect laryngoscopy, especially in patients 
who have had previous surgery. 

Unilateral RLN injury leads to a vocal cord in the 
paramedian position and the voice may be breathy and lack 
volume. Concurrent injury of the SLN will result in a more 
laterally positioned vocal cord and worsen voice quality and 
glottic competence [149]. Occasionally, patients may have 
difficulty with aspiration and pneumonia [148]. 

Bilateral RLN injury may present very dramatically. 
Immediate postoperative stridor and dyspnea may require 
immediate reintubation and a possible tracheostomy. 
Occasionally, bilateral RLN injury may not be immediately 
noticeable and patients may adapt to the reduced airway. 
Over time, though, the vocal cords will move to the midline, 
compromising the airway. 

Identification and careful dissection along the course 
of the RLN decrease the incidence of permanent injury. 
The surgeon should also be aware of the possibility of 
a nonrecurrent nerve, most commonly on the right side. 
If the nerve is transected during surgery, microsurgical 
repair of the nerve is recommended. While the repair is 
unlikely to restore normal function, reanastamosis of 
the RLN may decrease the extent of vocal cord atrophy 
[150]. Some surgeons advocate anastamosis of the ansa 
hypoglossal nerve to the distal end of the severed RLN 
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to prevent laryngeal synkinesis and possible vocal cord 
hyperadduction [ 151,152]. 

Comprehensive management of vocal cord injury is 
beyond the scope of this chapter. In the majority of cases, 
RLN injury will be detected postoperatively. Management is 
supportive, although some surgeons favor reexploration 
when vocal cord paralysis is noted in the immediate post- 
operative period [66]. Return of normal vocal cord function 
occurs as late as 6 to 12 months when temporary RLN injury 
has occurred. Speech therapy can be valuable. Serial exam- 
inations should document potential return of function or 
compensation by the contralateral vocal cord. In patients 
with continued vocal incompetence or aspiration, treatment 
directed toward vocal cord medialization may consist of 
vocal cord injection, thyroplasty, and/or arytenoids medial- 
ization. In cases of bilateral RLN injury, management is 
directed at improving the airway while not completely 
sacrificing airway quality and may involve arytenoidectomy 
or transverse cordotomy. 

Transient symptomatic hypocalcemia after total thy- 
roidectomy occurs in approximately 7 to 25% of cases, but 
permanent hypocalcemia is less common (0.4-13.8%) 
[40,153]. The risk of hypoparathyroidism is related to the 
size and degree of invasion of the tumor, pathology, and 
the extent of procedure and surgeon experience [20,154]. 
Changes in serum calcium levels are often transient and 
may not always be related to parathyroid gland trauma or 
vascular compromise. 

Transient hypocalcemia is often related to variations in 
serum protein binding due to perioperative alterations in 
acid-base status, hemodilution, and albumin concentration. 
These changes do not produce hypocalcemic symptoms. 
However, sudden changes in levels of ionized serum cal- 
cium can result in perioral and distal extremity paresthesias. 
As calcium levels continue to decline, patients may experi- 
ence tetany, bronchospasm, mental status changes, seizures, 
laryngospasm, and cardiac arrhythmias. Chvostek's sign and 
Trousseau's sign may develop with increased neuromuscu- 
lar irritability as serum calcium levels drop below 8.0 mg/dl. 

Typically, serum calcium levels are measured in the 
immediate postoperative period and the next morning for 
patients with a total or completion thyroidectomy. Patients 
should demonstrate a stable or rising serum calcium level. 
Patients undergoing a thyroid lobectomy do not usually 
require serum calcium monitoring. Findings that should be 
worrisome for hypoparathyroidism include hypocalcemia, 
hyperphospatemia, and metabolic alkalosis. 

Treatment for hypocalcemia is typically initiated if the 
patient is symptomatic or serum calcium levels fall below 
7.0 mg/dl. In these patients, cardiac monitoring is war- 
ranted. Patients should receive 10 ml of 10% calcium 
gluconate and 5% dextrose in water intravenously, titrated 
to symptom resolution and subsequent serum calcium 
levels. Oral calcium supplementation should begin with 

2-3 g of calcium carbonate per day. Additionally, calcitriol 
(1,25-dihydroxyvitamin D 3) should be initiated. Adjust- 
ments in supplemental calcium and vitamin D should be 
done in consultation with an endocrinologist. 

VIII. POSTOPERATIVE MANAGEMENT AND 
SPECIAL CONSIDERATIONS 

A. Thyro id  H o r m o n e  R e p l a c e m e n t  

Following total or completion thyroidectomy, exogenous 
supplementation of thyroid hormone is necessary [23,155]. 
Long-term supplementation with levothyroxine (T4) is mon- 
itored to suppress TSH to below-normal levels. Patients 
receiving suppressive therapy have a lower recurrence rate 
and improved survival [74,156]. 

In the immediate postoperative period, patients are 
frequently given cytomel (T3). Cytomel has a shorter half- 
life than thyroxine, decreasing the waiting period before 
radioiodine body scanning and possible ablative therapy can 
be performed. 

B. Rad ia t ion  T r e a t m e n t  

Radiolabeled iodine has been used since the early 1960s 
to ablate normal thyroid tissue and to treat residual tumor 
and metastases [ 157]. The 131 I isotope emits 13 particles that 
penetrate and destroy tissue within a 2-mm zone. Patients 
classified as high risk with papillary carcinoma and most 
patients with follicular carcinoma are considered for treat- 
ment [75]. Despite poor radioiodine uptake in Hiirthle cell 
and medullary carcinomas, these patients will often be 
treated to provide any possible benefit. 

Whole-body scans stage the patient and determine the 
need and potential benefit of radioiodine therapy. Elevated 
TSH levels are necessary to enhance the uptake of iodine by 
thyroid cancer cells. Thus, patients are taken off thyroid 
hormone suppression therapy for 4 to 6 weeks prior to scan- 
ning and placed on a low-iodine diet. Additionally, some 
work has been done to provide exogenous TSH [158]. 

At our institution, 123I has replaced 131I for the initial 
diagnostic radioiodine scan. The physical properties of 123I 
permit better image quality and decrease possible stunning 
of functioning thyroid cells by the 13 particle emission of 131I 
[159]. This permits the maximal benefit of 131I in ablation 
following the diagnostic procedure [160]. 

Following the diagnostic scan, therapeutic ablative doses 
of 131I can be given. Typically, 100 mCi of 131I is given for 
uncomplicated cases with only thyroid bed uptake. Although 
lower doses (30-60 mCi) have been commonly employed, 
studies suggest that they are less effective in disease treat- 
ment (A. Alavi, personal communication). Patients with 
uptake in cervical nodes or distant metastases will receive 
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125-200mCi [161,162]. Doses higher than 200 mCi have 
not been shown to be more effective in most cases [66]. 

Diverse alternatives and protocols exist regarding the use 
of radioiodine therapy. Surgeons who favor total thyroidec- 
tomy for most thyroid carcinomas argue that removal of 
normal tissue enhances radioiodine ablation therapy. However, 
proponents of more conservative treatment suggest that 
radioiodine therapy can be used to remove even a remaining 
thyroid lobe prior to whole-body scanning for residual 
tumor or metastases. Additionally, the use of 123I for diag- 
nostic scanning has only recently gained favor. Continued 
work in this area should improve patient outcomes and 
decrease disease recurrence. 

C. External  B e a m  R a d i o t h e r a p y  

a n d  C h e m o t h e r a p y  

Given the effectiveness of surgery and radioiodine treat- 
ment for the majority of thyroid carcinomas, experience with 
external beam radiation therapy (EBRT) and chemotherapy 
is more limited. EBRT appears to improve local control of 
well-differentiated carcinomas, especially when employed in 
combination with doxorubicin [163-165]. However, the 
effect of EBRT on survival is uncertain [ 165,166]. Palliation 
of patients with distant metastasis of well-differentiated car- 
cinomas, especially to the bone, appears to be improved with 
EBRT [ 163]. 

Limited success with EBRT in combination with doxoru- 
bicin/cisplatin has been noted with anaplastic carcinomas 
[167,168]. However, this disease remains uniformly fatal, 
and palliation through local control and airway protection 
are the only realistic goals. Patients with metastatic 
medullary carcinoma may benefit from EBRT and 
chemotherapy to decrease local recurrence [169,170]. 
Typically, patients with regional nodal metastases recog- 
nized during surgery will receive postoperative EBRT. In 
general, the poorer outcomes for patients with medullary 
and anaplastic carcinomas have not been altered signifi- 
cantly by EBRT and chemotherapy. 

D. Fo l low-Up M a n a g e m e n t  

Patients treated for thyroid carcinomas will require 
long-term follow-up and monitoring. In addition to regular 
physical examination, thyroid hormone and TSH levels are 
monitored to ensure adequate suppression. Thyroglobulin 
levels should be monitored closely and diagnostic radioiodine 
scanning should be performed. These tests should be per- 
formed annually for the first 2 years and then every 5 years 
for 20 years [171]. Typically, thyroglobulin levels should 
be less than 2ng/ml following total thyroidectomy and 
radioiodine ablation therapy (less than 3 ng/ml if patient is 
off thyroid replacement therapy). Rising serum thyroglobu- 
lin levels are highly sensitive (97%) and specific (100%) for 

thyroid cancer recurrence [172]. Elevation of thyroglobulin 
levels warrants repeat radioiodine scanning and therapy. 

Patients with medullary carcinomas require serial meas- 
urements of calcitonin and CEA. Suspected recurrences 
may also be detected with the pentagastrin-stimulation test. 

IX. C O N C L U S I O N S  

A great deal of literature addresses the treatment of 
thyroid carcinomas. Questions remain unresolved regard- 
ing the extent of thyroidectomy to perform in patients 
with well-differentiated carcinomas and the effect on patient 
survival. Because the great majority of patients with well- 
differentiated thyroid carcinomas do well, failure to resolve 
issues like this are tolerated. Additionally, studies to address 
these issues require very large cohorts with long-term 
follow-up that needs to extend 20 to 30 years. 

Nevertheless, surgeons need to remain wary of the 
devastating progression of disease in medullary and anaplas- 
tic thyroid carcinomas. Despite clinical classification 
schemes, even well-differentiated carcinomas can have 
unpredictably aggressive clinical manifestations. As our 
understanding of the molecular and genetic mechanisms of 
thyroid carcinomas improves better diagnostic tests should 
improve our ability to treat these cancers. 

References 

1. Landis, S. H., Murray, T., Bolden, S., et al. (1999). Cancer statistics. 
CA Cancer J Clin. 49, 8-31. 

2. Mazzaferri, E. L. (1992). Thyroid cancer in thyroid nodules: Finding a 
needle in a haystack. Am. J. Med. 93, 359-362. 

3. Hay, I. D., and Klee, G. G. (1993). Thyroid cancer diagnosis and 
management. Clin. Lab. Med. 13, 725-734. 

4. Sozzi, G., Bongarzone, I., Miozzo, M., et al. (1992). Cytogenetic and 
molecular genetic characterization of papillary thyroid carcinomas. 
Genes Chromosomes Cancer 5, 212-218. 

5. Fagin, J. A. (1994). Molecular pathogenesis of human thyroid 
neoplasms. Thyroid Today 18, 1-6. 

6. Williams, E. D. (1995). Mechanisms and pathogenesis of thyroid 
cancer in animals and man. Mutat Res. 333, 123-129. 

7. Namba, H., Rubin, S. A., and Fagin, J. A. (1990). Point mutations of 
ras oncogenes are an early event in thyroid tumorigenesis. 
Mol. Endocrinol. 4, 1474-1479. 

8. Takahashi, M. (1995). Oncogenic activation of the ret proto-oncogene 
in thyroid cancer. Crit. Rev. Oncog. 6, 35-46. 

9. Grieco, M., Santoro, M., Berlingieri, M. T., et al. (1990). PTC is a 
novel rearranged form of the ret proto-oncogene and is frequently 
detected in vivo in human thyroid papillary carcinomas. Cell 60, 
557-563. 

10. Santoro, M., Grieco, M., Melillo, R. M., et al. (1995). Molecular 
defects in thyroid carcinomas: Role of the ret oncogene in thyroid 
neoplastic transformation. Eur. J. Endocrinol. 133, 513-522. 

11. Williams, E. D., Doniach, I., Bjarnason, O., et al. (1977). Thyroid 
cancer in an iodine rich area. Cancer 39, 215-222. 

12. Duffy, B. J., and Fitzgerald, E J. (1950). Cancer of the thyroid 
in children: A report of 28 cases. J. Clin. Endocrinol. 10, 
1296-1308. 



4 2 8  IV. Current Approaches 

13. Becker, F. O., Economou, S. G., Wouthwick, H. W., et al. (1975). Adult 
thyroid cancer after head and neck irradiation in infancy and 
childhood. Ann. Intern. Med. 83, 347-351. 

14. Rojeski, M., and Gharib, H. (1985). Nodular thyroid disease. N. Engl. 
J. Med. 313, 418-436. 

15. Daniels, G. H. (1996). Thyroid nodules and nodular thyroids: A 
clinical overview. Comprehen. Ther. 22, 239-250. 

16. Malone, J., Unger, J., Delange, E, et al. (1991). Thyroid consequences 
of Chernobyl accident in the countries of the European Community. 
J. Endocrinol. Invest. 14, 701-717. 

17. McTiernan, A., Weiss, N. S., and Daling, J. R. (1987). Incidence of 
thyroid cancer in women in relation to known or suspected risk factors 
for breast cancer. Cancer Res. 47, 292-295. 

18. DeGroot, L. J., Kaplan, E. L., Straus, E H., et al. (1994). Does the 
method of management of papillary thyroid carcinoma make a differ- 
ence in outcome? World J. Surg. 18, 123-130. 

19. Cady, B., and Rossi, R. (1988). An expanded view of risk- 
group definition in differentiated thyroid carcinoma. Surgery 104, 
947-953. 

20. Hay, I. D., Grant, C. S., Taylor, W. F., et aL (1987). Ipsilateral lobec- 
tomy versus bilateral lobar resection in papillary thyroid carcinoma: A 
retrospective analysis of surgical outcome using a novel prognostic 
scoring system. Surgery 102, 1088-1095. 

21. Hay, I. D., Bergstralh, E. J., Goellner, J. R., et al. (1993). Predicting out- 
come in papillary thyroid carcinoma: Development of a reliable 
prognostic scoring system in a cohort of 1779 patients surgically 
treated at one institution during 1940 through 1989. Surgery 114, 
1050-1058. 

22. Hannequin, P., Liehn, J. C., and Delisle, M. J. (1986). Multifactorial 
analysis of survival in thyroid cancer: Pitfalls of applying the results of 
published studies to another population. Cancer 58, 1749-1755. 

23. Mazzaferri, E. L., and Jhiang, S. M. (1994). Long-term impact of ini- 
tial surgical therapy and medical therapy on papillary and follicular 
thyroid cancer. Am. J. Med. 97, 418-428. 

24. Leeper, R. (1985). Thyroid carcinoma. Med. Clin. North Am. 69, 
1079-1096. 

25. McHenry, C., Smith, M., Lawrence, A., et al. (1988). Nodular thyroid 
disease in children and adolescents. Ann. Surg. 54, 444-447. 

26. Sadler, G. P., Clark, O. H., van Heerden, J. A., et al. (1999). Thyroid 
and parathyroid. In "Principles of Surgery" (S. I. Schwartz, ed.), 7th 
Ed., Vol. 2, pp. 1661-1713. McGraw-Hill, New York. 

27. Miller, J., Kinsi, S. R., and Hamburger, J. I. (1985). Diagnosis of 
malignant follicular neoplasm of the thyroid by needle biopsy. Cancer 
55, 2812-2817. 

28. Ashcraft, M., and van Herle, A. (1981). Management of thyroid 
nodules I. Head Neck Surg. 3, 216-227. 

29. Ashcraft, M., and van Herle, A. (1981). Management of thyroid 
nodules II. Head Neck Surg. 3, 297-322. 

30. Ahuja, S., and Ernst, H. (1991). Hyperthyroidism and thyroid 
carcinoma. Acta Endocrinol. 142, 146-151. 

31. Clark, O. H. (1980). Thyroid nodules and thyroid cancer: Surgical 
aspects. West. J. Med. 133, I-8. 

32. Mazzaferri, E. L. (1993). Management of a solitary thyroid nodule. 
N. Engl. J. Med. 320, 553-559. 

33. Bisi, H., Camargo, R., and Filho, A. (1991). Role of fine needle 
aspiration cytology in the management of thyroid nodules: Review of 
experience with 1925 cases. Diagn. Cytopathol. 8, 504-510. 

34. Hamburger, J. (1982). Consistency of sequential needle biopsy 
findings for thyroid nodules: Management implications. Arch. Intern. 

Med. 147, 97-99. 
35. Pepper, G., Zwicker, D., and Rosen, Y. (1989). Fine needle aspiration 

of the thyroid nodule: Results of a start-up project in a general teach- 
ing hospital setting. Arch. Intern. Med. 149, 594-596. 

36. Caruso, D., and Mazzaferri, E. (1991). Fine needle aspiration in the 
management of thyroid nodules. Endocrinologist 1, 194-202. 

37. McHenry, C. R., Walfish, R G., and Rosen, I. B. (1993). Non-diagnos- 
tic fine needle aspiration biopsy: A dilemma in management of nodu- 
lar thyroid disease. Am. J. Surg. 59, 415-419. 

38. Gharib, H., and Goellner, J. R. (1993).Fine needle aspiration biopsy of 
the thyroid: An appraisal. Ann. Intern. Med. 118, 282-289. 

39. Grant, C. (1995). Operative and post-operative management of the 
patient with follicular and Htirthle cell carcinoma. Surg. Clin. North 

Am. 75, 395-403. 
40. Callender, D., Sherman, S., Gagel, R., et al. (1996). Cancer of the 

thyroid. In "Cancer of the Head and Neck" (J. Suen and E. Myers, 
eds.), 3rd Ed. Saunders, Philadelphia. 

41. Hathaway, H. (1990). Diagnosis and management of the thyroid 
nodule. Otolaryngol. Clin. North Am. 23, 303-337. 

42. Tyler, D. S., Winchester, D. J., Caraway, N. P., et al. (1994). 
Indeterminate fine-needle aspiration biopsy of the thyroid: 
Identification of subgroups at high risk for invasive carcinoma. Surgery 

116, 1054-1060. 
43. Chandramouly, B., Mann, D., Cunningham, R. P., et al. (1992). 

Marine-Lenhart syndrome: Graves' disease with poorly functioning 
nodules. Clin. Nuclear Med. 17, 905-906. 

44. Jossart, G. H., and Clark, O. H. (1994). Well-differentiated thyroid 
cancer. Curr. Probl. Surg. 21,933-1012. 

45. Shah, J. P., Loree, T. R., Dharker, D., et al. (1992). Prognostic factors 
in differentiated carcinoma of the thyroid gland. Am. J. Surg. 164, 
658-661. 

46. Cady, B., Sedgwick, C. E., Meissner, W. A., et al. (1976). Changing 
clinical, pathologic, therapeutic and survival pattern in differentiated 
thyroid carcinoma. Ann. Surg. 184, 541-553. 

47. Scheider, A. B., Favus, M. J., Srachura, M. E., et al. (1978). Incidence, 
prevalence and characteristics of radiation-induced thyroid tumors. 
Am. J. Surg. 64, 243-252. 

48. Mazzaferri, E., and Young, R. (1981). Papillary thyroid carcinoma: A 
10 year follow-up report of the impact of therapy in 576 patients. Am. 
J. Med. 70, 511-518. 

49. Woolner, L. B., Lemmon, M. L., Beahrs, O. H., et al. (1960). Occult pap- 
illary carcinoma of the thyroid gland: A study of 140 
cases observed over a thirty year period. J. Clin. Endocrinol. 20, 89-105. 

50. Frazell, E., and Foote, F. (1958). Papillary cancer of the thyroid. 
Cancer 11,895. 

51. Breaux, E., and Guillamondegui, O. (1980). Treatment of locally 
invasive carcinomas of the thyroid: How radical? Am. J. Surg. 140, 
514-517. 

52. McConahey, W. M., Hay, I., Woolner, C., et al. (1986). Papillary 
thyroid carcinoma treatment at Mayo Clinic 1946 through 1970: Initial 
manifestations, pathologic findings, treatment and outcome. Mayo 

Clin. Proc. 61,978-996. 
53. Noguchi, S., and Muracami, N. (1987). The value of lymph node 

dissection inpatients with differentiated thyroid carcinoma. Surg. Clin. 

North Am. 67, 251-261. 
54. Tollefsen, H. R., Shah, J. P., and Huvos, A. G. (1972). Papillary 

carcinoma of the thyroid: Recurrence in the thyroid gland after initial 
surgical treatment. Am. J. Surg. 124, 468-472. 

55. Woolner, L. B., Beahrs, O., Block, B., et al. (1961). Classification and 
prognosis of thyroid carcinoma: A study of 885 cases observed in a 30 
year period. Am. J. Surg. 102, 354-387. 

56. Rosai, J., Carcangui, M. L., and DeLellis, R. A. (1992). Tumors of the 
thyroid gland. In "Atlas of Thyroid Patholog." AFIP, Washington, DC. 

57. LiVolsi, V. A. (1992). Papillary neoplasms of the thyroid, pathologic 
and prognostic features. Am. J. Clin. Pathol. 3, 426-434. 

58. Favas, M., Schneider, A., and Stachvra, M. (1976). Thyroid cancer 
occurring as a consequence of head and neck irradiation. N. Engl. J. 

Med. 294, 1019. 
59. Carcangiu, M., Zampi, G., and Pupi, A. (1985). Papillary carcinoma of 

the thyroid: A clinicopathologic study of 241 cases treated at the 
University of Florence, Italy. Cancer 55, 805-828. 



28. Thyroid Cancer 429  

60. Massin, J., Savoie, J., Gamier, H., et al. (1984). Plmonary metastases 
in differentiated thyroid carcinoma: Study of 58 cases with implica- 
tions for the primary tumor treatment. Cancer 53, 982-992. 

61. Crile, G., Jr., Antunez, A., and Esselstyn, C. (1985). The advantages 
of subtotal thyroidectomy and suppression of TSH in the primary 
treatment of papillary carcinoma of the thyroid. Cancer 55, 
2691-2697. 

62. DeGroot, L. J., Kaplan, E. L., McCormick, M., et al. (1990). Natural 
history, treatment and course of papillary thyroid carcinoma. JCEM 71, 
414-424. 

63. Rossi, R., Nieroda, C., Cady, B., et al. (1985). Malignancy of the 
thyroid gland: The Lahey Clinic experience. Surg. Clin. North Am. 65, 
211-230. 

64. Mazzaferri, E., Young, R., Oertel, J., et al. (1977). Papillary thyroid 
carcinoma: The impact of therapy in 576 patients. Medicine 56, 
171-196. 

65. Sellers, J. (1992). Prognostic significance of cervical lymph node metas- 
tasis in differentiated thyroid carcinoma. Am. J. Surg. 164, 578-581. 

66. Sessions, R. B., Taylor, T., Roller, C. A., et al. (1999). Cancer of the 
thyroid gland. In "Head and Neck Cancer: A Multidisciplinary 
Approach" (L. B. Harrison, R. B. Sessions, and W. K. Hong, eds.). 
Lippincott-Raven, Philadelphia. 

67. Hoie, J., Stennig, H., Kullman, G., et al. (1988). Distant metastases in 
papillary thyroid cancer: A review of 91 patients. Cancer 61, 1-6. 

68. Cady, B., Rossi, R., Silverman, M., et al. (1985). Further evidence of 
the validity of risk group definition. Surgery 98, 1171-1178. 

69. Hayles, A., Kennedy, R., Beahrs, O., et al. (1960). Management of the 
child with thyroid cancer. JAMA 173, 21. 

70. Exelby, E, and Frazell, E. (1969). Carcinoma of the thyroid in children. 
Surg. Clin. North Am. 49, 249-259. 

71. Prendiville, S., Burman, K., Ringeil, M., et al. (2000). Prognostic 
Implications of the tall cell variant of papillary thyroid carcinoma. 
Otolaryngol. Head Neck Surg. 122, 352-357. 

72. Brennan, M. D., Bergstralh, E. J., van Heerden, J. A., et al. (1991). 
Follicular thyroid carcinoma treatment at Mayo Clinic 1946 to 1970: 
Initial manifestation, pathologic findings, therapy and outcome. Mayo 

Clin. Proc. 66, 11-22. 
73. Kahn, N., and Perzin, K. (1983). Follicular carcinoma of the thyroid. 

Pathol. Annu. 18, 221-253. 
74. Young, R. L., Mazzaferri, E. L., Rahe, A. J., et al. (1980). Pure follic- 

ular carcinoma: Impact of treatment in 214 patients. J. Nuclear Med. 

21, 733-737. 
75. Harness, J., Thompson, N. W., McLeod, M. K., et al. (1984). Follicular 

carcinoma of the thyroid gland: Trends and treatment. Surgery 96, 
972-980. 

76. Lange, W., Georgii, A., Stauch, G., et al. (1980). The differentiation of 
atypical adenomas and encapsulated follicular carcinoma in the thyroid 
gland. Virch. Arch(A). 385, 125-141. 

77. Yamashina, M. (1992). Follicular neoplasms of the thyroid. Am. J. 
Surg. Pathol. 16, 392--400. 

78. Woolner, L. (1971). Thyroid carcinoma: Pathologic classification with 
data on prognosis. Semin. Nuclear Med. 1, 481-502. 

79. Johannessen, J. V., Sobrinho-Simmoes, M., Lindmot, T., et al. (1982). 
The diagnostic value of flow cytometric DNA measurements in 
selected disorders of the human thyroid. Am. J. Clin. Pathol. 77, 20-25. 

80. Lange, W., Choritz, H., and Hundeshagen, H. (1986). Risk factors in 
follicular thyroid carcinoma: A retrospective follow-up study covering 
a fourteen year period with emphasis on morphologic findings. Am. J. 

Surg. Pathol. 10, 246-255. 
81. Maxon, H. R., and Smith, H. S. (1990). Radioactive 131I in the diagno- 

sis and treatment of metastatis well-differentiated thyroid carcinoma. 
Endocr. Metab. Clin. North Am. 19, 695-717. 

82. Silverman, M. (1991). Pathology of thyroid and parathyroid glands. 
In "Surgery of the Thyroid and Parathyroid Glands" (B. Cady, and 
R. Rossi, eds.). Saunders, Philadelphia. 

83. van Heerden, J., Hay, I., and Goellner, J. (1992). Follicular thyroid 
carcinoma with capsular invasion alone: A non-threatening malig- 
nancy. Surgery 112, 1136-1138. 

84. Crile, G., Pontius, K., and Hawk, W. (1985). Factors influencing the 
survival of patients with follicular carcinoma of the thyroid gland. 
Surg. Gynecol. Obstet. 160, 409-413. 

85. Donohue, J., Goldfien, S., and Miller, T. (1984). Do the prognosis of 
papillary and follicular thyroid cancer differ? Am. J. Surg. 148, 
168-173. 

86. Thompson, M., Dunn, E., Batsakis, J., et al. (1973). Hfirthle cell 
lesions of the thyroid gland. Surg. Gynecol. Obstet. 139, 555-560. 

87. E1-Naggar, A., Batsakis, J., and Luna, M. (1988). Hfirthle cell tumors 
of the thyroid: A flow cytometric DNA analysis. Arch. Otolatyn~ol. 

Head Neck Surg. 114, 520-521. 
88. Hazard, J. B. (1977). The C-cell of the th 

thyroid carcinoma: A review. Am. J. Pathot 
89. Chong, E, Beahrs, O., Sizemore, G., et al. (1975). Medullary carci- 

noma of the thyroid gland. Cancer 35, 695-704. 
90. Ellenhorn, J., Shah, J., and Brennan, M. E (1993). Impact of thera- 

peutic regional lymph node dissection for medullary carcinoma of 
thyroid gland. Surgery 114, 1078-1082. 

91. Raue, E, Frank-Rau e, K., and Grauer, A. (1994). Multiple endocrine 
neoplasia type 2: Clinical features and screening. Endocrinol. Metab. 

Clin. North Am. 23, 137-156. 
92. DeLellis, R. (1995). Biology of disease: Multiple endocrine neoplasia 

syndromes revisited. Lab. Invest. 72, 494-505. 
93. Moley, J. (1995). Medullary thyroid cancer. Surg. Clin. North Am. 75, 

405-420. 
94. Goodfellow, E, and Wells, S. (1995). RET gene and its implications 

for cancer. JNCI 8"1, 1515-1523. 
95. Saad, M. E, Ordonez, N. G., Rashid, R. K., et al. (1984). Medullary 

thyroid carcinoma: A study of the clinical features and prognostic 
factors in 161 patients. Medicine 63, 319-342. 

96. Bergholm, U., Adami, H. O., and Bergstrom, R. (1989). Clinical 
characteristics in sporadic and familial medullary thyroid carcinoma. 
Cancer 63, 1196-1204. 

97. Sessions, R. B., Harrison, L. B., and Forastiere, A. A. (1996). Tumors 
of the salivary glands and paragangliomas. In "Cancer: Principles 
and Practice of Oncology" (V. T. DeVita, S. Hellman, and S. A. 
Rosenberg, eds.), 5th Ed. Lippincott-Raven, Philadelphia. 

98. Stepanas, A., Samaan, N., Hill, C., et al. (1979). Medullary thyroid 
carcinoma: importance of serial calcitonin measurements. Cancer 43, 
825-837. 

99. Donovan, D. T., and Gagel, R. E (1997). Medullary thyroid 
carcinoma and the multiple endocrine neoplasia syndromes. In 
"Thyroid Disease: Endocrinology, Surgery, Nuclear Medicine and 
Radiotherapy" (S. A. Falk, ed.), 2nd Ed. Lippincott-Raven, 
Philadelphia. 

100. Block, M. A. (1990). Surgical treatment of medullary carcinoma of 
the thyroid. Otolaryngol. Clin. North Am. 23, 453-473. 

101. Lips, C. J., Landsvater, R. M., H6ppener, J. W., et al. (1994). Clinical 
screening as compared with DNA analysis in families with multiple 
endocrine neoplasia type 2A. N. Engl. J. Med. 331, 828-835. 

102. O'Riordain, D., O'Brien, T., Crotty, T., et al. (1995). Multiple 
endocrine neoplasia type 2B: More than an endocrine disorder. 
Surgery 118, 936-942. 

103. Wells, S., Baylin, S., and Gann, E (1978). Medullary thyroid carci- 
noma: Relationship of method of diagnosis to pathologic staging. 
Ann. Surg. 188, 377-383. 

104. Kakudo, K., Carney, J. R., and Sizemore, G. W. (1985). Medullary 
carcinoma of the thyroid: Biological behavior of the sporadic and 
familial neoplasm. Cancer 55, 2818-2821. 

105. LiVolsi, V., and Merino, M. (1987). Pathology of thyroid tumors. 
In "Comprehensive Management of Head and Neck Tumors" 
(S. Thawley, W. Panje, J. Batsakis, et. al., eds.). Saunders, Philadelphia. 



430  IV. Current Approaches 

106. Nel, C., Van Heerden, J. L., and Goellner, J. (1985). Anaplastic carci- 
noma of thyroid: A clinicopathologic study of 82 cases. Mayo Clin. 
Proc. 60, 51-58. 

107. Kapp, D., LiVolsi, V., and Sanders, M. (1982). Anaplastic carcinoma 
following well-differentiated thyroid cancer: Etiological considera- 
tions. Yale J. Biol. Med. 55, 521-528. 

108. Demeter, J., DeJong, S., Lawrence, A., et al. (1991). Anaplastic 
thyroid carcinoma: Risk factors and outcome. Surgery 110, 956-963. 

109. Venkatesh, Y., Ordonez, N., and Schultz, E (1990). Anaplastic carcinoma 
of thyroid: A clinicopathologic study of 121 cases. Cancer 66, 321-330. 

110. Kim, J., and Leeper, R. (1987). Treatment of locally advanced thyroid 
carcinoma with combination of doxorubicin and radiation therapy. 
Cancer 60, 2372-2375. 

111. Tennvall, J., Lundell, G., Hallquist, A., et al. (1994). Combined dox- 
orubicin, hyperfractionated radiotherapy and surgery in anaplastic 
thyroid carcinoma: Report on two protocols. The Swedish Anaplastic 
Thyroid Cancer Group. Cancer 74, 1348-1354. 

112. Carcangiu, M. L., Zampi, G., and Rosai, J. (1984). Poorly-differenti- 
ated ("insular") thyroid carcinoma: A reinterpretation of Langham's 
"Wuchemde Struma." Am. J. Surg. Pathol. 8, 655-668. 

113. Burman, K., Ringel, M., and Wartofsky, L. (1996). Unusual types of 
thyroid neoplasms. Endocrinol. Metab. Clin. North Am. 25, 49-68. 

114. Sirota, D. K., and Segal, R. L. (1979). Primary lymphomas of the 
thyroid gland. JAMA 242, 1743-1746. 

115. Tsang, R. W., Gospodarowicz, M. K., Sutcliffe, S. B., et al. (1993). 
Non-Hodgkin's lymphoma of the thyroid gland: prognostic factors 
and treatment outcome. The Princess Margaret Hospital Lymphoma 
Group. Int. J. Radiat. Oncol. Biol. Phys. 27, 559-604. 

116. Salhany, K. E., and Pietra, G. G. (1993). Extranodal lymphoid disor- 
ders. Am. J. Clin. Pathol. 99, 472-485. 

117. Divine, R. M., Edis, A., and Banks, E (I 981 ). Primary lymphoma of 
the thyroid: A review of the Mayo Clinic experience through 1978. 
World J. Surg. 5, 33-38. 

118. Rasbach, D. A., Mondschein, M. S., Harris, N. L., et al. (1985). 
Malignant lymphoma of the thyroid gland: A clinical and pathologic 
study of 20 cases. Surgery 6, 1166-1170. 

119. Ivy, H. K. (1984). Cancer metastatic to the thyroid: A diagnostic 
problem. Mayo Clin. Proc. 59, 856-859. 

120. Green, L., Ro, J. Y., Mackay, B., et al. (1989). Renal cell carcinoma 
metastatic to the thyroid. Cancer 63, 1810-1815. 

121. Meissner, W., and Adler, A. (1958). Papillary carcinoma of thyroid. 
Arch. Pathol. 656, 518. 

122. Tubiana, M., Haddad, E., and Schlumberger, M. (1985). External 
radiotherapy in thyroid cancers. Cancer 55, 2062-2071. 

123. Hayes, B., Anthony, A., and Kersham, R. (1985). Anatomy and devel- 
opment of the thyroid gland. Ear Nose Throat J. 64, 10. 

124. Copp, D., Cockcroft, D., and Kuch, Y. (1967). Calcitonin from ulti- 
mobranchial glands of dogfish and chickens. Science 158, 924-925. 

125. Hollingshead, W. H. (1958). Anatomy of the endocrine glands. Surg. 
Clin. North Am. 39, 1115-1140. 

126. Nemiroff, P. M., and Katz, A. D. (1982). Extralaryngeal divisions of 
the recurrent laryngeal nerve: Surgical and clinical significance. Am. 
J. Surg. 144, 466-469. 

127. Lore, J. M., Kim, D. J., and Elias, S. (1977). Preservation of the 
laryngeal nerves during total thyroid lobectomy. Ann. Otol. Rhinol. 
Laryngol. 86, 777-788. 

128. Lennquist, S., Kahlin, C., and Smeds, S. (1987). The superior laryn- 
geal nerve in thyroid surgery. Surgery 102, 1000-1008. 

129. Wang, C. (1976). The anatomic basis of parathyroid surgery. Ann. 
Surg. 183, 271-275. 

130. Hutter, R., Frazell, E., and Foote, E (1970). Elective radical neck 
dissection: An assessment of its use in the management of papillary 
thyroid cancer. Cancer 20, 87-93. 

131. Siperstein, A. E., and Clark, O. H. (1996). Surgical therapy. In "Wener 
and Ingbar's the Thyroid: A Fundamental and Clinical Text" 

(L.E. Braverman, and R. D. Utiger, eds.), 7th Ed. Lippincott-Raven, 
Philadelphia. 

132. Mack, E. (1995). Management of patients with substernal goiters. 
Surg. Clin. North Am. 75, 377-394. 

133. Shah, A., Alfonso, A. E., and Jaffe, B. M. (1989). Operative treatment 
of substernal goiters. Head Neck 11, 325-330. 

134. Grillo, H. C., and Zannini, P. (1986). Resectional management of 
airway invasion by thyroid carcinoma. Ann. Thorac. Surg. 42, 287-298. 

135. Ballantyne, A. J. (1994). Resections of the upper aerodigestive tract 
for locally invasive thyroid cancer. Am. J. Surg. 168, 636-639. 

136. Shelton, V. K., Skolnick, G., and Berlinger, F. G. (1982). 
Laryngotracheal invasion by thyroid carcinoma. Ann. Otol. Rhinol. 
Laryngol. 91, 363-369. 

137. Park, H. M., Park, Y. H., and Zhou, X. H. (1997). Detection of thyroid 
remnant/metastasis without stunning: An ongoing dilemma. Thyroid 
7, 277-280. 

138. Segal, K., Fridental, R., Lubin, E., et al. (1995). Papillary carcinoma 
of the thyroid. Otolaryngol. Head Neck Surg. 113, 356-363. 

139. Grant, C. S., Hay, I. D., Gough, I. R., et al. (1988). Local recurrence 
in papillary thyroid carcinoma: Is the extent of surgical resection 
important? Surgery 104, 954-962. 

140. Pasieka, J. L., Thompson, N. W., McLeod, M. K., et al. (1992). The 
incidence of bilateral well-differentiated thyroid cancer found at 
completion thyroidectomy. World J. Surg. 16, 711-717. 

141. Kupferman, M. E., Mandel, S. J., DiDonato, L., et al. (2002). Safety 
of completion thyroidectomy following unilateral lobectomy for 
well-differentiated thyroid cancer. Laryngoscope 112, 1209-1212. 

142. Schlumberger, M., Tubiana, M., and DeVathaire, E (1986). Long term 
results of treatment of 283 patients with lung and bone metastases 
from differentiated thyroid carcinoma. J. Clin. Endocrinol. Metab. 
63, 960-967. 

143. Chonkich, G. D., and Petti, G. H. (1992). Treatment of thyroid 
carcinoma. Laryngoscope 102, 486--491. 

144. Attie, J. N., Bock, G., and Moskowitz, G. W. (1992). Postoperative 
radioactive evaluation of total thyroidectomy for thyroid carcinoma: 
Reappraisal and therapeutic implications. Head Neck 14, 297-302. 

145. Ward, P. H., Berci, G., and Calcaterra, T. C. (1977). Superior laryn- 
geal nerve paralysis, an often overlooked entity. Trans. Am. Acad. 
Ophthalmol. Otolaryngol. 84, 78-89. 

146. Beahrs, O. (1977). Complications of surgery of the head and neck. 
Surg. Clin. North Am. 57, 823-829. 

147. Flynn, M. B., Lyons, K. J., and Tartar, J. W. (1994). Local complica- 
tions after surgical resection for thyroid cancer. Am. J. Surg. 168, 
404-407. 

148. Netterville, J. L., Aly, A., and Ossoff, R. H. (1990). Evaluation and 
treatment of complications of thyroid and parathyroid surgery. 
Otolaryngol. Clin. North Am. 23, 529-552. 

149. Dedo, H. (1970). The paralyzed larynx: An electromyographic study 
in dogs and humans. Laryngoscope 80, 1455-1517. 

150. Boles, R., and Fritzell, B. (1969). Injury and repair of the recurrent 
laryngeal nerves in dogs. Laryngoscope 70, 1405-1418. 

151. Crumley, R., and Izdensk, K. (1986). Voice quality following laryngeal 
reinnervation by ansa hypoglossal transfer. Laryngoscope 96, 611-616. 

152. Tucker, H. M. (1977). Reinnervation of unilateral paralyzed larynx. 
Ann. Otol. Rhinol., Laryngol. 86, 789-794. 

153. Beahrs, O. (1979). Complications in thyroid and parathyroid surgery. 
In "Complications in Head and Neck Surgery" (J. Conley, ed.). 
Saunders, Philadelphia. 

154. Harasch, H. R., Franssila, K. O., and Wasenus, V. M. (1985). Occult 
papillary carcinoma of the thyroid: A "normal" finding in Finland. 
A systematic autopsy study. Cancer 56, 531-538. 

155. Gharib, H., and Goellner, J. R. (1993). Fine-needle aspiration biopsy 
of the thyroid: An appraisal. Ann. Intern. Med. 118, 282-289. 

156. Cunningham, M. P., Duda, R. B., Recant, W., et al. (1990). Survival dis- 
criminants for differentiated thyroid cancer. Am. J. Surg. 160, 344-347. 



28. Thyroid Cancer 431 

157. Samaan, N., Schultz, R, Hickey, R., et al. (1992). The results of various 
modalities of treatment of well-differentiated thyroid carcinoma: A 
retrospective review of 1599 patients. J. Clin. EndocrinoL Metab. 75, 714. 

158. Meier, C. A., Braverman, L. E., and Ebner, S. A. (1994). Diagnostic 
use of recombinant human thyrotropin in patients with thyroid carci- 
noma (phase I/II study). J. Clin. Endocrinol. Metab. 78, 188-196. 

159. Mandel, S. J., Shankar, L. K., Benard, E, and Alavi, A. (2001). 
Superiority of iodine- 123 compared with iodine-131 scanning for 
thyroid remnants in patients with differentiated thyroid cancer. Clin. 

Nuclear Med. 26, 6-9. 
160. Shankar, L. K., Yamamoto, A. J., Alavi, A., et al. (2002). Comparison 

of 1231 scintigraphy at 5 and 24 hours in patients with differentiated 
thyroid cancer. J. Nuclear Med. 43, 72-76. 

161. Beirwaltes, W. (1978). The treatment of thyroid cancer with 
radioactive I. Semin. Nuclear Med. 8, 79-94. 

162. Beierwaltes, W. H., Nishiyama, R. H., Thompson, N. W., et al. 
(1982). Survival time and "cure" in papillary and follicular thyroid 
carcinoma with distant metastases: Statistics following University of 
Michigan therapy. J. Nuclear Med. 23, 561-568. 

163. Tubiana, M., Schlumberger, M., Rougier, E, et al. (1985). Long-term 
results and prognostic factors in patients with differentiated thyroid 
carcinoma. Cancer 55, 794-804. 

164. Simpson, W., Panzarella, T., Carruthers, J., et al. (1988). Papillary 
and follicular thyroid cancer: Impact of treatment in 1578 patients. 
Int. J. Radiat. Oncol. Biol. Phys. 14, 1063-1075. 

165. Brunt, L. M., and Wells, S. H. (1987). Advances in the diagnosis and 
treatment of medullary carcinoma. Surg. Clin. North Am. 67, 
263-279. 

166. Samaan, N. A., Schultz, P. N., and Hickey, R. C. (1988). Medullary 
thyroid carcinoma: Prognosis of familial versus sporadic disease 
and the role of radiotherapy. J. Clin. Endocrinol. Metab. 67, 
801-805. 

167. Tan, R., Finley, R., Driscoli, D., et al. (1995). Anaplastic car- 
cinoma of the thyroid: A 24 year experience. Head Neck 17, 
41--48. 

168. deBesi, P., Busnardo, B., Toso, S., et al. (1991). Combined 
chemo-therapy with bleomycin, adriamycin and platinum in advanced 
thyroid cancer. J. Endocrinol. Metab. 14, 475-480. 

169. Rougier, P., Parmentier, C., Laplanche, A., et al. (1983). Medullary 
thyroid carcinoma: Prognostic factors and treatment. Int. J. Radiat. 

Oncol. Biol. Phys. 9, 161-169. 
170. Samaan, N., Yang, K., and Schultz, P. (1989). Diagnosis, management 

and pathogenetic studies in medullary thyroid carcinoma syndrome. 
Henry Ford Hosp. Med. J. 37, 132. 

171. Szanto, J., Vincze, B., and Sinkovics, I. (1989). Postoperative 
thyroglobulin level determination to follow-up patients with highly 
differentiated thyroid cancer. Oncology 46, 99. 

172. Ozata, M., Suzuki, S., and Miyamoto, T. (1994). Serum thy- 
roglobulin in the follow-up of patients with treated differentiated 
thyroid cancer. J. Clin. Endocrinol. Metab. 79, 98. 



C H A P T E R 

29 

A s s e s s m e n t  of O u t c o m e s  in 
Head and Neck Cancer 

URJEET PATEL and JAY PICCIRILLO 
Department of  Otolaryngology 

Washington University 
St. Louis, Missouri 63110 

I. Background 433 
II. Survival 434 

III. Determinate Survival 434 
IV. Actuarial Survival 435 
V. Kaplan-Meier Survival 436 

VI. Morbidity 436 
VII. Health Status 436 

VIII. Quality of Life 438 
IX. Cost of Care 441 
X. Summary 441 

References 442 

Outcomes research is the scientific study of outcomes 
derived from diverse therapies used to treat a particular 
disease, illness, or condition [1-3]. The primary goal of 
outcomes research is to assess treatment effectiveness, or the 
positive impact that a given therapy has on aspects of care that 
are of interest to both patient and clinician [4]. Identifying the 
most effective treatment through outcomes research is a grow- 
ing field due, in part, to the cost-conscious environment of 
health care in the United States [5]. Key elements of outcomes 
research are the nonrandomized study of diverse therapies for 
a particular illness, the expanded definition of outcome, and 
the central role of the patient in treatment selection. 

The management of head and neck cancer is an ideal field 
for the application of outcomes research [6]. The criterion 
standard for assessing the merits of a given treatment is the 
prospective, blinded randomized clinical trial. Accordingly, 
such trials have long been advocated; however, such trials in 
head and neck cancer treatment are inherently problematic 
and rare [7-9]. Death is the end result of untreated cancer; 
subsequently, there are ethical considerations when 

constructing control groups for a study. Another problem is 
the heterogeneity of the study population in terms of tumor 
stage, primary site, histologic grade, and age. Given the rel- 
ative rarity of head and neck cancer, it is difficult to generate 
a sufficient sample size of similar patients for a given 
research trial. In addition, the nature of surgical and radiation 
therapy makes it virtually impossible to blind a researcher 
regarding treatment received in order to eliminate bias. One 
other factor that further discourages such study is the lack of 
standardization of surgical resection and reporting. Weymuller 
et al. [ 10] noted a substantial heterogeneity in surgical resec- 
tions and a large spectrum of reporting formats when exam- 
ining the head and neck cancer literature. They offered a 
solution to this lack of standardization through an outcome- 
reporting instrument designed to provide consistency of 
information for study purposes [11]. Until such standard 
reporting mechanisms are widely adopted, the heterogeneity 
of data further discourages well-performed clinical trials. 
Finally, it is often difficult to randomize patients to treat- 
ments that are so markedly different, although the Veterans 
Affairs (VA) cooperative study of chemotherapy and radia- 
tion versus surgery for laryngeal cancer was a notable excep- 
tion [12]. Patients and physicians are hesitant to leave such 
grossly dissimilar options to chance alone. After examining 
these difficulties associated with prospective randomized 
studies, it is not surprising that the majority of research to 
assess the treatment effectiveness in head and neck cancer 
comes from observational studies. 

I. B A C K G R O U N D  

Head and neck oncology has evolved into a highly com- 
plicated, multimodality specialty. Historically, patients were 

Head and Neck Cancer 4 3 3  
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treated with radical surgery that included wide local resec- 
tion of important structures to rid them of their oncologic 
disease. Over time, new therapeutic options have sprung 
forth in the area of radiation therapy and chemotherapeutics 
that together offer a variety of effective therapies. 

Central to the task of outcome assessment is the defini- 
tion of a clinically relevant outcome. In contrast to non- 
neoplastic processes, the usual outcome of unsuccessful 
treatment in head and neck cancer is death from uncon- 
trolled disease. Subsequently, the primary outcome measure 
used to assess treatment effectiveness has been survival. 
Historically, the benefit of a given therapy for head and neck 
cancer was gauged solely by its ability to improve survival 
or reduce mortality. In modem outcomes research, however, 
the emphasis is broadened to encompass measures of out- 
come other than survival alone [ 13]. This broader approach 
evaluates not only traditional end points, such as mortality 
and local control, but also other parameters, such as patient 
satisfaction, quality of life, functional status, and cost of 
care. Factors related to a patient's overall health status receive 
equal if not greater consideration in modem outcomes 
assessment as compared to survival alone. This becomes 
especially true when different therapeutic approaches yield 
similar survival rates, which is frequently observed to be the 
case with treatment for head and neck cancer. 

Expanded patient outcomes have been described in a 
hierarchical fashion by Fries and Spitz [14]. In their formu- 
lation, the first two tiers of patient outcome description are 
formed by mortality followed by morbidity. The third level 
is then described broadly by the "health status" of the 
patient. This broad term can be further described as the 
physical, functional, and emotional limitations experienced 
by the patient in relation to the disease process [ 15,16]. The 
next level of outcome is related to quality of life. Finally, 
cost of medical care comprises the final tier in the evaluation 
of treatment outcome. In the current environment of cost- 
conscious health care, cost effectiveness is a crucial factor in 
the evaluation of treatment effectiveness. By combining 
information regarding cost, quality of life, health status, and 
symptoms with the traditional end points of morbidity and 
mortality, the clinician can better define the effectiveness 
and efficiency of treatment and thus improve treatment 
recommendations by physician and choice by patient [13]. 

!!. SU RVIVAL 

Historically, survival has been the critical outcome mea- 
sure for patients with head and neck cancer. In an editorial 
addressing the uniformity of results, Weymuller and 
Goepfert [17] focused on such objective measures as mortal- 
ity and survival to evaluate treatments in head and neck can- 
cer. As described by Fries and Spitz [14], survival continues 
to form the basic level of outcome measure in cancer studies. 

Some contend that a properly calculated survival rate is the 
best single statistical index available for measuring the effi- 
cacy of one cancer therapy compared with another [18]. 

Survival data from studies of cancer patients are gener- 
ally given in terms of survival at a particular timepoint 
following treatment (e.g., 3- or 5-year survival). Various ref- 
erence dates are used as starting points for evaluating the 
effects of a given treatment on survival. Such dates include 
the date of first symptom, date of first visit to physician, date 
of diagnosis, and date of initiation of treatment. The specific 
type of reference date used may vary with the purpose of a 
given study; however, it should be clearly stated and remain 
constant for all members within a study. For evaluation of 
therapy, for example, the date of initiation of treatment is the 
ideal reference point. For patients not receiving treatment, 
the most comparable date is the time at which the decision 
was made that no treatment would be given. In both cases, 
the aforementioned times from which survival rates are 
calculated will generally coincide with the date of initial 
cancer staging [ 18]. 

The results of treatment of head and neck cancer as they 
relate to survival are then given in relation to a particular 
time interval following the reference point. The interval that 
is used most frequently is the 5-year overall survival. It 
should be noted that this term does not imply cure of the 
patient, but rather that the patient has survived for 5 years 
since the reference time. Accordingly, quoting 5-year statis- 
tics for success of therapy must be stated as survival rates as 
opposed to cure rates. This illustrates the need for strict def- 
initions and calculations regarding survival data. Depending 
on particular definitions and formulations, many types of 
survival data can be generated. 

!!!. DETERMINATE SURVIVAL 

The determinate survival method for arriving at 5-year 
survival, also known as the direct method, is perhaps the 
simplest procedure for summarizing patient survival. It was 
first proposed by Martin and colleagues in 1935 and later 
modified in 1948 by McDonald [19]. This method is used to 
characterize patient survival after each member has been 
followed for a given time interval. The determinate method 
stratifies patients into two basic groups. The indeterminate 
group is composed of patients lost to follow-up, patients 
who refused treatment, those who sought treatment else- 
where, and those dead of intercurrent disease. This group is 
subtracted from the initial total population to arrive at the 
determinate group. This determinate group is composed of 
treatment successes, treatment failures, and those dead of 
disease, all of whom have been followed for at least 5 years 
since the reference point. A 5-year survival rate can then be 
calculated by the ratio of the patients alive in the determi- 
nate to the total determinate group. 
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An assumption must be made to assume the reliability of 
the resulting survival rate. The survival rate for the indeter- 
minate group must be equal to the rate of the determinate 
group. If patients in the indeterminate group have a strik- 
ingly different survival, then the accuracy of the determinate 
group's survival should be questioned. As a rule, if the 
number of patients in the indeterminate group is small, the 
variance in survival rates will be small and the assumption 
of similarity in survival will likely hold. 

An additional problem with the determinate method 
deals with the efficiency of data use. If patients are being 
collected longitudinally, one may frequently have to wait 
several years after the given interval period to collect an 
adequate number of patients who have all been followed for 
the requisite amount of time. It may require 10 years to col- 
lect 200 patients, all of whom have been followed for a full 
5 years. There may be many recently treated patients who 
cannot be included in the study because they have not been 
exposed to the entire 5-year risk of death. Consequently, the 
analysis of data must be significantly delayed to a time 
rather remote from the initial study. Despite these potential 
pitfalls of the determinate method, it still remains the most 
simple means for calculating a valid survival rate for a study 
population. 

IV. ACTUARIAL SURVIVAL 

The actuarial survival method provides a means of using 
all patient data accumulated fight up to the closing date of a 
study. It was first proposed by Berkson and Gage [20] and 
may be considered a more scientific method of survival 
calculation. This method gives approximately similar values 
for survival as the determinate method when evaluating a 
large series of patients; however, in a smaller series or one 
where many are lost to follow-up, the actuarial method may 
be more useful. Data are analyzed at periodic intervals with 

a survival percentage calculated at the end of each interval. 
Accordingly, the percentage survival for each interval can be 
displayed graphically to generate a survival curve of a given 
treatment group. This survival curve can then be compared 
to the curve for a control group and the mortality hazard can 
be viewed graphically. 

The critical feature of the actuarial method is the use of 
censored patient data. In the determinate method, a patient 
who has survived for 3 years after treatment but who has not 
had a complete 5-year follow-up must be excluded from 
analysis. With the actuarial method, such potentially valu- 
able data are included in the survival calculation. At the end 
of the first year, one can examine all patients regardless of 
whether they completed 1 year of follow-up. At the end of 
the second year, all patients regardless of whether the com- 
pleted 2 years of follow-up are included. By this system, 
most cases can be analyzed in less time needed than with the 
determinate method. Patients in actuarial analysis consid- 
ered censored are those that are lost to follow-up or those 
who did not complete the full duration of follow-up. With 
the actuarial method, they still contribute valuable informa- 
tion in the overall analysis. 

To better understand survival calculation by the actuarial 
method, an example is given in Table 29.1. In this case, 50 
patients are included in the study. The time interval is set at 1 
year. The number of patients during each year of follow-up is 
shown. Also, the number of patients who are lost to 
follow-up is also displayed. These patients are considered to 
be followed for one-half of a year on average and are thus able 
to contribute to survival data. Each such patient counts as one- 
half of a year of survival, which is added to the denominator 
when calculating the proportion surviving for a given time 
interval. The survival rate can then be calculated for each time 
interval. A composite survival rate can be derived from the 
product of survival rates for each time interval. This informa- 
tion can then be displayed graphically as seen in Fig. 29.1 to 
generate a survival curve for this population. Such survival 

TABLE 29.1 Calculation of Survival Method a 

Interval of last 
observation 

No. last Effective 
No. seen no. 

No. alive at dying alive exposed Proportion Proportion 
beginning during during to risk of dying surviving 

of year year year dying during year year 

Proportion 
surviving 
from first 
Rx to end 
of interval 

0-<1 
1 -<2  
2-<3 
3-<4 
4-<5 
>5 

Total 

50 5 0 50 0.100 0.900 
45 4 0 45 0.089 0.911 
41 4 4 39 0.102 0.898 
33 3 3 31.5 0.095 0.904 
27 2 2 26 0.077 0.923 
23 3 20 

21 29 

0.900 
0.820 
0.736 
0.665 
0.614 

aFifty patients are presented in this population. Survival rates are given for each time interval as is cumulative survival. 
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FIGURE 29.1  Survival rate following treatment. 

curves can then be compared for subgroups receiving differ- 
ent treatments to assess clinical outcomes. 

When calculating actuarial survival, one can adjust for 
disease-specific survival by deriving an adjusted survival 
rate. In this situation, attention is given to the cause of death 
and tumor status at that time. The adjusted rate is that 
proportion of patients who escaped death due to cancer 
when all other causes of death were not operating. The 
calculation of these adjusted rates relies heavily on accurate 
information regarding cause of death. Such an adjusted 
survival rate is of particular importance when comparing 
groups that may differ significantly with respect to such 
factors as age, gender, and socioeconomic status. 

V. KAPLAN-MEIER SURVIVAL 

A third method of survival calculation is the Kaplan- 
Meier method [21 ]. This method was first described in 1958 
and has become widely used since then. It is similar to the 
actuarial method in that censored data are included. This 
method measures the probability that a patient survives past 
a given time point. The patients are organized in such a fash- 
ion that those surviving the shortest periods are placed first 
and then followed by those surviving longer. A survival 
distribution can then be constructed and a survival curve 
generated. Survival percentage is calculated at intervals 
each ending with the death of a given patient. Censored 
patients are then eliminated at the end of each interval. Of 
note is that the time intervals are not evenly spaced and 
predetermined as with the actuarial method but instead vary 
in length based on the time to each subsequent event. 
Survival curves can then be generated for patients receiv- 
ing alternate treatment and standard treatment in order to 
compare treatment effect. 

Vi. MORBIDITY 

The second tier of outcome assessment is composed 
of patient morbidity. Morbidity can be described as the 
presence of a diseased state or condition and can be 
measured in a given patient. It is generally considered 

sequelae to either the primary disease or the subsequent 
treatment of disease. A patient's mortality is a binary vari- 
able (alive or deceased) and thus very simple to measure. 
In contrast, morbidity is as varied as disease itself and 
may present with varying degrees of severity. The list of 
different morbidities encountered in the treatment of head 
and neck cancer is extensive and beyond the scope of 
this chapter. The presence of a specific disease process in 
a given patient is calculated easily; however, it generally 
makes little sense to lump the wide variety of encountered 
morbidity together for the purpose of outcome assessment. 
Each specific morbidity (wound infection, stomatitis, 
myocardial infarction) is usually best analyzed and 
reported by itself in any given study. 

Certain schemes of classification can be used to stratify 
morbidity into categories that may be useful for analysis. 
Morbidity can be considered by its location and divided into 
local versus systemic. Stomatitis and pharyngocutaneous 
fistula are examples of local morbidity, whereas anemia and 
malnutrition are systemic. They can also be categorized 
according to time frame and classified as transient or per- 
manent. Chyle leak after neck dissection may frequently be 
transisent without lasting effects. While mucositis after radi- 
ation therapy may be temporary, xerostomia is permanent. 
Perioperative cerebrovascular accident and myocardial 
infarction are examples of long-term morbidity that often 
have permanent sequelae. Finally, morbidity can be consid- 
ered iatrogenic or idiopathic. Pneumonia in a cancer patient 
may be idiopathic, whereas recurrent laryngeal nerve injury 
during thyroidectomy would be iatrogenic. Because out- 
comes studies are concerned with the impact of treatment, it 
is frequently such iatrogenic morbidity that is being evalu- 
ated in a given study. Thus, classification of morbidity along 
the afore-mentioned parameters may be useful to the clini- 
cian to establish which morbidity needs to be evaluated and 
how it will be measured in overall outcomes assessment. 

Vii. HEALTH STATUS 

Health status is a description of the physical, functional, 
and emotional impairments experienced by the patient. As 
one might imagine, these attributes may be more difficult to 
measure than the other outcome end points of survival and 
morbidity. Subsequently, detailed data in these areas have 
not been provided routinely in reports of treatment results. 
Instruments to measure health status have been developed 
and validated that do measure these outcomes and fre- 
quently take the form of patient-based questionnaires [13]. 
Unlike other end points that can be derived from routine 
patient care with a minimal investment of additional time or 
resources, such questionnaires are sometimes considered 
cumbersome to administer. Perhaps a larger problem, how- 
ever, is the perception by many investigators that such data 
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are "soft" and inferior to "hard" traditional clinical outcome 
end points [22]. Feinstein [23] argued that consistency and 
reproducibility are the key components of "hard" data, and 
many health status instruments have demonstrated both of 
these attributes. 

Numerous instruments have been developed to measure 
the health status of patients. Different instruments may 
focus on a particular aspect of health status that includes 
physical, functional, and overall performance parameters. 
Some indices assess overall functional status, such as the 
Karnofsky performance status scale (KPS) [24] and the 
sickness impact profile [25]. The KPS, for example, is a 
rating scale used to quantify a patient's functional capacity 
for work and daily activities of self-care. Factors that influ- 
ence ratings are the degree to which symptoms hinder that 
ability to work of the amount of assistance required in 
self-care. KPS scores can be assigned to patients prior to 
treatment and repeatedly throughout treatment as well as 
afterward for two purposes. First, KPS scores have been 
shown to be of prognostic value with regard to outcome. 
Pretreatment KPS scores were shown to have an impact on 
survival in a study of laryngeal cancer patients where 
decreasing KPS scores were associated with decreased 
survival [26]. In this study, the strength of this association 
with survival was noted to be greater for KPS than T stage. 
Second, KPS ratings can be performed following treatment 
in order to serve as an independent outcome measure of 
health status. The impact of a given treatment on health 
status can be assessed and compared with one another. 

While such global scales are useful for comparing treat- 
ment effects and outcomes across a wide range of cancer 
conditions, there are other instruments more specific to head 
and neck cancer patients that may assess outcomes more 
relevant to this patient population. Mobility, for example, is 
a key parameter in the KPS equation; however, it is not usu- 
ally a critical descriptor for head and neck cancer patients. 
Many of these patients regain mobility soon after treatment 
and are thus given high KPS scores. These patients may still 
have severe impairments of health status that are not 
reflected by this global score. 

Over the past decade, considerable work has been done to 
develop and validate cancer-specific instruments [27]. 
Several of them were designed specifically for patients with 
head and neck cancer. While some of these tools assess 
global performance, others focus on a symptom or aspect of 
health status that is of particular relevance to the head and 
neck cancer patient. Examples of these instruments and 
their relevance to assessment of health status outcomes are 
presented later. 

List et al. [28] developed the performance status scale of 
head and neck cancer patients (PSSHNCP). This scale is 
composed of three subscales that each assess unique areas of 
dysfunction that are commonly experienced by this patient 
population. The three components assess speech, diet, and 

ability to eat in public. Each subscale is rated by the clini- 
cian on a scale from zero to 100. Descriptions of 
the scoring system are displayed in Table 29.2. The three 
subscales assess three different areas of functioning with 
relatively low correlation between them. In addition, each 
subscale was found to correlate poorly with the KPS score. 
It follows that this scale does indeed measure independent 
information that is not captured in global performance 
scales. This scaling system was shown to be reliable across 
raters and is able to demonstrate relevant differences in 
health status across a spectrum of head and neck cancer 
patients. This instrument has since been used in subsequent 
studies to assess outcome following treatment of head and 
neck cancer to capture the unique problems of head and 
neck cancer patients [29]. 

Baker and Schuller [30] developed a patient-based 
measure of functional status called the functional status in 
head and neck cancer-self-report (FSH&N-SR). It is 
composed of a patient-based questionnaire that inquires into 
problems specific to head and neck cancer patients. 
Numerous parameters of function are assessed, including 
chewing, swallowing, taste, speech, and breathing. Each 
variable is graded on a five-point scale with descriptors to 

TABLE 29.2 Performance Status Scale of 
Head and Neck Cancer Patients 

Normalcy of diet 
100 Full diet (no restrictions) 
90 Peanuts 
80 All Meat 
70 Carrot, celery 
60 Dry bread and crackers 
50 Soft chewable foods (e.g., macaroni, canned fruits) 
40 Soft food requiring no chewing (e.g., mashed potatoes, 

pudding) 
30 Pureed foods (in blender) 
20 warm liquids 
10 Cold liquids 
0 Nonoral feeding (tubefed) 

Eating in public 
100 No restriction of place, food, or companion 

(eats out at any opportunity) 
75 No restriction of place, but restricts diet when in public 

(eats any where, but may limit intake to less "messy" foods) 
50 Eats only in presence of selected persons in select places 
25 Eats only at home in presence of selected persons 

0 Always eats alone 

Understandability of speech 
100 Always understandable 
75 Understandable most of the time, occasional 

repetition necessary 
50 Usually understandable, face-to-face contact needed 
25 Difficult to understand 

0 Never understandable; may use written communication 
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aid in the assignment of ratings. This measure differs from 
the PSSHNCP in that it is administered to the patient with 
no ratings preformed by the clinician. This instrument was 
found to be a valid measure of dysfunction in head and neck 
cancer patients. It was found to have a moderate correlation 
with KPS and a stronger correlation with the PSSHNCP. 
This measure may serve a similar function in the assessment 
of head and neck cancer-specific outcomes as the PSSH- 
NCP; however, it differs fundamentally in that data are 
obtained directly from patient polling. 

While voice quality and characteristics are partly 
assessed in the aforementioned instruments, several strate- 
gies have been developed to exclusively evaluate voice 
quality for the purposes of outcomes studies. Clary et al. 

[31 ] performed a study to evaluate voice function in children 
following surgical procedures. While this study did not 
examine head and neck cancer patients specifically, the 
methods of measuring this aspect of function could be 
applied to such a population. A multidimensional approach 
was taken to assess voice quality. This was composed of an 
analysis of taped voice samples that were then evaluated by 
speech therapists using 16 parameters described in the voice 
profile analysis protocol developed by Laver [32]. This 
involved assessment of such qualities as harshness, pitch, 
and whisper and were rated according to a six-point system. 
In addition, video laryngoscopy was performed by otolaryn- 
gologists to assess the appearance of the larynx and its 
function during vocalization. Finally, a questionnaire was 
administered to the parents of the study patients to evaluate 
speech. Questions were directed toward subjective quality of 
speech and volume, as well as to change in voice following 
treatment. Through a combination of endoscopic evalua- 
tion, voice profile analysis, and patient questionnaires, the 
authors proposed a means of voice assessment for the 
purpose of outcome study. 

This approach has since been refined further by 
Dejonckere et al. [33] through development of a protocol 
for voice assessment. Analysis of the literature regarding 
voice quality following phonosurgery, for example, reveals 
a large diversity in methods to assess voice quality. This 
raises the question of development of universal standards of 
voice evaluation that can be used by clinicians to assess 
outcomes accurately. Dejonckere notes five aspects of 
voice assessment that provide useful information for voice 
characterization. These are perception, videostroboscopy, 
acoustics, aerodynamics/efficiency, and subjective rating by 
the patient. For each of these aspects, certain parameters are 
measured and then graded according to the protocol. 
Looking at videostroboscopy, for example, characteris- 
tics that are examined and then graded are glottic 
closure, regularity, mucosal wave, and symmetry. For each 
stroboscopic parameter, a four-point grading scale is used 
ranging from zero (no deviance) to three (severe deviance). 
Following grading across all parameters by the clinician, 

a quantitative profile of the patient's voice is generated 
and used to compare patients. In addition, such a voice qual- 
ity instrument can be used to evaluate head and neck cancer 
patients after therapy to assess treatment outcomes with 
respect to functional status. 

Salassa [34] investigated the issue of dysphagia and 
developed the functional outcome swallowing scale (FOSS). 
The purpose of this scale is to determine the severity of 
oropharyngeal dysphagia in order to assess the effectiveness 
of therapy or outcome. Salassa compiled a list of relevant 
symptoms and findings that are used as criteria for swallow- 
ing morbidity. This list consists of 20 signs and symptoms 
found commonly in patients with complaints of dysphagia, 
including throat clearing, cough, weight loss, gagging, and 
reflux. These were ranked by severity and then stratified into 
six categories or grades of dysphagia. Symptoms were noted 
to be either present or absent in a patient that ultimately 
guided placement of patients into appropriate FOSS grades. 
The six grades range from 0 (normal physiologic function 
with no symptoms) to V (nonoral feeding for all nutrition). 
Grades I-IV represent progressively increasing severity of 
dysphagia and are described by the number and severity of 
dysphagia symptoms. Studies in the past have demon- 
strated that many patients with dysphagia may have normal 
physiologic function and yet have significant subjective 
disability [35,36]. By using patient symptoms as well as 
physiologic function to grade dysphagia, the FOSS is able to 
include such patient-based aspects of impairment in the 
swallowing scale. 

The instruments mentioned earlier serve as an example 
of previously described instruments. Usefulness of a 
given system may vary with the nature of a given study 
and the exact outcome being evaluated. Such instru- 
ments provide critical information regarding physical 
and functional performance that allows health status 
to be included with survival and morbidity in outcomes 
analysis. 

Viii. QUALITY OF LIFE 

The symptoms and treatments associated with head and 
neck cancer often have a significant impact on a patient's 
quality of life [37]. Critical basic daily functions of breath- 
ing, eating, and speaking, in addition to physical appearance, 
may be affected and impaired [38]. In light of these impair- 
ments, the need to address patients' health-related quality of 
life (HRQOL) has been recognized by clinicians treating 
head and neck cancer [39,40]. Over the past several decades, 
significant efforts have been made to measure the health- 
related quality of life for the purpose of outcomes study. In 
contrast to tools for health status, quality of life instruments 
are designed to assess a broader range of physical, psycho- 
logical, and social functioning of the patient. 
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Many definitions of quality of life have been proposed; 
however, they generally all share certain commonly 
accepted elements. Quality of life is best measured from the 
perspective of the patient and is thus a subjective measure. It 
is dynamic in that quality of life changes over the course of 
time and varying situations. It is often characterized as 
multidimensional in that it integrates information over a 
range of areas relating to a patient's life, such as physical, 
emotional, and social well-being [41,42]. Some authors 
have alluded that quality of life delineates the gap between 
health status and the ideal standard of health for a given 
patient [43,44]. In a broad sense, the health-related qual- 
ity of life can be considered a description of a patient's 
health status and the value placed on that condition by the 
patient [45,46]. 

It follows that instruments designed to measure quality of 
life should incorporate these features in their measurement. 
In addition, it is generally agreed that such instruments 
should be self-administered by the patient to minimize the 
potential for health care worker bias and to maximize the 
reflection of patient perspective. They should be concise and 
easy to understand to facilitate patient comprehension. It 
then follows that administering such instruments will 
require minimal expense of institutional time or expense, as 
clinician involvement in this step will be minimal [47-49]. 

There is considerable choice of validated and reliable 
HRQOL instruments that may be used by the head and neck 
oncologist [40,50,51]. Although there is often overlap in 
their fields of inquiry, they can be divided into two groups 
for present purposes: general cancer and head and neck 
cancer specific. Evidence shows that disease-specific instru- 
ments are more sensitive to handicaps imparted by a partic- 
ular disease, as well as the longitudinal changes in HRQOL 
seen during treatment of that disease [52]. General instru- 
ments, however, have the advantage of being comparable 
across disease states and may offer a more global picture of 
HRQOL [53]. Because both types of tools offer distinct 
advantages, it may be useful to combine two instruments 
when assessing clinical outcomes [54]. Accordingly, 
HRQOL assessment has been moving toward a more modu- 
lar approach, which permits a more multidimensional 
HRQOL measurement as it relates to a patient's specific 
disease [55-57]. In this case, one may use a general instru- 
ment that can then be supplemented with a head and neck 
cancer-specific questionnaire. A description of commonly 
used instruments and their applications to the study of head 
and neck cancer is presented. 

The functional assessment of cancer therapy scale 
(FACT) was developed by Cella et al. [58]. It is a compre- 
hensive, self-administered questionnaire that takes 5 to 
10 min to complete. It consists of 33 general questions that 
apply to all cancer patients and addresses five areas: physi- 
cal well-being, emotional well-being, relationship with the 
physician, social and family well-being, and functional 

well-being. Reliability, validity, and sensitivity to changes 
over time were found to be high. In addition, a separate 
module designed specifically for the head and neck cancer 
population can be added. This incorporates questions that 
inquire into fields particularly relevant to head and neck 
cancer in order to customize the FACT for these patients. 

The European organization for the research and treatment 
of cancer (EORTC) quality of life questionnaire is a general 
cancer instrument [57,59]. It is a 30-item instrument 
(EORTC QLQ-C30) that is designed to be self-administered 
and measures HRQOL. The EORTC QLQ-C30 is composed 
of five functional scales (physical condition, cognitive func- 
tion, emotional well-being, role and social functioning, and 
global QOL). In addition, there are three symptom scales 
that address fatigue, nausea/vomiting, and pain. Six single 
items (dyspnea, insomnia, appetite, diarrhea, constipation, 
and financial difficulties) are also included. Patients are 
instructed to provide answers based on a 1-week time frame. 
Scores are then transformed into a 0 to 100 scale. High 
scores for functional scales represent high levels of function, 
whereas high scores of symptom scales correspond to 
increased symptoms or problems. Global HRQOL scores 
are then calculated according to the guideline delineated in 
the EORTC QLQ-C30 scoring manual [60]. 

In order to increase the usefulness of the EORTC QLQ- 
C30 for head and neck patients, a separate module has been 
created specifically to address complaints particular to this 
patient population [61]. This is a 35-item questionnaire 
(EORTC QLQ-H&N35) that addresses symptoms pertain- 
ing to tumor location and treatment. Seven multiple item 
scales (e.g., pain, swallowing, speech) are included in addi- 
tion to 11 single items, such as mouth opening, thick saliva, 
and dry mouth. Most items are scored on a one to four scale. 
This module has been reviewed and revised; however, the 
final version has been validated and found to have good 
psychometric quality [62]. The EORTC QLQ-H&N35 has 
been designed for use across a broad range of patients with 
head and neck cancer, varying in disease stage, location, and 
treatment modality [50]. 

