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Preface 

Throughout the world, head and neck cancer is a major threat to public 
health and a significant challenge to both clinicians and basic scientists. 
Despite extensive efforts in primary prevention, screening, early detection, 
and therapy, long-term survival rates have not improved substantially in the 
last three decades. This book covers a wide range of exciting new findings in 
both clinical and basic sciences as they are relevant to head and neck cancer. 
These findings have recently enhanced our understanding of head and neck 
carcinogenesis at the genetic and molecular levels, offering the promise of 
improved preventive and therapeutic strategies. This book will also present 
information on the important clinical advances that have been made in 
chemoprevention, organ preservation, and the simultaneous use of chemo­
therapy and radiotherapy. 

The first part provides an overview of the etiology and biology of head 
and neck cancer, including an examination of human papillomaviruses 
in both benign and malignant lesions. This section also discusses the 
carcinogenic process at the genetic and molecular levels, as well as aberrant 
squamous differentiation; increased understanding of these areas has great 
potential to translate into new strategies for cancer prevention. The second 
part describes recent advances in developing a risk model for head and 
neck cancer, as well as the application of genetic susceptibility data in 
chemoprevention. This section also includes overviews of the status of 
chemoprevention trials and of the process of invasion and metastasis in head 
and neck cancer. 

The third part covers molecular studies of radioresistance, early detec­
tion of head and neck cancer, and the implications of photodynamic 
therapy, while the fourth section includes studies of the timing and se­
quencing of chemoradiotherapy. New strategies in this area have significantly 
increased the feasibility of laryngeal preservation in the treatment of 
advanced laryngeal cancer. The fifth and last part discusses the manage­
ment of clinically negative neck disease, the role of adjuvant therapy in 
preventing distant metastasis, and new strategies for the treatment of 
recurrent tumors. Finally, we close with some intriguing predictions for the 
future of head and neck cancer therapy. 
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Our goal is to provide a summary of the state of the art in head and neck 
cancer, so that practicing physicians can determine how these findings will 
influence the management of their patients. The participation of the many 
specialties represented by the authors emphasizes the importance of multi­
disciplinary care for the head and neck cancer patient. 
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1. Role of human papillomaviruses in benign and 
malignant lesions 

Bettie M. Steinberg 

The human papillomaviruses (HPVs) are a large family of related DNA 
viruses. They are the etiologic agents of benign lesions (warts or papillomas) 
of the skin, genitalia, and respiratory tract, as well as some malignandes [for 
reviews see 1,2]. These viruses are very similar to the papillomaviruses that 
cause warts in other vertebrates, ranging from birds to cattle. All of the 
papillomaviruses have a similar genetic structure. The double-stranded cir­
cular DNA is approximately 8000 base pairs long. In benign lesions it exists 
as multiple copies of separate episomes or mini-chromosomes, not integrated 
into the cellular chromosomes. In malignant lesions, the viral DNA is 
frequently, but not always, integrated into the host DNA. In infectious viral 
particles, the DNA is packaged inside two viral coat proteins. The virus 
does not contain a lipid envelope. Lack of an envelope means that these 
viruses are resistant to drying and cannot be inactivated with alcohol or 
other solvents. 

More than 60 HPV types are currently known. Typing is based on DNA 
homology, rather than on serotype. This is because virus particles for most 
HPV types are not available to develop serologic assays. The only types in 
which virus is readily available in abundance are HPV 1, extracted from 
plantar warts, and one isolate of HPV 11 which has been propagated in 
human foreskin tissue implanted into nude mice. Most mucosal lesions 
contain only small amounts of virus. Investigators have not been able to 
grow papillomaviruses in tissue cluture, and only cloned DNA is available 
for most types. 

Biology of HPV infection 

Human papillomaviruses are absolutely specific for squamous epithelium for 
their replication, although they are able to infect respiratory epithelium and 
the columnar cells of the endocervix. They also show specificity for parti-

Hong, Waun Ki and Weber, Randal S., (eds.), Head and Neck Cancer. © 1995 Kluwer Academic Publishers. 
ISBN 0-7923-30/5-3. All rights reserved. 
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Figure 1. Life cycle of human papillomaviruses. This figure illustrates the overall life cycle of 
the HPVs, showing the alternate outcomes of infections. The inner broken circle represents the 
progressive differentiation of the stratified squamous epithelium. Thin arrows mark steps where 
interventions might be developed to prevent disease. Question marks indicate events that are 
only poorly defined to date. (Reprinted with permission from Auborn and Steinberg [38], 
Copyright CRC Press, Inc. Boca Raton, FL.) 

cular types of epithelium. If the HPVs are grouped by their DNA sequences, 
the groupings show clear tissue specificity, with a major subdivision between 
mucosal and epidermal viruses [3,4]. The basis of the tissue specificity is 
only partly understood, but appears to involve regulatory sequences within 
the viral DNA that interact with proteins found in preferred epithelial 
tissues [5]. The mucosal virus can then be subgrouped into three groups: 
those with relatively rare association with malignancy in the genital tract 
(HPV 6 and 11, for example), those with intermediate malignant association 
(i.e., HPVs 30, 31, and 33), and those with high malignant association 
(HPVs 16 and 18). 

Figure 1 shows the life cycle of the HPVs. Much of this information is 
based on analysis of clinical tissues and analogy with the bovine papil­
lomavirus. There has been one system available for the propagation of HPV 
11, using human epithelial tissues infected with the virus and implanted 
under the renal capsule of nude mice [6]. In this system, after a lag phase of 
weeks or months, the tissue will proliferate to form a benign papillomatous 
cyst expressing all the viral RNAs and proteins, and producing new virus. 
In situ hybridization of these cysts, as well as many different studies of 
pathology specimens of both papillomas and carcinomas, has helped us 
begin to understand the viral life cycle [7,8]. 

There are carefully controlled steps in the life cycle, coordinately re­
gulated by the degree of differentiation of the epithelium. Synthesis of low 
levels of RNA coding for early proteins and low level episomal DNA 
replication occur in the parabasal and lower spinous layers. Only in the 
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upper layers of the papillomatous tissues is there abundant expression of 
viral RNA and viral proteins and production of new viral particles. 

There are three possible outcomes of HPV infection. First, and probably 
most common, is latent infection. In this state viral DNA is present, but 
there is no clinical or histological evidence of disease [9]. Latency can exist 
for years without any pathology. In Figure 1 latency is not shown as part of 
the main cycle, because there is no evidence for virus production during 
latency. 

Our laboratory is currently studying the molecular biology of latency. We 
know that HPV RNA is in very low supply in latently infected tissues, 
much lower than in papillomas. While still preliminary, we have data that 
suggest that the RNAs made during latency are smaller than those made in 
active infection, and that at least some genes for early viral proteins are not 
expressed. We speculate that the absence of one or more critical viral gene 
products results in 'the lack of any phenotypic changes in the tissue. We 
know there is a lag period of several weeks to months between initial HPV 
infection and the appearance of HPV RNA and then a papilloma [8]. We 
also know that latent viral DNA can persist in tissues for years [9]. We do 
not know whether these two 'latent' states are biochemically the same. Are 
the same RNAs made in both cases? Are there any differences at the 
cellular level that are not detected histologically? We have long postulated 
that latent infection can be activated, leading to the formation of papillomas, 
and that latent infection is the source of recurrent disease, but this has not 
been proven. We are actively engaged in these studies, asking what cellular 
or environmental factor(s) might be important in activation. 

The second possible outcome of infection is the formation of a benign 
papilloma or wart, which can be either markedly exophytic or rather flat. 
These benign lesions are the classical clinical manifestations of HPV infec­
tion. The tissue is hyperplastic, with a relatively normal basal layer and 
marked thickening of the spinous layer surrounding cores of connective 
tissue (Figure 2). New virus particles are produced in a subset of the 
uppermost papilloma cells. These particles are released as the surface cells 
shed. Comparatively little virus is produced in respiratory papillomas, and 
some papillomas produce no new virus. 

One common characteristic of papillomas is increased capillary pro­
liferation, with capillary loops in each connective core of the papillary 
fronds. To date, nothing is known about the mechanism of induction of 
capillary proliferation in these tissues. Intriguingly, recent studies have 
shown that interferon blocks capillary proliferation [10]. Interferon has 
also been shown to reduce or prevent papilloma recurrences [11,12]. The 
relationship between these two facts needs to be studied. Perhaps it is the 
inhibition of angiogenesis, rather than antiviral effects, that functions in 
interferon therapy. 

Finally, conversion of a benign papilloma to a malignant carcinoma can 
occur. There are three lines of evidence linking HPVs to human cancer. 
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Figure 2. Histology of a papilloma. The hyperplasia of the spinous layer (S) and the connective 
tissue cores containing capillaries (C) are clearly seen in this cross section of a benign laryngeal 
papilloma. Hematoxylin-eosin stain. 

First, over 90% of genital cancers contain HPVs [for extensive review 
see 2]. Second, laryngeal papillomas can convert to carcinomas after X­
irradiation [13] . Third, cultured human keratinocytes can be immortalized 
with either intact HPV 16 or 18 DNA, or with sub genomic fragments [for 
review see 2]. The immortalized cells can gain the ability to form malignant 
tumors after prolonged passage in culture. Moreover, the fact that papil­
lomas on domestic rabbits induced with the cottontail rabbit papillomavirus 
can convert to malignancy also supports the relationship between papillo­
maviruses and cancers. 

Malignant conversion is a rare event, even with those HPV types such as 
HPVs 16 and 18 that are 'high risk.' It has been estimated that in the genital 
tract 10-15% of benign lesions progress to dysplastic premalignant lesions, 
and approximately 10% of these will develop into fully invasive carcinomas 
if not treated [for review see 2]. The risk of spontaneous progression of 
laryngeal papillomas is not known but is much lower. Such conversions are 
presented in the literature as scattered case reports. 

New HPV particles are not produced in the malignant tumors. This 
outcome of infection is a dead end for the virus. The viral DNA is usually 
integrated in cancers, interrupting expression of the sequences for capsid 
proteins . In addition, there is absence of the epithelial differentiation re­
quired for the complete life cycle. Even those tumors classified as 'well 
differentiated' do not complete the full differentiation process. 
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Environmental factors playa significant role in the malignant conversion 
of an HPV infection. X-ray therapy, used in the 1930s to treat laryngeal 
papillomas, caused approximately one third of the patients to develop car­
cinoma of the larynx [13]. Tobacco smoking is postulated to be a risk factor 
for development of cervical cancer in patients with HPV 16 and HPV 18 
infections [14]. Ultraviolet light is a cofactor for malignant conversion of flat 
skin warts caused by HPV 5 and HPV 8 in patients with the rare disease 
epidermodysplasia verruciformis [15]. In each case, a combination of HPV 
plus a carcinogen increases the probability of malignant conversion of the 
pre-existing benign lesion. 

Functions of HPV proteins 

HPV DNA can be divided into three functional areas. Figure 3 shows the 
HPV DNA drawn in linear form, to facilitate seeing the relative positions of 
the regions coding for viral proteins. Actually, the two ends are joined and 
the DNA exists as a circle. The upstream regulatory region contains the 
origin of replication and sequences that control expression in both positive 
and negative ways. It does not code for any known protein. The early region 
(E) contains the sequences that code for the early proteins: those involved 
in establishment of the virus within a host cell, viral replication, and trans­
formation of the normal host cell to a papilloma or carcinoma. The late 
region (L) contains the coding sequences for the two capsid proteins. 

Three of the early proteins are of particular interest because they are 
important in tumor formation. E5 is a small protein localized in the cell 
membranes [16]. It interacts with receptors for growth factors and in this 
way may alter the response of the cell to signals for growth and differen­
tiation [17]. The E5 protein is not able to immortalize cells but can cause 
changes in growth characteristics. It may be the major protein inducing 
benign, hyperproliferative papillomas. 

I: El I Esa-EJ I: L2 I open 
reading 2 [B 1 E2 1 I: Ll I URR 
frames 

3 [EI ~ rn 
Kb 0 1 2 3 4 5 6 7 7933 

I i i 
i 

! I 
i 

I I I I I i i i 
% 0 20 40 60 80 100 

Figure 3. Organization of the HPV 11 molecule. The relative positions of upstream regulatory 
region (URR) and the open reading frames coding for the early (E) and late (L) proteins are 
shown. The DNA molecule is depicted as linear, opened at the beginning of the early region. In 
actuality, the molecule is circular, and the URR is positioned directly before the E6 open 
reading frame. Numbers above the line show the actual nucleotide sequence in kilobases (Kb), 
while numbers below the line indicate the percentage of the total viral DNA molecule. 
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E6 and E7 proteins are found in the nucleus, where they appear to have 
several functions. There is some evidence that E7 can alter gene expression 
[18]. In papillomas it has been postulated that the main function of these 
two proteins is to help maintain the cellular DNA replication machinery in 
the more superficial cells where the virus replicates (Dr. T. Broker, personal 
communication). In normal epithelium, the upper spinous cells are ter­
minally differentiated. They have lost the complex set of enzymes and 
factors required to replicate cell DNA. The virus is dependent on these 
celluar proteins to replicate its DNA and therefore must have some 
mechanism to maintain that function. 

E6 and E7 proteins from either HPV 16 or HPV 18 work together to 
cause complete transformation of human cells [19]. Epithelial cells infected 
in the laboratory with these two HPV proteins can become immortal, and a 
subset develop the ability to form carcinomas in animals. The HPV proteins 
form complexes with two very important cellular tumor suppressor proteins. 
E7 complexes with the retinoblastoma protein (Rb), while E6 binds to and 
facilitates degradation of p53 [20,21]. E6 and E7 proteins from the HPV 
types that normally do not cause cancers show reduced or absent binding to 
the p53 and Rb proteins. The current belief is that complexing with and 
inactivating these two proteins is at least part of the mechanism by which 
HPVs cause cancers. Integration of HPV DNA into the host cell in malig­
nant tumors usually results in loss of regulation of E6 and E7 RNA syn­
thesis, increasing the levels of these two proteins. Perhaps low levels are 
required and sufficient to induce benign papillomas, while overexpression of 
the oncogenic types leads to carcinomas. 

The El protein is involved in replication of HPV DNA, interacting with 
cellular proteins in ways that are currently under study [22]. The E2 protein 
plays multiple regulatory roles. It interacts with the El protein in replication 
[23]. It also acts as both a positive and negative regulator of E6 and E7 
expression, with its primary function to suppress expression [24]. Most 
carcinomas do not express E2, because integration of the viral DNA into the 
host chromosomes usually occurs at the end of El or the beginning of E2. 
This is probably the reason carcinomas overexpress the E6 and E7 genes. 
The function of E4 is still not clear. 

Model systems to study HPV 

Standard tissue culture systems are not well suited to study many aspects of 
HPV-host cell interactions. In order to understand why, we must under­
stand the effect HPV infection has on host cell functions. Laryngeal 
papillomas are characterized by an abnormal type of differentiation [25]. 
Involucrin, a marker for squamous differentiation, is present in both normal 
and papilloma tissues (Figure 4a,b). In contrast, papillomas show marked 
reduction in the presence of differentiation-specific keratins and filaggrin 
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Figure 4. Differentiation of laryngeal papilloma compared to normal larynx. Frozen sections of 
both normal and papilloma tissues were stained by immunohistochemical techniques, using a 
panel of antibodies for differentiation markers, followed by a fluorescein-labeled second 
antibody. Peanut agglutinin (PNA) staining of the cell-surface glycoprotein was determined by 
binding frozen sections directly to fluorescein-labeled PNA. a, b: involucrin; c, d: keratin 13; e, 
f: filaggrin; g, h: PNA; i, j: psoriatic antigen psi-3 , found in suprabasal hyperproliferative 
epidermis. (Reprinted with permission from Steinberg et al. [25).) 

(Figure 4d,f) and the new appearance of markers of hyperproliferative 
epithelium (Figure 4j) . The differentiation abnormality is the primary 
phenotypic marker for papillomas. Unfortunately, standard culture systems 
for epithelial cells do not permit normal differentiation. In these cultures, 
the normal cells display a hyperproliferative phenotype very similar to 
papilloma cells . 
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Papilloma cells do not divide more rapidly than normal cells. They do not 
have an expanded life span in culture and do not show any difference in cell 
size or shape. The fraction of basal and parabasal cells in papillomas that 
replicate their DNA is slightly lower than the normal cells [25]. Therefore, 
growth rates and proliferative capability, markers of basal cells, cannot be 
used to distinguish between normal and papilloma cells in culture. 

Recently, a different method for the culture of epidermal cells has been 
developed [26]. This method cultures the epithelial cells on a collagen gel 
containing fibroblasts, which simulates the dermis. The entire culture is 
lifted to the air-liquid interface, so that the culture medium is only in contact 
with the bottom of the gel. In this way, the epithelial cells receive nutrients 
via their basal surface, in a manner much more analogous to the in vivo 
tissue. These 'raft' cultures permit much more faithful differentiation. 

We have modified the raft culture system and optimized it for the growth 
of human laryngeal epithelial cells using a completely defined serum-free 
culture medium [27]. The histology of raft cultures of normal cells, grown in 
the presence of 10 nmolll retinoic acid, is shown in Figure 5a. For com­
parison, the histology of normal vocal cord epithelium is shown in Figure 
5b. The raft cultures showed very good histologic differentiation of the 
cells, with a well-defined basal layer, several layers of spinous cells, and 
some granular cells at the surface. All suprabasal cells synthesized the 
differentiation-specific keratin 13, and the upper half of the 'epithelium' 
was positive for involucrin, a marker of squamous differentiation. When 
the retinoic acid was increased to 100 nmolll, the morphology of the cells 
changed to that of pseudo stratified squamous respiratory epithelium with 
cilia on their surface (Figure 6). We were able to confirm the presence of 
cilia with electron microscopy [27]. We have thus shown that not only can 
human laryngeal cells differentiate normally in culture, but that the choice 
between the two normal differentiation pathways for this tissue can be 
modulated by retinoids in vitro. 

This system also allowed us to begin to determine the effects of various 
hormones and biological modifiers on the papilloma cells. Treatment of 
cultured papilloma cells with retinoic acid altered both differentiation and 
persistence of the viral DNA [28]. These results are summarized in Table 1. 
At high concentrations of retinoic acid the papilloma cells did not show 
extensive cilia formation, but there was a clear shift away from squamous 
differentiation. This shift was accompanied by a reduction in the amount of 
episomal viral DNA persisting in the cells. At 1 nmolll retinoic acid, when 
squamous differentiation was maximal, nearly all of the papilloma cells were 
still negative for keratin 13. Therefore, this raft culture reproduces the 
papilloma differentiation abnormality seen in vivo. 

Most recently, we have evaluated the presence of the epidermal growth 
factor (EGF) receptor on normal and papilloma cells, and the effects of 
EGF on the raft cultures (manuscript in preparation). When cultured con­
tinuously in medium containing 1 ng/ml EGF, the normal cells showed faint 
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Figure 5. Histology of normal larynx cells cultured on collagen rafts . A: Cells were cultured at 
the air-liquid interface for 2 weeks in serum-free medium containing 10 nmolll retinoic acid , 
then fixed with 0.37 moll I formaldehyde and embedded in paraffin; 5-!!m sections were cut and 
stained with hematoxylin-eosin. B. Histology of normal vocal cord tissue , for comparison to raft 
cultures . Hematoxylin-eosin stain. (Reprinted with permission from Mendelsohn et al. [27) .) 

immunohistochemical staining of the basal layer with an antibody to the 
EGF receptor. Staining increased when EGF was removed from the medium 
and diminished to undetectable levels if EGF was added at 50 ng/m!. This 
was expected, since binding of EGF to the receptor induces internalization 
and degradation of the complex [29]. In contrast , the papilloma cells stained 
intensely with the anti-EGF receptor antibody. The staining was only slightly 
diminished when 50 ng/ml EGF was present. These data, coupled with the 
report that the E5 gene product from the bovine papillomavirus can com­
plex with the EGF receptor in fibroblasts [17], suggest that similar com­
plexes might exist in the laryngeal papilloma cells . 
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Figure 6. Effects of increased retinoic acid in morphology of normal larynx cells on collagen 
rafts. The same primary cell preparation used in Figure 5 was cultured in medium containing 
100 nmolll retinoic acid. Note the change in morphology to pseudostratified columnar epithelium 
and the appearance of cilia on the surface of many of the cells. (Reprinted with permission 
from Mendelsohn et al. [27].) 

Table 1. Effects of retinoic acid on papilloma cells 

Retinoic acid concentration 

o 
1nmolll 
1Onmolll 
100nmolll 
11lmol/l 

Squamous differentiation" 

ND 
++++ 
+++ 
+ 

Relative HPV DNA contentb 

1.0 
0.9 
0.4 
0.2 
0.1 

Cells were cultured on collagen rafts at the air-liquid interface in serum-free medium supple­
mented with the specified concentration of retinoic acid. 
" Determined by immunohistochemical staining for involucrin staining. 
b Mean values of three experiments. Normalized to values obtained when cells were cultured in 

the absence of retinoic acid. 
ND = not determined. The histology in the absence of retinoic acid was so poor that the 
antibody staining was not done. 
Adapted from Reppucci et al. [28], with permission. 

Changing the concentrations of EGF in the culture medium had marked 
effects on the papilloma cells (Table 2). Removal of EGF from the culture 
medium for 5 days induced normal differentiation of these cells, as measured 
by presence of keratin 13 in all suprabasal cells, but had no measurable 
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Table 2. Effects of epidermal growth factor on papilloma cells 

EGF concentration" 

1 ng/mlC 
Ong/ml 
1ng/ml 
50ng/ml 

Keratin 13 staining 

+/­
+++++ 
+++ 
++ 

Relative HPV RNA contentb 

1.0 
14.0 
8.4 
2.7 

a Cells were grown on collagen rafts at the air-liquid interface. EGF was either maintained 
continuously in the medium or removed for 48 hours, then replaced at the indicated concentra­
tion for 72 hours. Cells were then prepared for frozen sections, or RNA was extracted and 
analyzed by dot blot hybridization with full-length 32P-iabeled HPV probe, followed by 
rehybridization with an actin probe. 

b Autoradiographic signals were quantified by densitometry, corrected for actin signal to adjust 
for the amount of total RNA in each sample, and normalized to the value obtained for cells 
cultured continuously in 1 ng/ml EGF. 

CCulture maintained continuously in the presence of EGF. 

effect on differentiation of normal cells. Removal of EGF also induced a 14-
fold increase in the amount of HPV-specific RNA in the cells, consistent 
with the fact that squamous differentiation is required for high-level ex­
pression of viral proteins and viral replication. Meyers et al. [30] and 
Dollard et al. [31] recently reported that raft cultures can be used to induce 
HPV replication and virion production in infected genital cells, permitting 
HPV production in cultured cells for the first time. We are currently inves­
tigating the possibility that removal of EGF induces HPV production in 
laryngeal papilloma cells. 

Role of HPV in benign tumors 

The most clearly defined role of HPVs in head and neck tumors is in 
laryngeal papillomas. These lesions are characterized by large recurrent 
exophytic masses (see Figure 2) located primarily on the vocal folds. They 
frequently involve the epiglottis and false vocal folds, and occasionally 
involve the subglottis, trachea, bronchi, and lung parenchyma. Involvement 
of the lower respiratory tract is usually fatal, due to airway obstruction and 
destruction of lung function. 

All laryngeal papillomas analyzed to date contain HPV DNA. The HPV 
types usually found, types 6 and 11, are the same as those found in exophytic 
genital papillomas [32]. These two closely related HPV types show a marked 
tissue preference for mucosal epithelium, also causing papillomas of the 
oropharynx and nasopharynx and conjunctiva of the eye. The relationship 
between HPV 11 and laryngeal papillomas is more than circumstantial. 
Kreider et al. [6] have satisfied Koch's postulates by infecting fragments 
of laryngeal tissue with purified HPV 11, implanting the tissue under the 
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renal capsule of immunodeficient mice, and observing the formation of 
papillomatous cysts that have all the histological features of laryngeal 
papillomas. 

HPVs have also been found in other benign and premalignant lesions of 
the head and neck. Many oral lesions, including papillomas, focal epithelial 
hyperplasia, and leukoplakia, have been positive for HPV 2, 6, 11, 13, 32, 
or 16 [32]. Fungiform papillomas of the nose frequently contain HPV 6 or 
11, and several reports describe HPVs 11 and/or 16 in some inverting 
papillomas [34-36]. Papillomaviruses probably playa role in the etiology of 
many of these lesions. However, it is difficult to determine what that role is. 
Not all lesions contained detectable HPV DNA, and a substantial fraction of 
normal biopsies from the nasopharynx also contained viral DNA [37]. 

Standard treatment for laryngeal papillomas is surgical excision with the 
carbon dioxide laser. Many other therapies have been tried, most with 
minimal success [for review see 38]. Removal of papillomas during surgery 
does not result in cure. Some patients require surgery as frequently as every 
2 weeks to maintain the airway, while others will have one or two widely 
separated recurrences, and then go into a remission that can last for months, 
years, or the life of the patient. Latent HPV can be detected in clinically and 
histologically normal respiratory tissues in papilloma patients [9]. Activation 
of latent HPV, rather than spread of infection during surgery, is postulated 
to be the source of recurrent disease. Our institution is currently conducting 
a clinical trial of photodynamic therapy for laryngeal papillomas to deter­
mine whether this treatment will reduce the frequency of recurrence. Results 
from the first part of the study, using a relatively low dose of activating 
drug, are encouraging [39]. 

HPV and malignant tumors 

There are a few cases of head and neck carcinomas that are clearly HPV 
related. These are in patients with long-standing recurrent respiratory 
papillomatosis in which one of the papillomas has undergone malignant 
conversion. Radiation exposure induced malignant conversion in approxi­
mately one third of the patients after a period of 10-20 years [13]. 
Spontaneous malignant conversion of papillomas also can occur, although 
with a much lower frequency. The cofactors in these cases are less clearly 
defined. Smoking is strongly implicated in several instances, while other 
patients have been nonsmokers. The carcinomas from papilloma patients 
contain the same HPV 6 or 11 found in the papillomas [40-42], but the 
molecules have frequently undergone rearrangements that might contribute 
to their increased malignant potential [41,42]. 

One other type of head and neck tumor with a strong association 
with HPV is verrucous carcinoma of the larynx. These extremely well­
differentiated tumors share many histologic features with papillomas, and 
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Table 3. Prevalence of HPV in head and neck carcinomas 

Location of tumor Number pos.ltotal number HPVtype Method used Ref. 

Oral cavity, 317 2,16 Southern 46 
oropharynx 3/9 2 In situ 47 

3/4 11 In situ 48 
8/24 16,18 peR 49 
5/36 16 Southern 50 

Nose and 7/60 16,18 peR 51 
nasopharynx 0/16 NA peR 52 

3/3 16 In situ 53 

Larynx 7/34 6,16 peR 54 
3/60 11,16 Southern 50 

26/48 16 peR 44 

thus it might not be too surprising to find them HPV positive. Brandsma et 
al. [43] found six out of six tumors, and Perez-Ayala [44] found three out of 
three tumors positive for sequences related to HPV 16. McLachlin et al. [45] 
found 10 of 21 lesions positive for either HPV 16 or 18. 

The role of HPV in other malignant tumors of the head and neck is more 
difficult to determine. HPV DNA is found in a subset of squamous car­
cinomas. A number of case reports describe an individual positive tumor, 
but no prevalence information can be derived from such reports. However, 
larger series have also been conducted. Table 3 summarizes some of those 
findings and illustrates the extent of variability from one study to the next. 

Although some carcinomas did contain HPV DNA, there is no consensus 
about the fraction that are positive. If data from all of the studies are 
pooled, 23% of the tumors analyzed were positive. However, from these 
data we do not know with certainty whether HPV plays any role in the 
etiology of the carcinomas. Since HPVs can form latent infection, it is very 
possible that at least some of these infections simply reflect latent virus that 
happened to be in the tumor. Brandsma et al. [50] detected 4% latency by 
Southern blot of laryngeal tissues, and Bryan et al. [37] found 64% latent 
infection in nasopharyngeal tissues using peR detection. 

Detection of HPV 

The presence of HPV in benign or malignant tumors can be determined 
in several different ways. Each has advantages and disadvantages, and 
different sensitivities and specificities. The various methods that have been 
used have contributed to the confusion surrounding the role of HPVs in 
head and neck tumors. 

Early studies to detect HPVs used an antibody that crossreacts with a 
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viral protein present on most animal and human papillomavirus particles. 
Use of this antibody has the advantage that the HPV type does not have to 
be known. Moreover, it can readily be used on tissue sections from archival 
specimens. Unfortunately, not all HPV-induced papillomas make virus 
particles. This limitation is even more true for carcinomas, which rarely if 
ever make virus particles. 

Detection of viral DNA by one of several methods is more sensitive 
and is able to distinguish specific HPV types but is associated with other 
problems. All of these methods require the use of probes that are generally 
specific for just one type of HPV. Mixed probes can detect several types, 
but only those types represented in the mixture. If the HPV in the tissue 
being studied is of a different and perhaps undiscovered type, the assay will 
be negative. Use of less stringent conditions permits detection of related but 
not identical types, but use of these conditions results in loss of sensitivity 
and increased background. Therefore, there might well be unique HPVs 
associated with head and neck tumors that have not yet been identified. 

Dot blot assays, used because they are simple to perform, are relatively 
insensitive and somewhat prone to false-positive results. They have a 
minimum detection level of approximately 1 million copies of HPV DNA, 
and thus require many copies of viral DNA per cell or large numbers of 
infected cells. Southern blots are slightly more sensitive (100,000-500,000 
copies). This procedure is the current gold standard, but it is technically 
demanding. Southern blots cannot be done on paraffin-embedded material, 
necessitating the use of fresh tissue. In situ hybridization can be done on 
archival tissues. It also has the advantage that it permits correlation between 
positive signal and histology. Even a few positive cells can be detected if 
they have 50-100 copies of HPV per cell. However, many cancer cells and 
some papillomas do not contain such high copy numbers of virus. The 
newest method, polymerase chain reaction (PCR), can be done on archival 
tissue and is exquisitely sensitive, able to detect as few as 10 molecules of 
viral DNA! Unfortunately, its very sensitivity can be a problem. Trace 
contamination of samples in the laboratory is difficult to prevent, especially 
in laboratories that frequently process tissues known to contain HPVs. Even 
if the detected virus is not a contaminant, it may be unrelated to the disease 
process. We live in a sea of viruses, most of which do not cause disease. The 
simple presence of a few molecules of virus in one or a few cells does not 
mean that it is the etiologic agent of the tumor. 

Conclusions 

We have presented a review of the evidence linking HPVs to head and neck 
lesions. Clearly, they are the etiologic agents of papillomas, and this is not 
debated. With papillomas, the questions to be addressed involve regulation 
of viral expression and the interactions between the virus and the host cell. 
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Four types of studies are needed to better determine whether HPVs have 
an active role in head and neck carcinomas. First, studies must be done 
to determine whether the HPV -positive tumors contain HPV RNA and 
protein. Neither is readily detectable in latent infection, but they can 
be detected in genital carcinomas. Second, more studies analyzing normal 
tissues are needed to provide a true prevalence rate for latency. Third, 
additional studies should continue to look for the presence of novel HPV 
types that might be associated with a large fraction of head and neck 
tumors. These types of studies are currently in progress in several labora­
tories. Finally, we need to understand the relationship between HPV pre­
sence and environmental factors that could activate latent infection and 
contribute to malignant progression. With this information, perhaps the role 
of HPV in head and neck malignancies will no longer be in question. 
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2. Molecular phenotyping of head and neck cancer 

Dong M. Shin and Michael A. Tainsky 

Squamous cell carcinoma of the head and neck accounts for 5% of all 
cancers in the United States, where approximately 45,000 new cases of head 
and neck cancer were expected in 1992 [1]. However, the estimated inter­
national incidence of cancers of this region is significantly higher than in the 
United States. For example, nasopharyngeal carcinomas occur 25 times 
more frequently in Southern China than in the Caucasian population [2], 
and India records 30% of all its cancers to be in the oropharyngeal region 
[3]. 

The leading known etiologic factors in head and neck cancer are tobacco 
and alcohol consumption [4-7]. It has also been suggested that vitamin A 
deficiency and the resulting squamous metaplasia might be a promoting 
factor [8,9]. However, the mechanisms by which these agents change normal 
cells into malignant cells really are the crux of the problem. A better 
understanding of the molecular basis of malignant transformation is essential 
if there is to be hope of early detection or better treatment, prognostication, 
or preventive measures. 

The techniques of molecular biology are beginning to shed new light 
on the subcellular pathobiology of malignancy. The crucial events of car­
cinogenesis, tumor progression, and metastatic spread are coming into focus 
at a molecular level. However, despite the fact that the flow of important 
observations from many investigators is accelerating, understanding of their 
complexity is far from complete. These advances in laboratory research, 
therefore, have not yet been applied at the bedside. Profound and funda­
mental insights into the molecular biology of cancer are, in large part, an 
unfulfilled promise to clinical oncologists and their patients. In the near 
future, however, molecular biology will provide useful predictive infor­
mation and may guide therapeutic strategy in a variety of malignancies. 

The concept of a genetic basis for cancer dates back to the turn of the 
century, when it was contended that chromosomal changes playa major role 
in cancer development. Support for this contention was enhanced by the 
discovery of cellular oncogenes, and these genes have formed the basis for 
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our understanding of the genetic events in cancer [10-13]. When normal 
cellular proto-oncogenes become activated to potential tumorigenic on­
cogenes, they can playa direct role in tumorigenesis. It is obvious that cells 
of all vertebrates and invertebrates as diverse as humans, fish, frog, and 
Drosophila, as well as lower single-cell eukaryotes such as yeast, contain 
proto-oncogenes. These genes possess a high degree of interspecies 
homology, even in totally unrelated species [14]. Certain proto-oncogenes 
are transcribed in particular cell types at specific times during normal 
embryogenesis and transiently when cells are stimulated by mitogens to 
proliferate [15,16]. Alterations in the expression or function of proto­
oncogenes are widely considered to be contributing causes of cancer devel­
opment [17]. It is thought that groups of functionally diverse proto-oncogenes 
play a critical role, perhaps cooperatively, in governing normal cellular 
proliferation and/or differentiation by functioning at distinct steps in intra­
cellular signal transduction of growth factor cascades. 

Proto-oncogenes can be classified into groups by the location and biologi­
cal activity of their products: These include secreted growth factors, cell 
surface receptors with the associated kinase activity, cytoplasmic kinase 
activity, and nuclear proteins with transcription factor activity. The groups 
are shown in Table 1. For example, the c-sis gene product has been identified 
as the beta-subunit of platelet-derived growth factor (PDGF) [18]; the pro­
ducts of the c-erbB and c-[ms genes have been identified as the cell surface 
receptors of epidermal growth factor (EGF) and monocyte colony stimulat­
ing factor 1, respectively [19,20]; and the erbA protein has been identified 
as thyroid hormone nuclear receptor [21]. It has been demonstrated that 
growth factor-s such as PDGF are able to induce expression of nuclear proto­
oncogenes myc, [os, and jun [22-24] and that c-mos is able to induce mitotic 
maturation [25]. Therefore, proto-oncogene protein products seem to be 
involved in many steps of the growth factor receptor-mediated intracellular 
signalling pathway. 

In view of these complexities, this chapter describes the concept of 
oncogenes and their possible role in the development of neoplasia, specifi­
cally head and neck squamous cell carcinomas. 

Animal models 

The cheek pouch of the Syrian hamster is an excellent target tissue for the 
chemical induction of squamous cell carcinoma [28]. The gross appearance, 
histopathologic characteristics, and, presumably, pathogenesis of these 
squamous cell carcinomas closely resembles those of human oral cancer. 
One of the advantageous features of this animal carcinogenesis model is that 
consistent and reproducible histopathologic changes in the chemically trans­
formed oral epithelium can be easily monitored. Polycyclic aromatic hydro­
carbons, such as dimethyl-benz(a)anthracene (DMBA), are widespread 
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environmental pollutants and are powerful carcinogens in this experimental 
animal system [29]. In the last 25 years, Shklar and others have extensively 
studied the model demonstrating the experimental efficacy of a variety of 
chemopreventive and therapeutic agents [31-40]. 

Many investigators have begun using this animal model system to search 
for altered molecular events during tumor development. Epidermal growth 
factor receptor (EGFR) is an Mr 170,000 glycoprotein with an intrinsic 
tyrosine-specific protein kinase activity stimulating EGF binding [41]. The 
sequence homology between the v-erbB oncogene product and the cyto­
plasmic and membrane domains of the EGFR has been reported previously 
[41]. EGF itself has a potent mitogenic activity that stimulates proliferation 
of target cells in an autocrine fashion through its surface receptor [42]. 
Amplification or overexpression of the EGFR gene has been observed in 
A431 human vulva squamous cell carcinoma cells, human glial tumors, 
human squamous cell carcinoma cell lines [43-47]' DMBA-induced tumor 
tissues, and a hamster cheek pouch carcinoma cell line (HCPC-l) established 
from one of these tumors [48-50]. Specifically, the expression of the c-erbB 
gene can be detected in cheek pouch tissue at an early stage (8 weeks) of 
tumor development and in all tumor-bearing tissues of subsequent stages 
[50]. Transforming growth factor-a (TGF-a) was not detected in normal 
hamster tissue, although its expression had been induced in tumor tissues 
[51]. The expression of both TGF-a and EGFR by the same tumor type 
supports the hypothesis that the autocrine growth mechanism may be oper­
ative in this chemically induced hamster tumor model. 

To elucidate the role and timing of changes in different growth and 
differentiation markers during DMBA-induced carcinogenesis, we assessed 
the expression of EGFR, transglutaminase type 1, and polyamines 
(putrescine, spermidine, and spermine), ornithine decarboxylase activity, 
and the frequency of micronuclei in this animal model [52]. DMBA (0.5%) 
in heavy mineral oil was applied to the right buccal pouch three times 
per week for up to 16 weeks; control animals received mineral oil alone. 
Hamsters were killed at 0, 4, 8, and 16 weeks. Histologic assessment 
showed that hyperplasia was detected at 4 weeks, dysplasia with or without 
papillomatous changes at 8 weeks, and squamous cell carcinoma at 16 
weeks. EGFR was expressed not at all in the normal epithelial layer, at a 
moderate level in hyperplastic epithelium, and at very high levels in both 
dysplasia and squamous cell carcinoma. Transglutaminase type 1 levels also 
increased sequentially in a similar fashion. Putrescine and spermidine levels, 
and ornithine decarboxylase activity, increased dramatically after 8 and 16 
weeks of exposure to DMBA. Micronucleated cell frequency increased after 
4 weeks of DMBA treatment, and that high frequency was sustained during 
all stages of carcinogenesis. We conclude that these biological markers could 
be excellent intermediate end points in assessing the effects of various 
chemopreventive agents to be tested in the hamster buccal pouch model 
[52]. 

20 



In vivo DNA-mediated transformation studies have led several investi­
gators to propose that cooperative interaction of more than one cellular 
proto-oncogene, such as ras and mye, is involved in the carcinogenesis 
process [53-60]. The activation and overexpression of the rat sarcoma virus 
(ras) family of genes in chemically induced benign growths or growths that 
ultimately self-regress [61,62] suggest a possible role for these genes in the 
chemical carcinogenesis process. It has been proposed that activation of the 
ras gene may generate the signal necessary for the subsequent activation of 
cell proliferation-associated proto-oncogenes and that the latter genes are 
involved in the progression of the ras-initiated cells to malignancy [63]. 
Besides the systems such as DMBA-induced skin carcinoma [64] and rabbit 
keratoacanthomas [63], in which aberrant expression of cellular proto­
oncogenes are studied, there are very few in vivo carcinogenesis systems in 
which stepwise molecular analysis of the transformation process is conducted 
from the very early stage to the last stages of tumor development. In the 
DMBA-induced hamster cheek pouch tumor model, overexpression of the 
Harvey-ras, or Ha-ras, gene occurred at a very early stage of tumor devel­
opment and persisted throughout the tumorigenesis process [65]. The ex­
pression of c-erbB, on the other hand, was detected only after 8-10 weeks 
of DMBA exposure and increased with the progression of the disease. 
Hussain et al. concluded that the overexpression of Ha-ras alone was not 
sufficient to induce tumors, whereas expression of the Ha-ras and erbB 
genes at later stages of tumor development induced histopathologically 
defined epithelial cell carcinoma. This study demonstrated the sequential 
overexpression of Ha-ras and erbB in a stage-specific manner and their 
cooperative interaction in DMBA-induced in vivo oral carcinogenesis [65]. 

Kirsten-ras (K-ras) mRNA was also studied in the experimental oral 
model. No K-ras mRNA was found in normal hamster cheek pouch 
epithelium, whereas all DMBA-induced tumors expressed detectable levels 
of K-ras mRNA [66]. Cellular synchronization experiments using a cell line 
derived from hamster cheek pouch carcinoma revealed that the K-ras proto­
oncogene was expressed during the G j phase of the cell cycle. Serum 
starvation and RNA synthesis inhibition experiments using hamster cheek 
pouch carcinoma cells suggested that whereas the K-ras proto-oncogene is 
indeed quiescent in the normal hamster cheek pouch epithelium [66], it is 
expressed at a high level in a cycle-dependent manner in the chemically 
transformed counterpart. 

It is interesting to note that EGF may control expression of the K-ras 
gene [67]. A closely associated mitogenic peptide, TGF-a, is consistently 
expressed in these chemically transformed oral tumors [51]. Thus, the 
tumor-specific expression of the K-ras proto-oncogene in these hamster 
oral tumors might be a consequence of the aberrant expression of TGF-a. 
Whether the tumor-associated expression of K-ras is due to the direct action 
of DMBA, the tumor-associated expression of TGF-a or EGFR, or another 
mechanism is far from clear. Nevertheless, the hamster cheek pouch model 
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of oral cancer represents an excellent model for the study of these possible 
molecular interactions. 

There have also been some biochemical studies in this animal model. 
Probably the best study event has been the induction of gamma-glutamyl­
transpeptidase (GGT), an enzyme that is not normally expressed in the 
hamster cheek pouch. Solt and Shklar showed that individual GGT-positive 
cells are detected histochemically as early as 3 days after the first DMBA 
treatment. After 3 weeks of treatment, they were able to detect GGT­
positive intraepithelial cell clones (plaques), which appeared to be of clonal 
origin [68,69]. GGT activity has also been demonstrated histochemically in 
dysplasias, papillomas, and well-differentiated squamous cell carcinomas. 
These results led to speculation that the early GGT-expressed cell popu­
lations are preneoplastic in nature [70]. 

The expression of different keratins has also been explored in this model. 
An immunohistochemical technique was used to profile several keratins 
during experimentally induced carcinogenesis in hamster cheek pouch 
mucosa [71,72]. The antibodies used in the experiments were capable of 
identifying several groups of keratins, but they were unable to recognize 
individual keratins. We recently investigated the immunohistochemical 
and immunoblotting patterns of differentiation-associated keratins K1 (Mr 

67,000), K13 (Mr 47,000), and K14 (Mr 55,000). The normal hamster cheek 
pouch epithelium expressed K14 in the basal layer and K13 in the suprabasal 
layer, whereas K1 was not detected [73]. In contrast, after 2 weeks of 
DMBA treatment, K1 expression started as a weak and patchy pattern in 
the suprabasallayer, becoming stronger and more homogeneous at 8 and 16 
weeks of carcinogen exposure. However, K1 was almost absent in squamous 
cell carcinoma, where only small, very well-differentiated areas were pre­
served. Concomitant with DMBA-induced hyperplasia were some topogra­
phical alterations in the distribution of K14. K14 was no longer restricted to 
the basal layer but was expressed in differentiated areas. The same pattern 
was also observed in dysplastic lesions and in squamous cell carcinoma. 
Furthermore, expression of K13 was preserved in this hyperplastic epithelium 
during all stages of carcinogenesis. We concluded from this study that 
alterations in the pattern of keratin expression appear to be common during 
the different stages of development of squamous cell carcinoma and could 
be an excellent tool to study carcinogenesis in this system [73]. 