The EORTC QLQ-H&N35 has also demonstrated useful 
application in the study of head and neck cancer outcomes. 
Sherman et al. [55] sought to verify the validity and relia- 
bility of the QLQ-H&N35 as a supplemental module. The 
questionnaire was administered to 120 patients with 
advanced head and neck disease at different points in the 
course of their treatment. Results of the study showed good 
reliability and validity. Correlation with the QLQ-C30 was 
noted to be low to moderate, further establishing that the 
head and neck module provides unique information not cap- 
tured by the general instrument. Epstein et al. [63] examined 
this further in a study of patients receiving radiation therapy. 
The QLQ-H&N35 was given to patients before, during, and 
after treatment. Changes in HRQOL were measured and 
correlated with time point during treatment. They found the 
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ins t rumen t  to be sensit ive to the H R Q O L  changes  that 

occurred  after t r ea tment  and useful  in de te rmin ing  which  

aspect  of  pat ients '  d issat isfact ion wi th  oral  pe r fo rmance  was 

t ransient  as opposed  to pe rmanent .  They  fur ther  cons idered  

that  use of  the Q L Q - H & N 3 5  m a y  provide  a useful  measu re  

of  ou t come  to assess poss ib le  oral  care  p revent ion  and man-  

a g e m e n t  s trategies for such patients.  H a m m e r l i d  et al. [64] 

pe r fo rmed  a s imilar  s tudy us ing the Q L Q - H & N 3 5  in a lon- 

gi tudinal  s tudy of  pat ients  ex tending  3 years  after d iagnosis  

of  head  and neck  cancer. To fol low changes  in H R Q O L ,  the 

ins t rument  was adminis te red  at p r ede t e rmined  t ime points  in 

the pa t ien ts '  pos t t r ea tmen t  course .  The  d e p e n d e n c e  of  

H R Q O L  on t u m o r  character is t ic  and choice  of  t rea tment  

was calculated.  Af ter  separat ing pat ients  by t rea tment  group,  

differences in H R Q O L  were  no ted  and were  at t r ibuted in 

part  to t r ea tment  given. Accordingly ,  the Q L Q - H & N 3 5  per- 

fo rmed  as a valid measure  of  cl inical  ou t come  and captured  

changes  in the H R Q O L  that varied by t rea tment  choice.  

The  Univers i ty  of  Wash ing ton  Head  and Neck  qual i ty  of  

life ques t ionna i re  ( U W  Q O L )  is a head  and neck-specif ic  

ins t rument  des igned  to measure  Q O L  [37]. It is also self- 

admin is te red  with  data der ived exclus ive ly  f rom the patient.  

The  scale consis ts  of  nine categories ,  which  each descr ibes  

aspects  of  daily l iving that are f requent  compla in t s  for the 

head  and neck  cancer  patient.  Table 29.3 displays the nine 

areas: pain,  d is f igurement ,  activity, recreat ion,  e m p l o y m e n t ,  

eat ing,  swal lowing ,  speech,  and shoulder  funct ion.  Each 

ca tegory  is scored f rom 0 to 100 for a total possible  score 

of  900 with  high scores ref lect ing improved  QOL.  In their  

initial  study, Hassan  and W e y m u l l e r  [37] compared  the U W  

Q O L  to the Karnofsky  pe r fo rmance  scale and the s ickness 

impac t  scale [25]. They  found their  ins t rument  to have com-  

parable  val idi ty and rel iabil i ty as the other  two scales. They  

also found  that U W  Q O L  was the preferred test format  for 

97% of  pat ients  studied,  as it was concise  and easier  to com- 

plete  than the other  quest ionnaires .  Since that t ime,  several 

other  authors  have used the U W  Q O L  as cl inical  ou tcomes  

measure .  Ne t scher  et al. [53] admin is te red  this quest ion-  

naire to assess Q O L  in patients undergo ing  microvascu la r  

recons t ruc t ion  of  the oropharynx .  The i r  analysis  sugges ted  

that this is a rel iable,  valid, and easy- to-use  measure  of  Q O L  

specific to pat ients  with head and neck  cancer. 

After  deve lopmen t  and val idat ion of  this instrument ,  

W e y m u l l e r  et al. [65] c o m m e n t e d  on their exper ience  using 

it in a prospect ively  des igned study. Pre t rea tment  Q O L  data 

were  col lected on 549 patients and were subsequent ly  col- 

lected at p rede te rmined  t ime intervals.  They  noted that 

achieving statistically significant results in such Q O L  studies 

was difficult in a single inst i tut ion setting after stratifying 

patients according  to cancer  site, stage, and t reatment .  In 

addit ion,  the compos i te  Q O L  score was subject  to " internal  

cancel la t ion,"  where  scores improved  for certain domains  

whi le  worsen ing  for others. This  suggests  that Q O L  domains  

m a y  be best  ana lyzed  separately in order  to be mos t  sensitive. 

TABLE 29.3  UW Head  and  Neck Ques t ionna i re  
(UW QOL) 

Pain 
I have no pain 
There is mild pain not needing medication 
I have moderate pain--requires regular medication 
I have severe pain controlled only by narcotics 
I have severe pain not controlled by medication 

Disfigurement 
Peanuts 
There is no change in my appearance 
The change in my appearance in minor 
My appearance bothers me but I remain active 
I feel significantly disfigured and limit my activities due to 

my appearance 
I cannot be with people due to my appearance 

Activity 
I am as active as I have ever been 
There are time when I cannot keep up my old pace, but not often 
I am often tired and I have slowed down my activities, 

although I still get out 
I do not go out because I do not have the strength 
I am usually in a bed or chair and do not leave home 

Recreation/environment 
There are no limitations to recreation home and away from home 
There are a few things I cannot do but I still get out and enjoy life 
There are many times when I wish I could get out more but 

I am not up to it 
There are severe limitations to what I can do, mostly I stay home and 

watch TV 
I cannot do anything enjoyable 

Employment 
I work full time 
I have a part-time but permanent job 
I only have occasional employment 
I am unemployed 
I am retired (circle one below) 

Not related to cancer treatment 
Due to cancer treatment 

Eating 
Chewing 

I can chew as well as ever 
I can eat soft solids but cannot chew some foods 
I cannot even chew soft solids 

Swallowing 
I can swallow as well as ever 
I cannot swallow certain solid foods 
I can only swallow liquid food 
I cannot swallow because it "goes down the wrong way" and chokes me 

Speech 
My speech is always the same 
I have difficulty with saying some words but I can be 

understood over the phone 
Only my friends can understand me 
I cannot be understood 

Shoulder disability 
I have no problem with my shoulder 
My shoulder is stiff but is has not affected my activity or strength 
Pain or weakness in my shoulder has caused me to change my work 
I cannot work due to problems with my shoulder 
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Finally, their analysis suggests that incremental changes in 
QOL may be most representative of what we seek to meas- 
ure in QOL studies of head and neck cancer treatment. 

Regardless of choice of instrument, HRQOL is an impor- 
tant variable that is relevant to the treatment of head and neck 
cancer. Rogers et al. [50] compared the UW QOL to the 
EORTC QLQ-C30 and the QLQ-H&N35. His findings 
suggest that all three instruments are useful measures of 
HRQOL. Through use of such tools either alone or in com- 
bination with one another, authors are able to measure 
HRQOL in a multidimensional fashion that is sensitive to 
changes in patients' well-being over time. These instruments 
will be used with likely increasing frequency in future clini- 
cal studies to assess outcomes of diverse treatment options. 

IX. C O S T  OF CARE 

The final tier to be considered in outcomes assessment is 
the cost of care. The monetary cost of an illness and associ- 
ated indirect costs can be used as an outcome measure. In the 
current health care environment, health care cost continues to 
rise [66]. Given the incidence and morbidity associated with 
malignant disease, the cost of cancer care is a major contrib- 
utor to this increase. Medicare expenditures for the provision 
of oncology services increased by 17% per year during the 
1980s [67]. Because approximately 60% of all incident can- 
cers and 70% of all cancer mortality occur in 12.8% of the 
U.S. population age segment of 65 years and older [68,69], 
an aging population will result in additional increases in 
Medicare expenditures for cancer. Therefore, there is grow- 
ing interest in economic studies of cancer care [ 13,70-72]. 

Economic evaluation of health care is composed of 
several different types of analyses. These include cost iden- 
tification, cost effectiveness, and cost benefit [73]. Cost 
identification analyses simply report on the cost of a given 
aspect of health care. Frequently, these analyses rely upon 
institution or provider charges as their cost measure. Cost 
effectiveness studies analyze cost per unit of outcome and 
report results in noneconomic units. Such analyses do not 
report directly on economic gain, but instead on the cost to 
attain nonmonetary gains (cancers detected, life-years 
saved, etc.) [13]. Cost benefit analyses report both cost and 
benefits in monetary terms. They reflect what monetary 
amount is being attained or recouped through expenditure of 
a given sum. From this, a cost-benefit ratio can be calcu- 
lated to see whether costs exceed benefit or vice versa. 

Kezirian and Yueh [74] determined the extent to which 
recent published economic analyses in the otolaryngology 
literature adhered to established cost-effectiveness method 
guidelines [75-77]. They performed a MEDLINE search 
and identified 71 articles published from 1990 to 1999 in 
six peer-reviewed otolaryngology journals with terms such 
as "cost effective" in their title or representing economic 

analyses. Over half of the terms, such as "cost effectiveness," 
were used incorrectly and 60% of articles confused "charge" 
with "cost." About half of the articles reported a summary 
measure such as a cost-effectiveness ratio. Only one-third 
performed sensitivity analyses. The authors concluded by 
saying that adherence to accepted definitions and research 
methods of economic analyses in the otolaryngology litera- 
ture is inconsistent and is worse than the general medical 
literature. They also conclude that there are generally few 
economic analyses in the published literature specifically 
looking at head and neck malignancies. 

Pfister and Ruchlin [13] reviewed the literature searching 
for articles on the economics of head and neck malignan- 
cies. They identified six studies [78-84] that were primarily 
cost identification analyses with only secondary considera- 
tion to cost effectiveness. An example of a cost-effectiveness 
article was by Myers et al. [85], who examined the cost of 
different treatment options for patients with T1N0 glottic 
cancer. They found radiation therapy to be less expensive 
than hemilaryngectomy; however, microlaryngoscopic 
surgery was associated with the least cost. Mittal et al. [86] 
conducted a similar study where hemilaryngectomy was 
found to be associated with double the cost as radiation ther- 
apy in the treatment of T1N0 epidermoid glottic cancer. 
Similar analysis has been performed for treatment options of 
the retromolar trigone [87]. Tsue et al. [88] performed a 
cost analysis comparing the functional results of free flap 
reconstruction in the oral cavity versus pedicled soft tissue 
reconstruction. They found free flap reconstruction to be 
associated with increased functional benefits and only a 
slightly greater cost that is then perhaps justified in this 
select population. Each of the aforementioned studies used 
cost of care as the outcome measure of treatment options. 

Rigorous cost analysis clearly adds an additional dimen- 
sion to overall outcome assessment. Outcome measures, 
such as survival and quality of life, help answer questions 
regarding benefit of treatment. It is clearly useful to know 
what advantage in survival or functional status is gained by 
one form of treatment over another. In the cost-conscious 
environment of health care, one must address the other side 
of the equation, which is the cost of these treatments. By cal- 
culating cost of care, the benefits of treatment as measured 
by the aforementioned methods of outcomes assessment can 
be weighed against cost. Such cost analyses are necessary 
for effective decision making regarding choice of treatment. 

X. S U M M A R Y  

Outcomes research is a research methodology that is 
finding increasing use in the current environment of cancer 
health care. It is designed to identify the most effective form 
of treatment for cancer among the variety of treatment 
options. Treatment of cancer is an evolving field with an 
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increasing number of treatment options often brought about 
through advances in technology and cancer research. 
Relatively innovative approaches in the treatment of head 
and neck cancer, such as microvascular tissue transfer, endo- 
scopic partial laryngectomy, and new chemotherapy regi- 
mens, make the choice of treatment increasingly complex. 
Subsequently, there is a need to clearly identify the benefits 
of medical treatment on outcome. 

It follows that an expanded definition of outcome is 
required to fully address the diversity of treatment options 
and their impact on the patient. The five tiers of outcome 
assessment as described earlier demonstrate the multifac- 
eted nature of this expanded definition. While traditional 
end points continue to play a prominent role, measures of 
functional status and quality of life as described by the 
patient now receive greater attention than had been given 
previously. The patients' perspective regarding the benefi- 
cial outcomes of treatment is equally relevant as the per- 
spective of the physician when it comes to making choices 
regarding treatment. 

The synthesis of the five tiers forms a model for outcomes 
study. By combining cost analysis with a thorough calcula- 
tion of treatment outcome according to the expanded defini- 
tion, the physician and the patient obtain the most complete 
information regarding treatment for head and neck cancer. 
We have presented numerous examples of outcomes analysis 
as they relate to head and neck cancer. These serve primarily 
as a model for further study that will more completely 
address the vast array of treatment options currently avail- 
able. Further research in this area will play an instrumental 
role in the future care of patients with head and neck cancer. 
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I. INTRODUCTION 

Combining chemotherapy with radiation to improve 
tumor control and organ preservation rates has been the sub- 
ject of intensive investigation in various cancers during the 
last several decades. Cytotoxic agents have been given 
before (induction or neoadjuvant chemotherapy), after 
(adjuvant chemotherapy), or concurrently with radiation. 
This chapter summarizes the rationale and data of these 

different modes of chemotherapy in combination with 
radiation treatment for the management of advanced head 
and neck squamous cell carcinoma (HNSCC). Although a 
very large number of phase I-II studies have been con- 
ducted, to date only a fraction of regimens investigated have 
undergone proper testing in randomized clinical trials. The 
results of completed trials in aggregate have begun to 
change the standard of care for patients with advanced 
HNSCC, predominantly those with carcinomas of the 
oropharynx, larynx-hypopharynx, and nasopharynx. In this 
review, we elected to discuss the results of representative 
phase III trials and the outcome of comprehensive meta- 
analyses instead of an exhaustive listing of all studies ever 
undertaken. Because chemotherapy has been combined with 
different types of radiotherapy regimens, we begin with a 
brief description of the terminology, definition, and ration- 
ale of radiation dose-fractionation schedules to facilitate 
further discussion. 

II. RADIOTHERAPY FRACTIONATION 
REGIMENS 

The standard or conventional fractionation regimen 
commonly used in the United States has been delivered in 
1.8-2 Gy per fraction, five times a week, to total doses rang- 
ing from 66 to 72 Gy in 7-8 weeks depending on the tumor 
stage. Advances in radiobiological concepts stimulated the 
development of two classes of new, altered fractionation reg- 
imens referred to as hyperfractionation and accelerated 
fractionation schedules [1,2]. Briefly, hyperfractionation 
exploits the difference in the sensitivity between tumors and 
normal tissues manifesting as late morbidity to changes in 

Head and Neck Cancer 4 4 5  
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the fraction size (dose per fraction). Because of this differen- 
tial fractionation sensitivity, it is thought to be possible to 
administer higher biological doses to the tumor using small 

dose fractions (i.e., 1.15-1.2 Gy instead of the standard 
1.8-2 Gy) without increasing the late toxicity. In contrast, 

accelerated fractionafions attempt to reduce tumor prolifera- 
tion during the course of fracfionated radiotherapy as a major 

cause of failure by shortening the radiotherapy duration. The 
results of  representative large-scale clinical trials testing 
altered fractionation regimens are summarized in Table 30.1. 

With hyperfractionation,  a total dose of  76.8-81.6  Gy is 
given in about 7 weeks by delivering 1.15-1.2 Gy per frac- 
tions, 2 fractions a day with an interval (i.e., 10 fractions 
a week). This regimen has been shown to improve the 
local-regional control rate over standard fractionation in 

pat ients  with in te rmedia te  to advanced  HNSCC.  The 
European  Organizat ion for Research  on Treatment  of  
Cancer  (EORTC) group [3], for example,  compared the 
conventional 70 Gy in 7 weeks to a hyperfractionated 

schedule of 80.5 Gy in 7 weeks. Only patients with T2 or T3, 

NO or N1 (< 3 cm), M0 oropharyngeal  carcinoma were eli- 
gible for this phase III trial (n=  356). No difference was 
reported in late normal tissue damage,  although acute 
mucositis and treatment interruptions were increased in 
the hyperfract ionated accelerated radiation therapy arm 
(66.5% versus 49%, and 7.5% versus 4.5%, respectively). 
Nevertheless, local control was improved significantly with 
hyperfractionated radiation therapy compared with conven- 
tional radiation therapy (5-year local control of  59% versus 

40%; p = 0 . 0 2 ) .  Results of a larger randomized trial of the 
Radiation Therapy Oncology Group (RTOG) enrolling a 
total of  1113 patients with more advanced HNSCC of vari- 
ous sites (mainly oropharynx, larynx, and hypopharynx) to 

test the relative efficacy of hyperfractionation and two types 
of accelerated fractionations were reported more recently [4]. 
This trial also revealed the benefit of hyperfractionation over 

standard fractionation in achieving local-regional tumor con- 
trol (54% versus 46% at 2 years, p=0 . 05 ) .  

TABLE 30.1 Selected Randomized Trials Comparing Altered Fractionation with Conventional Fractionation a 

Tumor site 
and stage 

No. of d n and D T 
patients (Gy) Ti (hr) (Gy) (W) Tumor response Complications Reference 

Oropharynx 
T2-3 NO- 1 

Supraglottic 
larynx and 
pharynx 

Various sites 
Stage IV 

Various sites 
Stages Ill-IV 
(stage II BOT 
and HP) 

356 1.15 2 (6-8) 80.5 7 5-year LRC: More acute Horiot et al. [3] 
59% vs 40% mucositis with 
(p=0.02). HFX 

2.0 1 70.0 7 No significant No significant 
difference in difference in 
survival late toxicity 

977 2.0 1 68 6 Improved LRC and Higher acute Overgaard et  al. [6] 
survival by odds toxicity with AFX 
ratio of 1.3 (1.1-1.7) 
and 1.3 

2.0 1 68 7 (0.9-1.8), Similar late toxicity 
respectively 

268 2.0 2 -63 3 2-year LRC: 58% Grade 3-4 Bourhis et al. [7] 
vs 34%, p < 0.01 mucositis: 83% vs 

28%, p < 0.01 
2.0 1 70 7 No difference in Similar late toxicity 

survival 

1073 1.2 2 (> 6) 81.6 7 2-year LRC was More grade 3-4 Fu et  al. [4] 
1.6 2 (> 6) 67.2 6 higher with mucositis in all 
1.8-1.5 1-2 (> 6) 72 6 HFX and AFX altered 
2 1 70 7 (CB), p= 0.05 for fractionation 

both arms arms 
Trend for No significant 

improved DFS but difference in late 
no significant toxicity 
difference in 
survival 

ad, dose per fraction; n; number of fractions per day; Ti, time interval between fractions; D, total dose; T, overall treatment time; w, weeks; 
LRC, local-regional control; HFX, hyperfractionation. AFX (CB), accelerated fractionation (concomitant boost); BOT, base of tongue; HP, hypopharynx; 
DFS, disease-free survival. 
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There are many types of accelerated fractionation sched- 
ules, some of which have combined features of accelerated 
and hyperfractionated regimens [5]. The two regimens, 
studied by the Danish and RTOG investigators, respectively, 
yielded local-regional control benefit over standard fraction- 
ation in patients with intermediate to advanced HNSCC. A 
Danish trial (DAHANCA 7) randomized patients eligible 
for primary radiotherapy alone to receive 66-68 Gy in 
33-34 fractions given either in 5 or 6 fractions per week [6]. 
An analysis of data on 977 patients revealed a higher inci- 
dence of severe acute mucositis and dysphagia in patients 
receiving 6 fractions per week but no difference in the inci- 
dence of late edema or fibrosis. The accelerated arm yielded 
a significantly higher tumor control rate with an odd ratio of 
1.3 [95% confidence interval (CI): 1.1-1.7]. 

A French GORTEC 94-02 trial tested a regimen using a 
similar fractionation scheme as the Vancouver trial showed 
promising results by introducing a slight reduction (- 10%) 
in the total radiation dose in the accelerated arm [7]. 
This study randomized 268 patients with locally advanced 
head and neck squamous cell carcinoma to treatment with 
70 Gy over 7 weeks or 62-64 Gy over 3 weeks (2 Gy twice 
a day). Seventy-five percent of the patients had orophar- 
ynx primaries and 70% had T4 disease. Again, acute 
toxi-city was higher in the accelerated group (83% vs 28% 
RTOG grade 3-4), with feeding tube placement required 
for 90% of patients receiving accelerated fractionation com- 
pared to 41% of patients receiving conventional fractiona- 
tion. Although the follow-up period was short (median 28 
months), the late toxicity was reportedly similar between the 
two arms. Accelerated treatment yielded a higher 2-year 
actuarial local-regional control rate (58% vs 34%, p<0.01). 
No significant difference in overall survival was seen yet. 

A large randomized trial of the Radiation Therapy 
Oncology Group (RTOG 90-03) as discussed earlier [4] 
showed that one of the altered fractionation schedules, i.e., 
the concomitant boost regimen that administered 72 Gy in 
42 fractions over 6 weeks (i.e, 1.8 Gy daily for 3.6 weeks 
and 1.8 Gy + 1.5 Gy, 6 h apart, for 2.4 weeks), yielded a 
significantly higher 2-year locoregional control rate (54% 
versus 46%, p =0.049) than standard fractionation. 

III. GOALS OF C O M B I N I N G  CHEMOTHERAPY 
AND RADIATION 

The goals of induction chemotherapy are to reduce the 
primary tumor and, when present, nodal size (down stag- 
ing), thereby increasing the chance of cure with subsequent 
local therapy and also to eradicate systemic microscopic 
metastases [8]. Unfortunately, induction chemotherapy may 
induce accelerated repopulation of tumor clonogens, 
making the tumor more difficult to control locally by means 
of radiation therapy [9]. The primary goal of concurrent 

chemotherapy is mainly to enhance the cytotoxicity of radi- 
ation therapy against macroscopic disease [8]. It may also 
eradicate systemic microscopic disease, although to avoid 
severe side effects, the dose of chemotherapy used for con- 
current chemoradiation may be too low to yield a demon- 
strable effect on micrometastases. Adjuvant chemotherapy 
is used to eradicate microscopic loci presumed to remain 
after local therapy and to destroy microscopic metastatic 
deposits [8]. 

IV. RANDOMIZED STUDIES OF INDUCTION 
CHEMOTHERAPY FOLLOWED BY 

LOCOREGIONAL THERAPY 

Table 30.2 summarizes the results of phase III trials 
addressing the role of induction chemotherapy in combina- 
tion with local-regional therapy. The Southwest Oncology 
Group (SWOG) [10] compared surgery plus postoperative 
radiotherapy with or without chemotherapy in patients with 
stage III or IV HNSCC (n= 158). The induction chemother- 
apy consisted of three courses (given at a 3-week interval) 
of intravenous (iv) administration of 50 mg/m 2 cisplatin, 
40 mg/m 2 methotrexate, and 2 mg vincristine on day 1 and 
iv or intramuscular (im) injection of bleomycin 15 U/m 2 on 
days 1 and 8. Surgery was done 3 weeks after chemotherapy. 
In the induction chemotherapy arm, the extent of surgical 
resection was determined at the time of randomization and 
was unaltered by the response to chemotherapy. This study 
showed no significant (p=0.27) difference in the median 
survival time with a trend for patients in the induction 
chemotherapy arm to develop wound problems (34.4% 
versus 24.2%). There was also one death, related to radia- 
tion-induced myelitis, in the induction chemotherapy arm. 

The Department of Veterans Affairs (VA) Laryngeal 
Cancer Study Group [ 11] performed a widely quoted trial on 
patients with previously untreated stage III or IV laryngeal 
carcinomas. This trial enrolled 332 patients to compare the 
outcome of induction chemotherapy followed by radiation 
therapy in responders or by surgery and radiotherapy in non- 
responders with that of surgery and postoperative radiation 
therapy. Chemotherapy consisted of three cycles of cisplatin 
(100 mg/m 2 given in rapid iv infusion) and 5-fluorouracil 
(FU) (1 g/m2/day in continuous infusion for 4 days following 
each dose of cisplatin). The clinical tumor response was 
assessed after two cycles of chemotherapy, and patients with 
a response received another cycle of chemotherapy followed 
by primary radiation therapy (66 to 76 Gy). Patients having 
no response and those experiencing local disease recurrence 
after chemotherapy and radiation therapy underwent salvage 
laryngectomy. This VA trial showed no difference in overall 
survival between the arms (68% at 2 years in both groups, 
p = 0.98) but a significant difference in the patterns ~ of recur- 
rence. Relative to surgery plus postoperative radiotherapy, 
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TABLE 3 0 . 2  S e l e c t e d  R a n d o m i z e d  Trials C o m p a r i n g  L o c o r e g i o n a l  T h e r a p y  w i th  or  w i t h o u t  I n d u c t i o n  C h e m o t h e r a p y  a 

Tumor site No. of 
and stage patients Therapy regimens Tumor response Complications Reference 

Various sites 
Stages I l l -IV 

Larynx 
Stages I l l -IV 

Various sites 
T2-T4 N0-3 

Pyriform sinus 
T2-T4 N0-N2b 

158 CDDP, MTX, BLM, VCR No significant No significant difference in Schuller et al. [10] 
followed by S + PoRT difference in LC: mucositis (14% vs 19%) or 

(52% vs 60%) or OS wound healing (34% vs 24%) 
S + PoRT DM: 28% vs 49% (p value No significant difference 

not reported) in late toxicity 

332 CDDP and 5-FU followed by 2-year LC: 88% vs 98%, No significant difference in Department of 
RT (responders) or S + PoRT p = 0.001 acute morbidity or Veterans 
(nonresponders) 2-year DM: iatrogenic mortality (2%) Affairs [ 11 ] 

11% vs 17%,p=0.001 
Larynx preservation: 64% 

S + PoRT No significant difference in Second tumors: 2% vs 6%, 
NC and OS p = 0.048 

325 Carboplatin and 5-FU 2-year LRC: 65% vs 75%, Chemotherapy induced- Depondt et al. [12] 
followed by S + PoRT p=0.04  (LC: 71% vs 85%; death in 5 patients 

NC: 82% vs 91%) 
S + PoRT No significant difference in No significant difference 

OS, DFS, or DM in late toxicity 

202 CDDP and 5-FU followed by No significant difference No significant difference Lefebvre et al. [13] 
RT (responders) or S + PoRT in LRC or OS in acute, surgical, or 
(nonresponders) late morbidity 

S + PoRT 

Nasopharynx 339 BLM, epirubicin, CDDP 
Mainly T3-4 or followed by conventional RT 
N2-3 Conventional RT 

5-year larynx preservation: 35% Chemotherapy induced-death 
DM: 25% vs 36%, p=0.041 in 1 Patient 

LC: 61% vs 45.3%, p<0.01 

No significant difference 
in OS or DM 

Therapy-induced mortality: 8.2% INCSG [14] 
vs 1.2%, p<0.01 

Drug-induced N/V, renal toxicity: 
common 

No significant difference in acute 
RT toxicity (no details on late 
toxicity) 

aBLM, bleomycin; CDDP, cisplatin; DFS, disease-free survival; DM, distant metastasis; LC, local control" LRC, local-regional control; 
MTX, methotrexate; NC, nodal control; N/V, nausea-vomiting; OS, overall survival; PORT, post-operative radiotherapy; S, surgery" RT, radiotherapy; 
VCR, vincristine. 

there were more local recurrences (p=0.0005) and fewer 
distant metastases (p=0.016) in the induction chemother- 
apy group. In the induction chemotherapy arm, the larynx 
was preserved in 64% of the patients overall and 64% of the 
patients who were alive and free of disease. Because patients 
in the control arm underwent laryngectomy, it is not possible 
to resolve whether induction chemotherapy plus radiother- 
apy results in higher larynx preservation rate than radiation 
alone. 

Depondt et al. [ 12] reported a multicenter trial performed 
in France that enrolled 325 patients. This study also evalu- 
ated surgery plus postoperative radiotherapy with or without 
neoadjuvant chemotherapy consisting of iv administration 
of 400 mg/m 2 carboplatin on day 1 and 1 g/m2/day 5-FU on 
days 1-5 for three cycles at 3-week intervals. No difference 
was found in overall or event-free survival after a median 
follow-up of 25 months. There seemed to be a reduction in 
the need for ablative surgery, as 21 of the 73 (29%) patients 

with primary indications for surgery (total laryngectomy, 
total glossectomy, or transmaxillary buccopharyngectomy) 
received radiation therapy alone. A statistically significant 
worsening in locoregional control rate (65% versus 75%, 
p=0.04) was attributed to primary and nodal disease 
progression in the induction chemotherapy arm. In addition, 
patients in the induction chemotherapy arm suffered 
hematologic side effects, such as thrombocytopenia 
(19%) and neutropenia (24%), which contributed to toxic 
deaths secondary to septicemia in 2 patients. The distant 
metastasis rate was not significantly different between 
the arms. 

The EORTC Head and Neck Cancer Cooperative Group 
[ 13] investigated the role of induction chemotherapy, identi- 
cal to that used in the VA study, in patients with pyriform 
sinus cancer. A total of 202 patients were randomized 
prospectively to surgery and postoperative radiation ther- 
apy or induction chemotherapy followed by local-regional 
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treatment. An endoscopic evaluation was performed after 
each cycle of chemotherapy, and only partial and complete 
responders received a third cycle. Patients with a complete 
response after two or three cycles of chemotherapy were 
subsequently treated with radiation therapy (70 Gy) and 
those with poor response underwent conventional surgery 
with postoperative radiation (50-70 Gy). Although no sig- 
nificant difference in survival was noted, there were fewer 
distant failures in the induction chemotherapy arm (25% 
versus 36%, p = 0.041). The 3- and 5-year functional larynx 
retention rates were 42 and 35%, respectively. 

The International Nasopharyngeal Cancer Study Group 
[14] compared the effect of a combination of induction 
chemotherapy consisting of a combination of bleomycin, 
epirubicin, and cisplatin (BEC), given in 3-week cycles, 
with radiation to that of radiation alone in patients with rel- 
atively advanced nasopharyngeal carcinoma. Each BEC 
cycle consisted of 15 mg bleomycin iv on day 1 followed 
by 12 mg/m2/day continuous iv infusion for 5 days, 70 mg/m 2 
epirubicin slow iv bolus on day 1, and 100 mg/m 2 cisplatin 
over 1 h on day 1 with pre-and posthydration and mannitol 
diuresis. In both arms, radiotherapy was delivered in 2-Gy 
fractions, five fractions of per week, to a total dose 
of 65-70 Gy in 6.5-7.5 weeks to the primary tumor. 
Data showed that compared with radiation therapy alone 
induction chemotherapy increased the 5-year disease-free 
survival rate from 30 to 39% (p<0.01) but not the overall 
survival rate. 

A number of investigators addressed predictive biomark- 
ers for the HNSCC response to therapy. Two French 
groups reported p53 status as an independent predictor of 
HNSCC response to cisplatin and 5-FU neoadjuvant 
chemotherapy. Temam et al. [15] studied 105 patients with 
locally advanced HNSCC treated with three cycles of cis- 
platin (20 mg/m2/day, 24 h continuous infusion) and 5-FU 
(1 g/m2/day, 4-day continuous infusion). The p53 status was 
determined by immunohistochemistry and sequencing 
analysis (for mutation). These parameters were included in 
multivariate analysis along with tumor stage and node stage. 
It was found that the p53 mutation was the only variable to 
significantly predict for an objective response to neoadju- 
vant chemotherapy and the strongest predictor for a major 
response to neoadjuvant chemotherapy defined as an > 80% 
reduction in tumor size. Specifically, compared to tumors 
with wild-type p53, those with a p53 gene mutation had a 
77% reduction in the chance of an objective response 
(odds ratio 0.23; 95% confidence interval, 0.1 to 0.6, 
p=0.002) and a 70% reduction in chance of a major 
response (odds ratio 0.3; 95% confidence interval, 0.1 to 0.7, 
p = 0.01). Cabelguenne et al. [ 16] studied a group of patients 
treated with three cycles of a 4-day continuous infusion of 
cisplatin (25 mg/m2/day) and 5-FU (1 mg/m2/day) using 
>50% tumor regression as the criterion for response. 
Similarly, they found that the prevalence of p53 mutations 

was significantly lower in 37 responding than that in 69 
nonresponding tumors (81% versus 61%, p < 0.04). 

V. RANDOMIZED TRIALS ADDRESSING 
CONCURRENT CHEMOTHERAPY 

WITH RADIATION 

A. C o n v e n t i o n a l  Radia t ion  T h e r a p y  Plus 

C o n c u r r e n t  C h e m o t h e r a p y  

Lo et al. [17] randomized 136 patients to receive 
60-70 Gy in 30-35 fractions with or without 5-FU 
(Table 30.3). Fluorouracil was given in a dose of 10 mg/kg 
in iv infusion on days 1-3 and then 5 mg/kg on day 4 and 
the subsequent Mondays, Wednesdays, and Fridays until the 
end of the radiation course or occurrence of severe reactions. 
The 2-year relapse-free survival rate was significantly 
higher with chemoradiation therapy than with conventional 
radiation therapy alone (49% versus 18%, p < 0.05). The 
presence or absence of lymph node metastases had less 
impact on patient outcome in the chemoradiation therapy 
arm than in the conventional radiation therapy arm. The 
2-year disease-free survival rates for N+ and NO oropharynx 
cancer patients were 41 and 50%, respectively, for the 
chemoradiation arm. The corresponding rates were 21% 
and 50%, respectively, for the radiotherapy alone arm. The 
concurrent chemoradiation regimen induced, however, 
severe late toxicity in 5 patients who had no primary relapse. 
These late effects included bone necrosis and fistula, which 
caused death in 1 patient. 

Fu et al. [ 18] randomized 104 patients with stage III or 
IV inoperable HNSCC to receive 70 Gy given in 1.8 Gy per 
fraction with or without bleomycin (5 U given in iv infusion 
twice a week) (Table 30.3). Patients in the chemoradiation 
therapy arm subsequently received 16 weekly iv infusions of 
bleomycin (15U) and methotrexate (25 mg/m2). The loco- 
regional complete response rate was higher in the chemo- 
radiation arm (67% versus 45%, p=0.001), as was the 
2-year locoregional control rate, including salvage surgery 
(64% versus 26%, p=0.001) and the 3-year relapse-free 
survival rate (31% versus 15%, p = 0.041). There was a trend 
for a higher distant metastasis rate in the chemoradiation 
therapy arm (38% versus 24%). Again, chemoradiation 
induced a significantly higher incidence of mucositis (grade 
3-4: 76% versus 25%, p<0.001). 

Similarly, Eschwege et al. [ 19] enrolled 199 patients with 
T2-4 oropharyngeal carcinoma into a phase III EORTC trial 
comparing 70 Gy in 7 weeks with or without twice weekly 
iv infusion of bleomycin (15 mg) (Table 30.3). This trial, 
however, revealed that chemoradiation did not improve 
the complete response and overall survival rates but 
increased the incidence of acute reactions significantly 
(71% versus 21%, p < 0.01), which led to an increase in 
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weight loss (19% versus 5%, p <0.05) and profound weak- 
ness (18% versus 1%, p < 0.01). More importantly, the 
increase in acute sideeffects led to a significant delay in radi- 
ation therapy in the chemoradiation arm as only 70% of 
patients treated with chemoradiation completed their radia- 
tion as planned as opposed to 95% of patients treated with 
radiotherapy alone (p < 0.01). 

Adelstein et al. [20] randomized 100 patients to receive 
conventional radiation therapy (1.8-2 Gy per fraction to 
66-72 Gy total dose) with or without concurrent cisplatin 
and 5-FU (Table 30.3). Both cisplatin and 5-FU were given 
in 4-day continuous infusions starting on days 1 and 22 of 
radiation, and the doses were 20 mg/m2/day and 1 g/m2/day, 
respectively. With a median follow-up of 5 years (range 3-8 
years), the projected 5-year recurrence-free rate was signifi- 
cantly higher with chemoradiation (62% versus 51%, 
p=0.04). In addition, chemoradiation conferred an advan- 
tage in 5-year local control without surgical resection (77% 
versus 45%, p<0.001) and overall survival with organ 
preservation (42% versus 34%, p = 0.004). However, the dis- 
tant metastasis-free interval was unaffected. Chemoradiation 
therapy patients had a significantly higher rate of grade 3-4 
neutropenia (38% versus 0%, p < 0.001), thrombocytopenia 
(16% versus 0%, p<0.01), cutaneous reaction (44% versus 
10%, p < 0.001), and mucositis (84% versus 26%, p < 0.001). 
A greater percentage of patients treated with chemoradiation 
therapy lost >10% of body weight (12.5% versus 6.3%, 
p<0.001) and required tube feeding (58% versus 32%, 
p<0.01). In addition, 36% of the patients undergoing 
chemoradiation therapy required hospitalization for care of 
neutropenic fever but no toxic deaths occurred in either arm. 
In terms of late effects, significantly more second malignan- 
cies occurred in the chemoradiation group (p=0.03). Nine 
patients in the chemotherapy arm developed second cancers 
(including four aerodigestive tract tumors), as opposed to 
two in the radiotherapy arm (one in the aerodigestive tract). 
Of these 11 patients, 8 died of second malignancies. 

The intergroup study on advanced nasopharyngeal 
carcinoma (0099) [21] compared the efficacy of radiation 
(70 Gy in 35-39 fractions) with or without concurrent and 
subsequent adjuvant chemotherapy (Table 30.3). The strati- 
fication variables were tumor stage, nodal stage, perform- 
ance status, and histology. Chemotherapy consisted of 
cisplatin in a dose of 100 mg/m 2 given on days 1, 22, and 
43 of radiation followed 4 weeks later by three cycles of 
cisplatin (80 mg/m 2 on day 1) and 5-FU (1 g/m2/day on 
days 1-4) given 4 weeks apart. Of the 193 patients regis- 
tered, 147 were eligible for primary analysis, which showed 
a signi-ficantly better 3-year progression-free survival rate 
(69% versus 24%, p <0.001) and overall survival rate (78% 
versus 47%, p = 0.005) in favor of combined therapy. A sec- 
ondary analysis on 185 patients revealed 3-year survival 
rates of 76 and 46% for combined therapy and radiation 
alone, respectively (p < 0.001). In terms of toxicity, the 

incidence of grade 3-4 leukopenia and vomiting was higher 
in the combined therapy arm (p<0.05). Overall, 63% of 
patients received three courses of concurrent chemotherapy 
and 55% received all three cycles of adjuvant chemotherapy. 
The late treatment toxicities have not been reported in detail. 

Calais et al. [22] enrolled 226 patients with stage III or 
IV oropharyngeal carcinoma with Karnofsky performance 
status >60 in a phase III trial (Table 30.3). These patients 
were randomized to receive 70 Gy in 35 fractions with or 
without three cycles of a concurrent 4-day continuous infu- 
sion of carboplatin (70 mg/m2/day) and 5-FU (600 mg/m2/day) 
given 3 weeks apart. Compared with conventional radiation 
therapy, concurrent chemoradiation yielded significantly 
higher 3-year actuarial rates of locoregional control (66% 
versus 42%, p=0.03),  disease-free survival (42% versus 
20%, p = 0.04), and overall survival (51% versus 31%, 
p =0.02). Chemoradiation therapy did not, however, change 
the risk of distant metastasis (11%) or alter the pattern of 
relapse. Of the 65 patients who experienced recurrence after 
radiation therapy alone, 58 (89%) had local recurrence and 
35 (54%) had nodal relapse. The corresponding numbers in 
the chemoradiation therapy arms were 36/40 (90%) and 
21/40 (52%), respectively. No difference was found in cuta- 
neous reaction. Chemoradiation, however, induced 
increased mucositis (grade 3-4: 71% versus 39%, p =0.005) 
and hematologic side effects, such as neutropenia 
(<0.9cells/m2: 4% versus 0%) and thrombocytopenia 
(<50 cells/mm3: 6% versus 1%, p=0.04). In addition, com- 
bined therapy also induced significantly more weight loss 
(> 10% of body weight: 14% versus 6%, p=0.04) and the 
need for tube feeding (36% versus 15%, p=0.02). 

Data of a recently completed intergroup study enrolling 
patients with unresectable HNSCC were presented at the 
2000 Annual Meeting of the American Society of Clinical 
Oncology (ASCO) [23]. This trial randomized patients to 
radiation alone (70 Gy in 7 weeks), radiation (70Gy) plus 
cisplatin (100 mg/m 2 iv every 3 weeksx3), or split course 
radiation (30 Gy + 30-40 Gy) given with the first and third 
cycles of cisplatin (75 mg/m 2 on day 1) plus fluorouracil 
(1000 mg/m 2 on days 1-4) given every 4 weeks. The 2- and 
3-year actuarial survival rates were 30 and 20% for radiation 
alone, 43 and 37% for radiation + cisplatin (p = 0.016), and 40 
and 29% for split-course radiation+cisplatin-fluorouracil 
(p=0.13) respectively. Grade 3 or worse toxicity, however, 
occurred in 53, 86 (p < 0.0001), and 77% (p<0.001) of the 
patients, respectively. 

B. A l t e red  F r a c t i o n a t i o n  R a d i o t h e r a p y  Plus 

C o n c u r r e n t  C h e m o t h e r a p y  

Weissler et al. [24] randomized 58 patients with 
advanced HNSCC to an altered fractionation regimen with 
or without two cycles of cisplatin and 5-FU. Radiotherapy 
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consisted of two courses of 1.5 Gy given twice a day, 5 days 
a week, for 2 weeks separated by a 2-week break. In the 
combined therapy arm, cisplatin (100 mg/m 2) was given on 
day 1 and 5-FU (1 g/m2/day) on days 1-4 of each radiation 
course. Chemoradiation was found to improve outcome 
measured by rather unconventional end points, i.e., the mean 
time to disease progression (284.0 versus 123.8 person- 
months, p =0.013) and the mean time to death (246.6 versus 
85.9 person-months, p=0.002). The major side effect was 
leukopenia (grade 3-4: 33.3% versus 0%, p=0.001).  
However, mucositis was not found to be increased by the 
addition of chemotherapy (p = 0.59). Of note is that patients 
randomized to the radiotherapy alone arm only received a 
suboptimal dose of 60 Gy in 40 fractions over 6 weeks. 

Sailer et al. [25] randomized 58 patients with advanced 
HNSCC to receive a predominantly accelerated fractiona- 
tion (1.5 Gy twice a day to approximately 68 Gy over a 
total of 6.5 to 8.5 weeks, including treatment breaks) with 
or without two cycles of chemotherapy consisting of 
100 mg/m 2 cisplatin given on day 1 and 1 g/mZ/day 5-FU on 
days 1-4, repeated after a 4-week interval. After a dose of 
30 Gy, a 2-week break was given, and after a dose of 54 Gy, 
a second break was allowed. With a mean follow-up of 22.9 
months (range 1.9 to 42.1 months), chemoradiation therapy 
appeared to yield a better complete response, locoregional 
control, overall survival rate, and disease-specific survival 
rates, but, unfortunately, statistical tests for differences were 
not performed. Again, the major side effects were leukope- 
nia, mucositis, nausea, and vomiting. 

Magno et al. [26] randomized 97 patients with stage 
II-IV HNSCC to a predominantly accelerated fractionation 
regimen (1.5 Gy twice a day, 5 days a week to 60-66Gy 
over 4-5 weeks) with or without lonidamine. Lonidamine, 
an indazole carboxylic acid derivative, was administered in 
a dose of 150 mg, three times a day, beginning 3 days before 
the start of radiation and continuing for 3 months. The rate 
of tumor clearance was not significantly different between 
the groups (65-66%), as was the overall survival (median 
18.1 versus 21.8 months, p=0.311). Nevertheless, the 
median duration of locoregional control in adequately 
treated patients tended to be longer in lonidamine-treated 
patients (28.3 months versus 9.3 months, p=0.06), as did 
the median time to disease progression (14.5 versus 7.3 
months, p=0.027). The incidences of acute and late side 
effects were found to be similar in both groups. The most 
frequent side effects of lonidamine were myalgia (8.5%) and 
testicular pain (4.2%). 

Wendt et al. [27] randomized 298 patients with stage 
III-IV unresectable HNSCC to receive an altered fractiona- 
tion regimen with or without three cycles of concurrent 
chemotherapy given during weeks 1, 4, and 7. Radiotherapy 
consisted of three courses of 13 fractions of 1.8 Gy given 
twice a day to a total dose of 70.2 Gy in an overall duration 
of 8 weeks. Chemotherapy regimens were 60mg/m 2 of 

cisplatin (30 min iv infusion), 350 mg/m 2 of 5-FU (iv bolus), 
and 50 mg/m 2 of leucovorin (iv bolus) on day 2 followed by 
350 mg/mZ/day of 5-FU and 100 mg/mZ/day of leucovorin in 
continuous iv infusion over days 2-5. Chemoradiation 
yielded improvement in the 3-year locoregional control rate 
(36% versus 17%, p<0.004) and survival rate (48% versus 
24%, p<0.0003). Distant metastasis rate was equivalent in 
both arms (9%). The chemoradiation schedule induced grade 
3-4 leukopenia in 15% and nausea-emesis in 10.8% of 
patients and a significantly worse cutaneous reaction (17% 
versus 6.4%, p<0.05) and grade 3-4 mucositis (38% versus 
16%, p < 0.001). Although not statistically significant, the 
incidence of severe late side effects was slightly higher in the 
chemoradiation therapy group (10% versus 6.4%). 

The Vienna variation of a continuous hyperfractionated, 
accelerated radiation therapy (V-CHART) regimen with or 
without concurrent mitomycin-C was tested against conven- 
tional fractionation by Dobrowsky and colleagues [28] 
(Table 30.4). This trial randomized 188 patients with 
HNSCC to receive one of three treatment regimens: conven- 
tional fractionation to 70 Gy over 7 weeks, CHART alone to 
55.3 Gy over 17 days (2.5 Gy on day 1 followed by 1.65 BID 
on days 2 to 17), or CHART with 20 mg/m 2 mitomycin-C on 
day 5 of radiation. With a median follow-up of 48 months, 
local control and actuarial survival were improved signifi- 
cantly in the group receiving combined treatment. 
Concurrent CHART/mitomycin-C was found to improve 
local control and actuarial survival. Local control for con- 
ventional fractionation, CHART, and CHART/mitomycin-C 
was 28, 32, and 56%, respectively (p < 0.05). Actuarial rates 
were 29, 31, and 51%, respectively (p<0.05). One-third of 
the patients treated with conventional fractionation and 
nearly all patients treated with accelerated fractionation 
developed grade 3 mucositis, but the major part of the acute 
reaction started at the end or after the completion of accel- 
erated therapy, therefore not causing interruption of the 
radiation treatment. The addition of mitomycin did not 
increase mucositis. Grade 3-4 hematologic toxicity was 
seen in 12/61 patients who received mitomycin-C, with the 
majority consisting of thrombocytopenia. Late toxicity was 
not reported in this study. 

Brizel et al. [29] randomized 122 patients with advanced 
HNSCC to receive a hyperfractionated radiation with or 
without concurrent cisplatin (12mg/mZ/dayx5 days) and 
5-FU (600mg/mZ/day x5 days) given during weeks 1 and 6 
of radiotherapy. The fractionation regimen was the same in 
both arms (i.e., 1.25 Gy twice daily, 5 days a week), but the 
total radiation dose was slightly lower (70Gy versus 75 Gy) 
and a planned 1-week interruption was introduced in the 
chemotherapy arm. With a median follow-up of 41 months, 
the 3-year actuarial locoregional control rate of the 
chemoradiation arm was significantly higher than the radio- 
therapy arm (70% versus 44%, p=0.01). There was also 
a trend toward improved relapse-free survival (55% versus 
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34%, p=0.07) and overall survival (61% versus 41%, 
p=0.08). However, sepsis occurred in 14 of 56 patients 
(25%) in the chemoradiation arm compared with 4 of 60 
(7%) in the radiation arm. Chemoradiation-induced mucosi- 
tis also took longer to resolve (mean duration: 6 week 
versus 4 weeks) and more patients in the chemoradiation 
arm required a feeding tube (79% versus 48%). 

Jeremic et al. [30] randomized 130 patients with stage 
III-IV HNSCC to receive predominantly hyperfractionated 
radiation therapy (1.1 Gy twice a day to 77 Gy in 35 treat- 
ment days over 7 weeks) with or without concurrent low 
dose cisplatin (6 mg/m2/day iv bolus 3 to 4 h after the first 
daily fraction, i.e., 1-2 h before the second fraction). This 
trial revealed that chemoradiation yielded significantly 
higher 5-year rates in locoregional progression-free survival 
(50% versus 36%, p=0.041), progression-free survival 
(46% versus 25%, p=0.0068), distant-metastasis-free sur- 
vival (86% versus 57%), and overall survival (46% versus 
25%, p=0.0075 at 5 years; 68% versus 49% at 2 years). 
Chemoradiation, however, induced more severe grade 3-4 
thrombocytopenia (p=0.058) and leukopenia (p=0.006). 
These investigators did not observe an increase in the 
incidence of either acute or late high-grade toxicity in the 
chemoradiation arm (Table 30.4). 

A trial supported by the German Cancer Society [31] 
randomized 240 patients to receive 69.9 Gy (one fraction of 
1.8 Gy per day for 3.5 weeks and then 1.8 Gy plus 1.5 Gy 
per day for 2 weeks) with or without two cycles of carboplatin 
and 5-FU (70mg/m 2 short iv infusion and 600 mg/m2/day 
continuous iv infusion, respectively, on days 1-5 and 
29-33)(Table 30.4). No significant differences were 
detected between the treatment arms in the overall survival 
rates at 1 and 2 years (66% vs 60% and 48% vs 39%, respec- 
tively, p = 0.11) or in the local-regional control rates at 1 and 
2 years (69% vs 58% and 51% vs 45%, respectively, 
p = 0.14). Subset analysis revealed that patients with oropha- 
ryngeal carcinomas have benefited from combined therapy 
(p=0.046 for 1-year overall survival) but not those with 
hypopharyngeal cancer (p>0.5). Relative to the radia- 
tion only group, patients receiving combined therapy 
experienced significantly more grade 3-4 mucositis (68% vs 
52%, p=0.01), vomiting (8.2% vs 1.6%, p=0.02), and 
long-term swallowing problems and continuous use of 
feeding tube (51% vs 25%, p=0.02). 

C. Al te rna t ing  C h e m o t h e r a p y  a n d  

Rad ia t ion  T h e r a p y  

Merlano et al. [32,33] randomized 157 patients to receive 
either 70 Gy in 2-Gy fractions over 7 weeks or four cycles 
of cisplatin (20 mg/m 2 intravenous infusion during a 2-h 
period of forced hydration at days 1-5) and 5-FU (200 
mg/m 2 intravenous bolus at the end of hydration days 1-5) 
given on weeks 1, 4, 7, and 10, alternating with three 

courses of 20 Gy in 2-Gy fractions on weeks 2-3, 5-6, 
and 8-9. These investigators reported a significant improve- 
ment in the complete response ra te  from 22 to 43% 
(p=0.037), a locoregional relapse-free survival rate from 
32 to 64% (p = 0.03), a progression-free survival rate from 9 
to 21% (p=0.008), and overall survival improved from 
10 to 24% (p =0.01). The incidence of grade 3-4 mucositis 
was reported to be equivalent in both arms (18 and 19%, 
respectively). It should be noted that the outcome of the con- 
trol arm of this trial was quite poor compared to other series. 

VI. META-ANALYSES ADDRESSING 
THE ROLE OF CHEMOTHERAPY 

Several meta-analyses have been conducted during the 
last decade to assess the role of combination of induction or 
concurrent chemotherapy with radiation. Although there are 
many pitfalls associated with such analysis, their results 
have been remarkably consistent [34-38]. Details of these 
analyses are summarized Table 30.5. 

In the early 1990s, Stell et al. [34,35] reviewed 28 trials 
testing combination of chemotherapy and radiation for 
HNSCC and found that concurrent and concurrent plus 
maintenance (adjuvant) chemoradiation therapy reduced 
mortality significantly, i.e., by 6 and 23%, respectively. In 
contrast, induction chemotherapy and induction plus main- 
tenance chemotherapy in combination with radiation did not 
significantly reduce cancer-related mortality. In the 11 stud- 
ies that gave full details of the outcome of all patients at 
a specified interval, the cancer-related mortality rate was 
1% less, but the total mortality rate was 7% greater for the 
chemotherapy arm. This study showed that an analysis 
restricted to cancer mortality would have underestimated the 
death rate by 8%, which would likely include deaths due to 
treatment toxicity. 

Two other groups of investigators undertook a similar 
type of analysis. Munro [36] reviewed 54 randomized trials 
and found that compared to radiotherapy alone, induction 
chemotherapy plus radiation yielded 3.7% (95% confidence 
interval: 0.9-6.5%, p = 0.01) and concurrent chemoradiation 
resulted in 12.1% (95% CI: 5-19%, p=10  -13) survival 
advantage. E1-Sayed and Nelson [37] reviewed 42 random- 
ized trials and divided them in three categories, i.e., 
induction chemotherapy, induction plus maintenance 
chemotherapy, and concurrent chemotherapy in combina- 
tion with locoregional treatment. Overall, the addition of 
chemotherapy to local treatment reduced the mortality rate 
by 11% (i.e., mean relative hazard of 0.89, p<0.05). The 
mortality rate of induction chemotherapy was 5% lower 
(mean relative hazard of 0.95) and that of induction 
plus maintenance chemotherapy was 2% higher (mean 
relative hazard of 1.02) than locoregional treatment alone. 
These differences did not reach a 0.05 significant level. 
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TABLE 30.5 Meta-analysis on the Role of Chemotherapy in the Management of Head and Neck Carcinomas a 

No. trials No. patients Findings Reference 

28 4,292 

54 4,536 

42 5,583 

63 10,741 

Overall C-RT was associated with 1% lower cancer mortality rate but 
7% higher total mortality rate 

Neoadjuvant and/or adjuvant chemotherapy had no significant effect on 
LRC or total mortality 

Concurrent C-RT reduced total mortality from 61 to 55% (p <0.025). 
Concurrent + adjuvant C-RT reduced total mortality from 72 to 49% (p < 0.005) 

C-RT-related mortality occurred in 6% (43/729) of patients (11 trials) but 
late toxicity was not addressed 

Neoadjuvant and concurrent C-RT reduced 
mortality by 3.7% (p = 0.011) and 12.1% (p= 10-13), respectively 

C-RT increased LC by 7.9% (p = 10 -8) but was associated with a 1.9% higher 
DM rate (p= 0.02). 

Treatment toxicity was not addressed 

Neoadjuvant and concurrent C-RT reduced mortality by 5% 
(p = 0.05) and 22% (p < 0.005), respectively 

Neoadjuvant + adjuvant C-RT increased mortality by 2%, p < 0.01 

C-RT improved LC by a factor of 1.27 (p<0.001) 

C-RT increased mucositis by 2.97 (p<0.001), skin reaction by 1.43 (p=0.01), 
nausea by 76.9 (p<0.001), myelosuppression by 15.9 (p<0.001), RT delay by 
2.87 (p <0.001), and therapy-related death by 2.40 (p<0.001) 

Overall, C-RT yielded a hazard ratio of death of 0.9 (95% CI: 0.85-0.94, 
p < 0.0001) corresponding to an absolute survival benefit of 4 percentage points 
at both 2 and 5 years 

Neoadjuvant and adjuvant chemotherapy had no significant effect on survival 

Concurrent C-RT increased 5-year absolute survival by 8% (p < 0.0001), 
and the effect was greater with multiagent than with single agent (p < 0.01), 
but a considerable heterogeneity was found between the trials 

Treatment toxicity was not addressed in detail 

Stell and Rawson [34]; 
Stell [35] 

Munro [36] 

E1 Sayed and Nelson [37] 

Pignon et  al. [38] 

aC-RT combination of chemotherapy and radiotherapy; DM, distant metastasis; LRC, local-regional control; OS, overall survival. 

However, concurrent chemoradiation reduced the mortality 

rate by 22% (mean relative hazard of 0.78, p < 0.005), which 

corresponds to an absolute survival benefit of 8 percentage 

points. This means that when 50% of patients in the locore- 

gional treatment alone group were alive, 58% of the patients 

who received chemoradiation would be expected to be alive. 

E1-Sayed and Nelson [37] also assessed treatment toxicity 
and found that combined therapy increased the side effects 

significantly (odds ratio 2.17 with a 95% CI of 1.84-2.56, 

p < 0 . 0 0 1 ) ,  such as skin reactions, mucositis,  delay in 

radiotherapy, and treatment-induced deaths. 

The Meta-analysis of Chemotherapy on Head and Neck 
Cancer  Collaborat ive Group [38] under took the most  

extensive meta-analysis of 63 randomized trials, includ- 

ing five unpublished series and six series reported in 

abstracts only, comparing locoregional treatment with or 
without chemotherapy in a total of 10,741 patients. Follow-up 

data of all patients in randomized trials between 1965 

and 1993 were updated. The investigators noted a marked 

heterogeneity among the trials regarding to tumor and 

patient characteristics, therapy regimen, and follow-up, 

which complicates analysis and data interpretation. Overall, 

chemotherapy yielded a hazard ratio of death of 0.9 

(95% CI: 0 . 8 5 - 0 . 9 4 ,  p < 0 . 0 0 0 1 )  corresponding to an 

absolute survival benefit of 4 percentage points at both 2 

years (from 50 to 54%) and 5 years (from 32 to 36%). 

On analysis by the mode of combined therapy, it was 
found that no significant benefit resulted from neoadjuvant 

( induct ion)  and adjuvant  chemotherapy,  which  were 

associated with a 2% ( p = 0 . 1 0 )  and 1% ( p = 0 . 7 5 )  higher 

absolute survival at 5 years, respectively. In contrast, con- 

current chemoradiat ion produced an 8% overall increase in 

5-year absolute survival (p  < 0.0001), but considerable het- 

erogeneity was found between the trials. It was also noted 

that the effect of concurrent chemoradiat ion was signifi- 

cantly (p  < 0.01) greater with mult iagent  chemotherapy 
than with single-agent chemotherapy (hazard ratio 0.69 

versus 0.87). 
Examinat ion of data of six randomized trials that 

compared neoadjuvant with or without adjuvant chemotherapy 
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plus radiotherapy versus concurrent or alternating 
radiochemotherapy revealed a pooled hazard ratio of death 
of 0.91 for alternating or concurrent radiochemotherapy 
(95% CI: 0.79-1.06, p =0.23). Analysis of the three larynx- 
preservation trials comparing radical surgery plus radiation 
(control arm) with neoadjuvant chemotherapy plus radio- 
therapy in responders or radical surgery and radiotherapy in 
nonresponders showed a trend toward an excess in death 
associated with chemotherapy. The hazard ratio of death 
was 1.19 (95% CI: 0.97-1.46, p=0.1). However, larynx 
preservation was successful in close to two-thirds of the 
patients randomized to the chemotherapy arm. 

VII. SUMMARY OF AVAILABLE 
TRIAL RESULTS 

More than 10,000 patients with relatively advanced head 
and neck carcinomas have been enrolled onto randomized 
clinical trials, mainly during the last two decades, to address 
the value of the combination of chemotherapy with locore- 
gional treatment, predominantly radiation. Critical evalua- 
tion of data of representative randomized trials and details of 
the meta-analyses reveal rather consistent findings, which 
have begun to transform the standard of care for patients 
with relatively advanced HNSCC. 

It is interesting to note that despite a lack of convincing 
data, induction or neoadjuvant chemotherapy in combina- 
tion with radiotherapy has been adopted in many centers as 
the standard of care of patients with stage III-IV HNSCC. 
The enthusiasm and popularity of this combined modality 
therapy stemmed from the relatively high initial response 
rate and the reported "high" organ preservation rate deduced 
from trials using ablative surgery as the control arm. 
Sufficient evidence now concludes that induction 
chemotherapy using the available cytotoxic agents has no or 
minimal impact on the natural history of advanced HNSCC, 
despite a reduction in the systemic relapse rate detected in 
a few trials. A recently completed RTOG phase III trial 
(RTOG 91-11) comparing the efficacy of induction 
chemotherapy plus radiation, as tested by the VA group, 
directly with that of radiation alone in patients with rela- 
tively advanced laryngeal carcinomas failed to demonstrate 
a significant improvement in the larynx preservation rate in 
patients with T2-4N0-3 larynx carcinoma (79% had T3 and 
48% had N1-2 disease) [39]. The lack of benefit along with 
its toxicity and the cost to the patient and society strongly 
advised against routine prescription of induction chemother- 
apy for patients with advanced HNSCC. A rare exception 
may be when the disease extent is at the border between 
selection of aggressive locoregional therapy and considera- 
tion for palliative treatment, a good response to one to 
two cycles of chemotherapy would justify taking a more 
aggressive therapy approach. 

In contrast to induction chemotherapy, an increasing 
body of evidence indicates that concurrent chemoradiation 
yields a better outcome than radiotherapy alone in patients 
with advanced HNSCC. In addition, data reveal that the sur- 
vival benefit of concurrent chemoradiation results from an 
improvement in locoregional disease control rather than 
from a decrease in systemic relapse. The recently completed 
phase III RTOG larynx preservation trial showed that con- 
current chemoradiation yielded a significantly higher larynx 
preservation rate (p=0.0047) than induction chemotherapy 
plus radiation [39]. Unfortunately, the results also show that 
the improvement in locoregional control and survival comes 
at the expense of increased acute toxicity and late morbidity. 
Pignon et al. [38] concluded after a detailed meta-analysis 
of updated data bases of randomized trials that concurrent 
chemoradiation should remain experimental, particularly 
when toxicity and the cost-benefit ratio are taken into 
account in addition to survival. 

In the absence of better therapeutic options, however, 
many centers have adopted concurrent chemoradiation as 
the new, organ-preserving standard of care for patients with 
advanced HNSCC. A more detailed examination of data of 
positive randomized trials testing various combined sched- 
ules could not identify a clearly superior regimen. In 
addition, none of the trials properly addressed the value of 
altered fractionation in the concurrent chemoradiation 
setting. Consequently, it would be logical to choose a logis- 
tically simple and least expensive regimen having the best 
track record for routine use at the present time. The combi- 
nation of conventional fractionation (70 Gy in 2-Gy frac- 
tions over 7 weeks) and cisplatin (100 mg/m 2 given iv every 
3 weeks) as tested in intergroup trials for unresectable 
HNSCC [23], advanced nasopharyngeal carcinoma [21], 
and the RTOG trial for advanced laryngeal cancer [39], for 
example, seem to meet these criteria best. Some investi- 
gators are now testing whether induction chemotherapy 
followed by concurrent chemoradiation can further improve 
the results of concurrent chemoradiation. 

A therapeutic issue that has not been addressed suffi- 
ciently in randomized trials is the role of neck dissection in 
the combined chemoradiation setting. Because the therapeu- 
tic benefit from concurrent chemoradiation results mainly 
from improvement in locoregional disease eradication, opti- 
mizing nodal control is an important element in determining 
the therapeutic ratio. In a retrospective review, Clayman 
et al. [40] found that patients who had a complete response 
at the primary site but a partial response in the neck 
benefited significantly from a selective neck dissection 
performed 6-10 weeks after completion of a combination of 
chemotherapy and radiation. With a median follow-up time 
of 27 months (range 3-108.5 months), the disease-free sur- 
vival was 100% (10/10) with neck dissection versus 33% (2/6) 
without neck dissection (p =0.02). This study also revealed 
that none of the 29 patients who had a radiologically 
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documented complete response in the neck experienced a 
neck recurrence. This finding suggests that patients with a 
bulky nodal disease that has regressed completely after 
chemoradiation can be spared the morbidity of neck surgery. 
It also suggests that selection of patients with residual nodal 
disease but complete response of the primary tumor for 
selective nodal dissection may improve locoregional 
control. It will be interesting to reproduce these findings in 
a prospective trial. 

VIII. FUTURE RESEARCH DIRECTIONS 

Long-term investment on laboratory and clinical research 
has finally begun to turn the tide against a number of neo- 
plasms [41 ]. After rising for decades, for the first time the 
mortality rate from all cancers in the United States fell 2.6% 
between 1991 and 1995. Most of this decrease in the mor- 
tality rate was observed in patients below the age of 65. Of 
interest is that the highest decline in the mortality rate 
(9.6%) occurred in patients with head and neck cancers, 
irrespective of age. It is also obvious, however, that there is 
still a relatively long way to go in optimizing treatment 
outcome in terms of quality of life and tumor control in 
patient with advanced HNSCC. 

A. Toxicity Reduction 

Data presented earlier clearly show that the addition of 
chemotherapy to radiation, particularly when given concur- 
rently, increases treatment-induced toxicity, hence compro- 
mising the therapeutic index. In addition, acute treatment 
toxicity also prevents completion of chemotherapy and/or 
radiation as planned, partially offsetting its therapeutic 
efficacy. Therefore, in addition to improving tumor control, 
further research should also address strategies to reduce nor- 
mal tissue injury. Refinement of radiotherapy technology 
can reduce the volume of normal tissues exposed to a high 
radiation dose, thereby reducing morbidity or increasing the 
compliance to the combined modality therapy. Chemical 
compounds having the potential to protect normal tissues 
from radiation and/or cytotoxic agent induced damage are 
being developed and tested. 

1. Conformal Radiotherapy 

Advances in computerized radiotherapy planning and 
delivery technology open the possibility to conform irradia- 
tion to an irregular tumor target volume (conformal radia- 
tion therapy) [42]. Consequently, more of the critical normal 
tissues surrounding the tumor can be spared from high 
radiation doses, resulting in a reduction in morbidity. 
Reduced toxicity would in turn permit escalation of the 
radiation dose or combining radiotherapy with intensive 

chemotherapy, each of which has the prospect of improving 
HNSCC control. 

Such precision radiotherapy can be accomplished by the 
use of an array of X-ray beams individually shaped to 
conform to the projection of the target, which is referred to 
as three-dimensional conformal radiation therapy (3-D 
CRT). In addition, technology is also available to modify the 
intensity of the beams across the irradiation field as an 
added degree of freedom to enhance the capability of 
conforming dose distributions in three dimensions. This 
radiotherapy technique is called intensity-modulated 
radiation therapy (IMRT). 

The role of 3-D CRT, particularly IMRT in reducing 
morbidity and perhaps improving the control of HNSCC 
through radiation dose escalation, is being tested in a num- 
ber of centers. Results so far already reveal that it is effec- 
tive in sparing parotid glands from receiving a high radiation 
dose, thereby preventing radiation-induced permanent 
xerostomia in selected patients [43]. 

The study undertaken at the University of California-San 
Francisco to test the role of IMRT in combination with 
chemotherapy (cisplatin during and cisplatin plus 5-FU after 
radiotherapy) in the management of patients with naso- 
pharyngeal carcinoma yielded very encouraging results 
[44]. Of the 35 patients treated, the worst acute toxicity was 
grade 2 in 16 (46%), grade 3 in 18 (51%), and grade 4 in 1 
(3%) patients. The worst late morbidity was grade 1 in 15 
(43%), grade 2 in 13 (37%), and grade 3 in 5 (14%) patients. 
Only 1 patient had a transient grade 4 soft tissue necrosis 
and, at 2 years after treatment, 50% of the evaluated patients 
had grade 0, 50% had grade 1, and none had grade 2 xeros- 
tomia. In terms of tumor control, with a median follow-up of 
21.8 months, the local-regional progression-free rate was 
100%. The 4-year overall survival and distant metastasis- 
free rates were 94 and 57%, respectively. More data on 
critical normal tissue protection will be forthcoming from 
many institutions in the near future. 

2. Amifostine 

Amifostine, WR-2721, has been investigated as a radia- 
tion protectant. Brizel et al. [45] reported the results of a 
multicenter phase III trial randomizing 303 previously 
untreated patients with HNSCC to conventional radiation 
therapy to 50-70 Gy with or without daily administration 
of amifostine (200 mg/m 2 iv 15-30 min before each radia- 
tion fraction). Whole saliva production was quantified 
before radiation therapy and regularly during follow-up. 
Patients evaluated their symptoms through a questionnaire 
during and after treatment. 

With a median follow-up of 26 months, no significant 
difference was detected in local control, disease-free 
survival, and overall survival rates (58, 53, and 71%, respec- 
tively, with amifostine versus 63, 57, and 66%, respectively, 
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without amifostine. The most common side effects of 
amifostine treatment were nausea (44% versus 16%, 
p<0.0001),  vomiting (37% versus 7%, p<0.0001),  
hypotension (15% versus <2%, p<0.0001), and allergic 
reaction (5% versus 0%, p = 0.003). Overall, 53% of patients 
had at least one episode of nausea or vomiting, but it only 
occurred in 5% of the doses (233/4314). This study showed 
that amifostine reduced the incidence of grade 3 xerostomia 
from 78 to 51% (p<0.001) and the incidence of grade 2 or 
greater xerostomia declined from 57 to 34% (p=0.002). 
The median saliva production improved from 0.10 to 0.26 g 
(p=0.04), and the percentage of patients with >0.1 g of 
basal saliva production improved from 49 to 72% 
(p = 0.003). The median dose to onset of xerostomia was 60 
Gy with as opposed to 42 Gy without amifostine 
(p = 0.0001). The clinical benefit of amifostine treatment 
was evaluated on an eight item validated patient benefit 
questionnaire filled out during and up to 11 months after 
radiation therapy [46]. Amifostine-treated patients had 
significantly better scores, particularly on scores relating to 
chronic xerostomia. Specifically, patients receiving amifos- 
tine suffered 31% less chronic xerostomia consequences 
than untreated patients. The authors suggested that this 
should lead to improved dental and oral health and improved 
diet, nutrition, and sleep. As a test of validity, scores on 
the patient benefit questionnaire at first follow-up were 
correlated with the quantity of saliva produced, and the 
correlation was found to be highly significant (p <0.0001). 

3. Growth Factors 

The Granulocyte-colony-stimulating factor (G-CSF) 
used to reduce the incidence and severity of chemotherapy- 
induced acute and cumulative myelosuppression has been 
assessed for its protective effect on therapy-induced severity 
and duration of mucositis, yielding conflicting data. Abitbol 
et al. [47] reported that G-CSF reduced the incidence of 
grade 3 or 4 mucositis from 69 to 31% (p=0.001). In 
contrast, Vokes et al. [48] found no improvement in the inci- 
dence of grade 3-4 mucositis with the use of G-CSF in a 
rather small series of patients (5/11 versus 14/29). Similarly, 
Mascarin et al. [49] did not observe a significant reduction 
in objective mucositis. A report of a randomized trial con- 
ducted in Germany showed a trend for less mucosal toxicity 
(p=0.07) in patients receiving G-CSE Alarmingly, this 
study also revealed that patients receiving G-CSF had a 
significantly worse local-regional control (p = 0.007) [31 ]. 

Similar to G-CSF, results of studies testing granulocyte- 
macrophage colony-stimulating factor (GM-CSF) are also 
conflicting. Several small-scale studies suggest that GM- 
CSF may reduce therapy-induced mucositis. In a series of 
10 patients, Kannan et al. [50] found that daily subcuta- 
neous (sc) administration GM-CSF (1 lag/kg) starting from 
20 Gy until the completion of radiotherapy to 60-66 Gy 

resulted in minimal mucosal reactions. Similar impressions 
were reported by Rosso et al. [51] in 29 patients receiving 
alternating chemoradiotherapy and by Wagner et al. [52] in 
16 patients receiving postoperative radiotherapy using 
different GM-SCF doses. In contrast, the randomized study 
of Makkonen et al. [53] comparing GM-CSF (150-300 lag) 
plus sucralfate with sucralfate alone did not show evidence 
of activity. A larger scale randomized study is going (RTOG 
99-01) to test the efficacy of GM-CSF properly. 

Keratinocyte growth factor (KGF), a member of the 
heparin-binding fibroblast growth factor family, has potent 
mitogenic activity on epithelial cell types and may be a spe- 
cific paracrine mediator for normal epithelial growth and 
differentiation [54-61]. It has no detectable effects on 
fibroblasts, endothelial cells, or other nonepithelial cells that 
respond to other fibroblast growth factor family members. 
Ning et al. [54] have found that recombinant human KGF 
results in little or no stimulation of the proliferation of 
human head and neck squamous cell carcinoma cell lines 
in vitro and has no effect on the radiosensitivity of these cell 
lines in vitro or in vivo. They, therefore, recommend that 
KGF be investigated clinically for the prevention of 
radiation-induced mucositis. A multicenter prospective 
study testing its value in reducing mucositis has completed 
patient accrual but results are not yet available. 

B. M e c h a n i s m -  or Ta rge t -Dr iven  C o m b i n e d  

T h e r a p y  S t r a t e g i e s  

Most combined radiation-chemotherapy regimens tested 
so far have evolved empirically by administering drugs 
found to have some activity against tumors of interest in a 
dose and time sequence known to be tolerated in a single 
modality therapy setting. This strategy has yielded some 
improvement in outcome but at a cost of increased morbid- 
ity. Further progress should, therefore, come from more 
rational integration of therapy modalities. In this effort, the 
primary treatment objective should guide the design of a 
combination of radiation with cytotoxic and biologic agents 
to maximize the likelihood of yielding a therapeutic benefit. 
For example, systemic therapy aiming for the reduction of 
distant metastatic relapse rate is best comprised of least 
toxic agents proven to have high antitumor activity in the 
treatment of patients with metastatic disease. It is also logi- 
cal to administer systemic therapy sequentially with radia- 
tion (i.e., in an adjuvant or neoadjuvant setting) to prevent 
the occurrence of toxicity resulting from a drug-radiation 
interaction. In contrast, for improving locoregional tumor 
control, it is more rational to choose agents based on their 
mechanisms of action to offset known causes of radioresis- 
tance rather than on their independent antitumor activity. It 
is also prudent to select the proper timing of administration 
such as to yield the maximal drug-radiation interaction or to 
prevent specific normal tissue toxicity. 
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Improved insights into the molecular action mechanisms 
of various agents and molecular biology of HNSCC, along 
with well-orchestrated preclinical investigations, facilitate 
the design of biologically sound clinical combined therapy 
regimens, many of which are undergoing clinical testing. 
Examples include a combination of radiation with tirapaza- 
mine (a hypoxic toxin), the C-225 monoclonal antibody 
against epidermal growth factor receptor, and receptor 
tyrosine kinase inhibitors. It is hoped that such integrated 
translational research will accelerate progress in the man- 
agement of advanced HNSCC. 
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The designation of a squamous cell head and neck cancer 
as being unresectable implies extensive disease and a poor 
prognosis. Historically, radiation therapy has been the only 
treatment modality with demonstrated benefit. Despite 
aggressive radiotherapeutic schedules and doses, the 
prognosis of these patients remains poor. The definition of 
unresectability, however, has been quite variable and the 
literature remains confusing and inconsistent. This is 
compounded by the fact that radiation therapy rather than 
surgery may be used preferentially for some head and neck 
cancer subsites and disease stages, thus making the defini- 
tion of unresectable disease less important. 

Efforts to improve upon the disappointing results after 
radiation therapy have included altered radiation therapy 
fractionation schedules and the use of systemic chemother- 
apy in conjunction with radiation. Altered radiation 
fractionation schedules can be characterized as either 
accelerated fractionation, when the dose of radiation is 
unchanged but the overall treatment time is reduced, or 
hyperfractionation, when the overall radiation dose is 
increased but the treatment time is left unchanged. 
Hyperfractionated schedules have been associated with 
some increase in acute toxicity, but have also demonstrated 
promising survival benefits. Accelerated fractionation 

schedules, however, have been more toxic, and a survival 
benefit has not been demonstrated consistently. The large 
Radiation Therapy Oncology Group four-arm clinical trial, 
which explored altered radiation fractionation in advanced 
head and neck cancer, demonstrated an improvement in 
locoregional control with a hyperfractionated regimen and 
with an accelerated fractionation/concomitant boost treat- 
ment schedule. 