Gene alterations in human head and neck carcinoma 

Alteration of ras gene family 

A significant proportion of human tumors from various sites in the body 
have been shown to contain activated oncogenes from the ras family: Ha­
ras, K-ras, and N-ras [74-76]. Oncogenes in the ras family are forms of the 
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germline proto-oncogenes with specific point mutations that, when trans­
fected into NIH/3T3 murine fibroblasts, induce foci of morphologically 
altered cells [12,13,77-80]. The normal ras genes code for proteins of 
molecular weight of approximately 21,000; they have guanine nucleotide 
binding activity and are able to hydrolyze guanosine 5'-triphosphate (GTP) 
[81]. Two different mechanisms of ras gene activation have been described: 
(1) point mutations, particularly at codons 12, 13, and 61, which result in 
mutated forms of p21ras; and (2) overexpression of normal cellular p21ras 
due to amplification or defective regulation [82-89]. Moreover, it has been 
suggested that the activation of ras genes in certain tumors, such as adeno­
carcinoma of the colon or bladder carcinoma, is related to the induction of 
invasiveness and metastatic potential [90-93]. 

A Ha-ras mutation at codon 12 was shown to be associated with cervical 
cancers of poor prognosis [94,95]. A Ha-ras restriction fragment length 
polymorphism has been linked to susceptibility of individuals to cancers 
[96], and the Ha-ras locus is known to be deleted in a variety of human 
cancers [97]. Studies on the expression of ras genes indicated that high levels 
of ras-specific mRNA and p21 ras protein were associated with tumor 
progression in human cancers of different origins [98]. 

Azuma et al. used immunohistochemical techniques to analyze p21 ras 
expression in paraffin-embedded squamous cell head and neck carcinoma 
tissues, and found that it was correlated with the degree of tumor dif­
ferentiation, clinical staging, and clinical outcome [99]. In this study, 59 of 
121 tumor samples reacted to the monoclonal antibody Y13-259 raised 
again&t the p21 encoded by the V -ras gene of the Harvey murine sarcoma 
virus [100], whereas oral leukoplakia and normal mucosa did not express 
p21ras. They also reported that the patients who expressed ras had a poor 
prognosis. 

Two cell lines were established from untreated squamous cell carcinoma 
of the head and neck. Line 1483 is more aggressive in nude mice, has a high 
efficacy for anchorage-independent growth, expresses p21ras at a higher 
level, and is more aneuploid than the other line, 183 [101]. On the other 
hand, the Ha-ras gene was shown to have low incidence of ras activation in 
human squamous cell carcinomas. Of 37 squamous cell carcinomas of the 
head and neck, only two had mutations in codon 12 of the Ha-ras gene 
[102]. Total RNA was prepared from 79 of these tumor specimens and 
analyzed by northern and slot blot hybridization. Ha-ras transcript levels 
were found in 18% of lymph node metastases and in 21 % of primary 
tumors, indicating that there are no significant differences between these 
cancers [103]. A study was also undertaken to determine whether the vari­
ation in the increased expression of three oncogenes (Ha-ras, K-ras, and 
myc) could be correlated with various clinicopathologic parameters of 
squamous cell carcinoma of the head and neck region. No correlation was 
found with sex, age, site of primary tumor, or level of differentiation of the 
tumor [104]. More sensitive techniques, such as polymerase chain reaction 
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(PCR), should be used, however, to explore the relationship between mut­
ation or overexpression of ras family genes and clinical characteristics of 
head and neck carcinomas. 

Int-2IHst-l genes 

The hst-l (hstFl) gene was the most frequently detected transforming gene 
in these cancers after the ras gene family [105,106]. Because this gene 
encodes a protein that is homologous to a fibroblast growth factor (FGF) 
and a protein encoded by the int-2 gene, it is assumed to be a new member 
of the gene family that is involved in cell growth [107,108]. Moreover, hst-l 
transforming protein has been shown to be a novel heparin-binding growth 
factor [109]. Both the hst-l and int-2 genes are mapped to chromosome 
11q13 [110]. Co amplification of these genes has been reported in urinary 
bladder carcinoma [111], esophageal carcinoma [112], melanoma [113], and 
gastric carcinoma [106]. Co amplification of hst-l and int-2 genes in a hepato­
cellular carcinoma was accompanied by amplification of integrated hepatitis 
B virus DNA [114]. Moreover, co amplification of the hst-l and int-2 genes 
was reported in 17 of 110 (15 %) breast tumors [115]. 

The biological significance of the coamplification of the hst-l and int-2 
genes is presently unclear. In head and neck carcinoma, the int-2 gene was 
amplified threefold to fivefold in 5 (50%) of 10 laryngeal carcinomas and 
twofold to threefold in 5 (45%) of 11 nonlaryngeal carcinomas of head and 
neck [116]. Adjacent histologically normal tissue from the same patients had 
only a single copy. In a survey of head and neck tumor-derived cell lines, 
int-2 was amplified ninefold in a hypopharyngeal tumor cell line (FaDu) but 
was not amplified in three laryngeal cell lines [116]. In another report, int-2 
was found to be amplified in 2 of 8 head and neck carcinomas [117]. 
Although there was a suggestion that amplification of int-2 is correlated with 
tumor recurrence and clinical disease progression [116], a large patient 
population will be required to determine more precisely the significance of 
amplification of this gene or overexpression of any genes in head and neck 
carcinomas. We analyzed for the int-2 gene in head and neck squamous 
cell lines; 3 of 10 showed amplification, ranging from 5-fold to 50-fold 
(unpublished data). The significance of this gene amplification is currently 
being investigated. 

mycgene family 

The myc family of cellular oncogenes - c-myc, N-myc, and L-myc -
encodes three highly related nuclear phosphoproteins. Although the exact 
function of myc family proteins has not been determined, they are thought 
to be important in the regulation of normal cellular growth and differen­
tiation, and in dysregulation in many different types of malignancies [118]. 

The first member of this family to be discovered, c-myc, was identified as 
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the cellular homologue of the retroviral v-myc oncogene responsible for 
leukemia in chickens [119,102]. Additional myc family members were sub­
sequently identified in human tumors as highly expressed and amplified 
genes with homology to c-myc. The N-myc and L-myc genes were isolated 
from human neuroblastomas [121,122] and small cell lung carcinomas [123], 
respectively, and were subsequently found to be capable of transforming 
primary cultured cells and producing tumors in transgenic mice. Thus, 
the aberrant structure and expression of myc family genes in a variety 
of neoplasia clearly indicate that myc gene activation can play a role in 
tumorigenesis. Reciprocal translocation between the c-myc gene and the 
immunoglobulin loci occurs in Burkitt's lymphomas [124,125] and human B­
cell lymphomas [126]. Gene amplification is another mechanism by which 
myc expression is often activated in various tumors. Amplification of N-myc 
is a common feature of neuroblastomas, retinoblastomas, small-cell lung 
cancers, and other tumors of neuronal or neuroendocrine origin [121-
123,127]. Of interest is the finding that myc gene amplification correlates 
well with clinical prognosis of a number of tumors [128]. For example, 
advanced stage III or IV neuroblastoma generally exhibits significant N-myc 
gene amplification, whereas amplification is limited in stage I and II tumors 
and absent in spontaneously regressing stage IV-S tumors [129]. Amplifi­
cation of the N-myc gene correlates with progression-free survival rates as 
well, and thus provides a useful biomarker for determining neuroblastoma 
tumor stage and predicting clinical outcome. Levels of c-myc amplification 
often correspond with degree of tumorigenic potential [130]. The mixed-cell 
type of small-cell lung carcinoma also exhibits greater amplification of c-myc 
than the classic types and correlates with poor prognosis [130]. 

Field et al. quantitated c-myc oncoprotein in 44 squamous cell carcinomas 
of the head and neck using an enzyme-linked immunosorbent assay. The 
survival periods of patients with tumors with elevated levels of c-myc protein 
were found to be statistically shorter than those of patients whose tumors 
expressed lower levels of c-myc [131]. This indicates that c-myc expression 
may be an effective prognostic indicator in head and neck cancer. Amplifi­
cation of the c-myc, N-myc, and K-ras genes was demonstrated in 20-40% 
of oral cancer tissues; almost 56% showed at least one of the oncogenes 
amplified [132]. The molecular mechanisms causing elevated levels of the c­
myc protein in more aggressive squamous cell carcinoma of the head and 
neck are unknown. Nonetheless, the level of c-myc protein does appear to 
be a prognostic indicator, even within the somewhat limited follow-up for 
some of the patients studied [132]. This finding suggests that clinical trials 
incorporating measurements of c-myc protein expression may be valuable. 
Prospective studies should consider the measurement of c-myc protein to 
establish the significance of this gene in head and neck cancer. 
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Epidermal growth factor receptor 

A role for elevated expression of the EGFR in tumorigenesis is suggested by 
consistent observations of augmented levels of the EGFR in several types of 
malignancies. For example, amplification of the glycosylated Mr 170,000 
EGFR has been found in primary brain tumors of glial origin [44] as well as 
in the epidermoid cell line A431 [43]. High numbers of EGFR occur in 
several types of malignancies, including bladder tumors [133], breast car­
cinomas [134,135], and squamous cell carcinoma cells derived from human 
head and neck cancers [46,136]. Many studies have demonstrated that the 
receptors for EGF [137-140] have protein kinase activity specific for tyrosine 
residues. Upon binding their respective ligands, the tyrosine kinase activity 
becomes stimulated severalfold, as indicated by enhanced autophosphory­
lation of the receptor, increased phosphorylation of exogenous substrates 
in vitro, and elevated phosphorylation of the tyrosine residues of several 
proteins in vivo. Two cell lines established from tumors of the head and 
neck area at different clinical stages were found to differ in the expression 
and the tyrosine kinase activity of the EGFR [101]. The 1483 cells displayed 
a higher plating efficiency and clonogenicity in soft agar, suggesting that 
they have a more tumorigenic phenotype than the 183A cells. Analyses 
of EGFR levels using R1 anti-EGFR serum indicated that the 1483 cells 
expressed fivefold more receptor than the 183A cells. Autophosphorylation 
activity of both receptors was stimulated by the addition of EGFR to 
isolated membrane preparations and intact cells. The EGFR of the 1483 
cells was much less responsive to EGF than the EGFR from 183A cells 
[141 ]. 

To examine whether EGFR expression could be of clinical value in head 
and neck squamous cell carcinoma, Santino et al. measured the EGFR 
levels of these tumors [142]. In 59 of 60 samples, EGFR levels were higher 
in the tumor than in the corresponding controls. They also found a signifi­
cant correlation between EGFR levels and tumor size and stage. Using a 
cut-off EGFR value of 100 fmol/mg protein, which separated controls from 
tumors, EGFR-positive tumors had a greater probability of response to 
chemotherapy than EGFR-negative tumors [142]. Using immunohisto­
chemical and cytometric techniques, expression of the Ki-67 antigen, EGFR, 
the transferrin receptor (TFR), and DNA ploidy were studied in 42 fresh 
samples of head and neck carcinomas. This study suggested that EGFR and 
TFR are widely distributed, especially on proliferating cells at the invading 
tumor margin. In addition, there is a close spatial relationship between cells 
expressing EGFR and TFR and those expressing Ki-67 antigen. Further 
follow-up will be necessary to determine whether these parameters will be 
important prognostic values [143]. 

EGFR gene amplification and expression were also studied in 11 early 
passage head and neck carcinoma cell lines. Three cell lines demonstrated 
EGFR gene amplification and 10 lines showed higher levels of EGFR 
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mRNA than normal keratinocytes [144]. Therefore, increased expression 
and/or amplification of EGFR may be important in the development or 
progression of head and neck carcinoma, although the mechanisms and 
clinical significance need to be elucidated by further study. 

p53 gene alteration 

The p53 gene, which has been shown to act as a dominant oncogene in 
tumor cells [145-148]' has been recently shown to also function as an anti­
oncogene [149-151]. This paradox may be related to the fact that the wild­
type p53 protein suppresses the outburst of the malignant phenotype. This 
complexity, however, makes it an attractive model for investigating the 
interrelationship between either oncogene or anti-oncogene activity and 
the neoplastic processes. In accord with the concept that malignant trans­
formation is a multistage process, it is plausible to assume that the p53 
protein, stimulated by various cellular signals, may in turn induce or sup­
press the expression of other cellular genes involved in this chain of events. 
The p53 gene is highly conserved in diverse organisms such as Xenopus 
iaevis, chickens, mice, and humans [152-155], suggesting that the encoded 
protein plays a central role in the cell and therefore is tightly conserved 
in evolution. 

Mercer et al. [156] showed that microinjection of anti-p53 monoclonal 
antibodies into the cells inhibited DNA synthesis in quiescent nontrans­
formed NIH/3T3 cells stimulated with serum, suggesting that p53 is syn­
thesized as a late Go protein [156]. A similar observation was made by Reich 
and Levine [157] when they examined the steady-state levels of p53 mRNA 
and p53 protein synthesis in a synchronous population of NIH/3T3 fibroblasts 
obtained by releasing a culture from density-dependent growth inhibition. 
Using the antisense methodology, shut-off of p53 expression was shown by 
introduction of p53 synthesis, which ultimately caused cell death [158]. That 
wild-type p53 functions as a growth-arrest gene was initially concluded from 
the observation that the p53 protein failed to enhance malignant trans­
formation in an in vitro assay [159,160] and was further supported by the 
fact that the protein actively suppresses the transforming activity of other 
oncogenes [149]. Comparison of the transforming activity of the various 
p53-encoded proteins, as evaluated by their ability to transform primary 
embryonic cells in conjunction with the ras oncogene, have indicated that 
whereas the mutated p53 protein forms induce the appearance of foci, the 
wild-type cDNA codes for an inactive p53 protein [159,160]. 

Further support for the idea that p53 may function as an anti-oncogene 
comes from previous cytogenetic and restriction fragment-length polymor­
phism studies that have shown that one allele of chromosome 17 is deleted 
in at least 60% of tumors of the colon, breast, lung, ovaries, cervix, adrenal 
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cortex, and bone [161-166]. Thus, at the cellular level p53 gene mutations 
may function as dominant negative [167] rather than recessive mutations. 
This dominant negative effect may in part be explained by oligomerization 
of the p53 gene product [168,169]. A mutant p53 gene product may in­
activate the wild-type gene product by binding to it and preventing its 
normal association with other cellular constituents. 

As the normal p53 protein has a very short half-life (6-20 minutes), it 
may be inferred that detection of the p53 protein is synonymous with 
mutation, because the mutant form has a half-life of up to 6 hours, probably 
due to stabilization of the protein [170]. In addition, Iggo et al. [171] found 
increased p53 oncoprotein staining in those lung cancers that are associated 
with smoking. They reported elevated p53 protein levels in 14 of 17 (82%) 
squamous cell carcinomas compared with 8 of 21 (38%) nonsquamous cell 
carcinomas. Similarly, Chiba et al. [172] reported that 65% of the lung 
squamous cell carcinomas had p53 mutations, whereas only 36% of the 
nonsquamous tumors did. The association between smoking and squamous 
cell carcinomas of the lung provides further evidence for a link between p53 
mutations and smoking. 

Using monoclonal antibodies (JG8, CM-1, and 1081) directed to the p53 
protein, we found 34% (16/47) of squamous cell carcinomas of the head and 
neck and two squamous cell carcinoma lines to be strongly positive for the 
protein. The presence of the mutant p53 was confirmed in the cell lines as 
substitutions in exon 7 (codon 238) and exon 5 (codon 152) [173]. Six of 
seven nonsmokers did not express p53, whereas 29 of 37 heavy smokers 
were found to have elevated p53 expression (p < 0.005). Also, of a group of 
10 patients who had given up smoking more than 5 years ago, nine had 
elevated p53 expression [173]. Whether p53 has a significant impact on 
prognosis or survival of patients with head and neck carcinoma has not been 
well documented, however. This important issue should be addressed in 
future studies. 

Phenotyping tumors with differentially expressed genes 

Another experimental approach to developing a molecular phenotype of 
certain cancers is to directly clone genes that have a particular expression 
pattern during carcinogenesis. The technique of differential cDNA library 
screening can be used to isolate cDNA of genes that are expressed in one 
cell or tissue but not another or are induced by a particular oncogene. 
Clones are isolated that selectively hybridize to one cDNA probe prepared 
against total RNA from each cell. Most often this strategy generates cDNA 
clones of genes that are changed as a result of some oncogenic event other 
than those generated by the oncogenes themselves, though it is possible to 
isolate effector genes if their oncogenic activation is due to increased mRNA 
expression. Differential screening of a cDNA library was used to isolate 
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genes differentially expressed by a nontumorigenic clone and a N-ras­
transformed variant of the human ovarian teratocarcinoma cell line PA-I. 
The RNA transcript for one of the eDNA clones that we identified was 
expressed at a 25-fold higher level in the ras oncogene-transformed PA-1 
cells than in the nontumorigenic PA-1 cells. DNA sequence analysis of this 
clone showed that it codes for the human ribosomal S2 protein [174]. The S2 
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Figure 1. In situ hybridization of head and neck squamous cell carcinoma cell lines. (A) 1483 
cells, (8) MDA 886 Ln Cells , (C) 183 cells , and (D) normal oral keratinocytes. The fixed 
sections were hybridized with clone 12 DNA labeled with digoxigenin-ll-dUTP. (From Chiao 
et al. [174), with permission.) 

29 



D 

Figure 1. Continued 

protein is part of the complex array of proteins that associate with the small 
ribosomal subunit and may playa role in the fidelity of protein synthesis. 

Expression of the S2 gene mRNA in head and neck tumors 

The expression of S2 in human tumor samples was analyzed by in situ 
hybridization using the S2 clone cDNA labeled by the nonradioactive 
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digoxigenin-112[ -deoxyuridine-5"-triphosphate] (dUTP) method. We ana­
lyzed mRNA in three human squamous cell carcinoma cell lines (MDA 
886 Ln, 1483, 183A) and normal oral keratinocytes [174]. The 1483 and 
183A cell lines are derived from tumors whose histologic characteristics are 
identical to those of well-differentiated squamous cell carcinoma. However, 
1483 cells are known to be more tumorigenic in nude mice and have a higher 
level of p21ras proteins than 183A cells [101]. S2 mRNA was very highly 
expressed in 1483 (Figure 1A) and 886 cells (Figure lB); 183A cells ex­
pressed considerably less of the S2 gene (Figure 1C). The normal oral 
keratinocytes expressed the S2 gene at a minimal level (Figure 1D). There­
fore, expression of S2 gene sequences may be related to malignancy. 

We next analyzed histologic sections from 10 head and neck squamous 
cell carcinoma samples. Six expressed a significant level of S2 mRNA in 
tumor cell nests (Table 2), whereas the collagen tissue adjacent to tumor cell 
nests and the adjacent normal mucosa did not express the S2 gene (Figure 
2A,B). The negative control of this experiment was a section from the same 
tumor sample that was hybridized to a digoxigenin-11-dUTP-labeled pBR328 
DNA probe; this control showed only a minimal signal (Figure 2C). 
Interestingly, 1 of 3 premalignant dysplastic leukoplakias also expressed a 
detectable level of S2 mRNA, although the level was lower than that 
expressed by the squamous cell carcinoma (Figure 2D). This probe may, 
therefore, identify dysplastic lesions that are more likely to undergo con­
version to a carcinoma. From this result we can hypothesize that this marker 
may be useful to identify malignant cells within a premalignant lesion. It 
appears that S2 gene expression is a good marker for oral epithelial tumors 
and may provide prognostic data by analysis of histologic sections. Because 
sections that appear histologically similar react differently to the S2 probe, 

Table 2. S2 mRNA expression by in situ hybridization in oral carcinomas 

Case no. mRNA Differentiation 

1 Moderate 
2 Moderate 
3 ND 
4 Moderate 
5 Moderate 
6 ND 
7 Moderate 
8 Moderate 
9 Moderate 

10 Moderate 

ND = not determined. 
From Chiao et al. [174], with permission. 
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Base of tongue 
Hypopharynx 
Base of tongue 
Base of tongue 
Base of tongue 
Pharynx 
Base of tongue 
Base of tongue 
Base of tongue 
Floor of mouth 
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Figure 2. In situ hybridization to histologic sections of a human head and neck squamous cell 
carcinoma. (A) Human head and neck squamous cell carcinomas (the arrow indicates the 
tumor cells and arrow head indicates the adjacent collagen tissue); (B) normal mucosa; (C) the 
control, a section from the same tumor sample hybridized to pBR328 DNA labeled with 
digoxigenin-ll-dUTP; (D) premalignant dysplastic leukoplakias. The sections in A , B, and D 
were hybridized with a digoxigenin-ll-dUTP-labeled clone 12 cDNA probe. (From Chiao et al. 
[174), with permission.) 

this analysis may reveal proliferative differences in tumors that appear 
otherwise identical. 

In summary, using in situ hybridization experiments we have found 
that expression of the ribosomal protein S2 was higher in cultured human 
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Figure 2. Continued 

head and neck squamous cell carcinomas that in normal keratinocytes. In 
situ hybridization experiments also demonstrated that expression of this 
gene was selectively higher in histologic sections of human premalignant 
leukoplakia, head and neck squamous cell carcinomas, and colon and breast 
cancers than in the adjacent normal tissues [174] . Overexpression of another 
human ribosomal protein, L31 , in 23 of 23 colorectal tumors has also been 
reported [175]. The levels of that human ribosomal protein increase co­
ordinately fivefold to sixfold during estrogen-stimulated cell growth [176]. 

33 



Pogue-Geile et al. have shown that additional ribosomal proteins S6, S8, 
S12, L5, and PO are overexpressed in all colon cancers examined and in 
adenomatous polyps as compared to normal mucosa [177]. Our results 
indicate that elevation of levels of expression of the ribosomal protein S2 
gene may be more selective [174] than that of these other ribosomal protein 
genes, possibly reflecting differences associated with uncontrolled growth, 
suggesting a role for S2 in proliferation and transformation. Ribosomal 
protein S2 may also be potentially useful as a marker for certain tumors in 
clinical diagnosis or as a prognostic indicator. 

An important goal for cancer research is to recognize cancers at their 
earliest and most treatable stage. There are many tumor markers for both 
clinical and research use. The tumor markers presently in use generally meet 
only one or two of the criteria for the ideal marker, which are tumor 
specificity, correlation with tumor bulk and stage of the disease, and expres­
sion levels that decrease to normal after successful treatment and that rise 
prior to clinical manifestations of recurrence. Another use of a marker is 
to contrast benign lesions with those with malignant foci. We need to 
investigate the value of the S2 gene probe for these analyses. 
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3. Squamous differentiation and retinoids 

Reuben M. Lotan 

Retinoids are structural or functional analogues of vitamin A, or retinol. 
They exert profound effects on the growth, maturation, and differentiation 
of many cells types, particularly epithelial cells, both in vivo and in vitro 
[1-8]. Vitamin A exerts a major effect on normal differentiation of epithelial 
cells, including those lining the oral cavity and upper aero digestive tract [9]. 
The maintenance of the mucus-secreting function of these cells depends on 
the continuous presence of vitamin A. In its absence, squamous metaplasia 
develops that can be reversed by vitamin A replenishment [8-14]. ~-all­
trans-retinoic acid (tRA) can replace vitamin A in restoration of normal 
differentiation of epithelial tissues in vitamin A-deficient animals [14-19]. 
It is thought that squamous metaplasia in the upper aerodigestive epithelium 
is a precursor of certain cancers [20] and that agents like retinoids, which 
suppress keratinization and restore the normal nonkeratinizing phenotype to 
premalignant and malignant lesions, may also restore their responsiveness to 
normal growth control mechanisms. Consequently, such agents could sup­
press carcinogenesis and be useful in the prevention and treatment of 
squamous cell carcinomas [21-23]. This chapter describes the effects of re­
tinoids on squamous differentiation in normal, premalignant, and malignant 
epithelial tissues. 

Normal squamous cell differentiation 

The skin is the major organ where epithelial cells undergo squamous 
cell differentiation and, not surprisingly, most of our basic knowledge on 
squamous cell differentiation has been derived from studies of this organ in 
vivo and from studies of cultured epidermal keratinocytes [24-26]. The 
keratinizing stratified squamous epithelium of the skin includes basal epithe­
lial cells, which are separated from the dermis by a basal lamina. The basal 

Hong, Waun Ki and Weber, Randal S., (eds.) , Head and Neck Cancer. © 1995 Kluwer Academic Publishers. 
ISBN 0-7923·3015·3. All rights reserved. 

43 



cells are considered the stem cells of the skin in that they divide continuously 
and generate more basal cells as well as progeny that migrate from the basal 
layer outward. Cells in the suprabasal layers lose proliferating capacity and 
undergo a series of concerted changes in the expression of several genes, 
which result in terminally differentiated squames [24-27]. Epithelial cells 
covering the hard palate, the dorsal anterior part of the tongue, and the 
gingiva of the oral cavity resemble epidermis in that they are stratified and 
keratinizing cornified epithelium [28]. The epithelial cells of the esophagus 
and the uterine cervical mucosa are also keratinizing. In contrast, the 
majority of epithelial cells in the oral cavity and the tracheobronchial tree 
are normally nonkeratinizing. 

Many of the genes expressed during squamous differentiation have been 
cloned and their products characterized extensively. Some of these markers 
are involved in the formation of the crosslinked envelope. They include the 
crosslinking enzyme transglutaminase type I (TGase-I), which is associated 
with the cytoplasmic face of the plasma membrane and catalyzes the forma­
tion of isopeptide linkages [E-( y-glutamyl)lysine] between protein-bound 
glutamine residues and primary amines such as protein-bound lysine that are 
present in various envelope protein precursors [29-36]. The TGase-I sub­
strates that are abundant in the cytosol of cells in the upper spinous and 
granular layers are also differentiation markers. They include loricrin, a 
25- to 30-kD protein found in the granular and lower cornified cell layers 
of epidermis [37,38]; cornifin, a 14-kD protein that is expressed in the 
suprabasal layer [39]; and involucrin, a 68-kD protein that is the major 
protein component of cornified envelopes in cultured keratinocytes [24,26, 
29,34,40-46]. Because involucrin is also found in various stratified squamous 
epithelia, it is considered a general marker of squamous differentiation 
[47,48]. Additional TGase-I substrates found in the crosslinked envelope are 
keratolinin, a 16- to 26-kD protein [49-51]; annexin I, a 36-kD protein [52,53]; 
and sciellin, an 82-kD protein [54]. Another group of squamous differen­
tiation markers is the intermediate filaments or keratins. Specifically, in 
human epidermis cells in the deep layers produce keratin molecules of 46- to 
58-kD (keratins K5 and K14); however, as they move outward they begin to 
synthesize large keratins (e.g., keratin K1, 67kD, and KlO, 56.5kD) that 
are characteristic of the suprabasal layers in cornifying stratified epithelia 
(e.g., epidermis) but not in simple or transitional stratified epithelia [55-62]. 
In the oral cavity, the cornified epithelium of the gingiva expresses K1 
keratin, whereas the noncornifying stratified epithelia covering most of the 
oral cavity do not produce the K1 keratin but express other keratins [28,62]. 
The aggregation of keratin filaments is augmented by the protein filaggrin, 
which is a 37-kD protein derived from a higher molecular weight precursor 
in cornifying cells [63-67]. Other squamous differentiation markers are a 
16-20 kD prorelaxin-like molecule [68,69], cholesterol sulfotransferase and 
cholesterol sulfate [70-75], acylceramides, and lanosterol lipid [76]. 
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Aberrant squamous cell differentiation 

Normal epithelial cells 

The lining mucosa of the human oral epithelium that covers most of the oral 
cavity, including the soft palate, the tongue's ventral surface, the mouth's 
floor, the alveolar area, the lips, and the cheeks, is a nonkeratinizing 
epithelium [28]. Likewise, the epithelium of the tracheobronchial tree is 
noncornified [5). Some columnar and transitional nonkeratinizing epithelial 
cells (e.g., lachrymal gland, trachea, bladder, and prostate) can undergo 
squamous metaplasia, indicating that they have the potential to differentiate 
along the squamous pathway [9,77]. This potential is expressed in vivo after 
mechanical injury [78), vitamin A deficiency [11,13,79,80), or exposure to 
carcinogens or tumor promoters [20,81-83]. The precursor cell type for the 
aberrant squamous cell may be the basal cell [84] or the secretory cell [85]. 
In rabbit tracheal epithelial cells, the squamous differentiation induced in 
vitro is accompanied by an increased expression of the K13 keratin [86). In 
hamster trachea, squamous metaplasia induced by vitamin A deficiency is 
accompanied by increased expression of K5 keratin [8]. Squamous cell 
carcinomas (Seq, which account for over 90% of the tumors in the oral 
cavity, also undergo some degree of squamous differentiation [87]. Thus, 
squamous cell differentiation in the upper aero digestive tract is usually an 
abnormal differentiation. 

Premalignant and malignant lesions 

The ability to form crosslinked envelopes is retained by many premalignant 
and malignant cells, which express transglutaminase and contain protein 
precursors for crosslinking [75,88-92]. For example, the exposure of buccal 
epithelial cells to the tumor-promoting agent 12-0-tetradecanoylphorbol-13-
acetate increased the involucrin level and induced the formation of cross­
linked envelopes [90). Similarly, human keratinocytes immortalized by 
SV40 large T antigen continue to express involucrin and produce cornified 
envelopes [93]. Furthermore, involucrin is expressed in premalignant lesions 
and sees [46,88,89,94,95]. TGase-I was detected in benign and malignant 
neoplasms of the skin and oral cavity that show squamous differentiation but 
is not detected in severe oral epithelial dysplasia or undifferentiated invasive 
see [96,97]. TGase-I was expressed in the minority of several human lung 
sees grown in vitro or as xenografts in nude mice, whereas involucrin was 
expressed in all the cell lines, suggesting that control of the expression of 
these two markers is not tightly coordinated [98). The expressions of TGase­
I and involucrin are similarly uncoupled in lesions of severe oral epithelial 
dysplasia, in which TGase-I expression is suppressed but involucrin is pre­
sent [97]. Studies with the hamster cheek pouch model of oral cancer have 
established that carcinogenesis is accompanied by increases in the expression 
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of TGase-I during progression from normal cells through premalignant 
papilloma to carcinoma [82]. v-rasHa-transduced mouse keratinocytes, 
which represent initiated cells, undergo a distinct reprogramming of the 
squamous differentiation program. The cells resist terminal differentiation 
induced by calcium (>O.lmM), as evidenced by suppression of the level of 
loricrin. These v-rasHa-transduced mouse keratinocytes also exhibit sup­
pression of the level of the early suprabasal markers keratins Kl and KlO. 
In contrast, the cells retain the ability to express filaggrin, albeit at higher 
calcium concentrations than normal cells [99]. Changes in the synthesis of 
keratins were noted during mouse skin carcinogenesis; the expression of 
keratins K6 and K16 increased in benign and malignant lesions, the expres­
sion of K13 increased after papilloma progressed to carcinoma, whereas the 
expression of Kl decreased in papilloma and diminished in carcinoma. 
These results suggest that the loss of Kl and the expression of K6, K13, and 
K16 could be considered as markers of progression to malignancy in skin 
lesions [60,100-103]. Similarly, studies with the hamster cheek pouch model 
of oral cancer have established that carcinogenesis is accompanied by 
increases in the expression of Kl keratin in hyperplastic lesions and de­
creases in dysplastic lesions and carcinomas during progression from normal 
through premalignant papilloma to carcinoma [83]. Thus, the expression of 
keratins 6/16 can serve as a marker for hyperplasia in premalignant lesions, 
and the expression of Kl can be a marker of squamous differentiation in 
premalignant lesions. 

Although the Kl keratin is lost during carcinogenesis in mouse skin, there 
are reports on the presence of this keratin in squamous carcinomas in vivo 
and in vitro [59,91,92,104]. Some squamous cell carcinomas continue to 
produce the same keratins as the normal precursor cells [59,104,105]. How­
ever, neoplasms that arise in complex epithelia, such as stratified ones, 
often differ in the expression of keratin from the surrounding normal tissue, 
possibly because they represent an expanded subpopulation with a distinct 
keratin synthesis pattern [59,100]. For example, keratins K6 and K16 are 
usually present in very low amounts in normal epithelial tissues but are 
expressed in hyperproliferative states and in SCC [59,102]. 

Vitamin A and retinoids 

~-carotene serves as the precursor for the in vivo biogenesis of retinol. ~-all­
trans-retinoic acid is a natural metabolite of retinol that can replace retinol 
in regulating epithelial differentiation and many other functions in vivo [15]. 
tRA is synthesized from retinol by various tissues and cultured cells, 
including keratinocytes [106-111]. Recently, it has been found that tRA can 
also be synthesized in various tissues and cultured epithelial cells from ~­
carotene without formation of retinol as an intermediate [107,108]. The 
production was at a rate that generated significant amounts of retinoic acid 
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to make this pathway a potentially important one for retinoic acid genera­
tion in situ. Thus, tRA might be the active metabolite of both retinol and ~­
carotene. However, it should be noted the ~-carotene and retinol may 
function without being metabolized to retinoic acid [112-117]. 13-cis­
retinoic acid (13cRA) is an analogue of tRA that is also formed in vivo by 
isomerization [118]. It is present in human serum at concentrations similar 
to those of tRA [118]. 13cRA exhibits similar effects as tRA on cell growth, 
differentiation, and carcinogenesis but is less toxic and causes less side 
effects in vivo than the natural retinoic acid [119,120]. More recently 9-cis­
retinoic acid has been shown to be a natural isomer of retinoic acid, and its 
presence in kidney and liver has been demonstrated [121,122]. 

Effects of retinoids on the growth of normal, premalignant, and malignant 
cells 

Cell growth is tightly linked to squamous cell differentiation in that an 
irreversible growth arrest is a prerequisite for the expression of squamous 
cell differentiation markers and terminal differentiation [5,6]. Retinoids at 
physiological concentrations enhance the proliferation of cultured human 
epidermal cells [25,63,123-126] and are required in vivo for the maintenance 
of a normal architecture of the epithelia [8,63]. Pretreatment of growth 
factor-deprived human keratinocytes with retinoic acid enhanced the 
growth-stimulatory effects of a mixture of epidermal growth factor (EGF), 
bovine pituitary extract, and insulin [125]. Likewise, retinoic acid can en­
hance the growth of hutnan buccal epithelial cells from explants maintained 
in a serum-free medium [90]. Recent studies have demonstrated that the 
targets for retinoid action in hamster trachea in vivo and in vitro are the 
columnar secretory (mucous) cells. Their proliferation is inhibited during 
vitamin A deficiency and enhanced upon restoration of vitamin A [126]. 

In contrast, several studies with SCCs reported that retinoids suppress 
cell proliferation in monolayer cultures [75,89,127-130], inhibit the forma­
tion of SCC colonies in semi-solid agarose [128], and decrease the growth of 
multicellular spheroids [131]. It is noteworthy that human keratinocytes 
immortalized by human papilloma virus type 16 show increased sensitivity to 
retinoids compared to the nonimmortalized precursor cells [132]. 

The growth of rabbit tracheal epithelial cells in serum-free medium 
was not affected by retinoids [5]. Furthermore, the responses of mouse 
keratinocytes were different from those of the human cells in that retinoic 
acid exhibited both stimulatory [125,133] and inhibitory [125,133,134] effects 
on the growth of the mouse skin keratinocytes. The dual effects of retinoids 
on mouse keratinocytes were attributed to different concentrations of calcium 
and growth factors in the medium. Thus, retinoids enhanced the prolifera­
tion of slow-growing cells maintained in low-calcium medium and inhibited 
DNA synthesis in hyperproliferative cells maintained in a high calcium with 
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a low level of growth factors [133]. In serum- and growth factor-free 
medium, retinoic acid enhanced the mitogenic effect of epidermal growth 
factor (EGF) and the growth-inhibitory effect of transforming growth factor­
beta (TGF-~) [125]. The latter effect is important in view of the observation 
that retinoic acid also increased the level of active TGF-~2 in the murine 
cells [134]. The lack of inhibition of the growth of human keratinocytes by 
retinoids was attributed to the inability of retinoic acid to increase TGF-~ in 
the human cells [25,127]. These findings have led to the conclusion that the 
effects of retinoids on epidermal growth and differentiation are complex, 
and this may be in part due to the ability of retinoids to enhance the 
responses of keratinocytes to both positive and negative peptide growth 
factors [125 -127]. Our finding that retinoic acid suppressed the level of 
EGF receptor mRNA and the autophosphorylating activity of the receptor 
in human squamous carcinomas is compatible with this contention [135]. 

It is plausible to assume that the ability of retinoids to inhibit the growth 
of SCC cells and possibly also of premalignant epithelial cells is responsible, 
at least in part, for their ability to suppress oral premalignant lesion (e.g., 
leukoplakia) [136], and to prevent the development of second primary 
tumors in head and neck cancer patients [137], skin cancer in xeroderma 
pigmentosum patients [138], and other types of cancers [139-142]. 

Effects of retinoids on squamous cell differentiation in normal, premalignant, 
and malignant cells 

Numerous reports have documented the ability of retinoids to suppress 
squamous differentiation in normal, premalignant (e.g., papillomas), and 
malignant keratinocytes [6,19,25,123]. Our studies with human head and 
neck SCC (HNSCC) have demonstrated that some of them exhibit charac­
teristic markers of squamous differentiation and respond to retinoids under 
specific culture conditions. 

Retinoids have been shown to reduce spontaneous and calcium ionophore­
induced crosslinked envelope formation, especially when the cells were 
cultured in vitamin A-deficient medium [6,29,88,89,143]. This effect ap­
peared to be the result of a combination of the suppression of TGase-I 
activity and the level of envelope precursor proteins. Thus, retinoids sup­
pressed TGase-1 expression [6,29,144,145] and decreased the level of 
involucrin [88,89,146], loricrin [147,148]' and cornifin [39,149]. Human and 
rabbit tracheal epithelial cells cultured in a serum-free defined medium 
responded to very low retinoid concentrations and exhibited a suppression 
of TGase-1 activity and inhibition of envelope formation [5,6]. In human 
ectocervical cells, retinoids suppressed envelope formation but did not alter 
the level of involucrin, suggesting that the mechanism of inhibition of 
envelope formation may be distinct for different epithelia [150]. Several 
studies with a variety of cultured cell lines established from human squamous 

48 



cell carcinoma tumors of the oral mucosa or the facial epidermis have 
demonstrated that different retinoids inhibit TGase-I, decrease involucrin 
content, and suppress the formation of cornified envelopes [6,88,89,91,145, 
151]. The suppression of TGase-I was presumably at the transcriptional 
level, and the effect was twofold in that retinoic acid inhibited the expres­
sion of TGase-I when it was present during the growth of tracheobronchial 
epithelial cells as well as when added to already squamous-differentiated 
cells [144,152]. Retinoic acid exerted two distinct effects on loricrin expres­
sion in that it not only blocked the calcium-induced loricrin mRNA syn­
thesisis but also suppressed elevated loricrin mRNA levels in differentiated 
cells that had been pretreated with calcium [147]. The expression of another 
envelope precursor, cornifin, was similarly inhibited by retinoids in rabbit 
tracheal epithelial cells and human keratinocytes [39]. 

We studied the effects of RA on the expression of TGase-I in eight cell 
lines derived from human head and neck squamous carcinomas (HNSCCs) 
in the oral cavity and found that tRA suppressed the expression of this 
marker to different degrees in the different cell lines [6,128,130]. One of the 
cell lines, HNSCC 1483, was selected for investigation of the effects of 
retinoic acid on envelope formation, on the activity and amount of TGAse­
I, and on the levels of involucrin. The cells' potential to crosslink proteins in 
the presence of the Ca2+ ionophore R02-2985 was suppressed by tRA [130]. 
A similar suppression of envelope competence by RA was reported for 
normal keratinocytes [153], a premalignant papilloma cell line [143], malig­
nant SCC-13 cells from a tumor of the facial skin [88,151], and buccal 
SqCCIY1 cells [89]. The tRA effect on envelope competence was the result 
of both a suppression of TGase-I and a decrease in involucrin expression at 
the mRNA and protein levels [91]; Zou and Lotan, unpublished]. 

A physiological role of vitamin A in the regulation of keratin synthesis 
was implied by examination of changes in keratin expression following 
vitamin A deficiency in experimental animals [154,155]. Vitamin A deficiency 
in rabbits was accompanied by increased keratinization of conjunctival and 
corneal epithelia, and by corresponding changes in keratins [155]. Whereas 
the normal corneal and conjunctival epithelial cells do not express significant 
amounts of the 56.5-kD (KlO) and the 65- to 67-kD keratins (K1 and K2), 
the same epithelia express these keratins during vitamin A deficiency [155]. 
Similar changes in keratins were detected in esophageal epithelium, although 
this epithelium did not seem morphologically to undergo keratinization 
during vitamin A deficiency, and it was suggested that the biochemical 
changes may precede the morphological keratinization [155]. 

Further insight into the modulation of keratin expression by retinoids was 
derived from studies with cultured epithelial cells. Epidermal cells cultured 
in medium containing 10-20% serum do not synthesize the large keratins 
unless the serum is delipidized [156]. It has been found that the delipidation 
removes vitamin A and allows the cells to synthesize a 67-kD (K1) keratin 
while decreasing the synthesis of 52 (K13)- and 40-kD (K19) keratins [156]. 
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When exogenous retinyl acetate was added to the delipidized serum in 
which the cells were cultured, the synthesis of the 67-kD keratin was in­
hibited and the synthesis of K13 and K19 keratins was stimulated [156]. 
Various synthetic retinoids can also modulate the synthesis of these specific 
keratins at the mRNA level [157 -159]. Many cell lines established in culture 
from squamous carcinomas suffer from a defect in terminal differentiation 
and produce large amounts of a 40-kD keratin and very low amounts of the 
67-kD keratin. These cells can be induced to produce more of the 67-kD 
keratin and less of the 40-kD keratin by reducing the level of vitamin A in 
the growth medium by delipidation of the serum supplement [104]. The 
level of 67-kD keratin produced under such conditions is still lower than that 
produced by normal keratinizing cells in culture, suggesting the existence of 
a defect in differentiation that is unrelated to the vitamin A effect [104]. 

A study with a cultured small cell lung cancer cell line (Lu-134-B-S) 
revealed that these cells maintained the small cell phenotype only when cul­
tured in the presence of regular fetal calf serum. When cultured in delipidized 
serum, the cells became squamous, as indicated by synthesis of involucrin 
and high molecular weight keratins, as well as the appearance of desmo­
somes [160]. The squamous phenotype reversed to the small cell phenotype 
upon addition of retinoic acid to cells maintained in delipidized serum [160]. 

We observed that HNSCC 1483 cells grown in delipidized serum depleted 
of endogenous retinoids expressed keratins with molecular weights of 67 
(K1), 56 (KlO), 54, 52, 48, 46, and 40 (K19) kD [91]. In contrast, cells 
grown in medium with 10% fetal bovine serum, which contained about 
0.06 ~M retinol, expressed much less K1; the levels of keratins of molecular 
weight 46 and 48 kD were lower; and the amounts of the 52- and 40-kD 
keratins were higher than those expressed in cells grown in delipidized 
serum. Cells treated with tRA in delipidized serum contained less keratins 
with molecular weights of 67,56,54,48, and 46 kD and more of the 52-kD 
(probably K8) and the 40-kD (probably K19) keratins than cells grown in 
without retinoic acid. Thus, tRA modulated the expression of several 
keratins in addition to K1 in the 1483 cells [91]. 