Systemic chemotherapy is an active treatment modality in 
patients with advanced disease and, in the previously 
untreated patient, results in a very high response rate. 
Induction chemotherapeutic schedules, although theoreti- 
cally promising, have not produced any survival benefit. 
There has been limited exploration of alternating radiation 
and chemotherapy treatment schedules, and encouraging 
results have been reported for this approach. Most exciting, 
however, have been the concomitant chemotherapy and radi- 
ation therapy schedules. A clear survival benefit for patients 
with unresectable disease has been demonstrated for con- 
current radiation and single-agent cisplatin in the recently 
completed North American Intergroup study. Other more 
aggressive multiagent chemotherapy regimens have also 
produced significant survival advantages. Careful meta- 
analysis data have confirmed these results. 

Future efforts in the management of patients with 
advanced head and neck cancer will include toxicity 
modulation and an exploration of newer treatment modali- 
ties, including new chemotherapeutic agents and new ways 
of chemotherapy and radiation administration, as well as 
genetic and immunologic approaches. 

The designation of a head and neck cancer as advanced 
and unresectable identifies disease with a particularly poor 
prognosis. A major obstacle in understanding the results 
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of clinical trials in patients with advanced unresectable head 
and neck cancer, however, has been just this definition of 
unresectability [1]. While the appellation "unresectable" 
does indicate the limitations of initial disease management, 
anatomic criteria for unresectability vary from institution to 
institution and from surgeon to surgeon. Patient factors such 
as age, performance status, and willingness to accept surgi- 
cal morbidity further impact on the technical decision as to 
what represents "resectable" disease. Even when formal 
definitions are proposed, the ultimate decision about 
resectability still remains that of the responsible surgeon. 

For patients who are deemed unresectable, definitive 
management has been radiation therapy based. Radiation 
therapy, however, has also proven successful in the definitive 
treatment of patients with less disease; disease that might be 
considered technically resectable. The inherent assumption 
in attempting to define a population with "advanced unre- 
sectable" cancer is that surgical resection represents the 
preferred therapeutic option; an unproven and debatable 
hypothesis for many stages and subsites of head and neck 
cancer [2,3]. Clearly, if nonsurgical treatment is preferable, 
precise definitions of unresectability become irrelevant. 

This has produced considerable confusion in the litera- 
ture. While some clinical trials have taken great pains to 
define patient eligibility based on disease extent, other stud- 
ies have rather loosely included anybody deemed "unre- 
sectable" or "inoperable" without clear criteria given. Some 
studies consider unresectability to include patients with a 
low likelihood of surgical cure or patients deemed medially 
unfit for surgical resection, again without careful definition. 
It is also not uncommon to find radiation therapy-based clin- 
ical trials in patients with "advanced disease" in which the 
question of resectability is never raised. Comparison of clin- 
ical experiences in these widely varying patient populations 
is quite difficult. Furthermore, because the patient resources 
available for clinical trial are relatively limited in this 
disease, many studies have included patients with multiple 
primary tumor sites and widely varying clinical stages. This 
produces even further heterogeneity and further confusion. 

This chapter reviews the clinical trials of definitive, not 
palliative, treatment for patients with advanced squamous 
cell head and neck cancer. The studies of interest will be 
those in which surgery was felt to be a poor therapeutic 
choice based on disease extent rather than those studies in 
which radiation therapy was deemed the preferred curative 
treatment approach. This is obviously an imprecise and 
arbitrary distinction. In general, however, this patient popu- 
lation includes those with advanced locoregional but 
nonmetastatic disease, usually American Joint Committee 
on Cancer (AJCC) stage III or IV in extent, for which the 
prognosis has historically been quite poor [4]. Such patients, 
irrespective of treatment, have an expected overall survival 
below 25% [5-8]. This chapter will also be restricted to a 
discussion of squamous cell cancers of the oral cavity, 

oropharynx, larynx, and hypopharynx and will not address 
primary nasopharyngeal cancers or primary malignancies of 
the paranasal sinuses or of the salivary glands. 

Clinical trials for these patients have focused on either 
altered radiation therapy fractionation schedules or on com- 
binations of radiation therapy and chemotherapy. While 
many phase II, single-arm clinical experiences have been 
reported, the heterogeneity of patients studied precludes 
anything but a feasibility or toxicity analysis of this work. 
Meaningful conclusions can only be drawn from randomized 
phase III trials. 

It is important to pay attention to end points in these 
clinical trials. Survival is the "gold standard" measure of any 
treatment success; however, survival can be affected by 
many factors. While locoregional disease remains the most 
common cause for treatment failure in head and neck cancer 
[5,7], distant metastases represent an increasing concern, 
particularly as the success of our locoregional treatments 
improves [9,10]. Even in those patients achieving disease 
control, second primary neoplasms and multiple medical 
comorbidities also impact on overall survival and may 
obscure the benefit derived from a therapeutic intervention 
[5,7,11-13]. It thus becomes critical to look at other end 
points, such as locoregional control, distant control, and 
cause-specific survival in addition to the overall survival. 

It is also important to recognize that with each increase in 
treatment intensity, there is an associated increase in toxicity 
[ 14,15]. Much of the success of recent multimodality treat- 
ments has come from an improvement in our ability to 
manage these toxicities. Perhaps of even greater importance 
are the so-called "consequential late effects" of treatment, 
including impairment of swallowing, xerostomia, and 
osteonecrosis. Clearly, each additional layer of either early or 
late toxicity alters the risk/benefit ratio of our interventions. 

!. ALTERED FRACTIONATION 
RADIATION 

The expectations after definitive radiation therapy for 
advanced head and neck cancer have been established from 
the Radiation Therapy Oncology Group database [8]. This is 
a large prospectively gathered database, which confirms the 
poor prognosis of patients with stage III and IV disease. 
Indeed, most subcategories of patients with stage IV disease 
have a 4-year survival of 20% or less. This database, 
however, is not defined in terms of resectability and one 
can only surmise that those patients deemed unresectable 
have a significantly poorer chance of success. Data from 
the control arms of the two North American Intergroup 
unresectable studies are equally dismal [16,17]. Both stud- 
ies used conventional daily radiation therapy for the control 
arm and both reported median survivals of approximately 13 
months, with long-term disease-free survival below 20%. 



31. Clinical Trials in Advanced Unresectable  Head and Neck Cancer 463  

One approach taken in attempting to improve on these 
results has been the exploration of altered fractionation 
treatment schedules [18-20]. The goal of such schedule 
manipulation has been to optimize locoregional control 
without undue or excessive locoregional toxicity. 

In the United States, conventional fractionation has been 
considered to be once daily treatment at a rate of 1.8 to 2.5 
Gy per fraction, five fractions per week, in a continuous 
course over a 4- to 8-week overall treatment time. Typical 
treatment courses include 50 Gy in 20 fractions over 4 
weeks or 70 Gy in 35 fractions over 7 weeks. It has been 
established that, if tolerable, a shorter overall time to 
completion of treatment, a greater radiation therapy dose, 
and an avoidance of any treatment interruptions are all 
important in overall outcome [18,20-22]. 

Altered fractionation schedules can be characterized as 
either (1) accelerated fractionation, where the overall time to 
treatment completion is reduced, or (2) hyperfractionation, 
where the overall total dose is increased and the overall time 
remains unchanged. Many permutations on these themes 
have been tested, often representing hybrid mixtures of both 
hyperfractionation and accelerated fractionation schedules. 

The rationale behind accelerated fractionation is that the 
reduction in overall treatment time reduces the opportunity for 
tumor cell regrowth during treatment. This increases the prob- 
ability of tumor control for any given dose, without increasing 
the probability of late normal tissue injury. Pure accelerated 
fractionation regimens do not alter individual fraction size and 
might include twice-daily fractionation or radiation adminis- 
tered 6 of 7 or 7 of 8 days of the week. Because of the expected 
increase in acute toxicity experienced with this kind of 
approach, some accelerated fractionation regimens have 
employed a split-course technique, an intervention that is sub- 
optimal but may be compensated for by the accelerated sched- 
ule. Smaller fraction sizes are also often utilized, thus merging 
this schedule alteration with the hyperfractionation regimens. 

The rationale for hyperfractionation is based on the dif- 
ferential sensitivities of tumors and late-responding normal 
tissues to radiation therapy. If given in smaller fractions, a 
greater total dose can, in theory, be administered, resulting in 
a greater tumor kill, but an equivalent effect on late-respond- 
ing normal tissues. 

Several large randomized trials of altered fractionation 
radiation therapy have been conducted. Although these 
studies have been conducted in patients with advanced head 
and neck tumors, unresectability was rarely a criterion for 
patient entry. In general, the hyperfractionated treatment 
schedules have produced an improvement in survival with 
some increase in acute toxicity [23-28]. Consequential late 
effects, however, did not appear to be worse when compared 
to conventional treatment schedules. 

The accelerated fractionation regimens and the hybrid 
accelerated fractionation regimens proved more difficult to 
tolerate. Toxicity was significantly worse and survival not 

favorably impacted [29-34]. The continuous hyperfraction- 
ated accelerated radiation therapy (CHART) regimen is of 
particular note [33]. This study randomized patients to either 
1.5 Gy, three times daily for 12 consecutive days to a total 
dose of 54 Gy, or to 2 Gy once daily to a total dose of 66 Gy 
over 6.5 weeks (five treatment days per week). Locoregional 
control and survival were equivalent between the two 
treatment arms. Acute toxicity was significantly worse with 
the CHART regimen, although late morbidities were not. 

The recent publication of the results of the large Radiation 
Therapy Oncology Group Study 9003 are of particular 
import [35]. This trial randomized 1113 patients among four 
treatment arms (Fig. 31.1): (1) standard fractionation given at 
2 Gy per day to 70 Gy in 35 fractions over 7 weeks; (2) 
hyperfractionation given at 1.2 Gy per fraction, twice daily, 
5 days per week to 81.6 Gy in 68 fractions over 7 weeks; (3) 
accelerated fractionation with a split given at 1.6 Gy per frac- 
tion, twice daily, 5 days per week to 67.2 Gy, in 42 fractions 
over 6 weeks, including a 2-week rest after 38.4 Gy; or (4) 
accelerated fractionation with a concomitant boost given at 
1.8 Gy per fraction, once daily 5 days per week to the larger 
field, with a boost field being administered at 1.5 Gy per 
fraction as a second daily treatment for the last 12 treatment 
days to a total dose of 72 Gy in 42 fractions over 6 weeks. 

This study demonstrated significantly better locoregional 
control for those patients treated with hyperfractionation 
(arm 2) or accelerated fractionation with a concomitant 
boost (arm 4) when compared to the standard fractionation 
schedule. Overall survival was not improved significantly, 
although there was a trend toward improved disease-free 
survival in both of the more successful treatment arms. 
Those treated on arm 3, with the split course of accelerated 
fractionation, did not fare better than the standard fractiona- 
tion treatment arm. Acute side effects were worse in all three 
of the altered fractionation arms. Late effects did not appear 
to be different. It should be noted, however, that this study 
was not limited to those with unresectable disease. Patients 
with previously untreated stage III or IV tumors (and 
patients with stage II tumors of base of tongue or hypophar- 
ynx) were eligible. Nonetheless, the observations derived 
from this study should still be valid in a study limited to 
those with more advanced tumors. 

Altered fractionation radiation schedules have also been 
employed in conjunction with concurrent chemotherapy, as 
discussed later. Although benefit has been seen when 
compared to conventional radiation alone, it remains unclear 
whether the altered fractionation radiation or the concurrent 
chemotherapy is of greater importance. 

I1. I N D U C T I O N  CHEMOTHERAPY 

It has been recognized for some time that recurrent 
and/or metastatic head and neck cancer is surprisingly 
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FIGURE 31.1 

Arm 1 
SFX 

Standard fractionation: 
2 Gy/Fx, Q.D, 5 days/wk 
Total Dose: 70 Gy/35 Fx/7 wks 

Arm 2 
HFX 

Hyperfractionation: 
1.2 Gy/Fx, B.I.D, (> 6 hours apart), 5 days/wk 
Total Dose: 81.6 Gy/68 Fx/7 wks 

Arm 3 
AHFX-S 

Accelerated hyperfraction with spilt: 
1.6 Gy/Fx, B.I.D, (> 6 hours apart), 5 days/wk 
Total Dose: 67.2 Gy/42 Fx/6 wks. with 
a 2 week rest after 38.4 Gy 

Arm 4 Accelerated Fractionation with concomitant boost: 
AFX-C 1.8 Gy/Fx, Q.D. 5 days/wk to large field & 

1.5 Gy/Fx, Q.D., to boost field (> 6 hours after 
large field treatment) for 12 FX during last 2.5 wks 
Total Dose: 72.0 Gy/42 FX/6 wks 

Radiation Therapy Oncology Group 9003: Treatment schema. 

sensitive to systemic chemotherapy [5-7]. Response rates 
of 30 to 35% have been reported reproducibly after aggres- 
sive chemotherapy regimens using combinations such as 
5-fluorouracil and cisplatin (Table 31.1) [36-39]. Recent 
explorations of chemotherapy using the taxanes (paclitaxel, 
docetaxel) have been similarly encouraging [40-42]. 
This chemosensitivity led to the exploration of this treat- 
ment modality in patients with advanced but previously 
untreated disease. Similar to observations made in other 
solid tumors, it was noted that the previously untreated 
patient responded to chemotherapy almost twice as often 
as the patient who had undergone surgery and/or radi- 
ation [43,44]. This improved responsiveness could be attrib- 
uted both to the better performance status found in the 
previously untreated patient and to the presence of an 
intact blood supply undisturbed by prior intervention 
[45,46]. 

For example, when the 5-fluorouracil and cisplatin 
combination regimen is used in newly diagnosed patients, 
an overall response rate between 68 and 93% is seen, with 
complete response rates as high as 54% (Table 31.1) 
[47-52]. Chemotherapy sensitivity of this magnitude is 
remarkable for an epithelial tumor and approaches the 
success seen in the highly chemosensitive tumors, such as 
the lymphomas, small cell carcinoma of the lung, and 
testicular cancer. These results produced considerable opti- 
mism about the potential for incorporation of chemotherapy 
into multimodality treatment schedules and for an improve- 
ment in overall treatment success. This potential benefit 
from chemotherapy would be particularly important for 

those patients with advanced unresectable tumors, in whom 
radiation alone had only limited success. 

Induction or neoadjuvant chemotherapy is the multimodal- 
ity treatment schedule explored most extensively [53]. The 
recognition that chemotherapy was most effective if used 
prior to radiation therapy suggested that the best utilization of 
chemotherapy would be as the initial treatment approach, to 
downstage the size of the tumor and maximize its response 
to locoregional intervention [5,7,45,54]. The impact of 
chemotherapy on the low but finite incidence of distant metas- 
tases was unknown, but also a theoretical advantage. 

Many small phase II trials were initially conducted using 
induction chemotherapy prior to definitive surgical or 
nonsurgical management in patients with both resectable 
and unresectable cancers [55,56]. Most of these trials 
employed cisplatin-based combination regimens [57-60], 
although an experience using noncisplatin-containing com- 
binations also emerged [56]. The most widely used combi- 
nation remained the same 5-fluorouracil and cisplatin 
regimen that had proven successful in the palliative 
treatment of patients with recurrent disease. Although 
somewhat cumbersome to administer, it is a well-tolerated 
combination with a predictable toxicity profile. Attempts 
have been made to improve on this drug combination by 
modulating the 5-fluorouracil with agents such as leucov- 
orin; however, response rates have increased only margin- 
ally at the cost of a significant increase in toxicity [61-63]. 

This phase II experience resulted in several major obser- 
vations and conclusions. Tumor regression was found 
in between 60 and 90% of previously untreated patients and 
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TABLE 31.1 S e l e c t e d  Trials Us ing  5 -F luorourac i l  a n d  Cispla t in  

Complete Median survival 
Year No. of patients Response (%) response (%) (months) Reference 

Recurrent or metastatic disease 

Previously untreated disease 

1987 20 35 5 
1992 79 32 6 
1992 87 32 6 
1994 116 33 2 

1985 61 93 54 
1987 27 85 19 
1990 37 68 46 
1991 166 85 31 
1994 118 80 31 
1997 71 83 32 

6 
5.5 
6.6 

Not stated 

Mercier et  al. [36] 
Jacobs et  al. [37] 
Forastiere et  al. [38] 
Clavel et  al. [39] 

Rooney et  al. [47] 
Toohill et  al. [48] 
Martin et  al. [49] 
Wolf et  al. [50] 
Paccagnella et  al. [51 ] 
Athanasiadis et  al. [52] 

a complete response was possible in between 20 and 50% 
[5,6,45-47,54-60,64,65]. Even in these complete respon- 
ders, however, relapse could be expected without definitive 
treatment. Head and neck cancer does not yet appear to be 
a "chemocurable" disease such as lymphoma or testicular 
cancer, and single modality treatment with chemotherapy 
cannot be recommended [66]. Chemotherapy responses 
were observed to continue for at least the first three courses 
of treatment. Whether more than three courses are of 
value is unclear [47,64,65,67]. Furthermore, the use of 
induction chemotherapy did not appear to adversely affect a 
patient's tolerance for subsequent definitive management 
[47,52,54,58,59,68]. 

An observation felt important in organ preservation 
strategies was the recognition that a response to chemother- 
apy was predictive for a subsequent response to radiation 
therapy [69]. Furthermore, those patients with aneuploid or 
poorly differentiated tumors appeared to respond better to 
chemotherapy than those with diploid cancers [70]. 

Unfortunately, the success of initial chemotherapeutic 
intervention also interfered with patient compliance 
[45,46,71]. Complex multimodality treatment regimens and 
protracted treatment schedules often proved difficult in this 
poorly compliant patient population. A distressing and not 
infrequent occurrence was the patient who achieved an excel- 
lent response to induction therapy, but then chose to delay or 
decline the necessary definitive disease management. 

This extensive phase II experience convincingly demon- 
strated the feasibility of induction chemotherapy prior to 
definitive management. Results were rapid, dramatic, and 
gratifying. Convincing demonstration of a survival benefit, 
however, was necessary if the cost and toxicity of this 
approach were to be justified. Phase III randomized trials 
were required and, to the credit of the oncologists caring 
for this group of patients, a large number of high-quality 
studies were completed [53,65,72]. Results have been 
reported for both resectable patients treated with definitive 

surgery after induction chemotherapy and patients 
considered either inoperable or more appropriate for 
definitive radiation rather than for surgery. Table 31.2 details 
the results of these trials in patients for whom definitive 
management consisted of radiation therapy alone [51,73-78]. 
Although several of these studies characterized their 
patients as "inoperable," others may have included 
potentially resectable patients treated preferentially with 
radiation. 

Unfortunately, these studies have been quite convinc- 
ingly negative. Trials using both single agent and combination 
chemotherapy followed by definitive radiation therapy have 
failed to demonstrate a reproducible survival advantage with 
the neoadjuvant treatment schedule. Only Paccagnella et. al. 

[51] demonstrated any survival advantage in the unresectable 
subset of a larger patient population. Many of the other studies 
used a 5-fluorouracil and platinum-based chemotherapy regi- 
men and were quite large with significant statistical power. 

Failure of the induction chemotherapeutic approach was 
counterintuitive and multiple explanations were proposed 
[5-7,45,46,64,72]. Although some of the earlier studies were 
methodologically flawed or were flawed by the use of subop- 
timal chemotherapeutic combinations, more recent studies 
used 5-fluorouracil and platinum-based regimens [51,76,78]. 
Perhaps a better argument that can be made to explain the fail- 
ure of induction chemotherapy is the fact that chemotherapy is 
the least effective of the treatment modalifies available for this 
disease. Oncologically, it makes little sense to use a subopti- 
mal treatment as the first intervention, particularly when that 
intervention requires several months to administer [53,64]. 

Despite this failure of induction chemotherapy, wide- 
spread adoption of neoadjuvant approaches has been the 
rule. In 1997, Harrari [79] reported the results of a mail 
survey of 300 community cancer specialists, which 
attempted to identify the most frequent treatments for 
patients with locoregionally, advanced nonmetastatic 
squamous cell head and neck cancer. The single most 
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TABLE 31.2 Randomized Trials of Induction Chemotherapy Followed by Definitive Radiation 
versus Radiation Therapy Alone 

Year No. of patients Chemotherapy a Survival benefit Reference 

1980 638 M No Fazekas et al. [73] 
1983 86 VMFBHuMpC No Stell et al. [74] 
1987 116 VBPD No Szpirglas et al. [75] 
1992 100 PBVdMi No Jaulerry et al. [76] 
1992 108 FPVd No Jaulerry et al. [76] 
1992 42 CpFt No Tejedor et al. [77] 
1994 17 lb FP Advantage: chemotherapy b Paccagnella et al. [51 ] 
1996 166 FP No Domenge et al. [78] 

aF, 5-fluorouracil; P, cisplatin; V, vincristine; B, bleomycin; M, methotrexate; Vd, vindesine; Hu, hydroxyurea; Mi, mitomycin C; Cp, carboplatin; 
Ft, ftorafur; Mp, mercaptopurine; C, cyclophosphamide; D, doxorubicin. 

bUnresectable subset. 

common treatment approach proved to be induction 
chemotherapy with 5-fluorouracil and cisplatin followed 
by radiation therapy. Physicians cited the desire to 
improve both locoregional tumor control and overall 
survival using this treatment schedule, despite the fact 
that improvement in neither of these end points has 
been demonstrated successfully by randomized clinical 
trials. The persistence of the use of this therapeutic 
approach in the community, despite data that do not 
support it, remains a difficult problem. At present, one can 
only justify induction chemotherapy within the context of 
a clinical trial. 

Whether the recent incorporation of several newer 
chemotherapeutic agents, such as the taxanes, into more 
aggressive drug combinations might improve on the results 
of neoadjuvant therapy is unknown. It is difficult to imagine, 
however, that any drug or drug combination can signifi- 
cantly better the reproducible 90% response rates and up to 
50% complete response rates achieved with the 5-fluo- 
rouracil and cisplatin combination. As such it appears 
unlikely that any new regimen will impact survival when an 
induction schedule is utilized. 

!!I. ALTERNATING CHEMOTHERAPY 
AND RADIATION 

Rapidly alternating schedules of chemotherapy and radia- 
tion have also been tested in this disease. The rationale for this 
approach is that by interdigitating different treatment modali- 
ties rapidly, the development of treatment resistant tumor 
clones can be minimized. Furthermore, an interdigitating treat- 
ment schedule can allow for full therapeutic doses of 
chemotherapy and radiation to be given in as short a time, with 
as little toxicity, as possible. Merlano e t  a l .  [80, 81] have 
reported two randomized trials testing this approach in patients 
deemed unresectable at presentation. The first compared a 

sequential treatment schedule of four cycles of chemotherapy 
followed by definitive radiation with a schedule alternating four 
courses of chemotherapy with three partial courses of radiation 
given between the chemotherapy cycles. The chemotherapy 
was identical on both treatment arms and consisted of vinblas- 
fine, bleomycin, and moderate dose methotrexate with leucov- 
orin rescue. The complete response rate, progression-free 
survival, and overall survival were significantly better for 
patients on the alternating treatment arm. Even for this arm, 
however, the 4-year overall survival was only 22% [80]. 

The second randomized trial compared a similar alternat- 
ing treatment schedule of chemotherapy and radiation 
to radiation therapy alone [81]. The chemotherapy in this 
trial consisted of bolus injections of 5-fluorouracil and cis- 
platin on 5 consecutive days every 3 weeks. Once again, the 
complete response rate, progression-free survival, and 
overall survival were significantly improved by the interdig- 
itation of chemotherapy into the radiation therapy schedule. 
Once again, the long-term (5-year) overall survival, even on 
the multimodality arm, was only 24%. Further investigation 
of this concept is nonetheless clearly justified. 

IV. C O N C U R R E N T  CHEMOTHERAPY 
AND RADIATION 

Another approach taken in multimodality therapy has 
been an attempt to maximize the benefits of chemotherapy 
and radiation by giving these two treatments concurrently. 
The rationale for this recognizes that both chemotherapy 
and radiation therapy are independently active treatment 
modalities and that when used together there is the further 
potential for synergism (i.e., chemotherapeutic radiosensiti- 
zation). Furthermore, the concurrent use of these two 
modalities shortens the total treatment duration, improves 
patient compliance, and allows for a potential effect on 
micrometastases [6,14,46]. 
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There are several disadvantages to concurrent treatment, 
however. The simultaneous use of two independently toxic 
treatment modalities will produce greater toxicity than 
either treatment modality alone. This increase in toxicity 
frequently results in compromise of either the radiotherapy 
or the chemotherapy delivery; a therapeutic strategy that 
is clearly flawed [5,14,46]. These compromises have 
included the choice of single agent rather than combina- 
tion chemotherapy, chemotherapy dose reductions, or sub- 
optimal radiotherapy administration such as the use of 
split-course treatment schedules. Even with these compro- 
mises, however, phase II studies were sufficiently encourag- 
ing to prompt the performance of phase III clinical trials. 

The first concurrent chemoradiotherapy schedules stud- 
ied used full-course, uninterrupted radiation therapy along 
with single-agent chemotherapy. Radiation fractionation 
was, in general, conventional, although several of the recent 
trials used altered fractionation regimens. Although the 
chemotherapy by itself was recognized as suboptimal, in 
conjunction with the radiation it was, in theory, radiosensi- 
tizing [46]. Randomized trials have been conducted using 
many of the active single agents in this disease, including 
5-fluorouracil [25,82,83], methotrexate [84], bleomycin 
[85-88], mitomycin C [89,90], cisplatin [16,17,91,92], and 
carboplatin [91,93] (Table 31.3). This phase III experience 
since the mid-1970s has demonstrated a relatively 
consistent survival benefit using 5-fluorouracil, cisplatin, 
and carboplatin and an inconsistent benefit with bleomycin. 
It should be pointed out that the one negative randomized 
trial with single-agent cisplatin and simultaneous radiation 
was the first North American Intergroup unresectable trial, a 

study that used a weekly low-dose cisplatin schedule [16]. 
Subsequent studies using either a low-dose daily cisplatin 
regimen [91,92] or a high-dose regimen given every 3 weeks 
[17] demonstrated a clear survival advantage over radiation 
therapy alone. 

It should also be pointed out that these studies in general 
were performed in patients with locally advanced unre- 
sectable tumors. In particular the first intergroup study [ 16], 
which tested the weekly concurrent low-dose cisplatin 
regimen, had carefully defined entry criteria to ensure 
that only unresectable patients were enrolled. Although 
a negative study, the same entry criteria were again 
used in INT 0126, the second-generation intergroup 
randomized trial [17] (Fig. 31.2). This study compared 
radiation therapy alone, given in a conventional fractiona- 
tion schedule (arm A), to a high-dose cisplatin regimen 
given every 3 weeks with radiation therapy (arm B), to 
a third arm using an unconventional split-course radiation 
and concurrent combination chemotherapy schedule with 
5-fluorouracil and cisplatin (arm C). This third treatment 
schedule was designed with the hope that patients initially 
deemed unresectable might be rendered surgically 
resectable after limited preoperative chemotherapy and 
radiation. 

The results of this study clearly demonstrated an improved 
survival for patients treated with the concurrent chemoradio- 
therapy regimen using high-dose cisplatin given every three 
weeks when compared to radiation therapy alone. The split- 
course radiation therapy and combination chemotherapy arm, 
however, was not statistically different than either of the other 
two treatment regimens. The lack of improvement seen from 

TABLE 3 1 . 3  R a n d o m i z e d  Trials of  Defini t ive R a d i o t h e r a p y  v e r s u s  C o n c u r r e n t  S ing l e -Agen t  C h e m o r a d i o t h e r a p y  

Year No. of patients Chemotherapy a Radiation (Gy) Survival benefit Reference 

1976 136 F 60-70 Yes Lo et  al. [82] 
1990 859 F 60 Yes Sanchiz et al. [25] 
1994 175 F 66 Marginal Browman et al. [83] 
1987 313 M 45-55 Marginal Gupta et al. [84] 
1980 157 B 55-60 Yes Shanta and Krishnamurthi [85] 
1985 222 B 65 No Vermund et al. [86] 
1987 104 B 70 Yes c Fu et al. [87] 
1988 199 B 70 No Eschwege et al. [88] 
1989 39 b Mi 68 No Weissberg et  al. [89] 
1998 188 Mi 70 Yes Dobrowsky et al. [90] 
1990 319 P 68-78 No Haselow et al. [16] 
1997 159 P 70 Yes Jeremic et al. [91] 

Cp 70 Yes 
2000 130 P 77 Yes Jeremic et al. [92] 
2000 295 P 70 Yes Adelstein et al. [ 17] 
1996 130 Cp 70 Yes Gabriele et al. [93] 

aF, 5-fluorouracil; M, methotrexate; B, bleomycin; Mi, mitomycin C; P, cisplatin; Cp, carboplatin. 
bNonsurgical patients only. 
CRelapse-free survival. 
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FIGURE 31.2 Second-generation Intergroup Unresectable Trial INT 0126: Treatment schema. 

the use of a multiagent chemotherapy regimen was felt to rep- 
resent the detrimental impact of the split-course radiation 
therapy, which was not compensated for by the number of 
surgical resections ultimately performed. This intergroup 
study, as well as its predecessor, allowed for salvage surgical 
procedures to be performed for patients with less than 
complete responses or with a locoregional recurrence after 
definitive nonoperative treatment. This proved possible on 
both studies. Oftentimes, however, the surgical procedure 
performed was a neck dissection after achievement of a com- 
plete response at the primary site. 

Concurrent multiagent chemotherapy and radiation 
regimens have also been pursued by a number of other inves- 
tigators, often quite tentatively, however, due to the expected 
toxicity. As a result, as in INT 0126, suboptimal radiotherapy 
treatment schedules (and/or drug combinations) have often 
been employed. Studies using aggressive and uncompro- 
mised radiation therapy along with concurrent multiagent 
chemotherapy have been much more consistent in demon- 
strating both a survival and a locoregional control benefit 
(Table 31.4) [94-99]. Although unresectable disease was not 
always an entry criterion for all of these studies, these 
results are highly encouraging. Toxicity with these sched- 
ules has been, as expected, significant, but manageable, and 
further study of these approaches is clearly indicated. 

Several of the single-agent trials [90,92] and several of 
the multiagent trials [94,97,98] also employed altered 
fractionation radiation schedules. All demonstrated further 
benefit by the addition of concurrent chemotherapy. 

Taylor et  al. [100] conducted a randomized comparison 
in unresectable patients between concurrent 5-fluorouracil 
and cisplatin chemoradiotherapy and a sequential induction 
treatment schedule using the same drugs followed by 
definitive radiation. An improved progression-free survival 
but not overall survival was seen for the concurrent treat- 
ment approach. Pinnaro et  al. [101] tested a similar ques- 
tion, but used single-agent cisplatin concurrently with 
radiation compared to induction 5-fluorouracil and cisplatin 
followed by radiation. No differences in survival were 
identified. 

Meta-analysis data have been confirmatory. Four separate 
meta-analyses, performed to assess the value of chemotherapy 
in patients with head and neck cancer, failed to demonstrate a 
survival advantage for the neoadjuvant approach [102-105]. 
The most recent and largest of these meta-analyses, from the 
MACH-NC group based in France, reviewed 63 randomized 
trials, including over 10,000 patients, using updated individual 
patient data [105]. No survival advantage was identified for 
either a neoadjuvant or an adjuvant treatment schedule. 
Patients treated with concomitant chemoradiotherapy, however, 
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TABLE 31.4 Randomized Trials of Definitive Radiotherapy versus Concurrent Multiagent Chemoradiotherapy 

Year 

Survival Locoregional 

No. of patients Chemotherapy a Radiation (Gy) benefit control benefit Reference 

1992 

1993 

1995 

1998 

1998 

1999 

32 b FP 72 (bid, split) Yes c - Weissler et  al. [94] 

209 FMi 50 (split) No No Keane et al. [95] 

49 MiB 66-70 Yes d - Smid et  al. [96] 

270 FPLV 70.2 (bid, split) Yes Yes Wendt et  al. [97] 

116 e FP 70-75 (bid) Yes Yes Brizel et  al. [98] 

226 FCp 70 Yes Yes Calais et  al. [99] 

a E 5-fluorouracil; P, cisplatin; Mi, mitomycin C; B, bleomycin; LV, leucovorin; Cp, carboplatin. 
bUnresectable subset. 
CDisease-specific survival. 
dDisease-free survival. 
eOnly 62 patients considered unresectable. 

predominantly an unresectable group, had an absolute 5-year 
survival benefit of 8% (p < 0.0001). It is of particular note that 
this meta-analysis did not include those trials in Table 31.4, 
which were reported since 1993, many of which are even more 
convincing. 

It must be stressed that these kinds of concurrent treat- 
ment schedules are associated with significant toxicity, far 
in excess of that commonly seen after single modality 
radiation alone [14,15]. The success of such concurrent 
treatment is possible only with intensive supportive meas- 
ures. Close nursing and physician follow-up, active dental 
prophylaxis, early and appropriate antibiotic usage, and 
aggressive supportive alimentation are necessary. Feeding 
tubes are now almost routinely employed in an effort to 
avoid the treatment breaks that would previously have been 
required due to mucositis and dysphagia [98,106]. Clearly it 
does very little good to initiate an aggressive concurrent 
treatment plan only to find that it must be delayed due to 
treatment toxicity. The importance of maintaining dose 
intensity cannot be overemphasized. 

The use of feeding tubes during aggressive treatment 
with concurrent chemotherapy and radiation, however, has 
been associated with the emergence of newer consequential 
late toxicities [107]. One significant concern has been the 
persistence of feeding tube dependence in patients treated 
with aggressive chemoradiotherapy [108]. While some of 
this may reflect the locally advanced nature of the tumor at 
presentation, which produced a baseline compromise in 
swallowing, much also appears to reflect the protracted period 
of time during which the chemoradiotherapy-induced 
mucosal inflammation precludes any adequate oral intact. 
This, coupled with baseline tumor-induced functional 
changes, allows stricturing and scarring of the oropharyngeal 
structures. The resultant dysphagia may be irreversible and 
certainly requires aggressive diagnostic and therapeutic 
intervention. 

V. FUTURE DIRECTIONS 

Building on recent success, a number of future therapeu- 
tic possibilities have emerged. Since the early 1990s, 
several new chemotherapeutic agents have been made 
available for clinical study and use. Many of these have 
radiosensitizing properties and are currently undergoing 
intensive investigation in the head and neck cancer popula- 
tion. In particular the taxanes (paclitaxel, docetaxel) have 
demonstrated significant activity when used in the metasta- 
tic disease setting and as first-line therapy in previously 
untreated patients [40-42,109-111]. Whether they will add 
significantly to the results of definitive management in this 
disease or whether they have an improved toxicity profile 
remains to be seen. Other agents, including gemcitabine, 
vinorelbine, and the topoisomerase I inhibitors, require 
further testing [ 112-114]. 

The University of Tennessee Group has revived and 
updated an older treatment approach of intraarterial 
chemotherapy. Robbins et al. [ 115] have explored the use of 
high-dose intraarterial cisplatin and concomitant radiation 
therapy for locoregionally advanced head and neck cancers. 
Promising results have been reported both from a single 
institutional trial and from a multi-institutional Radiation 
Therapy Oncology Group pilot study [116]. Locoregional 
control appears excellent, although concern has been raised 
about the development of distant metastases. The 
chemotherapy administration procedure is technically 
challenging and requires considerable experience, but has 
proven feasible. 

Gene therapy, particularly that directed at the p53 tumor 
suppressor gene, has been studied in several centers [117, 
118]. Restoration of wild-type p53, however, is dependent 
on viral vectors for delivery. These delivery methods are 
cumbersome and at present are confined to locoregional 
tumors [ 119]. Efficacy has, nonetheless, been demonstrated, 
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and the integration of this treatment modality into more 
definitive management remains a theoretical and attractive 
possibility. 

Monoclonal antibodies and other agents directed against 
an epidermal growth factor have also emerged as a potentially 
powerful intervention. Clinical trials are underway and pre- 
liminary results are encouraging [120,121]. These agents are 
particularly well tolerated from a toxicity viewpoint and may 
represent an exciting new treatment modality for this disease. 

Along with these newer therapeutic initiatives has come 
a renewed interest in the end result of our interventions. It 
has long been recognized that disease eradication, while a 
valid and appropriate end point for antineoplatic therapy, 
must also consider the quality of the life preserved. As 
discussed previously, aggressive chemoradiotherapeutic 
interventions produce significant toxicities, some of which 
may prove permanent. The implications, for example, of 
long-term feeding tube dependence after aggressive treat- 
ment of a head and neck cancer must be addressed and 
quality of life issues formally studied. A number of vali- 
dated tools have been developed over the past decade and 
are currently being tested in a randomized fashion in an 
effort to answer these kinds of questions [ 122]. 

Toxicity modification thus becomes an important direc- 
tion for further study. The notion of chemotherapy and 
radiotherapy protectants is an attractive one and has been 
explored with the hope that we can better support our 
patients through these intensive therapeutic interventions 
[123]. Well-established protectants include such drugs as 
mesna for Ifosfamide-induced urothelial toxicity and the 
hematopoietic colony-stimulating factors (filgrastim and 
sargramostim) used in the prevention of neutropenia after 
myelosuppressive chemotherapy [ 124]. 

Several agents have been suggested as protectants to 
obviate the mucosal toxicity of aggressive chemoradiother- 
apy. Amifostine, in particular, has been studied in this 
regard. Although initial studies were promising, the single 
randomized trial performed thus far failed to demonstrate a 
significant mucosal protective effect from this agent [125]. 
The drug did appear to decrease the incidence of acute 
and late xerostomia in patients undergoing radiation therapy 
to the head and neck region, however. Other potential agents 
of interest include hematopoietic colony-stimulating factors 
[126]. Data in support of their use, however, are limited. 
Glutamine has also been suggested as a mucosal protectant 
and is currently being studied in patients undergoing 
radiation therapy. 

The potential role of surgery in the management of the 
unresectable patient continues to be raised. In general, the 
radiation therapist and the medical oncologist have managed 
patients deemed unresectable at presentation, with no 
further thought given to surgical intervention. Several 
studies, however, have considered the role of salvage surgi- 
cal resection after initial nonoperative management for those 

with locoregionally advanced previously "unresectable" 
tumors. The first intergroup unresectable trial allowed for 
such surgical salvage, which was successful in a small 
percentage of individuals [ 16]. 

The second intergroup unresectable study (INT 0126) 
allowed for both midcourse surgery on the multiagent 
chemoradiotherapy arm (Fig. 31.2) and for salvage surgery 
on all three arms if deemed appropriate [17]. Although 
primary site surgery was performed in only 8% of the 
patients, an additional 12% of these patients had achieved 
local control of their primary tumor after radiation therapy 
alone or after chemoradiotherapy, and subsequently under- 
went a neck dissection in an effort to achieve disease control 
in the neck. Thus 20% of these well-defined "unresectable" 
patients underwent some kind of surgical procedure after 
initial nonoperative management. The role of neck dissec- 
tion in patients initially treated nonoperatively has been 
reviewed extensively [127,128]. It remains a valuable and 
important role for surgery, even in these patients with 
advanced "unresectable" disease. 

The increasing ability to achieve locoregional disease 
control has been accompanied by an increasing incidence 
of distant metastases, an alteration in natural history 
resulting from treatment success [9,10]. Therapeutic inter- 
ventions, such as the use of more aggressive or alternative 
chemotherapeutic agents, may be appropriate, even in 
induction or adjuvant treatment schedules, with the specific 
goal of decreasing distant recurrences. 

What emerges is a progressive blurring of the distinction 
between resectable and unresectable patients. Nonoperative 
interventions, particularly concomitant chemotherapy and 
radiation, have been successful in achieving locoregional 
disease control and in allowing surgery to be reserved for 
salvage therapy, neck disease control, or for specific worri- 
some indications such as bone involvement. Randomized 
clinical trials have already suggested equivalent survival 
when surgery and radiation are compared to chemotherapy 
and radiation for advanced larynx cancer [50] and advanced 
cancer of the hypopharynx [ 129]. Study is underway extend- 
ing these observations to other primary sites. Allocation 
of patients at diagnosis to either a "resectable" or an "unre- 
sectable" group becomes less critical than a decision about 
the best initial oncologic intervention and whether that 
should be surgical or nonsurgical. 
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I. INTRODUCTION 

The integration of chemotherapy into the initial manage- 
ment of locally advanced cancers of the head and neck has 
been under study since the 1970s. Over the course of nearly 
three decades, the design of these trials has shifted from 
simply adding chemotherapy to radical surgery and radio- 
therapy with the goal of improved survival to focus on organ 

preservation or, more precisely, organ function conserva- 
tion. This can be achieved by combining chemotherapy 
and radiotherapy and reserving surgery to manage the 
neck, when indicated. Two nonsurgical strategies that have 
been tested extensively are (1) induction chemotherapy 
followed by radiotherapy in responding patients and (2) 
concurrent radiotherapy and chemotherapy. Data from 
uncontrolled feasibility studies and prospective randomized 
trials are available to guide the appropriate use of nonoper- 
ative therapies for squamous cell cancers originating in 
the larynx, hypopharynx, and oropharynx. Although the 
distinction between resectable and unresectable disease 
has become somewhat blurred, organ function preservation, 
by definition, applies to those situations in which the alter- 
native treatment strategy is surgery that results in substantial 
impairment of speech or swallowing function. 

11. LARYNGEAL PRESERVATION: CANCERS OF 
THE LARYNX AND HYPOPHARYNX 

Induction chemotherapy trials utilizing cisplatin-based 
combination chemotherapy for several cycles followed by 
surgery and radiotherapy were designed in the late 1970s 
and early 1980s to improve local-regional control and 
survival. These trials were stimulated by the observation 
that patients with newly diagnosed, untreated disease 
demonstrated rapid reduction of tumor in response to cis- 
platin-based chemotherapy. It was noted that not only were 
the highest rates of clinical complete and partial response 
occurring with larynx cancer, but larynges were being 
removed that had no evidence of residual squamous cell 
cancer [ 1 ]. 

Head and Neck Cancer 4 7 5  
Copyright 2003, Elsevier Science (USA). 

All rights reserved. 
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Cisplatin (100 mg/m 2 day 1) and infusional 5-fluorouracil 
(5-FU) (1000mg/mZ/day, days 1-5) is the standard treat- 
ment regimen and results in an overall response rate of 85% 
and clinical complete response ranging from 30 to 50% 
[2-4]. Pathologic complete response confirmed by biopsy or 
resection occurs in two-thirds of clinical complete respon- 
ders. Furthermore, when sequenced with radiotherapy, the 
response to chemotherapy is predictive of radiosensitivity. 
These observations led investigators to conduct feasibility 
trials of induction chemotherapy followed by radiotherapy 
to preserve the larynx. Surgery was reserved for salvage 
of chemotherapy nonresponders or for management of per- 
sistent or recurrent disease. The results of these small, 
uncontrolled trials suggested that the larynx could be 
preserved without compromise in survival [5-7]. 

The second strategy for organ preservation is the admin- 
istration of chemotherapy concurrent with radiotherapy to 
take advantage of radiation-enhancing properties of cis- 
platin, 5-FU, and other cytotoxics active against head and 
neck cancer. This strategy has been investigated in the treat- 
ment of unresectable head and neck cancer for decades. 
Recently completed trials have demonstrated significant 
improvement in local-regional control, disease-free survival, 
or overall survival when compared to radiotherapy alone in 
unresectable cancers and in site-specific trials of advanced 
cancers of the nasopharynx and the oropharynx [8-12]. 

Published data with long follow-up are available using 
the induction chemotherapy strategy to preserve the larynx 
for resectable stage III and IV cancers of the larynx and 
stages II, III, and IV cancers of the hypopharynx [13,14] 
(Table 32.1). A large randomized trial evaluating concurrent 
chemotherapy and radiotherapy in advanced larynx cancer 
has been completed by the U.S. Intergroup and the results 
reported in preliminary abstract form [15]; a similar trial in 
hypopharynx cancer is in progress in Europe. The results of 
these trials form the basis for current treatment guidelines 
and will be reviewed. 

Two multicenter trials for resectable stage III and IV 
larynx cancers have been completed in the United States and 
both serve as landmark studies [ 13,15]. The first, conducted 
by the Department of Veterans Affairs Laryngeal Study 
Group, directly compared the standard of care, total laryn- 
gectomy followed by radiotherapy, to an organ preservation 
approach consisting of induction cisplatin/5-FU for a maxi- 
mum of three courses followed by 70 Gy of radiotherapy 
[16]. This trial showed that preservation of the larynx was 
successful in 62% of surviving patients treated with induc- 
tion chemotherapy and there was no significant difference 
in survival of this group compared to those in the 
surgery treatment group. The details of the trial and results 
have been analyzed extensively and published [13,16-19]. 
A total of 332 patients with stage III or IV squamous cell 

TABLE 32.1 Laryngeal Preservation Trials 

No. of 
Group patients Site T stage Treatment a Survival 

Laryngeal 
preservation 
in survivors 

VACSP 332 Supraglotic 63% 
Glottic 37% PF-->RT 
T1-2 9% S-->RT 
T3 65% 
T4 26% 

INT R91-11 547 Supraglotic 69% 
Glottic 31% PF--->RT 
T2 11% RT+P 
T3 79% RT 
T4 10% 

EORTC 202 Epilarynx 22% 
Hypopharynx 78% PF-->RT 
T2 19% S-->RT 
T3 75% 
T4 6% 

MACH-NC 602 Larynx 73% 
meta-analysis Hypopharynx 26% PF-->RT 

T1-2 12% S-->RT 
T3-4 77% 

3 years 
53% 
56% 

2 years 
76% 
76% 
77% 

3 years 
57% 
43% 

5 years 
39% 
45% 

l 0 years 
25% 
30% 

5 years 
62% 

2 years b 
58% (74%) 
68% (88%) c 
530 (69%) 

3 years 
48% 

5 years 
58% 

aPE cisplatin +5-FU • 2-3 cycles; RT, radiotherapy, S, surgery. 
bLarynx preserved at last follow-up or time of death. 
cStatistically significant difference. 
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cancer of the larynx were enrolled. One-third had glottic 
cancer and two-thirds had supraglottic cancer; 57% of 
patients had stage III disease and 43% stage IV. The study 
was designed to utilize laryngectomy as salvage treatment 
for patients in the organ preservation arm whose response 
after two courses of cisplatin/5-FU was less than partial or 
for persistent or recurrent disease following completion of 
radiotherapy. 

A total of 166 patients were randomized to the organ 
preservation treatment arm. Of these patients, 78% proceeded 
to radiotherapy whereas 16% underwent laryngectomy 
because of poor response to chemotherapy and 6% died or 
refused further therapy. Biopsies taken in 101 patients after 
the third course of chemotherapy documented a 63% patho- 
logic complete response to induction chemotherapy. Five- and 
ten-year survival rates were 46 and 30% for the surgery group 
and 42 and 25% for the chemotherapy organ preservation 
group. An important finding in this trial was a difference in 
the pattern of first failure for the two treatments. More local 
recurrences (12% vs 2%, p=0.001) and fewer distant metas- 
tases (11% vs 17%, p = 0.001) were observed in the organ 
preservation treatment group as a site of first failure. Factors 
predicting response to chemotherapy and successful organ 
preservation were a lower T stage (T1-3 vs T4), p53 overex- 
pression, and elevated proliferating cell nuclear antigen [ 17]. 

The Veterans Administration trial included assessments 
of functional outcomes related to communication, swallow- 
ing, and eating [20]. These assessments showed very clearly 
that patients who had a preserved larynx had significantly 
better speech intelligibility, reading rates, and communi- 
cation profiles across 6-, 12-, and 24-month time points 
following randomization. Only a small percentage of 
patients undergoing total laryngectomy developed usable 
esophageal speech (6%) or remained nonvocal (8%), 
whereas the majority communicated with the aid of an arti- 
ficial electrolarynx (55%) or tracheo-esophageal speech 
(31%). No significant differences were found in swallowing 
function. These favorable results for preservation of speech 
without decrement in survival led to the acceptance of 
induction chemotherapy with cisplatin and 5-fluorouracil 
followed by radiation therapy as a standard of care alterna- 
tive to total laryngectomy for the management of locally 
advanced larynx cancer. 

The precise contribution of chemotherapy, however, was 
not addressed by this trial and remained a contentious issue. 
Outside of the United States, Canada and Great Britain in 
particular, radiotherapy as a single modality is the treat- 
ment of choice for larynx preservation [21], but this 
approach is generally reserved for selected patients with 
T3-4, N0-1 larynx cancers, a less advanced patient popula- 
tion than those enrolled in the Veterans Administration trial. 
To formally address this question of the contribution of 
chemotherapy and also to address the question of optimal 
sequencing of chemotherapy and radiotherapy, the U.S. 

Intergroup embarked on a three-arm follow-up trial, which 
has recently undergone a first analysis [ 15]. 

The Intergroup trial, designated R91-11, had three 
treatment groups into which 547 patients were random- 
ized. The control arm consisted of induction cisplatin and 
5-fluorouracil followed by radiotherapy and was identical to 
the organ preservation arm of the Veterans Administration 
trial. The two experimental arms were (1) radiotherapy and 
concurrent cisplatin (100mg/m 2) administered on days 1, 
22, and 43 and (2) radiotherapy alone. The radiotherapy was 
the same in all treatment groups, a total of 70 Gy delivered 
using once-daily factions of 200cGy. Laryngectomy was 
reserved for salvage of treatment failures in all groups. 
Because R91-11 was a study of nonoperative treatment of 
larynx cancer, eligible patients had less advanced disease 
than those in the Veterans Administration trial. Patients with 
high-volume T4 disease (tumor penetrating through carti- 
lage or greater than 1 cm into the base of tongue) were not 
eligible. The characteristics of the enrolled patients (80% T3 
and 72% N0-1 stage) showed that this trial was mainly an 
evaluation of T3, N0-1 disease. The key findings of the trial 
were the following: (1) a 2-year survival rate of 76%, which 
did not differ by treatment; (2) no significant difference in 
larynx preservation rates for patients in the induction treat- 
ment group compared to treatment with radiotherapy alone; 
(3) significantly higher rates of larynx preservation after 
treatment with radiotherapy and concurrent chemotherapy 
compared to either induction chemotherapy or radiotherapy 
alone; and (4) a significant reduction in distant metastases 
for patients receiving chemotherapy compared to those in 
the radiotherapy alone treatment group. 

These results will influence treatment guidelines [22] for 
advanced cancer of the larynx in the following manner. 
First, it is now clear that for the purpose of achieving larynx 
preservation for T3 and low-volume T4 cancers, radiother- 
apy alone is inferior to radiotherapy combined with 
chemotherapy and that sequential (induction) chemotherapy 
and radiotherapy is inferior to concurrent chemotherapy and 
radiotherapy. Therefore, the standard of care for larynx 
preservation for patients with T3, N0-3 glottic or supraglot- 
tic cancers and low-volume T4 supraglottic cancers should 
be radiotherapy with concurrent cisplatin, plus management 
of the neck as dictated by the initial N stage and response to 
treatment [21,22]. Most patients with T4 glottic cancers and 
high-volume T4 supraglottic cancers are unlikely to achieve 
successful preservation of a functioning larynx and gener- 
ally will be managed with primary surgery. 

It is important to note that chemotherapy added to radio- 
therapy is associated with substantially more toxicity than 
radiotherapy alone. Therefore, in view of the failure of 
chemotherapy to improve survival, patients who desire 
preservation of their voice but have poor performance status 
or weak psychosocial support systems should be offered 
radiotherapy alone. 
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A similar approach to study organ preservation has been 
followed for cancer of the hypopharynx. The European 
Organization for Research and Treatment of Cancer 
(EORTC) conducted a multicenter trial in which 202 
patients were randomly assigned treatment with the standard 
of care, total laryngectomy with partial pharyngectomy and 
neck dissection, or induction cisplatin and 5-fluorouracil for 
up to three courses followed by radiotherapy [ 14]. Eligible 
patients had stage T2-4, N0-2b resectable, squamous cell 
cancer of the aryepiglottic fold (lateral epilarynx) or pyri- 
form sinus. This trial demonstrated survival equivalence 
with an overall survival rate of 47% at 4 years and 18% at 6 
years. The rates of survival with a functioning larynx at 4 
and 6 years were 23 and 10%, respectively [14,23]. There 
were no differences in rates of local and regional failure 
between the two treatment groups; however, the develop- 
ment of distant metastases was delayed in the chemotherapy 
group. These results closely parallel those of the Veterans 
Administration Laryngeal Study Group trial and form the 
basis for treatment guidelines for advanced cancer of the 
hypopharynx, which has a notably poor prognosis. 

In progress in Europe is a follow-up EORTC trial address- 
ing the question of whether organ preservation and survival 
may be improved with the administration of chemotherapy 
concurrent with radiotherapy. This trial directly compares (1) 
induction cisplatin and 5-fluorouracil (standard dosing for up 
to three courses) followed by radiotherapy and (2) radiother- 
apy and concurrent cisplatin (100mg/m 2) on days 1, 22, and 
43. Institutions have the option of using conventional or twice- 
a-day fractionated radiotherapy. A survival benefit and/or 
improved local-regional control has emerged from a number 
of recently completed trials of concurrent chemoradiation 
compared to radiotherapy alone in mixed site trials of 
resectable and unresectable patients [10-12,24]. These data 
are encouraging and suggest that the concurrent treatment 
approach for organ preservation may also emerge as a superior 
treatment strategy for cancer of the hypopharynx. At present, 
the evidence-based treatment guidelines recommend induc- 
tion chemotherapy with cisplatin and 5-fluorouracil followed 
by radiotherapy in complete responders (per the EORTC trial) 
for patients with resectable T2--4, N0-3 cancers or enrollment 
in a multimodality clinical trial [22]. The alternative is laryn- 
gopharyngectomy and neck dissection. Radiation alone is lim- 
ited to selected patients with early T stage disease to preserve 
function and has no role in the management of more advanced 
resectable disease. Notably poor survival results (2.4% at 
5 years) have been reported using radiotherapy alone to treat 
more advanced stage disease [21,22] compared with 30% 
survival rates from surgical series [25,26]. 

Four meta-analyses of chemotherapy added to local- 
regional treatment covering the published literature up 
to 1993 have been reported [27-30]. All four studies 
demonstrated a small survival advantage from the addition 
of chemotherapy and this was mainly attributable to those 

patients receiving chemotherapy concurrent with radiother- 
apy. In the analysis reported by Pignon and colleagues [27] 
using individual patient data, a separate analysis of 601 
patients enrolled in trials to preserve the larynx showed 
a larynx preservation rate of 58% of surviving patients at 
5 years and a nonsignificant difference in survival (45% 
for surgery vs 39% for induction chemotherapy and 
radiotherapy) after a median follow-up of 5.8 years. 

It is apparent that there are few well-designed large 
site-specific trials that can be used to develop new standards 
of care. The theoretical rationale for concurrent chemother- 
apy and radiotherapy is well described [31,32]. However, 
successfully mounting a trial that compares radical surgery 
with nonoperative management is unlikely to be feasible 
due to physician biases and patient preferences. Therefore, as 
new cytotoxic combinations and novel therapeutics come 
into clinical trials in head and neck cancer, the evaluation 
of nonoperative therapies must include rigorous assess- 
ments of speech and swallowing function and indices of 
quality of life. 

!il. ROLE OF CHEMOTHERAPY 
IN PRESERVATION OF 

THE OROPHARYNX 

The success of laryngeal preservation trials has stimu- 
lated interest in extending radiation therapy-based organ 
preservation strategies to other head and neck sites, particu- 
larly the oropharynx. Until recently, the only alternative to 
surgical resection and its associated morbidities was con- 
ventional fractionation external beam radiation therapy. 
Improvements in the local control of oropharyngeal cancers 
with primary radiotherapy have been achieved recently with 
the use of altered fractionation radiotherapy protocols 
(hyperfractionated and accelerated) [33,34]. In addition, 
single institutional case series have demonstrated impressive 
local control rates for cancers of the tonsil and base of 
tongue with conventional fractionation radiotherapy and 
iridium brachytherapy boost [35-37]. Local control is fur- 
ther enhanced by concomitant administration of platinum- 
based chemotherapy and either conventional fractionation 
[9,38] or hyperfractionated [12,39] radiotherapy. To date, no 
randomized trials have compared local control or survival 
achieved with surgical resection of oropharyngeal cancer to 
that achieved with primary radiation therapy with or without 
induction or concomitantly administered chemotherapy. 
It remains the standard in many institutions for patients with 
resectable, oropharyngeal cancer to be treated with surgery 
and postoperative radiation therapy. When a nonsurgical 
approach is considered for a patient with resectable, 
oropharyngeal cancer to preserve speech and swallowing 
function, therapeutic options now include conventional 
fractionation radiation therapy with brachytherapy boost, 
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hyperfractionated radiotherapy, accelerated radiotherapy, 
or combined modality therapy with conventional or 
altered fractionation radiotherapy and cisplatin-based 
chemotherapy. 

Local control of tongue base or tonsillar tumors with 
conventional fractionation radiotherapy has never formally 
been compared to that achieved with conventional fraction- 
ation plus brachytherapy boost. Single institutional studies 
that have included predominantly T1, T2, and T3 tumors 
have reported local control rates at 5 years of over 80% 
[36,37,40,41] and demonstrated improved speech and 
swallowing function in patients treated with conventional 
fractionation plus brachytherapy boost compared to surgi- 
cally treated patients [35,36]. However, similar control rates 
have been reported in case series of patients treated with 
hyperfractionated radiotherapy [42], and therefore both of 
these treatment approaches are acceptable for T1, T2, and 
most T3 tumors. Factors reportedly associated with poor 
local control with primary radiation therapy include bone 
invasion [42], deeply invasive as compared to exophytic 
tumors [43], and tonsillar tumors that extend into the base of 
tongue or mobile tongue [37]. Factors associated with 
poor outcomes with brachytherapy treatment of base of 
tongue tumors include extension into the hyoid, posterior 
pharyngeal wall, or preepiglottic space [40]. Surgical resec- 
tion is therefore preferred in patients with these features. 
However, surgical morbidities are considerable in this 
patient population, given that total glossectomy and/or 
laryngectomy may be required in approximately 20% to 
achieve negative surgical margins [44]. Local control and 
survival at 5 years is 25-30% in this patient population in 
surgical series [42,44]. 

Concurrent chemoradiation therapy is the standard of 
care for patients with unresectable, oropharyngeal cancer 
and a good performance status. This combined modality 
therapy demonstrated significant improvement in survival in 
a meta-analysis of individual data from over 10,000 patients 
participating in trials comparing primary radiation therapy 
plus chemotherapy to a control arm of standard locoregional 
therapy alone [27]. After a median follow-up of 5.9 years, 
chemotherapy reduced the hazard of death by 10% [hazard 
ratio (HR) 0.90, 95% confidence interval (CI) 0.85-0.94)], 
which corresponded to an absolute survival benefit of 4% at 
2 and 5 years. Both adjuvant (HR 0.98, 95% CI 0.85-1.19) 
and neoadjuvant (HR 0.95, 95% CI 0.88-1.01) chemother- 
apy had no effect on overall survival. However, concomi- 
tantly administered chemotherapy resulted in a 19% 
reduction in risk of death (HR 0.81, 95% CI 0.76-0.88), 
which corresponded to a 7 and 8% absolute benefit at 2 and 
5 years, respectively. Chemotherapy regimens that included 
more than one drug had a greater effect on overall survival 
than single-agent chemotherapy (HR 0.69 versus 0.87). The 
benefit of chemotherapy on survival declined as a function 
of age: patients under the age of 60 had the greatest benefit. 

Several additional meta-analyses have reported similar 
improvements in overall survival in patients receiving 
concomitantly administered chemotherapy and radiation 
[30,45] and reported additional outcomes of interest. In a lit- 
erature-based meta-analysis of 42 randomized clinical trials, 
patients who received chemotherapy were significantly 
more likely to experience delays in the administration of 
radiotherapy, mucositis, nausea, bone marrow toxicity, 
and treatment-related deaths. However, response rates and 
local-regional control at 2 years were improved significantly 
with the addition of chemotherapy [30]. Cisplatin and 
5-fluorouracil-based combination chemotherapy regimens 
were found to have the greatest impact on mortality. In 
contrast, mitomycin, 5-fluorouracil, and bleomycin-based 
regimens were not found to reduce mortality significantly 
[45]. The role of chemotherapy in oropharyngeal preserva- 
tion with primary radiation therapy is reviewed. 

A. Clinical Trials D e m o n s t r a t i n g  Benefi t  of  

C h e m o r a d i a t i o n  in Pa t i en t s  wi th  A d v a n c e d  

O r o p h a r y n g e a l  C a n c e r  

Early clinical trials evaluating the addition of chemother- 
apy to conventional fractionation radiotherapy suggested 
that the benefits were most marked for patients with oropha- 
ryngeal cancers. Local control was improved with the addi- 
tion of mitomycin and bleomycin chemotherapy (24 versus 
63%, p = 0.015) to conventional fractionated radiotherapy 
in a small trial in which the majority of patients had 
oropharyngeal cancers (33 of 49) [46]. Improvements in 
local control (18 versus 81%, p < 0.001) and disease-free 
survival at 18 months (0 versus 66%, p < 0.001) were most 
marked for patients with oropharyngeal tumors. Single- 
agent methotrexate did not improve local control or overall 
survival when administered with radiation therapy in a ran- 
domized trial of 313 patients with stage I to IV (M0) head 
and neck cancer [47]. However, patients with oropharyngeal 
cancer who comprised 33% of all enrolled patients had a 
significant improvement in local control and overall survival 
when treated with chemotherapy [47]. 

Combination chemotherapy with a platinum agent and 
5-fluorouracil produces overall response rates of 68 to 93% 
in previously untreated head and neck cancer patients, 
with complete response rates ranging from 19 to 54% [48]. 
Improvements in local control and survival were achieved 
when multiagent chemotherapy was administered concomi- 
tant with accelerated hyperfractionation in oropharyngeal 
cancer patients [49]. Two hundred and forty patients with 
oropharyngeal or hypopharyngeal cancer were randomized 
to receive a total dose of 69.9 Gy accelerated radiation alone 
or together with two cycles of 5-fluorouracil and carbo- 
platin. Seventy four percent of patients had oropharyngeal 
tumors. Patients in the chemotherapy arm were more likely 
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to experience grade three or four mucositis and vomiting 
and were more likely to remain dependent on a feeding tube. 
After a median follow-up of 22 months, locoregional control 
was not significantly different in the two arms of the trial 
when the hypopharynx patients were included in the analy- 
sis (40 versus 34%, p=0.34). However, when analysis was 
limited to patients with oropharyngeal cancers, patients in 
the chemotherapy arm had both improved local control 
(60% vs 40%, p=0.010) and estimated overall survival at 
1 year (57% vs 68%, p=0.04). 

As the heterogeneity of treatment response and prognosis 
in cancers originating from different primary sites in the 
head and neck is appreciated, site-specific trials are being 
performed. Two trials have been completed to evaluate the 
role of concurrent chemoradiation in a uniform population 
of patients with oropharyngeal cancer. These studies have 
included patients with both resectable and unresectable dis- 
ease. An early study completed by the EORTC compared 
conventional fractionation radiation therapy to radiation 
therapy administered concomitantly with biweekly 
bleomycin chemotherapy in patients with T2-T4 oropha- 
ryngeal cancer [50]. The toxicity of therapy was intensified 
with the addition of chemotherapy, and no improvements in 
response rates (67% vs 68%) or survival at 6 years (24% vs 
22%) were observed [50]. This lack of benefit may be attrib- 
uted to the poor single-agent activity of bleomycin in head 
and neck cancers (-21%). 

Improved locoregional control, disease-free, and overall 
survival were demonstrated in patients with locally 
advanced oropharyngeal cancer who received carboplatin 
and 5-fluorouracil administered concomitantly with conven- 
tional fractionation radiation therapy when compared to 
patients treated with radiation alone [9]. In this study con- 
ducted by the Groupe d'Oncologie Radiotherapie Tete et 
Cou (GORTEC), 226 patients with stage III or IV (M0) 
squamous cell carcinoma of the oropharynx were random- 
ized to receive 70 Gy in 35 fractions to the primary and 
involved lymph nodes with or without three cycles of carbo- 
platin and 5-fluorouracil. Seventy four percent of the 
enrolled patients had tonsillar carcinomas. Ninety-seven, 94, 
and 65% of patients in the chemotherapy arm of the trial 
received one, two, and three cycles of chemotherapy, respec- 
tively. The duration of radiation therapy treatment breaks 
was significantly longer in the chemotherapy arm of the 
trial; however, the frequency of treatment breaks and the 
mean total dose of radiation therapy received were not dif- 
ferent in the two arms of the trial. Chemotherapy increased 
the frequency of toxicity, including cytopenias, radiation 
dermatitis, mucositis, and associated weight loss. Local- 
regional control at 3 years was improved significantly by the 
addition of chemotherapy (66% vs 42%, p=0.04). After a 
median follow-up of 35 months, patients in the chemother- 
apy arm of the trial had a median survival of 29.2 months 
as compared to 15.4 months in the control arm. Overall 

survival (51% vs 31%, p = 0.02) and disease-free survival 
(42% versus 20%, p=0.04) at 3 years were improved sig- 
nificantly in the chemotherapy arm of the trial. This trial, 
together with results supporting improved survival when a 
similar regimen was added to accelerated, hyperfractionated 
radiotherapy of oropharyngeal cancers [49], has established 
the current standard for oropharyngeal preservation with 
concurrent chemoradiation. 

The potential benefit of induction chemotherapy fol- 
lowed by concurrent chemoradiation therapy for oropharyn- 
geal cancer is currently being evaluated in phase II clinical 
trials in the cooperative groups. A single randomized trial 
has demonstrated an improvement in overall survival with 
administration of neoadjuvant (induction) chemotherapy to 
patients with oropharyngeal cancer [51 ]. Three hundred and 
eighteen patients with stage T2 to T4, NO to N2b squamous 
cell carcinoma of the oropharynx were randomized to 
receive three cycles of induction chemotherapy followed by 
local-regional therapy or local-regional therapy alone. 
Chemotherapy consisted of cisplatin (100 mg/m 2) on day 1 
followed by a continuous infusion of 5-fluorouracil 
(1000 mg/mZ/day for 5 days). Patient enrollment was strati- 
fied by local-regional therapy: surgery followed by postop- 
erative radiation therapy or radiation therapy alone. 
Seventy-eight percent of the 157 patients in the chemother- 
apy arm received three cycles of chemotherapy. A complete 
response to induction chemotherapy was observed in 20%, 
with an additional 36% achieving a partial response. After 
a median survival of 5 years, an improvement in overall 
survival was observed in the chemotherapy arm, after 
adjustment for local-regional therapy received (HR 0.71, 
95% CI 0.40-1.02). Median survival was 5.1 years in the 
chemotherapy arm versus 3.3 years in the control group. 

Although there are only two published randomized con- 
trolled trials of primary radiation therapy with and without 
chemotherapy exclusively for patients with oropharyngeal 
primary tumors, the majority of patients participating in ran- 
domized trials of primary radiation therapy with or without 
concomitant chemotherapy have oropharyngeal primaries. 
Therefore, these trials are reviewed here and summarized in 
Tables 32.2-32.5. 

B. Clinical Trials of  C o n v e n t i o n a l  

Frac t iona t ion  R a d i o t h e r a p y  with or w i thou t  

Concu r r en t ,  S ing le -Agent  C h e m o t h e r a p y  

Several clinical trials have evaluated the ability of single- 
agent chemotherapy (hydroxyurea, bleomycin, mitomycin, 
methotrexate, 5-fluorouracil, carboplatin, and cisplatin) to 
improve local control when administered concurrently with 
conventional radiation therapy. Mitomycin, 5-fluorouracil, 
carboplatin, and cisplatin were associated with improve- 
ments in local control, but single-agent hydroxyurea and 
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bleomycin were not. In a small trial of 40 patients random- 
ized to receive palliative conventional fractionation 
radiation therapy alone with or without hydroxyurea, no dif- 
ference between the two treatment arms in response or local 
control at 24 months was reported [52] (Table 32.2). 
Administration of low-dose daily bleomycin chemotherapy 
prior to radiation therapy also did not improve response 
rates, progression-free, disease specific, or overall survival 
in a randomized clinical trial of primary conventional 
fractionation radiotherapy in patients with stage II to IV 
squamous cell carcinoma [53] (Table 32.2). 

A randomized controlled trial to evaluate the addition of 
single-agent, infusional 5-FU has been completed in 
patients with stage III and IV squamous cell carcinoma of 
the oral cavity, oropharynx, larynx, or hypopharynx [54]. 
One hundred seventy-five patients were randomized to 
receive radiation therapy and two cycles of infusional 5-FU 
or a placebo saline infusion (Table 32.2). Despite stratifica- 
tion by primary site and tumor stage, the chemotherapy arm 
of the trial had a greater number of patients with T4 N2-3 
disease (13 versus 4). Compete response occurred more 
frequently in the chemotherapy arm (68% vs 56%, p = 0.04), 
and there was a trend toward improved progression-free and 
overall survival in the chemotherapy arm after a median of 
3.5 years. The overall survival at 24 months was 63 % versus 
50% (p = 0.08). 

Investigators at Yale University performed two sequential 
randomized trials to evaluate whether concurrent chemora- 
diation would improve clinical outcomes in patients treated 
with radiation therapy [55]. The trials included patients who 
received radiation therapy administered in the neoadjuvant 
(n=2) and adjuvant (n= 119) settings as well as primary 
therapy (n = 74). Eligible patients included all stage I to IV 
squamous cell carcinomas of the upper aeodigestive tract. 
Two hundred and three patients were randomized, after 
statification by treatment type, primary site, and stage, to 
receive radiation therapy alone or with two doses of mito- 
mycin C (15 mg/m 2) with or without dicumarol during the 
first and sixth weeks of radiation therapy. After a median 
follow-up of 138 months, patients randomized to the 
chemotherapy arm had improved local (85% versus 66%, 
p=0.002), local-regional (76% versus 54%, p=0.003), and 
cause-specific survival (74% versus 52%, p=0.005) at 5 
years when compared to the radiation alone arm. 

The radiation-enhancing effects of cisplatin and carbo- 
platin are augmented if the chemotherapy is present in the 
target cells at the time of radiation therapy [56]. Therefore, 
Jeremic and colleagues have conducted two randomized 
clinical trials to evaluate the benefits of concomitant 
chemoradiation therapy with low-dose daily cisplatin or 
carboplatin in patients with unresectable disease [38]. In a 
three-arm trial, 159 patients with stage III or IV (M0) 
unresectable head and neck cancer were randomized to 
receive conventional fractionation radiation therapy alone or 

together with low-dose daily cisplatin or carboplatin 
(Table 32.2). The addition of chemotherapy significantly 
increased hematologic toxicity (6 and 10% versus 0%) when 
compared to the radiation alone arm, but there was no 
difference in the incidence of nonhematologic toxicity, 
including mucositis/stomatitis. Locoregional control was 
improved significantly with the addition of either cisplatin or 
carboplatin (clinical complete response rates of 72 and 68% 
versus 38%, p<0.01). Median survival was significantly 
longer in both chemotherapy arms of the trial (32 and 30 
months versus 16 months, p=0.02). Five-year survival was 
32 and 29% in the cisplatin and carboplatin arms of the trial, 
respectively, versus 15% in the radiation therapy alone arm 
(p =0.02). There was no difference in distant metastasis-free 
survival observed in the three arms of the trial. A subsequent 
trial confirmed that the benefits of low-dose daily cisplatin 
extend to hyperfractionated therapy in patients with resectable 
and unresectable disease (Table 32.3) [39]. This efficacy of 
this dose administration schedule of cisplatin has not yet been 
compared to the more familiar dosing schedule of cisplatin 
(100mg/m 2) with or without 5-fluorouracil. Given the low 
incidence of toxicity and the efficacy associated with this reg- 
imen, low-dose daily cisplatin or carboplatin should be used 
on this schedule in patients who may not tolerate multiagent, 
concurrent chemoradiation therapy with a platinum agent and 
5-fluorouracil. It would be of interest to evaluate this daily 
low-dose platinum regimen in resectable patients seeking 
organ preservation. 

C. R a n d o m i z e d  Clinical Trials of  

C o n v e n t i o n a l  F rac t iona t ion  Radia t ion  

T h e r a p y  wi th  or  w i t h o u t  C o n c o m i t a n t ,  

M u l t i a g e n t  C h e m o t h e r a p y  

A single trial has evaluated primary site preservation with 
concurrent, multiagent chemotherapy and radiation in 
patients with resectable stage III and IV squamous cell 
carcinomas of the oral cavity, oropharynx, larynx, or 
hypopharynx [57]. One hundred patients received radiation 
therapy alone or together with two cycles of 5-fluorouracil 
and cisplatin (Table 32.3). Locoregional control was 
improved in the chemotherapy arm (94% versus 66%, 
p<0.01). Patients with persistent disease or local recur- 
rence were salvaged with surgical resection. Local failure 
was observed in 54% of patients in the radiation therapy 
alone arm as compared to 22% in the chemotherapy arm of 
the trial (p<0.001). The 5-year survival with primary site 
intact was greater in the chemotherapy arm of the trial (42% 
versus 34%, p=0.004). In subset analysis, primary site 
preservation was improved with chemotherapy in patients 
with laryngeal and hypopharyngeal tumors but not in 
patients with oropharyngeal primaries. Overall survival was 
not improved by the addition of chemotherapy [57]. 
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4 8 4  IV. Current Approaches 

D. R a n d o m i z e d  Clinical Trials of  

C o n v e n t i o n a l  F rac t iona t ion  a n d  Sp l i t -Cour se  

C o n c u r r e n t  C h e m o r a d i a t i o n  or Al te rna t ing  

C h e m o t h e r a p y  a n d  Radia t ion  

Split-course and rapidly alternating chemotherapy and 
radiation protocols were designed to evaluate whether the 
improved local control observed with combined modality 
therapy could be sustained while minimizing local toxici- 
ties. Many of these clinical trials were limited to unre- 
sectable patients but are included here as potential regimens 
for future site-specific trials designed to evaluate organ 
function preservation in resectable patients. A randomized 
trial compared sequential chemotherapy and conventional 
fractionation radiotherapy to concurrent chemoradiotherapy 
in patients with newly diagnosed, unresectable stage III or 
IV head and neck cancer or recurrent local disease after 
primary surgical resection [58] (Table 32.4). Patients in the 
induction chemotherapy arm were treated with three cycles 
of cisplatin and fluorouracil followed by 70 Gy of radiation 
therapy. Patients in the concurrent therapy arm of the trial 
received seven weekly cycles of cisplatin, 5-fluorouracil, 
and daily radiation therapy alternating with a week-long 
break, to a total dose of 70Gy. One hundred and seven 
patients were randomized to each arm of the trial. Local 
control was not different in the two arms of the trial (com- 
plete response rates of 50 and 52%). Significant differences 
with regard to primary tumor site and stage occurred in the 
two arms of the trial: there were more patients in the con- 
comitant arm with oropharyngeal primaries and T4 N2-3 
disease and fewer hypopharyngeal patients. As a result, 
proportional hazards regression analysis was performed 
to adjust for the differences in prognostic factors in the two 
arms of the trial. Concomitant therapy was found to be 
significant in an analysis of disease-free survival. 