These results are similar to previous findings that normal keratinocytes 
[156] and cells from SCCs of human tongue and skin produce keratins larger 
than 60 kD, including K1, when grown in delipidized serum or floating on 
collagen rafts [161] or on de-epidermized dermis [153] at the air-liquid 
interface. That laryngeal epithelial cells and papilloma cells respond to 
retinoids was demonstrated recently in a study of cells cultured in vitro at 
the air-liquid interface [162,163]. tRA was found to modulate the differentia­
tion of these cells along two distinct pathways; at low concentrations ( <10-8 

M) the cells formed stratified squamous epithelium and expressed K13, 
whereas at higher concentrations of tRA (>10-7 M) the cells differentiated 
into a columnar epithelium with occasional ciliated cells, lacking squamous 
markers [162,163]. 

Retinoids also inhibited the synthesis of loricrin [147] and profilaggrin as 
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well as its conversion into filaggrin in cultured human epidermal keratin­
ocytes [63,123,164], and the production of cholesterol sulfate in rabbit 
tracheal epithelial cells, human bronchial epithelial cells, human keratin­
ocytes [70-72] and in several HNSCC cell lines [75]. The mechanism of this 
effect of retinoids is suppression of the activity of cholesterol sulfotransferase 
[71,75]. Likewise, retinoids suppressed the level of lipids (acylceramide and 
lanosterol) that increase during late stages of epidermal differentiation [76] 
and the expression of a preprorelaxin-like gene in rabbit and human 
tracheobronchial epithelial cells and in human keratinocytes [68,69]. 

Recent histologic and immunocytochemical analyses of the effects of 
topically applied tRA on the expression of squamous differentiation markers 
in human skin in vivo revealed some differences from the findings with 
cultured epidermal keratinocytes in vitro [165]. tRA treatment (either an 
acute 4 day or a chronic 16 week treatment) caused epidermal thickening, 
stratum granulosum thickening, and increases in the number of cell layers 
expressing epidermal TGase, involucrin, and filaggrin, and focal expression 
of the keratins K6 and K13, which are not expressed in normal epidermis. 
The acute tRA treatment decreased the loricrin level, whereas the chron­
ically treated skin showed increased numbers of cell layers expressing 
loricrin. The in vivo treatment did not alter the expression of keratins K1, 
KlO, and K14 [165]. A direct comparison of acutely in vivo-treated skin and 
cultured keratinocytes exposed to tRA in vitro revealed that keratinocyte 
TGase activity increased 2.8-fold in the skin but decreased six-fold in 
the cultured cells [166]. These results demonstrate clearly that some of the 
results obtained with cultured normal cells in vitro may not represent the 
response of cells in vivo. It should be noted that the topical treatment used 
0.1 % tRA (1 mg/ml in cream), whereas the cultured cells were exposed to a 
much lower concentration of tRA (0.3 ~g/ml; 1 ~M). 

Mechanisms involved in the actions of retinoids 

Although the ability of retinoids to inhibit proliferation and clonogenicity 
of malignant cells and to modulate their differentiation in vitro is well 
documented [1-8], the mechanism(s) responsible for these effects is not 
fully understood. Likewise, it is not entirely clear how retinoids exert 
chemopreventive effects on carcinogenesis in experimental animal models 
and clinical trials in humans [120,121,136-142]. The ability of retinoids to 
modulate gene expression is the most plausible mechanism by which they 
can modulate the differentiation and growth of malignant cells or suppress 
the progression of premalignant cells to frank neoplastic lesions by re­
directing their differentiation. The identity of the genes that control the 
expression of the premalignant or the malignant phenotype is not known; 
however, the restoration of normal differentiation by retinoids may repre­
sent a part of a retinoid-dependent program of gene expression that includes 
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activation of intrinsic anticancer activity (e.g., suppressor genes) or inhibi­
tion of genes that maintain the malignant phenotype in HNSCC cells. In the 
case of leukoplakia, retinoids could activate a program of resistance to 
progression to the neoplastic state. 

To modulate gene expression, retinoids must transmit signals to the cell 
nucleus. The mechanism of this signal transduction is beginning to be 
unravelled as understanding of the roles of the major components of the 
pathway increases. Both cytoplasmic and nuclear retinoid-binding proteins 
appear to play important roles in the series of events that are initiated with 
the uptake of a retinoid by a target cell and culminate in the modulation of 
gene transcription in the cell's nucleus. 

Cellular retinoid-binding proteins in squamous epithelial tissues and cells 

Several intracellular proteins have been identified in the cell cytoplasm and 
in the nucleus that bind retinoids with different specificities [1,8,167-170]. 
These proteins have been implicated in morphogenesis during embryonal 
development, cell growth, differentiation, and the development of neoplasia 
[1,8,167-170]. Cellular (cytoplasmic) retinoid-binding proteins have also 
been detected in squamous epithelial tissues (e.g., skin) and in oral mucosa. 
A high-molecular-weight retinol-binding protein (HMWRBP) and retinoic 
acid-binding protein (HMWRABP) were found in human skin [171] and 
oral mucosa [172], and in undifferentiated and differentiated cultured kera­
tinocytes [173]. Cellular retinol-binding protein (CRBP) and cellular retinoic 
acid-binding protein (CRABP) with a molecular weight of about 15,000Da 
have been found in suprabasal cells in skin in vivo, and CRABP levels 
increased in psoriatic skin tissue and in retinoid-treated skin [173-177]. 
CRABP was found in confluent cultures of human keratinocytes [178,179]. 
The level of this protein was very low in undifferentiated keratinocytes, but 
it increased during squamous differentiation [173]. Two distinct CRABPs, 
designated CRABP-I and CRABP-II, have been isolated and cloned [168, 
179,180]. CRABP-II was expressed at high levels in the skin during mouse 
embryogenesis and in adult skin [179]. Human CRABP-I and -II have been 
cloned, but only CRABP-II was found to be expressed in epidermal keratin­
ocytes and to be modulated during squamous differentiation and retinoid 
treatment [180,181]. Topical treatment of human skin with tRA increased 
the level of CRABP-II mRNA 16-fold [180], consistent with the earlier 
reports on increased RA-binding activity in retinoid-treated skin [175,176]. 
CRABP-II mRNA levels increased in cultured keratinocytes under condi­
tions that increase squamous differentiation, such as high Ca+2 concentra­
tion (2mM) and growth to a high cell density [180]. Furthermore, tRA 
treatment of cultured keratinocytes, which suppressed squamous differentia­
tion, also suppressed the expression of CRABP-II [180,181]. The apparent 
discrepancy between the effect of tRA on CRABP-II expression in vitro and 
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in vivo may reflect the fact that tRA suppressed some markers of squamous 
differentiation in culture but not in vivo [166]. 

The presence of both CRBP and CRABP in normal tissue and HNSCC 
and lung SCCs has been described in several reports [1,167,168,182-187]. 
These studies have demonstrated that the levels of CRBP and CRABP were 
higher in the malignant than the normal tissues, and that the levels were 
higher in differentiated carcinomas than in less differentiated tumors. The 
levels of CRABP in squamous cell carcinoma cultured from tumors in the 
oral epithelium were found to be two to three times lower than in cultured 
normal keratinocytes. This observation has led to the proposal that the 
higher level of these proteins may be predictive of the responsiveness of the 
tumors to the antitumor action of retinoids. However, there is no experi­
mental support for this suggestion. 

We have compared the expression of CRABP-I and CRABP-II in four 
HNSCC cell lines and found that CRABP-I was not detectable in any of 
them, whereas CRABP-II was expressed by three of the four cell lines. One 
responsive HNSCC cell line (MDACC886Ln) had no detectable CRABP, 
whereas a nonrepsonsive cell line (183A) expressed as high a level of 
CRABP-II as did two responsive cell lines (1483 and SqCCIYI) [188]. Thus, 
there was no correlation between the presence and level of CRABP and the 
response to the growth-inhibitory effects of RA. 

In addition, uncertainties exist as to the precise function(s) of CRABP. A 
positive role in the retinoid signal transduction pathway was proposed after 
these binding proteins were shown to transport retinoids to the cell nucleus, 
where they can affect gene expression [189,190]. However, it has been 
shown that CRABP can function as a storage or sequestration function 
during embryonal development [191], and an overexpression of a transfected 
CRABP decreased the responsiveness of embryonal carcinoma cells to the 
differentiation-inducing effects of tRA, supporting the conclusion that 
CRABP may sequester retinoic acid and prevent it from reaching the cell 
nucleus [192]. Difficulties in reaching unambiguous conclusions on the role 
of CRABPs arise from various studies that have demonstrated a lack of 
correlation between the presence or level of the CRABPs and cells' sensi­
tivity to various effects of retinoids. For example, some cell lines were 
responsive to the growth-inhibitory effects of tRA or retinyl acetate but 
did not possess detectable levels of either CRABP or CRBP [193], and, 
conversely, some retinoid-resistant cell lines did express these proteins [194]. 
Furthermore, a number of synthetic retinoids (e.g., Ch55 and CD271) that 
did not bind to CRABP were as active or more active than tRA in suppres­
sion of TGase in tracheobronchial epithelial cells [195] and control of 
keratinocyte differentiation, such as inhibition of the synthesis of suprabasal 
keratins, filaggrin, and TGase [196]. These findings suggest that CRABP 
may be not be necessary for the response of some cells to retinoids, but 
when it is present it may affect the response to retinoic acid by altering 
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its effective concentration through sequestration in the cytoplasm or via 
increased catabolism [192,197]. 

Nuclear retinoic acid receptors 

General properties of nuclear RA receptors. The understanding of the 
mechanism of retinoid action was enhanced following the discovery that 
some 'orphan' members of the large family of nuclear receptors for steroids, 
vitamin D, and thyroid hormones can bind retinoids. These nuclear retinoic 
acid receptors (RARs), like other members of the family, are ligand­
activated, trans-acting, transcription-modulating factors. They bear strong 
DNA sequence homology to thyroid and steroid hormone receptors, espe­
cially in the DNA-binding domain [8,169,170,198,199]. Like other members 
of the steroid receptor superfamily, the RA receptors are constructed from 
six distinct domains, designated A-F [169,170,198,199]. The C domain, 
which is the most highly conserved domain among the different receptor 
family members, contains a zinc finger DNA-binding motif. Less well con­
served is the E domain, which is responsible for ligand binding and 
dimerization function. Three RAR subtypes (RAR-a, RAR-~, and RAR-y) 
encoding proteins of molecular weight of about 50,000 Da were cloned from 
human and mouse cell lines [200-206]. The RAR-a, RAR-~, and RAR-y 
genes have been localized to the q21 band of chromosome 17 [207], the 
p24 band of chromosome 3 [208], and chromosome 12 [205], respectively. 
Each subtype had different tissue distributions. For example, in humans 
RAR-a mRNA was expressed in all tissues tested, with overexpression in 
hematopoietic cell lines, and RAR-~ was expressed in a more variable and 
limited pattern in the tissues tested, with prevalence in neural tissues, 
whereas a third RA receptor, RAR-y, was expressed predominantly in the 
skin, which is a tissue highly responsive to RA, and in precartilagenous and 
epithelial structures in the mouse embryo [206,209-211]. More recently, 
another subfamily of retinoic acid receptors, named RXR (-a, -~, and 
-y), was discovered [212,213]. Although these receptors exhibit sequence 
homology with the steroid hormone receptors and with the retinoid re­
ceptors described above, they are substantially different in their primary 
structure and ligand specificity (e.g., they bind 9-cis RA much better than 
trans RA [121,122]) from the RARs and represent an alternative molecular 
pathway for gene regulation modulated by retinoids [212,213]. The tissue 
distribution of RXR mRNAs also differs from that of the RARs, with 
especially high levels of RXR-a in the adult in liver, muscle, lung, kidney, 
hearts, and spleen, all tissues in which there are very low levels of the RARs 
[212,213]. Whereas RXR-~ was found in almost all tissues, the distribution 
of RXR-a and RXR-y was more restricted [212,213]. The RXRs can form 
heterodimers with the RARs, and this dimerization is required for maximal 
transcriptional activation of retinoic acid response elements (e.g., RAREs 
and TREs) by RARs, whereas RAR homodimers may be inactive as 
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transcription enhancers [214-217]. The response elements of the nuclear 
RARs are DNA sequences present in the promotor region of genes that are 
regulated transcriptionally by retinoids. The first RARE was identified in 
the promotor region of the RAR-~ receptor. It is a direct repeat of the 
sequence GrrCAC separated by five nucleotides [218-220]. There are 
similar RAREs in the promotors found in both the RAR-a and RAR-y 
genes [221,222]. Other genes for which RAREs have been discovered 
include laminin, CRABP-II, CRBP-I, alcohol dehydrogenase, complement 
factor H, oxytocin, HOX3D, and osteocalcin [223-229]. Response elements 
that appear to be specifically activated by RXRs were recently identified in 
several genes, including the CRBP-II gene, the apolipoprotein AI, and 
medium-chain acyl-CoA dehydrogenase genes [230-232]. In the CRBP-II 
gene the RXRE includes a 35-base pair sequence of five tandem repeats that 
responds to RXR-a but not to any of the RARs [231]. This response 
element has also been shown to bind RXR-a homodimers in the presence of 
9-cis RA, which have a positive trans-activating function, as well as binding 
RAR-RXR heterodimers, which repress transcription [233]. 

RARs interact antagonistically with components of the AP-1 (jun-fos) 
transcription factor complex in stromelysin, collagenase, and osteocalcin 
promotors, possibly by direct protein-protein interactions [224,234,235]. 
Thus the regulation of a given gene by retinoids may depend on the relative 
concentrations of particular RARs, RXRs, the nature of the RAREs in that 
gene, as well as on the presence of a number of other transcription factors. 

Nuclear RA receptors in normal keratinizing and nonkeratinizing epithelial 
cells. The expression of nuclear retinoic acid receptors in various embryonal 
tissues and in keratinizing and nonkeratinizing epithelial tissues and cells in 
skin and oral mucosa has been analyzed by northern blotting or in situ 
hybridization. RAR-y was the predominant receptor in skin, RAR-a was 
expressed at much lower levels than RAR-y, whereas RAR-fi mRNA was 
undetectable [204,206,236-244]. A similar pattern of receptor expression 
was also found in RA-treated skin [239]. RAR-y1 mRNA was localized to all 
layers of the epidermis, including the basal cells [243]. Cultured epidermal 
keratinocytes also expressed primarily the RAR-y receptor, and tRA treat­
ment of these cells did not increase the RAR-y level, nor did it induce the 
expression of RAR-~, although RAR-~ was induced in cultured dermal 
fibroblasts [239-241]. 

Cultured undifferentiated tracheobronchial epithelial cells from human 
(HBE) and rabbit (RbTE) expressed both RAR-a and RAR-y constitutively, 
and the expression of these receptors was not altered after the cells had 
undergone squamous cell differentiation or after RA treatment [245]. In 
contrast, the constitutive RAR-fi mRNA level, which was low in HBE and 
RbTE, increased severalfold after RA treatment of both types [245]. All but 
one of nine surgical specimens of 'normal' lung tissue adjacent to lung carci­
nomas expressed RAR-~ when analyzed by northern blotting, indicating 
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that this receptor is constitutively expressed in vivo [246]. However, the 
method used was not appropriate to indicate whether the RAR-~ is present 
in the epithelial cells, the stromal cells, or both. 

The expression of mRNA for RAR-a and RAR-y was detected in all cell 
strains derived from normal oral mucosa [244,247]. In contrast, RAR-P 
mRNA was detected only in cell strains derived from nonkeratinizing soft 
palate and the floor of the mouth, and was not detectable in nonkeratinizing 
buccal mucosa and in the keratinizing epithelial strains from the hard palate 
and gingiva [244,247]. RA treatment increased RAR-P mRNA levels in all 
three nonkeratinizing cell strains but not in the keratinizing ones. These 
results suggested that RAR-~ expression is inversely related to keratiniza­
tion [244,247]. 

Nuclear RA receptors in oral leukoplakias. Cell lines derived from oral 
leukoplakias in different regions of the oral cavity expressed RAR-a and 
RAR-y constitutively, but the level of RAR-y was about one half of that of 
the level in normal epithelial cells derived from the corresponding region 
of the oral cavity [244,247]. In contrast, only those cells derived from 
leukoplakia of the soft palate expressed RAR-~ [244,247]. Treatment with 
RA increased RAR-~ levels in the cells that expressed it constitutively but 
not in any of the cells that did not express it before treatment [244,247]' Our 
analysis by in situ hybridization of surgical specimens from oral leukoplakia 
lesions revealed that RAR-~ was present in four of six tongue specimens but 
was not detectable in any of four buccal mucosa specimens [248]. The latter 
finding suggests that leukoplakia in buccal mucosa does not involve any 
change in RAR-~, since a normal cell strain from normal mucosa also failed 
to express RAR-~ [244]. 

Nuclear RA receptors in squamous cell carcinomas of the skin. Two squam­
ous cell carcinoma cell lines (SCC12 and SCC13) derived from facial skin 
cancers expressed RAR-a and RAR-y constitutively, but failed to express 
RAR-~ when cultured in the absence or presence of RA [241,247]. This 
pattern of expression was similar to that found in normal human epidermal 
keratinocytes [241,247]. In situ hybridization analysis of skin cancer speci­
mens revealed that basal cell carcinoma and squamous cell carcinoma of the 
skin expressed RAR-y; however, one of six SCCs showed a loss of RAR-y 
expression [243]. 

Nuclear RA receptors in squamous cell carcinomas of the oral cavity. Squam­
ous cell carcinoma cell lines derived from cancers of the oral cavity expressed 
RAR-a and RAR-y, with RAR-y being lower in six of nine SCCs relative to 
their normal counterparts [247]. RAR-~ was expressed in only two of seven 
HNSCC cell lines, and a loss of expression relative to normal counterparts 
was evident two soft palate SCCs and one floor of the mouth tumor [247]. 
These results raised the suggestion that abnormally low level of RAR-~ may 
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contribute to neoplastic progression in stratified squamous epithelia [247]. 
We have analyzed the expression of six nuclear retinoic acid receptors 

(RAR-a, RAR-~, RAR-y, RXR-a, RXR-~, and RXR-y) in four HNSCC cell 
lines derived from tonsil (HNSCC183), larynx (HNSCC886Ln), retromolar 
trigon (HNSCC1483), and buccal mucosa (SqCC/Yl) grown in the absence 
or the presence of retinoic acid [188]. All four cell lines expressed mRNAs 
for RAR-a, RAR-y, and RXR-a; three cell lines (183,886, and 1483) ex­
pressed RAR-j3; and none expressed RXR-j3 or -yo SqCClYl did not express 
RAR-j3, as was reported earlier [241], tRA treatment increased the level of 
RAR -j3 in the cell lines that expressed it constitutively but not in the one 
(SqCClYl) that did not express it. In contrast, the treatment had little or no 
effect on the expression of RAR-a or RXR-a. 

To assess the expression of nuclear RA receptors in vivo, we used 
digoxigenin-Iabeled cRNA probes of RAR-a, RAR-j3, and RAR-y antisense 
for in situ hybridization to sections of head and neck surgical specimens, 
including normal tissue and hyperplastic, dysplastic, premalignant (e.g., 
leukoplakia), and malignant (squamous cell carcinomas) tissues. An analysis 
of 31 head and neck tissue specimens, including 14 cases from the oral cavity 
and 17 cases from the pharynx and larynx, revealed that RAR-a and RAR-y 
mRNAs were present in most of the tissue specimens at similar levels. In 
contrast, RAR-j3, which was detected in 70% of the normal and hyperplastic 
lesions, was detected in only in 56% of the dysplastic lesions and 35% of the 
carcinomas [248]. These results strongly indicate that the decreased expres­
sion of RAR-j3 may be associated with the development of head and neck 
cancer. The loss of expression of RAR -j3 in many HNSCC cell lines and 
SCC tumor specimens is intriguing in view of the recent report [249] that the 
commonly deleted region (distal to 3p14 and proximal to 3p25) of chromo­
some 3p in HNSCC cell lines derived from early stage tumors includes 3p24 
where RAR-j3 is located [208]. The loss of heterozygosity suggests that 
tumor suppressor genes may be located in the deleted region; however, an 
analysis of DNA samples from five HNSCC cell lines that did not express 
RAR-j3 mRNA did not detect any gross rearrangements in the RAR-j3 gene 
[247], suggesting that the lack of RAR-~ expression did not result from 
deletions of this gene. 

Nuclear RA receptors in squamous cell carcinomas of the lung. The expres­
sion of nuclear RA receptors in human lung squamous carcinomas was 
reported independently by three laboratories [246,246,250,251]. Their re­
sults were based on northern blotting and showed that most squamous and 
adenosquamous carcinomas expressed RAR-a and RAR-y mRNAs. The 
level of RAR-y was higher in three of seven squamous carcinomas than 
in other cell lines and normal lung [246]. The expression of RAR-j3 was 
variable. It was expressed by three of eight squamous cell carcinomas and 
was induced by RA in four of eight cell lines. RAR-j3 mRNA was expressed 
in 5 out of 7 adenosquamous carcinomas and was increased by RA treat-
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ment in two of seven of these cell lines [245,246,250]. Interestingly, RAR-P 
abnormalities were also observed in small cell lung carcinomas, as three 
of eleven cell lines failed to express RAR-P mRNA [246]. RAR-P DNA 
showed rearrangements in one see that did not express RAR-~ and in an 
adenocarcinoma and a small cell carcinoma that did express RAR-~ [246]. 
Northern blotting analyses of RAR-P mRNA in surgical specimens of 
adjacent 'normal' and lung carcinomas showed that three of nine tumor 
samples contained no or low transcript levels relative to the normal tissue 
[246]. The abnormalities in RAR-~ expression suggested that this receptor 
may be involved in the pathogenesis of lung cancer, possibly as a suppressor 
gene [246,250]. The RAR-P gene is located on chromosome 3p24 close to a 
region that is often deleted in lung cancer (from 3p14 to the telomer) 
[251-253]. However, no rearrangements of the RAR-P gene were detected 
in several surgical specimens of lung cancer [246], and the expression of 
thyroid hormone receptor, which is located close to RAR-P on chromosome 
3p24 [208] in cell lines that did not express RAR-~, indicated that the RAR­
~ gene was not deleted in the lung carcinoma cells [250]. Thus the molecular 
mechanism underlying the relationship between aberrant expression of 
RAR-~ and the development of lung cancer is still unknown. 

Implication of nuclear RA receptors in the response of squamous epithelial 
cells to retinoids. Several lines of evidence indicate that RARs are the 
ultimate mediators of RA action on gene expression and the subsequent 
differentiation. For example, overexpression of a modified RAR-a in 
embryonal carcinoma cells inhibited in a dominant negative fashion the 
induction by retinoic acid of some markers of endodermal differentiation, 
and it was suggested that the truncated RAR-a formed inactive heterodimers 
with endogenous wild-type receptor(s) [254]. More related to the subject of 
this chapter is the report that RAR-a antisense oligonucleotides inhibited in 
malignant keratinocytes (SeC) both alkaline phosphatase induction and 
clonogenicity suppression by retinoids [255]. More direct evidence for the 
role of nuclear receptors in mediating the effects of retinoids on cell growth 
and differentiation was provided by the studies of a· RA-resistant mutant 
subclone of HL-60 promyelocytic leukemia cells, designated HL-60R, which 
has a defective RAR-a, and K562, an erythroleukemia cell line that ex­
presses a very low level of this receptor and is also resistant to RA [256-
258]. By transducing normal RAR-a via a retroviral vector it was possible to 
restore sensitivity to retinoic acid in the mutant cells [256]. Furthermore, 
transduction of RAR-P, RAR-y, or RXR-a also restored sensitivity to RA 
in these mutant cells [257]. 

Gene expression in keratinocytes is thought to be regulated by retinoids 
at the transcriptional level [259-261]. Nuclear RARs have been implicated 
in the regulation of epidermal keratinocyte differentiation based on the 
correlation between the ability of several synthetic retinoids to bind to 
RARs and transactivate transcription from RARE, and to suppress the 
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expression of squamous differentiation markers such as involucrin, type 
I TGase, and cornifin (SQ37) in transfected normal human epidermal 
keratinocytes [241]. A role for nuclear RA receptors in the regulation of 
squamous differentiation has been demonstrated more directly for the 
regulation of keratin genes [260]. The three RAR receptor subtypes were 
able to suppress transcription from the 5' regulatory regions of keratins K5, 
K6, KlO, and K14 in cotransfection experiments [260]. Although direct 
binding of the RARs to DNA was not demonstrated, it was proposed that 
the RARs bind to a putative negative recognition element in the upstream 
DNAs of keratin genes [260]. Roles for nuclear RA receptors in both 
positive and negative regulation of epidermal differentiation have been 
implied by the effects of a truncated RAR-y receptor [261]. Transfection of 
RAR-y truncated in the ligand-binding domain enhanced the growth and 
inhibited the squamous differentiation (e.g., production of keratins Kl/lO 
and K6/16, involucrin, and filaggrin) of human squamous carcinoma cells 
SCC13. In addition, the transfected cells expressed low levels of K13 and 
K19, which are positively regulated by retinoids in the parental SCC13 cells. 
Thus it appears that RARs may be required for induction of terminal 
differentiation of keratinocytes [261]. RAR-P mRNA expression in cultured 
normal oral epithelial cell strains was correlated with the expression of 
keratin 19, and it was suggested that RAR-P plays a role in keratin expres­
sion and suprabasal differentiation of stratified squamous epithelia [244]. 
This correlation was abrogated in head and neck squamous cell carcinomas, 
in which the expression of K19 was independent of the expression of RAR-P 
[247]. Likewise, there was no apparent correlation between the expression 
of the nuclear receptors and the status of squamous cell differentiation of 
the HNSCC cell lines (two well differentiated and two poorly differentiated), 
and there was no correlation between the expression of RAR-P and the 
response of HNSCC cells to the growth-inhibitory or differentiation­
suppressing effects of tRA [188]. 
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4. Risk factors and genetic susceptibility 

Margaret R. Spitz 

Upper aero digestive tract (oral cavity, pharyngeal, and laryngeal) cancers 
are sentinel diseases of exposure to tobacco and alcohol, and thus can be 
considered the paradigm of environmentally induced disease. The fact that 
only a fraction of exposed individuals develop these cancers suggests inter­
individual differences in susceptibility to these environmental insults. In 
fact, heritable differences in susceptibility may be identified at almost every 
phase of carcinogenesis, for example, in the ability to metabolize car­
cinogens, DNA repair capability, genomic instability, and altered proto­
oncogene and tumor suppressor gene expression [1]. This chapter will review 
briefly the environmental contribution to the incidence of upper aerodiges­
tive tract cancers and will explore some of the host factors that modify 
genetic damage from these and other carcinogenic exposures. 

Descriptive epidemiology 

In 1994, it is estimated that there will be 42,100 incident cases of upper 
aerodigestive tract cancer and 11,725 deaths from these diseases [2]. From 
1973 to 1989, the incidence of oral and pharyngeal cancers decreased in 
white men of all ages and white women under 65 years, and concomitantly, 
there has been an average 2% annual decline in mortality [3]. In contrast, 
there have been significant increases in incidence and mortality in black men 
and nonsignificant increases in black women. Incidence rates in black men 
under 65 years are now twice as high as in white men [3]. The secular 
pattern of incidence of laryngeal cancers resembles that of lung cancer: a 
small decline in white men under 65 years age but continuing increases in 
white and black men above 65 years and in all women, especially those 
above 65 years [3]. 
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Cigarette smoking 

The contribution of tobacco to risk of oral and laryngeal cancers is without 
question. Both prospective and retrospective studies worldwide have con­
sistently demonstrated linear dose-response effects. A review of the relevant 
studies documents cancer risks of 5- to 25-fold higher for heavy smokers 
relative to nonsmokers [4]. In most instances, the dose of smoking is linearly 
related to the excess risk. Studies have also demonstrated higher cancer 
risks for smokers of nonfilter cigarettes compared with filter cigarettes and 
diminishing risk with increasing time since cessation of smoking [5-7]. 

Differences by gender and by primary site have been noted both in the 
magnitude of the risk estimates and in the gradients of the dose-response. 
Some studies have reported higher cancer risks for women than for men at 
each successive pack-year stratum [7,8]. Higher smoking-associated risk 
estimates for laryngeal malignancies compared with oral cavity cancers are 
also reported [8]. 

In our own experience at M. D. Anderson Cancer Center, risk estimates 
for cigarette smoking among male head and neck cancer patients increased 
linearly with each successive pack-year stratum from 1.8 to 4.0 to 7.5 in the 
heaviest smokers [8]. For women, the corresponding risks were 1.5, 9.0, and 
12.0. In both instances, linear trend analysis was statistically significant 
[8]. We also noted sub site-specific differences in cigarette smoking risk 
estimates. The highest odds ratio estimate (OR = 15.1) was documented for 
laryngeal cancers, and the lowest risk was noted for oral cancers (OR = 
2.1). These findings suggest a variable susceptibility, possibly sex and site 
dependent, to carcinogenic action. 

Risk is also related to the type of tobacco used. Higher risks of laryngeal 
cancers were noted for users of dark tobacco than for users of light (flue­
cured) tobacco [10]. It is reported that black tobacco contains higher con­
centrations of carcinogens, including N-nitroso compounds and aromatic 
amines. 

Cigar and pipe smoking 

Although smokers of cigars and pipes tend to inhale less than do cigarette 
smokers (as reflected in lower carboxyhemoglobin levels relative to cigarette 
smokers), they are at increased risk for the development of oral, oropharyn­
geal, hypopharyngeal, and laryngeal cancers [11]. The risk estimates 
approximate those of cigarette smokers for buccal cavity but not pharyngeal 
malignancies [12]. For laryngeal cancers, Wynder et al. [13] demonstrated a 
12-fold increase in risk associated with cigar and pipe smoking compared 
with nonusers. 
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SnutTuse 

The Advisory Committee to the Surgeon General on the health con­
sequences of smokeless tobacco concluded that 'the evidence is strong that 
the use of snuff can cause cancer in humans' and that the 'evidence for 
causality is strongest for cancer of the oral cavity' [14]. They also cited an 
almost 50-fold elevated risk for cheek and gum cancers in long-term snuff 
users. Snuff use has been implicated in the etiology of oral cavity cancers 
and, to a lesser extent, pharyngeal cancers [8,14]. One study documented a 
fourfold elevated risk of oral and pharyngeal cancer in white women who 
dipped snuff; this study also showed a strong dose-response relationship 
[15]. The major carcinogens identified in snuff are polonium-21O and volatile, 
nonvolatile, and tobacco-specific nitrosamines [16]. 

The Advisory Committee also noted 'that smokeless tobacco is respon­
sible for the development of a portion of oral leukoplakias in both teenage 
and adult users' [13]. It should be noted that the production of smokeless 
tobacco has increased by an estimated 42% in the past two decades [17]. 

Alcohol use 

Cohort and case-control studies have consistently demonstrated that alcohol 
consumption increases the risk of cancers of the oropharynx and larynx [18]. 
An interaction between tobacco smoking and alcohol in head and neck 
cancers has been demonstrated. This interaction appears to be multiplicative 
for laryngeal cancers [19], but more variable for oral and pharyngeal can­
cers. The separate effects of alcohol and tobacco use have been difficult to 
distinguish because the consumption of these products is so closely cor­
related. However, a recent population-based study documented an in­
dependent effect for alcohol and showed a dose-response relationship after 
controlling for exposure to tobacco [6]. The authors estimated that tobacco 
smoking and alcohol drinking combined account for approximately three 
quarters of all oral and pharyngeal cancers in the United States [6]. 

Marijuana smoking 

There is much theoretical evidence that marijuana should be carcinogenic. 
Marijuana smoke is qualitatively similar to cigarette smoke but results in a 
greater tar burden to the respiratory tract [20]. Marijuana smoking may 
have a greater carcinogenic effect on the upper aerodigestive tract than on 
the lower airways, especially in light of the rapid, deep inhalation used 
in smoking the product [20]. However, there is little direct evidence of 
marijuana's role in cancer etiology because most abusers of marijuana are 
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also exposed to tobacco and alcohol, and reliability of self-reported data are 
likely to be suspect. 

Several authors have also described the occurrence of cancers in patients 
who have been nonsmokers and nonusers of alcohol. One study involved 
older women; another focused on adults less than 40 years [21,22]. Both 
noted that lesions were less likely (than in smokers) to involve the 'zone of 
risk,' that is, the horseshoe-shaped area of the oral mucosa [23]. 

Mouthwash use 

A few reports in the literature have suggested that mouthwash use is associ­
ated with risk of oral cancer, although no relevant trends regarding fre­
quency or duration of use were described [24,25]. These studies also raised 
concerns about the role of preclinical oral cancer symptoms that might have 
stimulated the practice of mouthwash use. However, a recent population­
based case-control study documented significantly excess risk of oral cavity 
cancer among both men (OR = 1.4) and women (OR = 1.6) users of 
mouthwash high in alcohol content, even after adjusting for the effects of 
tobacco and alcohol consumption [26]. In this study, risk tended to increase 
with increasing duration and frequency of use, and was not attributed to 
recently initiated use (such as because of early symptomatic oral cancer) 
[26]. The authors stated that oral swishing with mouthwash containing 25% 
ethanol might provide an exposure to the mucosa similar to that of drinking 
100-proof alcohol diluted with an equal amount of water. The interaction 
of the effects of using mouthwash and tobacco smoking requires further 
investigation. 

Poor oral hygiene 

Poor oral hygiene and dentition have been implicated for a long time in 
oral cavity cancer risk [26]. However, it has often not been possible to 
disentangle the effects of alcohol and tobacco use. In a study of snuff 
dipping and oral cancer [15], two- to threefold elevated risks were noted for 
persons who had lost 10 or more teeth after controlling for the wearing of 
dentures. However, once the effects of tobacco, alcohol, and socioeconomic 
status were controlled, no strong association could be detected. In the large 
population-based study of oral and pharyngeal cancers, no associations were 
noted for denture wearing, prior periodontal disease, cold sores, sores in the 
mouth, or bleeding gums [26]. 
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Occupational risk factors 

The evidence supporting an assocIatIOn between laryngeal cancer and 
asbestos exposure is fairly substantial, although few studies have effectively 
controlled for the confounding effect of tobacco exposure. These studies 
have been extensively reviewed and document odds ratios ranging from 1.4 
to 15.0 [4,27]. Nickel exposure in smelting operations has also been impli­
cated in the etiology of laryngeal cancer [28] but has not been associated 
with increased risk in other studies [29]. Workers occupationally exposed to 
sulfuric acid [30], workers involved in the manufacture of mustard gas [31], 
and machinists [29] are also said to be at increased risk of developing 
laryngeal cancer. Elevated oral cancer rates have been demonstrated in a 
variety of occupations, including plumbers and metal, textile, and steel 
workers [32]. A recent study implicated wood dust and exposure to organic 
compounds and coal products as increasing the risk for these cancers [33]. 

Diet 

Considerable laboratory and epidemiologic evidence suggests that caro­
tenoids act as dietary inhibitors of epithelial carcinogenesis. Vitamin A and 
synthetic retinoids have been shown to modulate the growth and differen­
tiation of normal, premalignant, and malignant cells both in vivo and in 
culture. In early epidemiologic investigations of dietary vitamin A intake 
and cancer risk, the form of vitamin A was not distinguished. More recently, 
both case-control and prospective studies have found an inverse association 
between total vitamin A and carotene intake and lung cancer risk. Similar 
results have been reported for laryngeal cancer (carotene) [34], oral cancer 
(vitamin A) [35], and oral and pharyngeal cancers (fruit consumption) [36]. 

A recent report on oral and pharyngeal cancers in China showed that 
men in the highest tertile of intake of fruits and vegetables had about 
30-50% of the risk of those in the lowest tertile, with a less pronounced 
effect for women [37]. In a study of oral and pharyngeal cancers conducted 
among women in North Carolina, there was a 50% reduction in risk associ­
ated with frequent consumption of fresh fruits and vegetables [38]. Fruits 
and vegetables contribute vitamin C, beta-carotene, and other carotenoids, 
all of which are antioxidants. Dark green and yellow vegetables are especi­
ally rich in carotene and lutein [39]. 

Few studies have evaluated possible interactions between cigarette smok­
ing and these dietary factors. Stefani et al. demonstrated that tobacco use 
and low fruit intake exerted an effect that was greater than additive in 
laryngeal cancer risk [40]. A study in Texas suggested that carotene exerted 
its protective effect among smokers who had stopped smoking 2-10 years 
previously [34]. Zheng et al. present data from a case-control study in China 
reporting that the combined effects of smoking and diet were more than 
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additive [41]. Intervention trials using these compounds have provided strong 
evidence for the potential of cancer chemoprevention. 

Herpes simplex virus 

Only limited evidence exists linking herpes simplex virus (HSV) to oral 
cancer. In one study, 42% of oral cancer patients (compared with none of 
the control subjects) exhibited HSV type 1 (HSV-l) protein [42]. Another 
study implicated two different late antigens of HSV -1, one recognized by 
IgA antibody and the other by IgM antibody [43]. There is also experi­
mental evidence of an interaction between viral infection and tobacco car­
cinogenesis. Oral cancer was induced in 50% of hamster buccal pouches in 
the presence of both HSV infection and simulated snuff dipping, although 
neither HSV nor tobacco alone induced neoplastic changes [44]. 

Human papillomavirus 

The possible role of human papillomavirus (HPV) infection in the etiology 
of oral squamous cell cancer is currently being explored by a number of 
research groups. Using the polymerase chain reaction (peR) technique, 
HPV DNA has been detected in from 32% to 100% of oral squamous cell 
cancers [45-48]. The differences in prevalence are likely because of different 
experimental conditions. HPV types 6, 11, 16, and 18 were detected, with 
types 16 and 18 reported most frequently. The latter two types have been 
investigated most extensively because of their association with genital cancer. 
HPV types 6, 11, and 16 have also been detected in oral leukoplakia [49]. It 
has been estimated that the prevalence of HPV infection in the oral mucosa 
of normal adults is 40-45% [50]. 

Genetic susceptibility 

While tobacco and alcohol exposures are major determinants of risk of 
upper aero digestive tract cancers, host-specific factors also influence the risk 
for cancer development. Few ecogenetic studies have specifically targeted 
head and neck cancers. Because of the excess risk of lung cancers in these 
patients, it is appropriate to extrapolate the research focused on lung cancer 
to the upper aero digestive tract. Based on the magnitude of the attributable 
risk of tobacco in these cancers, one could define susceptibility in the 
context of this specific exposure. The lifetime risk of developing lung cancer 
in men who smoke 20 or more cigarettes per day is only 15% [51]. Varying 
host susceptibility must therefore be inferred. An important factor in the 
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estimate of carcinogen risk is consideration of these interindividual differ­
ences in susceptibility to carcinogenesis. 

Metabolic factors in susceptibility 

Animal studies clearly demonstrate that the rate of carcinogen metabolism is 
of central importance to carcinogenesis [52]. The concentration of mutagens 
depends on a delicate balance between the rate of activation and the rate of 
detoxification. 

Many tobacco carcinogens, including polycyclic aromatic hydrocarbons 
(PAHs) and N-nitrosamines, require metabolic activation before exerting 
their carcinogenic effect. For example, the cytochrome P-450-dependent 
mono-oxygenase systems catalyze the initial oxidation of PAHs to electro­
philic intermediates capable of binding to DNA and cellular proteins. Much 
of the interindividual variability in carcinogen metabolism may be explained 
by variable patterns of P450 isozymes in tissues of different individuals [53]. 
Studies of polymorphic variability are currently a focus of considerable 
interest. Most studies of metabolic markers have been of the case-control 
design and are confounded by the inducibility of some of these enzymes. 

One particular P-450 enzyme, aryl hydrocarbon hydroxylase (AHH; 
associated with CYP lAl isozyme), has been extensively studied [54]. 
Patients with lung cancer were shown to have predominantly intermediate 
and high AHH inducibility phenotypes [54] in peripheral lymphocyte assays. 
The rationale advanced was that individuals with high inducibility could 
more readily activate the promutagens and procarcinogens in cigarette 
smoke. There were initial difficulties in reproducing these results, but they 
have since been corroborated [55]. More recently, a positive association 
between cigarette smoking and CYP lAl gene expression was noted in 
normal human lung tissue, and altered gene regulation was documented in 
lung cancer patients [56]. 

Human debrisoquine activity is also known to be polymorphic. Auto­
somal recessive poor metabolizers constitute about 9% of the white popu­
lation [57]. One study found an increased lung cancer risk in extensive 
metabolizers of debrisoquine [58], although no procarcinogens have been 
identified as substrates for debrisoquine-4-hydroxylase enzyme, and negative 
and ambiguous results have also been reported. The gene coding for CYP 
2D6 has been cloned, and it is now possible with PCR-based assays to 
distinguish poor metabolizers from extensive or intermediate metabolizers 
[59]. 

There is also considerable interindividual variation in the activity of 
detoxifying isozymes of glutathione S-transferases (GST), which metabolize 
PAH constituents of tobacco smoke. These enzymes catalyze the detoxifi­
cation of mutagenic electrophiles that are generated by the cytochrome 
P-450-mediated oxidation reactions. It is therefore highly likely that differ-
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ences in GST expression would yield differences in susceptibility to car­
cinogenic exposure [52]. Data from a recent study suggest that high or 
intermediate enzyme activity has a moderately protective effect in persons 
heavily exposed to tobacco smoke [60]. This study included 15 patients with 
oral and pharyngeal cancers, but site-specific data were not presented. 

DNA repair capability 

Much of the evidence linking DNA repair deficiency and cancer risk is 
from the autosomal recessive DNA repair-deficient syndromes that in 
homozygotes are associated with high cancer rates. Despite the rarity of 
these diseases, their unique cytogenetic and biochemical characteristics have 
thrown much light on the issue of genetic predisposition to cancer. 

Ataxia telangiectasia (AT) is a unique human model for studying genetic 
susceptibility to cancer because it is determined by a single gene that has 
been localized to llq [61]. AT homozygotes are three times more sensitive 
to ionizing radiation than are normal individuals. Skin fibroblasts from 
heterozygotes show radiation dose-response curves that are intermediate 
between those of normal individuals and those of homozygotes. AT cells 
exhibit high frequencies of spontaneous chromosome breakage and col­
lateral sensitivity to radiomimetic drugs such as bleomycin. Obligate AT 
heterozygotes are thought to be at eightfold increased risk of breast cancer 
[62]. 

Human tumor cells and cells from cancer-prone individuals (e.g., persons 
with AT, Fanconi's anemia) show a higher incidence of radiosensitivity 
during G2 irradiation than do cells from normal individuals [63]. This radio­
sensitivity (manifested as chromatid breaks) may reflect greater radiation­
induced damage. There is biochemical evidence for the correlation of DNA 
repair deficiency with induced chromatid aberration incidence [59]. Pero et 
al. [64] noted reduced in vitro, unscheduled DNA synthesis in cells from 
cancer patients and genetically predisposed individuals. 

Xeroderma pigmentosum patients exhibit extreme ultraviolet sensitivity 
and are defective in excision repair of bulky adducts induced by ultraviolet 
radiation. In patients with Bloom's syndrome, DNA ligase I is deficient [65]. 

A working hypothesis developed by Hsu presupposes a spectrum of DNA 
repair capability within the general population [66]. To demonstrate the 
existence of differences in mutagen sensitivity, Hsu developed an assay in 
which quantification of chromosomal breakage induced by in vitro exposure 
to the radiomimetic drug bleomycin is used as an indirect measure of repair 
capability [67]. The principal test cells for the assay are primary cultures of 
peripheral lymphocytes that actively proliferate, yielding a good supply of 
mitotic cells for chromosomal study. The radiomimetic agent, bleomycin, 
was chosen as the test mutagen because it induces DNA breaks that express, 
within a short time period, as chromatid breaks. The protocol includes 
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treating the cells of the culture with bleomycin (0.03 units/ml) for 5 hours 
and then harvesting the cells wth conventional cytogenetic methods. A 
minimum of 50 well-spread metaphases is examined, the breaks counted, 
and the data recorded as the average breaks per cell (b/c). 

Bleomycin-induced sensitivity and environmental exposures have been 
assessed in 75 patients with previously untreated upper aerodigestive malig­
nancies and 62 healthy control subjects [68]. Fifty-four patients, compared 
with only 13 of the controls, were sensitive to bleomycin-induced mutage­
nesis (i.e., had more than 0.8 average breaks per cell) [68]. On logistic 
regression analysis, mutagen sensitivity remained a strong and independent 
risk factor after adjustment for potential confounding from age, sex, and 
tobacco and alcohol consumption (OR = 4.3; 95% confidence limits = 2.0, 
10.2; Table 1) [68]. 

We have recently confirmed these initial observations in a second case­
control study involving 108 additional patients with newly diagnosed upper 
aerodigestive tract cancers (Table 1). Mutagen sensitivity (b/c >0.8) re­
mained an independent risk factor on multivariate analysis, after controlling 
for the effects of alcohol and tobacco use [69]. The magnitude of the 
univariate and adjusted risk estimates for mutagen sensitivity were less in 
the second study, although still statistically significant. Both studies also 

Table 1. Risk estimates for mutagen sensitivity, cigarette smoking, and alcohol use 

Mutagen 
sensitivity 

Crude 
Adjustedd 

Cigarette smoking 
(cigarettes per day) 

1-14 
15-24 
25+ 

Alcohol use 
(drinks per day) 

1-2 
3-6 
>6 

Study 1, 1989a ,c (n = 137) 

3,9 (1.6, 9.1) 
4.3 (2.0, 10.2) 

0.7 (0.2, 2.2) 
2.8 (1.1, 6.9) 

12.7 (13.8, 42.3) 

1.9 (0.6, 5.7) 
5.0 (1.4, 17.9) 

44.5 (2.5, 793.9) 

a Prom Spitz et al. [68], with permission. 
bProm Spitz et al. [69], with permission. 
c Confidence limits in parentheses. 
d Adjusted for sex, age, smoking, and alcohol use. 

Odds ratio 

Study 2, 1992b,c (n = 216) 

2.7 (1.1, 6.6) 
2.2 (1.0, 5.1) 

4.2 (1.4, 12.8) 
7.9 (3.2, 19.1) 

11.0 (4.4, 27.4) 

1.0 (0.7, 1.6) 
1.7 (0.7, 4.1) 

14.0 (4.2, 47.0) 
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Table 2. Risk estimates for strata of cigarette smoking, alcohol use, and mutagen sensitivity 
(b/c >0.8) 

Smoking/mutagen sensitivity 
No/no 
No/yes 
Yes/no 
Yes/yes 

Alcohol/mutagen sensitivity 
No/no 
No/yes 
Yes/no 
Yes/yes 

Study 1, 1989a,c (n = 137) 

1.0 
5.8 (1.3, 25.1) 
5.4 (1.5, 19.5) 

19.8 (4.6, 84.8) 

1.0 
3.6 (1.2, 11.1) 
5.4 (1.6, 18.3) 

17.1 (4.1,70.6) 

a From Spitz et al. [68], with permission. 
bFrom Spitz et al. [69] with permission. 
c 95% confidence limits in parentheses. 

Odds ratios 

Study 2, 1992b,c (n = 216) 

1.0 
3.2 (0.6, 18.7) 
8.1 (1.7, 37,7) 

23.0 (5.0, 106.0) 

1.0 
3.0 (1.4, 6.4) 
3.0 (1.2, 7.8) 
5.6 (2.3, 14.2) 

demonstrated dose-response relationships for cigarette smoking and alcohol 
use (Table 1). 

To evaluate the independent effect of mutagen sensitivity and its inter­
action with cigarette smoking and alcohol consumption, risk estimates for 
various combinations of these factors were computed in stratified analyses 
(Table 2). These analyses were restricted to study participants for whom all 
relevant information was available. The referent category was study parti­
cipants who were not mutagen sensitive and were nonusers of either 
cigarettes or alcohol. Mutagen sensitivity was a risk factor in the absence of 
both smoking and alcohol use (threefold to fivefold), and there were signifi­
cantly elevated risks associated with smoking or alcohol use in mutagen­
resistant persons. The combined effects of cigarette smoking and mutagen 
sensitivity seemed to be multiplicative. The data for alcohol and mutagen 
sensitivity were less consistent. 

The second study also provided data suggestive of familial aggregation 
of cancer in first-degree relatives of mutagen-hypersensitive patients (b/c 
>1.0). Odds ratios were 2.8 (95% confidence limits = 1.1, 7.2) for one first­
degree relative with cancer and 7.0 (95% confidence limits = 1.8, 27.1) for 
two or more first-degree relatives with cancer [70]. 

Populations of individuals with cancers other than head and neck cancer 
have also been evaluated for mutagen sensitivity [67]. The original hy­
pothesis was that the assessment of such individuals would provide an 
explanation for site specificity of tumor development. Fifty of 71 patients 
(70%) with confirmed lung cancer and 58 of 83 patients (70%) with colon 
cancer expressed blc counts above 0.8 [67]. 
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The assay may also have predictive potential. Eighty-four previously 
untreated head and neck cancer patients were evaluated for sensitivity to 
bleomycin and then followed longitudinally for multiple primary malig­
nancies (median follow-up of 20 months) (Table 3) [71]. Four of the 51 
nonsensitive patients (8%) developed second primary malignancies, com­
pared with 9 of 33 patients (27%) in the hypersensitive group (b/c > 1.0). 
The relative risk of multiple primary cancers among the latter group was 4.4 
(95% confidence limits = 1.2, 15.8). We have recently enlarged this study, 
accruing 278 patients followed from 1987 through 1993 [72]. The mean 
break/cell value for patients developing second malignancies was 1.17 
(±0.54) compared with 0.98 (±0.44) for patients with only one primary (P 
= 0.004). The relative risk for developing second cancers was 2.67 (1.22, 
5.79). This study also showed no differences in the distribution of mutagen 
sensitivity by smoking status, pack-years or tumor stage [71]. Cloos et al. 
have shown similar findings in their studies of head and neck cancer patients 
[73]. These findings have clinical and prognostic relevance, since second 
malignant tumors are the most important cause of mortality in early stage 
disease. 

The finding of suggestive synergistic effects of alcohol use and mutagen 
sensitivity in our case-control study stimulated further in vitro studies of the 
effect of alcohol in this test assay system [74]. Cultured human cells were 
treated with a fixed concentration of bleomycin together with ethanol at 
concentrations varying from 0.1 % to 4%. The frequency of chromosome 
breaks, compared with that in the bleomycin control, was unchanged at 
0.1 % and 0.5% ethanol but was markedly elevated beginning at 1 % ethanol 
[74]. This series of experiments indicated that alcohol, although itself not a 
clastogen, could potentiate the genotoxic property of bleomycin with a dose­
dependent effect. 

We have also tested the potentiation property of ethanol on mutagens 
with different molecular mechanisms [74]. Four additional mutagens were 
chosen: the base analogue cytosine arabinoside, the ultraviolet-radiomimetic 
carcinogen 4-nitroquinoline-1-oxide, the alkylating agent triethylene­
melamine, and a sample of cigarette smoke condensate. In all cases, ethanol 
enhanced their genotoxicity. Thus, it appears that the potentiation effect of 

Table 3. Risk of multiple primary cancer in patients with head and neck cancer by mutagen 
hypersensitivity status 

Mutagen No. of Second Relative (95% confidence 
hypersensitivity patients malignancies (%) risk limits) 

> 1. 0 breaks per cell 33 9 (27.3) 4.4 1.2, 15.8 
:s 1. 0 breaks per cell 51 4 (7.8) 

From Schantz et al. [74], with permission. 
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alcohol is a general phenomenon, not the formation of a particular mole­
cular complex that increases the potency of a mutagen. This finding may 
explain the cocarcinogenic properties of alcohol in head and neck cancer 
etiology. 

Summary 

Tobacco use is such a major determinant of head and neck cancer risk that 
classical epidemiologic techniques were more than adequate to document 
and characterize the etiologic association. However, the new emphasis in 
epidemiologic research is multidisciplinary, centering on the role of inter­
individual differences in susceptibility to carcinogenic exposures and particu­
larly on the interaction of genetic susceptibility and environmental forces, 
that is, ecogenetics. For upper aerodigestive tract cancers, measurements of 
carcinogen metabolic activation and DNA repair capability are especially 
relevant. These susceptibility markers will enable the identification of high­
risk population subgroups who can be targeted for the most intensive 
primary and secondary preventive strategies. 
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5. Biology and reversal of aero digestive tract . . 
carcInogenesIs 

Scott M. Lippman, Gary L. Clayman, Martin H. Huber, Steven E. Benner, 
and Waun Ki Hong 

Squamous cell carcinoma of the upper aerodigestive tract is a cosmetically, 
functionally, and economically devastating class of diseases yet to come 
under control with standard approaches to prevention, early detection, or 
therapy [1,2]. Three principle modalities are currently used to control this 
disease: tobacco/alcohol cessation programs, surgery and radiotherapy for 
early and local-regional advanced disease, and chemotherapy in advanced, 
recurrent, and metastatic disease. 

The major aero digestive tract cancers (head and neck, lung, and esoph­
agus) are linked by a single causative agent - tobacco. The worldwide 
incidence of upper aero digestive tract cancers has remained unchanged 
for two decades despite the availability of tobacco-cessation programs. 
Tobacco-use figures are staggering. Worldwide, there are approximately one 
billion smokers and 600 million chewers. Respective figures for the United 
States alone are 50 million smokers and 12 million chewers, and dissappoint­
ing recent Centers for Disease Control (CDC) figures indicate that, for the 
first time in many years, overall U.S. smoking rates are increasing [3]. This 
is a recent and worrisome trend, occurring in the face of increasingly in­
tensive somking-cessation efforts. These figures indicate the exigent need for 
chemoprevention approaches as adjuncts to continued smoking-cessation 
research, to control this group of tobacco-related cancers. 

During the past 20-30 years, only marginal improvement in overall 
survival has occurred for patients with early and locally advanced squamous 
cell carcinoma of the head and neck. This is true even though standard 
therapy of surgery and/or radiotherapy and newer neoadjuvant chemo­
therapy can effectively control primary tumors [1,2]. 

Despite successful primary therapy of advanced local and regional dis­
ease, 50-60% of head and neck cancer patients wil die from local recur­
rences, 20-30% will die from distant metastases, and 10-40% will die from 
second primary tumors. Although patients with early stage disease can be 
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treated effectively with single modality local therapy (surgery or radio­
therapy), these patients have an additional 4-7% annual risk of developing 
second primary tumors, the principle cancer-related cause of death in early­
stage disease [4]. Long-term survivors, regardless of disease stage, are sub­
ject to the development of second primary tumors [5]. These troubling 
data reveal the need for effective chemopreventive approaches to increase 
survival for 'cured' head and neck cancer patients. 

There is a great effort, therefore, directed to the development of effective 
new strategies to control these cancers. One new approach under study is 
cancer chemoprevention, the use of specific agents to stop carcinogenesis 
and to prevent the development of invasive cancer [6-13]. This field of 
clinical investigation emerged from laboratory and epidemiologic studies 
indicating the presence of thousands of potential inhibitors of carcinogenesis. 
The basic concepts of field carcinogenesis and multistep carcinogenesis 
underlie the expanding arena of chemoprevention. 

Tumor biology 

The basic concepts of multistep carcinogenesis and field carcinogenesis have 
opened the door for modern intervention research in the head and neck 
region. Epithelial carcinogenesis involves the progressive accumulation of 
genetic alterations, dysregulated epithelial proliferation and cell differen­
tion, the selected outgrowth of premalignant cells, invasion, and metastasis. 
The clinical premise of chemoprevention is that carcinogenesis, at least in 
early (premalignant) stages, is reversible, a concept supported by preclinical 
and epidemiologic data [14-31]. 

A central theme that links the upper aero digestive tract and lung is 
the concept of field carcinogenesis - the mUltifocal development of pre­
malignant (and malignant) lesions at various stages of carcinogenesis and 
that progress at various rates within the entire aero digestive tract or 'field', 
exposed to diffuse and repeated primarily tobacco-related carcinogenic 
assault. Local therapy is inadequate in the face of these fieldwide 
developments. 

Field carcinogenesis was initially described in the oral mucosa by Slaughter 
et al. [32]. Using standard histologic methods, Slaughter found widespread 
microscopic abnormalities in resected tissue specimens taken from epithelia 
surrounding the area of the primary carcinoma in patients with squamous 
cell carcinoma of the head and neck. The primary abnormalities described 
were epithelial hyperplasia (an increase in the number of rows in the epithe­
lium), hyperkeratinization, and dyskaryosis (atypia). Several sections were 
also found to contain carcinoma in situ. Furthermore, when serial sections 
of the entire surgical specimen were studied, separate foci of carcinoma 
in situ or invasive carcinoma were frequent findings overall and found in 

90 



all cases in which the primary tumor was less than 1 cm in diameter. Based 
on these observations, Slaughter coined the term field cancerization to 
describe the phenomenon of diffuse carcinogenic changes surrounding 
cancer. This finding implies a wide tissue area of risk that transcends the 
margins of the primary cancer. This phenomenon has also been referred to 
as field carcinogenesis and the condemned mucosa syndrome. 

This field effect concept is certainly supported by prospective studies of 
head and neck cancer that have documented second primary tumor rates 
of 6-7% per year [5]. Furthermore, the site patterns of second primary 
tumor development indicate that over 80% occur within the tissue field of 
presumed risk from direct tobacco and alcohol exposure, the major aero­
digestive tract carcinogens. 

Forty years after Slaughter's initial report, this concept has been studied 
at the cellular and molecular level. Our group and others have used the 
same basic approach of assessing nonmalignant epithelia surrounding 
squamous cell carcinoma from resected tumor specimens using sensitive 
biologic probes to detect phenotypic (proliferation and differentiation) and 
genotypic abnormalities [33-39]. In addition, we and others are using these 
molecular and cellular probes to dissect the diverse nature of the clinical­
histologic premalignant lesion. 

Our studies of resected tumor specimens analyzed adjacent epithelia 
grouped by histologic stage of carcinogenesis: adjacent 'normal' tissue, 
hyperplasia, and dysplasia. The results of these phenotypic and genotypic 
marker studies were compared with each case's squamous carcinoma and 
with a true normal control (tissue from a volunteer without cancer). 

We have studied two growth-related markers: proliferating-cell nuclear 
antigen and epidermal growth factor receptor. Proliferating-cell nuclear 
antigen is associated with DNA synthesis and cell cycle regulation, and 
therefore a potential marker of tissue dysregulation of proliferation. Pro­
liferating-cell nuclear antigen, as determined by monoclonal antibody 
labeling, increased with histologic progression [36]. Furthermore, there was 
also evidence of proliferative dysregulation occurring from the basal to 
superficial epithelium. Epidermal growth factor receptor expression was 
studied as a marker of cell growth regulation. Again using monoclonal 
antibody techniques, dysregulation of epidermal growth factor receptor ex­
pression was increasingly observed with histologic progression to invasive 
squamous carcinoma. 

In addition to the phenotypic changes described above, we have analyzed 
head and neck cancers and surrounding nonmalignant tissue for genotypic 
alterations that may be associated with field and multistep carcinogenesis. 
Using in situ hybridization techniques with centromeric probes to chromo­
somes 7 and 17, increasing polysomy was associated with the transition from 
histologically normal mucosa to invasive cancers [35]. Supporting the defini­
tion of a premalignant state and the concept of field carcinogenesis were 
genetic changes detected in regions of histologically normal epithelium in 
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one third of cases studied. Chromosome polysomy was not found in mucosa 
of healthy nonsmoking volunteers. 

We have also studied the tumor suppressor gene p53. Wild-type p53 has 
tumor suppressor function, while some mutations of the p53 gene have 
tumor promotor activity. We found marked variability of p53 expression in 
different areas of the cancer, which further indicates the marked hetero­
geneity of tumors. Furthermore, the frequency of p53 gene mutations 
increased with histologic progression. Detection of p53 mutations in hyper­
plasia and dysplasia adjacent to squamous cell carcinoma and in oral pre­
malignant lesions [40] may indicate that p53 loss is an early molecular 
genetic event in head and neck carcinogenesis, and differs from colon and 
bladder carcinogenesis, in which p53 mutation occurs late [41,42]. 

The presence of p53 mutations in carcinogenic lesions has been previously 
documented in other tumors of the aerodigestive tract [43-45]. Sozzi et al. 
[38,39] identified p53 mutations in adjacent dysplastic lesions in three 
patients whose primary lung cancer had a p53 mutation using immuno­
histochemistry. Single-strand conformational polymorphism analysis in two 
cases revealed that the same exon was affected in both the primary tumor 
and the adjacent dysplastic tissue. 

The presence of p53 alterations has also been demonstrated in preneo­
plastic lesions of the oral mucosa. Girod et al. [40] used an antibody to p53 
protein to demonstrate p53 protein accumulation in premalignant lesions of 
the oral mucosa. The antibody was initially shown to stain positive in the 
presence of a p53 mutation; then, tissue sections of oral premalignant 
lesions and squamous cell carcinomas of the oral mucosa were evaluated. 

P53 accumulation was not only present in invasive squamous cell cancers 
of the head and neck, but was also found in premalignant lesions. While 53% 
of all 104 sections containing squamous cell carcinomas were positive, 
28.4% of the 64 sections with premalignant alterations without carcinoma 
also contained p53 protein [40]. In addition, investigators have also identified 
oncogenes in head and neck squamous carcinoma, induding int-2, k-ras, 
c-myc, and bcl-1 [46-53]. 

The best available molecular data supporting the concept of field car­
cinogenesis comes from a recent report by Chung et al. [54], who evaluated 
p53 mutations in head and neck squamous cell carcinoma and their second 
primary tumors of either squamous cell carcinoma or other histologies. This 
study found the primary lesion and second primary tumors to have dis­
cordant mutations. In this study, tissue samples were collected from 31 
patients who had surgery for squamous cell carcinomas of the head and neck 
and later developed second primary cancers of either the head and neck, 
esophagus, or lung. Second primary tumors were defined as occurring at 
least 3 years after the initial primary occurrence and geographic separation 
from the original site by at least 2 cm. Head and neck second primary 
tumors occurred in 17 patients, lung second primary tumors in 12 patients, 
and esophagus tumors in 2. 
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A total of 66 samples from the 31 patients were analyzed using single­
strand conformation polymorphism analysis. Mutations of p53 were identified 
in 13 of the 31 (42%) initial primary tumors and 13 of 35 (37%) second 
primary tumors. Twenty-one of the patients had p53 mutation in either the 
initial primary tumors and/or their second primary tumors. Only 5 of these 
21 patients had a p53 mutation in both the primary head and neck cancer 
and in their second primary tumor, and in each of these cases, regardless of 
histologic subtype, the p53 mutations were shown to be discordant. 

This study provides supportive evidence at the molecular level for field 
carcinogenesis in head and neck squamous cell carcinoma. It is possible, 
however, that the apparent discordance reflects tumor heterogeneity, that 
is, differences in p53 mutation within a single tumor. Presumably cancer 
cells with a mutated p53 gene have a selective growth and metastatic ad­
vantage. Molecular characterization of p53 may become an important tool in 
the differential diagnosis of recurrence (local, regional, or distant) versus 
second primary tumors in lesions of squamous cell histology. 

Clinical trials and promising agents 

Multiple-site primary prevention trials 

These large trials are attempting to demonstrate an association between 
chemoprevention and a reduction in cancer incidence. The trial design 
assumes that the beneficial effects of the agent in cancer prevention will 
result in an overall reduction in cancer incidence. In the United States, the 
Physicians' Health Study was designed to study the effects of beta-carotene 
and aspirin on the incidence of cancer and cardiovascular disease [55]. The 
study is a randomized, double-blind, placebo-controlled trial, begun in 1982, 
involving 22,071 male physicians. A more recently begun trial, the Women's 
Health Study, will determine the impact of beta-carotene, vitamin E, and 
aspirin on cancer and cardiovascular disease in 40,000 female nurses [56]. 
These broad multiple-site primary prevention trials are quite large and 
require long-term follow-up, which adds to expense and logistical difficulties. 
If the trials have positive results, however, they could have a significant 
public health impact. 

Upper aerodigestive tract and lung 

To date, the best-studied system for cancer chemoprevention in humans is 
the epithelial malignancies of the upper aerodigestive tract and lungs. In the 
United States, these malignancies account for 30% of cancer deaths [57]. 
The field cancerization hypothesis [32,58]' which predicts diffuse epithelial 
injury as the result of inhaled carcinogens, has guided the development of 
these sutdies. Clinical evidence for field carcinogenesis is found in the 
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occurrence of premalignant lesions and multiple primary tumors. Recent 
molecular studies of p53 mutations, reviewed above, provide further evidence 
for field carcinogenesis in the upper aero digestive tract. 

Large randomized clinical trials in a general population testing chemo­
prevention agents specifically directed at reducing the incidence of head and 
neck cancer are logistically difficult to perform. First, because the incidence 
of head and neck cancer in the general U.S. population is very low, massive 
numbers of subjects would be required. Second, the primary endpoint, the 
development of cancer, will require 5 -10 + years to occur and therefore 
require long-term follow-up and compliance. Last, since only a few subjects 
in a general population will develop a malignancy, a large number of 
subjects will be exposed to possible drug toxicity, with potential benefit to 
only a few. The logistical difficulty and cost of such a trial is therefore not 
reasonable or practical to assess primary chemoprevention strategies for 
head and neck cancer. Studies have thus been directed at individuals with 
premalignant or early stage lesions (treated) in the chemoprevention of 
invasive cancers (or reversal of premalignant lesions) and second primary 
malignancies, respectively. 

Trials in premalignant lesions 

Premalignant lesions serve as excellent models for chemoprevention studies. 
The occurrence of the lesions themselves identifies individuals at high risk 
for invasive cancer. Changes in the size or extent of the lesions may be used 
to assess the efficacy of the chemopreventive agent. In the oral cavity, 
leukoplakia has been used to study both clinical and histologic responses to 
therapy. 

Oral leukoplakia, the most common premalignant lesion in the upper 
aerodigestive tract, has undergone extensive chemoprevention study. The 
lesion is essentially a diagnosis of exclusion, defined clinically as a white 
mucosal patch anywhere in the oral cavity or oropharynx that cannot be 
rubbed off and not otherwise classified into another specific disease entity 
[59-62]. In clinical trials, we use the term oral premalignancy to refer to 
the clinical spectrum of oral lesions from whitish (low-risk) to reddish 
(erythroplakia) or red-white (mixed; erythroleukoplakia) high-risk lesions, 
with further classification and stratification based upon histology (presence 
and degree of dysplasia). 

Many characteristics of oral premalignancy make it an excellent human 
system for the study of chemoprevention. First, it is a well-described pre­
cursor of oral cancer. Second it is commonly found in patients with oral 
cancer. Leukoplakia has been found near oral cancer in as high as 100% 
(median, 30-40%) of cases in some series [61]. Furthermore, prospective 
series have documented the association of leukoplakia with a high risk of 
later development of oral cancer. The largest U.S. series (over 250 patients), 
conducted by Silverman et al. [60], found that the long-term overall trans-
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formation rate was 18%,. Transformation rates in this and other series 
doubled in high-risk dysplastic lesions. The natural history of leukoplakia 
and other premalignant conditions has been further defined by randomized 
studies involving placebo arms and periodic biopsies and observation. Up to 
30-40% of lesions may spontaneously regress, however, rarely completely. 
Contrastingly, over 50% of patients presenting with leukoplakia may ex­
perience histologic progression. Most importantly, marked histologic hetero­
geneity may present within lesions ranging from hyperkeratosis without 
dysplasia to areas of severe dysplasia and carcinoma in situ. Thus clinical 
trials must provide close observation and repeated histologic analysis to 
ensure patient safety from disease progression. The variable natural history, 
especially the substantial spontaneous regression rates, underscore the need 
for randomization in clinical chemoprevention trials of oral premalignancy. 

The second major attribute of this system is that the oral cavity and 
oropharnx are easily and noninvasively monitored, which contrasts with the 
colon and lung, which require invasive procedures (e.g., colonoscopy and 
bronchoscopy) to detect and monitor the carcinogenic process. The accessi­
bility of these lesions and the ease of performing repeat biopsies has led 
to the frequent incorporation of intermedate marker studies into these 
trials [34]. 

Third, and perhaps the most important attribute of this model system, is 
its implications for other aerodigestive tract epithelial cancers. Oral pre­
malignancy chemoprevention studies already have contributed to the design 
of a retinoid trial discussed later that achieved significant suppression of 
second primary tumors in head and neck cancer patients. 

Although high-risk dysplastic lesions account for only 10-20% of all oral 
premalignant lesions, this represents hundreds of thousands of individuals 
worldwide. A significant percentage of cases with advanced premalignant 
lesions are not amenable to local approaches because of the diffuse field 
carcinogenic process with multiple precancerous foci. Therefore, a systemic 
intervention within the premalignant process, or chemoprevention, is neces­
sary for control of many high-risk lesions. No standard systemic approach 
now exists. 

Retinoids 

This class of over 3000 natural derivatives and synthetic analogues of vitamin 
A includes the best studied agents in preclinical and clinical chemopreven­
tion testing [8,63-65]. Retinoids have potent effects on premalignant, and 
malignant cell growth and differentiation in many human systems that are 
thought to be the result of modulation of gene expression. By far, the 
major advance in the understanding of the molecular mechanism of action 
by which retinoids affect gene expression is the discovery of nuclear retinoid 
receptors [64-66]. The first nuclear receptor, identified and reported in­
dependently and simultaneously by two steroid receptor laboratories, was 
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named retinoic acid receptor (RAR) alpha. Subsequently, two additional 
receptors in this class (beta and gamma) have been identified from human 
cells. The three RAR subtypes have sequence homology to the steroid 
receptor family, which is strongest in the DNA-binding domain. More 
recently, another nuclear retinoic acid class was identified and named retinoid­
X receptor (RXR) , with the X used only to distinguish this class from 
RARs, which have a vastly different DNA sequence. RXR-a., -~, and -"( 
subtypes have also been identified. To further complicate the nuclear retinoid 
receptor class, each receptor subtype (e.g., RAR-a.) has multiple isoforms, 
the significance of which is not yet known. 

These two fundamentally different receptor classes may represent distinct 
retinoid response pathways. Nuclear retinoid receptors act as ligand-activated 
DNA-binding proteins that modulate gene transcription by interacting with 
responsive elements in the promotor region of specific genes. Current data 
suggest that different receptor subtypes have distinct functions because of 
their different tissue distributions and retinoid binding affinity patterns. For 
example, RAR-a. specifically binds to trans-retinoic acid with high affinity 
and the only known natural RXR ligand is 9-cis-retinoic acid. Intensive 
current efforts are presently directed to evaluate nuclear retinoid receptor­
targeted retinoids alone and in combination (i.e., combining RAR- and 
RXR-specific retinoid analogs). It appears likely that these nuclear receptors 
are the primary mediators of retinoid's effects on carcinogenesis, although 
direct evidence to support this is limited. 

Chemoprevention trials in oral premalignancy were initially reported in 
the late 1950s [67-69]. Early trials focused on systemic or topical vitamin A. 
Subsequent trials have explored the efficacy of other retinoids. To date, 
over 350 patients with leukoplakia have been treated with eight different 
retinoids in prospective studies [63,67-77]. Response rates have in each case 
exceeded 50% (median response rate >70%). The activity of retinoids in 
this setting are unquestioned and have been established in five randomized 
trials (Table 1). However, dose-related mucocutaneous toxicity is the major 
issue to contend with in this class of agents. 

The first study of synthetic retinoids' in oral leukoplakia was reported by 
Koch [71]. Seventy-five patients with leukoplakia (with or without epithelial 
dysplasia) were treated with all-trans-retinoic acid, 13-cis retinoic acid, or 
etretinate. The study design included an 8 week induction followed by a 
lower dose maintenance period. The induction response rates were 59%, 
87%, and 91 %, respectively. With 2-6 years of follow-up, over 40% of 
patients (43%, 45%, and 51%, respectively, for the three retinoid groups) 
remained in prolonged remission. 

Among the five randomized trials reported involving four different 
retinoids - 13-cis-retinoic acid (two trials), natural vitamin A, and two 
retinamides - three of these are placebo-controlled induction trials and two 
are maintenance trials. All have observed statistically significant retinoid 
activity. 
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Table 1. Completed randomized chemoprevention trials: Head and neck cancer 

Author (year) Study setting Design (N) Agents Result 

Hong (1986) Oral leukoplakia Phase IIb (44) Isotretinoin Positive 

Stich (1988) Oral leukoplakia Phase IIb (65) Vitamin A Positive 

Han (1990) Oral leukoplakia Phase lIb (61) Retinamide Positive 

Lippman (1993) Oral leukoplakia Phase IIb (70) Isotretinoin Positive 
(maintenance) 

Chiesa (1993) Oral leukoplakia Phase IIb (80) Fenretinide Positive 
(maintenance) 

Hong (1990) Prior SCC Phase III (103) Isotretinoin Positive (SPT) 

SPT = second primary tumor; SCC = squamous cell carcinoma. 

Induction trials 

Hong et a1. [73] determined the effects of 13-cis-retinoic acid on oralleuko­
plakia in a randomized trial in 44 patients. Patients were required to have 
histologically confirmed oral leukoplakia and were excluded if they were 
consuming megadoses of vitamin A. Patients were randomized to receive 
either 13-cis-retinoic acid, 1-2 mg/kg/day, or placebo for 3 months followed 
by 6 months of follow-up off treatment. Cheilitis, facial erythema, and 
dryness and/or peeling of the skin were noted in 19 of 24 patients (79%), 
conjunctivitis in 13 of 24 (54%), and hypertriglyceridemia in 17 of 24 (71 %) 
receiving retinoic acid, but the toxicity was generally tolerable as only 2 of 
the 24 patients randomized to receive 13-cis-retinoic acid were unable to 
complete the study. Two patients were inevaluable in the placebo arm, 
though none secondary to toxicity. 

Major responses, complete or partial remissions, were noted in 16 of the 
24 patients randomized to receive 13-cis-retinoic acid, whereas only 2 of the 
20 patients on placebo had similar responses. This difference was highly 
significant, p = 0.0002. Thirteen of the 24 patients on 13-cis-retinoic acid 
had reversal of their dysplasia on biopsy, which was noted in only 2 of the 20 
patients on placebo. Several of the patients relapsed in the follow-up portion 
of the trial, typically within 2-3 months. This study, therefore, clearly 
demonstrated the efficacy of 13-cis-retinoic acid in treating oral leukoplakia, 
but also raised several other questions. While quite effective, relapses 
off drug were frequent, which indicates a possible need for maintenance 
therapy, which was addressed in a subsequent study. Second, while 1-2mg/ 
kg/day is tolerable for a short period of time, it was unlikely to be as well 
tolerated for longer time periods; therefore, further exploration to identify 
the optimal dose was needed. Finally, while the premalignant lesion, oral 
leukoplakia was reversed, larger patient populations and longer follow-up 
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will be required to determine if the reversal of the premalignant lesion is 
associated with a decreased risk of developing cancer. 

The second randomized trial used N-4-(hydroxycarbophenyl) retinamide 
as a cancer prevention agent for the treatment of oral leukoplakia [74]. 
Patients were randomized to receive either the retinamide 40 mg orally per 
day and 40 mg topically per day or placebo. Major responses were noted in 
27 of the 31 patients on treatment (87.1 % ), including patients with complete 
remissions. Only 5 of the 30 patients on placebo (16.7%) had major res­
ponses and none were complete remissions. Toxicity was noted to be minimal 
and consisted of minor elevations of serum transaminases in two patients. 
No data on skin toxicity are available. These data are of import as this 
compound is very similar to another synthetic retinoid, 4-hydroxphenyl 
retinamide, which is currently being evaluated in several clinical trials. 

Stich et al. [75] evaluated the effects of vitamin A in 65 tobacco users or 
betel nut chewers with oral leukoplakia in India. This sample population has 
a high exposure to carcinogens, as they maintain a quid containing tobacco 
and betel leaf against their oral mucosa. Thirty participants were randomly 
assigned to receive 100,000 IV of vitamin A twice weekly, and 35 individuals 
were randomly assigned to placebo. Little change in their oral habits was 
noted during the course of the study, and compliance was excellent in the 
patients who completed the trial, as medication was administered under 
nursing supervision. However, only 21 of the 30 patients randomized to 
receive vitamin A were evaluable, and the authors do not account for this 
discrepancy. Among these 21 patients in the vitamin A group, 12 subjects 
(57.1 %) had complete remissions, 9 (42.9%) had no change, and no patients 
developed new leukoplakia lesions. Among the 33 evaluable subjects in the 
placebo group, only one patient (3.0%) had a complete remission, lesions of 
25 subjects (75.8%) did not change, and 7 (21.2%) progressed. The results 
of this study again confirm the efficacy of retinoids in inducing remissions of 
oral leukoplakia lesions. 

Maintenance trials 

We recently reported the effects of low dose 13-cis-retinoic acid versus ~­
carotene as maintenance therapy after high-dose 13-cis-retinoic acid [76]. 
Seventy patients with biopsy proven oral leukoplakia received 13-cis-retinoic 
acid 1.5 mg/kg/day for 3 months. Sixty-six of these patients were evaluable 
at the end of induction therapy, and 59 of these who had either remission or 
stable disease were randomized to receive either ~-carotene, 30 mg/day, or 
13-cis-retinoic acid, 0.5 mg/kg/day. Only 2 of the 24 who completed 9 months 
of 13-cis-retinoic acid progressed, whereas 16 of the 29 on ~-carotene 

progressed (p < 0.001). 
In a second study, Chiesa et al. [77] randomized 115 patients follow­

ing resection of oral leukoplakia to receive either N-(4-hydroxyphenyl)-
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retinamide (fenretinide; 4HPR) 200mg/day or placebo for 1 year. The initial 
report of this study identified 12 local relapses or new lesions in the 41 
patients in the control, whereas only three patients relapsed among the 39 
patients receiving fenretinide. Toxicity was minimal and consisted primarily 
of dermatitis and mild hyperbilirubinemia. 

The randomized trials by our group and the Milan group are comparable 
in that both studies defined the efficacy of synthetic retinoids in preventing 
relapses following primary therapy of oral leukoplakia. The studies differ in 
design in that the first trial follows patients after induction with higher dose 
retinoid therapy, whereas the second study follows surgical remissions. 
However, the final results are similar and statistically significant. First, the 
~-carotene in our trial and the placebo arm in the Italian trial had high 
relapse (or progression) rates at 1 year, 55% and 29%, respectively. Second, 
the treatment arms in both trials had very similar low progression rates, 8% 
and 7.7%, respectively. 

Nonrandomized trials 

fJ-carotene 

The rationale for studying this agent includes its strong epidemiologic data 
in squamous cell carcinoma of the lung, antioxidant structure and pro­
vitamin A activity in vivo, lack of clinical toxicity, low cost, and wide 
availability. Perhaps its greatest attribute for chemoprevention is its lack of 
acute clinical toxicity. It only produces a dose-dependent yellowing of 
the skin. However, a potentially adverse micronutrient interaction has 
been reported with profound suppression of plasma vitamin E levels after 
pharmacological ~-carotene dosing in animals and humans [78]. 

Several nonrandomized trials have tested ~-carotene in oral leukoplakia 
[79-81]. These trials included diverse groups of patients (smokers, snuff, 
betel nut), response criteria and evaluation, doses, and schedules. Response 
rates have varied widely, with no apparent relationship to dose. 

Stich et al. [79] first reported the effects of ~-carotene on oral leukoplakia 
in a three-arm trial in tobacco/betel nut chewers. A total of 130 individuals 
were divided into three groups and received either ~-carotene 180 mg per 
week, vitamin A 100,000 IU per week and ~-carotene 180 mg per week, or 
placebo. Only one patient (3.0%) of the 33 evaluable patients in the placebo 
group had a complete remission at the end of 6 months of therapy, and 
seven patients (21.2%) progressed. In the ~-carotene only group 27 patients 
were evaluable, and 4 patients (14.8%) were in complete remission and 4 
patients (14.8%) developed new leukoplakia. Finally, in the 51 evaluable 
patients receiving both agents, 14 (27.5%) were in complete remission and 
only 4 (7.8%) developed new lesions. The combination of both agents was 
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significantly better than placebo with regards to complete remission rates 
(p = 0.004). The difference between ~-carotene alone and placebo was not 
statistically significant. 

a-tocopherol 

This vitamin is another nontoxic lipid-phase antioxidant under intensive 
study in chemoprevention. The only oral leukoplakia study, reported re­
cently, suggested drug activity. Forty-three participants with either symp­
tomatic lesions or epithelial dysplasia were treated with a-tocopherol 400 IV 
twice daily for 24 weeks on a Community Clinical Oncology Program 
(CCOP) study [82,83]. This trial, the first multicenter oral leukoplakia 
chemoprevention trial, reported substantial logistic problems, raising im­
portant feasibility issues for multicenter studies of this premalignant lesion. 
Unfortunately, 12 subjects were not evaluable for clinical response. Clinical 
complete responses were observed in 10 subjects (23%) and partial responses 
in 10 subjects (23%), giving an overall major response rate of 46%. 

The study effectively monitored plasma drug levels and reported a two- to 
threefold increase in plasma levels with the 800IU per day dose. Toxicity 
was minimal. Only one subject reported grade 2 headache, and the remain­
ing 14 complaints of toxicity were evaluated as grade l. 

As with ~-carotene and all promising new agents, randomized trials 
(placebo-controlled) will be required to establish the activity of a-tocopherol 
in oral chemoprevention. Preclinical and clinical data support the study of a­
tocopherol plus ~-carotene. In addition, this agent may play an important 
role in combination with 13cRA based on its apparent independent activity 
and its reported ability to ameliorate mucocutaneous and lipid retinoid 
toxicities. 

Our current oral leukoplakia study is an evolutionary stage following 
two previous randomized studies. These predecessor trials established the 
efficacy of a high dose of 13-cis-retinoic acid in reversing oral premalignant 
lesions and the efficacy of low-dose 13-cis-retinoic acid in maintaining 
response. Our current goal is to establish either less or completely nontoxic 
chemoprevention for long-term use in the oral region. This study disposed 
entirely of the toxic, high-dose 13-cis-retinoic acid phase present in our 
earlier studies. Our current long-term randomized trial is comparing low­
dose 13-cis-retinoic acid and the combination of the two natural, nontoxic 
agents, vitamin A (retinyl palmitate) and ~-carotene. 

The study has three main objectives. First, we will evaluate the chemo­
preventive efficacy of the vitamin A-~-carotene combination. Second, we will 
evaluate the efficacy and toxicity of long term low dose 13-cis-retinoic acid. 
Third, this study will contribute data and tissue samples to the evaluations of 
a series of potential biomarkers of intermediate endpoints of carcinogenesis. 

Selection of the ~-carotene plus vitamin A regimen for this trial is based 
on favorable activity and toxicity data from both preclinical and clinical 
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studies. Preclinical studies of the regimen have occurred in two epithelial 
systems. Combined ~-carotene and retinol are active and synergistic in 
inhibiting certain types of carcinogen-induced lung cancer. Similar positive 
results have been reported in the ultraviolet-B mouse-skin model [84]. 

Data are available from two clinical chemoprevention trials employing 
this combination. In a large-scale trial of subjects at high risk for lung 
cancer, investigators from Seattle have established that this regimen is safe 
and nontoxic for at least 5 years [85]. Only one clinical trial has reported 
efficacy results. The trial by Stich and coworkers [79], discussed earlier, 
achieved a 28% complete remission rate with this combination in Asian 
betel nut chewers. This activity rate was twofold higher than that of their 
~-carotene group and ninefold higher than that of placebo. However, 
Stich's trial was not strictly randomized and the results were unconfirmed 
histologically. 

Unresolved issues 

Three unresolved issues face investigators of chemoprevention regimens for 
oral premalignancy. The major clinical issue is that of the delicate balance 
between toxicity and efficacy. Our approach to this problem over the past 10 
years has been to evolve trials with larger study populations, decreasing 
drug doses of 13-cis-retinoic acid and longer term intervention. Our first 
randomized trial included 44 subjects treated for 3 months with high-dose 
13-cis-retinoic acid. Our second randomized trial included 70 subjects treated 
for 12 months with a lower dose of 13-cis-retinoic acid or ~-carotene. Our 
current randomized trial will include 120 subjects treated for 3 years with 
even lower dose of 13-cis-retinoic acid or the promising nontoxic combina­
tion of vitamin A plus ~-carotene. This long-term trial will provide assess­
ments of early marker changes against late marker and clinical evaluations, 
possibly even against invasive cancer. This study's low-dose retinoid and non­
toxic natural agent regimens will provide consistent doses throughout study. 

Another major unresolved issue is the impact of diet and tobacco on the 
natural history of this disorder. Current studies in this setting should include 
rigorous monitoring of dietary assessment and plasma micronutrient levels 
as a means for studying this issue. Intensive smoking cessation counseling 
and biochemical monitoring (e.g., cotinine levels) should also be formally 
integrated into these trials. 

The last major unresolved issue concerns the biology of preneoplasia. A 
better understanding of this biology is required to develop fundamentally 
new and better approaches for its control. Clinical trials in this premalignancy 
setting must include systematic studies of genomic, proliferation, and dif­
ferentiation markers to provide data on the biology of multistep carcino­
genesis and chemoprevention. 
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Lung premalignancy 

Several lung chemoprevention trials used progressive changes in the bron­
chial epithelium, such as metaplasia or dysplasia, as a study endpoint [86-
90] (Table 2). Gouveia et al. [88] reported an uncontrolled trial of etretinate 
(25 mg per day) for 6 months. They found this agent to be highly effective 
in reversing squamous metaplasia read from biopsy specimens in heavy 
smokers. They reported a reduction in metaplasia index in 29 of 40 partici­
pants; the mean metaplasia index decreased from 34.75% before treatment 
to 26.96% following the retinoid therapy. 

A recent chemoprevention trial, using isotretinoin, also employed histo­
logic studies of bronchoscopic biopsies to examine the intermediate endpoint 
of squamous metaplasia [89]. This study also included randomization to 
isotretinoin or placebo groups in order to confirm the activity reported in 
the earlier uncontrolled trial. The authors reported a substantial reduction 
in the extent of squamous metaplasia in 35 isotretinoin-treated patients 
(54.3%) and 34 placebo-treated patients (58.8%), indicating that isotretinoin 
at the given dose and schedule had no impact on reversal of squamous 
metaplasia, re-emphasizing the critical importance of controlled trials in 
studies using intermediate endpoints or in studies that hope to verify pre­
liminary findings of positive drug activity. 

Arnold et al. reached a similar conclusion in a recently reported ran­
domized trial of etretinate for the reversal of metaplasia read from sputum 
samples [90]. Of the 138 participants in this study who completed 6 months 
treatment with etretinate (25 mg per day) or placebo, 32.4% of the 71 
etretinate-treated patients and 29.8% of the 67 placebo-treated patients had 
improvement in sputum atypia. 

These trials have established that retinoids have no effect on metaplasia, 
but the significant response of metaplasia to smoking cessation and its 
significant spontaneous variability indicate that metaplasia may be one 

Table 2. Completed randomized chemoprevention trials: Lung cancer 

Author (year) Study setting Design (N) Agents Result 

Heimburger (1988) Metaplasia (sputum) Phase lIb (73) Vitamin B12, Positive 
folic acid (atypia) 

Arnold (1992) Metaplasia (sputum) Phase lIb (150) Etretinate Negative 

Van Poppel (1992) Micronuclei (sputum) Phase lIb (114) p-carotene Positive 

Lees (1993) Metaplasia (biopsy) Phase lIb (87) Isotretinoin Negative 

Pastorino (1993) Prior NSCLC Phase III (307) Retinyl palmitate Positive (SPT) 

NSCLC = Non-small cell lung cancer; SPT = second primary tumor. 
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of the earliest stages in the carcinogenic process. Retinoids have shown 
activity in later stages of the carcinogenic process, and it is therefore pos­
sible that they are active in later stages of lung pre malignancy . The activity 
of retinoids in the chemoprevention of lung cancer remains to be established 
in future trials using intermediate biomarkers that more directly reflect 
stages of carcinogenesis. 