Two sequential trials performed by the same investigators 
have compared conventional fractionation radiation therapy 
with or without induction chemotherapy to rapidly alter- 
nating chemotherapy and radiation with two different multi- 
agent chemotherapy regimens [59,60]. One hundred sixteen 
patients with unresectable head and neck cancer were 
enrolled in the first trial, 47% of whom had oropharynx 
primaries [59] (Table 32.4). Patients were randomized to 
receive four cycles of vinblastine, bleomycin, methotrexate, 
and leucovorin every 2 weeks as neoadjuvant chemotherapy 
followed by 70Gy total of conventional fractiona- 
tion radiation therapy or alternating with three courses of 
20Gy radiation therapy. Complete response (31% versus 
13%, p<0.03), progression-free survival (12% versus 4%, 
p<0.02), and improved overall survival at 4 years (22% 
versus 10%, p < 0.02) were improved in the alternating ther- 
apy arm of the trial. Patients with stage IV disease had 
improved complete response rates (51% versus 21%), 
progression-free survival (15% versus 4%, p<0.009), and 

overall survival (23% versus 4%, p <0.02) in the alternating 
chemo-radiation arm. 

In a subsequent trial [60], 157 patients with stage III or 
IV unresectable, metastatic pharyngeal, oral cavity, or laryn- 
geal carcinoma were randomized to receive chemotherapy 
with cisplatin and fluorouracil alternating with radiotherapy 
or to conventional fractionation radiotherapy to 70 Gy 
(Table 32.4). Locoregional control was improved signifi- 
cantly in the chemotherapy arm (43% versus 22%, 
p<0.037), and the difference was more marked after sur- 
gical salvage (53% versus 26%, p=0.001). Five-year loco- 
regional relapse-free survival was 64% in the chemotherapy 
arm versus 32% in the radiation therapy alone arm. This 
improvement in locoregional control was associated with an 
improvement in 5-year progression free (21% versus 9%, 
p=0.008) and overall survival (24% versus 10%, p=0.01). 
The risk of death was reduced by 41% in the chemotherapy 
arm (0.59, 95% CI: 0.41-0.85). An organ preservation strat- 
egy with rapidly alternating chemotherapy remains to be 
compared to concurrent chemoradiation without planned 
treatment breaks, which may have compromised outcome. 

E. Clinical Trials of  Al tered  Frac t iona t ion  

S c h e d u l e s  of  Radia t ion  T h e r a p y  with  or 

w i t h o u t  C h e m o t h e r a p y  

The poor survival for patients with unresectable head and 
neck cancer treated with conventional fractionation radiation 
therapy is largely attributed to poor locoregional control of 
disease. Several randomized clinical trials have suggested 
that local control of head and neck cancer can be improved 
with altered fractionation schedules of radiation therapy [42]. 

Hyperfractionated radiotherapy schedules involve the 
delivery of smaller fractions (1.1 to 1.2 Gy twice per day) 
than conventional radiation (2 Gy per fraction) therapy and 
allow a greater total dose of radiation to be administered in 
the same time period. Two randomized clinical trials have 
demonstrated improved local control of oropharyngeal can- 
cers with hyperfractionated versus conventional radiother- 
apy [33,34]. Several trials have investigated whether the 
improved local control achieved with the addition of 
chemotherapy to conventional fractionation schedules 
extends to hyperfractionated schedules of radiotherapy. A 
small, randomized trial compared split-course hyperfrac- 
tionated radiation therapy with or without two cycles of cis- 
platin and 5-fluorouracil in patients with either unresectable 
head and neck cancer or postoperative patients at high risk 
for relapse [61 ]. Thirty-two patients had unresectable disease 
and 26 had high-risk disease. Patients in the unresectable 
subset were found to have improved progression-free and 
overall survival with the addition of chemotherapy. 

Accelerated radiation therapy protocols in which the 
overall treatment time is reduced by the use of multiple daily 
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fractions were designed to reduce the accelerated repopula- 
tion of tumor cells and thereby hopefully reduce local recur- 
rence rates [42]. The benefit of administering multiagent 
chemotherapy with cisplatin and 5-fluorouracil concurrently 
with accelerated radiation therapy was investigated by 
Brizel [10] in a randomized controlled trial (Table 32.5). 
Eligible patients included those with newly diagnosed 
resectable or unresectable T3-T4N0-N3 M0 (and T2N0 
BOT primaries) squamous cell carcinoma of the head and 
neck, including nasopharyngeal and paranasal sinus primar- 
ies. Patients were stratified according to the resectablility of 
the tumor and hemoglobin concentration. Accelerated 
hyperfractionated radiotherapy was administered twice 
daily in 1.2-Gy fractions to a total dose of 7500cGy to 
patients in the radiation therapy alone arm. Two cycles of 
cisplatin and 5-fluorouracil were administered during weeks 
1 and 6 of radiation therapy in the chemotherapy arm of 
the trial. Two cycles of adjuvant cisplatin/5-fluorouracil 
chemotherapy were administered after the completion of 
radiation therapy. The total dose of radiation therapy in the 
chemotherapy arm was reduced to 7000cGy, and a 1-week 
treatment break was also incorporated after 4000cGy. A 
complete response to therapy was observed in 88% of the 
patients in the chemotherapy arm versus 73% in the radia- 
tion therapy arm (p=0.52). After a median follow-up of 
41 months, patients in the chemotherapy arm of the trial had 
improved local regional control of disease (70% versus 
44%, p=0.01), as well as a trend toward improved relapse- 
free (61% versus 41%, p=0.08) and overall survival (55% 
versus 34%, p=0.07) at 3 years. 

Wendt and colleagues [12] also evaluated the contribu- 
tion of multiagent chemotherapy to local control and overall 
survival when administered concurrently with accelerated, 
fractionated split-course radiation therapy. Two hundred and 
seventy patients with unresectable stage III and IV HNSCC 
were randomized to receive a total dose of 70.2 Gy with or 
without chemotherapy (Table 32.5). Radiation therapy was 
administered in 39 fractions of 1.8 Gy twice daily in three 
cycles of 23.4 Gy separated by two 11-day treatment breaks. 
Patients in the chemotherapy arm received three 21-day 
cycles of cisplatin, 5-fluorouracil, and leucovorin. Patients 
in the chemotherapy arm had improved locoregional control 
(35% versus 17%, p<0.004) and overall survival (49% 
versus 24%, p<0.0003) at 3 years. These trials pro- 
vide compelling data that the benefits of concurrent 
cisplatin-based chemotherapy extend to altered fractionation 
radiotherapy. 

Dobrowsky and Naude [62] have completed a clinical 
trial to evaluate the effect of mitomycin C on survival rates 
in patients receiving hyperfractionated, accelerated radio- 
therapy. Two hundred thirty-nine patients with resectable 
or unresectable oral cavity, oropharyngeal, laryngeal, or 
hypopharyngeal cancer were randomized to three treatment 
arms: conventional fractionation radiation therapy to 70 Gy 

or continuous hyperfractionated accelerated radiotherapy of 
55.3Gy in 33 fractions over 17 days with or without a 
single dose of mitomycin C (20mg/m 2) (Table 32.5). 
Complete response occurred in 44% of the patients in the 
standard arm, whereas 55 and 61% of patients in the accel- 
erated fractionation arm without and with mitomycin C, 
respectively, achieved a complete response. After a median 
survival of 48 months, overall survival was improved in the 
concurrent chemoradiation arm of the study (41% versus 31 
and 24%, p < 0.05). 

F. S u m m a r y  

The current standard of care for patients with unre- 
sectable, oropharyngeal cancer and a good performance 
status is concurrently administered platinum-based 
chemotherapy and primary radiation therapy. Combination 
chemotherapy with a platinum agent and 5-fluorouracil has 
been utilized in the majority of clinical trials demonstrating 
benefits in local control and survival. However, this combi- 
nation of chemotherapy is frequently associated with signif- 
icant local-regional toxicity as well as hematologic toxicity 
and should be administered by physicians familiar with 
managing the toxicities of combined modality therapy. 
Concomitant, single-agent, low-dose daily cisplatin is an 
alternative to combination chemotherapy, as this regimen 
has demonstrated improved local control, progression-free 
survival, distant metastasis-free survival, and overall sur- 
vival in two well-controlled trials when administered with 
conventional fractionation or hyperfractionated radiother- 
apy. Although survival is improved by the addition of 
chemotherapy in this population, survival at 5 years is very 
poor (25%). Therefore, patients should be encouraged to 
participate in clinical trials investigating the radiosensi- 
tizing potential of newer chemotherapeutic agents, ration- 
ally targeted small molecule and antibody-based therapies. 

Patients with early stage oropharyngeal cancer (T1 and 
T2) tumors may be treated with surgical resection or pri- 
mary radiation therapy. Nonrandomized, single institutional 
case series have suggested that patients treated with radia- 
tion therapy may have improved speech and swallowing 
function when compared to patients treated with surgical 
resection. Local control of early stage oropharyngeal 
cancers with conventional fractionated radiotherapy with a 
brachytherapy boost and altered fractionation schedules 
both achieve rates of local control of greater than 80%, but 
have yet to be compared in a formal clinical trial. Patients 
with resectable, locally advanced oropharyngeal cancer (T3 
and T4) with a good performace status desiring an organ 
preservation strategy should be encouraged to participate in 
a clinical trial incorporating new chemotherapeutic agents 
as radiosensitizers. Current clinical trials of organ preserva- 
tion for oropharyngeal cancer should incorporate formal 
assessments to evaluate functional preservation as well. 
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Patients not participating in clinical trials should receive 
cisplatin-based chemotherapy administered concurrently 
with radiation therapy. 
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I. I N T R O D U C T I O N  

Nasopharyngeal cancer (NPC) is an epithelial tumor with 
worldwide distribution. Its incidence, however, varies with 
geographical location. It is rare in North American and 
European Caucasians [ 1 ]. In the United States the incidence 
is about 1 per 100,000. It is 0.8 per 100,000 in males and 0.3 
per 100,000 in females with a male to female ratio of 2.4 to 
1. The peak age is between 50 and 59 years [2]. However, 
the incidence is high in China and southeast Asia where it is 
25-30 per 100,000 population. It is also high in Eskimos. 
The risk is intermediate in the Middle East and north 
African Arab populations [3,4]. 

11. EPSTEIN-BARR VIRUS 

Epstein-Barr virus (EBV) is the primary cause of infec- 
tious mononucleosis. It has been linked to other malignan- 
cies, including nasopharyngeal carcinoma and Burkitts 
lymphoma. EB virus is distributed ubiquitously in the human 
population, resulting from an inapparent infection [5]. 

The virus is found in tumor cells in the nasopharynx but 
not in the surrounding lymphocytes. The presence of the 
virus has been demonstrated by serum antibodies to the 
virus capsid antigen (VCA) and early antigen (EA) [6]. 
Elevated antibody titers are present in nasopharyngeal 
cancer and not in other cancers or normal individuals [7,8]. 

The exact mechanism by which EBV induces cancer is 
not well understood. It is most commonly associated with 
nonkeratinizing and undifferentiated carcinomas [9-12]. Of 
particular interest is the expression of a latent membrane 
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protein gene whose protein has been shown to transform 
epithelial cells in vitro. Some investigators have found this 
gene in 65% of nasopharyngeal carcinoma [ 13]. 

The significance of these findings is not well understood, 
but preliminary data suggest that the latent membrane 
protein expression in EB virus-infected cells might protect 
the cells from programmed cell death (apoptosis) [14]. 

Finally, there are at least two recognized strains of EBV 
(A and B). Studies have demonstrated the A strain to trans- 
form B lymphocytes, indicating a possible role in tumor 
induction. However, other studies do not support such a 
hypothesis [ t 5,16]. 

!!i. GENETICS 

The geographical distribution, familial clustering, and 
increased risk of developing NPC in members of the same 
family suggest the role of genetics in NPC [ 17-19]. In addi- 
tion, the incidence of NPC is high in Chinese living outside 
the United States [20,21 ]. Numerous studies have suggested 
an association with human leukocyte antigen [22,23] and 
p53 mutations [24,25] in the development of NPC. Current 
evidence suggests that these are associated factors and in 
themselves are not causative factors in the development of 
nasopharyngeal carcinoma. 

IV. ENVIRONMENTAL FACTORS 

The possibility that environmental factors may play a 
role is suggested by numerous studies. Among Chinese 
living in the United States, American-born second-genera- 
tion Chinese have a lower risk of NPC as compared to 
Asian-born first-generation Chinese [26,27]. 

A. Die ta ry  Fac to r s  

Dietary factors have been implicated in the development of 
NPC. The consumption of salted fish has been associated with 
an increased risk of developing NPC [28-30]. The risk 
appears to increase when the fish is consumed at a young 
ages. Analysis of food samples demonstrated the presence of 
nitrosoamine precursors in salted fish [31 ]. The nitrosoamines 
are not carcinogenic by themselves, but their DNA adducts 
have been shown to be carcinogenic and implicated in the 
development of cancer of the upper respiratory tract [32-34]. 

B. C i g a r e t t e  S m o k i n g  

Cigarette smoking has been linked to the development of 
cancer in the lung and upper respiratory tract. However, only 
a few studies show an association between smoking and 
NPC. In a study from Taiwan, Lin et al. [35] reported that 

heavy smokers (> 30 cigarettes per day) had a 3.1-fold 
increase in risk of developing NPC when compared to non- 
smokers. If the association of tobacco to NPC is real, the 
possible mechanism of tumor induction would be the 
nitrosamines and its precursors in tobacco. 

C. O c c u p a t i o n a l  E x p o s u r e s  

Numerous studies have suggested an association of NPC 
with occupational exposures. Wood and wood dust have 
been implicated with NPC [36,37], but this finding has not 
been consistent. Exposure to formaldehyde, especially to 
high levels and long durations, has been implicated in 
the development of NPC [38,39]. Exposure to formaldehyde 
vapor induces cancers of the nasal passages in laboratory 
animals. It is therefore possible it could also cause NPC. 

V. ANATOMY 

The nasopharynx is a cuboidal structure. Its anterior 
extent is defined by the posterior choanae of the nasal cavity. 
It has a posteriosuperior roof that gradually slopes to 
become the posterior wall of the nasopharynx. The roof is 
formed by the basisphenoid and basiocciput, whereas the 
posterior wall is formed by the first cervical vertebra. Its 
lateral walls contain cartilagenous openings of the 
eustachian tubes. The eustachian tubes traverse through an 
opening in the pharyngobasilar fascia (sinus of Morgagni) as 
they enter into the nasopharynx. In the nasopharynx the 
opening is thrown into a fold that forms a tubercle in its 
superior aspect (Torus Tubarus). A recess, the fossa of 
Rosenmuller, is located above the torus. This is often the 
most common site of origin for nasopharyngeal cancers. The 
floor is at the level of the soft palate. 

The nasopharynx is supplied extensively with lymphatics. 
They drain into the deep retropharyngeal lymph nodes 
located medial to the carotid artery at around the first cervi- 
cal vertebral body. The highest of these nodes is referred to 
as the node of Rouvier. These nodes are seen only by com- 
puterised tomography (CT) or magnetic resonance imaging 
(MRI) examinations. Furthermore, lateral spread of the 
tumor often encases these nodes so that a distinct node is not 
seen. The nasopharynx also drains along the jugular vein to 
all levels of the neck. These nodes are palpated easily. 

VI. PATHOLOGY 

The nasopharynx is covered by a stratified columnar 
epithelium. It also has lymphatic tissue as part of the 
Waldeyeres ring. The most common types of tumors 
that arise in the nasopharynx are squamous cell carcinomas. 
The WHO has classified these carcinomas as WHO type I or 
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keratinizing carcinoma, WHO type II or nonkeratinizing 
carcinoma, and WHO type III or undifferentiated carcinoma. 

Undifferentiated carcinomas are often characterized by 
the presence of a lymphocytic infiltrate. This has led these 
tumors to be called lymphoepitheliomas. Type I are found 
more commonly in North America, whereas types II and III 
are found more commonly in China, Hong Kong, Taiwan, 
and other far eastern countries. 

Other tumors that occur in the nasopharynx include lym- 
phomas, juvenile angiofibromas, and adenocarcinomas from 
the minor salivary glands and plasmacytomas. 

VII. NATURAL HISTORY 

Nasopharyngeal carcinomas spread by expansion or infil- 
tration. The primary tumor could be small and the patient pres- 
ents with enlarged neck nodes typically in the postauricular 
area. In most cases the tumor can be seen either clinically as a 
mucosal abnormality or by CT/MRI scanning submucosally. 

The most common presenting complaint of NPC is the 
presence of enlarged neck nodes, which occurs in over 90% of 
patients at diagnosis. Anterior extension of the tumor toward 
the nose results in nasal stuffiness and epistaxis. Lateral exten- 
sion around the eustachian tube causes decreased hearing, 
pain, and otitis media. Tumors can extend into the parapharyn- 
geal space by passing laterally through the sinus of morgagni, 
an opening in the lateral wall of the nasopharynx through 
which the eustachian tubes traverse. In the parapharyngeal 
space the tumor can involve the pterygoid muscles, resulting in 
trismus. The tumors then extend posteriorolaterally into the 
poststyloid compartment. They can also extend inferiorly into 
the neck. NPC can also extend inferiorly into the oropharynx 
and hypopharnx along the lateral and posterior pharyngeal 
walls. Superiorly NPC can destroy the base of the skull and 
extend into the cavernous sinus where they can cause cranial 
nerve abnormalities of III, IV, and VI cranial nerves. 

Neck node metastasis at diagnosis is common in nasopha- 
ryngeal cancer. The incidence varies from 50 to 75%. Despite 
having advanced disease, they respond well to radiation therapy. 
The overall neck control rate with radiation therapy ranges 
from 70 to 85%. Therefore, routine neck dissections are not 
warranted. Neck dissections should be performed in those 
with residual neck disease 6-8 weeks following the comple- 
tion of radiation therapy. Patients with large bulky nodes (N3) 
are more likely to fail in the neck and may require a neck 
dissection. Lymph node metastasis into the retroparotidean 
space results in palsies of cranial nerves IX, X, and XI due to 
enlarged lymph nodes (retroparotidean syndrome). 

VIII. W O R K U P  

Clinical workup prior to treatment should include a 
detailed history and physical examination and complete 

blood chemistries, including liver and renal functions. A 
chest X-ray and a CT of the chest, including the liver, should 
be performed to identify metastasis to the lung and/or liver. 
An endoscopic examination of the nasopharynx and upper 
airway should be done in all patients. A multidisciplinary 
team that consists of the surgeon, radiation oncologist, and 
medical oncologist should see all patients. 

Extension into the parapharyngeal space, bone erosion, 
or intracranial involvement is seen only by CT/MRI exami- 
nations. Yu and colleagues [40] reported a 55 % upstaging of 
T2 and 56% of T3 patients when comparing staging done by 
CT scans versus plain X-rays. Similar results have been 
reported by Alni et al. [41] and Kraiphebul et al. [42]. 

Whether MRI or CT should be the imaging modality of 
choice depends on the stage. MRI is superior to CT in 
detecting infiltration along the pharyngobasilar fascia and 
retropharyngeal lymph nodes. CT, however, may be useful 
in detecting early bone invasion [43-45]. 

MRI may be more useful when compared to CT in the 
evaluation of NPC after treatment. Its ability to differentiate 
between radiation effect and tumor in soft tissues may make 
it the preferred method for follow-up. However, Chong and 
Ian [46] compared CT and MRI to detect recurrent NPC. 
They found CT had a sensitivity of 45% versus 56% for 
MRI. The specificity was 70 and 83%, respectively, for CT 
and MRI. They concluded that both have low sensitivity and 
either could be used for follow-up evaluation postradiation. 

Thus CT/MRI scans form an important part of the initial 
staging system because they detect (a) parapharyngeal space 
extension/infiltration, (b) enlarged retropharyngeal lymph 
nodes, (c) erosion of bone at base of skull, (d) intracranial 
extension of tumor, and (e) enlarged neck nodes. Because 
these two techniques are complementary, it is common to 
employ both. 

IX. PRETREATMENT EVALUATION 

Pretreatment evaluation should include a complete phys- 
ical examination, including a head and neck examination. 
Fiberoptic nasopharyngoscopy should be performed on all 
patients. A dental evaluation must be performed prior to 
initiating radiation therapy. Dental prophylaxis with fluoride 
carriers should be done, as most of the patients will have 
some degree of xerostomia following radiation therapy treat- 
ment. A dietary consult for maintaining adequate nutrition 
during treatment is equally important. 

X. STAGING 

NPC are staged according to the American Joint 
Commission on Cancer (AJCC) staging system (Table 
33.1). A new system, which standardizes staging of NPC 
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TABLE 33.1 Staging of Nasopharyngeal Cancer a 

T1 Tumor confined to the nasopharynx 

T2 Tumor extends to soft tissues of oropharynx and/or nasal cavity 

T2a without parapharyngeal extension 

T2b with parapharyngeal extension 

T3 Tumor invades bony structures and/or paranasal sinuses 

T4 Tumor with intracranial extension and/or involvement of cranial 
nerves, hypopharynx, infratemporal fossa or orbit 

NO No regional lymph node metastasis 

N1 Unilateral metastasis in nodes(s) 6 cm or less, above the supraclavicu- 
lar fossa 

N2 Bilateral metastasis in node(s) 6 cm or less, above the supraclavicu- 
lar fossa 

N3 Metastasis in a node(s) 

3a >6cm 

3b Extension to the supraclavicular fossa 

M0 No distant metastasis 

M1 Distant metastasis 

Stage: 

Grouping: 

AJCC 1977 

I II III IV 

T1 T2 T3 T4 

NO I II III IV 
N1 II II III IV 
N2 III III III IV 
N3 IV IV IV IV 

aAJCC 1997 classification for nasopharyngeal carcinoma. 

across continents, was adopted by the AJCC [47]. This 
system is a blend of the old AJCC and HO staging systems 
and reflects the biology of NPC and differs from AJCC 
staging in other head and neck sites. 

XI. RADIATION THERAPY 

Anteriorly: At least post one-third of the maxillary sinus. 
Superiorly: Post one-third of orbit, posterior ethmoid sinus, 

entire sphenoid sinus, clivus, and lower part of the 
occipital lobe. 

Posteriorly: Include foramen magnum and entire bodies of 
C1 and C2 vertebrae. The field extends to the tip of the 
spinous process. The field extends further back in case 
of large post auricular lymph nodes. There should be a 
1.5-cm margin beyond the enlarged neck node. 

Inferiorly: Entire soft palate. 

This field arrangement has to be adjusted depending on 
the extent of the tumor spread. The upper neck field is 
generally stopped above the larynx. A matching lower neck 
field is added starting from the level of the larynx to the 
suprasternal notch. Laterally the field includes the supra- 
clavicular fossa. This usually corresponds to the field being 
1-2 cm inside of the coracoid process of the scapula. A 
midline block is introduced from the start at the upper 
border of this lower neck field. This will shield the larynx 
and spinal cord. 

After the upper neck has been treated to 39.6 Gy, a spinal 
cord block is introduced into the upper neck field and the 
posterior neck is treated with appropriate energy electrons to 
bring the dose of the posterior neck up to 50 Gy. The upper 
neck and lower neck are treated to 50 Gy and then a boost 
volume is treated, which encompasses the nasopharynx and 
enlarged lymph nodes. The dose is given at 1.8 to 2.0 cGy 
per fraction once a day 5 days a week for 7-8 weeks. The 
total doses to the various sites are: 

a. Areas at risk for microscopic disease 50 Gy. 
b. Nasopharynx T-T2, 70 Gy and T3-T4, 72-75 Gy. 
c. Neck nodes: microscopic disease 50 Gy 

<2 cm 66 Gy 
>2 cm 70-75 Gy 

d. Spinal cord: The maximum dose should not exceed 45 Gy. 

Radiation therapy has been the mainstay in the management 
of nasopharyngeal cancer. Simulation of all patients is required. 
CT/MRI scans should be used as many of these tumors spread 
outside the nasopharynx into the adjacent sites. CT-based 
three-dimensional conformal/intensity-modulated radiation 
therapy (IMRT) plans are ideal as they enhance the ability to 
treat all of the tumor and deliver a high dose to the tumor and 
decrease the volume of normal tissue in the irradiated field. 

XII. VOLUME TREATED 

Xlll. B O O S T  VOLUME 

The nasopharynx itself should be treated using a 
CT-based plan to ensure adequate coverage of any tumor 
extension, especially in the parapharyngeal space. Opposed 
lateral fields rarely cover these extensions and the retropha- 
ryngeal lymph nodes adequately except in very early stages. 
Care should be taken to minimize the dose to the temporal 
lobe of the brain, spinal cord, parotid, and temporo- 
mandibular joints. 

Nasopharyngeal carcinomas are usually treated by an 
upper neck field that encompasses the nasopharynx and the 
upper neck nodes. The nasopharyngeal field should include 
the following. 

XIV. DOSE RESPONSE 

Most NPC are treated at 180-200 cGy per fraction. Other 
fractionation schemes using a higher dose per fraction and 
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TABLE 33.2 TI,T2 

Number of Local 
No. patients Dose control (%) Reference 

1 a 8 65 100 Marks et al. [49] 
2 196 65 91 Lee et al. [52] 
3 b 226 65-68 91 Tang et al. [51 ] 
4 173 65 86 Sanguineti et al. [53] 
5 555 75 88 Teo et al. [55] 
6 73 65 96 Mesic et al. [48] 
7 71 65-70 71 Bailet et al. [54] 
8 21 66 81 Marcial et al. [58] 

alncludes T3-T4 who received > 65 Gy. 
bPatient also received a 16-Gy boost by intracavitary cobalt-60. 

shorter periods of time have been reported mainly from the 
Far East. Early (T1, T2) stage tumors are usually treated to 

a dose of 65-70 Gy (Table 33.2). Mesic e t  a l .  [48] reported 
on the experience at M.D. Anderson Hospital on 73 patients 
with T1 and T2 cancers. They found that by increasing the 

dose from 60 to 67.5 Gy, the local failure of T1, T2 NPC 
decreased from 28 to 7%. Similarly, Marks e t  a l .  [49] 

showed that patients properly simulated and treated with 
doses of 65-70 Gy had a local control of 100% with no dif- 

ference between the dose range. Hoppe and co-workers [50] 
reported a local failure rate of 11% in patients treated 
with 65-70 Gy and field sizes of 92 cm 2. When this was 
increased to 128 cm 2, they had no failures. Thus patients 
with T1, T2 NPC treated to adequate fields and given doses 

of 65-70 Gy can be controlled adequately with radiation 
therapy (XRT) alone. 

A. T3 T4  

The results of treatment of T3 and T4 patients are shown 

in Tables 33.3 and 33.4 [48-60]. The usual doses have 
ranged from 60 to 75 Gy. Doses of 70 Gy or more are 
required to control this stage of tumor. T3 tumors have a 

better control than T4 tumors. Tumors invading into the 

TABLE 33.4 T4 

Number of Local 
No. patients Dose control (%) Reference 

1 a 136 70-72 41 
2 b 179 70-74 68 
3 c 71 65-70 61 
4 24 60-70 54 
5 31 70 68 
6 22 60-70 75 
7 30 70-72 53 
8 20 65-68 75 
9 50 66 74 

Tang et  al. [51 ] 
Lin and Jan [59] 
Bailet et al. [54] 
Cooper et al. [60] 
Mesic et al. [48] 
Chu et al. [57] 
Sanguineti et al. [53] 
Marks et al. [49] 
Marcial et  al. [58] 

aAll received a 10- to 16-GY IC boost. 
blncluded T3-T4 patients. 
Clncluded T3-T4 patients. 

skull and those with cranial nerve palsies have a poor prog- 
nosis. The local control is also poor in this group of patients. 
Bailet e t  a l .  [54] reported an overall local control of 60% in 

patients with T3, T4 tumors. Tang e t  a l .  [51 ] treated patients 
to 70-72 Gy and then added a boost to the nasopharynx 

by means of an intracavitary cobalt-60 source. A dose of 
10-16.5 Gy was added. They reported a local control of 75% 
in this group of patients [51]. A similar improvement in 

local control has been reported by others, who added the 

boost by intracavitary sources [59], additional external beam 
radiation through multiple fields, or IMRT [60,61 ]. 

Thus all patients with advanced stage disease should 

be treated to a dose of at least 70 Gy and then evaluated 
for residual disease. If residual disease is present, then an 

additional boost of 10-15 Gy should be delivered either by 
an intracavitary source or external beams using IMRT or by 
similar three-dimensional plans to minimize the volume of 

normal tissues irradiated. Tumors with erosion of the base of 
the skull can still be controlled with radiation therapy. 
However, if there is gross disease in the middle cranial fossa 
or posterior fossa, local control and survival are poor even 

with radiation therapy [62]. 

TABLE 33.3 T3 

Number of Local 
No. patients Dose control (%) Reference 

1 a 20 65-70 75 Marks et al. [49] 
2 18 70 68 Sanguineti et  al. [53] 
3 b 61 70-72 75 Tang et al. [51 ] 
4 60-70 67 Perez et al. [56] 
5 18 40-70 63 Chu et al. [57] 
6 27 65-70 70 Hoppe et  al. [50] 
7 71 65-70 71 Bailet et  al. [54] 
8 21 66 81 Marcial et  al. [58] 

alncludes T3-T4 who received > 65 Gy. 
bpatient also received a 16-Gy boost by intracavitary cobalt-60. 

XV. REIRRADIATION 

Patients who fail radiation therapy can be retreated 

successfully with additional radiation therapy. These patients 
must be selected carefully and their treatment planned 
using CT/MRI. The time to recurrence appears to have an 
impact on local control and survival. Recurrences occurring in 
12 months or less do worse than those in whom the recurrence 

occurs at 24 months or longer [63,64]. Patients whose tumors 
are confined to the NP have a better chance of achieving con- 
trol then those where the tumor has extended outside the 
nasopharynx. Pryzant e t  a l .  [65] reported a 5-year survival 

of 32% when the tumor was confined to the NP as opposed to 
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9% with extension outside the NP. Lee e t  aL  [66] have 
reported similar results that intracranial extension has a worse 
survival. 

Treatment technique varies from external beam radiation 
therapy, brachytherapy, or a combination of both. If the 
entire treatment is given by EBRT, there is a greater risk of 
complications. Chua e t  a l .  [67] reported a 30% incidence of 
treatment and a 34% rate of neurological sequelae using 
EBRT as compared to 3-7% with brachytherapy alone. The 
complication rate also appears to be dose dependent. Hwang 
e t  a l .  [63] reported a 5% incidence of severe complications 
when the total cumulative dose was < 120 Gy. This 
increased to 32% when the dose was greater than 120 Gy. 
Similarly, Pryzant e t  a l .  [65] reported a 4% incidence of 
severe complications with cumulative doses of < 100 Gy 
and 39% when the doses exceeded > 100 Gy. 

The dose of irradiation for retreatment has to be greater 
than 50 Gy. Wang [68] reported a local control rate of 
38% with doses greater than 60 Gy. Similar results have 
been reported by other authors [63,64]. Because normal 
tissue tolerance limits the dose that can be delivered, retreat- 
ment has been carried out by brachytherapy [69,70], a 
combination of EBRT and brachytherapy, stereotactic three- 
dimensional treatment [71,72], or charged particles [73,74]. 
Lee e t  a l .  [74] reported that a combination of EBRT and 
brachytherapy resulted in a 5-year local control rate of 
45% as compared to 29% by brachytherapy alone or 
32% with external beam radiation. Retreatment is associated 
with the possibility of significant complication, such as 
soft tissue necrosis, brain necrosis, cranial nerve palsies, 
bone necrosis, and swallowing dysfunction. The incidence 
of severe complication ranges from 10 to 50% with higher 
rates being reported in those treated to large volumes and 
doses with external beam radiation therapy. The results of 
retreatment as reported by several sources are shown in 
Table 33.5 [75-86]. 

XVI. SURVIVAL 

The survival of early stage T 1, T2 tumors is excellent when 
treated with EBRT (Table 33.2). The survival rate of those 
with early T1, T2 tumors ranges from 85 to 100%. T3 tumors 
with minimal base of skull erosion have a good prognosis 
(Table 33.3). However, T4 tumors, especially those extending 
into the middle and posterior cranial fossa, have poor sur- 
vivals (Table 33.4). A majority of the patients will present 
with neck nodes metastasis. The nodes respond well to radia- 
tion therapy. The neck control with external beam radiation 
therapy varies from 60 to 80% for N1, N2 neck disease. Neck 
node involvement signifies a greater risk of development 
of subsequent distant disease usually to lung, liver, and 
bone. The development of distant metastasis is correlated with 
neck disease rather than the T stage of the disease. The 

TABLE 33.5 Overall 5-Year Survival with Radiotherapy 
Alone in Locally Advanced Nasopharyngeal Carcinoma 

Number of Percentage of patients 
patients in trial alive at 5 years References 

170 39 Meyer and Wang [75] 
146 37 Moench and Phillips [76] 
82 62 Hoppe et al. [50] 
99 24 Baker [77] 

1605 32 Shu-Chen [78] 
109 40 Marcial et al. [58] 
251 52 Mesic et al. [48] 
89 37 Applebaum et al. [79] 

1578 48 Hsu et al. [80] 
107 54 Vikram et al. [81 ] 
91 62 Rahima et al. [82] 

1379 41 Qin et al. [83] 
464 35 Wang et al. [84] 
166 36 Laramore et al. [85] 
103 58 Bailet et al. [54] 
126 54 Sutton et al. [86] 
378 48 Sanquineti et al. [53] 

survival of patients treated with radiation therapy is shown in 
Table 33.5. 

XVli. CHEMOTHERAPY 

Until 1985, locally advanced nasopharyngeal cancer was 
treated almost exclusively with radiotherapy, but in recent 
years chemotherapy has assumed an important role in its 
management. Nasopharyngeal carcinomas are highly sensi- 
tive and responsive to chemotherapy (Tables 33.1 and 33.2). 
Nasopharyngeal cancer has a high rate of distant metastases, 
more than 30% as compared to the incidence of systemic 
involvement from other head and neck tumor sites, which 
may mandate the use of chemotherapy up front in patients 
with locally advanced disease as part of the combined 
modality treatment. Single agents identified as being active 
include methotrexate, bleomycin, adriamycin, cisplatin, 
carboplatin, and, more recently, taxans and, to a lesser 
extent, 5-fluorouracil (5-FU) and vinca alkaloids. In general, 
for patients with head and neck cancers, especially in 
patients with NPC, combination agents seem more active 
than single drugs, and cisplatin-based combinations are 
more active than nonplatinol-based combination chemother- 
apy [87-89] (Table 33.6). The most widely used cisplatin 
combination in these patients is the combination of cisplatin 
and 5-FU 96 to 120-h infusion. The regimen is easy to 
administer and is well tolerated by most patients. 5-FU is 
given in the form of a 4- to 5-day continuous infusion at a 
dose of 1000 mg/m2/day and cisplatin is given at a dose of 
80-100 mg/m 2 on the first day of therapy [90,91]. Courses 
are repeated every 3 to 4 weeks. 
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TABLE 3 3 . 6  R e s p o n s e  Ra te  t o  C o m b i n a t i o n  
Chemotherapy in Patients with Locally Advanced 

Nasopharyngeal Carcinoma 

Chemotherapy No. RR % CR % Reference 

Non-P based 12 81 33 Galligioni et al. [105] 
P based 49 75 22 Tannock et  al. [106] 
P based 65 86 11 Garden et aI. [ 107] 
P based 24 75 29 Clark et al. [108] 
PEB 39 98 66 Bachouchi et al. [109] 
PEB 67 98 66 Azli et al. [ 110] 
CCMBA 21 86 5 Siu et al. [93] 
PF 8 75 50 A1 Kourainy et al. [88] 
PF 47 93 21 Dimery et al. [ 111 ] 

PF Geara et al. [ 112] 

Local 61 79 18 
Nodal 50 76 32 

PF 27 93 37 Zidan et al. [113] 
PF Teo et al. [ 114] 

Local 209 62 6 
Nodal 209 83 20 

PF 21 94 33 Onat et al. [115] 
PFL 14 86 14 Chi et  al. [95] 
PFB 30 83 10 Azli et al. [ 116] 
PFB 11 100 45 Zubizarreta et al. [118] 

aB, bleomycin; E, epirubicin; F, flurouracil; P, cisplatin; CCMBA, 
cyclophosphamide, cisplatin, methotrexate, bleomycin, doxorubicin. 

XVIII. CHEMOTHERAPY FOR 
RECURRENT/METASTATIC DISEASE 

Patients with recurrent or metastatic cancer of the 
nasopharynx should be considered distinct from those 
patients with cancer originating elsewhere in the head 
and neck. Patients with NPC presenting with metastatic 
disease and those patients who recur after initial curative 
treatments, and are beyond further local treatment(s) of 
surgery and/or reirradiation, are treated with systemic 
chemotherapy for palliative purpose. Because of the rarity of 
this disease, especially in Western countries, all reported 
trials of chemotherapy for recurrent/metastatic NPC are 
phase II studies (Table 33.7). Before 1980, nonplatinol 
based combinations have been used [87-89]. Since then, 
these combinations have been most widely investigated 
and reported in the world literature in patients with NPC 
(Table 33.8). Before discussing the results of these trials, it 
is important to emphasize the important prognostic factors 
that may influence the overall response rate (RR) and espe- 
cially the complete response (CR) to chemotherapy in 
these patients [90,91]. The most important of these prog- 
nostic factors are performance status, histopathology (WHO 
I, II, III), local vs systemic disease, site of the systemic 
metastasis, the bulk of recurrent or metastatic cancers being 
treated, types of chemotherapy combinations used, and 
adequacy of treatment given. Because some patients with 

TABLE 33.7 Response Rate to Combination 
Chemotherapy in Patients with Recurrent/ 

Metastatic Nasopharyngeai Carcinoma 

Chemotherapy a No. RR % CR % Reference 

P and non-P based 17 53 22 Decker et al. [87] 
P based 12 75 25 A1 Kourainy et  al. [88] 
Non-P based 28 39 11 Choo and Tannok 

et al. [89] 
P based 22 63 18 
PEB 44 50 20 Mahjoubi et al. [92] 
CCMBA 61 52 16 Siu et  al. [93] 
PF 26 73 23 Marchini et  al. [94] 
PLF 21 86 14 Chi et al. [95] 
CP/F 42 38 17 Yeo et al. [96] 
PFB 25 40 4 Su et  al. [97] 
PFB 49 79 19 Boussen et  al. [98] 
PFE-M 46 61 9 Cvitkovic et al. [99] 
CP/T 32 75 3 Tan et al. [100] 
CP/T 14 57 14 Fountzilas et al. [ 101 ] 

CP/T 27 59 11 Yeo et  al. [ 102] 
PI 18 59 15 Stein et  al. [103] 

aB, bleomycin; CP, carboplatin; E, epirubicin; F, flurouracil; M, mito- 
mycin; P, cisplatin; T, paclitaxel: I, ifosfamide; CCMBA, cyclophos- 
phamide, cisplatin, methotrexate, bleomycin, doxorubicin. 

recurrent/metastatic NPC treated with systemic chemother- 
apy may achieve a prolonged remission and possible cure 
[88,104], it is also important to mention some of the prog- 
nostic factors that may effect survival in these patients. 
These are performance status, the quality of response to the 
systemic chemotherapy, number of courses, and adequacy of 
chemotherapy administered. 

As shown in Table 33.7 the majority of cisplatin-based 
combinations reported are cisplatin and 5-FU infusion, with 
or without other agents, such as leucovorin or bleomycin. 
The overall RR is between 50 and 65%, but, more important, 
the CR rate is about 15-20% of the patients treated. It does 
not seem from these phase II trials that the addition of other 
agents to cisplatin and 5-FU infusions has produced higher 
overall RR or CR, but may have added to the toxicities of the 
treatment. More recently, other active combinations have 
been investigated utilizing newer active agents such as Taxol 
[100-102] or Ifosfamide [103]. The majority of these 
patients who achieve CR to chemotherapy are alive more 
than 2 years, or even considered cured [88,89,104]. This 
is especially true in patients with histological cancers 
classified as WHO II or III. Fandi et al. [ 104] reported on 20 
long-term unmaintained complete responders to chemother- 
apy; 14 of 20 were still alive with no evidence of disease 
after treatment 82+ to 190+ months. No standard duration of 
further treatment after achieving CR has been reported. It is 
our opinion that after a CR has been confirmed by biopsy 
(for local recurrence) or X-rays (CT scan, bone scan) in 
patients with nodal or systemic recurrence, an additional 
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TABLE 33.8 Results of Prospective, Randomized Phase !!! Trials of Chemoradiotherapy 
[CT-RT vs Radiotherapy (RT)] in Locally Advanced Disease a 

Year Timing Agent a Survival p Value Comments  b Reference 

1988 Adjuvant CAV 67.3% RT NS 4 year 
58.5% CT-RT 

1995 Induction + PF 80.5% RT NS 2 year 
adjuvant 80% CT-RT 

1996 Induction PEB 45% RT NS 5 year 
40% CT-RT 

1998 Induction PE 71% RT NS 
78% CT-RT 

1998/2001 Concurrent + P, PF 37% RT < 0.001 
adjuvant 67% CT-RT 

2001 Induction PFB 56% RT 
63% CT-RT NS 

3 year 

5 year, DRS 
46% vs 74% 

RFS 0.05 
FLR 0.04 

Rossi et  al. [ 134] 

Chan et al. [141] 

Cvitkovic et  al. [142], 
International Nasopharyngeal 
Cancer Study Group [143], 
E1-Guedari [ 144] 

Chua et  al. [ 145] 

A1-Sarraf et  al. [146-148] 

Ma et al. [151] 

aA, adriamycin; B, bleomycin; E, epirubicin; F, 5-fluorouracil; P, cisplatin; V, vincristine. 
bDRS, disease-related survival; RFS, relapse-free survival; FLR, freedom from local recurrence. 

four to six courses of chemotherapy may need to be admin- 
istered. These patients with CR need to be followed closely, 
especially the first 2 years after the end of chemotherapy. In 
addition, biological agents, such as inhibitors of the epider- 
mal growth factor receptor (EGFR), and angiogenesis given 
simultaneously with chemotherapy, or after significant 
cytoreduction postchemotherapy, may play an important 
role in the future of this disease. 

XIX. CHEMOTHERAPY FOR LOCALLY 
ADVANCED AND PREVIOUSLY UNTREATED 

NASOPHARYNGEAL CANCER 

Because of the high incidence of locoregional failure to 
radiotherapy, despite the initial high clearance rate, and 
because of the high incidence of distant metastasis in 
patients with nasopharyngeal cancers, combined chemother- 
apy with standard radiotherapy is a very attractive concept. 
The different treatments may be complementary and may 
even be synergistic. There are several ways of combining 
chemotherapy with radiotherapy: it can be given as induction 
chemotherapy followed by irradiation treatment, concomi- 
tantly, or adjuvant (radiotherapy followed by chemotherapy). 
Also, a combination of these has been investigated. 

XX. INDUCTION CHEMOTHERAPY 

Induction chemotherapy was explored in the mid-1970s 
in patients with locally advanced stage III and IV head 
and neck cancers of all sites. Most of these patients were 

inoperable or unresectable and included patients with 
nasopharyngeal carcinomas. High overall and clinical 
complete response rates were obtained. The feasibility of 
sequential induction chemotherapy followed by radiother- 
apy was established. This led to many phase II studies using 
the same treatments in patients with locally advanced and 
previously untreated nasopharyngeal cancers (Table 33.7). 
Again it is important to mention the factors that may influ- 
ence the response rate, complete response to chemotherapy, 
and overall survival. The factors that might affect the 
response rate are stage of the NPC, especially the N stage, 
performance status, histopathology, type of chemotherapy 
combinations, number of courses, the adequacy of the 
chemotherapy doses given, and evaluation of response at 
the primary site, whether it was evaluated clinically or by 
CT scan or MRI. Because the majority of patients present 
initially with a T stage of 3 or 4, some changes may continue 
to persist locally when CT or MRI is done, even though 
the patients may have repeated negative biopsies of these 
areas and are considered cured without further treatment. 
Factors that may affect survival are stage of the disease, type 
of response to chemotherapy (partial vs complete), 
histopathology, and performance status of these patients 
[118]. The majority of the trials are with cisplatin-based 
combination, especially the combination of cisplatin and 
5-FU infusion. In a few trials, leucovorin or bleomycin is 
added to this combination. These studies demonstrated an 
overall response rate to chemotherapy of 80-90%. In some 
trials, up to 66% of the responses were complete. Because 
of the various prognostic factors that may have influenced 
the response rate, no statement could be made of the best 
possible chemotherapy combination. Geara et al. [112] and 
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Teo et al. [ 114] reported a much higher CR to chemotherapy 
for the nodal disease than at the primary tumor. Both these 
investigators utilized CT scans to evaluate the response rate. 
In our opinion, both in patients with head and neck cancers 
and in patients with NPC treated with chemotherapy, the 
complete response rate is usually higher at the primary site 
than at regional lymph nodes. Many investigators have 
reported an improved survival when chemotherapy given 
before radiation therapy is compared to historic controls 
treated with radiation therapy alone. This is especially true 
with the administration of adequate doses of two to three 
courses of cisplatin and 5-FU infusion. Teo et al. [114] 
reported on the results of two courses of cisplatin and 5-FU 
infusion followed by radiotherapy in patients with node- 
positive locally advanced nasopharyngeal cancers (209) 
compared to similar patients treated with radiotherapy alone 
during the same period. The chemotherapy group had sig- 
nificantly more bulky nodes, lower cervical/supraclavicular 
nodes, and more advanced overall stages than the 
nonchemotherapy patients. Unfortunately, the duration of 
the 5-FU infusion was for 3 days, instead of the standard 5 
days, and only two courses of chemotherapy were given 
instead of the usual three courses. Despite this, the addition 
of chemotherapy to radiation treatment significantly 
enhanced the local control in node-positive nasopharyngeal 
cancer patients in general and node-positive T3 and T4 stage 
IV in particular. The improvement of 5-year survival to 
sequential chemoradiotherapy in patients with stage IV 
cancers ranged between 50 and 55%, as compared to the 
5-year survival of less than 30% to radiotherapy only. It is 
important when evaluating survival in patients with NPC to 
have a minimum follow-up of 3 years for all patients before 
such an evaluation can be considered adequate. Induction 
chemotherapy before radiotherapy was administered in 
children and adolescence patients with stage IV NPC, with 
an achievement of 100% overall response rate and 45% CR 
to chemotherapy [ 117]. 

XXi. CONCURRENT CHEMORADIOTHERAPY 

The concurrent approach of chemoradiotherapy is attrac- 
tive, with the possible advantages of synergy and enhance- 
ment between chemotherapy and radiotherapy, in addition 
to the additive effects. Combination chemoradiotherapy 
has been investigated in many other solid malignancies, 
which report an improved disease-free survival and overall 
survival of the combined approach over radiotherapy alone. 
Many phase II trials of concurrent chemoradiotherapy in 
locally advanced patients with NPC, especially those with 
stage IV disease, have been reported [119-130]. Many 
chemotherapeutic agents have such a synergistic and/or 
enhancing effect when used concomitantly with radiother- 
apy, especially cisplatin [113-133]. 

One possible advantage of the use of concomitant 
cisplatin and radiotherapy in patients with head and neck 
cancers, especially in patients with nasopharyngeal carcino- 
mas, is the lack of increased local side effects, especially 
mucositis, as compared with other agents such as methotrex- 
ate, bleomycin, or 5-FU. Most of the investigators gave 
standard one fraction per day irradiation. The radiation dose 
was the same without chemotherapy (> 6400 cGy) in most 
of the cases. When the results of concomitant chemoradio- 
therapy were compared to historical matched control 
patients, most of the investigators reported improvement in 
local control, disease-free survival, and overall survival. 

Other agents, such as taxanes, and gemzar, have shown to 
be radiation sensitizers and may need to be investigated in 
the future with concomitant radiotherapy in patients with 
NPC. In an early study, the RTOG [128-130] reported the 
results of treating 124 patients with locally advanced, inop- 
erable, or unresectable stages III (24) and IV (100) cancers. 
It included 28 patients (27 stage IV) with nasopharyngeal 
cancers with concomitant single-agent cisplatin and radio- 
therapy. The dose of cisplatin was 100 mg/m 2 given intra- 
venously with hydration and mannitol diuresis once every 
3 weeks, concurrent with standard radiation therapy to a 
total dose of up to 7380 cGy. The complete response rate for 
all patients was 70%, and for patients with nasopharyngeal 
cancers, the complete response rate was 89%. When the sur- 
vival of patients with nasopharyngeal cancers was compared 
with those with tumors of other sites, significant improve- 
ment with concurrent chemoradiotherapy was observed. 
What was more interesting was the fact that about 55% of 
the patients with cancers of the nasopharynx were still alive 
after 5 years. No additive local toxicities were observed to 
the chemoradiotherapy when compared to matched histori- 
cal patients with head and neck cancers treated with the 
same radiotherapy alone. Because of the good results 
achieved with concomitant chemoradiotherapy in locally 
advanced NPC, the same treatment was administered to 
patients with early stage (stage II) cancer with good results. 

Wolden et al. [ 150] reported on the results of accelerated 
concurrent boost radiotherapy and cisplatin for two courses 
in 50 patients with advanced (stages II-IVb) nasopharyn- 
geal cancer. Adjuvant chemotherapy of cisplatin and 5-FU 
infusion for three courses was given to 37 patients. These 
patients were compared to 51 patients treated with standard 
fractionation radiotherapy without chemotherapy. They 
reported significant improvement with 3-year actuarial local 
control (89% vs 74%), progression-free survival (66% vs 
54%), and survival (84% vs 71%). 

XXll. ADJUVANT CHEMOTHERAPY 

The benefits of giving active systemic chemotherapy 
after the curative intent of radiotherapy in patients with 
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locally advanced NPC are to consolidate the local control 
achieved by radiation treatment and to reduce the incidence 
of microscopic systemic metastasis. This may result in the 
improvement of disease-free survival, and eventually 
improvement of overall survival of these patients. One 
prospective randomized trial [134] utilizing a nonplatinol 
combination did not show a benefit of adjuvant chemother- 
apy and is discussed later. In another phase II trial [ 135], the 
combination chemotherapy used was too toxic, resulting in 
high treatment-related mortality. However, other reports 
[136-140,149] of single arm studies do show the possible 
benefit of adjuvant chemotherapy in patients with NPC. The 
type of chemotherapeutic agents given, doses, and length of 
treatment may determine the incidence of possible local side 
effects and overall morbidity of adjuvant chemotherapy after 
curative radiation treatment in these patients. Many newer 
agents, and combinations, may have less local mucosal side 
effects and may need to be investigated in the future. 
Eventually, the question of the possible benefit of adjuvant 
chemotherapy in locally advanced NPC will need to be 
answered with prospective randomized phase III trials. 

XXlil. RANDOMIZED TRIALS 

Six prospective randomized phase III trials (Table 33.8) 
comparing chemoradiotherapy to the same radiotherapy 
alone have been reported so far in patients with locally 
advanced nasopharyngeal cancers [134,142-148]. Three 
studies gave only sequential chemotherapy followed by 
radiotherapy. In two of these trials, other cisplatin combina- 
tions than with 5-FU infusion were used. Results of phase II 
studies using sequential initial chemotherapy followed by 
radiotherapy have been reported in recent years with great 
interest. A study was conducted by the International 
Nasopharyngeal Cancer Study Group [142,143] where 339 
patients were randomized to receive three induction courses 
of chemotherapy using the combination of bleomycin, 
cisplatin, and epirubicin followed by radiation therapy or 
radiation therapy alone. An initial report of this study 
showed that induction chemotherapy prolonged disease-free 
survival but there was no difference in overall survival 
between the two groups. A recent update of this trial after a 
median follow-up of 74 months confirmed these results 
[ 144]. Unfortunately, the mortality rate on the chemotherapy 
arm was 9%. This study also demonstrated a high salvage 
rate in chemotherapy naive patients treated initially with 
radiotherapy only. The high mortality rate with this study 
may be due to the possible use of other cisplatin combina- 
tions, than 5-FU infusion, and the high salvage rate of the 
chemotherapy naive patients (standard arm) may contribute 
to the results of this trial. 

Chan et al. [ 141 ] reported a smaller study of 82 patients 
that did not demonstrate an advantage to induction 

chemotherapy with two courses of cisplatin and 5-FU infu- 
sion followed by radiotherapy vs radiation treatment alone. 
In this study, two courses of chemotherapy were given and a 
smaller dose of 5-FU infusion (60% of standard dose) was 
used, which may have affected the results of the study. The 
number of patients randomized was also small, and the 
median follow-up of these patients was short (28 months). 

Chua et al. [145] compared cisplatin and epirubicin in 
two to three cycles followed by radiotherapy versus radia- 
tion therapy alone and found no difference in the 3-year 
relapse-free and 3-year overall survival rates between the 
two groups. When only the evaluable patients (286/334) 
were analyzed, a trend of improved 3-year relapse-free 
survival was observed (58% vs 46%, p=0.053). In the 
subgroup of 49 patients with bulky neck nodes >6 cm, a 
significantly improved 3-year relapse-free survival rate was 
observed in favor of the combined group (63% vs 28%, 
p=0.026), and significant improvement in 3-year overall 
survival (73% vs 37%, p=0.057) was observed. We do feel 
that the follow-up of these patients was short, as most of the 
difference in survival was usually observed after 3 years. 

A randomized adjuvant chemotherapy trial was reported 
by Rossi et al. [134]. In that study, 229 patients were 
randomized to radiotherapy alone or radiation treatment 
followed by six courses of chemotherapy of noncisplatin 
combination. No significant overall survival or relapse-free 
survival rates were observed. In our opinion, although based 
on nonrandomized trials, noncisplatin combinations are 
inferior to cisplatin combination chemotherapy in this 
disease and other sites of head and neck cancers, which may 
have contributed to the negative results in this study. 

The encouraging results obtained with concurrent cis- 
platin and radiotherapy led to a prospective randomized 
phase III Intergroup trial conducted in North America by 
the Southwest Oncology Group with the participation of 
the RTOG and ECOG [146-148]. In this study, 193 patients 
were registered and 185 patients were randomized and 
stratified to receive radiation therapy alone (92) to a total 
dose of 70 Gy versus a combination of chemotherapy and 
radiotherapy (93). Chemotherapy consisted of three cycles of 
cisplatin given at a dose of 100 mg/m 2 concurrent with the 
same radiation therapy every 3 weeks. This was followed by 
three cycles every 4 weeks of cisplatin at a dose of 80 mg/m 2 
on day 1 and 1000 mg/mZ/day of 5-FU days 1 through 4 
given as a continuous infusion. Adjuvant chemotherapy was 
given to enhance the locoregional control and to decrease 
systemic metastasis. Patients were stratified according to the 
T and N stages, performance status, and histopathology. All 
slides were reviewed centrally by independent pathologists. 
This important trial demonstrated a highly significant differ- 
ence in the overall survival at 5 years (37% in RT vs 67% in 
CT-RT, p<0.001), as well as a significant difference in 
progression-free survival (29% for RT group vs 58% for 
CT-RT patients, p < 0.001). Significantly less local, nodal, 
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and distant metastasis was observed with the combined treat- 
ment ann. The possible reasons for the success of this trial 
were that patients were stratified to important and accepted 
prognostic factors and total chemoradiotherapy was used in 
the investigational arm. This consists of initial concurrent 
cisplatin and radiotherapy to produce the best locoregional 
control, followed by adjuvant chemotherapy of cisplatin and 
5-FU infusion for three courses to consolidate this control 
and to reduce the incidence of systemic metastasis. This 
study demonstrates clearly that chemoradiotherapy is highly 
effective in the treatment of locally advanced nasopharyngeal 
carcinoma and is now considered as the standard of care in 
the treatment of patients with nasopharyngeal cancers. 

A sixth randomized phase III study was recently reported 
by Ma et al. [ 151 ]. They compared induction chemotherapy 
with cisplatin, 5-FU infusion, and belomycin followed by 
radiotherapy to patients who received radiation treatment 
only. They reported significant improvement in relapse-free 
survival (59% vs 49%) and a significant improvement in the 
5-year freedom from the local recurrence rate (82% vs 74%) 
in favor of the combined group. The 5-year overall survival 
rates were 63% for the combined group vs 56% for radio- 
therapy, and this difference was not significant. Although 
numerous patients were included in this randomized trial, 
the majority of patients were stage III disease. Also, 20% 
less 5-FU dose was given because of the addition of 
bleomycin to the chemotherapy, and patients were given two 
or three courses of induction chemotherapy. The authors did 
not specify the number of patients that received two cycles 
of the chemotherapy. The difference in overall survival was 
not significant. This may be due to the number of patients 
randomized in this study that prevented from detecting the 
less than 10% difference. 

In our experience with locally advanced NPC previously 
untreated, we gave induction chemotherapy of cisplatin 
(100 mg/m 2 IV) on day 1 and 5-FU (1000 mg/m2/day) on 
days 1 through 5 by continuous infusion every 3 weeks, 
repeated for three courses. This was followed by standard 
radiotherapy and concurrent cisplatin (80 mg/m 2 IV) every 
4 weeks for three courses. The early results of this combined 
approach, about 90% of patients with stage IV, are alive 
more than 3 years and the majority are disease free. 

XXIV. C O N C L U S I O N  

Chemotherapy is a very important part in the treatment and 
improved results in patients with nasopharyngeal carcinoma. 
In patients with recurrent/metastatic disease, effective and 
adequate chemotherapy alone and other palliative treatments, 
are highly recommended, with possibly achieving a 15-20% 
long-term survival and possibly a cure. Combination platinol- 
based chemotherapy is the most active and recommended in 
these patients. In patients with locally advanced NPC (stages 

HI and IV), combination chemotherapy given neoadjuvantly 
(induction), concomitant with, or after curative total radio- 
therapy did improve local control, decreased the systemic 
metastasis, and produced improvement of disease-free 
survival and overall survival in the majority of the studies 
reported. Concurrent chemoradiotherapy, followed by adju- 
vant chemotherapy, significantly improved local control 
systemic control, progression-free survival, and overall 
survival in a phase III prospective randomized trial. Different 
sequencing of induction chemotherapy followed by concomi- 
tant chemoradiotherapy, new agents, and combinations need 
to be investigated in patients with locally advanced NPC. 
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Cancers of the oral cavity, salivary glands, larynx, and 
pharynx, referred to collectively as squamous cell carcino- 
mas of the head and neck (HNSCC), represent the sixth 
most common cancer among men in the developed world 
and are often associated with unfavorable survival and 
morbidity rates. Although risks factors for HNSCC are 
well recognized, very little is known about the molecular 
mechanisms that characterize these lesions. A major chal- 
lenge, therefore, has been the assessment of genetic alter- 
ations in HNSCC as they exist in vivo. This chapter 
describes some of the recent developments of sensitive 
molecular techniques and approaches that are likely to 
identify altered gene products that are causal of HNSCC 
development and progression. These include the use of laser 

capture microdissection (LCM), driven primarily by the 
need to isolate pure cell population from their native tissue, 
and the use of DNA array technology for the comprehensive 
molecular characterization of normal, precancerous, and 
malignant cells, which enable the analysis of expression 
pattems of thousands of genes simultaneously. Furthermore, 
we describe the use of the LCM platform for the Head and 
Neck Cancer Genome Anatomy Project (HN-CGAP), 
whose primary goal has been to systematically identify and 
catalogue known and novel genes expressed during HNSCC 
development, and subsequently has become the leading 
effort in gene discovery in squamous epithelium. Similarly, 
we describe the use of LCM for proteomics in order to 
identify those proteins that may characterize different stages 
of HNSCC development and could potentially predict 
patient outcomes. These revolutionary approaches are 
likely to have an unprecedented impact in cancer biology 
and provide exciting opportunities to unravel the still 
unknown mechanisms involved in squamous cell carcino- 
genesis. They are also expected to provide a molecular 
blueprint of HNSCC, thus helping to identify suitable 
markers for the early detection of preneoplastic lesions, as 
well as novel targets for pharmacological intervention in this 
disease. 

I. INTRODUCTION 

Cancers of the oral cavity, salivary glands, larynx, and 
pharynx are the sixth most common cancer among men in 
the developed world [1,2]. As more than 90% of these 
neoplastic lesions are of squamous cell origin, they are 
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usually referred to, collectively, as squamous cell carcino- 
mas of the head and neck (HNSCC). The 5-year survival 
rate after diagnosis for this cancer type is relatively low, 
approximately 53% [1,2], and this high morbidity rate can 
be attributed to many factors, which include failure to 
respond to available therapy, late presentation of the lesions, 
and the lack of suitable markers for early detection [3-5]. 
As described in other chapters, current efforts aimed to elu- 
cidate fully the genetic changes leading to the development 
of HNSCC are expected to have important implications for the 
early diagnosis, therapy, and prognosis of HNSCC patients. 

11. GENETIC ALTERATIONS IN HEAD AND NECK 
S Q U A M O U S  CELL CARCINOMAS (HNSCC) 

Cancer arises in a multistep process resulting from the 
sequential accumulation of genetic defects and the clonal 
expansion of selected cell populations [6]. In the case of 
HNSCC, the precise nature of the genetic alterations 
occurring at each step is still unclear, but a recent report 
has described a preliminary HNSCC molecular progression 
model, thus providing a framework for the understanding of 
the molecular pathogenesis of this cancer type [7]. In this 
model, the sequential loss of chromosomal material is 
thought to result in changes leading to dysplasia (9p21, 
3p21, 17p13), carcinoma in situ (1 lq13, 13q21, 14q31), and 
invasive tumors (4q26-28, 6p, 8p, 8q). These initial observa- 
tions have been expanded by the use of a variety of highly 
sophisticated techniques, such as comparative genomic 
hybridization (CGH), fluorescence in situ hybridization, and 
the use of polymorphic microsatellite markers. The latter 
has helped identify a number of areas of loss of heterozy- 
gosity (LOH), including 3p, 4q, 5q21-22, 8p21-23, 9p21-22, 
l lq13, 11q23, 13q, 14q, 17p, 18q, and 22q [8-21], thus 
suggesting the contribution of several known tumor suppres- 
sor genes in HNSCC, such as p16 (9p21), APC (5q21-22), 
and p53 (17p13), as well as the existence of many novel 
putative tumor suppressor genes affected in HNSCC [22,23]. 
In this regard, the near completion of the human genome 
project and recent technical developments, including the 
use of laser-assisted microdissection and gene arrays, 
are expected to help decipher the nature of the genetic 
alterations responsible for this devastating disease [24,25]. 

III. TECHNIQUES USED FOR MOLECULAR 
PROFILING OF HNSCC 

A major scientific challenge in HNSCC is our under- 
standing of the molecular events that drive tumor progression 
in vivo [26]. In this regard, determining the identity of 
those genes that are expressed in any given cell type is the 
first step toward elucidating the nature of the molecules 

that may mediate normal cellular physiology or disease 
processes [27]. For example, even normal cellular functions 
characterizing squamous epithelium, such as proliferation, 
differentiation, apoptosis, and DNA repair, require the 
coordinated expression of a diverse set of genes [28-31]. 
Indeed, maintaining the complex integrity of the epithelium 
and ensuring that these intrinsic processes occur correctly 
require a large assortment of genes being turned on and off 
at specific times [32]. Thus far, only a limited set of genes 
have been described that are specific for squamous epithe- 
lium and include those that encode for proteins involved 
in cornified envelope assembly and several cytokeratins 
[33, 34]. Also included are regulatory proteins, e.g., the 
activator proteins (AP- 1 and AP-2), which are now known to 
have major roles in modulating gene expression in these 
cells [35]. However, perturbation of the normal balance of 
some of these gene products that drive these cellular 
processes forms the basis of many human diseases, includ- 
ing malignancies, and information such as normal or aber- 
rant function of genes in this tissue is expected to provide 
an opportunity to understand and control the complex 
processes that ultimately result in tumor development and 
progression [36]. Furthermore, if molecular markers repre- 
senting early and late events could be isolated, it would then 
be possible to identify persons at high risk for HNSCC, 
namely those whose lesions are progressing through the 
premalignant state. Identifying the gene products that are 
altered in HNSCC may also help identify targets for new 
treatments modalities [37]. Clearly, full elucidation of the 
genetic changes leading to the development of HNSCC will 
lead to improved molecular assays with important implica- 
tions for the early diagnosis, therapy, and prognosis of 
HNSCC patients [38,39]. This chapter focuses on describing 
the development of sensitive molecular techniques and 
approaches, with the expectation that these efforts may soon 
help identify altered gene products, which might be causal 
for the conversion of normal epithelium to a malignant 
phenotype, and that this information may yield novel 
biomarkers of tumor development and progression, as 
well as candidate drug targets for pharmacological 
intervention [40]. 

A. M i c r o d i s s e c t i o n  

Technological advances and the development of analyti- 
cal tools and kits now enable the comparative analysis 
of macromolecules that may be causal in tumor develop- 
ment and progression [41]. Although studies may have 
identified molecules that may be involved in the pathogene- 
sis of certain types of neoplasia, tissue heterogeneity may 
have limited the value of this body of information. Indeed, 
only a fraction of the total tissue volume (<5%) is suitable 
for this type of analysis, thus the use of bulk tissue may 
include abundant contamination, such as cells of lymphatic 
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or stromal origin, and may not be representational to those 
cells of interest [42]. In this regard, the development of 
microdissection techniques now allows the molecular 
analysis of subpopulations of normal and pathologically 
altered cells from heterogeneous specimens. Some of 
these techniques in current use are summarized. 

Manual tissue microdissection holds certain advantages, 
which include low cost and the ease and quickness to pro- 
cure large homogeneous areas with a sterile needle or a 
scalpel [43]. However, this approach is usually associated 
with a very high risk of cell contamination if the tissue 
area of interest is heterogeneous and thus not suitable for 
procuring a small cell population. More recently, the 
ultraviolet (UV) laser has been adapted for use with 
microdissection, which allows for more precise and rapid 
procurement of homogeneous cell populations from both 
frozen and formalin-fixed, paraffin-embedded tissue sec- 
tions, thus making this approach highly suitable for cell- 
specific analysis of DNA, RNA, and proteins [44]. A major 
limitation with this approach, excluding its high and 
sometimes prohibitive cost, is that the quality of data 
obtained is highly dependent on the precision with which 
target cells can be identified. Because no coverslip or 
mounting medium is used during laser-assisted microdissec- 
tion, cellular detail is often poor, making it extremely 
difficult to distinguish different cell types reliably by 
ordinary morphology in routinely stained sections. 
Examples using this technology include laser microbeam 
microdissection (LMM), which uses a pulsed UV narrow 
beam focus laser to cut out target cells and to photoablate 
unwanted adjacent tissue [45]. In this way, it is possible to 
procure with or without a computer-assisted micromanipula- 
tor only those cells of interest, leaving behind the unwanted 
cells. This procedure is of very high precision, but very 
time-consuming. LMM can also be used for microbeam 
microdissection of membrane-mounted native tissue 
(MOMENT) [46], whereby tissue sections mounted on a thin 
supporting polyethylene membrane, which is attached to a 
slide by nail polish, can be cut together with the target tissue 
by laser and collected in a tube with a single laser pulse 
(LPC, see later). While this particular technique facilitates 
the dissection and transfer of large intact tissue fragments 
with a minimal risk of contamination, the process does 
involve elaborate tissue section preparation and it is only 
suitable for membrane-mounted tissue sections. Similarly 
for laser pressure catapulting (LPC), which relies on a laser 
to cut the target area of cells and their collection by noncon- 
tact laser pressure catapulting into sample tubes [47]. While 
this has a minimal risk of including contaminating cells, the 
actual procedure of procurement may result in damaged 
cells and hence a loss in integrity of the macromolecules. 
More recently, the laser microdissection system (LMD) 
allows small areas, including single cells within tissue 
sections mounted on a thin plastic film, to be cut by a 

computer-assisted use of laser along a predetermined 
contour [48]. Avoiding direct contact, areas of tissue 
microdissected by laser can be collected directly in tubes by 
gravity. In our laboratory, we have accumulated ample 
experience on the use of another popular system known as 
laser capture microdissection (LCM) [49]. Thus, although 
we strongly encourage the readers to explore which one of 
these recently developed systems is more suitable for the 
microdissection of their particular clinical samples under 
investigation, we will describe in more detail the use 
of LCM as an example of the use of microdissection 
techniques for the study of the molecular basis of HNSCC. 

B. Laser  C a p t u r e  M i c r o d i s s e c t i o n  

The method of laser capture microdissection, developed 
at the Laboratory of Pathology (National Cancer Institute), 
was driven by the need to isolate pure premalignant cells 
from their native tissue and facilitate the study of molecu- 
lar events leading to invasive cancer. It has subsequently 
found widespread interest as an attractive addition to the 
repertoire of microdissection techniques. LCM allows a 
precise and more accurate assessment of molecular alter- 
ations in cancers and the potential to identify those genes 
that have never been described previously. This procedure 
enables the procurement of pure cell populations from 
frozen of archival human tissue sections in one step, under 
direct visualization [50-53], and thus provides a platform 
for current efforts in defining some of the molecular basis 
of neoplasias as they exist in vivo. In this regard, the 
accurate procurement of specific cell types for RNA isola- 
tion using LCM remains a critical step in the analysis 
of genes expressed in HNSCC and the potential of address- 
ing their possible contribution to neoplasia, if comparison 
can be made with normal tissue. 

LCM, as shown in Fig. 34.1 (see also color insert), 
primarily involves the PixCell II instrument (Arcturus 
Engineering, Mountain View, CA). The system consists 
of an inverted microscope, a solid-state near-infrared laser 
diode, a laser control unit, a joystick-controlled microscope 
stage with a vacuum chuck for slide immobilization, a CCD 
camera, and a color monitor. The LCM microscope is 
connected to a personal computer for additional laser con- 
trol and image archiving. Accessories include optically clear 
caps that are coated at one end with a film of ethylene vinyl 
acetate (EVA) of an approximately diameter of 6 mm, which 
are in direct contact with the tissue and are used for the 
transfer of selected cells. The caps then fit onto standard 
0.5-ml microcentrifuge tubes for further tissue processing. 

The actual procedure of LCM, as described by the man- 
ufacture (www.arctur.com), involves using the transporter 
arm to maneuver the cap onto the tissue section. Cells of 
interest, based on exhibiting a specific morphology under 
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FIGURE 34.1 Application of laser capture microdissection (LCM). The procedure of LCM provides a quick and 
reliable method for the procurement of a pure population of cells from their native tissues. The process involves using 
the handle of the transport arm to manipulate the platform holding the vacuum-secured glass slide until an area of 
interest is determined with the microscope. A pulse of laser beam is then used to capture areas of tissues of interest onto 
ethylene vinyl acetate (EVA)-coated caps (CapSure). These caps are then transferred after LCM to Eppendorf tubes 
containing appropriate lysis buffer for extraction of macromolecules (RNA, DNA, and proteins). Using this method, 
frozen tissue sections can be microdissected immediately after staining, and thus a pure population of cells of interest 
(> 95% purity) can be concentrated rapidly with maximum preservation of macromolecules. Adapted from Leethanakul 
et  al. [67]. (See also color insert.) 

light microscopy after staining with heamotoxylin and 

eosin, are visualized and the image is subsequently trans- 
ferred to a computer screen. After visual selection of 
the desired cells using the joystick and guided by a posi- 

tioning beam, laser activation leads to focal melting of 
the EVA membrane, which has its absorption maximum 
near the wavelength of the laser. The melted polymer 
expands into the section and fills the extremely small hollow 
spaces present in the tissue. The polymer resolidifies within 
milliseconds and forms a composite with the tissue. The 

adherence of the tissue to the activated membrane exceeds 
the adhesion to the glass slide and allows selective removal 
of the desired cells. Laser impulses, usually between 
0.5 and 5 ms in duration, can be repeated multiple times 
across the whole cap surface, which allows the rapid 
isolation of large numbers of cells. Of importance, as most 

of the energy is absorbed by the membrane, biological 
macromolecules of interest are thus left intact. The selected 
tissue fragments are harvested by simple lifting of the 
cap, which is then transferred to a microcentrifuge tube con- 
taining the buffer solutions required for the isolation of the 
molecules of interest, e.g., RNA. The homogeneity of the 
captured cells is then confirmed under a light microscope 
prior to proceeding with RNA extraction. With this method, 
a pure population of cells of interest (> 95% purity) can be 
concentrated rapidly, and with maximum preservation of 

RNA. The isolated RNA from these cells can then be used 
with the currently available technology for the detailed 
analysis of gene expression. The remaining tissue on the 
slide is intact and can be subjected to further dissection. In 
addition, a video camera on top of the microscope enables 

the user to monitor the progress of the microdissection, thus 
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providing a convenient reference point for subsequent serial 
sections. 

Certain advantages of LCM include speed, precision, and 
versatility, which together allow for the procurement of 
thousands of cells from several tissue components from the 
same slide, e.g., normal and neoplastic cells, within a 
relatively short period of time. Additionally, the PixCell II 
instrument allows for the capture of single cell(s) within a 
population of cells of interest. Its limitations include the 
restrictive optical resolution of routinely stained, dehydrated 
tissue sections without a coverslip, thus making the precise 
procurement of cells from certain complex tissues, which 
may lack architectural features, such as lymphoid tissues 
or diffusely infiltrating carcinomas, almost impossible. This 
problem can be circumvented by special stains, particularly 
immunohistochemistry, which help highlight the cell 
population to be isolated or avoided. However, when 
compared with conventional stains, immunostaining 
always results in a measurable decrease in RNA recovery, 
probably because of the longer exposure to aqueous media. 
In contrast, the use of precipitating fixatives such as acetone 
or ethanol and the rapid dehydration process of frozen 
sections by inactivating endogenous RNase may help pre- 
serve RNA integrity, and the use of hematoxylin and eosin 
for cell visualization has been demonstrated to have a 
minimum effect on the recovery of these nucleic acids [54]. 