Intermediate endpoints 

Aerodigestive tract epithelial carcinogenesis is an extremely complex mul­
tistep process. Rather late, clinical and histologic markers (e.g., dysplastic 
oral leukoplakia) of this process are not capable of detecting the subtle 
cellular, molecular, and biochemical changes occurring in the earliest pre­
neoplastic phases. New markers of subtle intermediate stages, or endpoints, 
of the multistep process are being developed in preclinical and clinical 
studies. Called intermediate endpoint biomarkers, these markers may provide 
far earlier and more specific indicators of cancer risk and drug efficacy in pre­
vention trials than current standard clinical and histologic evaluations [34]. 

The data regarding oral leukoplakia, which represents the intermediate 
clinical marker with the strongest association with the development of head 
and neck cancer, has been reviewed above. However, other biomarker 
intermediate endpoints are being evaluated as indicators of the development 
of malignancy. Ideally, a specific molecular alteration associated with the 
development of cancer would be known and reversal of that marker would 
be associated with reversal of cancer risk, but as previously discussed, the 
steps in the development of squamous cell carcinoma of the head and neck 
remain unknown. The most commonly studied intermediate endpoint, to 
date, in head and neck cancer, aside from oral leukoplakia, is the presence 
of micronuclei. 

Biomarkers in chemoprevention studies 

Micronuclei are the best studied potential intermediate endpoint biomarker 
in subjects at high risk for oral cancer [84]. This genotoxic marker is strongly 
associated with chromosomal breakage and is formed from chromosome 
fragments created by clastogenic events (including carcinogenic damage to 
DNA) in proliferating cells [84,91]. Therefore, the marker reflects ongoing 
genetic damage. Elevated micronuclei frequencies have been shown to cor­
relate with cancer risk at many sites, including the aero digestive tract (head 
and neck, lung, esophagus), cervix, and bladder [83,84,91]. Furthermore, 
within high risk tissue regions, the micronuclei frequencies are generally 
higher at lesion sites and sites with the most intense carcinogen exposure, 
such as where betel quids are held within the mouth. Furthermore, subjects 
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with more intense carcinogen exposure also have higher micronuclei fre­
quencies by an order of magnitude than subjects with less intense exposures 
(e.g., cigarette smokers). This site-specific and dose-response relationship 
between carcinogen (clastogen) exposure and micronuclei frequency is an 
important characteristic of a potential intermediate endpoint marker. The 
increased micronuclei frequency in normal-appearing oral sites in high risk 
subjects (betel nut, tobacco exposure) also supports the concept of field 
carcinogenesis. 

Many investigators have used micronuclei data as a short-term in vivo 
marker as an adjunct to standard clinical and histologic assessments to help 
screen for active anticarcinogenic agents in animal and human systems. 
Micronuclei data have been important to the early study of vitamin A and ~­
carotene as potential chemopreventive agents. Important logistical features 
that support the study of micronuclei (as part of a marker panel) within the 
context of a chemoprevention trial include the ability to obtain samples from 
oral mucosal scrapings (noninvasive) and to measure micronuclei frequency 
quantitatively. 

Stich et al. [92] demonstrated that the frequency of micronuclei in cells 
obtained from oral mucosa scrapings of betel nut chewers decreased threefold 
with the administration of retinol and ~-carotene. A second trial by Stich et 
al. [93] evaluated the effects of ~-carotene intervention on micronuclei in 
Inuits who used smokeless tobacco. This population has a diet that leads to 
normal retinol levels, reflecting the tight homeostasis of serum retinol levels, 
but results in low levels of ~-carotene; therefore, this population allows one 
to test the hypothesis that restoration of normal ~-carotene levels would 
lead to a decrease in the number of cells containing micronuclei. Twenty­
four of the initial 27 subjects who began the trial were evaluable, and in 
these 24 subjects the mean frequency of cells with micronuclei decreased 
from 1.87% to 0.74% following 10 weeks of treatment. Finally, in the multi­
arm trial of placebo versus ~-carotene alone versus ~-carotene and retinol 
by Stich et al. [79] discussed above, the frequency of micronuclei decreased 
dramatically in both treatment arms and did not decrease significantly in the 
placebo arm. Also, the decrease in micronuclei was noted in both the 
leukoplakia lesion and in the surrounding normal mucosa. 

Studies of micronuclei and other markers are useful in that they allow the 
rapid identification of biologic activity for a chemoprevention strategy. 
However, as discussed in the section on oral leukoplakia, until intermediate 
endpoints are validated in larger trials with the development of cancer as a 
primary endpoint, it is critical that these studies not be used as surrogates 
for prospective randomized trials evaluating the prevention of tumor 
development. 

The most critical long-term issue facing investigators in the new field of 
intermediate endpoint biomarker research is the establishment of biomarkers 
that are valid measures of carcinogenesis and chemoprevention. This issue 
of validation is extremely complicated and difficult, as illustrated by the 
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micronuclei data. Vitamin A, p-carotene, vitamin E, and 13-cis-retinoic acid 
have been reported to produce clinical, and in some studies, histologic, 
responses. These same agents have achieved reductions in micronuclei 
frequency. However, there is no association, at least in the short term, 
between lesion response and suppression of micronuclei. All are early or 
intermediate markers, and even premalignant lesions are variable. These 
lesions can progress but not result in invasive cancer, or can regress in 
advance of cancer. 

The correlations between micronuclei and lesion results in several chemo­
prevention trials involving different agents is not significant. Over time, 
discrepancies between micronuclei frequencies and lesion response may 
disappear. Epithelial carcinogenesis is a multistep process associated with 
the accumulation of specific genetic alterations and driven by DNA damage, 
which may be indicated by micronuclei frequency. It seems likely, therefore, 
that long-term suppression of micronuclei frequency may be associated with 
a reduction in cancer incidence, the only valid endpoint. In other words, 
an earliest micronuclei change may be established as correlating with a 
dysplastic lesion response or invasive cancer occurring years later, at which 
time the micronuclei changes may have entered an unrelated phase. We 
anticipate that long-term relationships between biomarkers of various stages 
of carcinogenesis and its modulation by agents will form the bases of valid 
panels of intermediate endpoint biomarkers. To date, no markers currently 
under study have been established as valid intermediate endpoint biomarkers 
[34,94]. 

Ideal markers will be those that express early patterns of modulation that 
correlate directly with later stages of invasive cancer. The immediate task is 
therefore to continue to pursue positive data from the most promising 
biomarker candidates for future long-term validation studies. 

Second primary tumor prevention 

As mentioned above, patients with head and neck cancer are at very high 
risk of developing a second primary tumor of the upper aerodigestive tract 
[95]. Retrospective studies of patients with head and neck cancer have 
identified an increased incidence of second primary tumors [96-101]. The 
concept of a second malignancy in patients cured of one malignancy is not 
new, as it was initially described by Bilroth in 1883. 

Several recent studies have identified an increased incidence of second 
primary tumors in patients with a history of head and neck cancer. Chris­
tensen et al. [98] identified 21 patients from a series of 415 patients with 
primary laryngeal cancer who developed second primary tumors of the 
lung. The overall risk of developing lung cancer was 2.66 in the group with 
glottic tumors and 6.73 in patients with supraglottic tumors. In a series of 
235 patients with laryngeal cancer who received radiation therapy as part 
of their management, McDonald et al. [101] identified 50 patients who 
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developed 61 second primary tumors, which represented an overall relative 
risk of developing a second primary tumor of 9.9 compared to a control 
population. Lung cancer and second head and neck tumors were the most 
frequent. Cooper et al. [100] evaluated 928 patients treated with radiation 
therapy for head and neck cancer at all sites and identified 110 second 
primary tumors, of which 64% developed in the upper aero digestive tract 
for an overall risk of developing a second primary tumor of 23% at 8 years. 
Licciardillo et al. [96] identified an annual incidence of second primary 
tumors of 4% in some subgroups of patients with head and neck cancer, and 
an annual incidence as high as 6% in patients with primary cancers of the 
floor of the mouth. As high as these figures are, retrospective trials are 
likely to underestimate the true incidence of second primary tumors. For 
example, in a group of patients followed prospectively following definitive 
local therapy of stage III or IV head and neck cancers, Vikram et al. [102] 
identified a 5.3% annual incidence of second primary tumors of the lung, 
which represented 82% of all second primary tumors in this population. 

According to these accumulated data, the overall per-year second primary 
tumor rate in head and neck cancer patients is constant; surviving patients 
cannot expect their risk of developing second primary tumors to improve 
over time. Therefore, the cumulative incidence of second primary tumors is 
greatest in early stage head and neck cancer patients, who survive the 
longest after primary treatment. As diagnostic techniques, supportive care 
measures and treatment of primary lesions continue to improve, however, 
second primary tumor rates and survival impacts will increase in patients 
with all types of upper aerodigestive tract and lung epithelial cancers. 
Current local and systemic approaches do not eliminate or ameliorate the 
field, or multifocal, cancerization process. 

Based mostly on positive oral leukoplakia data, Hong et al. [103] designed 
an adjuvant chemoprevention study in head and neck cancer patients to 
determine the efficacy of 13-cis-retinoic acid. After definitive local therapy 
of head and neck cancer with radiotherapy and/or surgery, 103 patients were 
randomized to receive either 13-cis-retinoic acid or placebo for 12 months. 
Of the first 44 patients randomized, 13 (30%) required dose reductions from 
100 mg/m2 to 50 mg/m2 due to toxicity. Therefore, the protocol was modified 
to a starting dose of 50 mg/m2 for the remaining 59 patients. The major 
endpoints were primary disease recurrence, the development of a second 
primary tumor (defined as being of a different histologic type, at a site more 
than 2 cm from the previous disease, or occurring more than 3 years after 
the initial diagnosis), and survival. At a median follow-up of 32 months, 
only 2 of the 51 patients receiving 13-cis-retinoic acid developed second 
primary tumors, whereas 12 of the 49 patients receiving placebo developed 
second primary tumors (p = 0.005). 

In a recent update of this trial (median follow-up of 55 months), 16 
patients in the placebo arm had developed second primary tumors, com­
pared with only 7 patients in the retinoid group who developed second 
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primary tumors (31% vs. 14%, P = 0.04) [104]. In a subset analysis of 
only second primaries within the high-risk field (head and neck, lung and 
esophagus), a persistent chemopreventive effect was observed on the recent 
follow-up. This provocative apparent long-lasting retinoid activity (on tar­
geted second primaries) is unprecedented for other clinical or preclinical 
retinoid carcinogenesis studies. Current studies of larger scale and longer 
follow-up will further examine this phenomenom. 

The applicability of these head and neck findings to other tobacco-related 
cancers is suggested by a recent report by Pastorino et al. [105] of high dose 
vitamin A adjuvant therapy in stage-I non-small cell lung cancer. The lung 
findings are remarkably similar to those of the head and neck cancer study. 
Both Pastorino et al. and Hong et al. observed a reduction in second 
primary tumor rates in the retinoid arm. The annual second primary tumor 
rate was 3.1 % in the retinoid arm of both studies. The control arm annual 
second primary tumor rates were 4.S% for Pastorino's lung study (median 
follow-up 46 months), and 6.S% for Hong's head and neck study (median 
follow-up 55 months). 

Retinoid treatment, therefore, achieved a 35% reduction in the annual 
second primary tumor rate in the lung and a 54% reduction in the annual 
rate of second primary tumor development in the head and neck. It should 
be noted that the control arm rates of both studies would be higher if the 
total number of second primary tumors were included, since multiple second 
primary tumors developed in three patients in the lung study (all in the 
control group) and in five patients in the head and neck study (four in the 
placebo group). In both studies, over 70% of second primary tumors occur­
red in the tobacco-exposed field, and the time to the development of tobacco­
related second primary tumors significantly favored the retinoid arms. 
Primary disease recurrence (local, regional, or distant) was not significantly 
different between the arms. Neither study was associated with a survival 
improvement, however, which in part reflects effective surgical salvage of 
second primary tumors in these prospectively followed patients. 

The results of the studies by Pastorino et al. and Hong et al. should serve 
as an indicator that the problem of second primary tumors in patients with 
head and neck and lung cancer may currently be under-rated. Both Pastorino 
et al. and Hong et al. used rigorous criteria to define second primary tumor; 
in both cases, these criteria were applied to prospectively followed patients, 
either blindly or by an independent review group. Although the data are 
limited, it seems significant that both studies have reported control arm 
second primary tumor rates for head and neck and lung cancer that are 
roughly twofold higher than retrospective or tumor registry data. 

Although smoking indisputably is a major risk factor for the development 
of primary cancers of the upper aerodigestive tract and lung, the influence 
of smoking cessation on the rate of second primary tumor development is 
controversial [106]. Reports by Moore [107,lOS] and Silverman [109,110] 
and most other studies do suggest that smoking cessation reduces the inci-
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dence of second primary tumors [111-113]. These reports, however, have 
experienced difficulties in collecting accurate smoking-related data and have 
lacked biochemical confirmation of smoking behavior (i.e., serum cotinine 
levels) and therefore do not render a clear quantitative assessment of 
smoking's impact on second primary tumor development. Some investiga­
tors have gone so far as to question the unconfirmed association between 
smoking and second primary tumor risk [114]. 

In the Hong and Pastorino studies, smoking had only a minor effect on 
second primary tumor rate. Smoking cessation may have a greater beneficial 
effect at earlier stages of the multistep carcinogenic process, or stages that 
precede advanced premalignant or malignant primary lesions. Other environ­
mental and genetic factors may have influences on second primary tumor 
development equal to or greater than that of smoking. 

All these smoking data indicate that an effective chemopreventive is 
needed for the prevention of second primary tumors in head and neck 
cancer patients as an adjunct to the important primary preventive measure 
of smoking cessation. Although the data are limited, analysis of clinical 
studies of bronchial metaplasia suggest that the chemopreventive activity of 
retinoids is enhanced by smoking cessation. 

Retinoid toxicity data and the need for long-term therapy suggest the 
need for continued investigation of new chemopreventive approaches. Pro­
mising preclinical results with vitamin E and ~-carotene and positive pilot 
clinical data resulting from vitamin A- and ~-carotene treatments of oral 
leukoplakia suggest these relatively nontoxic natural agents as candidates for 
future studies in the prevention of second primary tumors in early stage 
head and neck cancer patients. Also, future adjuvant trials should investigate 
the efficacy of newer, less-toxic synthetic retinoids. Currently, several large, 
randomized trials are underway worldwide to determine the efficacy of 
retinoids in preventing head and neck and lung associated second primary 
tumors. 

The lifetime risk of second primary tumors following early stage head­
and-neck or lung cancer is 20-40%. This high rate: allows second primary 
tumor chemoprevention trials to have smaller sample sizes than primary 
prevention trials. A trial to study the efficacy of low-dose isotretinoin (30 mg/ 
day) to prevent second primary tumors following early stage (I and II) 
head and neck cancer is being carried out through the Radiation Therapy 
Oncology Group. In this randomized, double-blind, placebo-controlled trial, 
1000 participants will receive 3 years of treatment and an additional 4 years 
of follow-up. A reduction in the incidence of second primary tumors is the 
study endpoint. A U.S. intergroup study is using the same design in patients 
who have had a successful resection of a stage I non-small cell lung cancer. 

A European multicenter study, the Euroscan trial, is also studying the 
efficacy of chemoprevention following head and neck or lung cancer. The 
Euroscan study consists of two parallel trials, one for each organ site, and is 
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using a 2 x 2 factorial design to study the efficacy of retinyl palmitate and 
the antioxidant N-acetyl-cysteine. 

Primary chemoprevention trials in lung cancer have studied individuals at 
increased risk for the development of lung cancer as the result of smoking or 
asbestos exposure. A large randomized trial of Finnish male smokers will 
study the efficacy of a-tocopherol and ~-carotene in reducing lung cancer 
incidence. The study will require long-term follow-up of over 20,000 par­
ticipants. A trial of ~-carotene and vitamin A, termed the CARET trial, is 
being performed through United States centers. 

Conclusions 

Squamous cell carcinoma of the head and neck continues to be a major 
worldwide health problem that has not changed its disease control in over 30 
years despite prevention and screening efforts and multimodality therapeutic 
approaches. Even though patients may be cured by surgery and/or radio­
therapy, the threat of second primary malignancies remains burdensome, 
justifying further chemoprevention studies. Chemoprevention is therefore a 
promising new strategy to manage these disease processes, and head and 
neck cancer is an excellent model. 

Several randomized trials now indicate that several retinoids can induce 
and maintain remission in oral premalignant lesions; therefore, suggesting 
great promise for this approach in head and neck chemoprevention. Before 
retinoids may be accepted as a standard therapy for oral leukoplakia, how­
ever, trials will need to be completed to evaluate the relative roles of 
retinoids and surgery in controlling this process. Additionally, while retinoids 
may be capable of maintaining remission, the prevention of recurrence of 
leukoplakia will need to be correlated with a decreased risk of developing 
cancers. Completion of large randomized trials evaluating the efficacy of 
these agents will allow us to provide an answer to the role of these agents in 
clinical practice. Oral premalignancy appears to be a good model system for 
the upper aerodigestive tract. In oral carcinogenesis, significant activity with 
high doses of 13-cis-retinoic acid has translated to a reduction of second 
primary tumors in head and neck cancer patients. 

The future successes in chemoprevention will require studies defining 
intermediate endpoints and the biologic processes involved in multistep 
carcinogenesis and field cancerization. These studies may then be used to 
assist in patient treatment selection, biologic predictive capabilities, and the 
development of novel chemoprevention strategies, such as gene therapy. 

The enthusiasm for chemoprevention generated by the early positive 
retinoid results in reducing head-and-neck and lung-associated second 
primary tumors should be focused toward enrolling more patients on the 
currently ongoing large-scale phase-III studies. In the United States, three 
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major NCI studies of low-dose 13-cis-retinoic acid: Two in early stage head 
and neck cancer (MDACC/RTOG 91-15, ECOG C0590) and one in stage I 
non-small cell lung cancer (intergroup NCI 91-0001) are ongoing. The 
impact of smoking is critical, albeit difficult, to assess in these studies. The 
current large scale U.S. trials are stratified by smoking status, and one study 
includes biochemical validation of smoking cessation, which will add im­
portant new data on this issue. In Europe, a large scale multicenter trial to 
include 2000 early stage head and neck and lung cancer patients is ongoing. 
The enthusiasm in this area has led to the widespread and easy access for 
patients worldwide to enter clinical trials. The results of these large-scale 
phase-III retinoid upper aerodigestive tract and lung trials will have im­
portant implications for standard clinical practice. 
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6. Mechanisms of invasion by head and neck cancers 

Douglas D. Boyd and Garth L. Nicolson 

Local and regional spread of squamous cell carcinoma (SeC) of the upper 
aero digestive tract represents a major challenge to the oncologist, since it 
carries a high risk of regional recurrence and a high mortality rate. The 
invasiveness of these tumors frequently requires surgical resections that 
impair important physiological functions, including speech and swallowing. 
The therapy of see may be approaching a plateau, as the efficacy and 
toxicity of the agents used for treatment, particularly chemotherapy, seems 
to be optimal given present knowledge; therefore, understanding the mech­
anisms that underlie the invasiveness of see is required to develop novel 
treatments that attenuate the local spread of these tumors. Such anti-invasive 
agents would not be used alone, but rather in conjunction with existing 
therapies to improve the overall therapy of head and neck Sec. 

While the process of tumor invasion by see is poorly understood, 
breachment of the basement membrane, to which the squamous cells are 
attached, and destruction of the surrounding extracellular matrix represent 
the first steps in local invasion (Figure 1) [1,2]. Basement membrane struc­
tures are made up of a diverse set of molecules, including laminin, fibro­
nectin, collagens, entactin, and proteoglycans such as heparan sulfate 
proteoglycan [1]. The acquisition of an invasive phenotype by the see 
tumor cells is thought to depend, in part, on their ability to hydrolyze these 
components, thereby removing an obstacle to their tissue infiltration [1,2]. 

Degradative enzymes in tumor cell invasion 

Because of the diversity of the extracellular matrix components, it is thought 
that the coordinated expression of mUltiple proteases by the invading tumor 
cells is required for the effective degradation of the extracellular matrix. 
Several hydrolases have been implicated in extracellular matrix destruction, 
including the plasminogen activator (P A), urokinase (UK), metallopro-
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Figure 1. Tumor cell invasion of basement membranes and tissue extracellular matrix. Tumor 
invasion requires the synthesis of degradative enzymes and cellular motility. 

teinases (MMP) such as type I and IV collagenases, endoglycosidases (of 
which heparanase is the most important), and cathepsins (Figure 2) [1,3-5]. 

An important property of metastatic cells is their ability to solubilize 
extracellular matrix and to penetrate this structure [4-6]. Higher levels of 
matrix-degradative enzymes are more often found in malignant tumors than 
in surrounding normal tissues or benign lesions [reviewed in 1-3,5,6]. Some 
of these enzymes may be involved in activating, inhibiting, or regulating the 
activities of other enzymes released by normal or tumor cells (Figure 2). 
Invasion does not appear to be mediated by individual degradative enzymes; 
it is thought to involve multiple degradative activities operating in an enzy­
matic cascade in which certain enzymes are required to activate other 
enzymes that are secreted in inactive proenzyme forms [7]. 

Since highly metastatic cells synthesize various classes of degradative 
enzymes and release them at higher concentrations or activities than their 
poorly metastatic or non metastatic counterparts, it is important to deter­
mine which enzymes are actually required for malignant cell invasion. In 
many studies, the exact subclass of individual degradative enzymes was not 
determined; however, the overall levels of activity for at least some enzyme 
classes were higher in the more highly metastatic cells and tissues. For 
example, higher levels of plasminogen activators have been found in more 
metastatic cells and metastatic tissues [8,9]. Furthermore, the highest con­
centrations of degradative enzymes are usually found in tumor-invasive 
regions [10]. The importance of tumor degradative enzymes against 
basement-membrane molecules for extracellular matrix penetration has 
been demonstrated with natural substrates, such as subendothelial matrix, 
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Figure 2. Tumor-associated degradative enzymes and plasma proteinases and inhibitors. The 
bold solid lines indicate release of degradative enzymes or activation of proenzymes. The 
numbers indicate the possible roles o'f degradative enzymes in (1) platelet aggregation, (2) 
fibrinolysis, (3) lamininolysis, (4) fibronectinolysis , (5) collagenolysis, (6) proteoglycanolysis, 
(7) elastinolysis, (8) host cell lysis, and (9) other activities. The broken lines indicate possible 
inhibitory mechanisms. a)-PI = a)-proteinase inhibitor; az-MG = a2-macroglobulin ; TIMP = 
tissue inhibitor of metalloproteinase. (Modified from Nakajima et at. [5], with permission .) 

amnion membrane , lens capsule, and Matrigel-coated filters [reviewed in 
11]. However, even though degradative enzymes are important in these 
processes, not all degradative enzymes are expressed by malignant cells in 
amounts proportional to their metastatic potentials. Most researchers 
monitor only a few degradative enzymes and do not analyze appropriate 
matrix-degrading enzymes (or their inhibitors). This has resulted in an 
incomplete picture of the degradative capacities of certain tumors and, in 
some cases, incorrect conclusions that there is an inconsistent relationship 
between the amounts of degradative enzymes and invasive properties. 

There are several possible reasons for concluding the relationship is 
inconsistent [12] . These include tumor heterogeneity, host-cell contami­
nation, rate-limiting steps in the metastatic process, and the presence of 
endogenous inhibitors against degradative enzymes. Fragments of tissues are 
often used for examining enzymatic activities; in such tissues it is often 
difficult to distinguish between degradative enzymes released by tumor 
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cells and enzymes released by tumor-associated normal cells, since tumor­
infiltrating host cells, such as lymphocytes, macrophages, mast cells, and 
fibroblasts, can synthesize and release high concentrations of degradative 
enzymes, especially in the tumor area [14,15]. For example, fibroblasts in 
the tumor area can be stimulated by tumor cells, tumor-activated macro­
phages, or lymphocytes to secrete high levels of collagenases [14]. In a few 
cases the tumor-released molecules responsible for stimulating host-cell 
degradative enzymes have been isolated. Baici et al. [16] isolated two rabbit 
V2 carcinoma cytokines that were activated by proteolysis and stimulated 
cathepsin B release by malignant tumor cells. 

Role of degradative enzyme inhibitors in tumor invasion 

Inhibitors of degradative enzymes have been used to block invasion and 
metastasis formation. They have also proved useful in demonstrating a 
functional role for degradative enzymes in metastasis formation. Using 
antibodies to UK-type plasminogen activator, Ossowski and Reich [17] were 
able to inhibit organ colonization by hepatoma cells in a chick embyro 
model of tumor cell colonization. Furthermore, addition of degradative 
enzymes can enhance invasion and metastasis. For example, addition of 
UK-type plasminogen activator can under certain circumstances enhance 
spontaneous lung metastasis in experimental tumor systems, and admini­
stration of the plasminogen activator inhibitor tranexamic acid inhibits 
metastasis formation of animal tumor cells [18]. A variety of protease 
inhibitors have also been used to inhibit metastasis [19], as well as tumor cell 
invasion of intact [20] or reconstituted basement membranes (Matrigel) [21]. 
Other degradative enzymes, such as the endoglycosidase heparanase that 
cleaves the heparan sulfate side chains of the basement membrane heparan 
sulfate proteoglycans, are also important in tumor invasion. Using chemical 
derivatives of heparin that block heparanase activity, we were able to inhibit 
murine melanoma lung colonization, indicating the important role of endo­
glycosidases in malignant cell invasion [5,22]. 

Normal host cells, and even tumorigenic or metastatic cells, can produce 
inhibitors of degradative enzymes. The most widely reported of these are 
the tissue inhibitors of metalloproteinases (TIMPs) [reviewed in 23,24]. 
These natural inhibitors block collagenases by combining with the activated 
or inactivated proenzyme forms of the enzymes to regulate enzymatic 
activity. Although TIMPs are very active in inhibiting collagenases, they are 
not active against serine-, cysteine-, and aspartic-type proteinases. They are 
not unique to tumor cells and can be produced by a variety of normal cells 
[23,24]. Malignant cells that produce TIMPs apparently do so in inverse 
proportion to their metastatic potentials [25]. In a more direct demonstra­
tion of its possible role in regulating tumor cell invasion, purified TIMP has 
been used to block invasion [26]. In other experiments, transfection of a 
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TIMP antisense gene construct into non tumorigenic , noninvasive cells 
resulted in cell transformation. In addition, the transformed cells acquired 
invasive, tumorigenic, and metastatic properties [27]. 

Tumor urokinase and basement membrane degradation 

An important degradative enzyme in head and neck sec invasion is UK. 
The UK-type plasminogen activator, encoded by a 6.4-kb gene, is secreted 
by tumor and some normal cells as a single-chain glycosylated proenzyme 
(Se-UK) of 55 kD [28,29]. It can promote tumor cell invasion by catalyzing 
the conversion of the inactive zymogen, plasminogen, which is abundant in 
extracellular fluids, into the active serine-type protease plasmin [30,31]. 
Plasmin degrades extracellular matrix components, such as laminin, a major 
component of basement membranes [32]. In addition, UK can activate type 
IV procollagenase into its fully active form, which in turn catalyzes the 
hydrolysis of type IV collagen, a major structural component of basement 
membranes [33]. There have also been reports that plasmin can cleave type 
IV collagen [34]. Thus UK may playa pivotal role in activating basement 
membrane degradative enzymes. 

Two lines of evidence implicate UK in tumor cell invasion. First, UK is 
elevated in several malignacies, most dramatically at the leading edge of 
invading cancers [35-37]. Secondly, as mentioned above, UK antibodies 
can, in some instances, inhibit the metastasis of tumor cells to secondary 
sites [17,38]. 

Since UK is an important enzyme in tumor cell invasion, regulation of 
UK activity is important in invasive tumors. There are two principal ways in 
which UK activity is regulated. First, the expression of the plasminogen 
activator can be elevated, leading to an increased rate of plasminogen 
activation and a concomitant increase in extracellular matrix hydrolysis 
[39,40]. Alternatively, a variety of physiological inhibitors for UKs, including 
PAl-I, PAI-2, and protease nexin, bind to the catalytic moiety of UK, thus 
neutralizing the enzyme [41,42]. Decreased expression of one or more of 
these inhibitors (relative to that of the plasminogen activator) would, in 
effect, lead to an increase in the overall proteolytic potential of tumor cells. 

In vitro invasion of the oral cavity by see requires 
UK plasminogen activator 

Studies by our group using cultured sec have indicated that these cells are 
avid secretors of UK and highly invasive in vitro. This is very much remi­
niscent of the behavior of head and neck sec in vivo [42]. Indeed, UK 
overexpression is associated with the tumor cells located at the leading edge 
of the cancer in vivo. More important, we have found that the in vitro 
invasive capacities of cultured sec cell lines can be substantially compro-
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mised by antibodies directed at the catalytic moiety of the UK molecule 
[43]. Niedbala and Sartorelli [44] had previously reported a reduced degrad­
ation of subendothelial extracellular matrix in see cells cultured in the 
presence of anti-UK antibodies, suggesting that the reduced invasion by 
see was a consequence of attenuated extracellular matrix degradation. 

Levels of UK and its inhibitior, PAl-I, in see partly 
reflect overexpression of UK 

We have speculated that in see cells an imbalance in the expression of UK 
and UK inhibitors could culminate in the enhanced proteolysis required for 
the invasive phenotype of see cells. To demonstrate this we compared the 
amounts of UK and its inhibitor, PAl-I, in the medium conditioned by two 
invasive see cell lines. On a molar basis there was an excess of UK over UK 
inhibitors in the culture supernatant. Overexpression of UK by see could 
explain this disparity. Indeed, we found that highly invasive see cell lines 
have increased levels of UK mRNA encoding the plasminogen activator. 
Thus the increased concentrations of UK were a consequence of transcrip­
tional activation rather than amplification of the UK gene or an increase in 
mRNA stability [43]. Other possible mechanisms of regulation of UK 
expression are discussed in the last section of this chapter. 

Collagenases in tumor invasion and metastasis 

While plasminogen activation by UK is thought to play a central role in 
basement membrane hydrolysis, there is ample evidence implicating a family 
of enzymes collectively designated the MMPs in see invasion [1,45,46]. The 
major function of these enzymes is the degradation of plasmin-resistant 
collagens that are integral components of basement membranes and inter­
stitial extracellular matrix [1,47]. Several lines of evidence have implicated 
the MMP family of hydrolases in tumor invasion and metastasis. 
1. The release of several MMPs, including the type IV collagenases, cor­

relates well with the invasive and metastatic phenotypes of several tumor 
types and cell lines [48-51]. 

2. Inhibition of the expression or activity of these enzymes leads to reduced 
invasive and metastatic capacity [52,53]. 

3. The expression of an antisense cDNA to the type IV collagenase inhi­
bitor TIMP promoted the invasive and metastatic behavior of 3T3 cells 
[54,55]. 
The activity of the MMPs is mainly directed toward digestion of col­

lagens that form an integral part of the structures of basement membranes 
and interstitial extracellular matrix. In this regard, two collagenases, MMP-9 
and MMP-2, digest type IV and type V collagens in basement membranes, 
whereas strome lysin (MMP3) predominantly cleaves several collagens [47]. 
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One of the MMPs, stromelysin, is also capable of degrading the glycoprotein 
matrix component laminin and is found in cultures of oral see cells [55]. 

Role of matrix metalloproteinases in oral cavity see invasion 

An important class of basement membrane-degradative enzymes released by 
see cells is represented by the MMPs. Kusukawa et al. [55], using western 
blotting and zymography, demonstrated the secretion of MMP-2, MMP-3, 
and MMP-9 by cultured see cell lines. In a separate study, Muller et al. 
[56] found higher levels of the mRNA for two MMP stromelysin genes, type 
I collagenase and PUMP-I, in resected see than in normal adjacent tissue. 
These data are consistent with the findings of Kusukawa et al. [55], who 
examined the production of MMP-2 and MMP-3 in head and neck see 
cells. Using in situ hybridization, Pollete et al. [57] found high levels of 
mRNA for stromelysin 2 in head and neck see cells and also in stromal 
cells in contact with the malignant cells. In examining two invasive see cell 
lines (UM-See-l and MDA-TU-138) for the presence of MMPs, we found 
an activity in the conditioned medium that was indistinguishable from MMP-
9 in its molecular mass and other properties. The role of this MMP in tumor 
invasion was confirmed in experiments in which the MMP inhibitor TIMP-2 
significantly reduced the in vitro invasion of the cultured see cells through 
a reconstituted basement membrane matrix. 

Our observation of MMP-9 secretion by UM-See-l and MDA-TU-138 
oral cavity see cells was somewhat at variance with the reports of Kusukawa 
et al. [55] and Muller et al. [56] that implicated MMP-2 and MMP-3 in see 
invasion. One possible explanation for this could be the heterogeneous 
nature of the disease, in which different cell clones express one or more 
collagenases. Indeed, our recent studies have indicated that MMP-2 is the 
predominant collagenase elaborated by another see cell line (UM-See-6). 
Alternatively, the expression of one or more of the MMP collagenases could 
reflect tumor cell-stromal cell interactions in vivo that lead to induction of 
MMPs. Indeed, the findings of Polette et al. [57] would agree with this 
contention, insofar as mRNA for stromelysin 2 was found predominantly in 
the stromal cells proximal to the tumor cell population. 

Regulation of UK and MMP-9 type IV collagenase in see 

The mechanisms that determine the overexpression of UK and collagenases 
in see cells are unclear at present. Our preliminary findings indicate that 
overexpression of both UK and MMP-9 by see cells reflect, at least in 
part, activation of protein kinase e (PKC)-dependent signal transduction 
pathway(s). For example, incubation of the see cells with calphostin e, a 
selective inhibitor of PKe, led to substantial reduction in the mRNA and 
amounts of secreted UK and MMP-9. It is unlikely that this inhibition 
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represented a toxic effect of the agent, because we could induce the expres­
sion of both proteases by treatment of the SCC cells with the phorbol ester 
PMA, a specific PKC agonist. 

The observations above may provide some insight into potential mech­
anisms by which UK and collagenase gene activation could occur. It is well 
accepted that PKC is activated by several growth factors, including EGF, 
TGF-a, FGF, TNF-a, interferons, and TGF-~ [58-61], and these mitogens 
can also induce the expression of UK [62-65] and several of the collagenases 
in a variety of cell types [66-69]. Since cancer cells are often characterized 
by their ability to elaborate and respond to their own growth factors (auto­
crine stimulation), it is very possible that the expression of UK and MMP-9 
in SCC cells is driven by peptide substances expressed by the tumor cells 
themselves. This contention is supported by the observation of overex­
pression of the EGF receptor and the int-2 oncogene, which encodes an 
FGF-like molecule, [70] by SCC cells. This receptor receives its signal from 
EGF or TGF-a [71]. Alternatively, stimulating growth factors could origin­
ate in the stromal compartment and stimulate protease expression in the 
tumor cells through a paracrine stimulation pathway. 

Tumor cell motility, chemotaxis, and haptotaxis 

The invasive behavior of malignant cells is due to a number of properties, 
including cell adhesion, motility, destruction of host tissues, and growth 
[72,73]. Malignant cells that have the correct combination of these properties 
should be able to selectively invade particular host tissues. Although loose 
connective tissues and bone are readily invaded by most malignant tumors, 
cartilage, aorta, cornea, lens, and other tissues are relatively resistant to 
invasion [74]. The resistance of certain tissues to tumor invasion is thought 
to be due to tissue structural properties as well as to tissue molecules that 
can inhibit tumor cell invasion. As discussed in a previous section, malignant 
tumors can use normal host molecules during invasion of resistant tissue 
structures by stimulating surrounding mast cells, fibroblasts, and other host 
cells to secrete degradative enzymes, but normal host cells and tissues also 
possess inhibitors of degradative enzymes. 

Malignant cell invasion requires degradative enzymes but is also deter­
mined by selective and directed chemotaxis mediated by tissue-specific 
chemotatic and haptotactic factros. The directed cell movement stimulated 
by soluble chemotactic or insoluble haptotactic factors, which can be small 
proteolytic fragments derived from collagen, complement molecules, and 
extracellular matrix constituents [75], is especially important in malignant 
cell invasion. For example, metastatic fibrosarcoma cells respond and move 
toward a gradient of the complement C5a peptide, whereas nonmetastatic 
cells are unresponsive to C5a [76]. Intact molecules or fragments of extra­
cellular-matrix molecules, such as fibronectin, laminin, and collagen, are 
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important sources of tumor chemotatic or haptotactic factors, and these 
molecules can stimulate the directed movements of malignant cells into 
various tissues. 

The directed motility of tumor cells can also be driven by immobilized 
factors (haptotaxis). For example, immobilized fibronectin in extracellular 
matrix stimulated the directed movement of melanoma cells, suggesting that 
this molecule can function as a haptotactic signal in basement membranes 
and tissue extracellular matrix [77]. Laminin and its fragments can also 
stimulate haptotaxis [78], and an antibody against the laminin receptor 
blocked laminin-mediated attachment and haptotaxis of human melanoma 
cells on laminin-coated but not fibronectin-coated surfaces [79]. 

Different chemotactic factors have been isolated from various organs and 
tissues, and these may be involved in paracrine-stimulated malignant cell 
invasion (bone, brain, liver, and lung). For example, brain-colonizing 
melanoma cells responded to brain-derived chemotactic factors, lung­
colonizing fibrosarcoma cells to lung-derived factors, and liver-colonizing 
monocytic tumor cells to liver-derived chemotactic molecules. Furthermore, 
human breast adenocarcinoma cells responded to extracts from bone and 
brain (which are possible targets for metastatic colonization in this tumor 
system), but were not chemotactically stimulated by lung or liver chemotatic 
molecules [80]. Bresalier et al. [81] showed that highly metastatic liver­
selected tumor lines were significantly more responsive to isolated liver 
chemotactic factors than lung or brain factors in chemotaxis assays, and 
Cerra and Nathanson [82] found that after extracting lung and liver extra­
cellular matrix and testing the extracts on lung-colonizing tumor cell lines, 
only lung matrix yielded molecules that induced lung-colonizing tumor cell 
motility. Thus, tissue chemotactic factors may be involved in stimulating 
malignant-cell differential tissue invasion. 

Tumor cells can also synthesize their own autocrine motility factors to 
stimulate cell movement. Autocrine motility factors of -53 kD have been 
isolated from metastatic melanoma [83] and mammary carcinoma cells [84]. 
This autocrine factor stimulates random cell movements but is not a chemo­
attractant for normal neutophils. Highly metastatic mammary adenocarci­
noma cells synthesize large amounts of the autocrine motility factor, which 
then stimulates chemokinetic movements of poorly metastatic clones that do 
not synthesize the autocrine factor [84]. The autocrine motility factor 
receptor has recently been identified as a -74-kD cell-surface molecule 
expressed by melanoma and other tumor cells [85]. 

Although paracrine and autocrine motility factors are important in malig­
nant cell invasion, little information is available on head and neck sec cell 
motility. Using sec and adenocarcinoma lines established from non-small 
cell lung cancers, Erdel et al. [86] examined cell interactions and cell moti­
lity. They found that the cell lines possessed differences in self-adhesive 
properties, adhesion to extracellular matrix components, and expression of 
cell-surface adhesion components, such as integrins. An important property 
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was the ability to respond to haptotatic factors, particularly basement mem­
brane components, such as fibronectin and laminin. Salge et al. [87] inves­
tigated the motility of three see and three large-cell carcinoma cell lines. 
They found heterogeneous cell motilities among the cell lines, and the 
tumor promotor phorbol-12-myristate-13-acetate generally increased the 
expression of differentiation markers on the cell lines of low differentiation 
grade and inhibited cell adhesion and motility. In contrast, cell lines of high 
differentiation grade did not respond to the tumor promoter, and their cell 
adhesion and motility properties were unchanged. 

Conclusions 

It is clear that the expression of proteases, in particular, UK and the MMP 
collagenases, by see cells and their ability to move into surrounding tissues 
are critical determinants of their invasive capacities. Further studies will be 
necessary to determine whether other hydrolases (heparanses, cathepsins) 
are also required for this phenotype. In preliminary studies we have found 
that the expression of heparanase is enhanced in see compared with sur­
rounding tissues. Equally important is the need for studies that address the 
mechanism by which these degradative enzymes are overexpressed in see 
of the head and neck. In addition, there is an almost complete lack of 
information on the motility responses of oral cavity Sec. The abilities of 
see cells to respond to paracrine and autocrine motility factors and to move 
into surrounding tissues are critical properties of tumor invasion. Identifying 
the motility molecules and their receptors on see cells should be an impor­
tant step in understanding see cell invasive behavior. The acquisition of 
such knowledge on see degradative enzymes and motility responses could 
ultimately lead to the development of novel treatments that block the 
invasiveness of these tumors and increase the quality of life and survival of 
patients with head and neck see. 
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7. Cellular and molecular mechanisms of 
radioresistance 

Ralph R. Weichselbaum, Michael A. Beckett, Everett E. Vokes, 
David G. Brachman, Daniel Haraf, Dennis Hallahan, and Donald Kufe 

Outstanding work on the cellular and molecular aspects of radioresistance 
has been published in the past 10 years [1,2]. The work presented herein 
does not attempt to be comprehensive but is a review of the work of our 
laboratory as it pertains to aspects of radioresistance with potential appli­
cability to chemotherapy/cytokine radiotherapy interactions. 

Cellular response of human tumor cells to radiation injury 

Cellular radioresistance 

Our group has analyzed radiation survival data from 23 early-passage epi­
thelial tumor cell lines established from head and neck carcinoma patients 
(Table 1) and 13 early-passage mesenchymal cell lines established from 
patients with soft-tissue sarcomas (Table 2) prior to radiotherapy. Both 
patient groups were treated with curative intent radiotherapy and were 
subsequently followed [3,4]. Tumor cells cultured from head and neck 
cancer patients exhibited a wide range of radiosensitivities (Do = 107 - 333; 
mean Do = 185.5 ± 12.4). Overall, tumor cells derived from patients with 
soft-tissue sarcomas were more radiosensitive (Do = 126.1 ± 6.6) with a 
narrower range of radiobiologic parameters (Do = 94-182) than tumor cell 
lines derived from patients with head and neck carcinoma. More cell lines 
from patients with longer follow-up are necessary before conclusions can be 
drawn concerning in vitro radiobiologic parameters in relation to predicting 
patient outcome. However, the presence of radioresistant cells cultured 
from human tumors suggests that inherent tumor cell radioresistance may 
contribute to radiotherapy failure in some patients. The fact that tumor cells 
derived from head and neck cancer patients after they failed radiotherapy 
are more radioresistant than preradiotherapy-derived head and neck cancer 
cell lines and normal fibroblasts further supports this notion [5]. We hypo-
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Table 1. Radiobiological parameters for head and neck cell lines initiated prior to radiation 
therapy 

Cell line Site Do ii Alpha 

JSQ-11 Buccal cavity 173 2.5 0.19 
HN-SCC-296A Pyriform sinus 175 1.9 0.29 
HN-SCC-170A Subglottic 192 1.8 0.21 
SQ-39 Retromolar trigone 213 1.0 0.47 
HN-SCC-151 Anterior tongue 217 1.4 0.27 
HN-SCC-135 Hard palate 227 1.6 0.24 
HN-SCC-294 Oral tongue 227 1.6 0.27 
HN-SCC-131 Anterior tongue 244 1.3 0.30 
HN-SCC-58 Base of tongue 256 1.2 0.49 
HN-SCC-161 Base of tongue 256 1.0 0.39 
HN-SCC-166 Soft and hard palate 263 1.3 0.25 
HN-SCC-143 Oropharynx 333 1.3 0.41 
SCC-61 Anterior tongue 107 1.8 0.57 
SCC-73 Retromolar trigone 108 1.2 0.91 
HN-SCC-104 Pyriform sinus 119 2.5 0.23 
SCC-66 Floor of mouth 129 2.1 0.34 
HN-SCC-3 Soft palate 133 2.1 0.39 
SCC-9 Anterior tongue 134 1.4 0.59 
HN-SCC-288B Larynx 139 2.0 0.96 
HN-SCC-153 Larynx 143 2.7 0.24 
SQ-38 Retromolar trigone 146 1.8 0.33 
SCC-71 Soft palate 160 1.5 0.45 
SQ-29 Retrolomar trigone 173 1.6 0.31 
Mean ± SEM 185.5 ± 12.4 1.68 ± 0.1 0.40 ± 0.04 

thesize that mutations conferring radioresistance occur during radiotherapy 
or that certain tumor cells are already resistant at the beginning of therapy. 
In either case, fractionated treatment would select for radio-resistant tumor 
cells. Because of the difficulties in experimentally producing radioresistant 
mutant human cell lines in vitro, we believe the former hypothesis to 
be unlikely. 

Sublethal and potentially lethal damage repair 

When a population of cells is exposed to radiation, some cells may not 
experience lethal damage and therefore are unaffected in the context of 
c1onogenicity, whereas other cells may accumulate enough damage to cause 
death. If additional damage accumulates in a surviving cell before the initial 
sublethal lesion is repaired, the two may interact and cause cell death. 
Sublethal damage is defined operationally as the enhancement in survival 
when a radiation dose is divided over a period of time. The survival 
enhancement between radiation exposures is usually equal to the extrapola­
tion number, ii, of the survival curve [6-8]. Sublethal damage repair may be 
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Table 2. Radiobiological parameters for sarcoma cell lines initiated prior to radiation therapy 

Cell line Histology Site Do ii Alpha 

STSAR-26 Liposarcoma Left triceps 94 2.6 0.67 
STSAR-lOO MFH Left thigh 100 1.0 1.06 
STSAR-84 Synovial Left palm 105 1.0 1.06 

sarcoma 
STSAR-91 Undifferent. Right pelvic 112 2.0 0.21 

sarcoma region 
STSAR-49 MFH Left bicep 116 0.8 1.12 
STSAR-13 Liposarcoma Lateral aspect 117 1.2 0.63 

of right leg 
STSAR-48 Malignant Left pelvic 121 2.5 0.46 

schwannoma region 
STSAR-8 MFH Rt. deltoid 128 1.7 0.61 

pectoral 
groove 

STSAR-255 Liposarcoma Right arm 129 1.4 0.52 
STSAR-217 Fibrosarcoma Left thigh 140 1.0 0.77 
HN-SCC-147 Osteosarcoma Left mandible 146 1.1 0.72 
STSAR-210 MFH Lt. lateral thigh 149 1.0 0.66 
HN-SCC-19 Neurosarcoma Rt neck through 182 2.1 0.19 

neural 
foramina 

Mean ± SEM 126.1 ± 6.6 1.49 ± 0.17 0.66 ± 0.08 

important in radiotherapy because a shoulder region is recapitulated during 
a multifractionated treatment regimen, thereby greatly magnifying a small 
enhancement in survival following a single daily treatment. Most human 
fibroblasts and tumor lines studied in vitro have relatively small ii [6,9-11]. 
Radiobiologists have characterized the low-dose region of the curve as the 
alpha parameter, which describes the initial slope of the radiation survival 
curve [12]. Whatever the description, a 30-fold to 40-fold magnification 
of the survival fraction following a single dose of radiotherapy may be 
important to clinical outcome. 

Radiation-induced damage that is potentially lethal under a given set of 
environmental conditions may not be lethal if postradiation conditions are 
manipulated. For example, a delay in subculture after radiation in order to 
keep cells from initiating DNA synthesis (or dividing, depending upon 
experimental conditions) until the potentially lethal damage is repaired can 
enhance cell survival. This enhancement of survival following manipulations 
of postradiation conditions is referred to as potentially lethal damage repair 
(PLDR) [13-17]. This effect occurs principally in the G1 phase of the cell 
cycle. Many human tumors have a relatively large component of noncycling 
G1 (or Go) cells, such that PLDR may be important clinically following 
fractionated radiotherapy. 
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Manipulation of radiosensitivity and repair by chemotherapeutic agents: 
Possible potential applications in head and neck cancer treatment 

Because even a small change in the survival fraction after 2 Gy raised to the 
30th or 40th power may have a profound effect on the ultimate survival 
fraction, one strategy for combining chemotherapeutic agents with radiation 
therapy is to alter radiation survival and/or repair parameters. Drugs 
that have been proposed to alter sublethal and potentially lethal damage 
repair include doxorubicin, Ara-A, cisplatin, and actinomycin-D. Reviews 
describing the strategy for combining chemotherapeutic agents and radiation 
in the context of altering radiation survival parameters have been published 
[18,19]. A large body of evidence suggests that cells vary in their radiosensi­
tivity during various phases of the cell cycle. Although this variation 
depends on an individual cell line, cells are usually most radiosensitive 
during mitosis. Quiet et al. [20] recently confirmed this by showing that in 
radioresistant and radiosensitive human head and neck cancer cell lines, S 
phase cells were most radioresistant. Thus, the potential for elimination of 
radioresistant S phase cells in vivo may dominate the clinical response and 
may be useful in designing new chemotherapeutic agents and treatment 
regimens. The elimination of relatively radioresistant S phase cells is likely 
to be one basis for the success of the Vokes-Weichselbaum regimen, which 
combines the S-phase specific agents 5-fluorouracil and 6-hydroxyurea con­
comitantly with radiotherapy [21-25]. Cell kinetics and the relative sensi­
tivity/resistance of cells in the cycle are important in designing alternative 
fractionated radiotherapy regimens. 

Molecular aspects of radioresistance and DNA repair 

Genes that repair gamma radiation-induced double-strand DNA breaks (the 
major lethal lesion produced by ionizing radiation) in mammalian cells have 
not been identified [26]. The product of one recently identified mammalian 
gamma repair gene, XRCC-1, participates in the repair of radiation-induced 
single-strand DNA lesions but does not correlate with cellular radiosensi­
tivity [27,28]. Ionizing radiation inhibits cell cycle progression at the G1/S 
and G2/M transition points in the cell cycle. Such delays are referred to as 
checkpoints and are likely to represent active processes. For example, the 
RAD 9 gene product of Saccharomyces cerevisiae is responsible for the 
arrest of cells after DNA damage in the G2 phase. Cells with a RAD 9 
mutation that do not undergo G2 arrest are x-ray sensitive, suggesting that 
cell-cycle-specific arrest is an important function in surviving radiation 
exposure [29]. It is likely that combinations of activation of cell-cycle arrest 
(checkpoint) and DNA repair genes function to allow survival following x­
ray exposure. 

The importance of identifying DNA repair genes for radiotherapy-
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induced damage is analogous to the discovery of genes that alter cell survival 
following exposure to chemotherapeutic agents. For example, amplification 
of genes that repair DNA damage and growth arrest may be responsible for 
tumor radioresistance or at least participate in the recovery from radiation 
damage. Inhibition of DNA repair gene function by chemotherapeutic 
agents might increase local tumor control by irradiation if the effects of 
these drugs could be concentrated in tumors. The cloning of DNA gamma 
repair genes and the subsequent screening for abnormalities of DNA and 
RNA from tumors may lead to a rapid, accurate prediction of tumor radio­
sensitivity. Genes having products that are involved with detoxification of 
radiation-induced free radicals may also be important in clinical radioresis­
tance. These genes include superoxide dismutase, glutathione S-transferase, 
and glutathione S-peroxidase [30 for review]. 

The radical buffering system may be a potential molecular target to 
reverse radioresistance. 

Oncogenes and cellular response to radiation 

Fitzgerald et al. [31] reported that cells were made radioresistant by trans­
fection with the oncogene N-ras, although the radioresistance was dependent 
on dose rate. Sklar [32] showed that the intrinsic radiation resistance of 
NIH/3T3 cells was increased by transfection with ras oncogenes activated by 
missense mutations, although the increase was a specific consequence of the 
ras mutations rather than transformation, since revertant cells that contained 
functional ras genes but were not transformed retained a radioresistant 
phenotype. Kasid et al. [33] noted that DNA from a radioresistant human 
laryngeal carcinoma cell line transfected into NIH/3T3 cells produced a c-raf 
transcript in the transformants. Kasid et al. [34] also transfected a radiation­
resistant human laryngeal carcinoma line with a c-raf-1 cDNA fragment in 
the sense orientation and the c-raf-1 cDNA in reverse orientation so that 
antisense c-raf-1 RNA partially inhibited raf gene expression. Antisense 
c-raf-1 RNA partially suppressed both radioresistance and tumorigenicity 
of the laryngeal carcinoma line. 

Pirollo et al. [35] noted that transfection of NIH/3T3 cells with Li­
Fraumeni DNA containing the activated raf oncogene conferred radio­
resistance on fibroblasts as well as the transformed phenotype, and that both 
radioresistance and transformation were due to the presence of the activated 
c-raf-1 oncogene. These investigators also measured the effect of the 
oncogenes v-mas, v-fes, and v-abl on radioresistance. Transfection with the 
v-mas oncogene conferred radioresistance to NIH/3T3 cells, but transfection 
with v-fes and v-abl did not. The oncogenes v-mas and v-raf are serine­
threonine protein kinases, whereas v-fes and v-abl are tryosine kinases. 
Pirollo et al. [35] proposed that activated oncogenes having gene products 
related to serine and threonine phosphorylation affect radioresistance. They 
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also suggested that ras confers radioresistance because it transduces signals 
through direct regulation of protein kinase C (PKC) , a serine-threonine 
kinase, in addition to its role as a G-protein and its effect on hydrolysis of 
phosphoinositides. Thus, alterations in the 'stress response' signal trans­
duction pathway may alter a phenotypic response of cells to radiation. 
Protein kinases and molecular signalling pathways may be potential targets 
for inactivation by chemotherapeutic agents. 

Signal transduction and the cellular radiation response 

Alterations in intracellular signalling proteins (e.g., Raf and Ras) can alter 
cell survival following irradiation, suggesting that kinase-dependent signal­
ling may be involved in the cellular response to radiation. Protein kinase 
C, which transduces signals from cell-surface receptors to the nucleus, is 
important in the cellular response to external stimuli such as growth factors, 
serum, and phorbol esters [36,37]. A recent study has suggested the parti­
cipation of PKC and radiation-mediated gene induction [38]. Radiation 
directly activated PKC within 15-45 seconds. Depletion of PKC following 
prolonged exposure to the phorbol ester TPA results in attenuation of x-ray 
induction of genes encoding the transcription factors c-jun and Egr-1 [39]. 
Recently, Hallahan et al. [38] noted that PKC mediates the transcriptional 
induction of the tumor necrosis factor-u (TNF) gene by x-rays. Free radical 
intermediates generated in the cell membrane and/or DNA strand breaks 
following x-ray exposure are leading candidates as initial signals to propa­
gate signalling; however, the exact mechanisms are unclear. Nontoxic doses 
of the purine analogue sangivamycin, which inhibits PKC by competing with 
adenosine triphosphate for enzyme binding, and the diacylglycerol com­
petitor staurosporine both produced radiosensitization [40]. Therefore, 
kinase inhibitors may represent a new class of radiation sensitizers. With a 
better understanding of signal transduction following irradiation, additional 
targets may be identified for potential radiosensitization. 

Cytokine induction and cellular response to radiation 

Witte et al. [41] reported that platelet-derived growth factor (PDGF) and 
PDGF-like growth factors were released from the endothelium after irradia­
tion. These authors suggested that PDGF-like factors secreted from the 
intima of blood vessels may serve as paracrine factors for the proliferation of 
smooth muscle cells observed in small arterioles after radiation in vivo. 
Similarly, fibroblast growth factor secreted after irradiation may participate 
in the abnormal proliferation of endothelial cells that has been reported to 
obliterate the lumina of small caliber arterioles and various organs. Thus, 
secretion of these growth factors may account for some of the long-term 
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effects of radiation secondary to small vessel obliteration. Fibroblast growth 
factor has been reported to enhance the repair of radiation damage and is 
likely induced following activation of PKC [42]. 

Our group reported that irradiation induced a cytotoxic protein when 
culture medium decanted after irradiation of tissue cultures from some 
human sarcoma cells was cytotoxic to these as well as other tumor cell lines 
[43]. ELISA analysis indicated the level of tumor necrosis factor (TNF)-a 
in irradiated cultures was elevated over that in nonirradiated cultures. 
Monoclonal antibodies to TNF reversed the radiation-induced cytotoxicity. 
Increased levels of TNF-a were detected in TNF-a-producing cell lines after 
ionizing radiation. Nuclear run-on studies showed that radiation controlled 
TNF expression at the level of transcription [44]. The cytotoxicity of the 
medium from irradiated cells to other cell lines suggested a paracrine effect 
of TNF. We hypothesize that intracellular secretion of TNF after irradiation 
may also produce autocrine effects on the irradiated cells. Radiation survival 
experiments with TNF-producing and -nonproducing cell lines were carried 
out in the presence of varying concentrations of TNF-a. In some cell lines, 
sublethal concentrations of TNF enhanced killing by radiation, suggesting a 
radiosensitizing effect for TNF and a synergistic effect between TNF and x­
rays [45]. In other cell lines, additive killing or independent effects occurred. 
The interactive effects of TNF and radiation are apparently cell specific. 
For example, Neta et al. [46] reported that TNF alone or in combination 
with interleukin 1 protects hematopoietic cells from the killing effects of 
radiation. 

The concept of combining cytokines and radiation is currently being 
tested in a variety of centers. Tumor necrosis factor can be administered 
concomitantly during a course of radiotherapy, with the goal of protecting 
the hematopoietic microenvironment and/or sensitizing tumor cells. A phase 
I trial attempting to identify the maximally tolerated dose of TNF with 
radiotherapy is currently in progress at our institution. 
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8. Early detection and screening for head and 
neck cancer 

Jack L. Gluckman and Robert P. Zitsch 

The concept of screening for cancer in order to facilitate early diagnosis has 
become quite popular in recent years. The stimulus for this interest is the 
increasing realization that the prognosis for cancers of the upper aerodiges­
tive tract has improved very little over the past two decades, reflecting the 
late diagnosis of many of these tumors. Because the decline in smoking and 
drinking habits is only likely to have a direct impact on the incidence of this 
disease in 15-20 years, the need for early diagnosis is perceived as being 
essential to improve survival rates [1]. Our ability to formulate a satisfactory 
screening program is essential to achieve this end but, as will be evident 
from this chapter, this is no easy task. 

The concept of screening for cancer is founded on several general prin­
ciples. First, the cancer being screened must be accepted as being potentially 
life threatening if allowed to progress undetected. This is unquestioned in 
cancers of the upper aero digestive tract but may be less clear in some other 
cancers, for example, well-differentiated thyroid cancer and prostatic cancer 
in the elderly. 

Second, the asymptomatic cancer must, in some way, be detectable for 
the screening to be effective. In the mucosa of the head and neck, pre­
malignant lesions usually present as leukoplakia or erythroplakia, while 
early frank invasive cancers may manifest as a small asymptomatic mucosal 
mass or ulcer. These are certainly capable of being detected by screening 
programs before they become symptomatic (detectable preclinical phase). 
By the time they have reached this size, however, the lesion may be quite 
advanced, and therefore it would be preferable if they could be diagnosed 
even earlier, perhaps at the molecular level (nondetectable preclinical 
phase). This is graphically demonstrated in Figure 1. Screening techniques 
for upper aero digestive tract cancers are at present designed for detection of 
the clinically obvious tumors, with rudimentary efforts being made to detect 
abnormalities at the molecular level. 

Third, effective cancer screening can only be performed if there is an 
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Figure 1. Diagram demonstrating asymptomatic and symptomatic phases of cancer 
development. 

appropriate screening test. These tests should have a high degree of validity 
(as measured by sensitivity and specificity), be reliable, and be reproducible 
[1]. The screening test must also not be prohibitively complex or expensive 
and should have minimal morbidity. 

The objective of a cancer screening program should be clearly understood. 
The ultimate objective is not to merely identify the cancer but to identify the 
tumor at a stage that treatment can affect the mortality rate of the detected 
cancer. This then has to be weighed against the cost and convenience of the 
screening process. Using the rates of cancer detection as justification for 
screening programs is not sufficient or acceptable. A lack of awareness and 
understanding of this basic issue has led to significant controversy regarding 
the effectiveness of screening for cancers of the upper aero digestive tract. 

The only absolutely valid gauge of success of a screening program would 
be to compare mortality rates of a screened population with expected 
mortality in the same population had they not undergone screening [2], that 
is, to evaluate two population groups concurrently or to compare the mor­
tality of the 'at risk' population prior to the introduction of screening. These 
types of studies provide only oblique comparisons, which would suggest the 
probable effectiveness of the screening program, as a number of confound­
ing variables may influence the outcome, for example, improved survival in 
the screened population may not be due to the screening procedure itself, 
but rather to an improved therapeutic regimen. 

Other major problems encountered in evaluating a screening program are 
lead time bias and length bias. Both of these biases are common in groups of 
patients in whom asymptomatic disease is discovered by screening. Lead 
time is the period of time by which the diagnosis of the second cancer is 
temporally advanced (Figure 2). Any effective screening program will result 
in significant lead time because the cancer is being diagnosed earlier. This 
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Figure 2. Diagram demonstrating the lead time of 2 years created by screening. 

may effect survival data, as lead time bias will give an illusionary improved 
length of survival due to earlier diagnosis, but without actual postponement 
of death [1]. Lead time bias can be eliminated, however, if long-term 
survival is the criterion used for screening assessment. 

Length bias also represents a significant problem in screening cancer 
patients [3]. This is due to the difference in cancer growth rates. Slowly 
growing, less aggressive cancers have a significantly longer detectable pre­
clinical phase than rapidly growing aggressive cancers. This slow growth rate 
usually equates with a better prognosis. In any screening program, the slow 
growing lesions (with a favorable prognosis) would more likely be detected 
by screening, skewing comparison with those rapidly growing, aggressive 
tumors that are diagnosed late by symptoms alone [1]. 

Value of screening for cancer of the mucosa of the upper aerodigestive tract 

The use of screening programs to identify cancers in the mucosa of the 
upper aerodigestive tract as a method of improving survival is a relatively 
new concept, even though 'at-risk goups' and 'field cancerization' with 
multicentric cancers have been recognized for many years [4-6), rendering 
the potential for screening an attractive concept. Of particular interest has 
been the knowledge that the mucosa has a propensity for multiple cancers to 
develop, significantly adversely affecting long-term survival. 

These multiple cancers are classified temporally into 
1. Simultaneous tumors: These are diagnosed at the time of the diagnosis of 

the index cancer. 
2. Synchronous tumors: These are tumors that are not detected at the time 

of diagnosis of the initial cancer but are diagnosed within 6 months. 
These presumably were present initially but were just not clinically 
apparent. 
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3. Metachronous tumors: These are diagnosed after 6 months and may 
develop many years later. 
The hypothesis for the development of these multicentric mucosal cancers 

in a 'field of growth' became clearer as tobacco emerged as the prime 
etiologic agent [7-10]. Once this etiologic relationship was established, it 
became obvious that tobacco users were at risk for the development of 
multicentric cancers and would need careful monitoring of the mucosa of the 
upper aerodigestive tract as well as other organ system. 

Recommendations for close surveillance of patients with head and neck 
cancers did not await the identification of the responsible carcinogens, 
however. As early as 1943, radiographic evaluation of the total digestive 
tract was recommended for all patients in whom aerodigestive tract cancer 
had been diagnosed in order to detect later developing cancers [11]. Fre­
quent lifelong follow-up examinations were also recommended as a means 
of detecting second cancers [12]. Likewise, a program of routine semi­
annual chest x-rays in patients with head and neck cancer, to detect me­
tachronous lung cancers, was advocated [13]. The clear rationale behind 
these primitive screening programs was an attempt to improve survival rates 
by early detection. 

Until 'field cancerization' and its association with multiple primary cancers 
was accepted [14,15], limited screening was the rule. This consisted at the 
initial evaluation of a thorough history and physical examination, including 
an attempt to visualize as much of the upper aerodigestive tract as possible, 
as well as chest x-ray. Close follow-up at regular intervals after treatment of 
the index primary lesion, looking not only for recurrence, but also for new 
cancers, became standard among oncologists treating head and neck cancer. 
Today, this approach, albeit rudimentary, continues to be the basic attempt 
at screening with the addition of fiberoptic endoscopy for inaccessible areas 
if indicated. Direct laryngoscopy, esophagoscopy, and bronchoscopy under 
general anesthesia have been added to the evaluation at the initial examina­
tion in most centers, but the value of these remains inconclusive as a worth­
while screening program. Endorsements have been based on the prevalence 
rates [16-20], with concomitant improved mortality rates usually being 
presumed but not proven [19-21]. The following aspects need to be con­
sidered when evaluating screening programs for cancer of the upper 
aerodigestive tract. 

Patient selection for screening 

Any screening program that has as its objective to reduce cancer mortality 
by earlier diagnosis of the disease must be performed on a group of patients 
with a sufficiently high disease incidence to justify the program. A screening 
program for cancer of the mucosa of the upper aerodigestive tract in the 
general population in the United States would certainly not be cost effective, 
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even if it was able to achieve a cancer-specific mortality reduction, because 
of the very low incidence of these cancers among the general population. 

On the other hand, screening populations whose risk for these cancers is 
extremely high may be worthwhile. Populations in Iran, China, and Africa, 
where the risk of esophageal cancer is 20 times higher than in other popula­
tion of the world, are such examples, as are the Chinese and Aleuts, who 
have a very high incidence of nasopharyngeal cancer. Unfortunately, as 
some of these countries are regarded as third world, the cost and logistics of 
instituting screening programs is often prohibitive. 

Honing the at-risk group down to those exposed to known carcinogens, 
for example, tobacco and alcohol, is unfortunately still insufficient to justify 
screening from a cost-effectiveness standpoint. It has been suggested that 
workers exposed in industry to asbestos, coal soot, petroleum products, 
chromium, and iron oxide all have an increased incidence of upper aerodiges­
tive tract cancer [22], but screening these workers has resulted in little 
return. 

Some known medical disorders predispose to the development of esoph­
ageal cancer, and these high risk groups may be worth screening, for ex­
ample, tylosis, a rare autosomal-dominant disorder, with affected family 
members having a 95% risk of developing esophageal cancer by age 65 [23], 
achalasia [24], chronic esophageal strictures following lye ingestion [25], 
Plummer-Vinson syndrome [26], celiac disease [27], and Barrett's esophagus 
due to chronic reflux [28]. Likewise, patients with overt lichen planus, sub­
mucosal fibrosis, and established leukoplakia should be subject to screening 
and certainly close follow-up of the established lesion. 

In reality the only group in which a screening program can truly be 
justified are patients who have already developed an overt carcinoma of the 
upper aerodigestive tract mucosa. These patients have an extremely high 
incidence of second cancers (20-30%) [29-32]. In this group of patients, 
certain subgroups exist with an even higher risk of developing a second 
cancer, that is, those who continue to abuse tobacco and alcohol after 
treatment of the index cancer, and possibly those with the index cancer 
at certain sites. Moore determined that the incidence of a second upper 
aero digestive tract cancer was only 6% in those patients who gave up the 
use of tobacco as compared to 40% in those who continued tobacco use 
[33]. Conversely, those patients with squamous cell carcinoma of the upper 
aerodigestive tract with no significant history of ethanol and tobacco use 
have been reported to have a comparatively reduced risk of second ma­
lignancies [34]. 

Those with primary cancers in the soft palate [35], and particularly the 
larynx [36-38]' have a high incidence of second cancers, with the most 
common site of these malignancies being in the lung, oropharynx, and 
esophagus. On the other hand, sinonasal and nasopharyngeal cancers rarely 
occur as the second primary cancer [38,39], and an argument can be made 
not to include this area in any screening protocol. 
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While on the surface it would seem logical to screen all patients with one 
cancer for subsequently developing cancers, this issue is far from clear. For 
example, how should they be screened and how often? Should patients with 
advanced index cancers, with little chance for cure, also be included in this 
group, where determining the existence of a second cancer will have little 
bearing on the patient's survival? 

Another population that could be considered for screening are those 
patients who have undergone prior radiation therapy to the head and neck 
area, looking for radiation-induced malignancies. The first recognition of 
head and neck malignancy secondary to radiation was in radium watch-dial 
painters, who were noted to have a high incidence of bone tumors, some 
of which occurred in the paranasal sinuses and mastoid [40]. The risk of 
developing head and neck malignancy from external beam irradiation, 
however, was not really appreciated until 40 years ago, when a greater than 
expected incidence of thyroid cancer was observed in patients who had been 
irradiated as children [41]. This observation was subsequently confirmed by 
further studies, and was noted particularly after low dose radiation treat­
ment for benign conditions of the head and neck [42-44]. 

Although the development of thyroid cancers has attracted the most 
attention, tumors of the salivary glands, parathyroid, central nervous system, 
and mucosa of the upper aerodigestive tract have all been attributed to 
childhood irradiation [45-50]. 

While low dose irradiation has the greatest potential for inducing malig­
nant transformation [51], the high dose therapeutic radiation used in the 
treatment of head and neck cancer has also been implicated as a possible 
cause of cutaneous, mucosal, salivary gland, bone, and soft tissue malig­
nancies [52-56]. 

There is, however, contradictory evidence refuting the concept of radiation­
induced aero digestive tract carcinoma. Several retrospective investigations 
of head and neck cancer patients whose treatment included irradiation failed 
to demonstrate a statistically significant increased risk of second primary 
tumors in the same region [35,50,57-59]. 

While multiple screening programs have been designed to evaluate the 
risk of thyroid cancers in patients previously irradiated for benign conditions 
[60,61], no attempt has ever been made to screen for mucosal cancers in 
these patients. From the above evidence, it seems unlikely that a screening 
program will be particularly fruitful; however, it seems reasonable that all 
patients who have a history of radiation to the head and neck should have 
the mucosa of the upper aerodigestive tract, thyroid, and salivary glands 
carefully examined at regularly intervals. 

It is therefore apparent that the only group truly worth screening is the 
patient who has already developed a mucosal upper aerodigestive tract 
cancer, particularly if there is a continued history of tobacco and alcohol 
abuse. 
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Timing considerations 

Once it has been decided to institute a screening program for patients 
already diagnosed with an index cancer, a practical schedule for screening 
needs to be established. The optimum interval between screening tests is 
that which provides the highest degree of cancer detection at the least cost 
[1]. Many factors interact to determine this theoretical optimal frequency, 
including the sensitivity, complexity, and cost of the test and the length of 
the detectable preclinical phase. The high sensitivity of endoscopy theoreti­
cally lengthens the optimum interval, as does a cancer with a relatively long 
detectable preclinical phase. The more complex the test, the greater the 
cost, and this too will lengthen the optimal interval. Excessively long in­
tervals will lead to failure in detecting preclinical cancer in many patients, 
while excessively short intervals will result in prohibitive expense. 

Unfortunately, our lack of understanding of the natural history of cancer 
of the upper aerodigestive tract precludes the incorporation of these theoret­
ical considerations. In the final analysis, the only way the optimal screening 
interval can be determined is to examine patient survival as a function of 
varied screening intervals. This has never been addressed in the head and 
neck literature and would be extremely difficult logistically to perform. 

One absolute is that the initial screening should be performed when the 
person at risk is identified, that is, when the diagnosis of the index mucosal 
cancer is made. It is at this time that a large proportion of the multicentric 
cancers are identified [36,62], with several prospective studies identifying an 
incidence of simultaneously developing cancers of 9-16% [17,18,29,63-65], 
which was confirmed by a number of retrospective studies [19,20,38,66,67]' 

After the diagnosis and management of the index cancer, the majority of 
second aerodigestive tract malignancies will develop metachronously over 
the ensuing years, with 50% developing in the first 2 years [29,38,66,68] and 
approximately a further 3% per year for at least the next 7 years, although 
they may occur 20 years later. 

Therefore, approximately 1 patient in 10 will have a second tumor diag­
nosed at the same time as the index and one half of the metachronous 
tumors will be identified within a 2-year period. The first 2 years conse­
quently represents a window in time when screening efforts should be 
concentrated. The frequency of follow-up visits should therefore reflect this 
knowledge, being monthly for the first year, bimonthly for the second 
year, trimonthly for the third year, quarterly during the fourth year, and 
semiannually thereafter. The patient's mucosa should be carefully evaluated 
at this time. 

The follow-up, looking for late developing cancers, should of course be 
lifelong, particularly if the patient should continue to smoke and drink. The 
concept of 5-year survival being equated with cure from the index cancer is 
valid, but long-term surveillance of these patients is essential. 
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Screening techniques 

The mucosa of the upper aerodigestive tract, that is, the oral cavity, oro­
pharynx, larynx, hypopharynx, and even nasopharynx, is easily visualized 
during routine clinical examination using contemporary diagnostic tech­
niques, including mirrors and fiberoptic endoscopy. The lower aerodigestive 
tract, that is, the inferior hypopharynx, esophagus, trachea, and bronchi, 
is, however, not easily evaluated and usually requires more formal endo­
scopy for visualization. Even though second cancers at these inaccessible 
sites represent over 50% of the subsequent developing aero digestive tract 
malignancies [29,66], endoscopy to visualize these lower areas is not usually 
routinely performed in follow-up. The rationalization is that this would 
logistically be extremely difficult and expensive to perform and compromise 
procedures, for example, x-ray chest and esophagograms, have been recom­
mended which have been proven to be less effective than screening 
techniques. 

Another source of concern is that endoscopy is only of value in detecting 
overt clinically apparent lesions, for example, leukoplakia, erythroplakia, 
ulcer, or mass, with the premalignant lesions being very subjective in their 
interpretation. In order to facilitate the diagnosis of these earlier cancers, in 
vivo staining techniques have been proposed. The best known of these is 
toluidine blue, which has been used in the oral cavity, oropharynx, and 
larynx and esophagus. Toluidine blue is a basic metachromatic nuclear stain 
that stains the nuclear material of malignant lesions but spares normal 
mucosa. It has an acceptable specificity rate for malignancy if used correctly, 
but because of a high false-positive rate due to staining of inflammatory 
lesions, it has not gained popular acceptance. A major reason may be 
because of poor technique. If a 1 % toluidine blue solution mixed with acetic 
acid and alcohol, rather that a 1 % aqueous solution, is used and all debris 
and saliva are removed before application, the false-positive rate declines to 
6.8% [69,70]. Perhaps its most useful role is not to diagnose cancer but to 
guide the physician where to biopsy. 

Devices to detect tumor autofluorescence and drug-induced fluorescence, 
for example, hematoporphyrin, are intriguing, particularly when combined 
with image enhancers and endoscopy, for example, fiberoptic bronchoscopy 
for the detection of early bronchial cancer [71,72], but these devices remain 
expensive, cumbersome, and experimental. Cytologic evaluation and DNA 
analysis of suspicious areas remain interesting, but how to incorporate these 
techniques in a screening program remains elusive. For these reasons, con­
temporary screening techniques remain somewhat unsatisfactory, particularly 
for cancer of the esophagus and bronchi. 
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Screening for esophageal cancer 

The esophagus is a frequent site for the development of second cancers, 
either synchronously [19] or metachronously [66,73,74]. Likewise, there is a 
high incidence of second cancers in the upper aero digestive tract associated 
with esophageal cancer, although the true incidence is difficult to determine 
as the long-term survival after treatment for esophageal cancer is less than 
10% [75-77]. 

Esophageal carcinoma found subsequent to the identification of an index 
head and neck cancer has an extremely poor survival rate, reflecting their late 
diagnosis, usually because endoscopy or contrast study performed to establish 
the diagnosis is symptom directed and not the result of a formal screening 
process. Earlier diagnosis of these esophageal cancers through screening 
could potentially increase this dismal survival rate. Early diagnosis of 
esophageal carcinoma has proved distinctly possible. In northern China, 
where a high incidence of esophageal cancer is found with concomitant poor 
survival rates, mass screening has been employed over the past 20 years with 
the 5-year survival improving from 10% in the 1950s to 30% for advanced 
cancer and 90% for early cancers today [78]. This has been accomplished by 
examining cytologic specimens collected from a mesh-covered balloon 
pulled through the length of the esophagus. Positive screens are followed up 
with endoscopy and biopsy. The detection rate using this technique is 
extremely high, with 75% of those diagnosed being early cancer. 

This screening program is an outstanding example of a screening program 
successfully accomplishing its objective, but the lessons learned are not 
applicable in the United State because of the relatively low incidence of 
esophageal cancer. However, similar cytologic screening programs have 
been instituted in other countries with high rates of esophageal cancer. The 
theory as to why this screening program is so successful is that cancer of the 
esophagus has a prolonged preclinical phase [79], and therefore if the dis­
ease is diagnosed at an early enough stage, the chances of cure are very 
high. Whether this applies to all esophageal cancers is unknown, and some 
may behave in a more aggressive manner and therefore not benefit from 
screening. 

An esophagogram has been recommended as a compromise screening 
technique [17,64,76,80], but this is less sensitive than endoscopy and there­
fore not very effective in diagnosing early cancer [81-83]. As a screening 
tool it therefore has little value, and esophagoscopy remains the screening 
technique of choice, although timing and cost remain difficult issues. 

The sensitivity and specificity (with biopsy) of esophagoscopy makes this 
a good but not infallible screening tool. It is important to note that up to 
20% of patients with early cancer will have normal-appearing mucosa at 
endoscopy [78]. To enhance visualization of early lesions, the use of toluidine 
blue has been suggested, but as already stated, its value is marginal [84]. 
While its role during the initial evaluation of the index cancer is well accepted 
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and routinely used, its role in routine follow-up remains controversial, 
particularly with regard to cost-effectiveness and patient convenience 
[18,19,85,86]. To be most effective, it should probably be performed at least 
semi-annually for the first 2 years, but there are few oncologists who follow 
this regimen. 

The technique of esophagoscopy to be used is likewise fraught with con­
troversy. Rigid esophagoscopy is regarded as the tried and trusted gold 
standard by head and neck surgeons, but it requires general anesthesia, with 
a concomitant increase in cost and potential complications. Fiberoptic esoph­
agoscopy is equally effective in expert hands and, of course, can be per­
formed under local anesthesia. The complication rates from both techniques 
are very low, but from the logistical and convenience perspective neither 
technique is acceptable. They are probably best combined with routine 
cytologic evaluations for the best results. Until head and neck oncologists 
can become convinced of the advantages of regular endoscopies in routine 
follow-up, esophagoscopy will continue to be confined to the initial evalua­
tion of the index cancer and be performed only on a symptom-directed basis 
in follow-up. 

Screening for cancer of the trachea and bronchi 

The high incidence of second primary cancers developing in the bronchi is a 
significant problem and is associated with a very poor prognosis [66,87]. 
Survival rates for lung cancer as a second primary tumor are only slightly 
less than if the lung cancer presents as the index cancer [88], once again 
reflecting late diagnosis. 

Screening for early detection of lung cancer has traditionally been per­
formed using annual chest x-rays. Unfortunately, this has failed to improve 
the lung cancer mortality rates and has proved a failure as a screening 
technique. Sputum cytology to complement chest x-ray has been suggested, 
using the rationale that cytology is better able to detect endobronchial 
cancers, while chest x-ray is better at detecting peripheral lesions. Un­
fortunately, a number of large long-term, randomized, controlled trials of 
screening for early stage lung cancer using sputum cytology and chest x-ray 
under the auspices of the National Cancer Institute have failed to demon­
strate a reduction in lung cancer mortality [88,89]. 

For this reason, it has been suggested that routine bronchoscopy be 
incorporated as a screening procedure to diagnose early lung cancer. While 
some believe this is redundant because of the low success rate in the 
presence of a normal chest x-ray, [85], others have demonstrated that this 
can be rewarding, particularly when combined with bronchial lavage and 
cytology of the washings [90]. False-positive cytology can, however, occur 
due to shedding of malignant cells from cancers in the upper aerodigestive 
tract [91]. 
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While rigid or fiberoptic bronchoscopy can be performed, and there are 
proponents and detractors of each, fiberoptic bronchoscopy offers a more 
complete evaluation, while rigid is useful at the initial examination because 
of the ability to secure the airway with this scope. As with esophagoscopy, 
ideally screening fiberoptic bronchoscopy should be performed at semi­
annual intervals in the follow-up period following identification of the index 
cancer. Cost, logistics, and convenience are all factors that detract from 
its role. 

In an attempt to clarify the role of various techniques designed in Europe, 
the EUROSCAN program was developed for screening patients treated for 
oral cavity, laryngeal, or lung cancer with bronchoscopy, sputum cytology, 
and chest x-ray for 4 years with continued follow-up for 10 years [92]. This 
ambitious plan could potentially provide the first meaningful information 
on the effectiveness of bronchoscopic screening for second primary lung 
cancers. 

Screening for nasopharyngeal cancer 

Nasopharyngeal carcinoma is rarely associated with other cancers of the 
mucosa of the upper aerodigestive tract, and most investigators do not feel 
that routine nasopharyngoscopy should be included in the endoscopic evalua­
tion of head and neck cancer patients [17,32,36,66,85], the rationale being 
that different carcinogenic agents are responsible for nasopharyngeal cancer. 
If, however, the patient falls into a high risk group for the development of 
nasopharyngeal cancer, for example, Chinese, Aleuts, etc., then the naso­
pharynx should be screened regularly using mirror, direct, or fiberoptic 
endoscopy. 

An alternative screening tool to direct visualization is the use of serolo­
gical tests looking for the presence of IgA anti-viral capsid antigen (YCA). 
This may be useful in screening relatives of patients with nasopharyngeal 
cancer or high-risk groups with a propensity for nasopharyngeal cancer. 

Problems associated with screening for cancers of 
the upper aerodigestive tract 

As already noted, the evaluation of screening programs must consider the 
merits, limitations, and cost. Since the concept of at-risk groups and field 
cancerization became understood, and the importance of early diagnosis as a 
means of improving survival became apparent, every attempt has been made 
to establish effective screening programs. Routine endoscopies occupy a 
pre-eminent role as screening procedures, but their use has not yet been 
demonstrated as being able to reduce the mortality of these cancers. In fact, 
the time, expense, and morbidity of these procedures may offset the benefits 
[62,93,94]. 
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Financial considerations 

The issue of the financial benefits of a screening program is difficult to 
evaluate, particularly in the United States, where costs are being critically 
appraised. If it is felt that endoscopic evaluation is overall the most effective 
method of detecting preclinical cancer, then this must be judged in terms of 
its cost-benefit ratio. Several investigators have attempted to address this 
issue. Parker and Hill felt that routine laryngoscopy is the only one of the 
three components of triple endoscopy that could be supported, citing low 
yield and high additional costs for esophagoscopy and bronchoscopy [94]. 
Shaha et al. questioned the role of routine triple endoscopy in every patient 
with head and neck cancer because of the high cost [62]. Others, however, 
have attempted to justify the cost of routine panendoscopy in head and neck 
cancer patients [95]. 

In the final analysis, if it is felt that panendoscopy to detect early cancer 
can be equated with the highest standard of care, cost should not enter into 
the equation when managing an individual patient. The overall cost-benefit 
ratio in evaluating a screening program, however, is a different matter and, 
at this stage, there is no evidence that these procedures constitute a suc­
cessful screening program. As health-care dollars become increasingly scarce, 
some harsh decisions will have to be made. It is possible, therefore, that 
through necessity a compromise position will be reached in which non­
invasive radiographic or cytologic screening will become the optimal screen­
ing measure. 

Morbidity 

Additional morbidity produced by screening techniques must also be ex­
amined closely. Good screening procedures should be relatively free of 
complications, and it does appear that multiple endoscopy is a safe pro­
cedure with low morbidity [17,18,21,64,93]. Therefore, the concern that 
patients undergoing panendoscopy are at significant additional risk is not 
valid and probably not a consideration. 

Ability to influence survival 

The major issue of concern is the ability of the screening programs, par­
ticularly those employing multiple endoscopy, to alter the ultimate outcome 
of the patient. It unfortunately remains unclear whether this objective can 
truly be accomplished, even in as focused a population as those with an 
index cancer already diagnosed. The only exception is the extremely suc­
cessful program being utilized for managing esophageal cancer in China. 
This negative sentiment reflects our lack of understanding of cancer behavior 
and the inadequacy of the screening techniques currently being utilized. 
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Considerations for the future 

At this moment in time, it is not clear if screening for head and neck cancer 
will improve mortality rates and even less clear whether they are cost-effec­
tive. However, even if the screening protocols should fail to fulfill these 
criteria, this does not mean that routine endoscopy, radiographic evaluation, 
and frequent clinical examinations should not be performed in individual 
patients, as this constitutes optimal patient care. It is only in the context of 
evaluating the efficacy of a screening program that this bears careful analysis. 
Hopefully, more sensitive low cost screening methods for patients at risk 
will ultimately lead to better survival rates. Perhaps further identification of 
particular subgroups among head and neck cancer patients with a higher risk 
of multiple cancers will improve the efficacy of the screening program, for 
example, immunologic anomalies or genetic influences [96,97]. 
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9. Photodynamic therapy for cancer of the head and 
neck 

Jack L. Gluckman and Louis G. Portugal 

Photodynamic therapy (PDT) is a therapeutic modality that utilizes a photo­
sensitizing drug that selectively localizes in tumors and, on activation by 
exposure to light, results in preferential tumor necrosis. Like all new ther­
apies directed to cancer, this modality was initially greeted with great 
enthusiasm and was heralded as an excellent therapy, not only for early 
superficial cancer but also the more advanced tumors. Time and experience 
have tempered this unrealistic expectation and, therefore, in spite of its 
initial promise, PDT remains for the present an investigational modality 
whose potential has yet to be realized. Much basic research and more 
clinical trials are required before its exact role in contemporary cancer 
therapy can be accurately defined, but one remains optimistic that this will 
soon occur. Two components are necessary for this therapy to be utilized, 
that is, a photosensitizer drug and a laser to activate the drug. 

Photosensitizer 

The first known use of phototherapy occurred when the ancient Egyptians 
over 6000 years ago used this technique to treat depigmented areas of the 
skin [1]. They applied crushed leaves from plants related to parsley (which 
contain the photosensitizer psoralens) to the depigmented areas and, on 
exposure to sunlight, a sunburn occurred on the affected area. 

In 1903 Tappenier and Jesionek [2] were the first to utilize this process for 
the treatment of malignant disease when they treated skin cancers using 
topical eosin as the photosensitizer together with white light. Over the 
years, numerous substances have been used as photosensitizers, for example, 
tetracycline, berberine sulfate, acridine orange, fluorescein, rhodamine, 
various porphyrins, and more recently, sulphonated metallophthalocyanines, 
diaziquone, N ,N' bis (2-ethyl-1 ,3-dioxolane )-kryptocyaine (EDKC) , Nile 
blue A (NBA), tetra-( 4-sulfonatophenyl) porphine (TPPS), silicon naph-
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thalocyanine, hypocrellin A, and prophycenes, amongst many others. 
Porphyrins, however, have attracted the most interest and have been the 
drug of choice for all the clinical work in the head and neck. Initially 
hematoporphyrin derivative (HPD) was the drug of choice, but a more 
purified active component, porfimer sodium (Photofrin; Quadralogic 
Technologies, Vancouver, Canada), is now used and seems to have an 
increase in potency. 

Photofrin fulfills most of the criteria for a satisfactory photosensitizer for 
use in humans. These include the absence of systemic toxicity apart from 
temporary generalized photosensitivity, which may last 4-6 weeks, acti­
vation by light at wavelengths that are transmitted by human tissue, and 
the fact that generally the drug is concentrated in malignant tumors at a 
higher level than the surrounding tissues, with the exception of the kidney, 
spleen, and liver. 