C. Array T e c h n o l o g i e s  

The development of several high-throughput, hybridization- 
based methods utilizing gene-specific polynucleotides 
derived from the 3' end of RNA transcripts, arrayed 
individually on a single matrix (nylon membranes or glass 
slides), now allows the analysis of thousands o f  genes 
simultaneously and thus provides a unique opportunity to 
examine the identity of genes expressed in normal and 
tumor tissues, as well as to obtain valuable information 
about their biological function [55,56]. 

The principle behind any array experiment is to match 
through base-pairing rules (A-T and G-C for DNA; A-U and 
G-C for RNA) known immobilized cDNA probes 
(500-5000 bp) with unknown labeled nucleic acid targets 
by hybridization [57]. However, central to the success of 
such experiments is the choice of "probes" to be printed on 
the array, which is usually based on available information 
on clones, e.g., from databases (GenBank, dbEST, UniGene) 
and collection of full-length cDNAs, partially sequenced 
cDNAs (or ESTs), or randomly chosen cDNAs from any 
library of interest. Once an array format has been designed 
with a choice of clones, these are then polymerase chain 
reaction (PCR) amplified, purified, resuspended, and pre- 
pared for printing. For both glass and membrane matrices, 
each element is generated by the deposition of a few 
nanoliters of purified PCR product using workstations; 

after fixation of DNA, e.g., by UV cross-linking, the arrays 
are ready for analysis [58,59]. Currently, high-density arrays 
can consist of approximately 40,000 elements. The standard 
approach to an array experiment involves the fluorescent 
labeling of control (Cye3-dUTP) and test (Cye5;dUTP) 
total RNA by reverse transcription and subsequently these 
targets are then pooled and allowed to hybridize to cDNAs 
arrayed onto glass slides and the signal is detected and 
measured by laser detectors. Using appropriate software, 
these images can then be analyzed, data from a single 
experiment can be viewed as a normalized ratio, and the 
relative abundance of transcripts present in the samples can 
be assessed [60]. The scheme is similar when using a 
radiolabeled probe, but it is not possible to carry out a 
simultaneous hybridization of test and reference samples, 
and detection involves the use of PhosphorImagers. In such 
cases, serial or parallel hybridization is required, introduc- 
ing the possibility of higher variability in comparisons 
of expression level. In this case, [33p]dCTP as a source of 
radioactive label is preferred as it avoids spot saturation and 
interference of surrounding weak hybridization signal. 

Another genomic approach uses high-density oligonu- 
cleotide microarrays, Which offer certain advantages over 
glass slides arrayed with cDNAs. Using photolithography, 
up to 400,000 oligonucleotides, representing nearly 25,000 
genes, can be synthesized directly onto a chip from sequence 
information currently available, thus avoiding the need of 
maintaining large numbers of cDNA clones. Furthermore, 20 
pairs of oligonucleotides are usually included for each 
gene represented and among these are controls that ensure 
the specificity and reliability of the gene expression data 
obtained. Although this approach avoids repetitive or 
homologous gene regions and chip-to-chip variations, 
expensive and specialized equipment is required [61 ]. 

A major limitation for this type of approach includes 
tissue heterogeneity, which may make it very difficult to 
assign expressed genes to specific cell populations if gross 
tissue extracts are used as a source of mRNA. Thus, an 
accurate procurement of specific cell types for RNA 
isolation is a critical step influencing the validity of this 
type of analysis [62]. LCM, as described earlier, fulfills 
this criterion. However, the relative amounts of RNA 
obtainable from LCM material are usually low and not 
suitable for representative gene expression analysis, as 
those genes of moderate or low abundance may remain 
undetected. For example, new micro RNA isolation kits, 
involving guanidium isothiocyanate (GITC), phenol/ 
chloroform, isopropanol precipitation, and treatment with 
DNase I in the presence of RNase inhibitors, have been used 
successfully to obtain RNA (--20ng) from approximately 
5000 cells [63,64] RNA recovered from LCM-derived cells 
is usually fragmented; therefore, prior to gene expression 
studies, it is essential to monitor the quality and integrity of 
the nucleic acid, e.g., by reverse transcribing and amplifying 
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a "housekeeping gene." Additionally, as the total amount 
of RNA required for expression analysis (10-100~tg) is 
usually much greater than the amount that can be extracted 
from microdissected tissues, elaborate protocols are now 
available that allow the synthesis of first-strand cDNAs from 
small amounts of total RNA, such as those extracted from 
microdissected tissues [65]. More recently, methods using 
T7-oligo(dT) primers, reverse transcriptase and T7 tran- 
scription, allow for the linear amplification of total 
RNA (>1000-fold), including transcripts of low abundance, 
resulting in gene expression profiles that are comparable 
to those observed when using larger amounts of total 
RNA [66]. 

IV. USE OF GENE ARRAYS TO EVALUATE GENE 
EXPRESSION PROFILES IN HNSCC 

Many studies have examined the differences in the 
expression of one or a few genes in HNSCC, but no 
comprehensive and systematic study of gene expression 
profiles in these neoplastic cells had been undertaken. 
Therefore, available molecular models are not able to explain 
fully the complexity of the genetic changes that occur 
during the development and progression of HNSCC. Thus, 
to address some of these shortfalls, the complementary use 
of LCM with gene array approaches has been applied to 
gene expression of HNSCC. In particular, these studies 
involved lesions from different anatomical sites (tongue, 
larynx, pharynx), contrasting histopathology (poorly, 
moderate to well differentiated and invasive) and clinical 
stage (T1-T4) and comparing differences with matching 
normal tissue, either adjacent or distant [67]. In these 
cases, total RNA extracted from specific cell populations 
(squamous epithelium) procured by LCM was reverse 
transcribed and amplified, and the resulting cDNAs were 
labeled and used as targets to hybridize to filter membranes 
arrayed with known cancer genes. Using this strategy, it was 
possible to ascertain reliable and specific gene expression 
information from these tissues (Fig. 34.2), thus enabling 
direct comparisons to be made with normal cells [67]. A 
distinct pattern of expression of differentiation and 
growth-related genes was clearly demonstrated in this 
tumor type. For example, most of the cytokeratins were 
underrepresented and, in contrast, key signaling 
molecules, growth factors, and angiogenic cytokines were 
overexpressed in this cancer type when compared directly 
with the adjacent normal tissue (Table 34.1). Additionally, 
these initial efforts demonstrated the feasibility of 
recovering complex transcriptomes from microdis- 
sected cell populations More recently, this approach 
has been extended to the use of high-density arrays 
and T7-amplified mRNA procured by LCM for the gene 
expression profiling of oral lesions [68]. This study 

revealed that many known genes with reported roles in 
neoplasia are expressed differentially in HNSCC. These 
included transcription factors, oncogenes, tumor suppres- 
sors, and many genes often associated with differentia- 
tion, proliferative, and invasive pathways. However, a 
subset of genes that have not been previously implicated 
in oral neoplasias, e.g., neuromedin U, were also reported. 

In addition to gene expression profiling of neoplasias, the 
array approach has been applied to improve our understand- 
ing of the extent of molecular heterogeneity that exists 
within most types of cancers and which may reflect the 
overall clinical outcome. Therefore, it is likely that the 
molecular classification of tumors will identify previously 
undetected lesions and thus lead to more specific and effec- 
tive treatment options. For instance, in tumors from patients 
with a type of non-Hodgkins lymphoma, gene expression 
analysis using microarrays was able to identify two molecu- 
larly distinct subgroups of lesions that contrasted in their 
responses to standard chemotherapy regimes and survival 
[69]. Similar expression profiles on human breast carcino- 
mas identified at least five subgroups related to different 
molecular features of this cancer type [70]. It is likely 
that similar studies to include more patients and different 
lesions may be able to classify all human tumors in clini- 
cally homogeneous groups and thus identify molecular 
determinants that will reflect overall survival. 

V. GENE DISCOVERY EFFORTS IN HNSCC: THE 
CANCER G EN O ME ANATOMY PROJECT 

Laser-assisted microdissection techniques are well suited 
for expression analysis of known and unknown genes in a 
tissue and cell-specific pattern, which may help elucidate 
the etiology and pathogenesis of certain cancers, including 
colon, lung, breast, prostate, adrenal, and ovary [24]. In this 
regard, the development of these techniques was expedited 
by their integration into the "cancer genome anatomy 
project" (CGAP) sponsored by the National Cancer 
Institute. The purpose of this effort was the development of 
technology, information, and material infrastructure 
toward the goal of the comprehensive molecular analysis of 
cells in human tissues as they transition from the normal 
state to the precancerous state and, ultimately, to cancer 
[71,72]. The CGAP efforts initially focused on the five 
most prominent tumor types (breast, colon, lung, prostate, 
ovarian), but as the project developed and its potential 
was realized, other lesions, including HNSCC, were 
included (http://cgap.nci.nih.gov/). In this regard, the Head 
and Neck CGAP (HN-CGAP) was established as a coopera- 
tive effort between the National Institute of Dental and 
Craniofacial Research (NIDCR) and the NCI CGAE The 
rationale was to generate sequence information initially 
from representational cDNA libraries constructed from cell 
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FIGURE 3 4 . 2  Analysis of gene expression in HNSCC using cDNA arrays. For each HNSCC tissue set (normal and 
tumor), amplified cDNA (AcDNA) probes were prepared and used simultaneously for the hybridization of nylon 
membranes arrayed in duplicate with human cancer and housekeeping genes (BD Biosciences). Conditions used for 
hybridization were essentially as described in the manufacturer's protocol and were analyzed by Phosphorlmaging and 
autoradiography. Pattern of gene expression for a representative tissue set from the same HNSCC patient is shown (A). 
Differentially expressed genes in three or more HNSCC tissue sets were considered of likely biological significance, and 
examples of those are indicated (B). Data from Leethanakul et aL [67]. 

lines derived from primary and secondary HNSCC lesions 
of contrasting clinical staging (T2 to T4) and primary oral 
keratinocytes and E6/E7 of HPV-immortalized oral ker- 
atinocytes, annotated HN1-4 and HN5-6, respectively, in the 
CGAP database to gain information on the nature of those 
genes expressed in this particular cell type [73]. Overall, 
from the 1160 clones sequenced, 38 of these were identified 
as novel genes. Furthermore, a distinct pattern of gene 
expression can already be observed when comparing normal 
and cancerous cells using analytical tools available at the 
CGAP site [73]. 

However, cells in culture often exhibit genetic mutations 
similar to those of the tumor of origin, and the molecules 
expressed are likely to be quite different from those present 
in their natural setting and highly dependent on the 
particular culturing conditions [74,75]. Thus, sequence 
information from highly complex cDNA libraries derived 
from LCM-procured HNSCC tissue (normal and tumor 
tissue resected from HNSCC patients) may be more 

representational and help to begin defining more accurately 
those genes that are expressed in this cancer type and their 
molecular changes as they occur during tumor progression 
in vivo [76]. The choice of tissue samples for constructing 
cDNA libraries was based primarily on clinical features 
such as anatomical sites, which included the retromolar 
trigone region, floor of the mouth, and the tongue, thus 
representing the most frequently detected HNSCC sites 
[77]. Furthermore, the actual lesions were assessed to be 
either carcinoma in situ (CIS), well-differentiated invasive 
carcinoma or moderated to poorly differentiated carcinoma, 
and the matching normal epithelium, either adjacent or 
distant, to be of squamous origin. Seven high-quality, 
LCM-derived cDNA libraries have been thus far generated 
from microdissected oral epithelium; however, six of 
these are from patient sets, which include carcinoma and 
adjacent matching normal epithelium (annotated HN8, 10, 
12, and HN7, 9, 11, respectively, in the CGAP database; 
http://cgap.nci.nih.gov [63]). As there is very limited 
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TABLE 34.1 Genes  Highly Represen ted  in HNSCC a 

Cellcycle 
L33264 
X59768 
Ul1791 
U40345 
U18422 

cdc-2-related kinase 
Cyclin D1 
Cyclin H 
pl9INK4D 
DP-2 

Angiogenesis 
L12350 
U43142 
X07819 
X07820 
D50477 
Z30183 
U76456 

Thrombospondin 2 precursor 
VEGF-C 
MMP-7 
MMP- 10 
MMP-16 
TIMP-3 
TIMP-4 

Growth factors and oncogenes 
M11730 HER2 
M37722 bFGFR 1 
Z12020 MDM2 
M31213 c-RET 
D17517 SKY 
X87838 ~-Catenin 
X14445 FGF 3 
M37825 FGF 5 
X63454 FGF 6 
M65062 IGFBP5 
M60718 HGF precursor 
K03222 TGF-o~ 
X02812 TGF-~ 
M96956 EGF Cripto protein CRI and 2 
X06374 PGDF-a 
X02811 c-SIS 
M74088 APC 

Signaling molecules 
X60811 
X79483 
U82532 
L35253 
L26318 
L31951 
U34819 
U39657 
U78876 
M31470 
L25080 

ERK1 
ERK6 
GDI dissociation protein 
MAP k_inase p38 
JNK1 
JNK2 
JNK3 
MKK6 
MEKK3 
Ras-like protein (TC 10) 
Rho A 

Apoptosis 
U45878 
U37448 
U60520 
U28014 
M77198 
U59747 
U78798 
$83171 
L22474 

Inhibitor of apoptosis protein 
Caspase 7 precursor 
Caspase 8 precursor 
Caspase 5 precursor 
AKT2 
BCL-W 
TRAF2 
BAG- 1 
BAX 

WNT/Notch signaling system 
M73980 Notch 1 
U77493 Notch 2 
M99437 Notch group protein (N) 
AF028593 Jagged 1 
L37882 Frizzled 
U82169 Frizzled homologue (FZD3) 
U46461 Disheveled homologue 
U43148 Patched homologue 
U94352 Manic fringe 
U94354 Lunatic fringe 

aGene expression pattern for each HNSCC tissue set (n = 5) was analyzed by Phosphorlmaging, and the relative amount 
of expression was compared with those of housekeeping genes. Those genes judged to be differentially expressed at >2-fold 
in at least three of the cancer tissue sets were considered of likely biological significance and are listed in 
their corresponding functional groups. The GeneBank access number for each gene is included. Data are from Leethanakul 
et  al. [67]. 

information on genes expressed in normal oral epithelium and 

HNSCC, we chose to use nonnormalized cDNA libraries. The 

advantage of non normalized, nonamplified libraries is that the 

transcript abundance of the original cell or tissue is reflected 

accurately in the frequency of clones in the libraries, thus they 

can be used for both gene discovery and to compare the 

expression of highly expressed genes in different cells or tissue 

samples. To this end, nucleotide sequence information from 

clones that underwent 3' end single-pass high-through put 

sequencing was analyzed further using the BLAST search 

algori thm to identify homology  to sequences already avail- 

able in databases [78]. Unexpectedly,  this approach revealed 

that the gene discovery rate in these libraries was relatively 

high, approximately 4 -7%,  and of particular interest was the 

presence of a very high number  of unknown unique genes in 

these libraries (168 genes), which is probably because these 

represent the first group of  cDNA libraries from microdis- 

sected HNSCC constructed thus far [63]. In addition, 69% of 

the unknown unique genes were discovered from normal 

cDNA libraries, which might  represent cell-type-specific 

transcripts in normal squamous epithelium. 

A very important contribution made by NCBI is a weekly 

report posted on the website http://www.ncbi.nlm.nih.gov/ 

U n i G e n e / H s _ D A T A / l i b _ r e p o r t . h t m l ,  wi th  detai ls  such 

as EST l ibrary  d ivers i ty  and future  gene  d i scovery  

prospec ts ,  which  is used  by C G A P  to guide  decis ions 

about  future  l ibrary p roduc t ion  and sequenc ing  efforts. In 

this regard,  it is l ikely  that  the n u m b e r  of  unknown 

unique  genes  de tec ted  ini t ia l ly  in mic rod i s sec ted -de r ived  

H N S C C  cDNA l ibrar ies  may  change  over  t ime as more  
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sequence informat ion is deposi ted in GenBank.  For 
example,  at the t ime of the first round of sequencing,  
the total number  of unique genes was 182 genes. At the 
time of this analysis, the total number  of  unique genes 
was 168, and this informat ion is updated regularly. Thus 
far, a total  of  19 cDNA libraries,  inc luding  those 
described earlier and others derived from bulk HNSCC,  
have been constructed, and detailed information regard- 
ing the libraries and gene discovery is available in the 
CGAP database (Fig. 34.3). 

However, a parallel effort sponsored by the Brazilian fund- 
ing agency FAPESP and the U.S.-based Ludwig Institute for 
Cancer Research has focused on providing sequences from 
genes expressed in tumors that are important within the con- 
text of public health in the state of S~o Paulo, Brazil [79]. This 
included the production of 847 libraries of bulk HNSCC. 

Sequence information has been released recently to the public 
and now constitutes part of the CGAP database. A total of 
122, 167 short sequences were generated, which upon analy- 
sis using the CGAP Gene Library Summarizer (GLS) tool, 
revealed the existence of 60 unknown unique genes and 8 
known unique genes. Although this monumental effort did 
not result in a high rate of gene discovery, it nonetheless facili- 
tated gene expression analysis, as many known (8068) and 
unknown (3181) previously described genes were also found 
in this extensive collection of HNSCC cDNA libraries. 
Because library preparation did not include the isolation of 
squamous epithelium, the actual cell type of origin for each 
transcript is uncertain, but will surely be analyzed in the 
foreseeable future using gene array techniques. 

A major challenge of CGAP currently facing researchers 
is the organization, analysis, and interpretation of sequence 

FIGURE 34.3 The Head and Neck Cancer Genome Anatomy Project (HN-CGAP). Total RNA extracted from LCM 
material is used to construct cDNA libraries, which are then used as templates for gene discovery and gene annotation. 
This procedure involves a single-pass high-throughput sequencing of the cDNA clones from the 3' end, which represents 
a unique sequence tag for a particular transcript. Stringent bioinformatics used by CGAP partitions the information into 
a nonredundant set of gene-oriented clusters, with each cluster indicative of a unique gene. All information thus far 
generated from all HNSCC cDNA libraries is accessible from the database http://cgap.nci.nih.gov/Tissues and the web 
page is shown for this. 



5 1 8  v. Novel Approaches 

FIGURE 34.4. Localization of unique HNSCC clones to the human 
genome. The first draft of the human sequencing project can now be used to 
carry out chromosome-specific BLAST searches of unknown sequences. 
This approach can identify the affected chromosomal loci and genes located 
at these sites. All unique (0) and nonunique (O) unknown sequences from 
cDNA clones from LCM-derived HNSCC libraries were analyzed and were 
found to localize to different chromosomal regions. Clusters of sequences 
that localize to the same chromosomal region, e.g., chromosomes 6, 15, and 
16, as indicated, may help define chromosomal loci that may be causal to 
HNSCC development, which were not described previously. 

data, which may provide new insights in our understanding 
of the molecular basis that give rises to HNSCC develop- 
ment and whether this information can be used for treatment 
and prevention. In this regard, the first draft of the human 
sequencing project, by providing chromosome-specific 
BLAST searches, all unique and nonunique unknown 
sequences can be localized to chromosomal regions and 
then comparisons can be made with those genes often 
affected in HNSCC. As shown in Fig. 34.4, some clusters 
of sequences, by locating to the same chromosomal region, 
e.g., chromosomes 6q, 15q, and 16q, may identify genes 
that may be causal to HNSCC development not described 
previously. Furthermore, analysis of the pattern of expres- 
sion of these genes and functional assays will surely help 
identify gene products that may determine the transformed 
and/or the metastatic phenotype, as well as additional mol- 
ecules that, without playing an obvious role in the neoplas- 
tic process, can nevertheless be used as clinically useful 
markers of HNSCC. To this end, an application of tech- 
nologies that can expedite the simultaneous analysis of 
multiple genes and suited for use with tissues is mandatory. 

VI. P R O T E O M I C S  

The human genome project has thus far identified approx- 
imately 19,000 genes, with more likely to be discovered from 

the estimated total number. However, the transcriptional 
activity of these molecules, as assessed by cDNA arrays, 
may not fully coincide with those of the protein products, as 
expression levels and forms cannot be usually predicted 
from mRNA analysis [80]. Furthermore, protein expression 
and function are subject to modulation through transcription 
as well as through posttranscriptional and translational 
events. For instance, a number of RNA molecules can result 
from one gene through a process of differential splicing. 
Equally, the many posttranslation modifications that pro- 
teins undergo, such as glycosylation, phosphorylation, 
acetylation, sumoylation, and sulfation, affect function, 
which includes protein-protein and nucleotide-protein 
interaction, stability, and half-life, all contributing to a 
potentially large number of protein products from one 
gene [81-85]. 

It follows that protein analysis provides a suitable 
platform for understanding the interaction between the 
functional pathways of a cell and its environmental milieu, 
irrespective of RNA level, and helping unravel those critical 
changes that may occur, e.g., during cancer pathogenesis. In 
this regard, altered protein expression or those that may be 
modified differentially in normal and tumor cells may affect 
cellular function, and identification of these changes, using 
available technologies, is likely to provide useful informa- 
tion for diagnosis and/or prognosis and, equally, improve 
our understanding of molecular mechanisms and thus the 
biology underlying this disease process [86,87]. However, 
as cellular heterogeneity characterizing many cancers, 
including HNSCC, may restrict this body of information, 
the use of LCM for this type of analysis would be favorable 
over whole tissue sections [88,89]. Information obtained 
using this approach may aid drug discovery, as those that 
are currently available for treating various pathological 
conditions are based on approximately 500 protein targets 
[90]. Therefore, by molecular profiling human cancers, 
additional targets are likely to identify those that could be 
used potentially for drug development, specifically for 
malignancies [91 ]. 

Thus far, only a small proportion of the proteome 
has been documented using conventional approaches, e.g., 
immuno-based assays. More recently, two-dimensional gel 
electrophoresis (2-DE) is now being used extensively for 
protein characterization and discovery and by integating 
the data to analytical instrumentation, to improve repro- 
ducibility and sensitivity, the resulting information will help 
to increase our knowledge on the proteome [92]. In this 
approach, protein samples are usually denatured and sepa- 
rated on the basis of their charge through isoelectric focus- 
ing. In this regard, immobilized pH gradients have greatly 
enhanced reproducibility in resolving almost the complete 
spectrum of basic to acidic proteins and have allowed both 
analytical and preparative amounts of proteins to be resolved. 
Furthermore, narrow-range pH gradients may help increase 
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protein detection, e.g., a range of 1 pH unit was demonstrated 
to resolve approximately 1000 protein spots. The proteins are 
separated further by migration in a polyacrylamide gel on the 
basis of their molecular weights [93]. Using silver staining 
techniques, many proteins can be visualized on a single gel, 
and specialized software can then allow means to compare 
2-DE gel patterns with one another, and quantitative and 
qualitative differences in protein profiles can then be 
detected for biomarker identification and discovery. 

Fluorescent dyes have been developed to overcome some 
of the drawbacks of silver staining in making the protein 
samples more amenable to mass spectrometry [94]. 
Mass spectrometry can now provide a powerful means 
for obtaining peptide mass fingerprints for proteins 
resolved by 2-DE. Protein databases and reference maps 
can then be established to catalog proteins resolved by 
2-DE from various cell types in both healthy and diseased 
states. This approach, for molecular profiling of human 
cancers is likely to identify proteins that may be used to 
distinguish between different types and sub-types of 
malignancies, and predict outcome among cancer patients. 
Ultimately, by creating a database of proteins, the infor- 
mation can be potentially used to identify targets for drug 
development [95]. 

VII. C O N C L U S I O N  

Recent discoveries have dramatically increased our under- 
standing of the most basic mechanisms controlling normal 
cell growth, and have also greatly enhanced our ability to 
investigate the nature of the biological processes that lead 
to cancer. Nevertheless, these studies were carried out by 
concentrating all efforts on one or a few genes at a time, based 
largely on prior knowledge of function in cellular pathways 
such as proliferation, differentiation, apoptosis, and DNA 
repair. However, with the use of new technologies and the 
wealth of readily available sequence information, it is now 
possible to identify novel areas for hypothesis-driven investi- 
gation into the molecular basis of neoplasias. 

DNA sequencing and microarray technologies, among 
others, have provided a unique opportunity to monitor, simulta- 
neously, thousands of genes, which allows the systematic scan- 
ning of expression patterns of molecules and the possibility of 
identifying those correlating with a particular disease state. In 
addition, gene expression profiles can now be investigated 
within a histologically defined, homogeneous populations of 
cells, thus affording the possibility of applying these newly 
available techniques to investigate expression patterns in 
normal as well as neoplastic tissue. Cancer represents a 
complex family of genetic diseases resulting from genetic 
changes that involve a multiplicity of both inherited and 
acquired alterations in the DNA sequence, ranging from point 
mutations to deletions, amplifications, and translocations. 

Invariably, these changes in genetic information result in alter- 
ations in expression patterns at both transcriptional and protein 
levels. Thus, availability of an emerging body of information on 
gene expression and function is expected to help elucidate the 
molecular mechanisms responsible for human malignancies. 

Furthermore, information from various human and 
nonhuman sequencing efforts and chip-based assays has 
resulted in the establishment of large public databases. Thus, 
with online resources for the retrieval of gene expression 
data from any organism, it is now possible to translate all 
DNA sequences into amino acids and ascribe functions 
to most of the newly discovered genes, thus addressing 
biological questions relevant to cancer development and 
progression. For instance, information encoded by the genome 
can be studied at the level of the proteome to further yield an 
understanding of cancer, as well as identify new targets for 
therapeutic intervention and markers for early detection. 

These revolutionary approaches are likely to have an 
unprecedented impact in cancer biology, particularly in the 
search for the still unknown mechanisms involved in squa- 
mous cell carcinogenesis. However, this will also require the 
development of effective methods to validate the biological 
relevance of the newly identified candidate genes. Indeed, 
the use of tissue culture systems and animal models to reca- 
pitulate this complex disease will be a central component of 
these efforts. Furthermore, the effective use of DNA- and 
RNA-labeling techniques and the development of immuno- 
logical tools would be expected to allow the direct examina- 
tion of expression profiles in clinical specimens, including 
potential premalignant lesions. We can conclude that excit- 
ing opportunities are ahead to understand the molecular 
basis of oral and pharyngeal cancers. However, it is becom- 
ing increasingly clear that it will take a concerted effort from 
the entire scientific and health professional community to 
battle the ravaging consequences of this disease. 
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!. I N T R O D U C T I O N  

Surgical resection with curative intent is required at some 
point in the management of many cases of solid malignancies 
involving the tissues of the upper aerodigestive tract, head, 
and neck. Effective surgical treatment dictates that the cancer 
be removed in its entirety. If even a tiny amount of tumor is 
left in place, it is likely to grow and again pose a threat to the 
health and life of the patient within a short period of time. 

A. C u r r e n t  U s e  o f  M a r g i n s  

In order to achieve the goal of complete cancer extirpa- 
tion, the surgeon must judge the extent of disease using 
physical observations that combine tactile assessments of 
the thickness and turgor of the lesion with its visual quali- 
ties, such as white or red color, ulceration, or exophytic 
growth. Experience and awareness of specific patterns of 
tumor extension are combined with these observations to 
guide resection with an appropriate "margin" of "normal" 
tissue. The width of this clinically normal rim around the 
obvious tumor may range from several millimeters, as in the 
case of minute laryngeal cancers, to several centimeters or 
more, as when perineural extension is suspected in adenoid 
cystic carcinoma. �9 

The surgeon may then select areas around the rim of 
resection for intraoperative frozen section histopathological 
analysis. Tissue with functional importance, at the limits of 
safe resection, or of questionable physical characteristics are 
prime candidates for this immediate margin assessment. 
When a definite answer can be provided within the time 
constraints of the anesthetic, further surgical resection may 
render an individual "free of disease." 

Final assessment of fixed tissue margin samples is 
completed within days of the surgical resection. The results 
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are useful in several ways. In some cases, further resection 
may be undertaken during a second procedure directed on 
the basis of the margin analysis. When this is undesirable or 
impossible, the addition of adjuvant therapy, usually radia- 
tion, may be selected, at least in part, on the basis of the 
margin status. Finally, margin data can be used as a prog- 
nostic factor for the risk of both local recurrence and death. 
Indeed, the status of the surgical resection margins is often 
judged to be among the strongest of prognostic indicators. 

B. P r o b l e m s  wi th  C u r r e n t  P rac t i ce  

Histologic analysis of surgical margins is far from 
flawless, despite its widespread acceptance in standard prac- 
tice. False-negative margin evaluation must be assumed 
whenever there is a local recurrence of tumor after a report 
of all margins of resection being clear of disease. Less 
commonly, false-positive evaluations are encountered and a 
cancer does not recur despite an involved final margin. Both 
situations do occur in any busy surgical oncology practice 
with unnerving frequency. 

C. P a t t e r n s  of  C a n c e r  G r o w t h  

Efforts have been made for decades to classify individual 
tumors according to their patterns of growth. Some squa- 
mous cell carcinomas of the head and neck (HNSCC) 
demonstrate pushing borders in which the leading edge 
of the tumor-stroma interface is broad and the cancer 
cells remain attached to one another in large groups. Other 
HNSCC spreads in narrow finger projections or as separate 
clusters or even individual cells that may extend well 
beyond the clinically detectable tumor boundary. Some 
tumors have a propensity for perineural or lymphangitic 
spread and may even have skip regions that lack identifiable 
neoplastic cells. The less organized the leading edges of 
the tumor, the more difficult the task of the pathologist 
attempting to assess the completion of resection through 
sampling of the margin tissue and light microscopy. 

11. INSIGHT FROM THE MOLECULAR 
BIOLOGY REVOLUTION 

A. C a n c e r  Is a Clonal  G e n e t i c  D i s e a s e  

The advent of molecular biology has provided a new 
dimension in understanding the process of malignant trans- 
formation to initiate cancer. In addition, research results 
have provided a host of powerful tools for the detection of 
rare cancer cells amidst a background of normal cells. It is 
commonly accepted that cancers develop as a result of 
changes in the DNA (mutation, deletion, insertion, methyla- 
tion), leading to alterations in protein function that cause 

the characteristic cancer phenotype. The first genetic alter- 
ations produce a loss of growth control that leads to the 
overgrowth of related daughter cells, a phenomenon known 
as clonal expansion. Members of the clone share tumor- 
specific genetic alterations that are distinct from all of the 
individual's normal cells. 

B. S t r a t e g i e s  for M o l e c u l a r  D e t e c t i o n  

Alterations indicative of malignant transformation can 
be detected in a clinical sample in a variety of ways. 
Immunohistochemical staining for altered protein expres- 
sion and fluorescent in situ hybridization detecting changes 
in the copy number of specific gene fragments can be per- 
formed on tissue sections parallel to those used for standard 
light microscopy. More powerful detection of rare tumor 
cells is possible through amplification of DNA using the 
polymerase chain reaction, followed by separation and 
detection of altered tumor-specific fragments. 

Since the mid-1990s, several of these methods have been 
applied to the problem of surgical margin analysis for 
tumors of the head and neck. Initial results are promising, 
indicating that molecular assessment of surgical margins 
provides improved prediction of local-regional tumor recur- 
rence and patient survival. Technical problems remain. 
Chief among these is the wherewithal to analyze samples 
within the time limits of the surgical procedure so as to 
direct further resection as needed. Molecular assessment 
of margins has not yet been validated in a large, multi- 
institutional trial confirming the clinical accuracy of the 
information and the potential for widespread application of 
the techniques. 

!!I. THE MARGIN DILEMMA 

A. Clinical Utility of  M a r g i n s  

The concept that complete removal of every cancer cell 
is necessary for curative surgical therapy of cancer is intu- 
itively compelling. Because cancer begins with a single, 
fully genetically altered cell that spawns a clonal population 
eventuating in a malignant tumor, even a single remaining 
cancer cell should be able to repopulate a tumor bed and 
appear some time later as a clincal recurrence. The utility of 
standard light microscopic margin evaluation is borne out in 
the results of numerous studies showing a clear survival 
advantage among individuals whose tumors were removed 
with clear margins compared to those with compromised 
margins. For example, a study of 270 surgical patients 
treated at Roswell Park Memorial Institute for HNSCC 
demonstrated a 39% estimated 5-year disease-free survival 
rate for patients treated with clear margins compared to 
7% for those with not-free margins [ 1 ]. Three hundred and 
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ninety-eight patients undergoing surgical resection at 
Memorial Sloan Kettering Cancer Center were found to be 
twice as likely to recur in the primary site if margins of 
resection were positive (36% vs 18%). The difference in 
5-year survival was less dramatic, but still statistically sig- 
nificant (60% vs 52%) [2]. Another study of 478 HNSCC 
patients from the United Kingdom demonstrated a signifi- 
cant decrease in 5-year survival if resection margins were 
positive. Fifty-two percent of the margin negative group 
survived compared with 46% of the margin-positive group 
(p <0.025) [3]. The same institution later published data for 
352 patients undergoing salvage surgery after failed primary 
radiation. In this study, margin status was significantly 
associated with the risk of local recurrence (47% of margin 
negative group recurred compared to 66% of margin posi- 
tive group) [4]. A report from the Head and Neck Intergroup 
considered the outcome of 696 patients enrolled in a clinical 
trial. The rate of local recurrence was much lower when the 
resection margins were clear (9%) than when at least one 
margin was compromised (21%). The median survival of the 
positive-margin group was 18.4 months compared to 38 
months for the negative-margin group. It was asserted that 
survival of patients with tumor resection with positive surgi- 
cal margins is not much better than that of inoperable cases, 
despite a possible benefit in local control when the tumor is 
debulked [5]. 

B. Failure of  M a r g i n s  to  Predic t  O u t c o m e  

Despite the strong argument in favor of the clinical 
utility of surgical margin analysis, it is widely recognized 
that the status of margins does not accurately predict out- 
come in many cases. Often, the difference in survival 
between margin-positive and margin-negative groups is 
modest and may be eliminated when other parameters are 
taken into account through multivariate analysis. In virtual- 
ly every published report, : sizable minorities of HNSCC 
patients with clear surgical margins experience local recur- 
rence of disease, whereas at least some patients with cancer 
cells at the margins of resection do not go on to develop 
recurrent cancer (see later). The phenomenon of "falsely" 
positive margins is particularly noted to pertain to certain 
anatomic sites such as the larynx. The much-cited study 
from Washington University involving a series of 111 hemi- 
laryngectomies illustrates the point. Thirty-nine patients had 
positive margins, but were not treated further unless they 
developed recurrent disease. Only 7 (18%) went on to recur 
locally compared with 4 of 72 (6%) patients with clear 
margins [6]. In summarizing a retrospective review of 769 
HNSCC patients resected at Washington University, the 
assertion was made that "as involvement of the resection 
margins increased, the survival rates declines." And yet, "the 
meaning of positive resection margins remains somewhat 
unclear and is site dependent" [7]. 

Margin status must be assessed in multivariate statistical 
models to demonstrate its prognostic significance independ- 
ent of factors such as stage, tumor grade, site, and treatment. 
In the United Kingdom study of 352 patients undergoing 
salvage surgery after failed primary radiation, the apparent 
poor effect on survival of positive margins was not con- 
firmed in multivariate analysis. Controlling for site and 
T stage eliminated the impact of margin status. Again, the 
authors note with surprise that over a third of the patients 
with failed attempts to resect persistent disease remained 
alive and disease free at 5 years having received no 
additional treatment [4]. Among 478 patients undergoing 
primary surgery at the same institution, there was only a 
6% difference in survival between those with clear and 
compromised margins. Again, the status of margins was not 
independent of site [3]. 

IV. TECHNICAL FACTORS INFLUENCING 
MARGIN ASSESSMENT 

A. S o m e  Def in i t ions  

Several studies include a variety of histologic findings 
within the broad category of "involved" or "positive" 
margins. When evaluating these reports, it is critical to con- 
sider first what techniques were used to evaluate margins 
and what was considered a positive margin. Were margins 
taken by the surgeon from the patient after removal of the 
main specimen or harvested by the pathologist from that 
specimen? Were margins cut perpendicular or parallel to the 
tumor-host boundary? How many margins were submitted? 
Were they analyzed by frozen section and later as fixed 
tissue to confirm findings? How many levels were evaluated 
within the block? 

John Batsakis appealed for uniformity of definition as 
to what constitutes a positive or negative margin [8]. He 
stated that the effect of closeness of disease to a margin has 
not been studied systematically, but that his experience 
indicates that in situ carcinoma, severe dysplasia, and 
microinvasive carcinoma at the margin have equal (poor) 
prognostic significance. Several studies, in fact, assert that 
tumor within 5 mm of the actual resection margin ("close 
margin") has the same clinical impact as a frankly positive 
margin. Dysplasia or carcinoma in situ at the cut edge also 
has a negative prognostic impact, although perhaps not 
as profound as the close or frankly positive margin. Loree 
and Strong [2] reviewed 129 cases of HNSCC with compro- 
mised margins (83 close, 9 in situ, 9 dysplasia, 28 invasive 
carcinoma). Overall, the incidence of local recurrence 
among this group was twice as great as among 269 others 
with clear margins (36% vs 18%). It should be pointed 
out that 64% of patients with compromised margins 
did not recur, and 18% of those with clear margins had 
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local recurrence. The rate of local recurrence was nearly the 
same between each subset of compromised margins 
(close = dysplasia = in situ = invasive); however, 5-year sur- 
vival decreased with greater histologic neoplastic grade 
at the margins [2]. Other studies support the contention 
that any subcategory of margin compromise portends an 
approximately equal risk of local recurrence [1]. In the 
hemilaryngectomy series from Washington University, local 
recurrences occurred with equal frequency in cases with 
gross tumor at the margins, intraepithelial tumor in margins, 
or margins of less than 5 mm. Intriguingly, those with pre- 
malignant disease at the margin recurred much later (4-8 
years after surgery) than those with gross disease or close 
margins (1 year), consistent with the time needed for further 
tumor progression of residual premalignant subclones [6]. 

However, a series of 80 Dutch patients indicates that the 
local recurrence rate in the face of dysplasia or carcinoma in 

situ (CIS) at the margin is no greater than when margins are 
clear. Tumor at the deep margins and at multiple margins 
conveyed a much greater risk of recurrence [9]. Tumor 
involvement of the deep margins may have a more profound 
prognostic impact than mucosal surface involvement. In a 
study of 51 oral cancer resections, the closeness of the deep 
margins alone was significantly different among cases that 
went on to recur locally compared with those that remained 
disease free [10]. 

B. W h y  Do M a r g i n s  Fail to  

P red ic t  O u t c o m e ?  

Several rationales can be proposed to explain situations 
in which the histologic margin status fails to accurately 
predict clinical outcome. The bases of this theoretical con- 
sideration include the acknowledged fact that all margin 
analysis involves sampling and the recognition that the sta- 
tus of surgical margins may reflect a more global biologic 
behavior potential of an individual neoplasm. Many of these 
factors have been examined since Bauer's seminal musings 
over margins in hemilaryngectomies [6]. The problems that 
confound standard margin analysis offer an opportunity to 
improve upon the clinical accuracy of margin analysis using 
molecular tools and markers. 

1. Sampling 

There are numerous reasons for inaccurate histological 
evaluation of surgical margins. Most of these reasons fall 
under the broad category of sampling error. The evaluation 
of surgical margins is an exacting, tedious, time-consuming, 
and therefore expensive process. There is a practical limit to 
the number of margins that can be evaluated. Even when 
many samples are submitted, the precise identification of the 
location from which an involved margin sample was taken 
becomes tenuous when bulky, three-dimensional, complex 

lesions are involved. There is also a limit to the amount of 
tissue volume visualized under the microscope. Viewing all 
of a larger sample in two dimensions may be difficult in 
itself. The third dimension can only be assessed by cutting 
through the specimen to some arbitrary depth, discarding 
intervening sections of tissue. 

Mohs chemosurgery as applied to cutaneous malignan- 
cies represents one method that has been used to address the 
problem of sampling in assessing the completeness of can- 
cer extirpation [ 11 ]. The dermatologic Mohs chemosurgeon 
carefully maps the resection bed and takes multiple small 
margin samples encompassing the entire periphery in three 
dimensions. Each section is processed and assessed under 
the microscope while the patient waits. Further resection 
followed by repeat mapping and margin analysis is then 
performed wherever malignant cells remained. 

Using the general approach of Mohs, a report of 70 
HNSCC patients undergoing resection with multiple parallel 
frozen section control has been published [ 12]. As in chemo- 
surgery, maps were constructed, an effort was made to har- 
vest tissue from the entire tumor bed, and frozen section 
results were used to guide additional resection until negative 
margins were achieved. First, the tumor was resected with a 
1-cm cuff of apparently normal margin. The vast majority 
(51/68 or 75%) of cases had positive margins on frozen sec- 
tion after this first level of resection. Cords of cancer 10-20 
cells across were found 2-3 cm away from the visible tumor 
edge. Most of the microscopic extensions were seen in the 
submucosa or tracking along muscle bundles. 

While the Mohs approach is widely accepted for derma- 
tologic lesions, several practical problems preclude its use 
for tumors of the upper aerodigestive tract. Patients cannot 
be maintained safely, economically, and easily under gen- 
eral anesthesia for the hours (and sometimes days) needed to 
evaluate the entire tumor bed in this thorough and meticu- 
lous fashion. The orientation of tissue specimens taken from 
deep soft tissue margins that may fold or collapse against 
each other is a much more complex task than mapping of a 
skin malignancy. Moreover, in the end, the Mohs approach 
still depends on light microscopy to identify cancer cells in 
a block of tissue. 

2. Technical Confounding Factors 

Factors such as cautery artifact, fibrosis or inflammatory 
infiltrates, tissue shrinkage, and precise orientation of spec- 
imens affect the interpretation of margins as well. In all 
cases, the pathologist is called upon to identify tiny amounts 
of residual cancer amidst a background of nonmalignant tis- 
sue. This task requires the recognition of clusters of cells 
exhibiting a histologic pattern and/or cytologic features that 
are recognized as abnormal. In general, the nature of a 
suspicious cell in a background of normal cells cannot be 
definitely judged as residual cancer. It is not practical to 
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analyze every cell individually along the tumor-host inter- 
face using current technology. Rare tumor cells at the edge 
of resection may elude detection, particularly when the pat- 
tern of tumor growth at the perimeter involves thin strands 
or detached individual cells or when the background is 
obscured by cautery, inflammatory cells or fibrosis. 

The accuracy of frozen section evaluation of tumor 
margins is less reliable than that using fixed tissue sections. 
Inflammatory infiltrates, fibrosis, and other tissue factors 
make the assessment of frozen tissue sections difficult. 
Disagreement between frozen section report and fixed tissue 
confirmation occurred in 2.1% of 1947 frozen sections in 
one study [13]. A recent series from Memorial Sloan 
Kettering judged the accuracy of frozen sections to be some- 
what lower, with 11% of samples read differently when 
confirmed after fixation [ 14]. 

Different arguments must be entertained to explain why 
a positive margin does not always correspond to tumor 
recurrence. The actual physical measurement of tissue in 
the resected specimen may underestimate the distance of 
tumor cells from the cut edge for a variety of reasons. The 
extirpation of tumor is often accomplished using some heat- 
generating instrument such as bovie or bipolar cautery or 
Shaw scalpel. These instruments destroy some cells at the 
site of their use so that light microscopic analysis considers 
cells several micrometers away from the actual tumor-host 
interface. Indeed, some of the cells left in the tumor bed may 
have been rendered nonviable by the heat. Shrinkage of the 
tissue during the fixation process is another cause of under- 
estimation of the extent of disease-free tissue margins [8]. 
Also, the surgeon often stretches tissues in order to facilitate 
tumor resection. Both epithelium and muscle have elasticity 
that is released upon incision, resulting in a springing back 
of the cut edges. It is typical for a margin judged to be 2 cm 
by the surgeon to appear as 5 mm or less on the histologic 
slide. That difference may be critical if the contention that a 
margin of less than 5 mm is effectively the same as a frankly 
involved margin is true. Finally, complex three-dimensional 
specimens present a substantial challenge to the pathologist 
who must orient the tissue and select the actual resection 
margins for sampling. If separation of the tissues has 
occurred during the surgical manipulation of the tumor, 
regions may be judged as true margins when they are not. 

V. IS MARGIN STATUS REFLECTIVE OF 
BIOLOGIC AGGRESSIVENESS? 

A. G r o w t h  P a t t e r n  is a P r o g n o s t i c  Fac tor  

Tumors that grow with thin strands or individually advanc- 
ing cells are more likely to be resected with compromised 
margins. This detached growth pattern portends a poor 
prognosis independent of the margin status as evidenced by 

several reports. Growth pattern was more important than 
margin status for a group of 150 HNSCC patients treated 
surgically at Memorial Sloan Kettering Cancer Center. 
While the status of the margins was associated with the rate 
of local disease control, it did not impact survival. However, 
a growth pattern of diffuse infiltration and cellular disso- 
ciation did portend a significant decrease in survival with 
higher rates of nodal and distant metastases [14]. Among 
another series of 66 patients with oral tongue tumors 
resected with clear margins, the subset with widespread 
invasion by varying sized groups of tumor cells had a 
higher rate of locoregional failure and nodal metastasis [ 15]. 
A group of Dutch investigators have attempted to adapt the 
size of margins taken for a given tumor to its particular 
growth pattern. They counted margins as clear only if the 
distance from the closest tumor nest to the cut edge was 
greater than the distance between tumor nests when the 
growth pattern was "spidery." Using this stringent defini- 
tion, they report only a 4% local recurrence rate among 
tumors resected with clear margins [ 16]. 

The molecular basis for variant growth patterns within 
HNSCC has not been determined rigorously. The loss of 
extracellular matrix and the overexpression of metallopro- 
teinases have been shown to correspond to the invasive 
tendency of HNSCC [ 17]. The poor prognostic implication 
of an aggressive pattern of growth at the tumor-host inter- 
face can be joined with other clinical observations to support 
the contention that tumors with positive margins are inher- 
ently more biologically aggressive. For example, several 
studies have shown that tumors resected with positive mar- 
gins have a poor prognosis despite intervening postoperative 
radiation therapy. Relative radiation resistance is implied. 
Tumors resected with positive margins may also be more apt 
to display both regional and distant metastatic potential 
[3,5]. Thus, a tumor with a gross phenotype that eludes 
the physical judgement of an experienced surgeon is more 
likely to have other clinical behaviors that are apparently 
unrelated. In support of this observation, it has been noted 
that tumors resected with initially positive margins continue 
to behave badly even after additional resection renders all 
margins free of disease [ 18,19]. 

B. Field C a n c e r i z a t i o n  a n d  M a r g i n  S t a t u s  

Another phenotypic observation that may impact molec- 
ular margin analysis is that of field cancerization. Attributed 
to Slaughter, this concept is based on the phenomena of mul- 
tiple upper aerodigestive tract primary lesions found in a 
subset of HNSCC patients and the presence of "condemned 
mucosa" with diffuse premalignant change seen in some 
others [20]. An ongoing debate exists as to whether all the 
malignant or premalignant cells in different sites in a patient 
with field cancerization are clonally related to a single 
progenitor transformed cell or have arisen after separate 
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independent transforming events [21]. This theoretical 
debate may have profound significance when pursuing a 
molecular margin analysis strategy. While a tumor-specific 
genetic alteration such as a particular point mutation of a 
target gene (p53) offers a very specific marker for a given 
clonal population, it would fail to detect cells from a clone 
arising independently and lacking that mutation. In that 
circumstance, other molecular approaches employing more 
general markers for malignant transformation might prove 
superior. Their lack of specificity for a single clone and an 
ability to detect transformed cells from independent sources 
would be more successful. 

For multiple primary cancers to be clonally related, one 
must postulate that partially transformed daughter cells can 
move along the mucosal surface producing skip lesions 
when they stop and begin to infiltrate in a new location. The 
work of Bedi et al. [22] provides molecular evidence 
supporting such a clonal relationship among two primary 
cancers in a small group of HNSCC patients. Regardless of 
how the phenomenon occurs, field cancerization must 
involve individual partially or fully transformed cells spread 
across a large surface of the epithelium. These cells may be 
difficult to detect by light microscopy amidst the background 
of the normal epithelium. They may be detected using any of 
a variety of new molecular techniques and may account for a 
greater level of sensitivity in margin assessment using those 
approaches. Indeed, molecular detection of isolated, wide- 
spread, clonally related cells in normal-appearing epithelium 
at a distance from an index lesion has been demonstrated 
successfully [23]. Other studies indicate the presence of 
clones with discordant p53 mutations spread throughout the 
mucosa [24,25]. These observations may come together if 
one assumes that p53 mutations come later in the tumor pro- 
gression pathway, explaining the presence of subclones shar- 
ing the earliest alterations (such as 9p loss of heterozygosity) 
while containing different later events (p53 mutation). 

C. T u m o r - H o s t  In t e rac t ion  at  t he  Marg in  

The failure of tumor to grow after incomplete resection 
may reflect an inhospitable environment. A very small tumor 
burden may be managed adequately by an effective immune 
response. Immune function has been linked to outcomes 
among surgically treated HNSCC patients [26]. Alternatively, 
a scarred tumor bed with a disrupted blood supply may be an 
inhospitable environment for a few residual cells. 

VI. THEORETICAL BASIS FOR MOLECULAR 
MARGIN ANALYSIS 

Molecular margin analysis hinges on the presence of 
proteins or DNA sequences that are highly tumor specific 
and can be detected in the background of normal cells at a 

threshold far below that of light microscopy. The widespread 
acceptance of a molecular approach to margin assessment 
will depend on clear demonstration of a clinical utility (bet- 
ter sensitivity and specificity) and technical feasibility 
involving reasonable time and expense. Finally, the useful- 
ness of more accurate margin analysis is dependent on the 
availability of an effective therapeutic response to the infor- 
mation provided. An ideal molecular margin analysis strate- 
gy must address these issues. The molecular marker must 
identify only viable, dangerous cells with a high likelihood 
for clinical virulence. Detection limits should surpass that of 
light microscopy by orders of magnitude while distinguish- 
ing clinically significant from insignificant tumor burden (if 
such exists). Ideally, the approach would be uniform for all 
patients and be performed using a robust, inexpensive, and 
highly reproducible assay. It should improve upon the limita- 
tions imposed by sampling such that an adequate volume of 
the surrounding tissue is analyzed, yet maintain or improve 
upon the ability to pinpoint the location of residual disease in 
the tumor bed. Most daunting of all, it should be completed 
within the time limitations of the extirpative procedure so 
that the opportunity for further resection or other intraopera- 
tive intervention is available. To date, no molecular approach 
put forward accomplishes all of these ideals. 

VII. PUBLISHED MOLECULAR 
MARGIN STUDIES 

A. M u t a n t  p 5 3  O i i g o m e r  P rob ing  

The first attempt to use molecular markers in the evalua- 
tion of tumor resection margins was published by Brennan 
and co-workers [27] at Johns Hopkins in 1995. The p53 
gene of a selected group of 30 HNSCC tumors was found 
by direct gene sequencing to display a point mutation. Those 
mutated sequences provided highly specific markers for 
the tumor cells. An oligomer (a short single strand of 
DNA matching the gene sequence surrounding and includ- 
ing the mutation) for each case was manufactured and 
radiolabeled. DNA from tumor cells (as a positive control) 
and from histologically free margins was amplified using 
the polymerase chain reaction. The DNA was then packaged 
into bacteriophage that were diluted and plated onto a lawn 
of bacteria. The resultant lytic plaques each contained 
multiple copies of the packaged DNA from one cell, either 
wild type from normal cells or mutated from cells bearing 
the same specific alteration as found in the infiltrating 
cancer. The proportion of plaques with normal and mutant 
DNA was ascertained by hybridizing the radiolabeled 
probes to a membrane to which the DNA from the petri 
dish had been transferred. Results were interpreted to show 
the presence and relative frequency of cancer cells in the 
margin tissue. 
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Of 30 subjects in the Brennan series, 5 had final pathol- 
ogy margins read as containing tumor and were eliminated 
from further consideration. Thirteen of the remaining 25 
tumors showed molecular evidence of histologically occult 
tumor cells in at least one margin sample using the p53 
probe technique. In the follow-up period of 8-27 months, 
none of the 12 with clear molecular margins recurred locore- 
gionally. Five of the 13 with molecularly positive margins 
recurred either locally or regionally. In each case, the loca- 
tion of the margin that was positive by p53 analysis corre- 
sponded to the site of local tumor regrowth. An unpublished 
review of the Brennan patients after 4 years of follow-up 
revealed no additional local recurrences in any of the 25 
subjects, although 2 each in the molecular-positive and neg- 
ative-margin group experienced distant tumor recurrence. 
Of the 5 cases that recurred, 4 subjects had received postop- 
erative radiation therapy. That postoperative radiation did 
not prevent recurrence in the margin-positive cases is con- 
sistent with reports in the literature already discussed. 
In those cases, when the histologic margins were positive, 
radiation did not result in an improved outcome, in general. 

Because DNA is extracted from a three-dimensional 
block of margin tissue, the Brennan approach goes well 
beyond the sampling capability of any light microscopy- 
based analysis in which only a limited number of thin sec- 
tions can be viewed. The sensitivity of the oligomer probe 
technique was judged to be approximately 1 cancer cell per 
10,000 normal cells as estimated by counting positive 
plaques in a dilutional assay. Among cases with molecular 
evidence of mutation-containing cells in the margins, the 
concentration of those cancer cells ranged from 0.05 to 
28%. Even retrospectively, the light microscopist could only 
detect cancer in the margin tissue if there were 5 cancer cells 
per 100 normal cells present. Thus, the oligomer probe 
approach appears to have at least a 100-fold higher sensitiv- 
ity for tumor cells compared to light microscopy. 

Disadvantages of the Brennan approach included the fact 
that it is applicable to less than half of all HNSCC cases, 
those with a point mutation of the p53 gene. Furthermore, 
the methods involved are time-consuming, expensive, and 
technically demanding. It took approximately 3 days to 
complete the assay for a given case. 

Several questions were raised by the Brennan study that 
have not yet been answered. Did the high rate of tumor 
recurrence in the molecularly positive group reflect the bio- 
logical aggressiveness of tumors with p53 mutations? In 
particular, are these tumors relatively radioresistant, as that 
group has suggested [28]? Is there a threshold concentration 
of tumor cells that is clinically significant (indicative of 
recurrence)? 

The oligomer probe approach has been reproduced by 
Partridge et al. [29]. The study involved 18 patients with 
clear traditional margins of which 12 had tumors displaying 
p53 point mutation and were thus amenable to oligomer 

probe evaluation. Six patients had molecular evidence of 
cancer in at least one margin and recurred locally (5) or 
regionally (1), despite receiving postoperative radiation. 
One case that recurred locally had cells in mucosal samples 
some distance from the tumor displaying a p53 mutation 
other than the one identified in the tumor. The investigators 
interpreted this finding as indicative of field cancerization. 
The recurrent tumor harbored both mutations, that found in 
the normal distant mucosa and that found in the original 
tumor. Unlike Brennan, there were no false-positive cases 
seen (molecular positivity without clinical recurrence). The 
percentage of mutant cells in molecularly positive margins 
ranged from 0.1 to 10%. These results largely mirror those 
of Brennan and serve to strengthen the case for the oligomer 
probe approach [29]. 

B. O v e r e x p r e s s i o n  of  p 5 3  Pro te in  D e t e c t e d  

wi th  I m m u n o h i s t o c h e m i s t r y  

Investigators at the University of Cincinnati have 
published a report analyzing tumor margins for occult tumor 
cells using immunohistochemistry (IHC) to detect over- 
expression of p53 protein [30]. The tumor specificity of p53 
overexpression is a subject of debate. In normal cells, the 
half-life of the p53 protein product is less than 8 min. For 
this reason, when tissue is processed for IHC analysis using 
antibodies to p53 protein, most normal tissue will not stain. 
Many, but not all, mutations of the p53 gene result in a 
protein product that is altered conformationally to have a 
longer half-life and will therefore stain with a p53-directed 
antibody. Mutations that encode a stop or truncation mes- 
sage cause tumors that do not stain. Wild-type p53 protein 
will stain if it is stabilized by cellular proteins or over- 
expressed temporarily in response to tissue damage. Other 
technical factors, such as the threshold of staining selected 
to indicate overexpression, methods of tissue fixation, 
antigen unmasking, and antibody selection, account for vari- 
ability in results using IHC to detect p53 [31,32]. Despite 
these concerns, if IHC detection of p53-overexpressing cells 
in tumor margins increases the sensitivity and specificity of 
margin analysis, there may be clinical utility for the 
approach. Certainly, IHC is a less expensive, less techni- 
cally demanding, and therefore a more convenient method 
to analyze the status of p53 compared with the approach 
of Brennan. 

The Cincinnati study involved 24 subjects of which 10 
experienced local recurrence within a 2-year follow-up 
period. Fourteen subjects had at least one margin that 
stained positively for the p53 protein. Eight of these 14 
eventually had recurrent disease, whereas only 2 of 10 with- 
out IHC evidence of p53 protein overexpression in the mar- 
gin recurred. Thus, the odds ratio for local recurrence in the 
face of IHC evidence of p53 overexpression in a margin was 
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5.33. One of the cases with recurrence had carcinoma in situ 

at the margin that stained positively for p53. The study does 
not state explicitly that all tumors stained positively or how 
intensely they overexpressed p53 protein. Reports in the 
literature indicating the rate of p53 overexpression in HNSCC 
vary widely in their estimation of this phenomenon. Still, 
this small, retrospectively assembled series is provocative, 
suggesting that p53 IHC is essentially as useful as the more 
cumbersome oligomer probe mutation analysis for the 
evaluation of minimal residual disease in surgical margins. 

C. G e n e r a l i z e d  M a r k e r s  for H e a d  a n d  N e c k  

S q u a m o u s  Cell C a r c i n o m a s  

While the mutation spectrum of p53 renders it a highly 
specific marker for a particular tumor, individual probes 
must be constructed for each mutation in the Brennan 
schema. If, instead, a marker were available that was spe- 
cific to all HNSCC, but present in no normal cell, such a 
marker would have an obvious advantage of generalized use 
for all clinical cases. It has been proposed that the elF4E 
protein is such a marker [33]. The elF4E protein is a protein 
synthesis initiation factor that binds to mRNA in the first 
step of mRNA recruitment for protein production. 
Expression of elF4E is identified easily using IHC. The 
expression of elF4E is elevated in breast and HNSCC, but 
not in normal mucosa. It is overexpressed in some histolog- 
ically normal margins of HNSCC. A prospective study of 65 
patients, all with HNSCC demonstrating elevated elF4E, has 
been reported. The majority of patients (36/65) also had 
elevated elF4E in apparently normal margin tissue, and 20 
of these went on to develop local or regional recurrence of 
disease. Only 2 of the 29 individuals with margins free of 
elF4E overexpression developed recurrent cancer. Over half 
of the margins that stained positively for elF4E had epithe- 
lial dysplasia present, however, and would be considered 
histologically positive under more stringent criteria. The 
size of the study did not permit assessment of the independ- 
ent prognostic implication of elF4E overexpression and the 
presence of dysplasia at the margins, although elF4E at the 
margins was associated with a sevenfold increased risk of 
local recurrence. Thus, elF4E is a promising candidate for 
molecular margin analysis, despite the facts that the cause of 
its elevation in malignant cells has not been determined 
rigorously and that the approach continues to depend on 
IHC with light microscopic evaluation of sampled thin 
sections of tumor margins. 

Another general marker for malignancy that has been 
piloted as a marker in margin analysis is hyperamplification 
of centrosomes [34]. Centrosomes are involved in chromo- 
somal separation during mitosis, such that abnormal num- 
bers of centrosomes are associated with aneuploidy and other 
chromosomal aberrations seen in malignant cells. Moreover, 

centrosome hyperamplification corresponds to the presence 
of p53 mutation or mdm2 protein overexpression. Because 
mdm2 binds and inactivates p53, centrosome abnormalities 
may reflect an array of alterations of p53 function [35]. 
Centrosomes can be detected using indirect immunofluores- 
cence with antibody to tubulin, a component of the centro- 
some. Surgical margins from 18 HNSCC patients were 
analyzed using this technique. Centrosome hyperamplifica- 
tion was seen in nearly all tumors. It was present in a large 
number of cells in histologically normal margins in 8 of 10 
cases that went on to recur, compared with 3 of 8 that 
remained disease free. While this difference was not statisti- 
cally significant, the concept closely resembles that of eIF4E 
detection and seems worthy of further investigation [34]. 

VIII. CLINICAL RESPONSE 
TO POSITIVE MARGINS 

Selection of a therapeutic response to a positive molecu- 
lar or traditional margin depends on pragmatic and technical 
factors, on one's assessment of the biological phenomenon 
that led to the positive margin, and on the tools available for 
further therapy. 

A. Fur ther  R e s e c t i o n  

Removing an area of minimal residual tumor is an 
obvious response to positive tumor margins. If a positive 
margin reflects only the failure of a surgeon to remove 
enough tissue, then further resection alone might render the 
patient free of risk for recurrence. This might occur if the 
surgeon is inexperienced or if the tumor closely approaches 
some structure judged to be worthy of sparing. However, if 
the positive margin is indicative of an aggressive growth 
pattern, the addition of further local or systemic therapy may 
be necessary. 

A report from M.D. Anderson Cancer Center reflects the 
benefit of further resection when initial margins are com- 
promised. Using frozen section sampling to guide resection, 
50 of 216 patients had at least one frozen section margin 
containing neoplastic cells, which was cleared with immedi- 
ate further resection. Of these 50 individuals, 10 (20%) went 
on to recur locally. This compares favorably with an 80% 
local failure rate seen among 20 patients who could not be 
cleared of positive margins. Indeed the experience of those 
who were cleared with second resection was nearly as good 
as that of the group with initially negative margins. They had 
a 14% local recurrence rate [36]. The minor negative impact 
on survival associated with initially positive frozen section 
margins that were cleared with further surgery was also 
demonstrated in another report from M.D. Anderson two 
decades later [ 19]. Once again, further surgery appeared to 
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be a worthwhile response to suspected minimal residual 
disease. Finding and clearing the positive margin may be 
difficult, however. In another series, 73% of subsequent 
resection specimens removed to address a positive frozen 
section did not have any cancer present. Either the tumor 
in the frozen section was the true edge of tumor or the 
surgeon did not harvest the subsequent tissue from the 
correct site [ 18]. 

B. Radia t ion  

Standard radiation therapy can cover the entire surgical 
field, addressing the likelihood that if one margin is close or 
positive, others will be as well. The effect of postoperative 
radiation in rendering compromised margins harmless is 
uncertain and controversial. Data from M.D. Anderson indi- 
cate that it was helpful to reduce local recurrence rates in 
cases when initial frozen section margins were positive [ 18]. 
A series of 102 oral cancer patients from Memorial Sloan 
Kettering Cancer Center achieved equivalent local control 
regardless of margin status when those with compromised 
margins were treated with 6000 cGy or more postoperative 
radiation [37]. Loree and Strong [2] reported a trend toward 
lower rates of local recurrence and regional metastasis 
among 49 HNSCC patients treated with postoperative radi- 
ation in the face of compromised margins compared with 80 
who did not receive adjuvant therapy. There was no impact 
of postoperative radiation on length of survival, how- 
ever. Furthermore, the local recurrence rate was higher 
among those patients with positive margins who received 
radiation than among those with clear margins who did not 
have postoperative radiation [2]. 

However, a review of the results of the VA Laryngeal 
Cancer Study Group population of 144 laryngectomies 
showed that higher doses of postoperative radiation pro- 
vided to individuals with involved margins did not eliminate 
the greater risk of death for this group [38]. Data from 
Pittsburgh more starkly suggests the inadequacy of radiation 
to manage minimal residual disease in the postoperative 
setting. Of 31 individuals with positive margins, only 2 
remained disease free after 36 months. Among the 25 who 
received postoperative radiation, 60% failed within the 
radiation field [39]. 

C. C h e m o t h e r a p y  

If tumors with aggressive growth, likely to evade the 
surgeon and pathologist, are also radioresistant and/or 
widely metastatic, new treatment responses would be neces- 
sary. Initially positive margins indicating generalized tumor 
aggression are suggested by careful analysis of the M.D. 
Anderson data. Among the subset with initially positive 
margins, later rendered clear by further resection, local 

control was not significantly worse than among those with 
initially clear margins. However, the rate of 5-year survival 
in this hard to resect group was significantly worse, despite 
postoperative radiation [18]. One obvious option is the 
addition of chemotherapy postoperatively for individuals at 
high risk for recurrence. Review of a subset of 109 patients 
enrolled in a head and neck intergroup trial indicated that the 
addition of chemotherapy to postoperative radiation in the 
face of positive surgical margins failed to significantly 
enhance the median survival. This was a small group, the 
treatment for which was not driven by protocol, and results 
were compared to a historical control [5]. The Radiation 
Therapy Oncology Group completed accrual for a prospec- 
tive, randomized clinical trial in which patients at high risk 
for recurrent disease after surgery received either radiation 
alone or radiation with systemic chemotherapy. Preliminary 
reports indicate no significant benefit of chemotherapy. 

D. Innova t ive  T h e r a p y  

Other treatment options for minimal residual disease 
include local injected gene therapy agents, chemotherapeu- 
tic agents impregnated into gels or sheets, intraoperative 
radiation, and photodynamic therapy. Systemic options may 
soon include a variety of vaccine approaches enhancing the 
immune response to targeted tumor antigens. 

IX. C O N C L U D I N G  REMARKS 

The application of molecular biologic technology to the 
evaluation of surgical margins is an appealing concept, intu- 
itively logical, technically feasible, and already tested in 
pilot studies. The promised benefit of this marriage of new 
technology and standard clinical practice is an increased 
sensitivity and specificity of evaluation. Traditional margins 
are predictive of both locoregional control and survival. 
They are associated most closely with the former, while it is 
survival that is ultimately most meaningful for the patient. 
Molecular markers are potentially valuable prognostic indi- 
cators. Perhaps the combination of the strength of these 
markers as predictors of biologic behavior and as a means to 
detect minimal residual disease will provide a substantial 
improvement in prognostic capability. 

Still, the work done to date raises more questions than it 
answers. What is the best marker for margin assessment or 
are several markers equally useful? How specific or gener- 
alized must the marker be? Is there a threshold of tumor 
burden below which the risk of recurrence is not clinically 
significant? When will a real-time molecular test of margins 
be available to replace the frozen section? Is fine mapping of 
the tumor bed to localize residual tumor possible and worth- 
while? Are other factors such as radiosensitivity or meta- 
static capability of tumor or host immune function of greater 
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importance to eventual outcome than the most precise 
evaluation of surgical margins? Finding answers to these 
questions will require rigorous evaluation of current strate- 
gies that have been proposed in pilot studies. Large popula- 
tions, studied prospectively at multiple institutions with 
very careful collection and evaluation of outcome data, will 
be needed. Technologic advances will also be required 
to find the best markers of minimal residual disease and to 
do so within time and cost constraints that make the broad 
application of this approach feasible. As this approach is 
studied and developed, much should be revealed regarding 
the disease process of HNSCC, its pattern of growth, mark- 
ers of biologic aggressiveness, and potential for intervention 
in the setting of minimal residual local disease. 
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I. NOVEL TARGETS AND AGENTS FOR THE 
TREATMENT OF ADVANCED HEAD AND NECK 

S Q U A M O U S  CELL CARCINOMA (HNSCC) 

With the understanding of the molecular underpinnings 
of human disease and with the novel knowledge obtained 
with the sequence of the human genome, we are in a better 
position to understand the mechanisms by which a normal 
cell becomes neoplastic. This novel information may allow 
us, in the near future, to rationally design novel targeted 
therapies in order to modulate those specific processes 
involved directly in the development of cancer [ 1-3]. As dis- 
cussed elsewhere in this book, advanced refractory HNSCC 
has, still, a very poor prognosis [4]. This poor prognosis 
may be due, in part, to the overall complexity of the genetic 
alterations that characterize this disease, thus compromising 

the task of choosing an appropriate treatment strategy. It fol- 
lows that there is a clear need to identify and develop new 
strategies for the treatment and management of HNSCC 
patients. 

This chapter focuses on several novel promising thera- 
pies/targets for this disease. Novel standard cytotoxics, such 
as taxanes, novel tubulin disruptors, novel antimetabolites, 
and novel derivatives of cisplatin are considered first. Then, 
novel targets are discussed, focusing first on strategies to 
modulate the epidermal growth factor receptor (EGFR) sig- 
naling pathways. Opportunities to modulate cell cycle con- 
trol are followed by modulation of angiogenesis/hypoxia 
processes and, finally, a discussion about biological agents 
with therapeutic importance, such as gene therapy and 
immune modulation in HNSCC (see Fig. 36.1, see also color 
insert). 

A. Novel  C y t o t o x i c s  

1. Antitubulin Agents 

Taxanes have shown significant activity in squamous 
cancers of the head and neck. In a multi-institutional study 
using 250 mg/m 2 paclitaxel in a 24-h continuous infusion 
regimen with granulocyte colony-stimulating factor (G-CSF) 
support, a response rate of 40% was obtained in patients 
with either disease recurrent after primary treatment or pre- 
senting with metastatic disease [5]. Toxicity was significant, 
with severe or life-threatening granulocytopenia occurring 
in 91% of 30 evaluable patients [5]. However, this trial did 
confirm results of a single institution trial using the same 
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FIGURE 36.1 Gene therapy and immune modulation. (See also color insert.) 

regimen [6]. In a subsequent study, the Eastern Cooperative 
Oncology Group studied cisplatin (75 mg/m 2) with either 
low-dose paclitaxel (135 mg/m 2) given over 24 h or with 
paclitaxel (200 mg/m 2) given over 24 h with G-CSF. There 
was no difference in response rate (36% and 35%, respec- 
tively) or, interestingly, in toxicity. The estimated median 
survival was 7.3 months (95% confidence interval 6.0-8.6 
months). The I-year survival was 29% and event-free sur- 
vival was 4.0 months. Fatal toxicities occurred at a rate of 
approximately 10%, leading the group to discard the 24-h 
infusion paclitaxel regimens in subsequent studies [7]. A 
multi-institutional randomized phase III trial of cisplatin 
(100 mg/m 2) on day 1 with 5-fluorouracil (5-Fu) (1 g/m 2) by 
a continuous 96-h infusion days 1 to 4 every 21 days vs 
paclitaxel (175 mg/m 2) with cisplatin (75 mg/m 2) every 21 
days was conducted in metastatic or recurrent squamous car- 
cinoma of the head and neck patients with good performance 
status. There was no significant difference in 1-year survival 
between the two arms: 41% vs 30%, respectively. Median 
survival was 8 and 9 months, respectively, and response 
rates were 22 and 28%, respectively. However, the taxane- 
containing regimen appeared to be less toxic than the more 

standard regimen, especially with respect to hematological 
toxicity [8]. Combinations of paclitaxel, (175 mg/m 2) given 
as a 3-h infusion with carboplatin, AUC 6, have also shown 
activity in squamous cancer of the head and neck, with 
response rates of about 30% in patients with recurrent dis- 
ease (40% of whom had received prior cisplatin and 5-FU) 
[9]. Combinations of cisplatin, paclitaxel, and ifosfamide are 
also under study and show response rates of up to 59% [10]. 

Docetaxel has proven to be about as efficacious as pacli- 
taxel in patients with squamous cell carcinoma of the head 
and neck. Of 29 assessable patients with recurrent or 
metastatic squamous carcinoma of the head and neck who 
received 100 mg/m 2 docetaxel every 3 weeks in a phase II 
trial, 13% achieved a complete response and 29% achieved 
a partial response [11]. Mean response duration was 5 
months. Unfortunately, 53 % of patients had nadir fever, with 
13 patients requiring dose reduction. Hypersensitivity reac- 
tions occurred despite premedication in 4 of 30 patients, and 
minimal edema occurred in 17% of patients. 

Currently, several regimens using either paclitaxel or doc- 
etaxel with cisplatin, or carboplatin, and/or 5-fluorouracil are 
being investigated in phase II trials, with response rates of 
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84-93% when used as neoadjuvant therapy in previously 
untreated patients with locally advanced disease [12,13]. 
Studies using taxanes with or without platinum agents and 
concurrent radiation therapy report results that compare 
favorably with those of prior chemoradiation regimens 
[ 14-17]. In a Radiation Therapy Oncology Group randomized 
phase II study, 241 patients with stage III or IV, M0 squamous 
cancers of the oral cavity, oropharynx, or hypopharynx were 
randomized to (1) 70 Gy/7 weeks with cisplatin (10 mg/m 2) 
and 5-FU (400 mg/m 2) daily during the last 10 days of 
radiation (chemotherapy boost); (2) 70 Gy/13 weeks, given 
on alternate weeks with daily hydroxyurea (1 g twice a day) 
and 5-FU (800 mg/m 2) (FHx), or (3) 70 Gy/7 weeks with 
weekly cisplatin (20 mg/m 2) and paclitaxel (30 mg/m2). 
In 227 evaluable patients, grade 4 toxicities were seen in 
25% randomized to arm 1, in 32% randomized to arm 2, 
and in 29% randomized to arm 3. Estimated 1- and 2-year sur- 
vival rates were 72 and 60% for arm 1, 87 and 65% for arm 2, 
and 80 and 67% for arm 3. Comparison to RTOG historical 
controls indicated that patients in all three arms had better 
survival than patients treated with radiation alone or radiation 
with cisplatin [18]. 

2. Epothilones 

Epothilone analogs are currently investigational, but show 
promising preclinical activity in both taxane-sensitive and 
some taxane-resistant tumors. These agents represent a family 
of 16 membered ring macrolides originally isolated in 1992 
from the fermentation broth of the myxobacterium 
Sorangium cellulosum [19]. Epothilones have a mode of 
action similar to the taxanes, i.e., microtubule stabilization, 
but are more potent than paclitaxel [20]. Some of these agents 
may be bioavailable by the oral route. Although there are 
not yet data on activity in squamous cancers of the head 
and neck, the activity of taxanes in these tumors suggest 
that epothilones may have equivalent or superior activity pro- 
files. Phase I studies of weekly epothilone B demonstrated 
diarrhea as dose limiting [21]. Phase I evaluation of the 
epothilone B analog (BMS 247550) using a 1-h infusion 
schedule every 3 weeks observed neutropenia and sepsis as 
dose limiting [22]. 

3. Platinum Agents 

Of the new platinum agents, Nedaplatin was reported to 
have sequence-specific, enhanced antitumor efficacy com- 
pared to cisplatin when combined with 5-fluorouracil in 
human squamous carcinoma xenografts [23]. This agent was 
selected from various platinum analogs based on preclinical 
antitumor activity against a variety of cancers, with less 
nephrotoxicity than cisplatin. Promising activity was also 
seen in Japanese phase II trials in head and neck cancer [23]. 

Oxaliplatin, a platinum agent with a 1,2-diaminocyclohexane 
(DACH) carrier ligand, was developed because of the obser- 
vation that DACH-Pt compounds are effective against a vari- 
ety of cisplatin-resistant tumors preclinically [24]. The most 
constant acute side effect of oxaliplatin administration is a 
transient peripheral neuropathy, characterized by paresthesia 
and dysesthesias of the hands, feet, and perioral area. In addi- 
tion, some patients reported laryngo-pharyngeal dysesthesia 
when exposed to cold foods or drink [24]. Objective 
responses were observed in all phase I studies, including 
head and neck cancer patients [24]. Responses were 
observed in 6% of pretreated patients and 13% of previously 
untreated patients with recurrent or metastatic head and neck 
cancer given oxaliplatin (130 mg/m 2) every 3 weeks in a 
phase II study [25]. Of note, this agent was recently approved 
by the FDA for the treatment of metastatic colon cancer. 

4. Antimetabolites 

a. 5-Fluorouracil Analogs 

5-Fluorouracil is a known radiation sensitizer but has a 
short half-life due to rapid metabolism by dihydropyrimidine 
dehydrogenase (DPD) [26]. In addition, its activity is depend- 
ent on its metabolism to fluorodeoxyuridine monophosphate 
(FdUMP) by thymidine phosphorylase and to the binding of 
FdUMP to thymidylate synthase, resulting in inhibition of 
DNA synthesis. Several compounds have now been devel- 
oped that inhibit 5-FU metabolism or enhance its specificity 
for malignant cells. Eniluracil, an inhibitor of DPD, combined 
with oral 5-FU and radiation on an every other week schedule 
was studied in a phase I trial in patients with advanced head 
and neck cancer. The dose-limiting toxicity was cumulative 
myelosuppression. However, despite myelosuppression, no 
dose-limiting mucositis or dermatitis was observed, implying 
that radiosensitization did not occur at the maximum tolerable 
dose [27]. Capecitabine and UFT (Tegafur and uracil) are 
other agents in this class, available by the oral route. UFT pro- 
duced a response rate of 38% in 43 previously treated patients 
with recurrent head and neck cancer [28]. In previously 
untreated patients, UFT, in combination with carboplatin, 
produced a response rate of 53% [29]. The agent also appears 
to be a radiation sensitizer for clinical use [30]. Use of 
capecitabine alone or in combination with other chemother- 
apy agents or radiation has not yet been widely studied. 
However, the requirement for the drug to be activated by 
thymidine phosphorylase [31] and the observation that thymi, 
dine phosphorylase is elevated in squamous cancers of the 
head and neck [32,33] provide a rationale to study the agent 
in this disease. 

b. Gemcitabine 

Gemcitabine is a deoxycytidine analog (2',2'-difluoro-2'- 
deoxycytidine) that has greater potency and slower clearance 
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from tumor cells compared with cytosine arabinoside. In 
addition, gemcitabine has activity against solid tumors, 
which may be schedule dependent [34]. Gemcitabine is 
phosphorylated intracellularly and inhibits DNA synthesis 
by incorporation of 2',2'-difluoro-2'-deoxycytidine triphos- 
phate (dFdCTP). The phosphorylated metabolite is retained 
in cells for a prolonged period, allowing less frequent 
dosing. Promising in vitro activity was observed against 
squamous head and neck cancer cells [35], and a significant 
increase in tumor doubling time, and even cures, were 
observed in human tumor xenograft-bearing mice treated 
with intraperitoneal gemcitabine [36]. 

The European Organization for Research and Treatment 
of Cancer Early Clinical Trials Group reported a response 
rate of 13% in 54 patients with advanced or recurrent squa- 
mous cancer of the head and neck, many of whom had 
received previous chemotherapy, treated on a weekly x3 
schedule. Toxicity was mild, with grade 3-4 neutropenia 
in <10% of patients [37]. Studies have also reported a 
response rate of 22.7% for the combination of cisplatin 
(50 mg/m 2) on days 1 and 8 with gemcitabine (800 mg/m 2) 
on days 1, 8, and 15 [38]. Combinations of paclitaxel and 
gemcitabine have also been studied. Fountzilas et al. [39] 
administered gemcitabine (1100 mg/m 2) on days 1 and 8 
with paclitaxel (200 mg/m 2) on day 1 to patients with recur- 
rent and/or metastatic nonnasopharyngeal head and neck 
cancer. Twenty-four of 44 patients completed six cycles of 
treatment. Of the total group (44 patients), 5 (11%) had a 
complete response and 13 (30%) had a partial response. The 
median time to progression was 4 months, but toxicity was 
acceptable [39]. 

Surprising results have been forthcoming in studies of 
gemcitabine combined with radiation therapy. Initial studies 
demonstrated radiosensitization by gemcitabine at noncyto- 
toxic concentrations (100 nM) that were much less than 
plasma concentrations produced by current clinical dosing 
(2 ktM) [40]. The lack of mucositis associated with the admin- 
istration of gemcitabine was an additional factor making the 
drug attractive for combinations with radiation. In a phase I 
trial, Eisbruch et aL [41 ] explored the clinical toxicity of com- 
bining weekly gemcitabine with daily fractionated radiation 
to 70 Gy in patients with locally advanced, or unresectable, 
squamous cancers of the head and neck. In addition, tumor 
concentrations of dFdCTP were evaluated after the first dose 
of gemcitabine and prior to radiation. The initial dose level of 
300 mg/m 2 was found to be intolerable, and successive dose 
de-escalations were necessary. Confluent acute mucositis was 
observed in most patients receiving doses 50 mg/m 2 and 
higher, which lasted about 7 weeks. Deep, persistent, mucosal 
ulceration or pharyngeal/esophageal obstruction that could 
not be relieved by dilatation was observed in at least 2 patients 
at each dose level of 50 mg/m 2 and above. Biopsy-proven 
complete remission was observed in 66-89% of patients of 

each cohort. Only a few patients were able to have tumor 
biopsies, but the difference in cellular dFdCTP concentrations 
at the various doses was not statistically significant. While the 
study bears out the preclinical observation that gemcitabine is 
a potent radiosensitizer at very low concentrations (at doses 
that are 5-30% of those tolerated when gemcitabine is admin- 
istered as a single agent), the rate of late dysphagia implies 
that the toxicity is not selective to tumor tissue. It is possible 
that the mechanism of radiation sensitization involves the 
inhibition of ribonucleotide reductase, which occurs in vitro at 
concentrations of gemcitabine that are too low to result in 
DNA incorporation [41]. 

B. M o d u l a t i o n  of  E p i d e r m a l  G r o w t h  

Fac tor  R e c e p t o r  as  a T h e r a p e u t i c  

S t r a t e g y  in HNSCC 

Among the emerging molecular targets for therapy of 
HNSCC is EGFR (see Fig. 36.1). Overexpression of EGFR 
is present in the majority of head and neck squamous cell 
carcinomas, and this overexpression is associated with a 
poor prognosis [42,43]. Selective compounds have been 
developed that target either the extracellular ligand-binding 
region of the EGFR or the intracellular tyrosine kinase 
region, resulting in interference with the signaling pathways 
that modulate proliferation and other cancer-promoting 
responses, such as cell motility, cell adhesion, invasion, and 
angiogenesis. Potential new anticancer agents that target the 
extracellular ligand-binding region of the receptor include a 
number of monoclonal antibodies, immunotoxins, and ligand- 
binding cytotoxic agents. Agents that target the intracellular 
tyrosine kinase region include small molecule tyrosine kinase 
inhibitors (TKIs), which act by interfering with ATP binding 
to the receptor. Currently, the most advanced of the newer 
therapies undergoing clinical development are antireceptor 
monoclonal antibody C225 (cetuximab) and a number of 
small molecule EGFR-TKIs, principally of the quinazoline 
and pyrrolo-pyridopyrimidine inhibitor structural classes. 

C225 (cetuximab) is an IgG antibody directed against the 
human EGFR, which binds to the ligand-binding domain of 
the receptor and competes for receptor binding with EGF. 
Cetuximab inhibits in vitro cellular proliferation in squamous 
cell carcinoma cell lines that overexpress the EGFR and 
inhibits the tyrosine kinase activity of the EGFR. Enhanced 
cytotoxicity was observed with a number of cytotoxic agents 
(e.g., doxorubicin and cisplatin) and radiation in preclinical 
models [44]. EGFR inhibition by C225 enhances the in vitro 

and in vivo radiosensitivity of HNSCC cell lines. Interestingly, 
collective data from xenograft experiments suggest that the 
enhanced antitumor activity seen when C225 is combined with 
radiation derives not only from inhibiting proliferation, but 
also from inhibiting several important processes, including 
DNA repair after exposure to radiation and angiogenesis [45]. 
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In phase I trials, the most frequently reported C225- 
related adverse events were asthenia, fever, nausea, transami- 
nases, and allergic reactions. Of these, skin rash and allergic 
reactions appear to the most clinically relevant. Eighty per- 
cent of patients developed skin rashes, and lesions appeared 
to be a sterile folliculitis usually affecting the face, upper 
chest, and/or back. The rash was usually mild to moderate in 
severity and resolves without treatment. Significant infusion 
reactions were uncommon but can be severe. The incidence 
of 3/4 allergic reactions is 4%, with 2% grade 4 anaphylactic 
reactions. These reactions usually appear within minutes of 
starting the initial infusion. Reactions were responsive 
to standard treatment and could be prevented with prophy- 
lactic administrating antihistamines and/or prolonging the 
infusion duration [46]. 

Preliminary results from phase I trials suggest that com- 
binations of C225 with radiation and C225 with cisplatin are 
well tolerated. A phase 1 study reported that C225 can be 
given in combination with cisplatin (60 mg/m 2) every 4 
weeks without increased toxicity [47]. A phase 1 trial 
evaluating C225 with standard irradiation (70 Gy, 2.0 Gy 
given once-daily) for patients with locally advanced head 
and neck malignancies reported that the combination is 
tolerable. C225 was delivered as a loading dose of 
100-500 mg/m 2 intravenously followed by weekly infusions 
of 100-250 mg/m 2 for 7 weeks. Nine of 16 (56%) patients 
experienced irradiation-related grade 3 mucositis and 1 
patient experienced grade 4 mucositis. Five (31%) patients 
had grade 3 skin toxicity, primarily skin rash. Of the 15 
evaluable patients, 14 achieved complete responses [44,48]. 
This agent is presently in phase III trials in head and neck 
squamous cell cancer. 

Small molecule inhibitors of the intracellular tyrosine 
kinase domain of EGFR are also under clinical evaluation 
[49]. Currently available EGFR inhibitors belong to three 
chemical series: 4-anilinoquinazolines, 4-[ar(alk)ylamino] 
pyridopyrimidines, and 4-phenylaminopyrrolo-pyrimidines. 
Two quinazolines that have shown promising antitumor 
activity in early clinical trials are ZD1839 (Iressa) and OSI- 
774 (Tarceva). More recently, potent, irreversible inhibitors 
of EGF receptor kinases such as CI-1033 and EKB-569 have 
been developed. CI-1033 is of interest as it is not only an 
irreversible inhibitor that binds covalently to a cysteine 
residue near the ATP-binding site of the EGFR, it also tar- 
gets all four EGFR family members. Whether irreversible 
inhibition will result in improved therapeutic index or will 
remove the requirement for continuous dosing requires 
further clinical study. 

In general, these small molecules competitively inhibit 
ATP binding to EGFR, hindering autophosphorylation, lead- 
ing to dose-dependent tumor stasis and even tumor regres- 
sion in some tumor xenograft models. However, the most 
promising laboratory data have been from the combination 

of these targeted inhibitors with standard chemotherapy or 
radiation therapy [50,51 ]. In addition to their shared mecha- 
nism of action, these small molecules are administered 
orally on chronic schedules and have a similar spectrum of 
toxicity, with diarrhea and skin rash being the most com- 
monly reported adverse events. 

ZD 1839 is an anilinoquinazoline that acts as a potent and 
specific inhibitor of EGFR tyrosine kinase activity by com- 
peting with ATP for its binding site on the intracellular 
domain of the receptor [51]. The IC50 of ZD1839 using 
enzyme extracted from the A431 human squamous vulval 
cell line was 23-79 nM. It is approximately 100-fold less 
active against erbB2 kinase and has little or no enzyme 
inhibitory activity against several other tyrosine and serine- 
threonine kinases tested. ZD 1839 has antitumor activity in a 
broad range of human tumor xenografts with both tumor 
stasis and regressions seen in xenograft models [51]. 
However, rapid regrowth of tumors was generally observed 
when the drug was discontinued, suggesting the need for 
chronic administration. 

Two trials are assessing escalating doses of ZD1839 
administered on a continuous daily schedule. Dose-limiting 
diarrhea was seen at dose levels of 1000 mg/day [52]. The 
most frequent adverse events were grade 1-2 skin rash, diar- 
rhea, nausea, and vomiting. Grade 3 adverse events included 
diarrhea, skin rash, increased hepatic transaminases, nausea, 
and vomiting. Skin toxicity consisted primarily of grade 1 to 
2 pustular or acne-like lesions with occasional erythema, or 
dry skin. The rash was usually located on the face, with 
involvement of the upper torso at higher doses, and was 
resolved rapidly after drug discontinuation. Nausea and/or 
emesis occurred infrequently and were mild-moderate in 
severity. Doses of 250 and 500 mg per day orally in combi- 
nation with standard chemotherapy are currently being 
evaluated in phase III placebo-controlled studies in patients 
with advanced nonsmall cell lung cancer. 

Similar to ZD 1839, OSI-774 (Tarceva) is also an anili- 
noquinazoline that has shown interesting antitumor activity 
in preclinical models and in phase 1 clinical trials. OSI-774 
is a selective inhibitor of human epidermal growth factor 
receptor tyrosine kinase with an IC50 of 2 nM and selec- 
tively reduces EGFR autophosphorylation in intact tumor 
cells with an IC50 of 20 nM [53]. In preclinical studies, daily 
administration of the agent markedly inhibits the growth 
of HN5 head and neck, and A431 epidermoid carcinoma 
xenografts [54]. 

Results from phase 1 studies indicate that OSI-774 
has been well tolerated and antitumor activity has been 
observed. Phase 1 trials in cancer patients investigated the 
following schedules: 3 days/week • weeks/q 4 weeks, 
daily x3 weeks q 4 weeks, daily continuous dosing, and 
weekly dosing [55]. With the continuous dosing schedule, a 
recommended phase 2 dose of 150 mg/day was established. 
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Among the 42 patients treated by continuous dosing in the 
phase 1 study, the most common toxicities were acneiform 
rash (55%), diarrhea (45%), nausea (29%), and headache 
(29%). The target average plasma concentration for biolog- 
ical activity of 500 ng/ml was achievable at doses > 100 mg. 

For the weekly dosing schedule, doses up to 
1600 mg/week were evaluated without reaching dose-limit- 
ing toxicity [56]. Among 27 patients treated on this study, the 
following toxicities were seen: diarrhea (63%), rash (44%), 
and nausea (44%). There was 1 patient with grade 3 skin 
rash. The target plasma concentration was achieved at all 
dose levels; however, preliminary pharmacokinetic analysis 
revealed large intra- and intersubject variability [56]. 

Preliminary results from the phase 2 study in SCCHN 
evaluating the efficacy of OSI-774 administered at 150 mg 
daily continuously are available [57]. Of 114 head and neck 
patients enrolled, response data are available on 78. There 
were 10 patients (13%) with partial responses, 23 (29%) 
with stable disease, and 45 (58%) with progressive disease. 
Adverse events included an acneiform rash affecting the 
face, upper torso, and arms, diarrhea, nausea, vomiting, 
headache, and fatigue. The acneiform was noted in 82/114 
(72%) patients. Rash was mild in 32 patients (28%), moder- 
ate in 39 (34%), and severe in 9 (8%). Diarrhea was treated 
with either dose reduction or oral loperamide without drug 
discontinuation. These data suggest that OSI-774 has antitu- 
mor activity in advanced SCCHN and that further study as 
an adjunct to standard therapeutic approaches is warranted. 

In light of a relationship between overexpression of 
EGFR and clinically aggressive malignant disease, EGFR 
has emerged as a promising target for treatment of patients 
with HNSCC. Preliminary results from early clinical trials of 
both anti-EGFR monoclonal antibodies and EGFR small 
molecule tyrosine kinase inhibitors are promising. The rapid 
evaluation of these target-specific noncytotoxics is limited by 
the lack of accurate information on the relevance of target 
expression and its modulation to this tumor type. Early clin- 
ical trials are being designed to address these concerns. 
Current research goals include (1) defining the optimal dose 
and schedule in combinations with conventional chemother- 
apeutic agents and with radiation therapy and (2) determin- 
ing predictive factors that identify the best patient population 
in which to study and administer these agents. However, the 
clinical impact of EGFR inhibitors in SCCHN patients must 
await the completion of randomized evaluations in combina- 
tion with standard radiation and chemotherapeutic regimens. 

C. M o d u l a t o r s  of  Cell Cycle  Cont ro l  for 

t h e  T r e a t m e n t  of  HNSCC 

Upon activation of several growth factor/mitogenic 
signaling cascades, cells commit to entry into a series 
of regulated steps allowing traverse of the cell cycle. First, 

synthesis of DNA (genome duplication), also known as S 
phase, occurs, followed by the separation of two daughter cells 
(chromatid separation) or M phase. The time between S and M 
phases is known as G2 phase (see Fig. 1). This period is where 
cells can repair errors that occur during DNA duplication, pre- 
venting the propagation of these errors to daughter cells. In 
contrast, the G1 phase represents the period of commitment to 
cell cycle progression that separates M and S phases as cells 
prepare for DNA duplication upon mitogenic signals [58]. 

Over the past decade, it has been recognized that a 
universally utilized pathway allowing mitogenic signals to 
promote progression through G1 to S phase utilizes phos- 
phorylation and inactivation of the retinoblastoma gene prod- 
uct (Rb), a tumor suppressor gene product important for G1 
control [59,60]. Rb inactivation is the result of its phospho- 
rylation by the serine/threonine kinases, known as cyclin- 
dependent kinases (cdks) [61]. These key regulators of the 
cell cycle are enzymes that periodically form complexes with 
proteins known as cyclins. There are at least 9 different cdks 
(cdkl-cdk9) [61-64]. Cyclin-dependent kinases clearly 
involved in cell cycle control are cdkl through cdk7. In 
contrast, cdk8 and cdk9, although related structurally to cell 
cycle regulatory cdks, are important regulators of transcrip- 
tional control [62,63]. There are at least 15 different cyclins 
(cyclin A through T) [64-67]. These complexes are in turn 
regulated by a stoichiometric combination with small 
inhibitory proteins, called endogenous cyclin-dependent 
kinase inhibitors (CKIs). INK4 (inhibitor of cdk4) family 
members include p 16 ink4a, p 15 ink4b, p 18 ink4c, and p 19 ink4d 
and specifically inhibit cyclin D-associated kinases. 
Members of the kinase inhibitor protein (KIP) family, 
p21 wafl, and p27 Kipl, and p57 kip2, bind and inhibit the activ- 
ity of cyclin E/cdk2 and cyclin A/cdk2 complexes [68]. 

Most human neoplasms have abnormalities in some com- 
ponent of the Rb pathway due to hyperactivation of cdks as 
a result of amplification/overexpression of positive cofac- 
tors, cyclins/cdks, or downregulation of negative factors, 
endogenous CKIs, or mutation in the Rb gene product. 
These aberrations promote deregulated S-phase progression 
in a way that ignores growth factor signals, with loss of G1 
checkpoints [58,69]. Therefore, development of pharmaco- 
logic cdk inhibitors (smCDKI), "mechanism-based ther- 
apy," would be of great interest as a treatment strategy for 
many neoplasms [70]. Furthermore, inappropriate or dereg- 
ulated activation of cdks might have adverse consequences 
for cells, and indeed cdk activation/inactivation has been 
reported to correlate with the cellular response to apoptotic 
stimuli in several preclinical models [71-74] (see later). 

Two cdk modulators, flavopiridol and UCN-01, have 
completed initial human phase I trials [70,75-82] and are 
described later. 

Several strategies could be considered to modulate cdk 
activity. These strategies are divided into direct effects on 
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the catalytic cdk subunit or indirect modulation of regula- 
tory pathways that govern cdk activity [2,70]. The small 
molecular endogenous cdk inhibitors (SCDKI) are com- 
pounds that directly target the catalytic cdk subunit. Most 
of these compounds modulate cdk activity by interacting 
specifically with the ATP-binding site of cdks [2,70,83-85]. 
The second class of cdk inhibitors are compounds that 
inhibit cdk activity by targeting the regulatory "upstream 
pathways" that modulate the activity of cdks; by altering the 
expression and synthesis of the cdk/cyclin subunits or the 
cdk inhibitory proteins; by modulating the phosphorylation 
of cdks; by targeting cdk-activating kinase, cdc25, and 
wee l/mytl;  or by manipulating the proteolytic machinery 
that regulates the catabolism of cdk/cyclin complexes or 
their regulators [2,70]. 

1. Modulators of Cyclin-Dependent Kinases in 
Clinical Trials 

a. Flavopiriclol 

Flavopiridol (L86-8275 or HMR 1275) is a semisynthetic 
flavonoid derived from rohitukine, an indigenous plant 
from India. Initial studies with flavopiridol demonstrated 
modest in vitro inhibitory activity with respect to EGFR 
and protein kinase A (PKA)(ICs0 = 21 and 122 ~tM, respec- 
tively) [86]. However, when this compound was tested in the 
National Cancer Institute (NCI) 60 cell line anticancer drug 
screen panel, this compound demonstrated a very potent 
growth inhibition (ICs0 = 66 nM), a concentration that is 
about 1000 times lower than the concentration required to 
inhibit PKA and EGFR [86]. Initial studies with this 
flavonoid revealed clear evidence of G1/S or G2/M arrest 
due to loss in cdkl and cdk2 (87-89). Studies using purified 
cdks showed that the inhibition observed is reversible and 
competitively blocked by ATP, with a K i of 41 nM [87-91 ]. 
Furthermore, the crystal structure of the complex of 
deschloroflavopiridol and cdk2 showed that flavopiridol 
binds to the ATP-binding pocket, with the benzopyran 
occupying the same region as the purine ring of ATP [92], 
confirming earlier biochemical studies with flavopiridol 
[88]. Flavopiridol inhibits all cdks thus far examined 
(IC50 ~ 100 nM), but it inhibits cdk7 (cdk-activating kinase) 
less potently (IC50 ~ 300 nM) [88,90,91 ]. 

In addition to directly inhibiting cdks, flavopiridol pro- 
motes a decrease in the level of cyclin D 1, an oncogene that 
is overexpressed in many human neoplasias. Of note, neo- 
plasms that overexpress cyclin D1 have a poor prognosis 
[93-95]. When MCF-7 human breast carcinoma cells were 
incubated with flavopiridol, levels of cyclin D1 protein 
decreased within 3 h [96]. This effect was followed by a 
decline in the levels of cyclin D3 with no alteration in the 
levels of cyclin D2 and cyclin E, the remaining G1 cyclins, 
leading to loss in the activity of cdk4. Thus, depletion of 

cyclin D 1 appears to lead to the loss of cdk activity [96]. The 
depletion of cyclin D1 is caused by depletion of cyclin D 1 
mRNA and was associated with a specific decline in the 
cyclin D 1 promoter, measured by a luciferase reporter assay 
[96]. The transcriptional repression of cyclin D1 observed 
after treatment with flavopiridol underscores the conserved 
effect of flavopiridol on eukaryotic cyclin transcription [97]. 
In summary, flavopiridol can induce cell cycle arrest by at 
least three mechanisms: (1) by direct inhibition of cdk activ- 
ities by binding to the ATP-binding site; (2) by prevention of 
the phosphorylation of cdks at threonine- 160/161 by inhibi- 
tion of cdk7/cyclin H [89,91]; and (3) for G1/S phase arrest, 
by a decrease in the amount of cyclin D1, an important 
cofactor for cdk4 and cdk6 activation. 

Another effect of flavopiridol on transcription is attenua- 
tion on the induction of vascular endothelial growth factor 
(VEGF) mRNA in monocytes after hypoxia (see later). 
This effect is due to alterations in the stability of VEGF 
mRNA [98]. 

Chat et al. [99] demonstrated that flavopiridol potently 
inhibits P-TEFb (also known as cdk9/cyclin T), with a K i 
of 3 nM, leading to inhibition of transcription by RNA 
polymerase II by blocking the transition into productive 
elongation. Interestingly, in contrast with all cdks tested so 
far, flavopiridol was not competitive with ATP in this reac- 
tion. P-TEFb is a required cellular cofactor for the human 
immunodeficiency virus (HIV-1) transactivator, Tat. 
Consistent with its ability to inhibit P-TEFb, flavopiridol 
blocked Tat transactivation of the viral promoter in vitro. 

Furthermore, flavopiridol blocked HIV-1 replication in both 
single round and viral spread assays with an IC50 of less 
than 10 nM [99]. With this novel knowledge, it is reasonable 
to test flavopiridol in clinical trials of patients with HIV- 
related malignancies. 

An important biochemical effect involved in the antipro- 
liferative of flavopiridol is the induction of apoptotic cell 
death. Hematopoietic cell lines are often quite sensitive to 
flavopiridol-induced apoptotic cell death [ 100-103], but the 
mechanism(s) by which flavopiridol induces apoptosis has 
not yet been elucidated. In certain hematopoietic cell lines, 
neither BCL-2/BAX nor p53 appeared to be affected 
[102,104], whereas in other systems, BCL-2 may be inhib- 
ited [ 103]. Preliminary evidence from one laboratory demon- 
strated that flavopiridol-induced apoptosis in leukemia cells 
is associated with early activation of the MAPK protein 
kinase family of proteins (MEK, p38, and JNK) [105]. This 
activation may lead to the activation of caspases [105]. As 
seen in this and other models, caspase inhibitors prevent 
flavopiridol-induced apoptosis [101,105]. It is unclear 
whether the putative flavopiridol-induced inhibition of cdk 
activity is required for the induction of apoptosis. 

Clear evidence of cell cycle arrest along with apoptosis 
was observed in a panel of squamous head and neck cell 
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lines, including a cell line (HN30) that is refractory to 
several DNA-damaging agents, such as T-irradiation and 
bleomycin [ 106]. Again, the apoptotic effect was independ- 
ent of p53 status and was associated with the depletion 
of cyclin D 1 [ 106]. Moreover, when flavopiridol was admin- 
istered to head and neck xenografts (HN12) as a daily 
5 mg/kg ip bolus for 5 days, significant growth delay was 
observed [106]. Again, clear evidence of apoptosis along 
with cyclin D1 depletion was readily observed in tissues 
from xenografts treated with flavopiridol [ 106]. This experi- 
ence has stimulated us to initiate a phase II trial of flavopiri- 
dol in patients with refractory/metastatic head and neck 
squamous carcinomas (see later). 

Along with targeting tumor cells, flavopiridol also targets 
angiogenesis pathways. Brusselbach et al. [107] incubated 
primary human umbilical vein endothelial cells (HUVECs) 
with flavopiridol and observed apoptotic cell death even 
in cells that were not cycling, leading to the notion that 
flavopiridol may have antiangiogenic properties due to 
endothelial cytotoxicity. In other model systems, Kerr et al. 
[108] tested flavopiridol in an in vivo Matrigel model of 
angiogenesis and found that flavopiridol decreased blood 
vessel formation, a surrogate marker for the antiangiogenic 
effect of this compound. Furthermore, as mentioned earlier, 
Melillo et al. [98] demonstrated that, at low nanomolar con- 
centrations, flavopiridol prevented the induction of VEGF 
by hypoxic conditions in human monocytes. This effect was 
caused by a decreased stability of VEGF mRNA, which par- 
alleled the decline in VEGF protein. Thus, the antitumor 
activity of flavopiridol observed may be in part due to 
antiangiogenic effects. Whether the various antiangiogenic 
actions of flavopiridol result from its interaction with a cdk 
target or other targets requires further study. 

Several investigators have attempted to determine if 
flavopiridol has synergistic effects with standard chemother- 
apeutic agents. For example, synergistic effects in A549 
lung carcinoma cells were demonstrated when treatment 
with flavopiridol followed treatment with paclitaxel, 
cytarabine, topotecan, doxorubicin, or etoposide [ 109,110]. 
In contrast, a synergistic effect was observed with 
5-fluorouracil only when cells were treated with flavopiri- 
dol for 24 h before the addition of 5-fluorouracil. 
Furthermore, synergistic effects with cisplatin were not 
schedule-dependent [110]. However, Chien et al. [111] 
failed to demonstrate a synergistic effect between flavopiri- 
dol and cisplatin and/or T-irradiation in bladder carci- 
noma models. One important issue to mention is that 
most of these studies were performed in in vitro models. 
Thus, confirmatory studies in in vivo animal models 
are needed. 

Experiments using colorectal (Colo205) and prostate 
(LnCaP/DU-145) carcinoma xenograft models in which 
flavopiridol was administered frequently over a protracted 

period demonstrated that flavopiridol is cytostatic [86,112]. 
This demonstration led to human clinical trims of flavo- 
piridol administered as a 72-h continuous infusion every 
2 weeks [113] (see later). Subsequent studies in human 
leukemia/lymphoma xenografts demonstrated that flavopiri- 
dol administered intravenously as a bolus rendered animals 
tumor free, whereas flavopiridol administered as an infusion 
only delayed tumor growth [100]. Moreover, as shown ear- 
lier, in head and neck (HN-12) xenografts, flavopiridol 
administered as an intraperitoneal bolus daily at 5 mg/kg for 
5 days demonstrated a substantial antitumor effects [106]. 
Based on these results, a phase I trial of 1-h infusional 
flavopiridol for 5 consecutive days every 3 weeks has been 
completed at the NCI (see later). 

b. Clinical Experience with Flavopiridol 

Two phase I clinical trials of flavopiridol administered as 
a 72-h continuous infusion every 2 weeks have been com- 
pleted [79,113]. In the NCI phase I trial of infusional 
flavopiridol, 76 patients were treated. Dose-limiting toxicity 
(DLT) was secretory diarrhea with a maximal tolerated dose 
(MTD) of 50 mg/m2/day for 3 days. In the presence of 
antidiarrheal prophylaxis (a combination of cholestyramine 
and loperamide), patients tolerated higher doses, defining a 
second maximal tolerated dose, 78 mg/m2/per/day for 3 days. 
The dose-limiting toxicity observed at the higher dose level 
was a substantial proinflammatory syndrome (fever, fatigue, 
local tumor pain, and modulation of acute phase reactants) 
and reversible hypotension [113]. Minor responses were 
observed in patients with non-Hodgkin's lymphoma, colon, 
and kidney cancer for more than 6 months. Moreover, one 
patient with refractory renal cancer achieved a partial 
response for more than 8 months [113]. Of 14 patients who 
received flavopiridol for more than 6 months, 5 patients 
received flavopiridol for more than 1 year and 1 patient 
received flavopiridol for more than 2 years [ 113]. Plasma con- 
centrations of 300-500 nM flavopiridol, which inhibit cdk 
activity in vitro, were safely achieved during this trial [ 113]. 

In a complementary phase I trial also exploring the same 
schedule (72-h continuous infusion every 2 weeks), Thomas 
et al. [79] found that the dose-limiting toxicity was diarrhea, 
corroborating the NCI experience. Moreover, plasma con- 
centrations of 300-500 nM flavopiridol were also observed. 
Interestingly, there was one patient in this trial with refrac- 
tory metastatic gastric cancer that progressed after a treat- 
ment regimen containing 5-fluorouracil. When treated with 
flavopiridol, this patient achieved a sustained complete 
response without any evidence of disease for more than 2 
years after treatment was completed. 

The first phase I trial of a daily 1-h infusion of flavopiri- 
dol for 5 consecutive days every 3 weeks has been com- 
pleted [76]. This schedule was based on antitumor results 
observed in leukemia/lymphoma and head and neck 
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xenografls treated with flavopiridol [ 100,106]. A total of 55 
patients were treated in this trial. The recommended phase II 
dose is 37.5 mg/m2/day for 5 consecutive days. Dose- 
limiting toxicities observed at 52.5 mg/m2/day are nausea/ 
vomiting, neutropenia, fatigue, and diarrhea [76]. Other 
(nondose-limiting) side effects are "local tumor pain" and 
anorexia. To reach higher flavopiridol concentrations, the 
protocol was amended to administer flavopiridol for 3 days 
(initially) and then for 1 day only. These protocol modifica- 
tions allowed achievement of higher flavopiridol concen- 
trations (-4 BM) [76]. Unfortunately, the half-life observed 
in this trial is much shorter (--3 h) than the infusional trial 
(--10 h). Thus, high micromolar concentrations in the 1-h 
infusional trial will be maintained for very short periods of 
time [76]. Several phase 2 trials in patients with refractory 
head and neck cancer, chronic lymphocytic leukemia (CLL), 
and mantle cell lymphoma (MCL) are currently being tested 
using this schedule (see later). 

A phase 1 trial testing the combination of paclitaxel and 
infusional (24 h) flavopiridol demonstrated good tolerability 
with a dose-limiting pulmonarytoxicity [78]. 

Phase II trials of flavopiridol given as a 72-h continuous 
infusion with the MTD in the absence of antidiarrheal pro- 
phylaxis (50 mg/mZ/day) to patients with chronic lympho- 
cytic leukemia, nonsmall cell lung cancer, non-Hodgkin's 
lymphoma, and colon, prostate, gastric, head and neck, and 
kidney cancer and phase I trials of flavopiridol administered 
on novel schedules and in combination with standard 
chemotherapeutic agents are being performed [114-118]. In 
a phase 2 trial of flavopiridol in metastatic renal cancer, two 
objective responses (response rate = 6%, 95% confidence 
interval, 1 to 20%) were observed. Most patients developed 
grade 1-2 diarrhea and asthenia [118]. In this trial, patients 
that demonstrated glucuronide flavopiridol metabolites in 
plasma, as measured by HPLC methodology, have less pro- 
nounced diarrhea in comparison to nonmetabolizers [119]. 
Thus, it may be possible that patients with higher metabolic 
rates may tolerate higher doses of flavopiridol. 

Phase II trials of shorter (1 h) infusional flavopiridol 
are being conducted in MCL, CLL, and HNSCC. Of inter- 
est, several refractory CLL and MCL patients demonstrated 
clear evidence of responses (partial responses) in these trials 
being considered in lung and colon cancer (J. R. Suarez, 
personal communications). 

Although the initial studies of flavopiridol in humans 
are encouraging, the best schedule of administration of 
flavopiridol needs to be determined. Furthermore, phase 3 
studies in combination with standard chemotherapy are 
being considered (J. R. Suarez, personal communications). 

c. UCN-O1 

Staurosporine is a potent nonspecific protein and tyrosine 
kinase inhibitor with a very low therapeutic index in animals 

[120]. Thus, efforts to find staruosporine analogs of stau- 
rosporine have identified compounds specific for protein 
kinases. One staurosporine analog, UCN-01 (7-hydroxy- 
staurosporine), has potent activity against several protein 
kinase C isoenzymes, particularly the Ca2+-dependent 
protein kinase C with an IC50 --30 nM [121-123]. In 
addition to its effects on protein kinase C, UCN-01 has 
anfiproliferative activity in several human tumor cell lines 
[124-128]. In contrast, another highly selective potent 
protein kinase C inhibitor, GF 109203X, has minimal 
antiproliferafive activity, despite a similar capacity to inhibit 
protein kinase C in vitro [ 125]. These results suggest that the 
anfiproliferative activity of UCN-01 cannot be explained 
solely by the inhibition of protein kinase C. Although 
UCN-01 moderately inhibited the activity of immunoprecipi- 
tared cdkl (cdc2) and cdk2 (ICs0 = 300-600 nM), exposure of 
UCN-01 to intact cells leads to "inappropriate activation" of 
the same kinases [125]. This phenomenon correlates with the 
G2 abrogation checkpoint observed with this agent (see later). 

Experimental evidence suggests that DNA damage leads 
to cell cycle arrest to allow DNA repair. In cells where 
the G1 phase checkpoint is not active because of p53 
inactivation, irradiated cells accumulate in the G2 phase due 
to activation of the G2 checkpoint (inhibition of cdc2). In 
contrast, Wang et al. [129] exposed CA46 cell lines to radi- 
ation followed by UCN-01, promoting the inappropriate 
activation of cdc2/cyclin B and early mitosis with the onset 
of apoptotic cell death. These effects could be partially 
explained by the inactivation of Wee 1, the kinase that nega- 
tively regulates the G2/M-phase transition [ 130]. Moreover, 
UCN-01 can have a direct effect on chkl, a protein kinase 
that regulates the G2 checkpoint [131-133]. Thus, although 
UCN-01 at high concentrations can directly inhibit cdks 
in vitro, UCN-01 can modulate cellular "upstream" regula- 
tors at a much lower concentration, leading to inappropriate 
cdc2 activation. Studies from other groups suggest that not 
only is UCN-01 able to abrogate the G2 checkpoint induced 
by DNA-damaging agents, but also, in some circumstances, 
UCN-01 is able to abrogate the DNA damage-induced 
S-phase checkpoint [ 134,135]. 

UCN-01 also arrests cells in the G1 phase of the cell cycle 
[ 124,127,128,136-140]. For example, when human epider- 
moid carcinoma A431 cells (mutated p53) are incubated with 
UCN-01, these cells were arrested in G1 phase with Rb 
hypophosphorylation and p2 lwafl/p27kip1 accumulation [ 128]. 

Another interesting pharmacological feature of UCN-01 
is the observed increased cytotoxicity in cells that harbors 
mutated p53 [129]. In CA-46 and HT-29 rumor cell lines 
carrying mutated p53 genes, potent cytotoxicity results fol- 
lowing exposure to UCN-01. To extend these observations 
further, the MCF-7 cell line with no endogenous p53 
because of the ectopic expression of E6, a human papillo- 
mavirus type-16 protein, showed enhanced cytotoxicity 
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when treated with a DNA-damaging agent, such as cisplatin, 
and UCN-01 compared with the isogenic wild-type MCF-7 
cell line. Thus, a common feature observed in more than 
50% of human HNSCC associated with poor outcome and 
refractoriness to standard chemotherapies [141-145] may 
render tumor cells more sensitive to UCN-01. 

As mentioned earlier, synergistic effects of UCN-01 have 
been observed with many chemotherapeutic agents, including 
mitomycin C, 5-fluorouracil, carmustine, and camptothecin, 
among others [134,146-153]. Therefore, it is possible that 
combining UCN-01 with these or other agents could 
improve its therapeutic index. Clinical trials exploring these 
possibilities are being developed. 

Studies of UCN-01 in HNSCC demonstrated a very 
potent antiproliferative effect in a battery of HNSCC cell 
lines with an IC50-- 50 nM (A. Senderowicz, unpublished 
results), even in HN30 cells lines, refractory to DNA- 
damaging agents [106]. Furthermore, HN12 xenografts, 
treated for only one cycle with UCN-01 (7.5 mg/kg/ip 
QDx5), demonstrated no growth over 6 weeks of observa- 
tion (A. Senderowicz, unpublished results). Moreover, 
immunohistochemistry studies from samples obtained 
after UCN-01 demonstrated not only frank apoptosis, but 
also upregulation of p27 kip1 and depletion of cyclin D3 
(A. Senderowicz, unpublished results). 

UCN-01 administered by an intravenous or intraperi- 
toneal route displayed antitumor activity in xenograft model 
systems with breast carcinoma (MCF-7 cells), renal carci- 
noma (A498 cells), leukemia (MOLT-4 and HL-60), and 
HN12 cells (A. Senderowicz, unpublished results). The anti- 
tumor effect was greater when UCN-01 was given over a 
longer period. This requirement for a longer period of treat- 
ment was also observed in in vitro models, with greatest 
antitumor activity observed when UCN-01 was present for 
72 h [124]. Thus, a clinical trial using a 72-h continuous 
infusion every 2 weeks was conducted (described later). 

d. Clinical Trials of  UCN-OI 

The first phase I trial of UCN-01 has been completed 
[77,82]. UCN-01 was initially administered as a 72-h con- 
tinuous infusion every 2 weeks based on data from in vitro 
and xenograft preclinical models. However, it became 
apparent in the first few patients that the drug had an unex- 
pectedly long half-life (-30 days). This half-life was 100 
times longer than the half-life observed in preclinical 
models, most likely due to the avid binding of UCN-01 to 
al-acid glycoprotein [154,155]. Thus, the protocol was 
modified to administer UCN-01 every 4 weeks (one half- 
life) and subsequent courses, the duration of infusion 
was decreased by half (total 36 h). Thus, it was possible to 
reach similar peak plasma concentrations in subsequent 
courses with no evidence of drug accumulation. There was 
no evidence of myelotoxicity or gastrointestinal toxicity 

(prominent side effects observed in animal models), despite 
very high plasma concentrations achieved (35-50 ~tM) 
[77,82,154,155]. Dose-limiting toxicities were nausea/ 
vomiting (amenable to standard antiemetic treatments), 
symptomatic hyperglycemia associated with an "insulin 
resistance state" (increase in insulin and c-peptide levels 
while receiving UCN-01), and pulmonary toxicity charac- 
terized by substantial hypoxemia without obvious radiologic 
changes. The recommended phase II dose of UCN-01 given 
on a 72-h continuous infusion schedule was 42.5 mg/m2/day 
[82]. One patient with refractory metastatic melanoma 
developed a partial response that lasted 8 months. Another 
patient with a refractory anaplastic large cell lymphoma that 
had failed multiple chemotherapeutic regimens, including 
high-dose chemotherapy, has no evidence of disease 4 years 
after the initiation of UCN-01. Moreover, a few patients 
with leiomyosarcoma, non-Hodgkin's lymphoma, and lung 
cancer demonstrated stable disease for > 6 months [82,156]. 
Of note, one patient with refractory large cell lymphoma 
that failed prior high-dose combination chemotherapy 
protocol-EPOCH-2 combination chemotherapy had rapidly 
progressive disease after one cycle of UCN-01. He required 
immediate systemic chemotherapy due to hepatic and 
bone marrow failure (thrombocytopenia) due to the progres- 
sion of disease. Based on the poor status of this patient, 
a dose-reduced EPOCH combination chemotherapy was 
administered. His liver function and thrombocytopenia 
resolved completely with significant improvement in 
performance status within 2 weeks after combination 
chemotherapy. Unfortunately, he developed Candida kruzei 
septicemia and expired. His postmortem examination 
revealed a pathological complete response after only one 
cycle of chemotherapy [157]. Thus, this refractory large 
cell lymphoma patient became "chemotherapy-sensitive" 
after only one dose of UCN-01. This phenomenon reca- 
pitulates the synergistic effect observed in preclinical 
models with several chemotherapeutic agents. Several 
combination trials are being developed based on this 
observation. 

In order to estimate "free UCN-01 concentrations" in 
body fluids, several efforts were considered. Plasma ultra- 
centrifugation and salivary determination of UCN-01 
revealed similar results. At the recommended phase II dose 
(37.5 mg/m2/day over 72 h), concentrations of "free- 
salivary" UCN-01 (--45 nM) that may cause G2 checkpoint 
abrogation can be achieved. As mentioned earlier, UCN-01 
is a potent PKC inhibitor. In order to determine the putative 
signaling effects of UCN-01 in tissues, bone marrow aspi- 
rates and tumor cells were obtained from patients before 
and during the first cycle of UCN-01 administration. 
Western blot studies were performed in those samples 
against phosphorylated adducin, a cytoskeletal membrane 
protein, an specific substrate phosphorylated by PKC [158]. 
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A clear loss in phospho-adducin content in the posttreatment 
samples was observed in all tumor and bone marrow sam- 
ples tested. 

Several groups are conducting shorter (3 h) infusional 
trials of UCN-01. Interestingly, the toxicity profile of shorter 
infusions is similar to the toxicities observed with the 72-h 
infusion trial [80,81]. However, with shorter infusions, 
more pronounced hypotension was observed [80,81]. 
Determination of free UCN-01 in these trials is of utmost 
importance, as higher free concentrations for sho~er periods 
may be more or less beneficial compared with the free con- 
centrations observed in the 72-h infusion trial. 

Based on the unique pharmacological features and 
anecdotal clinical evidence of synergistic effects in one 
patient with refractory B-cell lymphoma [157], several com- 
bination trials with standard chemotherapeutic agents have 
been commenced. A phase I/II trial of gemcitabine followed 
by 72-hr infusional UCN-01 in chronic lymphocytic 
leukemia started at the NCI. Other studies in combina- 
tion with cisplatin, 5-fluorouracil, and dexamethasone 
among others, also commenced. 

D. M o d u l a t i o n  of  Hypox ia  

a n d  A n g i o g e n e s i s  

1. Hypoxia-Active Agents 

Tirapazimine is a hypoxic cytotoxic agent, i.e., a biore- 
ductive compound that demonstrates differential toxicity for 
hypoxic cells [159]. In preclinical studies, additive anti- 
tumor effects were observed in combination with radiation 
and in combination with cisplatin [160,161]. Because 
hypoxia is thought to be one of the major reasons for resist- 
ance to radiation in head and neck cancer, this agent has 
been studied in combination with radiation and chemother- 
apy in this disease. A phase I trial in patients with locally 
advanced squamous cancer of the head and neck adminis- 
tered conventional fractionated radiation (70 Gy in 7 weeks) 
with cisplatin (75 mg/m 2) and tirapazamine (290 mg/m 2) 
(given prior to cisplatin) in weeks 1, 4, and 7 and tirapaza- 
mine alone, (160 mg/m 2) given three times a week in weeks 
2, 3, 5, and 6. Febrile neutropenia occurred toward the end 
of radiation in 3 of the 6 patients treated at the initial dose. 
In addition, 2 of the 6 patients also developed grade 4 acute 
radiation reactions. After elimination of the tirapazamine 
doses on weeks 5 and 6, only one dose-limiting toxicity 
(febrile neutropenia) occurred among 10 patients, and 8 of 
the 10 patients were able to complete treatment without any 
dose omissions or obvious increased radiation toxicity. 18-F 
misonidazole scans detected hypoxia at baseline in 14 of 15 
patients studied. With a median follow-up of 2.7 years, the 
3-year failure-free survival rate was 69% [162]. These 
failure-free survival results appear to be improved over 

previously reported results for patients with similar 
advanced stage disease. A phase II multi-institutional trial is 
in progress, and a phase III trial, to compare a tirapazamine 
containing regimen with a nontirapazamine-containing 
regimen, is being planned. 

2. Antiangiogenesis 

Angiogenesis appears to be necessary for tumors to grow 
to a large size and/or to metastasize. Markers of angiogene- 
sis include VEGF, microvessel density, and thymidine 
phosphorylase (or platelet-derived endothelial cell growth 
factor). VEGF is a 34- to 50-kd a dimer composed of two 
identical disulfide-linked subunits that are generated from 
differential splicing of a single gene [ 163]. VEGF is induced 
under hypoxic conditions in a variety of tissues. A high 
expression of VEGF has been associated with more frequent 
recurrence and shorter survival in head and neck squamous 
[163]. However, other studies found conflicting results: 
either increased expression or downregulation of VEGF has 
been correlated with progression from premalignant lesions 
to head and neck cancer [ 164,165]. Preclinical studies of anti- 
angiogenesis agents have shown inhibition of xenograft tumor 
growth with TNP-470, a synthetic analog of fumagillin [ 166]. 
Antisense VEGF transfection was shown to downregulate 
VEGF secretion from VEGF-secreting SCCHN cells, lead- 
ing to a reduction in endothelial cell migration. However, 
the antisense vector did not affect growth of the tumor in 

vivo [167]. Preclinical data suggest a synergistic role of 
antiangiogenesis agents with radiation [ 168], and an associ- 
ation of angiogenesis and resistance to radiation therapy has 
been suggested [32]. 

Currently, phase I and II studies of single agent antian- 
giogenesis agents, such as thalidomide [169], endostatin 
[ 170], SU 5916 [ 171 ], SU 6668 [ 171 ], and bevacizumab (an 
antibody to VEGF) [ 172], as well as combinations with radi- 
ation and chemotherapy, are ongoing. 

E. G e n e  T h e r a p y  S t u d i e s  

Gene therapy for head and neck cancer has received con- 
siderable interest due to the localized nature of the disease 
and to the fact that, at present, gene therapy must be deliv- 
ered in proximity to the target cells for acceptable transduc- 
tion. Methods of administration include direct injection into 
tumor or injection through an endoscope. Gene therapy 
strategies have included transduction of a mutated gene 
(p53), adenovirus lysis of cells without normal p53, trans- 
duction of cytokines, or genes dependent on radiation for 
activation. To date, none of these strategies has undergone a 
randomized phase III trial. 

The E 1 b-attenuated adenovirus, ONYX-015, is an agent 
that can infect, replicate in, and lyse cells without 
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wild-type p53. This agent is of interest for tumors, such as 
head and neck cancer, in which about half the tumors lack 
normal p53. The agent demonstrated antitumor activity in 
squamous cancers of the head and neck in initial trials. In a 
phase II trial, patients with recurrent or relapsed squamous 
cell carcinoma of the head and neck received daily times 
5 every 2 weeks or twice daily for 2 consecutive weeks 
direct intratumoral injection of ONYX-015. On the daily x 
5 arm, partial or complete regression of the injected lesions 
was seen in 14%, whereas the twice-daily regimen produced 
a response rate of 10% [173]. A second phase II trial in 
patients with unresectable recurrent squamous cancer of the 
head and neck who had not had previous systemic 
chemotherapy for recurrence was performed with tumor 
injections daily for 5 consecutive days repeated every 
3 weeks or until tumor progression was noted. Patients 
were also treated with intravenous cisplatin (80 mg/m 2) and 
5-fluorouracil, (800-1000 mg/m2/day) continuous infusion 
on days 1-5 every 3 weeks. Locoregional tumor control 
was obtained in all nine evaluable patients. Viral presence 
in target tumors was confirmed by in situ hybridization 
[174]. 

Trials have also been done with Ad5CMVp53, an agent 
that transduces cells with p53. In head and neck cancer, 
RPR~NG trials of p53 gene transfection with Ad5CMV-p53 
showed an objective response rate of 6% in recurrent 
tumors, with little toxicity [175]. While responses in head 
and neck cancer have been few when used as a single agent, 
combinations of gene therapy with chemotherapy and/or 
radiation may be more promising. 

Cytokines and immune modulators have also been inves- 
tigated as gene therapy strategies (see below). Murine 
models were used to study the treatment of established 
squamous tumors with recombinant adenovirus constructs 
containing the genes for murine granulocyte-macrophage 
colony-stimulating factor, murine interleukin 2 (IL-2) or 
herpes simplex virus thymidine kinase. Either GM-CSF or 
IL-2 significantly enhanced the response to adenovirus con- 
structs containing genes for herpes simplex thymidine 
kinase. However, immunogenicity of the HNSCC was not 
enhanced [ 176]. 

Radiation may also be useful to increase the replication 
efficiency of attenuated herpesviruses, another targeted, and 
possibly less toxic, therapeutic approach [177]. 

F. I m m u n o l o g i c a l  T h e r a p y  of  

H e a d  a n d  N e c k  C a n c e r  

IL-12 is a immunomodulatory cytokine that has been 
shown to modulate delayed-type hypersensitivity, T 
cytotoxic, and natural killer cell responses [ 178], which are 
regulated by T helper type 1 (Thl) lymphocyte responses. 
IL-12 has been reported to induce antitumor immunity 

[178], and preclinical evidence shows that IL-12 and IL-2 
may be more effective in inducing tumor rejection when 
given together [179,180]. The combination of IL-12 and 
IL-2 has been shown to induce greater cytolytic activity 
when cultured with peripheral blood lymphocytes from 
patients with head and neck cancer than either cytokine 
alone [ 181 ]. Another cytokine, interferon (IFN)- 7, has been 
reported to be an important factor in the induction of both 
immunologic and antiangiogenic effects of IL- 12 [ 182]. The 
effectiveness of combination therapy with cytokines IL-12 
and IL-2 and the role of IFN-y, in the regression of head and 
neck carcinoma have not been determined previously and 
have been hindered by lack of a syngeneic murine model. 

Thomas et al. [183] developed a new syngeneic murine 
model of oral squamous cell carcinoma in which tumori- 
genicity is associated with decreased expression of the 
immune costimulatory molecule CD80. Along with 
cytokine signals provided by IL-12, IL-2, and IFN-7, effec- 
tive antitumor responses appear to depend on adequate 
priming and stimulation of T cells by antigen and appropri- 
ate cell surface immune recognition molecules, such as the 
major histocompatibility complex and costimulatory mole- 
cules CD80 or CD86 [184]. Without costimulation, expo- 
sure of T cells to antigen and cytokines can cause anergy or 
lead to programmed cell death of T cells [ 185]. Studies have 
shown that expression of CD80 on some tumors reduces 
their tumorigenicity and that transfection of tumors with 
CD80 combined with IL-12 or IL-2 cytokine therapy 
induces tumor regression at a greater rate than that achieved 
with either CD80 or cytokine treatment alone [186,187]. 
Thus, a lack of sufficient CD80 costimulation could also 
contribute to the low tumor response rates observed in 
patients with SCC treated with IL-2 or IL-12 alone. 

Thomas et al. [188] demonstrated that combined IL-12 
and IL-2 therapy can induce tumor regression in a new 
murine model of oral SCC and determined that the antitumor 
response is promoted by expression of the immune costi- 
mulatory molecule CD80 and cytokine IFN-y. In CD80 
positive or negative subclones of a BALB/c oral SCC line in 
syngeneic mice, they showed that systemic rIL-12 alone was 
comparable in effectiveness to combined therapy with IL-12 
and peritumoral rIL-2, inducing complete regression of the 
CD80 + B7El l -4  SCID. However, therapy with these 
cytokines had no effect on growth of the CD80- subclone 
B7E3-4 SCID and did not induce complete regression of the 
CD80 + subclone B7E11-4 scid in congenic BALB IFN- 7 
knockout mice, indicating that expression of the CD80 costi- 
mulatory molecule and IFN-y contribute to tumor regression 
[188]. In cytokine-treated mice that rejected the CD80 + SCC 
line, an increase in infiltrating CD4 + lymphocytes and apop- 
totic bodies within the tumor specimens was observed, and 
resistance to rechallenge with the same tumor was detected 
in 50% of recipients, consistent with an immune response. 
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These results provide evidence that regression of oral head 
and neck SCC may be induced by therapy with systemic IL- 
12 and that expression of the CD80 costimulatory molecule 
by SCC and IFN-7 by the host promote IL-12-induced 
regression of SCC. 

Improved induction of antitumor immune responses fol- 
lowing therapy with both IL-12 and CD80 has been 
observed in other preclinical tumor models. This response 
has been generally superior to treatment with either CD80 or 
IL-12 alone. Studies by others have provided evidence that 
IL-12 and CD80 costimulation are synergistic in inducing 
IFN-y, proliferation of CD4 § and CD8 § T cells in both 
murine and human models [186,187] and for induction of 
lasting protection [186]. Thomas et al. [188] found that 
regression was associated with an increase in the number of 
infiltrating CD4 + cells in the cytokine-treated SCC tumor 
specimens. In some tumor models, CD4 § cells have been 
shown to be most important in mediating immunity induced 
by CD80 and IL-12 [189]. Thomas et al. [188] did not 
observe a significant increase in CD8 + cells, and were 
unable to detect significant T or NK cytolytic activity in 
splenocytes in mixed lymphocyte tumor cultures established 
from animals that were resistant to rechallenge. 

In a study by Thomas et al. [188], an increase in cell 
death as measured by the TUNEL assay (established method 
to determine apoptosis) was evident within tumor specimens 
from animals treated with IL-12 alone or with the com- 
bination of IL-12/IL-2, and this effect was greater than the 
baseline level of apoptosis observed in untreated tumor 
specimens. These apoptotic bodies likely represent SCC 
cells. IL-12-induced apoptosis has been shown in tumors in 
several studies [190], yet the mechanism for this remains 
unclear. Thomas et al. [188] did not observe any direct 
toxicity of IL-12 on the oral SCC lines in vitro. Interestingly, 
apoptosis associated with IL-12 is more likely induced by an 
IFN-7-dependent mechanism [191,192]. They did observe 
that the growth of oral SCC lines could be inhibited directly 
by IFN- T. Alternatively, apoptosis could also be the result of 
immune-mediated cytotoxicity or hypoxia and cell death 
due to the antiangiogenic activity of IL-12. 

Several pilot clinical studies have been conducted to 
explore the use of cytokines in therapy of HNSCC. IL-2 
and IL-12 have been tested as adjuvants in the treatment of 
patients with advanced HNSCC because of their potential 
immune stimulatory and antiangiogenic activities. Partial 
or complete tumor regression has been detected in only a 
few patients undergoing therapy with these cytokines, and 
most of these responses have been of short duration 
[193-195]. Clinical trials in which IL-2 alone was adminis- 
tered to patients with recurrent, advanced, or unresectable 
HNSCC demonstrated only partial response rates between 6 
and 10%, although these studies were conducted in patients 
with advanced disease who had prior chemotherapy. IL-2 

alone, at therapeutically tolerated dosages, may provide an 
insufficient signal for induction of an effective antitumor 
response [ 196,197]. 

To date, clinical studies using combined IL-12 and IL-2 
or IL-12 alone in patients with head and neck SCC and other 
neoplasms have not been completed. The preclinical studies 
by Thomas et al. [188] provide a rationale for clinical 
immunotherapy trials with IL-12 with or without IL-2 in 
combination with CD80 for the treatment of HNSCC. IL-12 
cytokine therapy may be beneficial in providing the neces- 
sary signals for the activation and reversal of immunological 
defects in patients with HNSCC expressing CD80 in which 
there is preexisting T-cell and/or NK cell unresponsiveness. 
However, previous results appear to indicate that there is a 
low likelihood that many HNSCC will express CD80 [ 183]. 
Based on these studies, it will be important to determine the 
effect of systemic IL-12 in combination with intralesional 
delivery and expression of CD80 by gene therapy. 

II. C O N C L U S I O N S  

The fundamental breakthroughs achieved in cancer 
research since the 1990s were made possible by the conversion 
of multiple disciplines, including structural biology, computa- 
tional chemistry, structurally-directed medicinal chemistry, 
molecular and cellular biology, and novel array of screening 
methodologies. This emerging body of information has 
provided a unique opportunity to identify novel targets for 
cancer therapy, zeroing in on those molecules necessary for 
tumor progression. Although patients afflicted with advanced 
HNSCC have a grim prognosis, there are novel promising 
modalities in the clinic that modulate these "molecular 
targets". As practicing oncologists dealing with patients with 
HNSCC, our main challenge now is to incorporate these novel 
modalities early in the treatment of this disease, to combine 
these modalities with standard chemotherapeutic agents in a 
rational and effective way, and to develop predictive assays 
based on these novel targets that will allow us to select a pr ior i  

patients that will benefit the most from these novel therapies. 
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FIGURE 34.1 Application of laser capture microdissection (LCM). The procedure of LCM provides a quick and 
reliable method for the procurement of a pure population of cells from their native tissues. The process involves using 
the handle of the transport arm to manipulate the platform holding the vacuum-secured glass slide until an area of interest 
is determined with the microscope. A pulse of laser beam is then used to capture areas of tissues of interest onto ethylene 
vinyl acetate (EVA)-coated caps (CapSure). These caps are then transferred after LCM to Eppendorf tubes containing 
appropriate lysis buffer for extraction of macromolecules (RNA, DNA, and proteins). Using this method, frozen tissue 
sections can be microdissected immediately after staining, and thus a pure population of cells of interest (>95% purity) 
can be concentrated rapidly with maximum preservation of macromolecules. Adapted from Leethanakul et al. [67]. 

FIGURE 36.1 Gene therapy and immune modulation. 
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Currently, 239 gene therapy trials are approved by the 
National Institutes of Health/Recombinant DNA Advisory 
Committee (NIH/RAC) for cancer. In head and neck cancer, 
23 trials using nine different genes are being tested. All of 
these trials are using intratumoral injections in recurrent head 
and neck squamous cell carcinoma (HNSCC). Genes that have 
been approved for testing in patients with HNSCC are p53, 
HLA-B7, E1A, intefleukin-2, interleukin-12, interferon-m, 
granulocyte-macrophage colony-stimulating factor, antisense 
epidermal growth factor receptor, and thymadine kinase. The 
four approaches to gene therapy for cancer are (1) corrective 
gene therapy, (2) cytotoxic therapy, (3) immunotherapy, and 
(4) combination adjuvant therapy. Gene therapy approaches 
have been tested in vitro and in vivo using animal models and 
have demonstrated tumor suppression or killing. The ideal 
vector would have a high efficiency (100% of cells get trans- 
fected), a high specificity (only tumor cells receive the gene), 
and a low toxicity. No known vector meets all of these criteria. 
Adenoviruses and retroviruses are commonly used viruses. 
These viruses are attenuated to transfect genes, but they cannot 
replicate or cause an infection. Nonviral vectors, such as lipo- 
somes, proteins, and liposome-protein combinations, are easy 
to manufacture and use. Initial trials have demonstrated 
response rates between 5 and 20%. In a larger proportion of 
patients, the added benefit appears to be a cytostatic or stabi- 
lization of disease. In order to enhance gene therapy, combi- 
nation with standard therapy is being tested. Improving vector 
and tumor cell targeting is the current area of intense research. 

In 1999 an estimated 40,400 new patients developed head 
and neck cancer. Head and neck squamous cell carcinoma 
(HNSCC) is the eighth most common malignancy overall 
and the sixth most common cancer in men [ 1 ]. One-third of 
these patients will present with early disease and have an 

Head and Neck Cancer 5 5 5  
Copyright 2003, Elsevier Science (USA). 

All rights reserved. 



5 5 6  v. Novel Approaches 

excellent 5-year survival rate (70-90%). In advanced head 
and neck HNSCC, the 5-year survival rate is less than 40%. 
Current treatment options (surgery, radiotherapy, and/or 
chemotherapy) are toxic as well as functionally and cosmet- 
ically debilitating. Research outside the standard treatment 
modalities is being studied. One biological approach, gene 
therapy, demonstrates tumor suppression in preclinical stud- 
ies and is being tested in humans. Before the details of gene 
therapy are presented, background information on molecu- 
lar genetics and tumor immunology will be reviewed. 

!. BACKGROUND 

In March 1989, the first gene therapy trial in humans was 
approved by RAC/NIH. Later in September of 1990, approval 
for the first trial in cancer therapy was obtained. Nine years 
later gene therapy had a setback with the death of a relative 
healthy individual at the University of Pennsylvania in Sep- 
tember 1999. Then, in April and June 2000, two reported gene 
therapy trials showed successful long-term gene expression 
and clinical benefit [2,3]. In two patients with severe combined 
immunodeficiency-X1 (SCID-X1) who received stem cell 
gene therapy, gene expression of inherited genetic defect was 
maintained. These two patients had normal T-cell counts and 
immune status and are healthy and growing normally [2]. In 
another trial, patients with testicular cancer were treated with 
high-dose chemotherapy and two stem cell transplants. The 
stem cells in the second transplant were transfected with 
MDR1 (multiple drug resistant) gene in order to protect stem 
cells from the toxicity of high-dose chemotherapy. Long-term 
gene expression in stem and progenitor cells, along with the 
selection of MDR1 expressing cells with the use of high-dose 
chemotherapy, was shown [3]. As of September 2000, 409 
trials have been approved or are under pending approval for 
gene therapy in humans. 

A. G e n e t i c s  of  C a n c e r  

Cancer develops through the accumulation of genetic 
alterations [4] and gains a growth advantage over normal sur- 
rounding cells. The genetic transformation of normal cells to 
neoplastic cells occurs through a series of progressive steps. 
Genetic progression models have been studied in HNSCC [5]. 
Both large chromosomal alterations and single nucleotide 
changes are found in the development of cancers. Genetic 
alterations include loss, gain, or translocation of chromoso- 
mal segments, activation of protooncogenes, or inactivation of 
tumor suppressor genes. In general, genes can promote tumor 
growth (oncogenes) or genes can suppress growth (tumor 
suppressor genes). Protooncogenes participate in normal cel- 
lular signaling, transduction, and transcription. Tumor sup- 
pressor genes are normally present in cells and are able to 
suppress cellular growth, along with many other regulatory 

functions. Cancer cells either knock out tumor suppressor 
genes or activate oncogenes so that they can proliferate with- 
out being checked. Gene therapy reengineers these genetic 
alterations so that cancer cell growth can be suppressed. 
After a gene is transfected into a cell, mRNA is transcribed 
and then its protein product is translated. 

Two tumor suppressor genes, p53 and p16, have been 
implicated in the development of HNSCC [6,7]. The p53 
gene is mutated in approximately 33-45% of HNSCC [6-8], 
and the p 16 gene is altered in 80% of cases by homozygous 
deletion, promoter methylation, or point mutation [9]. We 
found that both Rb and BRCA2 genes are rarely inactivated 
in HNSCC [10,11]. The p53 protein acts by inhibiting the 
cell cycle, promoting apoptosis (programmed cell death) and 
regulating transcription [12]. p53 upregulates a cell cycle 
inhibitor, p21, which further acts on cyclin-dependent kinases 
to cause cell cycle arrest. The p53 gene also causes apopto- 
sis in cells that have undergone severe DNA damage as a 
result of radiation or chemotherapy exposure and then 
inhibits DNA repair and synthesis. Furthermore, p53 regu- 
lates transcription by stimulating transactivator proteins [ 12]. 
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 approximately 40-50% of HNSCC [ 13,14]. Cyclin D1 
(a promoter of cyclin-dependent kinase 4/6 and cell cycle) 
is overexpressed in 12 to 54% of HNSCC [ 15], which is due 
to the amplification of chromosomal area 11 q 13 [ 16,17]. 

B. T u m o r  I m m u n o l o g y  

The basis of tumor immunology is that the immune 
system can kill cancer cells. Cancer cells avoid this immune 
surveillance by suppressing the body's immune system. A 
"hierarchy of immunosuppression" exists in patients with 
HNSCC [18]. Immune reactivity is maximally suppressed in 
tumor-infiltrating lymphocytes (TIL), followed by lymph 
node lymphocytes (LNL) and peripheral blood lymphocytes 
(PBL) [18]. Immune cells, such as cytotoxic T lymphocytes 
(CTL) and natural killer (NK) cells, attack cancer cells. 
Cytokines, such as interleukin (IL) and interferons (INF), 
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. 

The induction of a T-cell immune response by antigen-pre- 
senting cells (APCs) occurs in three distinct stages. Initially, a 
nonspecific adhesion occurs between an APC and T cell, fol- 
lowed by an antigen major histocompatiability complex 
(MHC) of the APC cross-links 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 stimulation. 
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Presently, the best-characterized second signal occurs when 
the B7.1 or B7.2 ligand of the APC binds to the CD28 recep- 
tor on the T cell, resulting in enhanced cellular activation [ 19]. 
The goal of genetic immunotherapy is to enhance the immune 
response against cancer and overcome the immune suppres- 
sion so that the cancer cells are killed. 

I!. A P P R O A C H E S  TO GENE THERAPY 
FOR CANCER 

The four approaches to gene therapy are (1) corrective 
gene therapy, (2) cytotoxic therapy, (3) immunotherapy, and 
(4) combination adjuvant therapy (Table 37.1). 

A. C o r r e c t i v e  G e n e  T h e r a p y  

Gene therapy can be used to correct genetic alterations in 
tumor cells. The simplest approach is to replace the wild- 
type tumor suppressor gene. This results in suppression of 
tumor growth and cell death when these cells produce the 
gene product. Alternatively, an oncogene can be inhibited by 
either transfecting the antisense cDNA so it binds to the 
mRNA of the oncogene or a gene can be added that regu- 
lates and inhibits the transcription of an oncogene. 

B. C y t o t o x i c  t h e r a p y  

Gene therapy can be used to augment cytotoxic therapy by 
either a drug sensitization or a resistance approach. In the 

TABLE 37.1 Classification of Gene 
Therapy Approaches 

I. Corrective gene therapy 
A. Replace tumor suppressor gene 
B. Inhibit an oncogene 

1. Antisense cDNA 
2. Gene that regulates 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 chemo therapy 
B. Adjuvant with radiation theraphy 
C. Adjuvant with surgery 

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 thymadine 
kinase (TK) gene, which converts gangciclovir into its cyto- 
toxic triphosphate. Another way to augment cytotoxic effects 
of chemotherapy is to use a drug resistance approach. A drug- 
resistant gene, such as MDR1, is added into cells that are sen- 
sitive to chemotherapy, such as hematopoetic stem cells, so 
that they can resist the toxicity of chemotherapy. Therefore, 
higher doses of chemotherapy can be used, as the most sensi- 
tive cells are now resistant to these levels of chemotherapy. 

C. I m m u n o t h e r a p y  

The goal of tumor immunotherpay is to stimulate the 
immune system and overcome immunosuppression in order 
to kill cancer cells. Immunotherapy can be augmented by 
cytokine gene transfer. Cytokine gene transfer is performed 
in vivo where tumor cells or immune cells, such as TILs and 
CTLs, are transfected in the body, which upregulates the 
immune and antitumor response. Ex vivo cytokine gene 
transfer is performed after fibroblasts, immune cells, such as 
TILs, CTLs, or APCs, or irradiated cancer cells are removed 
from the body, and then these cells are placed back in the 
body in order 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. 

Immuno-gene therapy can also be used to vaccinate the 
body against tumors. A tumor-specific antigen gene is inject- 
ed into a cancer cell, which 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. If a gene for a foreign antigen is 
introduced into a tumor cell, the body forms an immune 
response against the tumor cell. Alloantigens and foreign anti- 
gens also act as costimulatory molecules in the tumor cell so 
that the immune system recognizes tumor-specific antigens. 

I11. GENES USED IN 
C O M B I N A T I O N  THERAPY 

Gene therapy is based on the fact that a gene can be 
transfered into a cell and transcribe mRNA and then translate 
into a protein for a therapeutic purpose. A gene is placed 
a vector DNA, such as plasmids or viruses. The expression of 
this gene is under control of a promoter. Many genes can be 
used for gene therapy; however, only genes that are currently 
being tested in HNSCC will be explained in detail. IL-2, IL- 
l2, INF-cz, and granulocyte-macrophage colony-stimulating 
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factor (GM-CSF) are cytokines that enhance the immune 
response against tumors. The HLA-B7 gene is alloantigen 
injected into tumors that helps the immune system recognize 
antigens on the tumor cells and therefore kill the tumor cells. 
The herpes simplex virus-TK gene converts the antiviral 
agent, gangcyclovir, into its toxic triphosphate metabolite. 
After TK is transfected into tumor cells and gangcylclovir is 
given to a patient, the activated drug kills not only the tumor 
cells, but also allows for a killing of surrounding tumor cells, 
the "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 HNSCC. The p53 gene has 
been transfected into tumor cells and has been shown to sup- 
press growth. The E1A adenovirus gene functions to inhibit 
tumor growth by several pathways, including downregulation 
of an oncogene, HER-2/neu, along with reversion to an 
epithelial phenotype, loss of anchorage independent growth, 
and decreased tumorgenicity in nude mice. 

IV. VECTORS 

In order for gene therapy to work, the gene must access 
and bind to the target cell, be transported into the cytoplasm 
and then in the nucleus, and subsequently produce its 
mRNA and protein product. A vec tor  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 effi- 
ciency (100% of cells get transfected), a high specificity 
(only tumor cells receive the gene), and a low toxicity. No 
known vector meets all of these criteria. Vectors are classi- 
fied as viral and nonviral (Table 37.2). 

A. Viral V e c t o r s  

Although many viral vec tors  are currently being studied, 
adenoviruses and retroviruses are used most commonly. 
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), lentivirus, herpes simplex virus, and many others are 
currently being studied extensively in the preclincal setting. 

1. A d e n o v i r u s  

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, usu- 
ally C2 or C5, is the most common adenovirus used. A repli- 
cation-deficient Ad after genetic modification, such as E1 
deletion, is used in order to prevent pathological infection in 

TABLE 37.2 Vectors Used in Gene Therapy 

Viral vectors Nonviral vectors 

Adenovirus 

Retroviruses 

Adenovirus-associated virus 

Lentivirus 

Herpes simplex virus 

Others 

Lipid complex 
Liposomes 

Peptide/protein 
Polymers 

Mechanical 
Electroporation 
Gene gun 

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 keratincytes of the upper 
aerodigestive tract. After release of viral DNA, a nonrepli- 
cating extrachromasomal entity (episome) transcribes into 
RNA. The introduced gene persists for 7 to 42 days [20]. A 
potential risk contamination with a replication-competent 
virus exists when deriving replication-incompetent viruses. 
Adenoviruses can be produce in large quantities and high 
titers. Adenoviruses have a high level of transduction and 
can tranfect nondividing cells. The disadvantages of Ad are 
that an immune response against it and transfections are 
transient. The immune response to infected cells results in a 
loss of therapeutic gene expression [21,22]. The size of the 
gene is limited to 7 to 8 kb. 

2. R e t r o v i r u s e s  

A retrovirus is a single-standed RNA virus that replicates 
through DNA intermediates (reverse transcription). 
Retroviral vectors can permanently integrate in a random 
fashion into the genome. All retroviruses, except HIV, 
integrate only in dividing cells. Retroviruses have a high 
transduction efficiency. However, high titers are not achiev- 
able which makes large-scale production difficult. The cell 
host range is limited because cells must be dividing in order 
be transfected. Because retroviruses get integrated into the 
genome, a potential for genetic transformation exists by 
insertional mutagenesis. No clinical evidence for this event 
has happened in any clinical trial. The size of the gene is 
limited to 6-10 kb. 

B. Nonvi ra l  V e c t o r s  

Nonv i ra l  vec tors  use plasmid DNA to express a transgene 
and are easy to manufacture and use (Table 37.3). 
Furthermore, nonviral vectors avoid the biohazard risks 
associated with viruses. However, nonviral vectors have no 
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cell specificity and usually lower transfection 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 charac- 
teristics to cross the cell membrane. Therefore, other mole- 
cules must be used to transfer DNA into the cell. 