The serum half-life following injection is 3 hours, and during this period 
the hematoporphyrin is evenly distributed throughout the stroma and par­
enchyma of normal tissues. Once the serum level begins to fall, normal 
parenchymal cells and stroma begin to clear hematoporphyrin, but it is 
retained in tumor and the cells of the reticuloendothelial system (liver and 
spleen) for longer periods of time. 

The retention in tumor remains relatively high for several days. The 
reasons for preferential retention in tumors is not clear, but it has been 
theorized that tumors have a high vascular permeability with an inefficient 
lymphatic clearance. Therefore, protein-bound substances such as hemato­
porphyrin are trapped by these tumors. Tumors appear to concentrate 
Photofrin predominantly in the vascular stroma, with the ratio of stroma to 
tumor cells being approximately 5: 1. After 5-7 days, tumor cells demon­
strate reduced amounts of hematoporphyrin, whereas the vascular stroma 
continues to demonstrate high levels [3]. 

Shortcomings of hematoporphyrin as a photosensitizer include a less than 
ideal absorption spectrum, with the most ideal wavelength (±400nM) only 
penetrating human tissue to 1 mm, thereby rendering it unsatisfactory for 
treatment of human tumors. As a compromise, light at 630 nM is used that 
can penetrate tissue to 5-10 mm. 

Lasers 

The other essential component used in this technology is the light source, 
which consists of a laser channeled down a fiber for delivery by surface 
illumination (which is the technique of choice for superficial cancers) or 
implanted into the substance of the tumor (which is the technique of choice 
for more bulky tumors). The laser most commonly used in North America 
consists of a 5 - 20 watt argon ion laser, which pumps a dye laser to produce 
light at 630 nM. This is the longest wavelength capable of activating the 
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hematoporphyrin and permits the deepest tissue penetration (5-10mm). 
The dyes used in the dye laser include Rhodamine B or Kiton Red. The dye 
laser converts the wavelength of the blue-green beam (454-514.5 nM) from 
the argon laser to the red-orange range (630nM). This produces 1-4 watts 
when tuned to 630 nM, depending on the power emitted by the argon tube. 
The light is then coupled to single or multiple optical fibers for delivery. 

The pulsed output lasers, for example, gold vapor and pulsed vapor 
lasers, have been used in Europe and Australia; these produce a pulsed 
beam at 627.8 nM, which may be advantageous in enhancing tumor necrosis, 
or possibly deleterious in causing damage to surrounding normal tissue. The 
use of pulsed lasers is being actively investigated with a view to improving 
the effectiveness of tumor ablation [4]. In Japan, the eximer laser-pumped 
dye system has been used. This has a high power output and possibly, along 
with metal vapor laser systems, represents the future of lasers in PDT [5]. 

Delivery systems 

A fiberoptic system is used for delivery of the laser energy during photody­
namic therapy. The optical fibers are long, flexible rods made of silicone 
quartz covered with a protective coating. The distal end of the optical quartz 
fiber may be modified in several ways to obtain optimal light delivery. These 
applicators direct the light to the lesion in a pattern, depending on the 
configuration of the tip. The micro lens tipped applicator delivers a spot field 
of light and is used for surface application, while various cylinder diffusers 
can be used to treat a hollow viscus, for example, the esophagus or trachea, 
or can be inserted into the substance of a tumor for interstitial delivery. A 
spherical diffuser may be used for bladder and oral cavity cancers. 

The calculation of the optimal amount of light to be delivered to a 
particular cancer is referred to as dosimetry. The required exposure time for 
tumor ablation is dependent on laser power output in watts and dose rate 
measured in watts/cm2, and is expressed as a light dose in Joules/cm2. 

At this stage in the development of this technology, the calculated optimal 
light dosage is inexact and dependent on many variables, particularly the 
anatomy of the structure being treated. This is generally less complicated for 
treating skin cancer, but can be most difficult in treating complex anatomical 
sites, for example, the oral cavity, esophagus, and pharynx. 

Mode of action 

While the mode of action of PDT is not clear, some understanding of the 
mechanism at a cellular and subcellular level has resulted from numerous in 
vitro and in vivo animal experiments. The mechanism generally accepted for 
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causing cell necrosis after light exposure is an energy transfer process from 
the excited triplet state of the hematoporphyrin to oxygen producing singlet 
oxygen, which causes irreversible oxidation of some essential cellular com­
ponents [6]. Oxygen is necessary for this reaction to occur, although there 
may be a non-oxygen-dependent process that results in cell necrosis. 

Another mechanism of tumor necrosis is ischemia secondary to the effect 
on tumor vasculature that has a high uptake of hematoporphyrin [7]. This 
has been confirmed in animal experiments [3] and is thought to be at least 
partially mediated by thromboxane [8]. The reasons for preferential tumor 
necrosis as compared to surrounding normal tissues are not well understood 
but are at least partially explained by the phenomenon of photobleaching, 
which is the permanent loss of the photosensitizing effect of the drug after 
being exposed to light, that is, the greater the uptake of drug in tissue, the 
greater the cytotoxic effect. If there is significant uptake of drug, the photo­
chemical effect will cause necrosis, but if there is only minimal drug in the 
tissue, no necrosis will occur [6,9]. 

There is a striking similarity between the effects produced by PDT and 
those produced by hyperthermia; however, at the low power produced by 
the laser, thermal damage should not be a factor. Of interest is that in 
animal work both the curability and depth of necrosis produced by PDT can 
be enhanced by combining heat with PDT [10]. 

Technique 

There are two basic approaches to the administration of PDT: (1) surface 
illumination and (2) interstitial implantation, with surface illumination suf­
ficing for superficial lesions and implantation being used on its own or to 
complement surface illumination for larger tumors. The following regimen is 
the approach used by the authors for treatment of upper aero digestive tract 
and cutaneous cancers. The reader should appreciate that this does 
not necessarily represent the standard of care, but what works well for 
the authors. Drug doses and light dosage may vary from investigator to 
investigator, from patient to patient, and from lesion to lesion, although 
every attempt is now being made to standardize therapy. 

The drug of choice, Photofrin (2.0mg/kg body wt), is given by intravenous 
bolus over 10 minutes, 72 hours prior to the therapy. Precautions against 
exposure to light are immediately instituted. The procedure is usually per­
formed without anesthesia, with the laser fiber being held in position by a 
mechanical holder or manually. If the area is inaccessible, surface illumina­
tion is administered via a fiberoptic or rigid endoscope under general 
anesthesia, if necessary. A light dose of 50-100J/cm2 is usually used. In 
treating a bulky lesion, the fiber may be implanted directly into the tumor 
using a sharp-tipped cylinder diffuser or through a hollow needle. This will 
result in circumferential tumor necrosis of approximately 2 cm. Within a few 
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hours there will develop significant edema and ulceration, with eschar for­
mation within a few days. In the trachea, esophagus, or larynx, this may 
need to be debrided. The size of the tumor and depth of infiltration will 
dictate which approach to use. If the tumor should prove refractory, the 
treatment can be repeated. Postoperatively, precautions should be taken to 
avoid skin photosensitivity, that is, avoiding sunlight and bright artificial 
light, and using protective clothing and sunscreen preparations. This 
should be continued for 4-6 weeks post-therapy, although in some cases 
photosensitivity may last months. 

As already stated, the major thrust in PDT today is an attempt not only 
to standardize the technology, but also to maximize its effectiveness. At this 
moment in time, hematoporphyrin and the argon dye-pumped lasers remain 
the gold standard, while other drugs and lasers are being evaluated. To 
minimize the photosensitivity and maintain effectiveness, it has been sug­
gested that the dosage of Photofrin be dropped to 1 mg/kg and the light dose 
increased to 250J/cm [4,11,12]. Others have, however, noted that as the 
drug dosage is decreased, the efficacy diminishes [13]. 

Clinical application of PDT 

The efficacy of PDT in the treatment of cancer has long been demonstrated 
in both animal experiments and the clinical setting. Phase III studies are at 
present underway for treatment of cancer of the lung, esophagus, and 
bladder [9]; however, significant experience with tumors in other areas of 
the body has been obtained with variable results. In discussing the role of 
PDT in head and neck cancers, its role in cutaneous cancers, cancer of the 
mucosa of the upper aerodigestive tract, and Kaposi's sarcoma and other 
assorted malignancies will be presented. 

Role in cutaneous and subcutaneous malignancies 

Review of the literature devoted to the use of PDT in skin malignancies 
reveals that initially this treatment was used predominantly for palliation of 
advanced cancer, for example, recurrent breast carcinomas that had proved 
refractory to standard therapies. Most series revealed a dramatic initial 
response in many patients, but long-term follow-up was rarely possible 
because of the advanced nature of these cancers [14-17]. Overall, the 
results of PDT in these patients were quite variable, and not only was the 
response unpredictable, but severe pain and skin necrosis were common 
findings. Our personal experience with five such cases confirmed these 
results, and we abandoned this treatment for this disease as satisfactory 
palliation was not obtained and the pain and necrosis frequently impaired 
the quality of life. 
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Basal cell and squamous cell carcinoma. Initial reports describing PDT for 
basal cell and squamous cell carcinoma were quite enthusiastic and demon­
strated significant effectiveness [14-19]. Subsequent reports have been 
somewhat inconclusive, and the exact role of PDT for these lesions has as 
yet not been established. A major problem in evaluating the literature is the 
tremendous variability in technique, drug, and light dosage in the various 
series. In one study, Pennington et al. [20], using HPD 5 mg/kg, obtained a 
52% complete response rate for basal cell cancers and 81% for squamous 
cell carcinoma, but almost all of the basal cell and more than half of the 
squamous cell cancers had recurred by 6 months. Total light dose was low 
(30J/cm2). No attempt was made to determine the possible causes of failure, 
for example, inadequate light or drug dose. McCaughan et al. [15], on the 
other hand, in treating a variety of skin cancers, noted an excellent complete 
response rate with 50% of complete responses at 1 month persisting at 1 
year. They suggested that tumors thicker than 2 cm should be debulked 
before using PDT to improve efficacy. 

Wilson et al. [21], using higher light doses (180-233 J /cm2) and lower 
drug doses (Photofrin 1 mg/kg) to treat large and multiple basal cell cancers, 
had dramatic results. Of 151 tumors treated, 133 responded completely and 
18 partially. Of those partial responders that were retreated, all had a 
complete response. At 1 year follow-up only 13 of 133 complete responders 
had recurred. The morpheoform type tended to recur, and the authors 
suggested that these be treated with higher light doses or interstitial implants. 
Equally good results were noted in treating the multiple basal cell cancers 
seen in basal cell nevus syndrome using HPD 3 mg/kg and light doses of 
38-180 J /cm2 [22]. Keller et al. have also reported excellent results using 
low drug dose and high laser dose [11,23]. 

Presently it appears PDT may become an option where surgical excision 
of large basal cell cancers is undesirable for medical reasons and where the 
lesions are multiple. It is this latter indication that is potentially so attractive 
for PDT, as multiple lesions can be treated at one sitting. 

Malignant melanoma. Metastatic pigmented malignant melanoma has been 
treated with PDT by a number of investigators [12,14,15,24]. In general, it 
has been noted that the highly pigmented lesions are poorly responsive to 
PDT, whereas lightly pigmented lesions responded in a more dramatic 
fashion. This is probably due to the pigment absorbing the light and pre­
venting the photochemical reaction from occurring. After increasing the light 
dose, McCaughan et al. [15] noted improved responses in the pigmented 
lesions, but recurrence was frequent. For practical purposes, therefore, 
there is no real role for PDT in treating malignant melanoma. 

Role in cancer of the mucosa of the upper aero digestive tract 

Review of the literature devoted to the role of PDT in cancer of the mucosa 
of the upper aerodigestive tract reveals that initially this modality was used 
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to palliate advanced cancer, particularly in those tumors that were not 
treatable by, or were refractory to, conventional therapy [25-27]. Palliation 
was successfully accomplished in a high percentage of cases and, while many 
of these responses were transient, a major potential advantage was that 
this therapy could be administered repeatedly. Because of the poor tissue 
penetration accomplished by surface illumination, the preferred technique 
to debulk these large tumors was interstitial implantation together with 
surface illumination as needed. Probably the best example of such therapy is 
the treatment of obstructive dysphagia due to advanced esophageal cancer 
[28,29]. 

A personal experience in using PDT to treat advanced recurrent head and 
neck cancer has been unrewarding [30]. Essentially, the purpose of the 
treatment was to achieve tumor debulking in order to relieve pain, airway 
obstruction, etc. While tumor shrinkage could be obtained, it was usually 
unpredictable in its extent and could just as easily be obtained by more 
conventional and less complicated techniques, for example, surgical debulk­
ing with CO2 laser and electrocautery. In fact, in some patients the added 
photosensitivity due to the hematoporphyrin further impaired the quality of 
life. For this reason, it is our opinion that this therapy has little role for 
debulking, except in the most unusual circumstance. 

Other workers, however, continue to use this therapy in advanced can­
cers, sometimes achieving the desired palliative effect [27,31,32]. Others 
have combined PDT with radiation therapy with excellent responses [33], 
although this work has, to the best of our knowledge, not been duplicated 
elsewhere. 

A more appropriate role for PDT appears to be the treatment of early 
superficial cancers of the mucosa of the upper aerodigestive tract for the 
following reasons: 
1. The anatomy of the upper aerodigestive tract usually permits adequate 

visualization of the cancer but renders endoscopic excision or ablation 
cumbersome and difficult. A technique that requires visualization but a 
'no touch' technique to attain ablation is a significant advantage over 
more conventional means. 

2. Potentially, if performed correctly, selective necrosis of the tumor occurs, 
and therefore frozen section histologic control, which is somewhat un­
satisfactory, becomes redundant. 

3. In most circumstances, this technique requires no anesthesia and can be 
performed in an office setting. Access to other sites may be obtained 
using fiberoptic endoscopy, and only in certain situations will general 
anesthesia be necessary to achieve access to the tumor. Very rarely, 
tracheostomy may be necessary to safeguard the airway, at least until the 
acute reactive phase has passed. 

4. Field cancerization, with large areas of superficial premalignant and 
malignant change and multicentric early malignancies, is ideal for this 
therapy. This 'condemned mucosa' is extremely difficult to treat using 
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conventional therapies, that is, eXCISIOn or CO2 laser ablation. This 
technique allows relatively large affected areas to be treated with pre­
servation of normal tissue and, in addition, can be repeated as often as 
necessary. 

5. Finally, these superficial cancers can easily be treated using surface illu­
mination because they are rarely deeper than 1 cm, thereby avoiding the 
use of interstitial implantation, which is more difficult, cumbersome, and 
less predictable in its response. 
Treatment of early cancers, however, has had mixed results, with the 

literature being somewhat difficult to evaluate because of differences in 
technique, particularly in the light dose and drug dose. We experienced 
excellent results for cancers of the oral cavity and oropharynx, with a 85% 
complete response rate with a follow-up of 1-4 years but with a high 
recurrence rate of almost 30% at 1 year [30]. Results with small numbers of 
T 1 cancers elsewhere in the upper aerodigestive tract were somewhat disap­
pointing. It was, however, appreciated that while some of these failures 
could be attributed to the inadequacy of the technology, some of these 
tumors were probably understaged, especially as many were radiation 
failures. Some of the failures may in fact have been due to the development 
of second cancers. If one combines this failure rate with the lengthy photo­
sensitivity that the treated patient has to endure, it can be concluded that if the 
tumor is amenable to simpler therapies, PDT should not be recommended. 

Wenig et al. [31], using more sophisticated dosimetry to determine 
whether surface illumination or interstitial implantation should be used, 
achieved excellent results for superficial mucosal cancers. Likewise, Freche 
and DeCorbiere [34] achieved excellent results with early vocal cord cancers 
with long-lasting results. They concluded that early cancers may well be 
ideal to be treated with photodynamic therapy once the dosimetry has been 
refined and the skin photosensitivity minimized. 

The one condition for which PDT unequivocally appears tailormade is the 
'condemned mucosa,' which in essence is multicentric areas of premalignant 
and early malignancy involving the mucosa of the upper aerodigestive tract. 
This is refractory to alternate methods, mainly because of the diffuse nature 
of the disease and the difficulty in defining the extent of the condition. 
Excellent results have been obtained using PDT by a number of workers 
[27,30,31], and a major advantage is that the treatment can be repeated if 
necessary. Overall the advantages of this technology far outweigh its dis­
advantages in dealing with 'condemned mucosa.' 

Role in Kaposi's sarcoma 

Mucocutaneous Kaposi's sarcoma involving the head and neck is not an 
uncommon finding in patients with acquired immunodeficiency syndrome 
(AIDS). Involvement of the upper airway may cause cosmetic and functional 
disorders, particularly dysphagia and airway obstruction. While most respond 
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to radiotherapty, some may prove refractory and have been found responsive 
to PDT [35]. The five reported cases in this series required either surface 
illumination or interstitial implantation. All patients obtained symptomatic 
relief and some obtained a complete response with a relatively short follow­
up. The future role of PDT in this condition is yet to be determined. 

There exist intrinsic limitations in the technology that have to be addressed 
before this technology will gain universal acceptance, and these relate to the 
drug, laser, and delivery system. 
1. Unpredictable Uptake of Hematoporphyrin by the Tumor 

The intratumoral distribution of hematoporphyrin has not yet been well 
determined. While uptake has been demonstrated in the perivascular stroma 
[3), it is still unclear to what extent the tumor cells themselves take up the 
hematoporphyrin. In addition, whether these animal findings occur in 
spontaneous tumors in humans has not yet been established. It appears that 
an anoxic necrotic tumor may not take up hematoporphyrin, and this may 
be a factor in the unpredictable effectiveness of this therapy. 

Initially, hematoporphyrin was thought to be taken up selectively by 
neoplastic tissue; however, it is now recognized as being taken up by all 
tissues, particularly liver, spleen, kidney, lung, skin, and muscle, but is 
preferentially retained in tumors for several days. There is, at present, no 
absolute means of determining in any given patient when the tumor to 
background tissue levels of hematoporphyrin are maximal, and thereby 
knowing the optimal moment to treat with the laser. This inexactness in the 
timing of treatment may account for a number of failures. 
2. Unpredictable Depth of Laser Light Penetration 

This is dependent on multiple factors, including the wavelength of light 
used, which, in turn, is dependent on the absorption spectrum of the 
hematoporphyrin, the power output of the laser, and the effectiveness of the 
delivery system. All these factors are at present in the process of being 
standardized. If any question exists as to whether the tumor is thicker than 
1 cm, the treatment should be augmented with interstitial implantation. 
3. Ability to Expose the Entire Malignancy to the Laser 

In the upper aerodigestive tract, the complex nature of the anatomy may 
render adequate exposure of the tumor to the laser extremely difficult. In 
addition, it is frequently difficult to define the extent of the cancer. Of great 
concern is the difficulty in estimating the depth of the tumor infiltration, 
making the decision whether to use surface illumination or interstitial 
implantation very difficult. 
4. Problems with the Technology 

The inconveniences of the technology, that is, expense, specialized instru­
mentation, and special training, need to be weighed against the potential 
advantages, particularly when dealing with superficial solitary lesions, which 
could perfectly reasonably be treated by more simple alternative therapies. 

As has already been mentioned, hematoporphyrin, even in the purified 
form, is a less than ideal photosensitizing drug in humans. The unsatisfactory 
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absorption spectrum and the nonspecific tissue uptake impair the effecti­
veness of this photosensitizer. In an attempt to minimize the prolonged skin 
photosensitivity, with all its inconveniences, it has been recommended that 
the dosage of Photofrin be reduced from 2mg/kg to 1 mg/kg [9,11,12], but in 
our experience [30], like that of others [13], it was noted that while the 
skin photosensitivity was significantly diminished, the results appeared less 
satisfactory. 

In addition, the argon ion pumped dye laser, which is the laser most 
commonly used, is cumbersome, temperamental, and only capable of a low 
power output. For this reason, the search continues for a more ideal laser. 
Finally, calculating the ideal dosimetry required, particularly in an area like 
the upper aerodigestive tract, is extremely difficult and remains unsatisfactory. 
5. Complications 

Complications that have been encountered include edema, local pain, and 
skin photosensitivity. Edema has not been a major problem in our own 
experience; however, if an extensive area is treated, or if too high a power is 
used, this may occur. If it is suspected that this might develop, for example, 
in treating the larynx, trachea, and hypopharynx, a prophylactic tracheo­
stomy may be indicated. Local pain has not been highlighted in the litera­
ture, but has been an occasional severe problem in our experience. The 
reasons for this are obscure, but it may be due to local fat necrosis or even 
tumor necrosis. 

By far the most common problem, however, is skin photosensitivity. This 
may last from 4 to 6 weeks following the administration of hematoporphyrin. 
This reaction is usually mild and easily managed by taking appropriate 
protective precautions, as already described. Occasionally, however, it may 
be severe and cause considerable discomfort. 

Considerable research is currently being devoted to developing a more 
satisfactory photosensitizer. Rhodamine-123 has particularly attracted a great 
deal of attention. The potential of rhodamine-123 as a photosensitizer com­
bined with the argon laser at 514.5 nM was initially reported in 1936 [37]. 
Castro et al. [37] demonstrated complete eradication of human squamous 
cell carcinoma transplanted to nude mice without regrowth using rhodamine-
123 photodynamic therapy. To this date, however, no work in humans has 
been reported. Other promising photochemosensitizers with a potential 
for clinical use are sulfonated metallophthalocyanines, diaziquone [38], 
berberine [39], N ,n'-bis (2-ethyl-1 ,3-dioxolane )-kryptocyanine (EDCK) [40], 
Nile blue A (NBA) [41], tetra-(4-sulfonatophenyl) porphine (TPPS) [42], 
silicon naphthalocyanine, hypocrellin A, and prophycenes. Metals which 
have been complexed to form sulfonated metallophthalocyaines possessing 
photochemosensitizing characteristics are zinc, gallium, cerium, and alu­
minum [43,44]. 

None of these newer photo sensitizers has had extensive evaluation in 
either animals or humans to date. It is hoped, however, that some of these 
agents will exhibit better tumor specificity and, consequently, more complete 
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and selective tumor eradication with less side effects than are currently 
available with the hematoporphyrins. 

While this work is progressing, equal attention is being directed to im­
proving lasers and delivery systems [45] so that, after a relatively stagnant 
period, the future will indeed be bright for PDT in managing head and neck 
malignancies. 
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10. Timing and sequencing of chemoradiotherapy 

Daniel J. Haraf, Ralph R. Weichselbaum, and Everett E. Vokes 

There are three main objectives in the treatment of cancer: (1) curing 
disease, (2) keeping the morbidity of treatment to a minimum, and (3) 
preserving function and cosmesis. It may be difficult to achieve all three of 
these objectives in all cases. However, cure may be the most important 
single goal. Thus, a more aggressive treatment regimen with an increase in 
treatment morbidity or loss of function/cosmesis may be tolerated in order 
to increase cure rates. Current treatments for cancers of the head and neck 
can be used to illustrate these principles. Standard treatments for carcinomas 
of the head and neck include surgery and radiation therapy. Both methods 
of treatment have been shown to have high cure rates with minimum 
morbidity when the disease is detected early. For example, radiation therapy 
alone is curative in the majority of patients with stage I and II glottic 
carcinoma with preservation of voice. Those few patients who fail radio­
therapy are usually salvaged by surgery [1]. Also, newer surgical techniques, 
such as hemilaryngectomy or laser surgery, have been shown to be curative 
with voice preservation in selected early glottic cancers, although voice 
quality is diminished [1]. Cure rates and functional results are also generally 
good with single modality therapy in early stage tumors located in other 
head and neck sites. In these favorable cases standard therapy is appropriate, 
and combined modality therapy should not be considered. 

Unfortunately, only one third of patients present with these early favor­
able stage T1 and T2 lesions. The remaining two thirds of patients present 
with locally advanced (T3 or T4) lesions and/or regional lymph node 
involvement (N1-N3). In those patients with locally advanced disease, more 
aggressive surgery or radiotherapy has been used in an attempt to increase 
the cure rates while sacrificing functional or cosmetic results. Nevertheless, 
survival results after single modality therapy in patients with locally advanced 
disease are poor, even though distant metastases are detected in less than 
10% of patients at the time of diagnosis. Local and regional tumor control 
remain difficult problems with single modality therapy in locally advanced 
disease, and thus, single modality treatment is not commonly used. Fre-
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quently, combined modality therapy, consisting of surgery with preoperative 
or postoperative radiation therapy, has been employed in an effort to 
improve local control. In most advanced head and neck cancers local control 
appears to improve with a combination of surgery and radiotherapy com­
pared to either treatment alone. However, local recurrences continue to 
occur in up to 60% of patients, and overall survival is poor [2]. Those few 
patients who survive long term are usually left with severe functional deficits 
from treatment. 

The risk of distant metastases in head and neck tumors usually receives 
little attention, since local failure continues to be the major cause of morbidity 
and mortality. Only 20-30% of patients develop distant disease [3]. While a 
low incidence of metastatic disease may be true clinically, some series 
suggest that more patients are at risk to develop distant metastases. Autopsy 
series detected micrometastases in over 50% of patients treated for head 
and neck cancers. Most of these patients had persistent or locoregionally 
recurrent disease at the time of death [4,5]. Therefore, one cannot determine 
whether systemic micrometastases were present at the time of diagnosis or 
developed at the time of regional progression. A recent retrospective 
analysis of 2648 patients with head and neck cancer reported that 10-
co regional control was the most significant variable affecting the develop­
ment of distant metastases [6]. Nevertheless, the 5-year time-adjusted 
incidence of distant metastases was 21 % for patients with continuous local 
control at 6 months after treatment and 38% for patients with loco regional 
failure. The reduction in distant metastases with increasing local control was 
seen in all head and neck sites except the hypopharynx and nasopharynx, 
suggesting a high rate of micrometastatic dissemination at the time of 
diagnosis. 

Rationale for multimodal therapy 

It is obvious that standard treatment methods are inadequate to cure the 
majority of patients with locally advanced head and neck cancer, since local 
and regional failure remain the leading causes of death. A secondary 
consideration in the treatment of advanced disease is to reduce the func­
tional deficits patients must cope with after treatment. These deficits must 
frequently be endured without the benefit of cure. Nevertheless, one must 
be aware of the potentially high incidence of distant metastases in these 
patients. If loco regional control is increased by more effective radiation 
and/or surgery, systemic failure will potentially become an increasingly 
important problem. However, it is unlikely that further improvements in 
surgical or radiotherapeutic techniques will result in significant gains in 
regional control. Normal tissue tolerance and the potential for severe com­
plications continue to limit the dose of radiation that can be delivered to 
cancer-bearing areas. Similar anatomic factors also limit the ability to com­
pletely resect disease-bearing tissues in advanced cases. Also, surgery and 
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radiotherapy are local treatments that do not address the possibility of 
metastatic disease. 

The traditional role of chemotherapy in this disease has been limited to 
the treatment of patients with recurrent or metastatic disease [7 ,S]. Several 
active single agents have been identified in this setting, including metho­
trexate, cisplatin, carboplatin, 5-fluorouracil (5-FU), bleomycin, hydro­
xyurea, ifosfamide, edetrexate, cyclophosphamide, and probably taxo!. 
Nevertheless, response rates with these agents have been low (approximately 
30%), and the duration of response has ranged from 3 to 6 months. One 
randomized study compared symptomatic care to cisplatin, bleomycin, or a 
combination of cisplatin and bleomycin, and found the cisplatin-containing 
regimens significantly prolonged survival over symptomatic care or bleomycin 
alone [9]. Nine randomized trials have compared single-agent to combina­
tion chemotherapy in patients with advanced or recurrent head and neck 
cancer [10-1S]. While four of these trials were able to demonstrate an 
increase in response rates in favor of combination chemotherapy, they did 
not report any survival benefit [10,13,15,16]. Only one randomized study 
reported a survival benefit for combination chemotherapy [17]. 

The results of single-agent or combination chemotherapy in advanced or 
recurrent head and neck cancers are not impressive, and new more active 
therapies need to be identified. However, it would be premature to conclude 
that there is no role for chemotherapy in the treatment of head and neck 
cancer. An alternative conclusion is that the role of chemotherapy needs to 
be better defined and integrated into a multi modal treatment approach for 
patients with less advanced disease. Both single-agent and combination 
chemotherapy have exhibited limited curative potential as a single treatment 
modality in solid tumors. In non-small cell lung cancer, colorectal cancer, 
and breast cancer, adjuvant chemotherapy appears to be effective in re­
ducing the incidence of metastases in patients at risk but has been largely 
ineffective in controlling sites with known disease. Thus the effective 
integration of chemotherapy into standard treatment regimens of radio­
therapy and/or surgery, which address sites of gross disease, will most likely 
be necessary for significant progress in treatment. 

The integration of chemotherapy in advanced head and neck cancer 
continues to be attractive for many reasons [19]. Since chemotherapy by 
itself has reproducible activity but is not curative, it may be more effective if 
used earlier in the course of the disease and in conjunction with standard 
local therapy as sequential or simultaneous treatment. One proposed 
mechanism of interaction between radiotherapy and chemotherapy is spatial 
cooperation. This is a belief that chemotherapy can eliminate distant metas­
tases, while local therapy eliminates regional disease. Although important, 
spatial cooperation should not be the main consideration in head and neck 
cancer since the majority of patients die from local progression or recur­
rence before distant disease can become manifest. However, spatial coopera­
tion may assume more importance if local control improves. 
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A potentially more important result from the combination of chemo­
therapy and radiotherapy would be a direct local interaction, resulting in 
improved locoregional control and cure rates. Several mechanisms have 
been proposed by which a direct interaction could increase regional control 
[20]. Chemotherapy and radiation may be active against different tumor 
populations and eliminate cells that could develop resistance to either 
chemotherapy or radiation. Also, chemotherapy may increase tumor cell 
recruitment from Go into a more radiation-therapy-responsive phase of the 
cell cycle. Thus, a locoregional interaction could be beneficial for two 
reasons. 

While the integration of chemotherapy and radiation are theoretically 
appealing, the optimal sequencing remains obscure. Thus far studies have 
investigated chemotherapy combined with radiation in one of two main 
settings: (1) sequential administration as adjuvant or neoadjuvant therapy, 
or (2) concomitant chemoradiotherapy. There are advocates for each method 
but data conclusively supporting one schema over the other are lacking. The 
remainder of this chapter will discuss the advantages and disadvantages of 
each method along with the results of important studies. 

Sequential chemoradiotherapy 

There is a strong rationale to support the use of neoadjuvant chemotherapy. 
It is probably the simplest way to integrate chemotherapy into a multimodal 
treatment, since overlapping toxicities will be minimized and the efficacy of 
each therapy can be monitored. Also, the concept of spatial cooperation 
applies since distant micrometastases are addressed early. Local control with 
radiation therapy may improve through a reduction in tumor bulk or 
improved vascularization, resulting in fewer hypoxic cells and/or cells in 
inactive phases of the cell cycle. Theoretically a reduction in tumor bulk 
from chemotherapy might allow for less radical surgical procedures and 
improve functional results. Early administration of chemotherapy may result 
in improved drug delivery to the tumor, since radiation fibrosis or surgical 
scarring would not be present. The sequential use of chemotherapy permits 
the administration of adequate drug doses, as the potential for the increased 
toxicity seen with concomitant therapy is reduced. However, the increase in 
overall treatment time required for neoadjuvant therapy could adversely 
affect outcome. The use of neoadjuvant therapy could prolong the overall 
treatment time by months, depending upon the number of treatment cycles. 
Recently, evidence has been presented suggesting that any prolongation of 
treatment time during radiation therapy will adversely affect local control in 
head and neck cancers [21,22]. The inferior outcome has been attributed to 
accelerated repopulation of clonogenic cells once the tumor population has 
been perturbed. Whether the prolongation of treatment time applies to 
neoadjuvant chemotherapy in combined modality treatment is unknown. An 
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important factor could be the induction of radiation-resistant cells by 
chemotherapy or inherent cross-resistance between both modalities [23]. If 
this is the case, any potential benefit of chemotherapy could be lost. 

Induction chemotherapy in advanced head and neck cancer has been 
intensely investigated over the past 15 years. The initial experience in 
nonrandomized trials used one cycle of single-agent therapy. However, 
Clark et al. presented evidence to suggest that more than one cycle may be 
necessary for maximum response [24]. In their studies a progressive increase 
in the number of complete responses was observed from cycles 1-3 but no 
change after cycle 4. Similar results have been reported from our institution 
[25,26] and by other investigators [27,28]. Dreyfus et al., utilizing a regimen 
of cisplatin, 5-FU, and leucovorin, reported a complete response rate of 
26% following two cycles, which increased to 66% with the addition of a 
third cycle [27]. Thus, the current trend is to administer three cycles of 
combination chemotherapy prior to local treatment. Whether additional 
cycles improve response rates or survival remains unknown. One study that 
employed five cycles of chemotherapy reported complete response rates 
that were inferior to trials using three cycles [29]. This suggests that the gain 
from additional chemotherapy may be small or potentially become harmful 
by delaying local therapy after a certain point. Nevertheless, phase II 
trials of neoadjuvant chemotherapy have shown that high response rates 
(70-100%) can be consistently achieved, with complete response rates of 
20-66%. Nearly all of these studies show that a complete response to 
induction therapy predicts a longer survival and better prognosis [30]. 
However, phase II trials prevent the conclusion that chemotherapy improves 
survival. Responders to chemotherapy may simply be a subgroup of patients 
with a more favorable prognosis that is not related to the administration of 
chemotherapy. The notion that chemotherapy identifies a subset of patients 
with a more favorable prognosis is supported by the fact that the overall 
survival for all patients receiving chemotherapy is no better than that 
expected following standard therapy [31]. 

Proof of treatment efficacy requires well-designed phase III trials incor­
porating the lessons learned from phase II studies. Trial design is critical in 
head and neck cancer, since outcome can be influenced by many variables. 
Adequate treatment regimens should include multi agent chemotherapy with 
an established high overall and complete response rate. Other factors have 
been shown to influence prognosis, including (1) stage of disease, (2) 
primary site, (3) resectability, and (4) weight loss [32-34]. Thus, the study 
population should be stratified for these and other prognostic factors known 
to influence outcome. Since an optimistic assessment of differential survival 
benefit might be only 10-20%, a sufficient number of patients necessary to 
detect such a difference must be entered on each trial. 

Table 1 summarizes the results of selected neoadjuvant randomized trials 
[35-45]. None of the trials to date have been successful at decreasing the 
local failure rate or prolonging survival. Yet, the results of these trials do 
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not prove that chemotherapy is ineffective, since major flaws are present in 
many of these studies. Many of these trials failed to use effective chemo­
therapy, and criticisms include (1) the number of cycles administered were 
inadequate, (2) drug dosages were too low, or (3) multiagent chemotherapy 
was not employed. Some of these studies used radiation therapy alone as 
definitive local treatment. A frequently overlooked criticism is that a total 
dose of radiation less than 66Gy given with 180-200cGy/day fractions 
should not be considered curative if gross disease is present. Finally, few 
studies have entered a patient cohort sufficiently large enough to detect 
small differences in survival. 

Although all the trials are flawed and largely disappointing, a few provide 
some valuable insights and deserve closer analysis. The study by Schuller et 
al. used an active regimen of combination chemotherapy for three cycles 
[42]. While this trial failed to demonstrate an improvement in survival or 
local control, distant metastases were noted to occur twice as frequently in 
the standard therapy group as in the group receiving chemotherapy (28% 
vs. 49%, respectively). Unfortunately, the poor compliance rate and the 
reluctance of patients to complete the assigned treatment may have affected 
the overall survival results. 

The Head and Neck Contracts study employed a single cycle of induction 
chemotherapy with or without maintenance single-agent chemotherapy [43]. 
This study also suffers from problems with poor patient compliance. Again 
there was no difference in survival or local control. However, a statistically 
significant decrease in the number of patients developing distant metastases 
as a first site of failure was observed with maintenance cisplatin compared to 
patients receiving induction therapy alone or standard treatment. A subset 
analysis of this trial published in 1990 provided some interesting observa­
tions [44]. Statistically significant differences in disease-free survival were 
noted for patients with Tl-2 primary lesions or Nl-2 nodal disease in favor 
of maintenance chemotherapy. However, a significant overall survival 
advantage was only found in patients with N2 disease receiving maintenance 
chemotherapy. No advantages for chemotherapy were seen in T3-4 or N3 
disease. A final subset of patients that benefitted from maintenance chemo­
therapy were patients with carcinoma of the oral cavity. This study supports 
the idea that a single cycle of chemotherapy is inadequate in head and neck 
cancer. 

The Veterans Administration trial deserves special discussion [45]. This 
study randomized patients with advanced laryngeal cancer into one of two 
arms. Patients in the control arm underwent standard surgery followed by 
postoperative radiotherapy. Patients in the chemotherapy arm received 
three cycles of chemotherapy with cisplatin and 5-FU followed by radiation 
therapy alone for patients responding to chemotherapy. Patients in this 
series received adequate doses of radiation. Surgery was reserved for those 
patients who did not respond to chemotherapy and salvage of radiation 
failures. The study posed two questions. First, could chemotherapy com-
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bined with radiation substitute for surgery and result in preservation of the 
larynx? This goal was achieved in 64% of the patients treated on this 
study. Second, could multi-agent chemotherapy followed by radiotherapy 
result in a longer survival compared to standard treatment of surgery and 
postoperative radiation? Clearly the results of this trial indicate that chemo­
therapy and radiation can successfully substitute for routine laryngectomy 
without jeopardizing survival. The 3-year results of this trial suggested that 
the incidence of distant metastases was reduced in the group receiving 
chemotherapy. With longer follow-up this difference is no longer statistically 
significant, and it appears chemotherapy simply delayed the time to the 
development of metastatic disease [46]. These results confirm those reported 
in pilot trials [47-49]. 

Finally, the RTOG activated a trial in 1985 that was incorporated into a 
randomized Head and Neck Intergroup study [50]. The goal of the trial was 
to test the efficacy of adjuvant chemotherapy in patients with resectable 
squamous cell carcinoma of the head and neck. Between 1985 and 1989, 442 
patients were randomized to receive standard fractionation postoperative 
radiotherapy or chemotherapy with 5-FU and cisplatin followed by standard 
fractionation postoperative radiotherapy. At a median time-at-risk of 37.2 
months, there was no significant difference in locoregional control, survival, 
or disease-free survival between the two groups. However, the group 
receiving chemotherapy had a reduced incidence of distant metastases 
overall (p = 0.03) and as a first site of failure (p = 0.02). 

In conclusion, the neoadjuvant trials show high response rates with 
modern regimens. These response rates have not resulted in improved local 
control or survival when compared to standard therapy. Recent trials appear 
to show a beneficial reduction in the number of patients developing distant 
metastases, suggesting that current drugs and regimens may be effective in 
sites containing minimal disease. However, this illustrates the point that the 
majority of failures remain locoregional, and it is unlikely that survival will 
improve until more effective local therapy becomes available. While the 
primary goal of increased survival remains unaffected by neoadjuvant 
chemotherapy, significant progress has been made. The results of the 
Veterans Administration study show organ preservation can be achieved 
with sequential chemotherapy and radiation in most patients with advanced 
laryngeal cancer. Thus, quality of life after treatment is improved. A new 
randomized study by the Veterans Administration Cooperative Group will 
be activated to investigate organ preservation in sites other than the larynx. 
Also, the study will include a radiation alone arm to address the question of 
whether chemotherapy is an essential component of the treatment regimen. 
Finally, more aggressive chemotherapy may be necessary to improve survival 
and is under investigation [51]. 
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Concomitant chemoradiotherapy 

The use of chemotherapy in the neoadjuvant setting is one method to 
integrate chemotherapy into the multimodal treatment of head and neck 
cancer. In essence it is the addition of another independent treatment 
modality in sequence with other standard treatments. Thus, the most one 
could hope for in improving outcome is an additive effect from each inde­
pendent treatment. While sequential treatments might help reduce the risk 
for toxicity during treatment, overall prolongation in treatment time may 
offset any potential gains of the added treatment. This may help explain why 
an improvement in locoregional control has not been demonstrated in 
randomized neoadjuvant trials to date. Unlike sequential multimodal 
therapy, concomitant chemoradiotherapy specifically aims at enhancing one 
modality through the simultaneous use of another. Thus concomitant therapy 
may have a synergistic effect. This would be highly desirable in control 
of loco regional disease, but the risk of increased toxicity tends to limit 
potential gains. 

Chemotherapy and radiation therapy can be integrated into a con­
comitant treatment in a wide range of schema. Examples of potential 
concomitant schema are shown in Table 2. Example 1 illustrates rapid 
alternating modalities where chemotherapy incorporated into a standard 
split-course radiotherapy plan. The examples in Table 2 illustrate a progres­
sively more complete integration of chemotherapy and radiation from 
examples 1-5. In example 2 radiotherapy and chemotherapy are given 
together on some weeks of treatment. As can be seen, concomitant therapy 
can be used to reduce the breaks employed for hematologic recovery 
present with induction chemotherapy since the patient continuously receives 
some type of therapy. Also, the overall treatment time could be reduced. 
Examples 4 and 5 in Table 2 illustrate complete integration of chemotherapy 
with radiation when patients receive both treatments together on all treat­
ment days. In theory, a complete integration of chemotherapy and radiation 
would be optimal if toxicity did not become prohibitive. Such an approach 
would address potentially micrometastatic disease early in the course of 

Table 2. Examples of schema for chemoradiotherapy 

Week 

2 3 4 5 6 7 8 

Example 1 RT RT C RT RT C RT RT 
Example 2 RT/C RT RT C RT RT RTC 
Example 3 RT/C RT RT RT/C RT RT 
Example 4 RT/C RT/C RT/C RT/C 
Example 5 RT/C RT/C RT/C RT/C RT/C RT/C RT/C 

RT = radiation therapy; C = chemotherapy. 
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therapy, as in neoadjuvant treatment. In contrast to neoadjuvant treatment, 
definitive treatment of locoregional disease would not be delayed and could 
be enhanced through the use of radiosensitizing agents. 

If one considers the number of drugs available, drug dosages, potential 
variations on radiotherapy dosage, and amount of overlap between chemo­
therapy and radiation, the number of potential treatment schema is infinite. 
These variables complicate any analysis of concomitant therapy, unlike 
neoadjuvant treatment. Current treatment designs have evolved using two 
approaches. One method employs standard radiation therapy doses and 
fractionation schemes (i.e., 180-200cGy per fraction, five fractions per 
week, total dose 65-70 Gy) as local therapy. Single-agent chemotherapy is 
intermittently added to the radiation schedule. In this schema the dose and 
schedule of chemotherapy is usually suboptimal, since doses are less than 
those used to obtain maximum response if the chemotherapy was given 
alone. In these regimens the chemotherapy is intended to act more as a 
radiation-enhancing agent. The second approach attempts to integrate com­
bination chemotherapy in active doses and schedules with radiation therapy. 
Thus, toxicity may be more severe and require interruptions in radiation 
therapy to allow for at least partial recovery of normal tissues. In some 
respects this approach requires cycles of chemoradiotherapy analogous to 
standard chemotherapy. This protraction of therapy could be more risky, 
since chemotherapy will need to more than compensate for the loss of 
activity resulting from a prolonged radiation schedule. In order to be 
worthwhile, the results of concomitant therapy cannot merely compensate 
for radiation delays but must increase the activity of radiation therapy 
beyond that point if an advantage in locoregional control is to be seen. 

Most concomitant studies in head and neck cancer have elected to use 
standard radiation therapy with the addition of single-agent chemotherapy 
at suboptimal doses. This approach is justified, since a small but repro­
ducible proportion of patients are cured with radiation therapy alone. This 
cannot be said for chemotherapy. Most single-chemotherapy agents have 
been studied in this context. Even though single-agent chemotherapy has 
limited theoretical benefit, positive randomized clinical trials have been 
published and are summarized in Table 3. 