1. Lipid Complex [23] 

A liposome is a microscopic vesicle of lipid surrounding 
an aqueous compartment. Plasmids are incorporated into the 
liposome to enhance transcellular delivery and protect 
against degradation. Cationic (positive charge) liposomes, 
as opposed to anionic (negative charge), are used more fre- 
quently because they can bind negatively charged DNA. The 
mechanism of DNA transduction by liposome in thought 
to occur by fluid phase endocytosis, but is not fully 
understood. Effectiveness of the 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 patho- 
genic or infectious potential and low immunogenicity and 
are inexpensive and easy to produce. Liposomes do not have 
the cell specificity and transfer efficiency of viruses, but 
have less toxicity. Macrophages ingest and inactivate lipo- 
somes and transport them to the reticuloendothelial system. 
Liposomes are the most common nonviral vectors used in 
gene therapy. 

Polymer-based gene therapy is either a noncondensing or a 
cationic-based system. Noncondensing polymers, such as 
polyvinyl pyrrolidone (PVP), bind to DNA and protect DNA 
from degradation, enhance tissue dispersion, and facilitate 
cellular uptake. Cationic polymer gene delivery can effec- 
tively condense DNA in order to tranfect cells. PVP is 
currently under investigation with IL-12, IL-2, and I F N - a  
gene therapy trials. 

Two mechanical, electroporation and particle-mediated, 
gene transducing techniques are also being studied. 
Electroporation uses short electrical pulses to induce a phys- 
ical and transient permeabilization of cell membranes. 
Electroporation therapy in combination with chemotherapy 
(bleomycin) has been tested in patients with recurrent 
HNSCC [24] and demonstrated responses (3 PR and 5 CR). 
Gene transfer using electroporation (electro-gene therapy) is 
high efficient, simple, and cost effective [25]. Using electro- 
gene therapy, stable gene transfer and expression occur only 
between the electrodes in many tissues, including tumor 
cells [25]. Electro-gene therapy is currently being studied in 
eight trials. Particle-mediated gene transfection accelerates 
and bombards DNA-coated heavy metal (gold) particles to a 
sufficient velocity to penetrate target cells. Particle-mediat- 
ed gene transfer has been used to transduce transgenes in 
animal models and has been shown to reduce tumor growth 
in mice with cytokine genes, such as interleukins and inter- 
ferons [26-31]. Three trials using particle-mediated gene 
therapy are currently being studied. 

2. Peptide/Protein and Polymers [23] 

DNA-protein complexes use a receptor-mediated 
pathway to transfer genes. Polylysine conjugation to 
DNA-protein avoids rapid degredation. The advantages are 
cell targeting, large gene size capacity, transfection of 
nonreplicating cells, and repeated administration. Polymers 
are more efficient in condensing DNA than liposomes. 

TABLE 37.3 Delivery Approaches for Gene Therapy 

Local 
Injection 

Intratumoral 
Mechanical 

Electroporation 
Gene gun 

Regional 
Intramuscular 

Injection or mechanical 
Nodal injection 
Nodal ex  v ivo  immunotherapy 
Intraarterial 

Systemic 
Intravenous 

V. GENE TRANSFER DELIVERY SITES 

Genes can be delivered to the tumor, muscle, nodes, 
intravascularly, or systemically (Table 37.3). The majority 
of studies have performed local intratumoral injections. 
Because head and neck cancer is a local regional 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 deliv- 
ery, such as hepatic artery injections, systemic intravenous 
delivery, and immunogenic nodal site injections, is also 
being studied. 

A. Local-Based Gene Delivery 

The majority of clinical gene delivery approaches are 
based in direct intratumoral injections or ex  v i vo  injection 
of lymphocytes, fibroblast, or tumor cells. Some genes 
have been delivered into intracavitary spaces (peritoneal 
or thoracic cavity). Two mechanical delivery methods, 
electroporation and the gene gun, are currently under 
investigation in preclinical models. These local-based 
delivery approaches are limited, as distant disease failure 
is not addressed. 



5 6 0  V. Novel Approaches 

B. Regiona l  G e n e  Trans fe r  

Cytokine gene transfer into regional lymph nodes by 
direct injection has been used to overcome immune sup- 
pression. The regional draining lymph nodes can undergo 
ex vivo gene transfer after nodal lymphocytes are removed 
from the patient, tranfected with the cytokine, and reintro- 
duced into the patient. Intramuscular gene transfer of 
tumor antigens by direct injection or mechanical techniques 
has been used in tumor vaccination approaches, as APC 
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. 

C. S y s t e m i c  Del ivery  

Local delivery fails to treat distant disease and lesion 
that are not amenable to direct injection. Systemic delivery 
approaches (intravenous) allow for treatment beyond local 
disease. However, systemic delivery has to overcome 
toxicity and rapid degradation of the vector and has to 
target tumor cells. Three trials have been approved 
using intravenous delivery, which are (1) the pharmacoki- 
netic, safety, and tolerability study of intravenous 
RPR/INGN 201, (2) intravenous injection of CV787, a PSA 
cytolytic adenovirus, and (3) intravenously administered 
liposome/IL-2. 

Vl. GENE THERAPY TRIALS IN HEAD 
AND NECK S Q U A M O U S  

CELL C A R C I N O M A  

As of September 2000, 249 of the 409 approved gene ther- 
apy 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- 
three trials using nine different genes are being tested in recur- 
rent HNSCC using intratumoral injections (Table 37.4). Many 
potential genes and gene therapy strategies 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. 

Before FDA approval of any gene therapy agent, a clini- 
cal benefit and an acceptable toxicity must be demon 
strated in a randomized phase III trial. However, genetic 
agents must also have demonstrated biological activity 
and biosafety. Biological activity can be proven if gene 
cDNA, RNA, and protein expression, along with changes in 

downstream effects, such as apoptosis and effector protein 
expression, are found when compared to baseline. If very 
low rates of replication-competent vectors, lack of germ line 
transfection, and no horizontal transmission to health care 
workers and family members are detected, a gene transfer 
agent can be considered biologically safe. 

A. G e n e  T h e r a p y  Us ing  t h e  p 5 3  G e n e  

The p53 gene regulates DNA repair, cell cycle, apoptosis, 
senescence, and genomic stability, along with many 
other cellular functions, and is mutated in half of human 
cancers [6]. In HNSCC, p53 mutations from tumor cells 
have been identified in histologically normal margins and 
have been correlated with a higher recurrence rate [32]. 
Overexpression of p53 in head and neck cancer cells has 
demonstrated tumor growth suppression using in vitro and 
in vivo models [33,34]. Using both mutated or wild-type p53 
human HNSCC cell lines, exogenous wild-type p53 is 
dominant over its mutant gene and will select against prolif- 
eration. After exogenous wild-type p53 was transduced at 
comparable levels into nonmalignant fibroblasts, the growth 
of fibroblasts was not suppressed [34]. 

Twenty-five p53 gene therapy trials have been approved 
or have pending approval (Table 37.5). Over 500 patients 
have been treated with Ad-p53. Most of the experience is in 
patients with HNSCC and lung cancer, although trials are 
ongoing in prostate, bladder, breast, ovarian cancers and 
gliomas. All trials used an adenovirus vector except one 
that used a retroviral system. Two adenoviral-p53 agents 
are currently being tested. RPR/INGN 201 (Aventis 
Pharmaceuticals, Introgen, and NCI) is the only agent that 
is tested in HNSCC. SCH 58500 (Schering Plough 
Pharmaceuticals) has been used in other cancer sites. 
RPR/INGN 201 is a constructed adenoviral vector that con- 
tains the wild-type p53 gene driven by a CMV promoter. 

1. Phase I Intratumoral HNSCC Trial 
(Ad-p53 = RPR/INGN 201) 

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 [35]. Thirty-three patients were injected (days 1, 
3, 5, 8, 10, and 12 every 4 weeks) with Ad-p53 using doses 
ranging between 1 x 106 and 1 x 10 ll plaque-forming units 
(PFU). Fifteen of 33 were resected but were judged to be 
incurable. No dose-limiting toxicity or related serious 
adverse events were noted. The expression of p53 protein 
was detected in tumor biopsies. The anti-p53 antibody 
response did not effect exogenous p53 expression. Two and 
6 patients showed partial responses and stable disease, 
respectively, whereas 9 patients had progressive disease. 
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TABLE 37.4 Clinical Gene Therapy Trials in Head and Neck Cancer a 

Gene Vector Institution (sponsor) Trial Results 

p53 Adenovirus MD Anderson (Introgen) 

Multicenter 
(Aventis pharm.) 

Multicenter 
(SWOG/Aventis Pharm.) 

Multicenter 
(Aventis Pharm.) 

Multicenter 
(Aventis Pharm.) 

BL7 Liposome Univ. Cincinnati 

Multicenter 

Multicenter 

BL7 + IL2 ( S Q )  Liposome Multicenter 

E1A Liposome WSU and Rush Univ. 
(Targeted Genetics Corp) 

Multicenter 

IL-2 Liposome Johns Hopkins (Valentis) 

Multicenter (Valentis) 

TK Liposome Johns Hopkins 

EGFR (antisense) Liposome Univ. of Pittsburgh 

ILl2 Fibroblast Univ. of Pittsburgh (Valentis) 

Multicenter (Valentis) 

IL- 12 PVP Multicenter (Valentis) 

IL-12 + IFN-7 PVP Multicenter (Valentis) 

IFN-ot PVP Univ. of Pennslyvania (Valentis) 

GMCSF (tumor cells) adenovirus Univ. of Kansas 

Phase I 

1. Unresectable Safe 

2. Resectable Safe, no added surgical complica- 
tions, 28% survival 

Phase II Response rate 6% 
(three trials) Antitumor activity: 26% 

Phase II Approval pending 
(surgical adjuvant) 

Phase III Ongoing 
(5FU/CDDP vs 
5FU/CDDP/Ad-p53) 

Phase III Ongoing 
(MTX vs Ad-p53) 

Phase I Safe 

Phase II Safe, two complete responses 

Phase II Ongoing 

Phase II Ongoing 

Phase I Safe 

Phase II 5% response rate 

Phase I Safe 

Phase II Ongoing 

Phase I Approved/not initiated 

Phase I Ongoing 

Phase I Two trials 

Phase II Ongoing 

Phase II Ongoing 

Phase II Ongoing 

Phase I Ongoing 

Phase I Ongoing 

aBL7, HLA-B7; IL, interleukin; SWOG, Southwest Oncology Group; MTX, methotrexate; 5FU, 5-fluorouracil; CDDP, cisplatinum; EGFR, epidermal 
growth factor receptor; IFN, interferon; GMCSF, granulocyte-macrophage colony-stimulating factor. 

Ad-p53 was detected in body fluid, such as blood, urine, and 
sputum. No horizontal transmission to health care workers 
was found. 

2. Surgical Adjuvant p53 Gene Therapy 

Using a model that simulated residual microscopic disease 
after gross tumor resection of squamous cell cancer, the fea- 
sibility of gene therapy as an adjuvant to surgical resection 
was demonstrated [34]. Nude mice were implanted subcuta- 
neously with tumor cells and treated with Ad-p53 before 

gross tumor development. Ad-p53 therapy prevented tumor 
development, as 2 of 30 (6.7%) mice grew tumors, which 

were treated with Ad-p53 as opposed to 27 of 30 (90%) in the 
control group [34]. The mechanism of growth suppression 

was found to be primarily apoptosis. Additional mechanisms 
of actions for Ad-p53 have been demonstrated, including Fas- 
mediated apoptosis and antiangiogenesis effects. 

In the single-center phase I trial, a cohort of 15 patients 
that had recurrent/refractory (failed multimodalit ies of 
therapy) cancer and were eligible for palliative surgical 
resection were enrolled [35]. These patients were resectable, 
but thought to be incurable. Preoperatively, a patient's 
tumor was injected six times in a 2-week period. Patients 
underwent a surgical resection and were given an intraoper- 
ative 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 complicat ions (one vascular anastomotic 
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TABLE 37.5 Clinical Gene Therapy Trials Using p53 Gene Therapy (n = 25) 

Head and neck cancer (n = 6) 

Phase I: M.D. Anderson 
Phase II: (n - 2) Intratumoral, multicenter 

Phase II: Surgical adjuvant trial (perioperative injection) 
Phase III: (n - 2) with chemotherapy starting 

Lung cancer (n = 6) 

Phase I: (n - 3) retrovirus and adenovirus (RPR/INGN and NCI) 
Phase I: combined with cisplatinum 
Phase II: ( n -  1) adenovirus 
Phases I-II:  Radiation adjuvant trial 

Prostate cancer (n - 2) 
Phase I: U C L A  

Phases I-II :  M.D. Anderson 
Ovarian cancer (n - 3) SCH585000 

Phase I: ( n -  2) adenovirus 

Phases II-III:  SCH585000/chemo vs chemo 

Colon cancer (n = 2) SCH585000 
Phase I: Intrahepatic artery-adenovirus 
Phase II: Intrahepatic artery-adenovirus 

Breast cancer (n = 2) 
Phase I: Intratumoral 

Phase I: BMT tumor cell purge (SCH585000) 
Malignant glioma (n = 1) 

Phase I: Intratumoral 
Bladder cancer (n = 1) 

Phase I: Intravesicular 
Hepatocellular carcinoma (n = 1) 

Phase I: Intratumoral 

Pharmokinetic study (n = 1 ) 
Phase I: Intravenous 

failure and one delayed wound healing) were expected and 
unlikely caused by Ad-p53 therapy. Therefore, this periop- 
erative approach was found to be safe and well tolerated 
with no significant added wound complications. Fever (6), 
injection pain (5), and flu-like (4) symptoms were the only 
complications observed in these patients. Otherwise, it was 
felt to be safe and well tolerated. In a follow-up report [36], 
4 (27%) patients were alive and free of disease at 18 months, 
while 1 other patient was alive with disease. Two died from 
other causes. A phase II trial is planned through the 
Southwest Oncology Group (SWOG). 

3. Phase II Intratumoral HNSCC Trials (T201, T202, 
and T207) 

Two phase II monotherapy intratumoral injection multi- 
center trials [37] using two dosing schedules [low dose 
(days 1, 2, and 3 every 4 weeks) or high dose (days 1, 3, 5, 
8, 10, and 12 every 4 weeks)] enrolled heavily pretreated, 
recurrent, and unresectable patients with HNSCC, respec- 
tively. The first phase II trial (N= 97) randomized patients to 
two different dosing schedules (days 1, 2, and 3 or days 1, 
3, 5, 8, 10, and 12 every 28 days). The median dose of 
Ad-p53 was 6x 10 l~ PFU. Seventy patients were evaluable 
for response and a 26% (23/90) antitumor activity (PR, CR, 
and SD) in patients. A 6% (5 out of 90) response rate 
(PPUCR) was observed. When each lesion (total num- 
ber= 167) was separated, the response rate per lesion was 
18%. In a second multicenter phase II trial, 23 patients with 
HNSCC who were heavily pretreated, unresectable received 
intratumoral injections (median dose= 2.5 x 10 ll PFU/day) 
on days 1, 2, and 3 every 4 weeks. In 15 evaluated for 
response, 9 demonstrated antitumor activity (PR, CR, and 
SD) and 1 had a partial response. 

The related adverse events were fever/chills (74%), injec- 
tion site pain (45%), asthenia (13%), nausea (1%), and 
injection site bleeding (10%). Twelve related severe 
adverse effects were reported [fever(4), tumor hemor- 
rhage(3), chills(l), injection site pain(l), dehydration(l), 
Guillain-Barre syndrome(l), and infection(l)]. No treat- 
ment-related deaths were reported. 

Based on the improvement of median survival in the high- 
dose regimen group (197 days vs 168 days, p < 0.05), a dose 
of 2 x 10 l~ viral particles was chosen for subsequent phase II 
and III trials. The ongoing Ad-p53 trials are in (1) refractory 
HNSCC (phase III, Methotrexate vs Ad-p53), (2)recurrent 
HNSCC (phase III, 5-FU/CDDP vs 5-FU/CDDP + Ad-p53), 
and (3) surgical adjuvant Ad-p53 trial in advanced HNSCC 
(phase II). Furthermore, a phase III trial comparing chemo- 
therapy against chemotherapy and SCH58500 after surgery 
for ovarian cancer is enrolling patients. 

4. Lung Cancer Phase I Intratumoral Trials 

In a phase I clinical trial [38], 28 patients with recurrent 
nonsmall cell lung cancer (NSCLC) were injected with Ad- 
p53 by transbronchonscopy or computed tomography (CT) 
needle approaches. The dose range of Ad-p53 was 106-1011 
PFU. No grade 4 and one grade 3 toxicity were reported. The 
related adverse events were fever (27%), pain (16%), pneu- 
mothorax (7%), hemoptysis(5%), and nausea (5%). In 25 
evaluable patients, partial responses (2/25, 8%) and disease 
stabilization (16/25, 64%) were noted, whereas 7 patients 
(28%) exhibited progressive disease. Using reverse transcrip- 
tase polymerase chain reaction (RT-PCR), exogenous vector 
p53 mRNA was detected in 46% (12/26) patients tested. 

Another phase I trial with 24 patients with NSCLC lung 
cancer combined Ad-p53 with chemotherapy and intratumoral 
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injection of Ad-p53 [39]. Using 28-day cycles, Ad-p53 
(106-  1011 PFU) was injected on day 4 and cisplatinum 
(80 mg/m 2) was infused on day 1. The toxicity profile was 
similar to the previous reported trial in that fever (8/24, 
33%) was a common related adverse event (AE). No serious 
related AE or treatment-related deaths were reported. The 
response rate was similar in both trials (PR=2, SD= 17, 
PD=4). 

B. Allovectin (HLA-B7/13z-Microglobulin a n d  

DMRIE/DOPE) G e n e  T h e r a p y  

Class I MHC expression is a method of tumor-specific 
immunological gene therapy. Cancer cells are altered geneti- 
cally to express a class I MHC. If the class I MHC used is a 
human antigen, but foreign to the individual, it would be an 
alloantigen. This alloantigen is capable of provoking an 
intense immune response. Then class I MHC expression can 
also initiate immune responses throughout the tumor as a 
reaction to tumor-associated antigens. This theory was tested 
originally in a mouse tumor model. The tumors were treated 
with a foreign mouse class I MHC gene. The MHC expres- 
sion induced a CTL response to the MHC, as 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 

chain and ~2-microglobulin. The ~2-microglobulin allows 
for the synthesis and expression of complete MHC on the 
cell surface. The plasmid DNA is complexed with a liposo- 
mal 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 Inc., San Diego, CA) for clinical investigations. 

In a phase I trial [40], nine patients with recurrent 
HNSCC who did not express HLA-B7 were treated with 
Allovectin-7 by direct intratumoral injection (10 mg) on 
days 0, 14, 42, and 56. Allovectin-7 contains a plasmid com- 
plementary DNA complexed with a cationic lipid, which 
results in expression of HLA-B7. No toxic effects of 
Allovectin-7 gene therapy were encountered. 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. Analysis of tumor 
specimens from two of the patients who responded to 
therapy demonstrated HLA-B7 expression and apoptosis. 

In a phase II trial [41 ], 20 patients received 58 treatments 
with Allovectin-7 (10 mg) on days 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 (gastrostomy 
tube placement). At the 3-week evaluation point, 11 patients 
had disease progression and all but 1 eventually died of their 

cancer, 4 patients had a partial response, and 5 patients had 
stable disease. At 16 weeks, 6 patients had either a partial 
response (4) or stable (2) disease of which 5 later progressed. 
One patient underwent surgery and remains alive and cancer 
free. Although two complete responses were noted, biopsies 
revealed persistent disease in these patients. In two tumor sam- 
pies, expression of HLA-B7 and induction of apoptosis were 
shown. These results have lead to further phase II trials in 
HNSCC. A phase III trial in metastatic melanoma is ongoing 
comparing Dacarbazine against Dacarbazine/Allovectin-7. 

C. G e n e  T h e r a p y  Using  t he  E I A G e n e  

The adenovirus E1A gene is the first gene expressed in 
virus-infected cells and is a well-known transcription factor. 
The E1A gene has antitumor activity by downregulating 
oncogenes, such as HER2/neu, inducing apoptosis, inhibit- 
ing metastasis, and enhancing the immune response against 
tumors [42,43]. E1A gene products have been shown to 
inhibit HER2 expression in cancer cells through inhibition of 
the HER-2 promoter, resulting in the suppression of tumor 
development and abolishing tumorigenicity and metastatic 
potential HER2-transformed fibroblasts [44-46]. In vitro and 
in vivo experiments have demonstrated tumor growth sup- 
pression and increased survival using E1A gene therapy [42]. 
Furthermore, E1A has an additive effect with chemotherapy 
and radiotherapy [47]. Therefore, E1A gene therapy is a 
potential treatment modality for patients with cancer. 

Nine patients with HNSCC and 9 with breast cancer were 
enrolled in a phase I trial [48]. One tumor nodule was injected 
with E1A/liposome on days 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 pg 
DNA/ cm tumor). Therefore, the maximum tolerated dose 
(MTD) 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 HER-2/neu 
was demonstrated in 1 of the 6 patients who overexpressed 
HER-2/neu at baseline. HER2 could not be assessed post- 
treatment in 5 of 6 specimens due to severe necrosis. In 1 BC 
patient, no pathologic evidence of tumor was found on biopsy 
of the treated tumor at week 12. In 16 patients evaluated for 
response, 9 had stable disease, 5 had progressive disease, 
and 2 had minor responses. Because intratumoral E1A gene 
therapy was performed safely and patients tolerated the 
procedure well, a phase II trial was initiated. 

In multicenter phase 2 trial EIAliposome therapy [49], 24 
patients with recurrent HNSCC were treated with E1A/lipo- 
some (30 ug/cm 3 tumor) on days 1, 2, and 3 and then weekly 
for 7 more weeks. Ten of 24 patients completed therapy, 
whereas 14 did not complete the protocol secondary to pro- 
gression of tumor (11), voluntary withdrawal (1), and death 
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(2). One of 21 (4.3%) patients had a complete response, 
whereas no partial response, 2 (8.3%) minor, and 7 (29.2%) 
stable diseases were reported by bidimension CT measure- 
ment. Common adverse events were asthenia (42%) and pain 
(33%), and no serious related adverse events were noted. E1A 
expression was detected in patients tested using RT-PCR and 
immunohistochemistry. Future trials will combine E1A gene 
transfer with conventional radiotherapy or chemotherapy. 

D. IL- 12 G e n e  T h e r a p y  

IL-12 is an immunostimulatory cytokine with antitumor 
effects. IL-12 stimulates NK cells and augments CTL 
maturation along with induction of IFN-y production. In a 
syngeneic mouse squamous cell carcinoma model, IL-12 
gene therapy using irradiated tumor cells suppressed tumor 
growth [50]. A phase II trial of intravenous recombinant 
IL-12 was stopped early, as significant toxicity was found 
[51]. Two phase I trials using 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 [51], patients with solid cancers were injected 
with genetically engineered autologous fibroblasts transfect- 
ed with the IL-12 gene. Fibroblasts from the patients were 
transduced using the retroviral vector carrying the human 
IL-12 gene. Two patients with HNSCC, along with individ- 
uals with breast cancer (6) and melanoma (5), were treated. 
Fibroblast cultures were established successfully from the 
patients' dermis in 27 of 29 attempts (93%). In 21 of 21 
attempts, IL-12 was transferred into fibroblasts, and expres- 
sion of IL-12 protein was observed. No "untoward effects" 
were observed, and "reduction of the tumor size" was 
noted in one patient with HNSCC and three melanomas. A 
phase II trial using genetically engineered autologous 
fibroblasts producing IL-12 is ongoing. Two more IL-12 
gene therapy trials using IL-12/PVP and IL-12/IFN-y/PVP 
have been approved in HNSCC. 

E. IL-2 G e n e  T h e r a p y  

IL-2 is a T and NK cell activation and growth factor that 
has stimulated an antitumor immunological response [52]. 
Systemic administration has led to tumor regression in some 
patients with significant toxicity in melanoma [52] and 
HNSCC [53]. High-dose localized IL-2 therapy is an attrac- 
tive approach to overcome local immunosuppression and to 
stimulate immunogical tumor rejection along with the avoid- 
ance 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 signifi- 
cant toxicity was noted [54]. Treated mice had an increased 
hlL-2 production, as well as induction of murine IFN-y and 

IL-12 as compared to controls. Similar results were found 
using an adenoviralinterleukin-2 agent [55]. 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. 

F. H e r p e s  S implex  V i ru s -Thymid ine  Kinase 

The herpes simplex virus-thymidine kinase gene 
expresses an enzyme that phosphorylates a prodrug, ganci- 
clovir, into a toxic compound. Furthermore, a "bystander 
effect" through the transfer of toxic metabolites via gap 
junction intercellular communications has been described in 
which surrounding nontransduced cells are killed. The 
majority of studies are in glioblastoma; however, in vivo 
HNSCC models has been studied using a combination of 
cytotoxic (TK) and immunological (IL-2) approaches 
[56-58]. Mice receiving TK and IL-2 demonstrated a 
greater regression of tumors as compared to controls and 
the group treated with only TK. To date, no patients have 
been enrolled in an approved TK ganciclovir phase I trial in 
recurrent HNSCC. 

G. A n t i s e n s e  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 transforming growth factor-c~ (TGF-o0, binding to 
EGFR stimulates mitogenesis and increases tumor growth, 
metastasis [59]. Furthermore, overexpression of EGFR pre- 
dicts poor outcomes in HNSCC [59]. Because EGFR protein 
is required to sustain the proliferation of SCCHN cells in 
vitro, downregulating EGFR is a potential target in HNSCC. 
Intratumoral cationic liposome-mediated gene transfer of 
the 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 [59]. Based on these preclinical 
data, a phase I trial using liposome-mediated antisense 
EGFR gene therapy was approved and opened at the 
University of Pittsburgh. 

H. IFN-~ G e n e  Transfer  Using  PVP 

IFN is an immunomodulator cytokine that has antitumor 
activity. IFN-ot is the most widely used IFN. IFN-o~2b 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-c~ alone or with chemotherapy 
or IL-2 range between 18 and 54% [53,60-63]. However, 
significant toxicity has led some authors to suggest further 
investigations of less aggressive regimens. Preclinical data 
have demonstrated antitumor activity for interferon gene 
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therapy [64]. A phase I trial is approved and ongoing at the 
University of Pennsylvania using intratumoral IFN-tx gene 
therapy. 

!. GM-CSF-Based Gene Therapy 

Granulocyte-macrophage colony-stimulating factor 
(GM-CSF) stimulates the proliferation of myeloid precur- 
sors and has a vital role in the hematopoiesis 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. Additional biological effects 
have led to GM-CSF use in many other disease, such as 
immunotherapy for malignancies. Direct injection of GM- 
CSF gene or ex  v ivo  transduction of GM-CSF into irradiat- 
ed tumor cells has been tested. An ex  v ivo  transduction 
phase I trial in renal and prostate cancer [65] has immuno- 
logical activity and limited toxicity. One patient with renal 
cancer responded. In HNSCC, breast and colon cancer, and 
sarcomas, a phase I trial using ex v i v o - t r a n s d u c e d ,  irradiated 
cancer cells is ongoing at the University of Kansas. 

1. Safety of Gene Therapy 

To date, the safety in phase I and II trials of Ad-p53, 
Allovectin, E1A/liposome, and others has not shown any 
related severe adverse events [35,36,40,48]. The largest 
safety database exists for Ad-p53 [66]. The global safety 
database now includes over 412 patients with cancer 
enrolled on Ad-p53 trials using intratumoral injection to 
date. The first reported safety data analysis had 309 patients 
with late stage, recurrent/refractory cancer. The majority of 
these patients had head and neck squamous cell carcinoma 
(n=226, 73%) or nonsmall cell lung carcinoma (n=83, 
27%). Phase I (n = 3) or phase II (n = 3) trials were conduct- 
ed in 47 centers. The dose range for repeated intratumoral 
injections was 2.5 x 107-1012 viral particles for a total of 
702 cycles of therapy (2296 treatment days). Dosing inter- 
vals varied from 1 to 6 days, with treatment cycles repeated 
every 4 weeks for as many as 18+ months in some patients, 
as long as antitumor activity was evident. No treatment- 
related deaths were reported. When data were analyzed for 
trends, the most frequent related adverse events were 
fever/chills/flu-like syndrome (60%) and pain at the injec- 
tion site (39%). The majority of both AEs were graded as 
mild to moderate. The most frequent related serious adverse 
events (SAEs) were fever, infection, and hemorrhage (all 
less than 5%). Furthermore, laboratory tests (lymphocytes, 
platelets, creatinine, and liver enzymes) did not change sig- 
nificantly. Subset analyses revealed no clinically meaningful 
correlation or association between AEs and SAEs and any 
laboratory parameters. 

VII. 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 
combing with standard therapy, development of new vec- 
tors, and targeting vectors. 

A. C o m b i n a t i o n  wi th  S t a n d a r d  T h e r a p y  

Gene therapy is also being used as an adjuvant to conven- 
tional therapies, such as chemotherapy, radiotherapy, and sur- 
gery. Gene transfer is currently being combined with 
chemotherapy (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 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 demonstrated synergy between chemother- 
apy and p53 [67] and E1A [47] overexpression. This synergy 
has led to the development on the current ongoing trials using 
p53 gene transfer therapy and chemotherapy in HNSCC. 

The basis for surgical adjuvant gene therapy lies in the 
observation that tumor cells are present in the margin of resec- 
tion even with histological normal tissue. Because squamous- 
derived tumor cells have a higher level of adenoviral receptors 
than fibroblasts, adenovirus-based therapy can tranfect tumor 
cells more easily in the tumor microenvironment. Favorable 
results of the phase I p53 gene therapy surgical adjuvant trial 
has led to the phase II trial in newly diagnosed HNSCC where 
Ad-p53 gene therapy is given perioperatively and chemoradi- 
ation is given postoperatively. This trial is being conducted 
through the head and neck committee in the SWOG. 

B. N e w  Vec to r  S t r a t e g i e s  

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 is high efficien- 
cy (100% of cells get 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. One newer vec- 
tor is adenovirus-associated virus (AAV). AAV is a DNA 
virus that requires a helper virus in order to replicate. 
AAV can infect nondividing cells without causing patholog- 
ical infection. Wild-type AAV integrates specifically into 
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chromosome 19; however, replication-deficient and recom- 
binant AAV does not integrate specifically or may be main- 
tained stably episomal. Clinical trials using AAV are just 
beginning. The size of the gene is limited to 4.6 kb. 

Modified replication-competent 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. 
Five trials have been approved using RCAs. The best-stud- 
ied RCA is ONYX-015, which is a naturally occurring ade- 
novirus with the E lb gene deleted. Because ONYX-015 has 
not been modified genetically, it is not truly a genetic thera- 
peutic agent. The deleted E lb gene in ONYX-015 allows for 
it to selectively replicate in p53-deficient tumor cells and not 
in normal p53 wild-type cells [68]. ONYX-015 has been 
tested in phase I [69] and II trials in HNSCC and is now 
being tested in phase III trials. 

CN706 is an adenovirus with a prostate-specific antigen 
(PSA) promoter to drive the E1A gene. In summary, the clin- 
ical safety and efficacy data of CN706 in organ-confined dis- 
ease are very promising (www.calydon.com/cgi/results.php). 
Nine patients out of 11 (82%) had a PSA response to the 
treatment. Finally, dose-limiting toxicity was not reached and 
the product showed an acceptable safety profile, with some 
minor-to-moderate fever and/or flu-like symptoms. A similar 
approach has been used with AFP (AvE la041). 

C. T a r g e t i n g  V e c t o r s  

Vectors can be targeted by (1) altering vector-target cell 
interaction or (2) targeting promoter gene transcription. 
Viruses infect cells through cell surface receptors on the tar- 
get cells by binding to the cell and being endocytosed. Two 
adenovirus receptors, integrin and coxsakie-adenovirus 
receptor (CAR), are on target cells [70]. The methods to tar- 
get cells are by altering vector coat proteins or a bifunc tion- 
al cross-linker. The fiber protein on the adenovirus can be 
altered genetically to bind to specific tissue. Alternatively, a 
bifunctional cross-linker (protein or antibody) molecule can 
be introduced to bind to the adenovirus fiber and specifically 
to receptors on target cells. 

Tumor-specific targeting of transgene expression can be 
obtained by designing promoters of transcription. Promoters 
can be tissue specific (PSA), tumor selective (AFP), tumor 
endothelium directed (VEGF-R), cell cycle regulated (E2F), 
or treatment responsive (egrl-early growth response). 
Tissue-specific promoters, such as PSA, would express 
transgene only in certain tumor or normal cells. 

D. S u m m a r y  of  G e n e  T h e r a p y  

The biological activity and biosafety of gene therapy 
have been established. The clinical response rates have been 

between 5 and 20%, which is comparable to historical rates 
using single-agent chemotherapy in recurrent and refractory 
HNSCC patients. The added benefit appears to be a cytosta- 
tic or stabilization of disease in a larger proportion of 
patients. Therefore, gene therapy may produce other clinical 
effects, such as stabilization of disease and improved 
quality of life. Furthermore, a combination of cytostatic 
gene therapy and cytotoxic standard therapy may be benefi- 
cial in the future. In most trials, the maximum tolerated dose 
was not achieved because no significant toxicity was 
observed at the highest dose tested. The reported toxicity 
has been limited to pain, bleeding, and fever/chills without 
any treatment-related deaths. The initial clinical results that 
were translated from laboratory work using gene therapy 
must now be the basis for further laboratory research and 
then clinical trials. It is not yet known whether gene therapy 
will provide the ultimate benefit, which is improved sur- 
vival. Although promising data have been reported, no agent 
has received FDA approval to date. 
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Head and neck cancer is the sixth most commonly reported 
cancer. Cure rates for this disease have remain unchanged 
since the 1970s under present treatment strategies, which 
include surgery, radiation therapy, and/or chemotherapy. New 
treatment options must be developed. Tremendous advances 
have occurred over the past two decades in the areas of 
immunology and molecular immunology. Immunotherapy is 
one novel therapeutic option, which has had some success in 
treating this cancer. This chapter reviews the (1) principles of 
immunotherapy, (2) current immunotherapeutic strategies, (3) 
immunology of head and neck squamous cell carcinoma 
(HNSCC), and (4) immunotherapies used to treat HNSCC 
past, present, and future. 

I. INTRODUCTION 

Head and neck squamous cell carcinoma (HNSCC) 
comprises 80% of cancers involving the upper aerodigestive 
tract with the main etiologies being tobacco and alcohol 
consumption. The standard therapies for this disease 
have been surgery and radiation therapy with adjuvant 
chemotherapy showing benefit in the treatment of nasopha- 
ryngeal carcinoma [ 1 ]. The addition of combined-modality 
chemoradiation therapy has been used to treat unresectable 
tumors, organ preservation of the larynx and hypopharynx, 
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and poor-prognosis resectable disease. Unfortunately, even 
with advances in surgery, radiation therapy and chemother- 
apy survival rates have changed very little since the 1970s. 
Additional forms of therapy must be developed and added to 
our present treatment strategies to improve survival for this 
disease. 

Advances in molecular biology and immunology have 
exploded over the past two decades, and advances in these 
areas must be added to our present treatment strategies. 
Experimental clinical trials using immunological agents 
have shown promise in the treatment of HNSCC and support 
the further development of immune based therapies. This 
chapter focuses on our present understanding of (I) princi- 
ples of immunotherapy, (2) current immunotherapeutic 
strategies, (3) the immunology of HNSCC, and (4) 
immunotherapies used to treat HNSCC past, present, 
and future. 

I!. PRINCIPLES OF IMMUNOTHERAPY 

The theory of immunosurveillance postulates that the 
immune system, composed of effector cells and associated 
molecules, can recognize and eradicate neoplastic cells, 
thereby preventing tumor formation. This theory was 
supported by the work of Paul Ehrlich and other notable sci- 
entists [2,3]. Evidence supporting this theory stems from 
cases of spontaneous cancer regression in patients with 
advance disease, as well as the development of malig- 
nancies in immune-suppressed individuals. Patients with 
primary immunodeficiencies have up to a 100-fold increased 
risk of developing cancer [4,5]. Examples of such immuno- 
deficiencies include Wiskott-Aldrich syndrome, ataxia- 
telangiectasia, common variable immunodeficiency, or severe 
combined immunodeficiency [6,7]. The types of cancers 
observed in these individuals include non-Hodgkin's and 
Hodgkin's lymphoma, leukemias, and gastric carcinoma. 
Patients with human immunodeficiency virus (HIV) have 
an increased incidence of Kaposi's sarcoma and non- 
Hodgkin's lymphoma as well [8-10]. Head and neck cancer 
has also been identified in this patient population [11]. 
Renal transplant recipients also have an increased risk for 
developing HNSCC [ 12,13]. 

The concept of harnessing the immune system to treat 
cancer is not a new idea. Dating back to the 18th century there 
is documentation of physicians in Paris using pus to treat 
a patient who had advanced stage breast cancer and 
documenting an antitumor response [14]. Others in the 19th 
century administered streptococci from patients with 
erysipelas to cancer patients and noted an antitumor effect 
[15,16]. Coley [17] advanced these findings and treated a 
number of patients with extract from streptococci and Bacillus 
prodigiosus or Serratia marcescens and noted an antitumor 
response. These extracts became known as Coley's toxins and 

received considerable attention [17]. Today, Bacille 
Calmette-Guerin (BCG) is one of the more widely recognized 
immunostimulatory agents used to treat superficial bladder 
carcinoma [18]. A variety of nonspecific immunotherapeutic 
agents have been tested for cancer treatment, including 
levamisole and thymic extracts. 

A. T y p e s  of  I m m u n e  R e s p o n s e  to  T u m o r  

The immune system is a complex system in which 
the body uses effector cells and humoral mediators to react 
to exogenous and endogenous foreign antigens. The system 
attempts to reject what it identifies as foreign. The immune 
system is divided into natural or innate and acquired or 
specific immune systems. The natural or innate immune 
system requires no prior sensitization and is a nonspecific 
defense against invading microbes or foreign antigens and 
also recruits other inflammatory cells to the area of invasion. 
Immune cells associated with this defense include 
macrophages, neutrophils, eosinophils, basophils, and natural 
killer (NK) cells. Other components include the complement 
system and various cytokines. The acquired or specific 
immune system is enhanced by previous exposure to a 
foreign antigen and is mediated by B cells producing antibod- 
ies (humoral immunity) and T cells (cellular immunity) 
secreting cytokines. The acquired immune response may 
be a primary (first exposure) or a secondary (previous 
exposure) response. 

In terms of an immune response to cancer, an enhanced 
acquired or specific immune response is highly desirable. 
Unfortunately, the tumor will use a variety of immune- 
suppressive mechanisms to fight back and prevent an immune 
response. The immune-specific response mediated by T 
lymphocytes may be divided into type 1 (Thl, cellular 
immune response) or type 2 (Th2, humoral immune response). 
In the classic example of T-cell activation, T cells respond 
through a sequence of events in which an antigen-presenting 
cell (APC) processes a peptide/protein and presents it on 
its surface membrane in the form of an antigen bound to 
an major histocompatibility complex (MHC). If the peptide 
is presented to T cells in the context of a class I MHC, 
then CD8 or cytotoxic T lymphocytes are stimulated, 
which kill tumor cells by releasing granules containing 
cytolytic enzymes and soluble inducers of apoptosis. If the 
peptide is presented to T cells in the context of a class II 
MHC, then CD4 or helper T lymphocytes are stimulated, 
which proliferate and secret interleukin(IL)-2 and other 
soluble immunostimulatory molecules. B cells, macrophages, 
and NK cells are also stimulated, and a humoral or antibody 
immune response is generated. After this first signal, a 
second or costimulatory signal is needed to optimize T-cell 
activation. The best-characterized costimulatory molecules 
are the B7.1 (CD80) or B7.2 (CD86) ligands of the APC 
binding the CD28 receptor of the T cell (Fig. 38.1). A strong 
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FIGURE 38.1  Activation of a T lymphocyte by an antigen-presenting cell (APC) occurs by (1) adhesion via an 
intercellular adhesion molecule (ICAM) to a lymphocyte function-associated antigen (LFA), (2) presentation of peptide 
antigen via a major histocompatability complex (MHC) to the T-cell receptor (TcR or CD3), and (3) costimulations of 
the B7.1 (CD80) or B7.2 (CD86) ligand to the CD28 receptor of the T cell. Alternatively, costimulation can occur via 
CD40:CD40L binding. 

anticancer immune response is considered favorable in 
curing and preventing cancer. Ideally, most tumor immunolo- 
gists consider a Thl or cytolytic immune response that 
generates a population of cytotoxic T lymphocytes as the 
optimal immune response in the fight against cancer. The 
following section addresses the many immunotherapeutic 
strategies presently in use today. 

III. I M M U N E  THERAPEUTIC STRATEGIES 

There are a vast number of immunotherapeutic strategies 
used to fight cancer. This section focuses primarily on 
approaches that use the T cell as a therapeutic platform for 
immunotherapy (Table 38.1). T cells serve as specific and non- 
specific cytotoxic effectors and mobile cytokine factories that 
can be redirected by bispecific antibodies (BiAb) or engi- 
neered chimeric receptors to target specific target tumor- 
associated antigens (TAA). Without reviewing all of the 
approaches, we focus on newer strategies. Studies involving 
NK cells, lymphokine-activated natural killer cells (ANK), 
and tumor-infiltrating lymphocytes (TIL) are highlighted to 
provide historical perspective. Greater detail is provided on the 
more recent approaches using antigen (Ag)-specific cytotoxic 
T lymphocytes (CTL), dendritic cells (DC), activated T cells, 

anti-CD3/anti-CD28-coactivated T cells (COACTS), arming 
of T cells with BiAbs, and T cells with chimeric receptors. 

A. His tor ical  P e r s p e c t i v e  

Natural killer cells (CD3-, CD2 +, CD16 +, CD56 + cells) 
become lymphokine-activated natural killer cells in the 
presence of IL-2 exhibiting non-MHC-restricted cytotox- 
icity [19-26]. Infusions of ANK and IL-2 have been 
used to treat renal cell carcinoma (RCC) and malignant 
melanoma (MM) [24,27-32] with clinical responses 
up to 20%. Infusions of ex  v i v o  expanded TIL along 
with high-dose IL-2 to treat patients with RCC or MM 
have shown similar responses [33-36]. TIL were reported 

TABLE 38.1  l m m u n o t h e r a p e u t i c  O p t i o n s  

Immunotherapeutic options with T-cell-related platform 

Cytotoxic T lymphocytes 
Dendritic cells 
Donor lymphocyte infusions 
Activated T cells 
Anti-CD3/anti-CD28 coactivated T cells 
T cells armed with bispecific antibodies 
T cells armed with chimeric receptors 
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to be tumor specific and traffic to tumor sites. Subsequent 
studies showed that high-dose IL-2 was providing the 
antitumor effect. Preeffector T cells from tumor-draining 
lymph nodes can be expanded with anti-CD3 stimulation 
and IL-2 to mediate the regression of established metastases 
in a murine sarcoma model [37]. This approach has met 
some measure of success. In a clinical study involving 
11 patients with RCC and 11 patients with MM, 6 of 11 
RCC patients had clinical response and 1 of 11 MM patients 
had a partial response [38]. Studies using human autolym- 
phocyte therapy (ALT) produced by stimulating peripheral 
blood lymphocytes (PBL) with medium conditioned by 
stimulating PBL with anti-CD3 (OKT3) has improved 
survival in a series of 90 patients with metastatic RCC 
randomized to receive cimetidine or cimetidine plus 
ALT. One billion ALT were infused monthly for 6 months 
without toxicity [39]. Survival in those receiving ALT 
was 2.5 times greater than that seen for patients in 
the cimetidine group (p=0.008).  These results were 
confirmed in a multi-institutional study involving 355 
patients [40]. 

B. A n t i g e n - S p e c i f i c  Cy to tox ic  

T L y m p h o c y t e s  

An additional attractive approach was the development 
of Ag-specific CTL directed at viruses or TAA [41-44]. 
Cytomegalovirus (CMV)-specific CTL to prophylaxis 
against the development of CMV pneumonia were given 
to CMV seropositive bone marrow transplantation (BMT) 
recipients [45,46]. The production of tumor-specific CTL 
directed at oncogenic products such as p21 ras [47] and 
p53 [49-52] has been described; but this approach has not 
made it to the clinic. However, Epstein-Barr virus (EBV)- 
specific CTL produced by stimulating donor T cells with 
EBV-transformed recipient B lines have been used success- 
fully to treat EBV lymphoproliferative disorders that 
develop after T-cell-depleted allogeneic BMT [53,54]. 
Because producing Ag-specific CTL is labor-intensive and 
time-consuming, new strategies for producing Ag-specific 
CTL are needed. 

C. Dendr i t i c  Cells 

Dendritic cells from peripheral blood or bone marrow 
have been used to induce tumor-specific CTL [55-61]. 
Because DC are the most effective Ag-presenting cells of 
the immune system, strategies that employ DC have become 
popular. DC specialize in the acquisition and transport of Ag 
to lymph nodes where binding to T cells with costimulatory 
receptors leads to activation of T cells and a cascade of 
events that generate Ag-specific CTL [56,62]. Although 
they are not a single phenotype, they can be characterized 

as DR +, CDla + , CD3-, CD14-, CD19-, CD40 +, CD80 + 
(B7-1), CD83 +, and CD86 + (B7-2) cells that exhibit perinu- 
clear CD68 + and "veils" or lamellipodia [60,63]. They 
express high levels of adhesion molecules such as LFA-1, 
LFA-2, LFA-3, ICAM-1, ICAM-3, and intercellular adhe- 
sion molecule-1 [60,63]. 

Adding 7-day cultured DC pulsed with proteins or 
peptides to PBMC can induce tumor-specific CTL 
[43,55,57,64]. The DC are usually prepared in cultures 
containing granulocyte-macrophage colony-stimulating 
factor (GM-CSF), IL-4, and tumor necrosis factor(TNF)-a, 
which are used to expand and differentiate cells into DC 
[58,59,63]. 

Peptide-pulsed DC are promising as a vaccine strategy. 
Exposing DC with tumor peptides and infusing the 
DC induce the development of tumor-specific CTL 
[55,59-61,65]. DC are class I restricted in their ability 
to present peptide Ags to T cells [55,57,63]. For example, 
HLA-DRl-restricted bcr-abl (b3a2)-specific CD4 + cells can 
respond to DC pulsed with b3a2 peptide cell lysates [66]. 
DC produced from the PBL of patients with advanced 
prostate cancer, which were pulsed with prostate-specific 
membrane antigen, could induce a clinical anticancer 
response [67,68]. Infusions of DC were well tolerated 
and suggest that DC immunizations may be clinically use- 
ful. A vaccination trial using HLA-A2-restricted immuno- 
dominant peptides from the gp 100 melanoma-associated Ag 
and IL-2 testing 31 patients with metastatic malignant 
melanoma has been performed [69]. Thirteen of 31 (42%) 
had objective responses and 4 patients had mixed or minor 
responses. Similarly, carcinoembryonic antigen (CEA) 
or peptides of CEA were used to load DC for the treatment 
of colon and breast cancer. In summary, follow-ups of 
vaccine studies will determine whether tumor lysates [70], 
tumor proteins, HLA-A2-restricted peptides [66,67,69], 
or RNA from tumors [71] will be optimal for inducing 
clinical responses. 

D. D o n o r  L y m p h o c y t e  In fus ions  

Donor lymphocyte infusions (DLI) have been use to 
treat the relapse of hematologic malignancies after allo- 
geneic BMT. The graft-verses-leukemia (GVL) effect is 
most pronounced in patients who receive DLI for relapse 
after allogeneic BMT [72,73]. The effect of infusing donor 
lymphocytes is well described for relapse after allogeneic 
BMT for chronic myelogenous leukemia (CML), acute 
myelogenous leukemia (AML), acute lymphocytic leukemia 
(ALL), and myelodysplastic syndrome (MDS) [74]. 
The results are quite dramatic in patients who relapse 
with CML after T-cell-depleted BMT [73,74]. The develop- 
ment of graft-versus-host-disease (GVHD) tends to 
correlate with the likelihood of responses to DLI [75]. 
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A series from 25 North American BMT programs consisting 
of 140 patients with CML, AML, and ALL has been 
published [76]. 

E. A c t i v a t e d  T Cells 

Binding of the T-cell receptor (TCR) with low doses 
of anti-CD3 mAb induces T-cell proliferation, cytokine 
synthesis, and cytotoxicity [77-80]. Activated T cells (ATC) 
mediate non-MHC-restricted cytotoxicity, secrete tumorici- 
dal cytokines (IFN-7, TNF-o~, or GM-CSF), and serve as 
vehicles to deliver gene products or targeting antibodies. 
Infusions of ATC have been reported to reduce liver metas- 
tases in an adenocarcinoma model [81] and to prevent 
deaths in an established human HT29 carcinoma model 
[82]. ATC infused with syngeneic bone marrow increased 
the survival of mice preinjected with lymphoma [83], show- 
ing that ATC can provide an antilymphoma effect. Human 
ATC can be expanded from blood or bone marrow from 
normal donors and patients with malignancy and mediate 
non-MHC-restricted cytotoxicity [84-94]. ATC kill Daudi 
cells (ANK sensitive targets), K562 cells (NK sensitive 
targets), leukemic blasts [95,96], neuroblastomas [87], and 
autologous plasma cells in multiple myeloma [97]. 

A clinical trial using ATC in solid tumor patients revealed 
that PBL activated with OKT3 for 18 hr and given with 
IL-2 infusions to patients with RCC and MM [98] led 
to lymphocytosis (50,000 cells/laD likely due to IL-2. 
Phase I clinical trial using OKT3-activated CD4 § cells and 
IL-2 after cyclophosphamide showed promise with the 
induction of one complete responder, two partial responders, 
and eight minor responders in patients with advanced 
malignancies [99]. 

Because immunotherapy may be most effective in 
minimal disease, we evaluated the safety and efficacy of 
multiple infusions of ATC after peripheral blood stem 
cell transplantation (PBSCT) for high-risk breast cancer in 
combination with low-dose IL-2 and GM-CSF [100]. 
Twenty-three women with advanced stage breast cancer 
have received immunotherapy after PBSCT consisting of 
eight doses of 10• 109 ATC twice/week for 3 weeks 
followed by six doses of 20• 109 ATC/week, continuous 
infusion, or subcutaneous IL-2 for 65 days after PBSCT and 
GM-CSF between days 5 and 21. ATC-related toxicities 
were minimal and toxicities did not preclude completing the 
ATC infusions. Seventy percent of 23 patients survived and 
50% are progression free up to 32 months after stem cell 
transplant [ 101 ]. 

F. Anti-CD3/Anti-CD28 Coactivated T Cells 

Cross-linking of the TCR with anti-CD3 triggers a 
signaling cascade resulting in T-cell proliferation, cytokine 

synthesis, and immune responses [77-80]. However, opti- 
mal activation and proliferation require costimulation of 
CD28 receptors on T cells with anti-CD28, B7.1, or B7.2 
(CD80 or CD86) molecules [102-106]. These interactions 
enhance proliferation and stabilization of cytokine mRNAs 
and GM-CSF [107]. Costimulation also leads to enhanced 
production of chemokines, which may augment recruitment 
of antitumor effector cells [108]. COACTS exhibit 
non-MHC-restricted cytotoxicity [109]. They produce 
THl-type cytokine profiles [102,110] and may survive 
longer after infusions due to induction of Bcl-x L, a gene that 
confers resistance to cell death [111,112]. Costimulation 
with anti-CD28 may overcome suppressed anti-CD3-stimu- 
lated immune responses of lymph node lymphocytes in 
patients with head and neck squamous cell carcinoma [ 113]. 

We completed a phase I dose study, that involved 
infusion of COACTS for the treatment of refractory cancers 
without any dose-limiting toxicities [114]. Infusions of 
COACTS were safe, induced detectable serum levels of 
IFN- 7, GM-CSF, and TNF-(x, and significantly enhanced the 
ability of freshly isolated PBMC to secrete IFN- 7 and 
GM-CSF upon in vitro anti-CD3/anti-CD28 costimulation. 
These data show that the host immune systems were modu- 
lated by the therapy. 

G. A r m i n g  of  T Cells wi th  

Bispecif ic  A n t i b o d i e s  

Bispecific antibodies combine the targeting ability of 
monoclonal antibodies (mAbs) with the cytotoxicity medi- 
ated by T cells to lyse tumors. Arming of activated T cells 
with BiAb would increase the precursor frequency of CTL 
directed at specific tumor antigens. Treatment with armed 
ATC m a y  lead to specific binding and enrichment of 
effector cells at the tumor site. BiAbs have been used for 
targeting drugs, prodrug activation, and immune recruitment 
strategies [115]. The anti-CD3-based bispecific antibodies 
reported include bispecific antibodies targeting tenascin 
(human glioma) [116], CD13 (acute myeloid leukemia) 
[117], MUC1 [118], 17-1A (EpCAM) [119], OC/TR (folate 
receptor on ovarian carcinoma) [ 120-123], kDal K29 (renal 
cell carcinoma) [124], G250 (renal cell carcinoma) [125], 
transferrin receptor [126], AMOC-31 [127], and CD19 
(malignant B cells) [128-133]. T cells and chimeric 
mouse/human-chimeric BiAb are reactive to human carci- 
noembryonic Ag-expressing cells [134] and anti-CD30 
(Hodgkin's lymphoma) [135-137]. A preclinical study in 
this laboratory shows that ATC armed with low doses of 
anti-CD3 x anti-HER2/neu BiAb effectively lyse breast can- 
cer cell lines [138], as well as prostate cancer cell lines (L.G. 
Lum, unpublished results). 

Clinical studies using B iAbs to arm granulocytes, mono- 
cytes, or NK cells show promise. Anti-CD16 was used 
to target the Fc 7 receptor on white blood cells and second 
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antibody targeted human melanoma cells [ 139]. In a clinical 
trial involving 27 patients with breast cancer, infusions 
of 2B 1 B iAb, which binds to HER2/neu and Fc y receptor 
III, led to two partial and three minor clinical responses 
[ 140]. Subsequently, MDX-H210 (anti-CD64 x HER2/neu) 
was used to treat tumors overexpressing HER-2/neu in 
women with breast cancer, resulting in one partial response 
and one mixed response in 10 evaluable breast cancer 
patients [ 141 ]. 

H. T Cells wi th  Chimer ic  R e c e p t o r s  

Although antibody and specific T cell approaches are 
highly specific, both approaches alone did not improve 
clinical results. A new approach placed the scFv that targets 
tumor on the surface of T cells [142-147]. Hence the term 
"T body" was coined for T cells transfected with a chimeric 
receptor containing the variable region responsible for bind- 
ing to the TAA. Most T-body constructs include heavy and 
light chain-derived "V" regions. This type of construct redi- 
rects nonspecific cytotoxicity to TAA [145]. Clinical trials 
using T bodies have not been remarkable. Ex vivo-expanded 
gene-transduced T cells downregulate their expression of 
the transgenes [148,149]. This may be a critical barrier to 
the clinical application of T bodies. If the expression of 
T-body receptors is low when the T cell encounters Ag, the T 
cell may not activate. Laboratory studies suggest that the 
expression of the transgene in T cells may be downregulated 
and therefore T bodies are not effective [149]. 

In summary, as technology to immunize cancer patients 
develops, it is likely that the greatest antitumor effect will be 
from multidisciplinary approaches that involve surgical 
debulking, irradiation, chemotherapy, immunomodulation 
using cell products and/or biologic response modifiers, and 
potentially stem cell rescue. 

IV. I M M U N O L O G Y  OF HEAD 
AND NECK S Q U A M O U S  CELL 

CARCINOMA (HNSCC) 

Head and neck cancer patients have an abnormally 
functioning immune system. Studies testing the immune 
function of patients with HNSCC support the concept of a 
"hierarchy of immunosuppression" existing in these individ- 
uals. Immune reactivity is maximally suppressed in tumor- 
infiltrating lymphocytes, followed in descending order by 
proximal lymph node lymphocytes, distal LNL, and periph- 
eral blood lymphocytes [150-155]. 

A. H ie ra rchy  of  I m m u n o s u p p r e s s i o n  

Tumor-infiltrating lymphocytes are immunosuppressed; 
functional studies show a poor response to mitogens and 

reduced cytotoxicity to autologous tumor [ 156-166]. CD34 § 
cells are present in TIL and secret immunosuppressive fac- 
tors that block T-cell function [167]. Reduced numbers of 
CD8 § cells and CD4 § cells with an impaired ability to 
release IL-2 and IFN-~/ have been identified [168,169]. 
Composition of TIL [170-175] reveals CD3 + cells 
[175-177] with an equal distribution of CD4 + and CD8 + 
cells. CD4 + cells are located primarily in the tumor stroma 
and CD8 + cells within the tumor parenchyma [156]. 
NK cells [175], dendritic cells [178], and macrophages 
[157,179,180] comprise less than 5% of the population. 
Approximately 40% of the T cells present express activation 
marks of HLA-DR, IL-2R, or transferrin [ 181 ]. 

Lymph node lymphocytes are the next immunosup- 
pressed population. Regional LNL have reduced NK and 
LAK cell activities, mitogen responses, and cytokine pro- 
duction compared to PBL [154,155,182-185]. LNL in close 
proximity to tumor show a weaker response to IL-2 stimula- 
tion compared to distal LNL. Lymphocytes from LN 
containing metastatic cancer show weak cytolytic function 
compared to tumor-free LN [154,184]. CD4 + cells are the 
major T-cell population present in LN positive or negative 
for metastatic tumor [ 177,186,187]. 

Peripheral blood lymphocytes are the least immunosup- 
pressed population. Early in the disease process, PBL 
responses to mitogens such as phytohemaglutinin (PHA), 
concavalin A (Con A), or other stimuli are near normal but 
decrease with progression of cancer [ 182,188-197]. Patients 
with early stage HNSCC have normal T-cell counts and 
CD4:CD8 ratios in their peripheral blood, whereas patients 
with advanced disease have reduced counts, decreased 
numbers of CD4 + cells, and slight reductions in CD8 + cells 
[ 187,188,198-204]. 

B. Clinical Impl i ca t ions  of  S u p p r e s s e d  

I m m u n e  Func t ion  

The immune response of HNSCC patients has correlated 
with clinical outcomes. Strong reactivity in the regional 
lymph nodes (LNs) as measured by histology and flow 
cytometry has correlated favorably with survival [205,206]. 
Lymph nodes were graded as T-cell predominant, B-cell 
predominant, unstimulated, or lymphocyte depleted. Weak 
reactivity or lymphocyte depletion correlated with the 
poorest survival [205-208]. 

In prior studies from our labaratory, we identified a sub- 
population of HNSCC patients who have suppressed func- 
tion of their CD3 receptor. Stimulating the CD3 receptor 
with the anti-CD3 monoclonal antibody did not result in cel- 
lular proliferation in 25% of patients with advanced stage 
HNSCC who were tested. Following these patients over a 
2-year period, we found 71% of individuals developed a 
recurrent or metastatic cancer, whereas a group of matched 
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HNSCC patient who responded to anti-CD3 stimulation had 
only a 15% rate (T.Y. Shibuya, unpublished data). These 
findings confirmed the findings of others that show that 
immune function correlates with clinical outcomes [209]. 

C. C a u s e s  of  l m m u n o s u p p r e s s i o n  

There are multiple causes for poor immune function in 
HNSCC patients. Patients frequently experience immuno- 
suppression from tobacco, alcohol, and aging. Also, poor 
nutrition, tumor secretion of suppressive factors, tumor 
expression of suppressive factors, and alteration in T-cell 
function all have been identified as contributing to poor 
immune function (Table 38.2). 

1. Nutrition 

The nutritional status of HNSCC patients is frequently 
poor. Advanced stage cancer involving the upper aerodiges- 
tive tract disrupts the mechanical function of mastication 
and swallowing, resulting in reduced oral intake. In addi- 
tion, patients will frequently consume large quantities of 
alcohol to reduce the pain while neglecting a healthy diet. 
Because of these problems, patients with advanced disease 
often experience a negative protein balance, resulting in 
poor wound healing and anergy. Poor nutrition has been 
associated with cellular immune deficiencies [210]. 
Moderately reduced protein levels in the presence of trace 
mineral and vitamin deficiencies have been associated with 
poor cellular-mediated immunity as well [211 ]. 

Of the trace minerals necessary for proper immune func- 
tion, zinc is of particular importance. Zinc deficiencies have 
been associated with thymic involution and defective cellular- 
mediated immunity [211 ]. Zinc is normally incorporated into 
the thymus and used for the formation of zinc-thymulin, which 
regulates T-cell responses to interleukins [212,213] and main- 
tains cellular immunity. Reduced levels of zinc have been 
identified in HNSCC patients [186,187,211,214] and zinc is an 
important element lacking in this patient population. 

2. Tumor-Secreted Factors 

HNSCC cells have been found to secrete a number of 
factors, which may account for immunosuppression. 

Prostaglandins (PGs) have been isolated from tumor 
extracts [ 169,215] as well as cancer cell lines [ 185]. PGs are 
known to downregulate T-cell responses in a number of 
cancers [216]. Indomethacin and other non-steroidal anti- 
inflammatory drugs (NSAIDs) have been used to suppress 
PG production in HNSCC patients [217-219]. 

P15-E, an immunosuppressive peptide, has also been 
detected in HNSCC [220,221]. P15-E is a murine retroviral 
peptide important in retroviral pathogenesis, and genetic 
material coding for this peptide has been isolate from 
tumors. Specifically, this peptide has been shown to impair 
T-cell function and inhibit monocyte chemotaxis [222]. 

HNSCC has also been found to secrete cytokines such as 
IL-4, IL-6, and GM-CSE Extracts from homogenized 
tumors have also expressed these cytokines, although deri- 
vation from immune effector cells has not been ruled out 
[223]. Work from others has also identified GM-CSF, IL-10, 
and transforming growth factor-~ (TGF-~) secreted from 
HNSCC cells [ 169]. Presence of these factors has been asso- 
ciated with a shift in immune response from a type ! (TH1) 
immune response to a type 2 response (TH2), which is 
inhibitory in the fight against cancer. 

3. Tumor-Expressed Factors 

Cancers use a number of strategies to fight back against 
the host immune response. Interestingly, tumor expression 
of the Fas-ligand (Fas-L) has been identified in melanoma, 
hepatocellular carcinoma, gastric adenocarcinoma, esophageal 
carcinoma, and, more recently, HNSCC [224-227]. Tumor- 
expressing Fas-L binds the Fas receptor of the T cell, result- 
ing in T-cell apoptosis and tumor escape [227]. Evidence 
suggests that TIL are highly susceptible to Fas-L-mediated 
lysis by the tumor [228]. The extent ofT-cell apoptosis varies 
regionally within the tumor in relation to the local status of 
Fas-L expression. For example, in esophageal carcinoma, 
there was a fivefold reduction of TIL within Fas-L-positive 
tumor nests and a twofold increase in TIL within Fas-L-neg- 
ative tumor nests [225]. These data strongly suggest that Fas- 
L is used as a tumor escape mechanism [229]. 

The IL-4 receptor has been identified on HNSCC cell lines 
and fresh biopsy specimens [230]. The addition of IL-4 to 
tumor cells expressing the IL-4 receptor has led to increased 
tumor growth in animal studies. Studies have also shown that 

TABLE 38.2 immunosuppression in Head and Neck Cancer Patients 

Causes of immunosuppression 

Poor nutrition 
Tumor-secreted factors 
Tumor-expressed factors 
Altered immune effectors 

Decreased protein, trace minerals, vitamins, zinc 
Prostaglandins, P 15-E, TGF-~, cytokines (IL-4, IL- 10, etc) 
Fas-L, IL-4 receptor 
T-cell receptor poorly functional, CD34 suppressor cells present, 

suppressed natural killer cell population 
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IL-4 levels are enhanced in the peripheral blood of smokers 
[231]. It is an interesting possibility that tumors use immuno- 
logic factors secreted by the host to enhance their own growth. 

4. Alteration in Immune Effectors 

Defective signal transduction via the TCR has been 
demonstrated in TIL from melanoma, ovarian, colon, and 
renal cell carcinomas [232-238]. Studies from our labaratory 
have identified a similar defect present in T cells found in 
HNSCC patients [239]. Specifically, we have shown 
impaired reactivity to anti-CD3 (~CD3) stimulation in LNL 
and PBL from advanced stage HNSCC patients. Others have 
shown that there is a decreased expression of ~ and ~ chains, 
decreased Ca 2+ flux, and impaired kinase activity following 
aCD3 stimulation [240]. A method of overcoming sup- 
pressed T-cell CD3 receptor function must be developed. 

A population of immature CD34 + suppressor cells is pres- 
ent in the TIL of HNSCC patients [168,240]. The mainte- 
nance of these immature CD34 + cells in a suppressor state has 
been postulated to be by vascular endothelial growth factor 
(VEGF) [241,242]. The secretion of VEGF has been identi- 
fied in HNSCC [243]. A method of maturing these immature 
CD34 + suppressors into nonsuppressors must be developed. 

Natural killer cell activity is suppressed in HNSCC 
patients. Maximal suppression occurs in TIL [ 150-154]. NK 
cell function from regional lymph nodes is also inhibited 
[155]. Studies have shown peripheral blood NK cell activity 
of normal donors to be significantly stronger than cancer 
patients [152]. Lymph node lymphocytes in close proximity 
to the tumor are more resistant to IL-2-induced stimulation 
and cytotoxicity compared to distally located LNL [154]. 

5. Testing of Immune Competence in HNSCC Patients 

There are no tests considered standard for measuring the 
immune competence of HNSCC patients. Testing of 
immune competence in this patient population started in the 
early 1970s. Skin testing for a delayed-type hypersensitivity 
(DTH) response to recall antigens such as purified protein 
derivative (PPD) or candida has been performed [244]. Lack 
of a DTH response predicted a poor outcome. Skin testing 
for a response to dinitrochlorobenzene (DNCB) was per- 
formed on over 1000 patients with HNSCC. Approximately 
46% of individuals were anergic to DNCB testing versus 5% 
of normal controls. Patients with late-stage inoperable dis- 
ease had greater than 85% anergy. A correlation of response 
and recurrence was also identified with survival frequency 
higher in responders than in nonresponders [244]. DNCB 
measures the capacity of the cellular immune system to 
respond to a new antigen, which encompasses the following 
steps: antigen presentation, T-cell activation, proliferation, 
cytokine production, and monocyte/macrophage recruit- 
ment. Presently, this test is no longer used because of its 

nonspecificity and time consumption [244]. Skin testing 
with phytohemagglutinin (PHA) [245] and natural cytokine 
mixture (NCM) [246,247] has also been examined as possi- 
ble methods of assessing cell-mediated immunity (CMI). 

V. IMMUNOTHERAPY IN HEAD AND 
NECK CANCER 

Present therapy of head and neck cancer includes surgery, 
radiotherapy, and sometimes chemotherapy. Although 
substantial progress has been made in the surgical resection 
and reconstruction of HNSCC patients and the benefits of 
chemotherapy and radiotherapy have been confirmed, the 
survival of patients with HNSCC has not improved since the 
1970s [248]. Of patients with early, stage I and II disease, 
approximately 75% can be cured. This percentage drops to 
approximately 25% in patients with advanced disease. The 
lack of effective therapy preventing the development of a 
recurrence or second primary cancer is a strong motive for 
the development of novel therapeutic strategies in HNSCC. 

Immunotherapy represents one novel approach, which 
has had some success in the past using biologic agents 
to stimulate the host immune system to fight cancer. 
Presently there are several active multi-institutional, phase 
III clinical trials testing immune-stimulating agents in 
patients with solid tumors. The use of immunotherapy in 
HNSCC has been much slower to progress compared to 
other cancers, and there may be a valid reason for this. 
Patients with HNSCC often have immunologic abnormali- 
ties, as discussed previously, which make it difficult to 
stimulate the compromised immune system to eradicate the 
cancer effectively. However, if the immune system plays an 
important role in controlling tumor growth, then a good 
rationale exists for the use of immunotherapy in HNSCC. 
Head and neck cancers are generally well infiltrated with 
activated T cells and dendritic cells [249]. Both the presence 
of DC and normal functioning (i.e., normally signaling) 
T lymphocytes in the tumor are biomarkers associated with 
improved prognosis and a better 5-year survival [250]. This 
type of evidence suggests that if immune cells in the tumor 
or in the peripheral circulation can be protected from 
the loss of antitumor function, then chances for patient 
survival could be improved significantly. Furthermore, it 
appears that the therapeutic use of immune-stimulating 
agents can have beneficial effects in patients with HNSCC, 
as reviewed briefly here. 

A. I m m u n o t h e r a p i e s  Act ive  or Pass ive  

Two types of immunotherapy have been used for the 
treatment of cancer: active and passive. Each of these two 
categories can be further subdivided into specific and 
nonspecific therapies. The former involves therapeutic 
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induction of tumor-specific T cells or antibodies, whereas 
the latter aims at the global upregulation of host immune 
responses. Cancer vaccines are the best example of specific 
active immunotherapy, whereas cytokines or immune 
stimulants such as the BCG vaccine or Corynebacterium 

parvum are examples of nonspecific therapies. Adoptive cell 
transfers using tumor-sensitized T cells fall in the category 
of specific passive immunotherapy, whereas transfers of 
lymphokine-activated killer (LAK) or natural killer cells or 
genetically modified tissue cells exemplify passive nonspe- 
cific therapy. Over the years, several of these therapies have 
been used in patients with HNSCC. 

B. H i s t o r y  o f  I m m u n o t h e r a p y  in H N S C C  

The earliest attempts at immunotherapy in patients with 
HNSCC involve the use of nonspecific immune stimulants 
such as BCG, C. parvum, and various cytokines (Table 
38.3). The BCG vaccine containing an attenuated strain of 
the tuberculous bacillus was used in the early 1970s in con- 
junction with chemotherapy, but this trial generated mixed 
and controversial results [251]. The controversy focused on 
severe toxicity experienced by a small subset of patients and 
only marginal therapeutic effects [251]. C. parvum is a 
potent macrophage stimulant, which was used together with 
methotrexate for the therapy of recurrent and metastatic 
HNSCC, but did not improve survival or the response rate 
beyond that observed with methotrexate alone [252]. 

Immunotherapy with cytokines, which started in the 
1980s and continues to be evaluated for treatment of cancer, 
has met with only a limited success in HNSCC (Table 38.3). 
Interleukin-2 and interferon-cz were the first cytokines used 
in therapy of HNSCC [253-266]. In a preliminary trial of 
nonrecombinant IFN-~ in patients with HNSCC, Vlock 
and colleagues [253] demonstrated tolerable toxicity and 
potential antitumor activity of this cytokine. In the subse- 
quent phase II trial of recombinant IFN-c~2b, 71 HNSCC 
patients with recurrent or metastatic disease were random- 
ized to a low (6 x 106U/m 2 daily x3 every 4 weeks) or a 
high (12x 106 U/m 2 daily x3/week) dose of IFN-c~ [254]. 
The low, but not high, dose of IFN-~ was well tolerated. 
Although the overall response rate was unimpressive (1 CR 

in low and 2 CR in high IFN groups), disease stabilization 
was noted in several patients [254]. Early clinical trials of 
IL-2 in HNSCC involved repeated perilymphatic or peritu- 
moral injections of natural IL-2 in patients with recurrent or 
inoperable disease [255-258]. Local administration of low 
doses of IL-2 resulted in CR or PR in approximately 30% of 
patients; unfortunately, these responses were of short dura- 
tion [257,258]. These early and somewhat promising clini- 
cal results were not reproduced in later clinical trials of 
locoregional-delivered IL-2 [259,260]. It was suggested that 
low doses of IL-2 administered to smaller tumors achieve 
therapeutic effects, whereas high doses of IL-2 were toxic 
and did not induce tumor regression [257,258]. Nevertheless, 
it is particularly impressive that recombinant IL-2 given per- 
ilesionally or intranodally in escalating doses to patients 
with HNSCC, who were clinically unresponsive, in an 
ECOG-sponsored phase Ib trial [260] did show a significant 
local antitumor responses to low doses of IL-2 [261 ]. Another 
cytokine, IFN-y, which also upregulates cell-mediated immu- 
nity, has shown some early clinical promise but has not been 
evaluated extensively in clinical trials [262]. In a series of 
small trials, Hadden and colleagues administered natural 
mixtures of cytokines (IRX-2) peritumoral into patients with 
advanced HNSCC prior to surgery [263-265]. Clinical and 
pathologic findings indicated that the tumor regression 
observed in several cases was mediated by activated lym- 
phocytes accumulating at the tumor site [264,265]. 
Combinations of cytokines with chemotherapy have also 
been evaluated in HNSCC [266], but there was no benefit 
from the addition of IL-2 or IFN-~ to standard chemotherapy. 

Overall, the therapeutic use of cytokines (i.e., natural or 
recombinant IL-2, IFN-cz, IFN-7, or natural mixtures of 
cytokines) in patients with HNSCC has not produced 
impressive clinical results, but perhaps such results should 
not be expected, as the trials performed were designed to 
evaluate toxicity and maximal tolerated doses (MTD) of 
cytokines and were not designed to offer protection to 
immune cells or restore immune cell functions. However, 
these immunologic end points might be achieved at optimal 
biologic doses (OBD) of the agent administered, which are 
likely to be different from the MTD and are yet to be defined 
for most cytokines. Also, in nearly all clinical trials testing 

TABLE 38.3 Immunotherapies for Head and Neck Cancer Patients 

Immunotherapies used to treat head and neck cancer patients 

Nonspecific immune stimulants 
Retinoids and prostaglandin inhibitors 
Anticancer antibodies 
Adoptive immunotherapy 

Candidate target antigens for vaccination 

BCG, C. parvum, cytokines (IL-2, IFN-c~, IRX-2, etc) 
Vitamin A and analogs, retinyl palmitate, 13-cis-retinoic acid, indomethacin 
Monoclonal antibodies against E48, U36, EGF receptor 
Ishikawa's group 
Shu's group 
p53, SART 1, SART 3, cyclin B 
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cytokine therapy, patients had advanced, inoperable, end 
stage disease. Locoregional delivery of cytokines, which 
was used largely to avoid systemic toxicities, may not be an 
optimal way for inducing systemic antitumor immunity, and 
it remains uncertain that tumor-specific systemic immune 
responses were generated in most of the patients receiving 
this form of immunotherapy in the early clinical trials. 

In addition to the cytokine trials, trials testing retinoids 
and prostaglandin (PGE2) inhibitors alone or in combination 
with surgery, cytokine therapy, or chemotherapy were per- 
formed in patients with HNSCC in the late 1980s and early 
1990s (Table 38.3). Their use was based on the results of 
extensive preclinical investigations, which indicated that 
these agents can inhibit tumor growth. Vitamin A and its 
synthetic and natural analogsmretinoids--exert antiprolif- 
erative and differentiation effects in vitro and inhibit growth 
of HNSCC [267,268]. Experimental evidence clearly links 
antitumor effects of retinoids to their modulation of tumor 
differentiation [268]. In a multicenter European chemopre- 
vention trial, performed by EUROSCAN, a 2-year supple- 
mentation of retinyl palmitate and/or N-acetylcysteine 
(antioxidant) resulted in no benefits in terms of survival, 
disease-free survival, or second primary tumors in patients 
with HNSCC or with lung cancer [269]. In another trial, a 
combination of 13-cis-retinoic acid and IFN-c~ was used for 
the treatment of HNSCC patients with recurrent disease 
without any convincing demonstration of efficacy [270]. In 
the case of PGE 2 inhibitors, e.g., indomethacin, it was hoped 
that they could prevent immunosuppression in patients with 
HNSCC [271,272]. However, no consistent therapeutic ben- 
efits were gained by incorporating indomethacin into thera- 
peutic regimens [273]. Today, it is known that cyclooxyge- 
nases (COX-1 and COX-2) are the key enzymes in the con- 
version of arachidonic acid to prostaglandins, and novel 
pharmacologic strategies are being evaluated to selectively 
block this enzymatic pathway. 

Anticancer antibodies (Abs) are the best-known 
immunotherapeutic agents (Table 38.3). Ab-based therapies 
have been utilized for imaging and delivery of radioactive 
isotopes to the tumor (radioimmunotherapy, RIT) or toxins, 
as well as for direct targeting of tumor cells [274]. In 
HNSCC, their therapeutic use has been limited by the pauci- 
ty of Abs with tumor-restricted specificity. Monoclonal Abs 
E48 and U36 developed by Snow's group in Amsterdam 
selectively target HNSCC and have been evaluated exten- 
sively preclinically and in patients with HNSCC for 
pharmacokinetics, biodistribution characteristics, and the 
ability to bind to the tumor and mediate ADCC [275-279]. 
Abs labeled with rhenium or technicium are now available 
for adjuvant RIT in patients with HNSCC who are at risk for 
the development of recurrences or distant metastases 
[275-279]. 

The era of adoptive immunotherapy of cancer with TIL 
and LAK cells in the 1990s saw relatively little participation 

from oncologists treating HNSCC patients, as discussed 
previously. One group of investigators used LAK cells and 
IL-2 to treat advanced HNSCC, but with no substantial clin- 
ical benefits to the patients [280]. Aside from adoptive 
therapy of HNSCC with LAK cells by Ishikawa's group in 
Japan [281] (Table 38.3), no other clinical trials based on the 
adoptive transfer of immune cells were performed until 
quite recently. It is likely that the complexity of ex vivo 

generation of effector cells for transfers to patients and 
toxicities associated with a concomitant administration of 
cytokines (usually IL-2 at relatively high doses) dampened 
the enthusiasm for this form of immunotherapy. Thus, 
immunotherapy has a relatively modest history in head and 
neck cancer in comparison to its more extensive use in 
melanoma and renal cell carcinoma [282]. However, newer 
approaches and future strategies that are emerging as a result 
of recent progress made in basic and translational studies of 
the immunobiology of HNSCC promise to be more widely 
used and perhaps even more efficacious. 

C. Cur ren t  I m m u n o t h e r a p e u t i c  Trials 

in HNSCC 

Among many different immune-based approaches avail- 
able today for treating HNSCC, the emphasis has clearly 
shifted from nonspecific to tumor-specific therapies. In the 
past, tumor-specific strategies were limited to the use of 
HNSCC-specific Abs, such as U36 or E48 [275-279] or Abs 
targeting the epidermal growth factor receptor (EGFR) 
[283]. Specific cellular therapies for HNSCC have not been 
possible until recently because of the lack of well-defined 
antigenic targets on HNSCC cells. While the repertoire of 
such head and neck cancer-associated proteins and peptides 
is still limited, antigen discovery programs ongoing world- 
wide have identified several potentially immunogenic 
candidates, including several shared antigens such as p53, 
particularly its HLA-A2-restricted wild-type sequence epi- 
topes [284], and SART 1 and 3 antigens, as well as cyclin B 
and its peptides [285-287]. The CASP 8 epitope identified 
and sequenced by Mandruzzato and colleagues [288] is a 
mutated protein and, therefore, not a useful component of a 
broadly based vaccine. These proteins and peptides are 
being evaluated extensively for immunogenicity in preclini- 
cal studies involving autologous DC and peripheral blood 
lymphocytes from patients with HNSCC [284,289]. 

The development of therapeutic vaccines for HNSCC 
depends on finding the combination of epitopes that will 
be able to generate robust and sustained antitumor immune 
responses capable of eliminating the vast majority of tumor 
cells. In contrast, the aim of prophylactic vaccines is to gen- 
erate the memory immune response capable of preventing 
tumor development in high-risk populations. The high-risk 
populations are well defined in HNSCC and, therefore, 
the concept of prophylactic vaccines for this cancer is 
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particularly attractive. However, prophylactic vaccines have 
to await results of therapeutic vaccination trials in patients 
with advanced disease, which address the crucial questions 
regarding vaccine toxicity, safety, and immunogenicity. In 
general, the use of antitumor vaccines alone or in combina- 
tion with the standard therapies in HNSCC is warranted in 
view of immune dysfunction associated with this disease 
[249] and the possibility that successful immunization could 
reverse this dysfunction. The presence of shared antigenic 
epitopes on HNSCC cells (e.g., p53 wild-type sequence epi- 
topes and others being currently defined) is promising for 
the development of broadly applicable HNSCC vaccines 
[290]. The median time to tumor recurrence is relatively 
short in patients with HNSCC and it could provide a useful 
clinical end point for monitoring the effects of vaccination. 
The easy access to the tumor allows for locoregional immu- 
nization and facilitates monitoring of local effects of the 
vaccine. Finally, vaccination strategies are amenable to 
the incorporation of cellular, molecular, genetic, and/or 
cytokine interventions, providing the most comprehensive 
immune therapy available today. 

The problem of the availability of immunogenic epitopes 
has been a serious obstacle in efforts to develop vaccines for 
HNSCC. With only few tumor-derived epitopes available to 
date for immunization in HNSCC, new strategies, which uti- 
lize apoptotic tumor cells (APTC) or tumor cell lysates and 
DC as therapeutic vaccines, have been introduced [290]. The 
advantage of this approach is that tumor-associated antigens 
(TAA) need not be either identified or purified and that DC 
ingesting APTC ex vivo can be infused into the patient and 
"cross-present" the processed relevant epitopes to the immune 
system. Convincing evidence exists in both animal tumor 
models [291] and human in vitro models using circulating 
mononuclear cells of patients with HNSCC that such HLA 
class I-restricted, tumor-specific effector cells (CTL) can 
indeed be generated and that they can recognize and eliminate 
tumor cells [292]. Based on this evidence, we are in the 
process of implementing two pilot feasibility trials in patients 
with advanced HNSCC, which are described briefly here. 

In the first clinical trial, the vaccine is administered in the 
adjuvant setting and consists of autologous DC, which have 
ingested the patient's own tumor cells. These tumor cells are 
induced to apoptose upon exposure to UVB light [292] prior 
to their coincubation with DC. The vaccine is delivered to 
two sites: (a) intradermally on the arm, in order to observe 
the DTH response to the vaccine and to biopsy the site of 
vaccination, and (b) to the inguinal lymph node (a majority 
of the vaccine) using ultrasound in order to place the DC in 
the LN milieu, where they normally interact with T lym- 
phocytes. We expect that the utilization of DC for process- 
ing and cross-presentation of the epitopes derived from 
APTC will lead to effective immunization of patients with 
HNSCC. The mechanism is likely to be DC-mediated "epi- 
tope spreading" in the microenvironment rich in cytokines, 

especially IL-12 and IFN-7. These cytokines facilitate the 
Thl type of response and might protect the generated CTL 
from apoptosis. While the clinical end points are toxicity 
and feasibility of this therapy, we also expect to demonstrate 
an increased frequency of tumor-specific CTL using 
ELISPOT assays and a decreased frequency of apoptotic 
T cells in the circulation of vaccinated patients. 

The second clinical protocol developed is based on suc- 
cessful animal experiments performed by Dr. Edward Cohen 
at the University of Illinois College of Medicine in Chicago 
[293,294]. It utilizes genomic DNA obtained from the 
surgically removed autologous tumor and transferred by 
lipofection to an IL-2-secreting semiallogeneic "master" 
HNSCC cell line as a vaccine. This DNA-based vaccine has 
the potential of inducing exceptionally strong immune 
responses for several reasons. The DNA recipient HNSCC 
cell line is transduced with the IL-2 gene and is selected for 
high levels of IL-2 secretion [295]. This HNSCC cell line is 
semiallogeneic with the vaccine recipient and, thus, is 
expected to induce an allogeneic response, but because it 
also shares with the recipient a common restriction allele 
(HLA-A2), an opportunity for generating HLA-A2-restricted, 
tumor-specific responses also exists. In the "master" 
HNSCC cell line, tumor-derived DNA, which encodes 
weakly immunogenic TAA, will be integrated into its own 
DNA and express the transferred genes in a highly immuno- 
genic form. In this setting, the "master" cell will present to 
the immune system not only its own TAA, but also antigens 
encoded in the transferred tumor-derived DNA. This type of 
vaccine combines all of the elements that are expected to 
overcome host tolerance to TAA and induce robust antitu- 
mor immunity, as demonstrated previously in several animal 
models of tumor growth [293,294]. Animals treated with 
this vaccine developed protective and long-lived antitumor 
immunity and, more importantly, survived significantly 
longer than nonimmunized control mice [293,294]. This 
clinical trial offers an opportunity to demonstrate that even 
in the presence of advanced head and neck cancer, it may be 
possible to overcome tolerance to TAA and to generate 
effector cells capable of eliminating tumor cells and estab- 
lishing tumor-specific memory in HNSCC patients for 
whom no other therapeutic options are available. In the 
future, after toxicity studies are completed, this type of vac- 
cination therapy might be applicable to patients with less 
advanced disease, who are likely to have a greater number 
of more responsive immune precursor cells. 

Both of the described phase I clinical protocols for 
immune therapy of HNSCC patients are designed to be 
administered in the adjuvant setting, i.e., preferably only 
after surgery but also after surgery and radiation or 
chemoradiation. Aside from the fact that tumor cells are nec- 
essary for vaccine preparation, the removal of a strongly 
immunosuppressive tumor prior to vaccination is likely to 
be beneficial for the immune response. As for the effects of 
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chemo- or radiotherapy on the host immune system, they 
may be a lesser evil and could even facilitate the generation 
of antitumor immune responses by eliminating subsets of 
suppressor cells [296]. 

Immunotherapy might involve genetic manipulations 
of tumor in situ through intratumoral injections of selected 
genes in order to modify the immune response. For example, 
delivery to the tumor of a gene for an alloantigen, 
human leukocyte antigen (HLA)-B7, together with the 
~2-microglobulin gene, was used by Gleich [297] to restore 
expression of the complete MHC class I molecules on the 
surface of tumor cells and thus facilitate both antigen pres- 
entation and recognition of the tumor by tumor-specific 
immune effector cells. Twenty patients with advanced 
HNSCC who failed conventional therapy and whose tumors 
did not express HLA-B7 were treated with no adverse effects 
from the alloantigen gene therapy. Expression of HLA-B7 
was demonstrated in the tumors, and apoptosis of tumor cells 
was seen in tumors presumably responding to intervention by 
effector cells. Two CR were observed, and the median sur- 
vival of the treated patients was prolonged [297]. In another 
approach, Tahara and colleagues [298] used immune gene 
therapy to vaccinate patients with their own irradiated tumor 
cells admixed with the autologous fibroblasts, which were 
transduced with the IL-12 gene and secreted IL-12. Among 
29 patients with advanced tumors participating in this phase 
I trial, two had HNSCC. One had a partial response to this 
vaccination therapy. These two examples serve to emphasize 
the concept of therapy aimed at inducing changes in the 
tumor microenvironment and thus augmenting the suscepti- 
bility of tumors to the host immune system. 

Adoptive specific immunotherapy with tumor-specific 
T cells has also been in evidence more often in recent years. 
Earlier studies in murine tumor models provided convincing 
evidence that ex vivo-activated, adoptively transferred 
T lymphocytes can mediate antitumor activities, resulting in 
tumor regression [299]. In addition, several clinical studies 
have demonstrated the ability of adoptively transferred 
tumor-reactive T lymphocytes to mediate the regression 
of established tumors [300]. A phase I clinical trial per- 
formed by To and colleagues [301] illustrated both the strat- 
egy and the results that can be expected from adoptive 
immunotherapy in patients with advanced-stage, unre- 
sectable HNSCC (Table 38.3). The patients were first vacci- 
nated with autologous-cryopreserved tumor cells, which 
were injected intradermally on the upper thigh together with 
GM-CSE Eight to 10 days later, inguinal lymph nodes 
draining the vaccination site were removed surgically and 
the recovered LN lymphocytes were expanded in culture 
with staphylococcal enterotoxin A (SEA) and IL-2. 
Activated T lymphocytes, enriched in CD8 + cells during 
culture, were delivered intravenously. The patients received 
a single treatment, except for 1/15 patients who was treated 
twice 5 months apart. The generation of T cells was found 

to be feasible, and toxicity was minimal following T-cell 
transfer. Ten patients had progressive disease after cell infu- 
sion with a median survival of 6 months; in 3 patients, the 
disease had stabilized and the median survival was 15 
months; and 2 patients were alive with no evidence of dis- 
ease (NED) at greater than 28 and 36 months after treat- 
ment. Thus, this type of immune therapy, although labor- 
intensive, appears to be feasible, nontoxic, and clinically 
beneficial to at least some patients with advanced HNSCC. 

D. Fu tu re  P r o s p e c t s  in l m m u n o t h e r a p y  

of  H N S C C  

With recent interest in anticancer vaccines and substan- 
tial progress being made in the identification of HNSCC- 
specific antigens, it appears that specific active immunother- 
apy is likely to remain in the limelight. Until prophylactic 
vaccines are available and proven safe, however, vaccines 
and other immune-based therapies have to be explored as 
adjuncts to conventional therapies. There is a strong ration- 
ale for using immunotherapies in this setting. For example, 
administration of cytokines as immune adjuvants in con- 
junction with vaccines or other more conventional therapies 
may increase the therapeutic index. It has been observed that 
cytokines can alter the tumor microenvironment in several 
ways. They can have a direct growth inhibitory effect on 
tumor cells, acting via cytokine receptors expressed on these 
cells [302]. They can upregulate expression of the TNF fam- 
ily receptors, as well as ligands on the tumor cell surface, 
and thus increase tumor sensitivity to apoptosis by a variety 
of mechanisms, including those mediated by immune cells. 
Cytokines can also upregulate antitumor functions of 
immune effector cells, including their ability to migrate to 
the tumor site and to modulate the expression of MHC mol- 
ecules, as well as antigenic epitopes on tumor cells, making 
them more susceptible to immune intervention. Cytokines 
can support differentiation and maturation of antigen- 
presenting cells and facilitate productive interactions 
between APC and T cells. The therapeutic use of cytokines, 
which could be delivered as genetically engineered single or 
multiple entities, is an attractive option for HNSCC that is 
likely to be evaluated extensively in the future. 

It can also be expected that further improvements in the 
quality of adoptively transferred cells to make them tumor 
specific rather than tumor reactive will encourage their 
broader utilization. The possibility of delivering tumor- 
specific subsets of cytotoxic and helper T cells together 
with cytokines, which could enhance their in vivo antitumor 
functions, may become a reality. Technical advances in 
cell culture and genetic engineering are likely to make this 
therapeutic option feasible and less labor-intensive than it 
has been to date. 

An important future objective is to assure that the tumor- 
specific T cells, whether induced in vivo by vaccines or 
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transferred adoptively to patients with HNSCC, can survive 
in the microenvironment favoring their apoptosis [303]. In 
addition to cytokines, many other biologic agents are capa- 
ble of protecting immune cells from apoptosis and upregu- 
late their antitumor functions. Immune therapies with 
apoptosis resistance genes, caspase inhibitors, and Abs 
blocking interactions of the TNF family of receptors and 
ligands, as well as vaccines aimed at expanding and main- 
taining clones of tumor-specific T cells, are all potentially 
useful for the protection of immune effector cells and 
restoration of the host immune system in the presence of 
advanced malignancy. 

The use of humanized Abs for immunotherapy or RIT of 
HNSCC is likely to grow due to their availability and prom- 
ising results of initial phase I and II trials. The best example 
is the effective performance of anti-EGFR mAb 425 in 
therapeutic as well as chemoprevention clinical trials to 
date [304]. 

An important aspect of immunotherapy for patients with 
HNSCC is its timing in respect to surgery as well as the 
subsequent chemoradiation therapy. It is reasonable to 
predict that surgery for primary HNSCC may be followed 
by a partial recovery of the host immune system. Ideally, 
immune therapy should be timed for the period after tumor 
removal, when tumor burden is minimal. Immunotherapy 
alone in patients with bulky or aggressive disease, even 
when it follows surgery and vaccination, as described earli- 
er, is not likely to be effective because a large tumor burden 
and aggressive disease are often associated with particularly 
severe immunosuppression. However, a combination of 
immunotherapy with radiotherapy or chemoradiation could, 
in theory, be quite effective, although no adequate clinical 
data are available to support this assumption. The caveat to 
this hypothesis is that the successful combination of a 
conventional treatment with immunotherapy is likely to 
be dependent on the optimal sequence, time of administra- 
tion, and dosages of the drugs, which will require extensive 
preclinical and clinical evaluations in the future. It is 
important for the oncologists treating HNSCC patients to 
consider this option, as immune therapy, which is skillfully 
selected and added to currently available conventional 
therapeutic regimens, might improve survival in these 
patients. 

Finally, it is important to beep in mind that HNSCC, like 
most tumors, have evolved mechanisms, which enable them 
to avoid immune interventions. In addition to various ways 
of "hiding" from the host immune cells, tumors are able to 
disarm or kill these cells. Results from several studies 
suggest that in vivo, the immune system might play a key 
role in the appearance of immunoresistant tumors, which 
clearly have a growth advantage over tumors sensitive to 
immune intervention. Thus, even when the immune 
response to a vaccine or other biologic therapy is generated 
in the patient with HNSCC, the tumor, when it recurs, might 

become resistant to it (e.g., through the selection of "epitope 
loss" variants). Also, tumor-specific effector cells might be 
selectively eliminated by apoptosis before they have an 
opportunity to interfere with tumor growth. These and other 
possibilities need to be explored in future clinical trials with 
biologic agents in patients with HNSCC. New molecular 
technologies applied to the monitoring of patients receiving 
such therapies, as well as tetramer-based flow cytometry for 
assessing the frequencies of tumor-specific T cells in 
patients' samples, provide a window of opportunity for 
correlating immunologic with clinical end points and 
perhaps defining the mechanisms of tumor-effector cell 
interactions that might determine the therapeutic outcome. 

VI. C O N C L U S I O N  

Tremendous advances have occurred over the past two 
decades in the areas of immunology and molecular 
immunology. Individuals treating the HNSCC patient 
should be reminded that we have made only minor advances 
in curing this cancer since the early 1970s with our present 
therapeutic strategies. The addition of immunotherapeutic- 
based treatment options should be developed and imple- 
mented further. We must continue to take advantage of the 
new scientific discoveries made daily and translate them 
into novel immune-based treatment strategies to improve 
cure of this disease. 
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A 
ACC, s e e  Adenoid cystic carcinoma 
Acoustic neuromas, 345-346 
Active immunotherapy, 576-577 
Actuarial local control rate, for ACC, 20 
Actuarial survival, 435-436 
ADAMs proteases, related to MMPs, 138-139 
Adenoid cystic carcinoma 

evaluation, 17 
histological patterns, 343 
incidence, 15 
natural history, 15-16 
pathology, 16-17 
radiation therapy, 18 
treatment, 17-20 

Adenovirus vectors, 558 
Adhesion receptors 

cell-matrix and cell-cell, 143 
in oral cancer invasion, 65-74 

Adjuvant chemotherapy, 13 
nasopharyngeal carcinoma, 499-500 

Adoptively transferred cells, 580-581 
Advanced unresectable cancer 

altered fractionation radiation, 462-463 
alternating chemotherapy and 

radiation, 466 
chemoradiotherapeutic toxicity 

modification, 470 
clinical trial results, 461-462 
concurrent chemotherapy and radiation, 

466-469 
gene therapy, 469-470 
induction chemotherapy, 463-466 

Aerodigestive tract, upper 
biochemoprevention, 281 
chemoprevention trials, 276-281 
epidemiology, 272 
field cancerization, 275 
molecular markers of dysplasia, 44-45 
multistep carcinogenesis, 275-276 
natural history, 272-273 
normal mucosa: HPV in, 155-156 
pathological features 

histological classification, 40-44 
types, 37-40 

risk factors, 273-275 
Age, micronutrients in relation to, 202 
AGES staging system, thyroid carcinomas, 408 
AIDS, increased risk of HNSCC with, 46 
Air embolism, 355 

Alcohol 
correlate of smoking behavior, 188-189 
effect on DNA damage repair, 232 
in epidemiology of head and neck cancer, 

213-214 
and nutrient levels, 203 
plus tobacco, synergistic effect for 

HNSCC, 81 
p53 mutation and, 124-125 
risk factor for 

oral cancer, 59, 160-161 
UADT, 273-274 

role in field cancerization, 229 
Algorithms, diagnostic: thyroid nodule, 

411-412 
Allelic imbalance, 120-121 
Allovectin, gene therapy, 563 
Alternative reading frame, growth control 

by, 107 
AMES staging system, thyroid carcinomas, 

407-408 
Amifostine, radiation protective effect, 

457-458 
Anaplastic thyroid carcinoma 

clinical presentation, 417-4 18 
pathology, 418 

Anatomy 
cancer genome anatomy project, 514-518 
nasopharynx, 492 
normal, oral cavity' 35-37 
surgical, thyroid gland, 419-421 

Anesthesia, skull base surgery, 341-342 
Aneuploidy 

cancer associated with, 118 
DNA, 319 
HNSCC, 169 

Angiofibroma, juvenile nasopharyngeal, 344 
Angiogenesis 

capillary network remodeling, 82 
in HNSCC, 83-92 
markers, 545 
tumor, mechanisms, 83 

Angiogenic switch, 83 
Animal models 

head and neck carcinogenesis, 230-231 
and human-based discoveries, 61 
study of oral cancer, 58-59 
using domesticated animals, 6 

Anterolateral cranial base, surgery, 
349-350 

Antibodies 
bispecific, arming T cells with, 573-574 
circulating tumor-related, 310-311 
labeled, 578 

Antimetabolites 
5-fluorouracil analogs, 537 
gemcitabine, 537-538 

Antioxidants 
effect on gastrointestinal toxicities, 205 
micronutrients as, 59 

Antitubulin agents 
docetaxel, 536 
paclitaxel, 536-537 
taxanes, 535-536 

APC tumor suppressor protein, association with 
~-catenin, 71-72 

Apoptotic tumor cells, as vaccine, 579 
Array technologies, 513-514 
Artifacts, edge, in PET, 25 
Arytenoid cartilage, resection including, 362, 366 
Attenuation map, 25 

B 
Basement membranes 

degradation, 141-142 
dysplasia-associated changes, 45 

Basic fibroblast growth factor, in HNSCC, 
86-88 

Bcl-2, expression in carcinomas, 119 
Beckwith-Wiedemann syndrome, 106 
Biochemoprevention, UADT, 281 
Biology, HNSCC, 81-82 
Biomarkers 

in biopsy material, 311-312 
continuous 

cut points for, 290-292 
distribution, 290 

EGFR, 318-319 
integrated translational studies, 301-302 
predictors for cancer, 296-300 
qualitative measures, 288-289 
standard statistical methods of analysis, 289 
surrogate end point, 292-294 

Biopsy 
directed, of potential primary sites, 10-11 
excisional, minor salivary gland tumor, 17 
material, biomarkers in, 311-312 
nasopharyngeal, LOH in, 251 
T 1 glottic cancer, 361 
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Bleomycin 
assay, 217-218 
chemoprevention trials for OPLs, 266 
sensitivity to, 201-202 

Blood vessels, formation in HNSCC, 83-84 
Bone invasion, RADPLAT efficacy, 398 
Bone morphogenetic protein-l, expression in 

SCC, 68 
Bowman-Birk inhibitor concentrate, 266 
Brachytherapy, 331 

C 
Cadherins 

cross talk with integrin, 72-74 
expression regulation, 74 
and intercellular adhesion, 71-74 
regulatory role in invasion, 72 

Cancer, see also Field cancerization; 
speci f ic  types 

advanced and unresectable, see Advanced 
unresectable cancer 

associated with aneuploidy, 118 
chemoprevention, 276 
as clonal genetic disease, 524 
genetics, 556 
growth, patterns, 524, 527 
molecular diagnosis, 125 
second field, 236 

Cancer development 
genetic alteration in, 305-306 
predicting, 295-301 

Cancer genome anatomy project, 51 4-518 
Cancer patients 

adverse effects of smoking for, 186-187 
carotid artery involvement 

clinical outcome, 330-331 
diagnosis, 329-330 
postoperative complications, 335 
preoperative evaluation, 332-333 
surgical procedure, 333-335 
treatment options, 331-332 

classification of cancer risk, 300-301 
histology and prior cancer history, 296 
performance status scale, 437-438 
quitting smoking 

demographics, 188-189 
psychological factors, 189-190 

RADPLAT results, 395-398 
recurrence of SCC, prediction, 250 
skull base surgery 

evaluation for, 340-341 
physiological monitoring, 342 

smoking behavior: future research, 195-196 
smoking cessation 

approaches, 192-193 
intervention studies, 193-194 
recommendations, 194-195 
treatment program, 185-186 

smoking rates among, 187-188 
testing of immune competence in, 576 
zinc deficiency, 207 

Cancer research, translational or correlative, 6 
Capecitabine, 537 

Capillary growth, in angiogenesis, 82 
Carcinoembryonic antigen, 572 
Carcinogenesis 

extracellular proteolysis in, 143 
head and neck, animal models, 230-231 
molecular targets for proteases in, 140-143 
multistep, UADT, 275-276 
tumor-associated protease systems, 137-140 

Carcinogens 
epithelium exposed to, 231 
xenobiotic metabolism, 215-216 

Carcinoma in situ, 39-44, 384 
[3-Carotene 

chemoprevention trials, 264-265 
plus retinol, 278-279 
smoking effects, 203 

Carotid artery involvement 
in advanced cancer, management, 329 
assessment prior to skull base surgery, 

340-341 
clinical outcome, 330-331 
diagnosis, 329-330 
nonsurgical treatment options, 331-332 
postoperative complications, 335 
preoperative evaluation, 332-333 
surgical procedure, 333-335 
surgical treatment options, 332 

Cartilage invasion, RADPLAT efficacy, 398 
[3-Catenin, association with APC, 71-72 
Cathepsins, altered expression, 139 
Cdc42, activation by integrin, 70 
CDK, see Cyclin-dependent kinase 
cDNA libraries, LCM-derived, 515-517 
Cell cycle genes, polymorphisms in, 220-221 
Cell cycle progression 

CDK activity regulation, 101-103 
function of CDK complexes, 103-104 

Cell cycle regulation 
CDK role, 119-120 
modulators, in treatment of HNSCC, 

540-545 
therapy and, 109 

Cell lines, human cancer-derived, 5-6 
Cell signaling, H-ras,  118-119 
Cell-substrate adhesion 

collagen receptors, 66-67 
fibronectin/tenascin receptors, 67-68 
laminin receptors, 68-70 

Cerebrospinal fluid, leak, 355-356 
Cervical adenopathy, clinical presentation, 

9-10 
Cetuximab (C225), 538-539 
Chemoprevention 

assessment of response to, 237-238 
cancer, 276 

Chemoprevention trials, 262-263 
bleomycin, 266 
13-carotene, 264-265 
protease inhibitors, 266 
retinoids, 263-264 
selenium and vitamin E, 265 
tea compounds, 265-266 
UADT 

oral premalignancy, 276-279 
second primary tumors, 279-281 

Chemoradiation 
benefit for oropharyngeal cancer, 479-480 
concurrent, HNSCC, 456-457 

Chemotherapy, see also Induction chemotherapy 
ACC, 19 
adjuvant, 13 

nasopharyngeal carcinoma, 499-500 
alternation with radiation therapy, 454, 

466, 484 
antitumor effects, nutrients and, 205-206 
clinical response to positive margins, 531 
metabolic changes in tumor during, 30-31 
multiagent, fractionation radiotherapy with or 

without, 481 
nasopharyngeal carcinomas, 496-498 
nutritional consequences, 203-204 
outcome differences, 5 
platinum-based, 332 
plus EBRT, 427 
response to, and DNA content, 178 
role in preservation of oropharynx, 478-489 
single-agent, fractionation radiotherapy with 

or without, 480-481 
split-course concurrent, 484 
toxicity, nutrient supplementation effect, 

206-208 
Chemotherapy plus irradiation 

advanced unresectable cancer, 466-469 
goals of, 447 
intraarterial, see RADPLAT program 
laryngeal cancers, 476-477 
meta-analyses, 454-456 
randomized trials, 449-451 
T 2 glottic cancer, 364-365 

Chkl, activation, 103 
Chondrosarcoma, skull base, 344 
Chordoma, skull base, 343 
Chorioallantoic membrane, vessel pattern, 

83-84 
Chromosome 3, 3p21, allelic deletion, 121-122 
Chromosome 6, LOH, 122 
Chromosome 9, TSGs, 122-123 
Chromosome 11, deletions at 1 lq 13, 123 
Chromosome 17, p53 TSG, 123-125 
Chromosome 18, LOH at 18q21, 125 
Chromosome changes, in carcinogen-exposed 

field, 232 
Chromosome instability 

in head and neck epithelium, 233-234 
random, 235 

Chromosome polysomy 
as biomarker for predicting cancer, 296 
CEp53.LOH, 298-300 
leukoplakia and, 233-234 

Cip/Kip family 
CKIs, 104-106 
sequestration by CDK-cyclin D complexes, 

103-104 
Cisplatin 

delivery technique in RADPLAT, 394-395 
intraarterial infusions, 400-402 
RADPLAT results, 395-398 

Cisplatin plus 5-fluorouracil, 332, 364, 464, 
476-478 

CKIs, see Cyclin-dependent kinase inhibitors 
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Clinical outcome, carotid artery involvement, 
330-331 

Clinical patterns 
correlative parameters and outcome, 5 
histopathology differences, 4 
TNM differences, 3-4 
treatment outcome differences, 4-5 

Clinical trials 
flavopiridol, 542-543 
immunotherapeutic, 578-580 
modulators of cyclin-dependent kinases in, 

541-545 
oropharyngeal cancer, chemoradiation 

benefit, 479-480 
randomized 

chemotherapy plus irradiation, 449-451 
nasopharyngeal cancer, 500-501 

UCN-01,544-545 
Clinic-based interventions, smoking 

cessation, 192 
Clonal outgrowths 

and cancer risk, 237 
during field cancerization, 234-235 
molecular genetic evidence, 235-236 

c - m y c ,  119 
Coagulation cascade, 139 
Collagen receptors, expression during SCC 

formation, 66-67 
Comparative genome hybridization, 121 
Complications 

postoperative, in carotid artery 
involvement, 335 

skull base surgery, 355-356 
thyroid gland surgery, 425-426 

Computed tomography 
carotid artery involvement, 330 
detection of recurrent disease, 31-32 
evaluation of ACC, 17 
imaging of larynx, 24 
information from, 11 
limitations, 23 
thyroid nodule, 410 

Concurrent chemoradiation, HNSCC, 456-457 
Concurrent chemoradiotherapy 

advanced unresectable cancer, 466-469 
nasopharyngeal carcinomas, 499-500 

Conformal radiotherapy, 457 
Corrective gene therapy, 557 
Cost of care, 441 
Counseling, for smoking cessation, 195 
Cox proportional hazards model, 295-296 
Cranial nerve deficits, 356 
Cribriform pattern, ACC, 17 
Cricoarytenoid unit, preservation, 380-381 
Cricohyoidoepiglottopexy, 377, 385 
Cross talk, integrin-cadherin, 72-74 
CT, s e e  Computed tomography 
Cut points, for continuous biomarkers, 290-293 
Cyclin D 1 

linked to ED-L2 promoter, 60 
overexpression, 109 

Cyclin-dependent kinase 
activity, regulation, 101-103 
altered expression in tumor cells, 123 
complex with cyclin D, 103-104 

G1,108-109 
hyperactivation, 540 
modulators, in clinical trials, 541-545 
role in cell cycle regulation, 119-120 

Cyclin-dependent kinase inhibitors 
Cip/Kip family, 104-106 
Ink4 family, 106-108 
p12 D~162 108 

Cyst, thyroid, management, 411 
Cytokeratin 5 promoter, 60-61 
Cytokines 

as immune adjuvants, 580 
proinflammatory and proangiogenic, 90 
secreted by HNSCC, 575 

Cytometry, determination of DNA ploidy, 
168-169 

Cytotoxic T lymphocytes, antigen-specific, 572 

D 
Dark adaptation, abnormal, 205 
DCC, putative TSG, 125 
Degradation, ti s sue barriers, 141-142 
Demographic correlates, smoking behavior, 

188-189 
Dendritic cells 

peptide-pulsed, 572 
as vaccine, 579 

Design considerations, biomarker-integrated 
translational studies, 301-302 

Determinate survival, 434-435 
Diagnosis, carotid artery involvement, 329-330 
Diagnostic algorithms, thyroid nodule, 411-4 12 
Dietary factors, nasopharyngeal cancer, 492 
7,12-Dimethylbenz/a]anthracene, powder, 58 
DNA 

plasmid, as nonviral vector, 558-559 
ploidy, cytometric determination, 168-169 
tumor, detection, 310 

DNA adducts 
32p-postlabeling assay, 218 
in tobacco-exposed head and neck tissue, 231 

DNA content 
ACC, 17 
as correlative parameter, 5 
HNSCC, 169-176 
multiparameter studies, 177-178 
predictor of nodal metastases, 319 
salivary gland tumors, 176-177 
thyroid carcinomas, 176 
tissue preparation and source, 168 

DNA damage, resulting from carcinogen 
exposure, 231-232 

DNA repair 
genes, polymorphisms in, 219-220 
gene transcript levels, 218-219 
phenotype, and cancer risk, 216-219 

DNA replication, inhibition by p21,105 
Docetaxel, 536 
Donor lymphocyte infusions, 572-573 
Dopamine, synaptic, 215 
Dopamine receptor genes, 191 
Dose response, nasopharyngeal carcinomas, 

494-495 

Drug delivery, in RADPLAT, 394-395 
Drug sensitization approach, gene therapy, 557 
Dry mouth, consequence of smoking, 186-187 
Dysplasia 

grading, 38-39 
molecular markers, 44-45 

E 
E1A, gene therapy with, 563-564 
E-cadherin, mutational inactivation, 74 
ECM, s e e  Extracellular matrix 
ED-L2 promoter, 60-61 
Endoscopy 

carcinomas arising at glottic and supraglottic 
level, 384-385 

glottic and supraglottic, 378 
pretreatment, 380 

Eniluracil, 537 
Epidemiology 

head and neck cancer, 213-215 
HNSCC, 81-82 
UADT, 272 

Epidermal growth factor receptor 
antisense, liposome-mediated, 564 
biomarker, 318-319 
cell signaling, 119 
modulation, in HNSCC therapy, 538-540 

Epidermoid cyst, skull base, 344-345 
Epithelial-mesenchymal transition, 73-74 
Epithelium 

carcinogen-exposed, histologic 
changes, 231 

head and neck, chromosome instability, 
233-234 

lining of larynx, 36-37 
Epothilones, 537 
E6 protein, high-risk HPVs, 153-154 
E7 protein 

high-risk HPVs, 154 
interaction with pRb, 153 

Epstein-Barr virus 
antigen expression, 45 
detection in FNA specimen, 10 
DNA detection, 309 
in nasopharyngeal cancer, 491-492 
as promoter, 59-60 
risk factor for UADT, 274-275 

Erythroplakia, 46 
Esthesioneuroblastoma, 343 
Etiology 

oral leukoplakia, 46 
thyroid carcinomas, 406-407 

European organization for research and 
treatment of cancer, 439-440 

Evaluation 
ACC, 17 
cancer patients, for skull base surgery, 

340-341 
of FDG PET therapy, 28-30 
preoperative, carotid artery involvement, 

332-333 
pretreatment, nasopharyngeal 

carcinomas, 493 
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Exfoliated cell samples 
detection of HNSCC, 306-309 
for OPLs, 253-255 

Experimental research, history of, 57-59 
Extent of surgery 

neck, 11-12 
thyroid gland, 423-425 

External beam radiotherapy, 427 
Extracapsular extension, 11, 13 
Extracellular matrix 

bFGF solubilization from, 86-87 
integrin interaction with, 66 
ligation by integrin, 70-71 
modification, 143 

F 
Facial translocation, 352-353 
Fas-ligand, tumor-expressing, 575 
FDG PET 

accurate staging, 27-28 
capitalizing on increased anaerobic 

metabolism, 24-25 
in search for primary site, 11 
therapy, evaluation of, 28-30 

Femoral artery grafts, 334-335 
FHIT gene, 121 
Fibroblast growth factors, in HNSCC, 86 
Fibronectin receptors 

~5~1, 67 
otvl]5, 68 

Fibrous dysplasia, 344 
Field cancerization 

associated phenotypic changes, 236 
clinical evidence, 229-230 
clinical implications, 236-238 
genetic evidence, 231-236 
histopathologic evidence, 230-231 
and margin status, 527-528 
process, 228 
UADT, 275 

Fine needle aspiration 
neck mass, 10 
salivary gland tumor, 17 
thyroid nodule, 411 

Flavopiridol 
antiproliferative effect, 541 
clinical trials, 542-543 

Fluoro-2-deoxy-D-glucose, see  FDG 
5-Fluorouracil 

analogs, 537 
plus cisplatin, 332, 364, 464, 476-478 

FNA, see  Fine needle aspiration 
Focal adhesion kinase, overexpression, 70 
Follicular thyroid carcinoma 

clinical presentation, 414-4 15 
management and prognosis, 415-4 16 
pathology, 415 

Follow-up management, thyroid 
carcinomas, 427 

Fractional alleles loss, 120-121 
Fractionation radiotherapy schedules, 331 

accelerated, 447 
altered, 462-463 

concurrent chemotherapy, 451-454 
with or without chemotherapy, 484, 488 

hyperfractionation, 445-446 
with or without single-agent chemotherapy, 

480-481 
T 2 glottic cancer, 364-365 

Fragile histidine triad gene, 45 
Functional assessment of cancer therapy 

scale, 439 
Functional status in head and neck cancer, 

self-report, 437-438 

G 
Gastrointestinal toxicity, antioxidant effect, 205 
Gemcitabine, 537-538 
Gene arrays, 514 
Gene therapy 

advanced unresectable cancer, 469-470 
augmentation of cytotoxic therapy, 557 
background, 556-557 
combination with standard therapy, 565 
corrective, 557 
genes used in combination therapy, 

557-558 
for HNSCC, 545-546 
local-based gene delivery, 559 
regional gene transfer, 560 
trials, in HNSCC, 560-565 
vectors, 558-559 

new strategies, 565-566 
targeting, 566 

Genetic alterations, in HNSCC, 510 
Genetic mapping, 234-235 
Genetic models 

with avian retroviruses, 60 
cytokeratin 5 promoter, 60-61 
gene targeting with promoters, 59-60 
targeted ablation of genes in oral cavity, 61 

Genetics 
cancer, 556 
nasopharyngeal cancer, 492 
risk factor for UADT, 275 

Genetic susceptibility, assessment, 215 
Gene transfer 

IFN-ot, 564-565 
regional, 560 

Genomic structure, HPV, 152-153 
Glottic cancer 

organ preservation spectrum, 381-382 
Ti 

minimally invasive, 360-361 
treatment, 361-363 

T 2, treatment, 363-366 
T 3 and T 4, treatment, 366-369 

Glutathione, protective effect, 206 
Goiter, intrathoracic, 423 
Grading 

dysplasia, 38-39 
malignancy, 319 

Grafts 
femoral artery, 334 
saphenous vein, 335 

Granulocyte-colony-stimulating factor, 458 

Granulocyte-macrophage colony-stimulating 
factor, 565 

Grouped data, and biomarker cut points, 
290-291 

G1/S deregulation, 108-109 
GSK3-~, 72 
GTPases, Rho family, 70-71 

H 
Hairy leukoplakia, 46 
Hamster buccal pouch model 

head and neck carcinogenesis, 230 
oral cancer, 58-59 

Health status, measurements, 436-438 
Hemidesmosomes, formation, ~6[~4 role, 69-70 
Hepsin, overexpression, 140 
HER-2/neu, 119 
Herpes simplex virus-1, risk factor for 

UADT, 275 
Herpes simplex virus-thymidine kinase, 564 
Histological classification 

ACC, 16-17 
lesions presenting as lichen planus, 47--48 
preneoplastic lesions of UADT, 40-44 

Historical perspective 
immunotherapy, 571-572 

in HNSCC, 577-578 
outcome assessment, 433-434 

HNSCC 
aneuploidy, 169 
angiogenesis in, clinical evidence, 83-86 
antiangiogenic therapies, 91-92 
at-risk individuals, detection, 125 
bFGF, 86-88 
cell signaling in, 118-119 
circulating tumor markers, detection, 

310-311 
concurrent chemoradiation, 456-457 
cytokines, 90 
detection in exfoliated cell samples, 306-309 
DNA content parameters, 169-176 
epidemiology, 81-82 
genetic alterations, 510 
histologic progression, 231 
HPV detection in, 159 
immunology, 574-576 
molecular and genetic changes in, 214-215 
molecular profiling techniques, 510-514 
nitric oxide synthase, 91 
novel targets and agents for treatment, 

535-547 
PD-ECGF, 90 
point mutations, 306 
prognostic factors, 125-126 
progression, extracellular proteolysis in, 143 
risk of, and HPV infection, 160-161 
thrombospondin and p53, 90 
TSGs, 120-125 
vascular endothelial growth factor, 87-90 

h O G G 1  gene, 220 
HPV, see  Human papillomavirus 
H-ras ,  mutations, 118-119 
hst-1, in HNSCC, 119 
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hst-1 (FGF4), in HNSCC, 82 
Human leukocyte antigen-B7, 580 
Human papillomavirus 

and benign lesions of head and neck, 
156-157 

detection in HNSCC, 159 
detection methods, 155 
high-risk 

E6 protein, 153-154 
E7 protein, 154 

life cycle, 152 
in normal mucosa of UADT, 155-156 
and premalignant lesions of head and neck, 

157-158 
risk factor for UADT, 274 
and risk of HNSCC, 160-161 
survival of damaged cells enhanced by, 234 
tumors positive for, 161 
virion and genomic structure, 152-153 

Htirthle cell tumor, thyroid, 416 
Hybridization 

detection of HPVs, 155-161 
in situ 

evidence for clonal outgrowths, 234-235 
reversal of leukoplakia as endpoint, 233 

Hyperfractionation, 445-446 
Hypermethylation, promoter, 309 
Hypocalcemia, transient, 426 
Hypopharyngeal cancer, larynx 

preservation, 478 
Hypoxia, modulation by tirapazamine, 545 
Hypoxia-inducible factor-l, 89 

I 
Immune system 

responses to tumor, 570-571 
role in control of tumor development, 58-59 
suppressed function, clinical implications, 

574-575 
Immunohistochemistry 

detection of 
HPVs, 155-158 
p53 overexpression, 529-530 

staining for markers, 288 
Immunosuppression 

causes, 575-576 
hierarchy of, 574 

Immunotherapy 
augmented by cytokine gene transfer, 557 
in HNSCC, 576-581 
principles of, 570-571 
strategies, 571-574 

Incidence 
ACC, 15 
cervical lymph node metastases, 317-319 
oral leukoplakia, 46 

Induction chemotherapy 
advanced unresectable cancer, 463-466 
followed by locoregional therapy, 447-449 
laryngeal cancers, 475-476 
nasopharyngeal carcinomas, 498-499 
organ preservation with, 376-377 
T 3 glottic cancer, 367-369 

Infection 
HPV, latent and active, 152 
viral, risk factor for UADT, 274-275 

Inflammatory infiltrate, 319 
Ink4 family of CKIs, p16, 106-108 
Insular thyroid carcinoma, 418 
Insulin-like growth factor, release, 143 
Int-2, in HNSCC, 119 
Integrin 

cross talk with cadherin, 72-74 
interaction with ECM, 66 
ligation of ECM by, 70-71 

Intercellular adhesion, and cadherins, 71-74 
Interferon-o~ 

antiangiogenic effect in HNSCC, 91-92 
biochemoprevention, 281 
gene transfer, 564-565 
low-dose, 577 
plus 13-cis-retinoic acid, 578 

Interferon regulatory factor-3, HPV-16 E6 
binding, 154 

Interleukin-2, gene therapy, 564 
Interleukin- 12 

antitumor immunity induced by, 546-547 
gene therapy, 564 

Interleukin-4 receptor, blood levels, 
575-576 

Int-2 (FGF3), in HNSCC, 82 
Intraepithelial neoplasia, 42-43 
Intraoperative radiation therapy, 331 
Intratumoral HNSCC trial 

phase I, 560-561 
phase II, 562 

Invasion 
bone and cartilage, 398 
cadherin regulatory role in, 72 
temporal bone, 397 
tumor cell, PI3K in, 71 
vascular, lymph node metastases, 319 

l s3I scanning, thyroid nodule, 410 

l 
Jugulotympanic paragangliomas, 345 
Juvenile nasopharyngeal angiofibroma, 344 

K 
Kaplan-Meier survival, 436 
Karnofsky performance status scale, 437 
Keratinizing dysplasia 

high-grade, 39 
underreporting of, 42 

Keratinocyte growth factor, 458 
Keratinocytes, adhesion to laminin-5, 69 
Keratins, markers of dysplasia, 44 
Knockout mouse, p57, 106 
K5 promoter, 60-61 

L 
Laboratory studies, thyroid nodule, 409-410 
Laminin receptors, expression in SCC, 68-70 

Laryngectomy 
partial, see Partial laryngectomy 
supraglottic, 371 
total, 366-369 

Larynx 
cancer, 318 

spectrum concept, 381-382 
treatment of neck in, 321-323 

changes in cancer treatment paradigms, 
359-360 

cricoarytenoid unit preservation, 380-381 
CT imaging, 24 
leukoplakia, 47 

malignant progression, 49-50 
normal anatomy, 36-37 
organ preservation surgery, 376-377 

and nonsurgical approaches, 377-380 
papillomatosis, and HPV, 156-157 
premalignant lesions, 158 
preservation, 475-478 

Laser capture microdissection, 61, 511-513 
Laser excision, transoral, 362-363, 365 
Lesions 

oral premalignant, see Oral premalignant 
lesions 

premalignant, and risk of tumor 
development, 230 

presenting as lichen planus, 47-48 
skull base-associated 

benign, 344-346 
malignant, 343-344 

spread, assessment with scrapes, 254-255 
Leukoplakia 

and chromosome polysomy, 233-234 
clinical aspects, 46-47 
definition, 45 
dysplastic, 246 
etiology, 46 
laryngeal, 47 
scrapes, 253-255 
tobacco exposure and, 214 
verrucous, 250 
vitamin A treatment, 277-278 

Lichen planus, 46-48 
Liposome 

mediated antisense EGFR, 564 
plasmid incorporation into, 559 

Local-based gene delivery, 559 
Local regional control 

ACC, 20 
advanced unresectable cancer, 470 
importance in organ preservation surgery, 383 
oropharyngeal cancer, 479-480, 488 
with surgical and nonsurgical organ 

preservation, 379 
LOH, see Loss of heterozygosity 
Longitudinal studies, for OPLs, 255-256 
Loss of heterozygosity 

CEp53.LOH, 298-300 
in HNSCC, 121-126 
in nasopharyngeal biopsies, 251 
pattern in OPLs, 248-250 
at 3p or 9p, 297 
preneoplastic lesions, 45 
TSGs, 120 
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Lung, site of distant metastasis, 16 
Lung cancer, phase I clinical trials, 562-563 
Lymphatic spread, patterns, 319-320 
Lymph node metastases 

in ACC, 15 
incidence, 317-319 
occult, 322, 368 
from unknown primary tumors, 9 

Lymph nodes 
cervical, thyroid carcinoma, 422-423 
considerations in staging, 25-26 
neck, current management, 321-324 
positive, and prognosis, 320 

Lymphoma, thyroid, 418 
Lysosomal cysteine proteases, 139 

M 
MACIS staging system, thyroid 

carcinomas, 408 
Macrolide antibiotics, epothilones, 537 
Magnetic resonance imaging 

in conjunction with CT, 23 
detection of recurrent disease, 31-32 
for skull base surgery, 340 
T1- and T2-weighted images, 24 

Management 
carotid artery involvement, 329 
current, lymph nodes of neck, 321-324 
follicular thyroid carcinoma, 415-4 16 
OPLs 

molecular markers in, 251-253 
scrape assay in, 253-255 

papillary thyroid carcinoma, 413-4 14 
postsurgical, vocal cord, 426 
of recurrence, 238 
second primary disease, 238 
thyroid carcinomas 

follow-up, 427 
surgical, 419-425 

thyroid cyst, 411 
Markers, see also Biomarkers 

angiogenesis, 545 
and DNA content, simultaneous analysis, 

177-178 
epithelial field carcinogenesis, 237 
for HNSCC, 530 
microsatellite, 120-121 
molecular 

dysplasia, 44-45 
in management of OPLs, 251-253 

viral, 309 
Matrix-degrading proteases, 141-142 
Matrix metalloproteinases 

activation, 140-141 
ADAMs and ADAMTS related to, 138-139 
expression in SCC, 68-69 

Medullary thyroid carcinoma 
clinical presentation, 416-4 17 
management and prognosis, 417 
pathology, 417 

Meningioma, skull base, 344 
Meta-analyses, chemotherapy plus radiation, 

454-456, 468-469 

Metachronous primaries, 26-27 
Metastases 

cervical, incidence, 317-319 
to cervical nodes, from unknown primary 

tumors, 9-13 
considerations in staging, 26 
and degradation of tissue barriers, 141-142 
distant 

in ACC, 15-16 
in patients who recur, 31 

neck node 
massive, 397 
prognostic implications, 320 

thyroid, 418-4 19 
Microarrays, survey of mRNA transcripts, 311 
Microdissection, 510-511 

laser capture, 511-513 
Micronuclei 

as biomarker for predicting cancer, 297 
frequency, 232 

Micronutrients 
antioxidant, 59 
cancer chemopreventive properties, 206 
effects on therapy-related toxicities, 204-205 
in relation to age, 202 

Microsatellite analysis 
identification of types 1 and 20PLs,  251 
oral mucosal regions at risk for progression, 

248-251 
Microsatellite markers, 120-121 

LOH, 312 
Microsatellites 

instability, 120 
screening panels, 307-309 

Microvessel density, in HNSCC, 84-85 
Middle fossa approach, skull base surgery, 

353-354 
Migration, laminin-5-induced, 68-69 
Molecular detection 

biomarkers in biopsy material, 311-312 
circulating tumor markers, 310-311 
HNSCC, in exfoliated cell samples, 306-309 
strategies for, 524 

Molecular margin analysis, 528 
Molecular profiling, HNSCC, 510-514 
Morbidity, as tier in outcome assessment, 436 
Mucositis, 187, 539 
Murine models 

genetic, 59-60 
syngeneic animals, 5 
transgenic mice, 60-61 

Muscle uptake, FDG, reduction of, 25 
Mutagen sensitivity, 201-202 

assay, 217-218 
Mutation 

H-ras, 118-119 
p53, 108, 124, 216 
point, in HNSCC, 306 
ret oncogene, 406 

N 
Nasal cavity, Schneiderian papilloma, 158 
Nasopharyngeal carcinoma, 10 

adjuvant chemotherapy, 499-500 
anatomy, 492 
biopsy: LOH in, 251 
boost volume, 494 
chemotherapy, 496 

combined with radiotherapy, 498 
for recurrent disease, 497-498 

concurrent chemoradiotherapy, 499 
dose response, 494-495 
environmental factors, 492 
Epstein-Barr virus in, 491-492 
induction chemotherapy, 498-499 
natural history, 493 
pathology, 492-493 
pretreatment evaluation, 493 
radiation therapy, 494 
randomized trials, 500-501 
reirradiation, 495-496 
staging, 493-494 
survival, 496 
volume treated, 494 
workup, 493 

Natural history 
ACC, 15-16 
nasopharyngeal carcinomas, 493 
UADT, 272-273 

Natural killer cells, activity suppression, 576 
Neck dissection 

contralateral, 369 
elective, 322-323 
indications for, 11-12 
and radiation, sequence of, 12 
selective, 368 
types, 324-325 

Nedaplatin, 537 
Neocord development, 366 
Nephrotoxicity, selenium effect, 205 
Neuromas, acoustic, 345-346 
Neutron radiation, for ACC, 19-20 
Nitric oxide synthase, in HNSCC, 91 
4-Nitroquinoline-N-oxide, 58 
4-Nitroquinoline- 1 -oxide, 231 
N-Nitroso compounds, in smokeless tobacco, 215 
Nonsquamous cell carcinomas, DNA content, 

176-178 
Nucleotide excision repair, host-cell reactivation 

assay, 217 
Nutrients, see also Micronutrients 

alcohol and, 203 
and antitumor effects of radiation/ 

chemotherapy, 205-206 
plus pharmaceuticals, 206-208 
tobacco and, 202-203 

Nutritional consequences, radiation and 
chemotherapy, 203-204 

Nutritional status 
and cancer treatment, 203 
role in immunosuppression, 575 

O 
Observation, clinical: importance of, 6 
Occupational exposure, association with 

nasopharyngeal cancer, 492 
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Oculoplethysmography, 332 
Oligomer probing, mutant p53, 528-529 
Oncogenes 

overexpression, 117 
ret, mutations, 406 

OPLs, s e e  Oral premalignant lesions 
Oral cancer 

association with HPV, 162 
candidate biomarkers, 118 
current management, 323-324 
hamster model, 58-59 
invasion, adhesion receptors in, 65-74 
micronutrients in relation to, 202 
nodal metastases, 318-319 
prevention, prediction, 266-267 
risk factors, 261-262 

Oral cavity 
benign lesions, HPV and, 156 
leukoplakia, 45-47 
normal anatomy, 35-37 
targeted ablation of genes in, 61 

Oral premalignant lesions 
biomarkers as predictors for cancer, 

296-300 
bleomycin effect, 266 
13-carotene for, 264-265 
chemoprevention trials, 262-263, 276-279 
definitions, 246-247 

and significance, 261-262 
exfoliated cell sampling, 253-255 
HPV and, 157-158 
LOH assessment, 248 
molecular markers, 252-253 
need for longitudinal studies, 255-256 
progression risk, 247-250 
progression to invasive SCC, 48-50 
protease inhibitor effects, 266 
retinoids for, 263-264 
role in predicting efficacy for oral cancer 

prevention, 266-267 
selenium and vitamin E for, 265 
staging, 251-252 
tea components for, 265-266 
treatment, 247-248 
type 1 and type 2, 251 

Organ preservation 
cricoarytenoid unit, 380-381 
larynx, 475-478 
oropharynx, chemotherapy role, 478-489 
spectrum, glottic cancer, 381-382 

Organ preservation surgery 
carcinomas arising at glottic level, 

384-385 
carcinomas arising at supraglottic level, 

386-388 
following radiation failure, 388 
larynx, 376-377 
vs. nonsurgical strategies, 377-380 
techniques, 383 

Oropharyngeal tumors 
lymph node management, 321 
positive for HPV, 161 
and tobacco smoke, 214-216 

Oropharynx, preservation, 478-489 
OSI-774 (Tarceva), 539-540 

Outcome assessment 
cost of care, 441 
health status, 436-438 
historical background, 433-434 
morbidity, 436 
quality of life, 438-441 
survival, 434 

actuarial, 435-436 
determinate, 434-435 
Kaplan-Meier, 436 

Overexpression 
bFGF, 87 
cyclin D 1, 109 
FAK, 70 
oncogenes, 117 
p53, 124, 529-530 
serine proteases, 140 

Oxaliplatin, 537 
Oxidative stress, tobacco and alcohol 

effects, 203 

P 
p12 D~ as CKI, 108 
pl6 

CDKN2-encoding, 122-123 
inactivation, 106-107 
interaction with high-risk HPV E6 protein, 

153-154 
p 16/Ink4A, loss, 109 
p 18 INK4c, 108 

p21 
expression independent of p53, 104 
inhibition of DNA replication, 105 

p21/WAF1, 109, 122, 202 
p27, role in programmed cell death, 105-106 
p44/42 MAPK, upregulation, 87 
p53 

Ad5CMVp53, 546 
as biomarker for predicting cancer, 296-297 
CP.p53.LOH, 298-300 
expression in ACC, 17 
gene therapy with, 560-563 
interaction with high-risk HPV E6 protein, 

153-154 
mutant, oligomer probing, 528-529 
mutation, 108, 216 
overexpression, 237, 529-530 
role in angiogenesis in HNSCC, 89-90 
TSG on chromosome 17, 123-125 

p57, K I P 2  encoding, 106 
Paclitaxel, 536-538 
Panendoscopy, 10-11 
Papillary thyroid carcinoma 

clinical presentation, 412-4 13 
management and prognosis, 413-4 14 
pathology, 413 

Papillomas, Schneiderian, of nasal cavity, 158 
Paragangliomas, 345 
Paranasal sinus cancer, advanced, 397 
Partial laryngectomy, 365 

supracricoid, 377, 382-383 
with cricohyoidoepiglottopexy, 385 
with cricohyoidopexy, 387-388 

supraglottic, 386-387 
vertical, 384-385 

Passive immunotherapy, 577 
Pathology 

ACC, 16-17 
anaplastic thyroid carcinoma, 418 
follicular thyroid carcinoma, 415 
HNSCC, 81-82 
Htirthle cell tumor, 416 
medullary thyroid carcinoma, 417 
nasopharyngeal carcinomas, 492--493 
papillary thyroid carcinoma, 413 
skull base-associated, 342-346 

PD-ECGF, expression in HNSCC, 90 
P15-E, detection in HNSCC, 575 
Performance status scale, head and neck cancer 

patients, 437-438 
PET 

detection of recurrent disease, 31-32 
with FDG, s e e  FDG PET 
staging, 27-28 

Pharmacologic interventions, smoking 
cessation, 193-195 

Pharynx, s e e  a l s o  Oropharynx 
cancer, 317 
normal anatomy, 36 

Phenotypic changes, associated with field 
carcinogenesis, 236 

Phonomicrosurgical approach, T 1 glottic cancer 
treatment, 360 

Phosphoinositide-3 OH kinase, s e e  PI3K 
Photon radiation, for ACC, 19-20 
Physician-based intervention, smoking 

cessation, 192-194 
Physiological monitoring, during skull base 

surgery, 342 
Phytochemical supplementation, 207-208 
PI3K, in tumor cell invasion, 71 
Plakoglobin, Armadillo repeats, 71-72 
Plasminogen activation system, 137-138 
Platelet-derived endothelial cell growth factor, 

s e e  PD-ECGF 
Platinum agents 

chemotherapy based on, 332 
Nedaplatin, 537 

Ploidy, cytometric determination, 168-169 
Polymerase chain reaction, detection of HPVs, 

155-161 
Polymers, gene therapy based on, 559 
Polymorphisms 

in cell cycle genes, 220-221 
in DNA repair genes, 219-220 
p21/WAF1, 122 

Positron emission tomography, s e e  PET 
PRAD- 1, cell signaling, 119 
Preauricular infratemporal fossa, dissection, 

350-352 
Premature chromosome condensation, 232 
Primary carcinoma 

clonal origin, 276 
unknown, metastatic to cervical nodes, 9-13 

Prognosis 
follicular thyroid carcinoma, 415-416 
medullary thyroid carcinoma, 417 
papillary carcinomas, 413-414 
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Prognostication, 125-126 
fractional allelic loss, i26 
implications of neck node metastases, 320 

Prognostic factors 
ACC, 16 
extracapsular extension as, 13 
HNSCC, 125-126 

Programmed cell death, p27 role, 105-106 
Progression risk, of OPLs, prediction, 

247-250 
Proliferative verrucous leukoplakia, 49 
Prostaglandins, immunosuppression and, 575 
Protease inhibitors, chemoprevention trials for 

OPLs, 266 
Protease systems, tumor-associated, 137-140 
Proteolysis, extracellular, in HNSCC, 143 
Proteomics, 518-519 
Psychological factors, smoking cessation, 

189-191 
Pterygomaxillary fissure, 349-350 

q 
Quality of life, 438-441 

instruments of measurement, 439-441 
Quinazolines, 539-540 

R 
Radiation therapy 

ACC, 18 
advanced neck carcinoma with carotid artery 

involvement, 331-332 
alternation with chemotherapy, 454, 466, 484 
antitumor effects, nutrients and, 205-206 
clinical response to positive margins, 531 
combined with gemcitabine, 538 
conformal, 457 
failure, organ preservation surgery after, 388 
following thyroid surgery, 426-427 
fractionation, see Fractionation radiotherapy 

schedules 
locoregional, following induction 

chemotherapy, 447-449 
nasopharyngeal carcinomas, 494 

reirradiation, 495-496 
neutron, for ACC, 19-20 
nutritional consequences, 203-204 
optimal field of, 12 
outcome differences, 4-5 
plus chemotherapy 

goals of, 447 
meta-analyses, 454-456 
randomized trials, 449-451 
T 2 glottic cancer, 364-365 

pretreatment, for laryngeal carcinoma, 380 
primary, T 3 glottic cancer, 367-369 
response to, and DNA content, 174-176 
supraglottic lesions, 370-371 
T 2 glottic cancer, 363-365 
toxicity, nutrient supplementation effect, 

206-208 
vitamin E effect, 204 
zinc effect, 204-205 

Radionuclide scanning, thyroid nodule, 
410-411 

RADPLAT program 
drug delivery technique, 394-395 
George Washington Univ. Medical Center, 

398-399 
high-dose chemotherapy in, 393 
multi-RADPLAT, 400-402 
NEORADPLAT, 400 
Netherlands Cancer Institute, 398 
PENTORADPLAT protocol, 399 
results, 395-398 
University of Kentucky, 399 

Randomized trials 
chemotherapy plus irradiation, 449-451 
nasopharyngeal cancer, 500-501 

Reconstruction 
dural, 349 
following anterolateral skull base surgery, 353 
in partial laryngectomy, 377 

Recurrence 
correlation with microvessel number, 85 
after initial complete remission, 402 
local, [~-carotene efficacy, 280-281 
management, 238 
nasopharyngeal carcinomas, chemotherapy 

for, 497-498 
in neck, 322-323 
PET detection, 31-32 
SCC, prediction in oral cancer patients, 250 
from second primary tumors, 126 
tumor at distant sites, 396-397 

Recurrent laryngeal nerve, 419-421,423-426 
Recursive partitioning, for classification of 

cancer risk, 300-301 
Regional gene transfer, 560 
Relapse, smoking cessation, 195 
Resection 

carotid artery, 332-335 
craniofacial, 348 
extended, thyroid carcinoma, 423 
false vocal cord, 365-366 
further: clinical response to positive margins, 

530-531 
including arytenoid cartilage, 362 
normal tissue, to maintain postoperative 

function, 382-383 
transoral laser, supraglottic cancer, 370-371 

Retinoblastoma protein 
inactivation, 540 
interaction with HPV- 16 E7, ! 53 
phosphorylation, 122 

Retinoic acid, effect on HNSCC lesions, 91-92 
13-cis-Ret inoic  acid, 267, 278-280, 296 
Retinoic acid receptor-[3, expression, 293, 297 
Retinoids, chemoprevention trials for OPLs, 

263-264 
Retrolabyrinthine approach, skull base 

surgery, 355 
Retrosigmoid (suboccipital) approach, skull 

base surgery, 354 
Retroviral vectors, 558 
Risk estimation, head and neck tumor, 237 
Risk factors 

HNSCC, 160-161 

oral cancer, studies with hamster buccal 
pouch, 58-59 

thyroid carcinomas, 406-407 
UADT 

alcohol and tobacco, 273-274 
genetics, 275 
viral infection, 274-275 

S 
Safety, gene therapy, 565 
Saliva, HNSCC detection in, 309 
Salivary glands 

ACC in, 15-20 
tumors, and DNA content, 178-179 

Sampling error, 526 
Saphenous vein grafts, 335 
SCC, see Squamous cell carcinoma 
Schwannomas, facial and lower cranial 

nerve, 346 
Scientific method, 6 
Scrape assay, in management of OPLs, 253-255 
Screening panels, microsatellite, 307-309 
Second primary disease 

considerations in staging, 26-27 
management, 238 

Second primary tumors 
development, 229-230 
recurrences from, 126 
UADT, chemoprevention trials, 279-281 

Selenium 
chemoprevention trials for OPLs, 265 
effect on nephrotoxicity, 205 
supplementation during therapy, 206-207 

Self-help, approach to smoking cessation, 192 
Senescence, cellular, p 16 role, 107 
Sensitivity analysis, with biomarkers, 300 
Serine proteases, tumor-associated, 139-140 
Sexual history, and risk of oral SCC, 160-161 
Simple hyperplasia, 37 
Single-covariate Cox models, 295-296 
Sites of occurrence, oral ieukoplakia, 46-47 
Skull base surgery 

anesthetic considerations, 341-342 
anterior skull base, 346-349 
anterolateral skull base, 349-353 
benign lesions, 344-346 
complications, 355-356 
malignant lesions, 343-344 
middle and posterior skull base, 353-355 
pathology, 342-346 
patient evaluation for, 340-341 
physiological monitoring, 342 
technological advancements, 339-340 

SLC6A3,  genetic variation in, 191 
Smoking 

association with nasopharyngeal 
cancer, 492 

behavior, genes and, 191-192 
among cancer patients 

adverse effects for, 186-187 
rates, 187-188 

demographic and medical correlates, 
188-189 
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Smoking cessation 
approaches to, 192-193 
intervention studies with cancer patients, 

193-194 
psychological factors, 189-191 
recommendations for cancer patients, 

194-195 
Solid pattern, ACC, 17 
Spectroscopic analysis, in cancer detection, 311 
sprr3 promoter, 61 
Squamous cell carcinoma 

collagen receptor expression, 66-67 
ECM molecules in, 66 
extension into skull base, 343 
fibronectin/tenascin receptor expression, 

67-68 
head and neck, s e e  HNSCC 
laminin receptor expression, 68-70 
oral 

angiogenesis, 84 
progression, 245 

progression of OPLs to, 48-50 
recurrence, prediction in oral cancer 

patients, 250 
thyroid, 419 

Squamous metaplasia, 37 
Staging 

clinical considerations, 25-27 
in laryngeal carcinoma, 380 
nasopharyngeal carcinomas, 493-494 
OPLs, 251-252 
PET, 27-28 
thyroid carcinomas, 407-408 

Standardized uptake ratio, 25, 28, 30 
Statistical methods, analysis of biomarkers, 289 
Stroke, associated with carotid artery surgery, 

332-333 
Subfrontal approach, skull base surgery, 

347-348 
Superior laryngeal nerve, 421-422, 424--425 
Suppressed immune function, clinical 

implications, 574-575 
Supraglottic cancer, treatment, 369-371 
Surgery 

ACC, 17-18 
Ad-p53 gene therapy, 561-562 
for advanced unresectable cancer, 470 
carotid artery resection, 332-335 
microscopically negative surgical 

margins, 4 
neck, extent of, 11-12 
organ preservation 

carcinomas arising at glottic level, 
384-385 

carcinomas arising at supraglottic level, 
386-388 

following radiation failure, 388 
larynx, 376-377 
vs. nonsurgical approaches, 377-380 
techniques, 383 

outcome, and DNA content, 169, 174 
palpable cervical lymph node metastases, 324 
skull base, s ee  Skull base surgery 
thyroid carcinoma, 421-425 
and timing of immunotherapy, 581 

Surgical margins 
assessment, definitions, 525-526 
clinical utility, 524-525 
current utilization of, 523-524 
failure to predict outcome, 525-527 
generalized markers for HNSCC, 530 
mutant p53 oligomer probing, 528-529 
overexpression of p53, detection, 529-530 
patterns of cancer growth, 524 
positive, clinical response to, 530-531 
status, reflecting biologic aggressiveness, 

527-528 
Surrogate end point biomarkers, 292-294 
Surrogates, for human cancer, 5-6 
Survival 

actuarial, 435-436 
benefits of radiation treatment, 13 
as critical outcome, 434 
determinate, 434-435 
following organ preservation surgery, 379 
Kaplan-Meier, 436 
nasopharyngeal carcinomas, 496 

Swallowing, functional outcome swallowing 
scale, 438 

Syderopenic dysphagia, 46 
Synchronous lesions, 26-27 
Systemic gene delivery, 560 

T 
Taxanes, 535-536 
T cells 

activated, 573 
anti-CD3/anti-CD28 coactivated, 573 
arming with bispecific antibodies, 573-574 
with chimeric receptors, 574 
tumor-specific, survival, 580-581 

99mTc scanning, thyroid nodule, 410 
Tea, chemoprevention trials for OPLs, 265-266 
Temporal bone carcinoma, 397 
Tenascin-C, expression in SCC, 67 
Testisin, 140 
Therapy 

antiangiogenic, in HNSCC, 91-92 
cell cycle regulation and, 109 
complementary, 208 
evaluation by FDG PET, 28-30 
immunological, HNSCC, 546-547 

Thrombospondin, in HNSCC, 90 
Thyroid carcinomas 

anaplastic, 417-4 18 
and DNA content, 178 
EBRT, 427 
follicular, 414-4 16 
follow-up monitoring, 427 
Htirthle cell tumor, 416 
insular, 418 
lymphoma, 418 
medullary, 416-4 17 
metastatic, 418-4 19 
molecular basis, 406 
papillary, 412-414 
radiation treatment, 426-427 
risk factors and etiology, 406-407 

squamous cell, 419 
surgical complications, 425-426 
surgical management and technique, 419-425 
TSH replacement, 426 

Thyroid hormone replacement, 426 
Thyroid nodule 

clinical assessment, 408-409 
diagnostic studies, 4 0 9 4  12 

Tirapazamine, 545 
Tissue inhibitors of metalloproteinases, 

138, 143 
TNM stages 

differences, 3-4 
thyroid carcinomas, 407 

TNP-470, effect on HNSCC progression, 92 
Tobacco, s ee  a l s o  Smoking 

in epidemiology of head and neck cancer, 
213-215 

and nutrient levels, 202-203 
plus alcohol, synergistic effect for 

HNSCC, 81 
p53 mutation and, 124-125 
related cancer, susceptibility to, 217 
risk factor for 

oral cancer, 59, 160-161, 185 
UADT, 273-274 

role in field cancerization, 229 
smokeless products, 214-216 

Tobacco smoke 
DNA adducts caused by, 231 
inhalation experiments, 58 
interaction with 13-carotene, 203 
relationship to laryngeal dysplasia, 47 

o~-Tocopherol 
effect on nephrotoxicity, 205 
plus [3-carotene, cancer prevention study, 

278-279 
Tonsil, biopsy, 11 
Tonsillar carcinoma, HPV detection in, 159 
Toxicity 

drug-radiation interaction, 458 
gemcitabine, 538 
treatment-induced, reduction, 457-458 

Transethmoidal approach, skull base surgery, 346 
Transforming growth factor-J3 

ligand for czv135, 68 
proteolytic release, 143 

Translabyrinthine approach, skull base 
surgery, 354 

Transoral laser excision 
stage I glottic cancer, 362-363 
T 2 glottic cancer, 365 

Treatment 
adenoid cystic carcinoma, 17-20 
cancer, and nutrients, 203 
carcinoma in s i tu  and minimally invasive T 1 

glottic cancer, 360-361 
carotid artery involvement, 331-332 
cytotoxic regimens, 167 
HNSCC, modulators of cell cycle control for, 

540-545 
leukoplakia, with vitamin A, 277-278 
OPLs, 247-248 

molecular marker role, 252-253 
outcome differences, 4-5 
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Treatment (con t inued)  

radiation, survival benefits, 13 
smoking cessation as, 195-196 
supraglottic cancer, 369-371 
T 1 glottic cancer, 361-363 
T 2 glottic cancer, 363-366 
toxicity induced by, reduction, 457-458 

TSGs, see Tumor suppressor genes 
Tubular pattern, ACC, 17 
Tumor-host interaction, at margin, 528 
Tumor immunology, 556-557 
Tumor-infiltrating lymphocytes, 571-572, 

575-576 
Tumor markers, circulating: detection, 310-311 
Tumor node metastasis, see TNM stages 
Tumor progression 

extracellular proteolysis in, 143 
regulatory role of proteases, 142 

Tumor suppressor genes 
chromosomes 7 and 8, 122 
LOH, 120 
p53, 123-125 
at 3p21, 121-122 
at 13q14, 123 

Tumor suppressors, p 16 as, 107 
Tumor thickness, 319 

U 
UADT, see Aerodigestive tract, upper 
UCN-01 

clinical trials, 544-545 
pharmacological features, 543-544 

Ultrasonographic imaging, thyroid 
nodule, 410 

Urokinase plasminogen activator, 
137-138, 140 

V 
Vaccines, new strategies for, 579-580 
Validation, animal models, 6 
Vascular endothelial growth factor 

flavopiridol effect, 542 
in HNSCC, 88-90 
marker of angiogenesis, 545 
mRNA, 541 

Vectors 
new strategies, 565-566 
nonviral, 558-559 
targeting, 566 
viral, 558 

Viral exposure, role in field cancerization, 229 
Viral infection, risk factor for UADT, 

274-275 
Viral markers, 309 
Vitamin A, treatment for oral leukoplakia, 

277-278 
Vitamin E 

antineoplastic activity, 205 
chemoprevention trials for OPLs, 265 
effect on therapy-related toxicities, 204 

Vocal cord 
false, resection, 365-366 
mobility, in laryngeal carcinoma, 380 
postsurgical management, 426 

Voice quality 
assessment, 438 
following surgery and radiation, 378 

W 
Workup, for nasopharyngeal carcinomas, 493 

X 
Xenobiotic metabolism, carcinogens, 

215-216 
Xenon, inhaled, 332 
X P D ,  polymorphisms, 219 

Z 
ZD 1839 (Iressa), 539 
Zinc 

deficiency, in cancer patients, 207 
diltiazem plus, 206 
effect on therapy-related toxicities, 

204-205 
Zygomatic arch, transection, 351-352 
Zymogen, activation, 140-141 