One of the first large randomized trials to compare concomitant chemo­
radiotherapy to radiation therapy alone was conducted more than 20 years 
ago by Ansfield and coworkers [52]. In this trial 134 patients with stage II-IV 
squamous cell cancer of the head and neck were randomized to receive 
standard radiation therapy alone or radiation therapy plus 5-FU. The 5-FU 
was administered as an intravenous bolus of 10 mg/kg on the first 3 days of 
radiation and at 5mg/kg on day 4. Thereafter, patients randomized to 5-FU 
were given 5 mg/kg three times each week throughout the entire course of 
radiation unless unequivocal toxicity appeared. Those patients who under­
went concomitant treatment had a superior median survival (27 months) 
compared to those treated with radiation alone (14 months). Subset analysis 
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revealed a significant survival benefit in those patients with intra-oral 
cancers, tonsilar cancers, and T3 lesions. While this trial reports favorable 
results for combined treatment, it also illustrates the need for stratification 
in trial design. The results of this trial were updated by Lo et al. [53]. Again, 
both local control and survival were better in the combined modality group, 
but only in the oral cavity population was this difference statistically 
significant. No additional trials have investigated the use of 5-FU as in this 
trial. 

Three prospective randomized trials have investigated the use of bleo­
mycin and concomitant radiotherapy. The first study was reported by Shanta 
and Krishnamurthi in 1980 [54]. Patients in this trial were randomized to 
radiation therapy or concomitant therapy with bleomycin. All head and 
neck sites were eligible and no stratification was employed. Bleomycin was 
given by intra-arterial, intramuscular, or intravenous routes in heterogenous 
doses two to three times per week, depending upon the mucosal reaction 
and route of administration, to a total dose of 150-250mg. Chemotherapy 
was not given on the days patients were scheduled to receive radiation. The 
radiation therapy was also nonstandard, given in three fractions per week 
(300cGy per fraction) to a total dose of 55-60Gy over 7 weeks, which 
would be considered suboptimal for radiation alone by current standards. 
Survival, disease-free survival, and local control were reported to be 
statistically significantly improved in this series with the use of bleomycin. 
However, survival curves were not presented, and a large number of patients 
remained unaccounted for in the analysis. The use of suboptimal radiation 
therapy in the control arm, lack of complete data in the analysis, and lack of 
stratification indicate the results of this study must be interpreted with 
caution. 

Although the trial above reported favorable results with concomitant 
bleomycin, three other trials failed to show any consistent improvement in 
treatment outcome [55-57]. Vermund et al. [55] reported their results on 
222 patients in 1985. The 222 patients in this trial were stratified according 
to site, stage, and age. All patients in this study received a standard course 
of radiation therapy (180-200 cGy per fraction, five fractions per week) to a 
total dose of 65-70cGy. Thus the radiation therapy employed in this study 
can be considered adequate for the radiation-alone arm of treatment. 
Patients in the concomitant arm received 5 mg of bleomycin intramuscularly 
on each day of radiotherapy until they developed 'excessive mucositis.' Thus 
the dose of bleomycin in this study varied from 10 to 175 mg. The con­
comitant therapy group experienced more acute toxic reactions during treat­
ment without any improvement in outcome. The survival, disease-free 
survival, and local control were equivalent for both groups at 2 and 5 years. 
Also, no benefit could be found in patients who received higher doses of 
bleomycin (> 100 mg) over the course of treatment. 

In 1988 the European Organization for Research and Treatment of 
Cancer reported the 10-year results of a similar trial [56]. This trial used a 
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standard fractionation scheme and adequate radiation doses in both arms of 
the study. The plan was to administer 15 mg of bleomycin twice each week 
for the first 5 weeks of radiotherapy. Only 64% of the patients in this trial 
received the entire planned dose of bleomycin because of toxic reactions. 
Also, patients in the concomitant group experienced more frequent delays 
in therapy. The results of the study found no difference in response rate, 
survival, or disease-free survival between the groups. This lack of a difference 
could be attributed to the delays in radiation experienced in the concomitant 
group or the large number of patients who did not complete the entire 
course of bleomycin therapy. Also, a lack of patient stratification in the trial 
design could have biased results. 

The only other randomized trial to investigate bleomycin and concom­
itant radiotherapy was conducted by the Northern California Oncology 
Group [57]. Patients with stage III or IV disease without metastases were 
included in the study and appropriate stratification was used. Again, both 
arms included radiotherapy with a standard fractionation scheme to a dose 
considered adequate for cure. Patients in the concomitant arm received 
bleomycin 5 U twice weekly during the entire course of radiotherapy. The 
exact number of patients who did not receive the entire planned course of 
bleomycin during treatment was not stated, but toxicity was noted to be 
greater in the concomitant group. However, this trial differed from the 
other concomitant bleomycin trials by including planned maintenance 
chemotherapy, consisting of bleomycin and methotrexate for 16 weeks 
after concomitant treatment. Compliance during maintenance chemotherapy 
was poor. Only 31 % of patients received 50% or more of the planned 
maintenance dose, and 33% received no maintenance chemotherapy. 
Nevertheless, this trial reported some positive results. While a superior 
survival was noted for the concomitant group, it was not statistically 
significant. The concomitant group did have a statistically significant impro­
vement in disease-free survival and loco regional control as failure patterns 
were changed. Distant metastases were the most frequently seen site of 
failure in the concomitant group, while local failure was the primary site in 
the radiotherapy alone group. 

Another agent investigated in randomized trial of concomitant chemora­
diotherapy is mitomycin-C. This drug has been successfully incorporated 
into the concomitant treatment of squamous cell carcinoma of the anus, and 
it is understandable that mitomycin would be tested in concomitant therapy 
of head and neck carcinoma. Weissberg et al. studied the use of concomitant 
mitomycin-C in a heterogenous cohort of patients that included those pa­
tients receiving pre-operative, postoperative, or definitive radiation therapy 
[58]. Patients in this study were stratified by tumor site and type of surgery if 
any. The patients randomized to receive mitomycin received a maximum of 
two doses at 15 mg/m2 during radiation therapy. These patients were 
compared to the group randomized to radiotherapy alone. The authors 
concluded that concomitant therapy with mitomycin-C results in an im-
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provement in disease-free survival and local control but no change in the 
overall survival. Whether this is a valid conclusion can be questioned. 
Subset analysis showed that the only groups to have a local control benefit 
from concomitant therapy were those in the pre-operative or postoperative 
radiation group. Thus, concomitant therapy did not improve local or regional 
control in those patients who underwent radiation alone with curative intent. 
These results should not be surprising. It is unlikely that one or two doses of 
chemotherapy during a 5 - 7 week course of radiotherapy will significantly 
alter the failure pattern in patients with gross disease. The group of patients 
most in need of improved treatment, those with inoperable disease, did not 
benefit at all in this trial. 

Very few other single agents active in head and neck cancer have been 
tested in randomized trials. While methotrexate has been extensively studied 
in neoadjuvant trials, its use in concomitant chemoradiotherapy has been 
investigated in only one randomized trial [59]. In this trial patients in the 
concomitant arm received two doses of 100 mg/m2 of methotrexate during 
the course of radiation therapy. Analysis of the entire group demonstrated a 
trend for increased survival and local control. However, only in patients 
with oropharyngeal primary tumors was this difference statistically signifi­
cant. The radiation therapy plan was unusual in this study. Patients in both 
arms received treatment in 300 cGy fractions, and the entire 5000 cGy 
treatment was completed in 3 weeks. This fractionation scheme would 
be anticipated to increase both acute and late reactions from treatment. 
Approximately 10% of patients in both groups developed bone or soft-tissue 
necrosis in this study. While this trial employed adequate doses of an active 
agent, the results were equivocal. Again, one must conclude that two doses 
of chemotherapy during radiation are unlikely to significantly alter outcome. 

Cisplatin is another agent widely used in head and neck cancer as a single 
agent and in combination therapy. This drug has been reported to act as a 
radiation enhancer in experimental settings, making it attractive to clinical 
investigators using concomitant chemoradiotherapy [60,61]. The Radiation 
Therapy Oncology Group reported the results of a large phase II trial of 
conventional radiation therapy with concomitant cisplatin [62]. Patients 
received intermittent cisplatin at high doses (100 mg/m2) every 3 weeks 
during radiation therapy for a total of two to three doses. Of 124 patients 
with locoregionally advanced unresectable disease, 71% achieved a com­
plete response (CR) and 34% were alive at 4 years. The survival rate was 
superior to that of historical controls, and toxicity was similar to that seen 
with radiation therapy alone. 

Only one randomized trial studying cisplatin and concomitant radiation 
therapy has been completed [63]. Patients were treated with standard 
radiation therapy alone or weekly doses of cisplatin at 20 mg/m2 in addition 
to radiotherapy. The dose of cisplatin in this study is much lower than that 
commonly used when this drug is given as part of combination chemotherapy 
(100mg/m2 every 3-4 weeks). Thus, this drug dosage may have been 
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insufficient for significant single-agent activity, and it is unknown whether 
doses in this range enhance radiotherapy. It may not be surprising that 
a preliminary analysis of this study reported no difference in complete 
response rate or survival between the two groups. 

At this point the potential for concomitant chemoradiotherapy is only 
beginning to be realized. Other potentially useful agents in concomitant 
therapy have been studied in phase I - II trials but have not been tested in 
randomized trials. One such agent is carboplatin, which could be an attrac­
tive substitute for cisplatin. Eisenberger et al. conducted a phase I study and 
identified 100mg/m2/week of radiotherapy as the recommended dose [64]. 
Mucositis was not increased over historical controls but myelosuppression 
was dose limiting. Fifty-two percent of the 25 patients in this study achieved 
a complete response, suggesting that further investigation is warranted. 

Another drug studied with concomitant radiotherapy in head and neck 
cancer is hydroxyurea [65]. No recent single-agent trials with this agent have 
been published in head and neck cancer. However, positive randomized 
trials with this drug have been published in cancer of the cervix [66]. 

The single-agent concomitant studies have shown limited benefit in 
randomized trials. While a few of these trials have demonstrated superior 
survival or disease-free survival compared to standard therapy, the benefit 
has frequently been modest, while the side effects of therapy were almost 
always increased. However, these are the results that should be anticipated. 
Trials that attempted to give drug more frequently than once or twice during 
the course of radiation therapy administered low doses that may not have 
been effective. Those studies that administered drug at active doses gave 
one or two doses during the entire duration of radiation therapy. Although 
each dose may have been active, dosing was too infrequent to exploit any 
radiation-enhancing properties of the drug. While these trials do not justify 
the widespread use of concomitant therapy in the community, they do 
support continued investigation in well-controlled trials. The trials described 
thus far seem to suggest that more active radiation enhancers, drug com­
binations, or dosing schedules are needed to further improve survival at the 
cost of acceptable toxicity. 

A more recent approach has been to combine multiagent chemotherapy 
with radiation in clinical studies. While several drug combinations have been 
tested, results from randomized trials are not yet available. However, 
response rates with multi agent regimens have been high, often exceeding 
90%, and the proportion of complete responses has ranged between 40% 
and 80%. The toxicity with polychemotherapy tends to be greater. There­
fore, investigators have used nonstandard radiation therapy schedules and 
incorporated rest periods in the treatment schema in order to keep toxicity 
within acceptable levels. 

Taylor et al. adopted a 2-week treatment schedule [67]. Cisplatin at 
60 mg/m2 was given on day 1 along with a 5-day continuous infusion of 5-FU 
at 800mg/m2/day. Patients received radiotherapy on each day of chemo-
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therapy. The 5 days of treatment were followed by a 9-day rest period and 
constituted one cycle. These cycles were repeated until the end of radiation 
therapy. Fifty-three patients were treated with this regimen; mucositis 
was the dominant toxicity. The complete response rate of 55% is similar to 
that seen in other concomitant trials. However, the freedom from progres­
sion (73%) and median survival (37 months) were superior to those reported 
in the literature. 

We added hydroxyurea to the combination of 5-FU and radiation therapy 
in a phase I trial [68]. Hydroxyurea was chosen due to its activity in head 
and neck cancer, radiation-enhancing properties, and ability to modulate the 
activity of 5-FU. Treatment was given 5 out of every 14 days, as in the 
Taylor et al. study. The study cohort was heterogeneous and included 
patients with metastatic or recurrent disease after radiation and or surgery. 
The response rate was 100% (71 % CR) in previously untreated patients and 
93% (40% CR) in those with recurrent disease. We recently published the 
long-term follow-up of the patients on this study [69]. Long-term local 
control in the untreated group was 84%, and most patients died from distant 
metastases. A later trial attempted to add infusional cisplatin to the con­
comitant regimen in a similar group of patients. Again, high response and 
local control rates were observed, as patients continued to fail at distant 
sites [70]. 

Wendt et al. investigated the use of cisplatin, infusional 5-FU, and 
leucovorin with radiation therapy using a complex treatment schedule [71]. 
Patients received chemotherapy over 4 days with hyperfractionated concom­
itant radiotherapy during 3 of those days and 4 days of the subsequent 
week. This was followed by a I-week rest and repeated for two more cycles. 
Sixty-two patients were entered in this trial. The response rate was 100%, 
with 77% of patients achieving a complete response. The 2-year actuarial 
survival rate reported was 52%. Acute toxicity was considered acceptable, 
although 34 % of patients developed grade II mucositis during treatment. 

Adelstein et al. reported the results of a pilot trial with cisplatin and a 4-
day infusion of 5-FU (1000 mg/m2/day) with radiation therapy during and 
after chemotherapy (30 Gy over 3 weeks) [72]. This cycle of treatment was 
followed by break-in therapy of at least 2 weeks. Surgery or additional 
chemoradiotherapy followed the break. At a minimum follow-up of 42 
months, the actuarial disease-free survival was 70% and the overall survival 
52%. 

The results of the reported trials using multi-agent chemotherapy with 
concomitant radiation are suggestive that this approach is more effective 
than the single-agent trials. Although the results are promising, it is necessary 
to compare them in randomized studies to standard therapy in order to 
determine the ultimate impact on survival and disease-free survival. To date 
only one such trial comparing concomitant therapy to standard radiotherapy 
has been presented in abstract form [73]. Chemotherapy consisted of 
cisplatin (20 mg/m2/day) and 5-FU (200 mg/m2/day) for 5 days during a 2-
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week cycle of radiation therapy. This treatment cycle was repeated after a 1-
week break for a total of three cycles. Concomitant therapy was compared 
to standard radiotherapy. In a preliminary analysis, patients in the concom­
itant arm were reported to have a higher complete response rate of 46% 
versus 28% with radiotherapy alone. The authors also reported a survival 
and progression-free survival benefit for concomitant therapy. The main 
benefit noted with combined modality therapy was an improvement in the 
probability of local control. The probability of a local relapse was twofold 
greater in complete responders treated with radiotherapy alone [74]. 

Although trials comparing concomitant therapy to standard treatment are 
lacking, there are three randomized trials that have compared concomitant 
(or rapidly alternating) chemoradiotherapy to neoadjuvant chemotherapy 
with the same drugs followed by radiotherapy [75-77]. A European trial by 
the South-East Cooperative Oncology Group studied the combination of 
vincristine, bleomycin, and methotrexate with or without 5-FU [75]. A total 
of 267 patients were randomized to receive sequential or concomitant 
therapy. A trend toward improved survival and disease-free survival in 
favor of concomitant therapy was noted, but this did not reach statistical 
significance. 

A similar design was used in a small randomized trial by Adelstein et al. 
[76]. Patients randomized to the sequential arm received three cycles of 
cisplatin and 5-FU followed by surgery and/or radiation therapy. The con­
comitant arm received two cycles of the same drugs prior to surgical evalua­
tion. This was followed by a second cycle of chemoradiotherapy. Patients in 
the concomitant group had statistically superior relapse-free survival (60% 
vs. 39%; P = 0.03) and complete response rates (67% vs. 32%; P = 

0.02). However, the survival advantage with concomitant therapy was not 
statistically significant. 

A third randomized trial comparing rapidly alternating therapy to se­
quential therapy was reported by Merlano et al. [77]. This trial differed from 
the two trials above in that none of the combination chemotherapy was 
given concomitantly with radiation. Instead, the authors chose to rapidly 
alternate treatment modalities. Patients in this trial were randomly assigned 
to one of two arms. The chemotherapy in both arms consisted of vinblastine, 
bleomycin, methotrexate, and leucovorin. Patients assigned to the sequential 
therapy arm received four cycles of chemotherapy followed by continuous 
course radiation therapy for a dose of 65 - 70 Gy. Those patients randomized 
to alternating therapy received four cycles of identical chemotherapy as the 
sequential group. Radiation therapy in the alternating therapy group was 
divided into three 2-week cycles of 20 Gy and was given after the second, 
third, and fourth cycle of chemotherapy. Thus the overall treatment time was 
compressed, since patients received radiation therapy during the standard 
rest periods incorporated in cyclical chemotherapy. Patients in the alternating 
therapy arm had significantly more mucosal toxicity than those receiving 
sequential treatment. Rapidly alternating therapy compared to sequential 
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treatment also resulted in improved 4-year progression-free survival (12% 
vs. 4%; p = 0.02) and overall survival (22% vs. 10%; p = 0.02). 

Finally, it should be noted that other radiation therapy schedules are 
being investigated in an attempt to improve disease-free and overall survival 
without the use of chemotherapy. The main thrust in this area has been to 
administer more than one radiation treatment per day. Standard radiation 
fractionation has been 180-200cGy per day in a single dose given 5 days per 
week. Some investigators have begun to use hyperfractionated radiotherapy 
where patients receive two treatments of 120-160cGy or more each day. 
One large randomized trial reported that hyperfractionated radiotherapy 
resulted in superior disease-free survival but not overall survival compared 
to single fraction radiotherapy [78]. A more recent randomized study of 
hyperfractionated radiation therapy compared to standard fractionation in 
oropharyngeal carcinoma found a survival benefit for hyperfractionation 
in all lesions other than those involving the base of the tongue [79]. 

Highly interesting preliminary results have been published by Saunders et 
al. for a regimen of continuous hyperfractionated accelerated radiotherapy 
called CHART [80]. In this regimen, patients receive 150cGy every 8 hours 
for 12 consecutive days for a total dose of 54 Gy. This accelerated treatment 
resulted in a 90% complete response rate. While acute reactions tended to 
be more severe, late reactions tended to be less marked with CHART 
therapy than with conventional radiation. However, four patients have 
developed unexpected radiation myelitis [81]. 

Since acute reactions are more intense, hyperfractionated radiotherapy 
trials have rarely incorporated concomitant radiotherapy. Choi et al. have 
reported one such trial in 12 patients with paranasal and nasopharyngeal 
tumors [82]. Patients received 120 cGy twice each day in a split course and 
an infusion of cisplatin at 5-7 mg/m2/day. The complete response rate was 
92% (11112) and 58% were alive up to 72 months after treatment. 

One randomized study has attempted to compare standard radiotherapy 
to hyperfractionation and concomitant therapy [83]. In this study 859 
patients with advanced head and neck cancer were randomized to one of 
three groups. Patients in the standard radiotherapy group received a total 
dose of 60 Gy in 200 cGy fractions. Patients in the hyperfractionated radio­
therapy arm received 220 cGy per day in two fractions to a total dose of 
70.4Gy. Those patients randomized to concomitant therapy were given 
200 cGy per day to a total dose of 60 Gy and 5-FU at 250 mg/m2 every other 
day for the entire course of treatment. Patients who received hyperfrac­
tionated radiotherapy or concomitant therapy had statistically superior 
response, progression-free survival, and overall survival rates compared to 
standard radiotherapy. There were no differences between hyperfractionated 
and concomitant arms. However, the total dose of radiation delivered in the 
standard radiation and concomitant arms would not be considered adequate 
in most centers. 
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Conclusions 

Clearly, the results of clinical studies thus far illustrate the difficulty in 
treating squamous cell carcinoma of the head and neck. In spite of aggres­
sive surgery and radiation therapy, local failure remains a significant pro­
blem in advanced cases. Also, the functional results after treatment in those 
few patients who are cured of their disease are less than optimal. Current 
studies have shown that the majority of failures in advanced head and neck 
cancer continue to occur locally and regionally after standard therapy. 
Additional evidence has been presented to suggest that an improvement in 
locoregional control in itself may not result in an improvement in the cure 
rates, since a large number of patients with advanced head and neck cancer 
may have micrometastases at the time of diagnosis. Therefore, it is likely 
that both of these issues will need to be addressed in future treatment 
strategies if a significant improvement in outcome can be expected. 

The results of neoadjuvant chemotherapy trials thus far have been largely 
disappointing, as none have been able to demonstrate a survival benefit. 
Although the design of these trials can be criticized, it is unlikely that 
sequential treatment with neoadjuvant chemotherapy will significantly alter 
the outcome in most patients. Patients with advanced head and neck cancers 
have a large loco regional disease burden and tend to fail in these areas. 
Even trials using an adequate number of cycles and dosage of multi-agent 
chemotherapy have shown that local failures frequently occur, even with 
high complete response rates to chemotherapy. Although many reasons 
have been put forth to explain this observation, including the induction of 
resistant cells, the most likely cause may be tumor repopulation. Multiple 
reports in the radiotherapy literature have shown that any delay in standard 
radiation therapy for head and neck cancer results in a decrease in local 
control [84]. This decrease in local control has been attributed to accelerated 
tumor clonogen repopulation during treatment [85]. Although the size of the 
tumor may be decreasing during neoadjuvant chemotherapy, the number of 
clonogenic cells may be increasing during the periods between chemotherapy 
cycles, limiting any gain in local control. 

Though disappointing, the neoadjuvant trials are not without merit. 
There is ample evidence that sequential neoadjuvant chemotherapy can 
decrease the incidence of distant metastases. Another important result of 
these studies is that neoadjuvant chemotherapy may identify patients with a 
more favorable prognosis, and those patients with a favorable response 
may be eligible for more conservative surgical treatment, including organ 
preservation. 

While the lack of randomized data from well-designed trials prevents 
conclusions regarding the efficacy of concomitant chemoradiotherapy, the 
treatment approach to head and neck cancer remains attractive. The 
simultaneous administration of chemotherapy with radiation can shorten the 
overall treatment time and limit tumor repopulation. The use of chemother-
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apeutic agents known to be active in head and neck cancer that have the 
potential of enhancing the effects of radiotherapy remains attractive. In 
theory this would address locoregional and distant failure simultaneously. 

To date, phase II - III trials have shown that concomitant therapy results 
in improved local control and disease-free survival. These results are highly 
encouraging for the following reasons. Most of the concomitant trials to date 
have used doses of chemotherapy that would be considered ineffective if 
administered as single agents. Other studies have attempted to give higher 
doses but at infrequent intervals during radiation therapy. In some studies 
the dose of radiotherapy was reduced to less than curative doses when 
concomitant chemotherapy was added. The fact that even suboptimal 
chemotherapy and or radiotherapy, when incorporated into a concomitant 
regimen, impacts on the major site of failure justifies additional investigation. 

Future directions 

Concomitant trials remain a promising area for future investigation, since 
randomized trials have shown an improvement in disease-free survival and 
local control. However, the optimal regimen and best method to integrate 
chemotherapy with radiation into a concomitant program must be deter­
mined. In theory the optimal regimen would integrate active doses of multi­
agent chemotherapy with full-course radiotherapy. Unfortunately, the 
toxicity of such a regimen would be prohibitive. Therefore, adjustments in 
the dose, number of agents, or sequencing of therapy must be made in order 
to keep toxicity within acceptable limits. One option that has shown some 
promise is to completely integrate chemotherapy with radiosensitizing 
properties with radiation and impose scheduled breaks in treatment to limit 
toxicity. A second option to limit toxicity would be to rapidly alternate 
cycles of radiotherapy with high-dose combination chemotherapy. The 
superior method of concomitant therapy should be determined in future 
trials. Whether the enhancement in the effectiveness of radiation can com­
pensate for delays in treatment is unknown but has been suggested in some 
studies. Similarly, whether the loss of radiation enhancement by rapidly 
alternating cycles of chemotherapy and radiation affects outcome deserves 
further investigation. 

Consideration should also be given to the use of concomitant chemora­
diotherapy in earlier stage disease with the goal of organ preservation. The 
local control results with concomitant therapy suggest this type of treatment 
may be used to substitute for surgery and achieve the same good survival 
without loss of function. Neoadjuvant chemotherapy may be necessary to 
reduce the incidence of distant metastases, followed by concomitant therapy 
for improved locoregional control. In those patients who are successfully 
treated, chemoprevention with retinoids should be considered to decrease 
the incidence of second malignancies. 
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11. Organ preservation in advanced head and neck 
cancer 

Charles R. Dibb, Susan Urba, and Gregory T. Wolf 

Cancers of the upper aero digestive tract represent a major medical problem. 
In the United States, 42,800 new diagnoses of malignancies of the oral 
cavity, oropharynx, and larynx are anticipated in 1992, resulting in 11,600 
deaths. The death rate from laryngeal cancer has remained unchanged in 
U.S. men (at approximately 2.5/100,000 population) for the last 30 years [1]. 
The problem is global: Countries in the Far East (Singapore, Hong Kong) 
and Europe (France, Hungary) have age-adjusted death rates from oral 
cancer that are triple that of the United States [2]. 

Current therapy of advanced head and neck cancer remains unsatisfactory. 
Patients presenting with advanced local-regional disease (T3-4 or N1-3) 
have less than one-third likelihood of 2-year disease-free survival despite 
definitive therapy. Additionally, local treatment of upper aero digestive tract 
tumors is associated with substantial morbidity. Total laryngectomy remains 
part of the traditional treatment regimen for advanced laryngeal and hypo­
pharyngeal tumors, as well as some advanced tumors of the oropharynx and 
tongue [3]. Clearly, improved therapies that serve to decrease treatment­
related morbidity, as well as to increase disease-free and overall survival, 
are needed. 

Psychosocial considerations 

The psychosocial problems associated with laryngectomy can be severe. 
Esophageal speech is acquired only by approximately two thirds of laryngec­
tomees, with only 15% achieving excellent intelligibility [4,5]. Studies have 
reported vocational difficulties [6], depression [7], social isolation [8,9], 
embarrassment [4], and sexual dysfunction [10] related to the postlaryn­
gectomy state. One group of investigators sought to document attitudes 
regarding laryngectomy in a group of normal volunteers: They reported that 
an average 40-year-old, faced with a choice between laryngectomy or a 
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voice-sparing procedure with a substantially lower cure rate, would accept a 
14 % loss from an average life span in order to preserve his speech [11]. 

Postoperative psychological and functional difficulties in head and neck 
cancer patients are not restricted to postlaryngectomy patients. Most patients 
undergoing radical resections of oral cavity or oropharynx cancer will 
experience significant problems in deglutition, dysphagia, aspiration, and 
articulation. Resection of the mandible or maxilla also often result in 
cosmetic disability. These problems continue to be important despite ever 
improving methods of surgical reconstruction. Further, a substantial portion 
of patients undergoing radical neck dissection or modified radical neck 
dissection report dissatisfaction with their appearance (24-41 %), difficulty 
lifting an arm (30-70%), or neck numbness (30-40%) postoperatively [9]. 
Clearly, when measuring potential benefits of therapy in patients presenting 
with advanced head and neck cancer, consideration must be given to quality 
of life as well as to traditional criteria of response rate, disease-free survival, 
and overall survival. This chapter will focus on progress reported to date in 
organ-sparing treatment regimens for advanced, resectable head and neck 
cancer. 

Radiation therapy alone in advanced head and neck cancer 

Substantial controversy exists over the role of primary radiation therapy in 
the treatment of advanced laryngeal cancer. Studies done prior to 1980 
[12-16] show a persistent 20-30% decrease in 3-year survival in patients 
with T3 laryngeal cancer compared with patients treated surgically. How­
ever, the statistics in these reports may be misleading. While several of these 
studies contained large numbers of patients, few patients had advanced 
disease, so that the reported 20-30% decreased survival is based on com­
paratively few patients [13-16]. All data are retrospective from single insti­
tutions, and no randomized study has been reported. Some of the radiation 
therapy studies included a sizable number of poorer prognosis patients 
'rejected. .. by reasons of age or infirmity' [14], who had tumors judged 
inoperable [14], or who had refused surgery [12,14,15,16]. Additionally, 
studies reported prior to the A.J.C. classification system (1972) [17] used 
unspecified tumor staging criteria. Finally, not all trials included contem­
porary megavolt age radiation. Still, the results from these early studies 
seemed to favor surgery over primary radiation therapy in the treatment of 
advanced laryngeal cancer. 

In 1955, C.C. Wang retrospectively compared patients with fixed vocal 
cords and clinically negative neck nodes treated with either radiation or 
surgery, with a minimum of 5 years follow-up [5]. He reported 24% (14/58) 
5-year survival with primary radiation, compared with 53% (25/47) 5-year 
survival in those patients treated with surgery. In a 1970 review of the 
literature, Vermund reported that absolute 5-year survival for patients with 
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Table 1. Larynx preservation in advanced larynx cancer with primary radiation and surgical 
salvage 

% organ 
No. % survival preservation 

Author [ref.] Site Stage patients RX (5 years) in survivors 

Goepfert et al. [20] Supraglottic III, IV 59 RTSS 55a 64b 

Harwood [21] Glottic T3No 68 RTSS 49 65 
T4No 39 RTSS 49 90 

Harwood et al. [22] Supraglottic T3.4 No 265 RTSS 51 64 
N+ 145 RTSS 24 39 

Mittal et al. [23] Transglottic T2 •3 .4 98 TL 50 
24 RTSS 8 67 
30 VCS 67 60 

Meredith et al. [24] Glottic! T3.4 150 RTSS 40 55b 

supraglottic 

Croll et al. [25] Glottic! T3 •4 55 RTSS 51 73 
supraglottic 

Viani et al. [27] Glottic T3No 60 RTSS 28 82 

a Determinate NED survival rate. 
b Percent of total alive and dead. 
RTSS = radiation therapy with surgical salvage; TL = total laryngectomy; VCS voice 
conservation surgery. 

T3NO glottic cancer treated with radiation was 50%, and with surgery it was 
61 % [18]. For T4 glottic tumors, survival was 8% and 32%, respectively. 
Similarly, Skolnik et al. (1975) concluded in their 5-year end results report 
for glottic carcinoma: 'Surgery is the treatment of choice for Stage III glottic 
cancer' [19]. 

However, several recent retrospective studies have reported more favor­
able survival results with definitive radiation therapy (Table 1). In 1975, 
Goepfert et al. reported a chart review of 431 patients with squamous cell 
carcinoma of the supraglottic larynx treated at the M. D. Anderson Cancer 
Cencer over a period of 17 years [20]. Fifty-nine of these patients had stage 
III or IV disease treated with primary irradiation. At 5 years, the determinate 
disease-free survival rate was 55%, and 64% of patients maintained their 
larynx until death or the time of most recent follow-up. In 1979, Harwood 
reported a retrospective study of 358 patients with glottic cancer treated 
with radical irradiation [21]. Sixty-eight patients had T3NO tumors, and 39 
had T4NO disease. Actuarial 5-year survival for these patients was 49%. The 
number of node-positive patients was small, but actuarial survival for these 
patients at 5 years approximated 40% overall. The same author also later 
reported a retrospective analysis of patients with T3 or T4 supraglottic 
laryngeal carcinoma treated with radiation alone [22]. Two hundred and 
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sixty-five patients had node-negative disease and 145 were node positive. 
The patients without neck disease had better survival (51% vs. 24% at 5 
years) and a higher rate of organ preservation (64% vs. 39%). 

Mittal and colleagues reviewed their experience with transglottic car­
cinoma [23]. All patients had T2, T3, or T4 disease. Ninety-eight were 
treated with total laryngectomy, 24 were treated with primary radiation and 
surgical salvage, and 30 patients were treated with voice conservation sur­
gery. Sixty percent of the patients treated with voice conservation surgery 
and 67% of those treated with radiation alone did not require laryngectomy. 
However, patients treated with radiation alone had a worse 5-year survival 
rate (8%) than either those treated with voice conservation surgery (67%) 
or total laryngectomy (50%). The authors stated that the marked difference 
in survival was attributable to death from intercurrent disease, because of 
the older age and the poorer physical condition of the patients selected for 
radiation. The death rate due to laryngeal cancer was nearly the same in the 
radiation and voice conservation surgery groups (45-50%), but was even 
higher in the total laryngectomy group (78%) because larger lesions were 
treated with this procedure. This report illustrates clearly the effect of 
patient selection on the outcome of any therapy. 

Meredith et al. reviewed 150 cases of T3 and T4 larynx carcinoma treated 
with radiation and surgical salvage at the Royal Marsden Hospital in London 
[24]. Absolute survival at 5 years was 40%, but, as expected, patients with 
nodal disease did more poorly. Croll reported a 1989 retrospective analysis 
of 58 patients with T3 or T4 squamous cell carcinoma treated with radiation 
therapy, with a minimum of 3 years follow-up [25]. Actuarial survival at 5 
years was 51% for all patients. More specifically, it was 83% for the T3NO 
group, 75% for the T4NO group, and 29% for the T4Nl group. This author 
also commented on laryngeal preservation: 36% of the T3 group and 39% of 
the T4 group had not recurred (thUS never requiring salvage laryngectomy) 
at the time of publication. 

For comparison, in 1984 DeSanto reported approximately 80% 5 year 
survival in patients with previously untreated T3NO glottic carcinoma who 
were treated surgically [26]. Most recently, Viani treated 60 patients with 
T3NO glottic carcinoma with definitive radiation therapy [27]. At 5 years, 
survival was poor. Only 17 patients (28%) were alive, 14 with the larynx 
intact and 3 who required laryngectomy. In summary, these studies show 
laryngeal irradiation to be most successful in patients with node-negative 
disease, but most of the reports were retrospective, with patient selection 
influencing the resultant data. 

Preservation of the larynx, even at the price of slight decrease in survival, 
may be preferable to some people, according to the results of a study of 
normal volunteers [11]. Healthy 40-year-old volunteers were presented with 
a hypothetical choice between a laryngectomy, with an associated 60% 3-
year survial, and voice-sparing therapy with a 30% 3-year survival. Three 
percent chose the latter. However, when volunteers were given a scenario in 
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which the voice-sparing procedure was associated with a 40% 3-year survival 
(thought by the investigators to represent the 'best results'of T3 vocal cord 
irradiation), 19% chose this alternative. In light of recent reports of up 
to 83% actuarial survival at 5 years in patients with T3 laryngeal cancers, 
it would appear that radiation therapy alone (with careful followup) as 
an alternative to surgery in T3 and T4 laryngeal cancers is not entirely 
discredited. 

Induction (neoadjuvant) chemotherapy 

Head and neck cancer is a relatively chemosensitive tumor. Effective an­
tineoplastic drugs include cisplatin, carboplatin, methotrexate, 5-fluorouracil 
(5-FU), and bleomycin. The overall response to these drugs when used 
singly ranges from 24-36% [28,29]. 

Results are somewhat better with combination chemotherapy, and pre­
viously untreated patients have a better tumor response than patients with 
recurrent disease. One of the first encouraging studies in previously untreated 
patients was conducted by Randolph et al. in 1978 [30]. They reported a 
71 % major (complete plus partial) response rate when a combination of 
cisplatin and bleomycin was given to patients with unresectable disease. 
Other early single-arm studies had comparable results: Using similar drug 
regimens, the overall response was approximately 70-90% [31-33], with an 
approximately 20% complete response. 

The ability of chemotherapy to induce significant tumor shrinkage in 
patients presenting with advanced head and neck cancer gave credence to 
the intuitively attractive concept of neoadjuvant chemotherapy administered 
prior to surgery or radiation. Investigators postulated that preoperative 
chemotherapy would allow drug delivery via a fairly normal vascular system 
and would permit the earliest possible therapy for occult micro metastatic 
disease, and that patients would be treated at a time when they presumably 
had their best performance status [34,35]. 

The goal of the first induction chemotherapy trials was improved survival, 
not organ preservation. This was measured in a prospective randomized 
fashion by the Head and Neck Contracts Program between 1978 and 1982 
[36,37]. A total of 462 patients with resectable stage III or IV cancers were 
randomized to either surgery and radiation, a single course of induction 
chemotherapy (cisplatinum and bleomycin) followed by standard therapy, or 
induction therapy followed by standard therapy with subsequent maintenance 
chemotherapy. There was no difference in disease-free survival or overall 
survival between treatment groups, although there was an increased time to 
distant relapse in the group treated with induction and maintenance chem­
otherapy. These results were difficult to interpret because it was felt that 
inadequate chemotherapy had been utilized, both as induction and main­
tenance regimens. However, the study did show that delivery of traditional 
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adjuvant chemotherapy is very difficult in the population of patients with 
head and neck cancer. 

Subsequently, a large randomized study was conducted by the Southwest 
Oncology Group, using a more aggressive regimen of three cycles of cispla­
tin, methotrexate, bleomycin, and vincristine for induction chemotherapy, 
versus standard therapy with surgery and radiation [38]. Overall response to 
chemotherapy was a promising 70%, but this did not translate into improved 
disease-free survival or overall survival. In fact, there was a trend toward 
decreased survival in the chemotherapy arm, although this was not statisti-

Table 2. Randomized trials of induction chemotherapy versus surgery/radiation 

Author No. Response Complete Survival 
[ reL] patients Regimen rate (%) response (%) (%) 

Head/neck 443 CDDP/bleo + S/RT 37 3 5yr 
contracts vs. 37 
[36] Induct + S/RT + Maint vs. 

vs. 45 
S/RT vs. 

35 

Schuller 158 CDDP/bleo/MTX/vCR + S/RT 70 19 Median 
et al. [38] vs. 18mos 

S/RT vs. 
30mos 

Holoye 83 Bleo/cytoxan/MTX/5-FU + S/RT 72 5 2yr 
et al. [39] vs. 35 

S/RT vs. 
41 

Taylor 82 MTX + S/RT 40 6 Median 
et al. [40] vs. 22mos 

S/RT vs. 
23mos 

Toohil 60 CDDP/5-FU + S/RT 85 18 2yr 
et al. [41] vs. 56 

S/RT vs. 
70 

Martin 107 CDDP/5-FUlbleo/MTX + S/RT 49 6 DFS,2yr 
et al. [42] vs. 39 

S/RT vs. 
42 

Martin 75 CDDP/5-FU + S/RT 68 46 1 yr 
et al. [43] vs. 73 

S/RT vs. 
61 

CDDP = cisplatin; Bleo = bleomycin; MTX = methotrexate; VCR = vincristine; S = surgery; 
RT = radiation; Induct = induction chemotherapy; Maint = maintenance chemotherapy; DFS 
= disease-free survival. 
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cally significant. Despite this, there was a suggestion that the frequency of 
distant metastasis was reduced. The authors noted that there was no increase 
in incidence of radiation or surgical complications when administered after 
induction chemotherapy. 

Other randomized studies have used a variety of induction regimens in an 
effort to try to achieve significant increases in complete response rates (see 
Table 2) [36,38-43]. To date, the combination of cisplatin and 5-ftuorouracil 
appears the most promising. 

An important goal of induction chemotherapy has been achievement of a 
complete response rate. Investigators from Wayne State [44] reported that 
patients who are histologically complete responders to induction chemother­
apy have superior survival. Thirty-two clinical complete responders to 
cisplatin/5-ftuorouracil therapy underwent surgery after chemotherapy at 
Wayne State. Thirteen had no histologic evidence of tumor in their surgical 
specimens. All of these patients were alive at 4 years, whereas median 
survival was 2 years for those patients with residual disease. In other trials of 
induction chemotherapy, improved survival has been consistently demon­
strated for responders to chemotherapy when compared to nonresponders. 
In most studies, response to chemotherapy is also associated with tumor 
extent [45-47]. 

It is possible that response to induction chemotherapy may only serve to 
select a group of patients destined to do well because of favorable tumor 
characteristics [48]. However, in studies done for organ preservation these 
are precisely the 'good prognosis' chemotherapy-responsive patients who are 
identified, because they may represent a favorable subgroup of advanced 
head and neck cancer patients who will do well with radiation alone rather 
than surgery. Whether the toxicities of chemotherapy (which is of yet 
unproven benefit) outweigh the additional morbidity of salvage surgery in 
previously irradiated tissue is an unresolved issue. 

Organ preservation studies 

Investigators conducting induction chemotherapy trials observed that a con­
siderable number (28-31 %) of patients enrolled in a protocol of preoperative 
chemotherapy refused surgery if they had a complete response to che­
motherapy [44,49]. Some of these patients did quite well when subsequently 
treated only with radiation: Long-term follow-up showed some with dur­
able remissions. Therefore, trials and reviews began to emerge in which 
surgery was not planned for patients who achieved complete response to 
chemotherapy. 

Thyss et al. treated 108 patients with squamous cell tumors of the upper 
aero digestive tract (predominately stage III) with neoadjuvant cisplatin and 
5-ftuorouracil [50]. It was unclear how the investigators decided whether to 
treat a patient with surgery or radiation after the induction chemotherapy. 

205 



However, ultimately 63% of the patients were treated with definitive radia­
tion after chemotherapy, without surgery. The local control rate for this 
group was 80%, and the authors concluded that 'a marked reduction in the 
use of major surgical procedures' was possible, as treatment strategies may 
be changed in favor of radiation in selected patients. 

Vikram et al. reported a series of 19 patients with advanced carcinoma of 
the hypopharynx or upper esophagus, seven of whom had disease that was 
judged resectable but who refused surgery [51]. They were treated with 
cisplatin l00mg/m2 on day 1 and 5-ftuorouracil900mg/m2 on days 1-4 every 
3 weeks x 3 cycles. This was rapidly alternated with accelerated radiation 
200cGy twice a day on days 8-12 x 3 cycles, for a total dose of 6000cGy. 
Overall response rate was 100%, complete response rate was 83%, and the 
I-year survival rate was 80%. Toxicity of this intensive regimen was sub­
stantial, and included one death due to nadir-associated sepsis, one episode 
of grade IV hematologic toxicity, and a 21 % late complication rate, including 
laryngeal necrosis, pneumonitis, tracheoesophageal fistula, and esophageal 
stricture. 

Pfister et al. reported on 40 patients with resectable squamous cell cancer 
of the larynx, oropharynx, or hypopharynx whose surgery would have 
required total laryngectomy [52]. They were assigned to three cycles of a 
cisplatin-containing regimen with the intent of organ preservation. All 
patients who had a major response at the primary tumor site went im­
mediately to radiation therapy. Neck dissection was performed for any 
residual neck disease. Patients who experienced progression of disease or 
less than a major response to chemotherapy had surgical resection of the 
primary site. Sixty-five percent of patients experienced a major response to 
chemotherapy, with 37.5% complete responders. Complete responses were 
documented in patients with cancer of the oropharynx, hypopharynx, and 
larynx. Actuarial survival rate was 58% and disease-free survival was 42% at 
2 years. The actual larynx preservation rate was 85%, but if seven patients 
who refused total laryngectomy were included, the anticipated preservation 
rate was 68%. This study was complicated by variations in chemotherapy 
doses and regimen (cisplatin/vinblastine vs. cisplatin/bleomycin) and poor 
patient compliance (7 of 40 patients refused salvage laryngectomy). How­
ever, the authors concluded that this study demonstrated the feasibility of an 
organ-sparing approach in the treatment of advanced head and neck cancer. 
They emphasized that this innovative therapy required a motivated patient, 
careful patient monitoring, and close interdisciplinary cooperation between 
oncologists, surgeons, and radiation therapists. 

This group also later reported independent analysis of 33 patients with 
advanced oropharyngeal cancer who would have required partial glossec­
tomy, total laryngectomy, and neck dissection [53]. Utilizing a cisplatinum­
based regimen followed by radiation therapy, they reported a 2-year survival 
rate of 56%, with a laryngeal preservation rate of 94% and avoidance of 
tongue surgery in 76%. 
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Hirsch et al. did a retrospective analysis of 29 patients with advanced 
tongue, hypopharyngeal, or laryngeal tumors who would have required 
either a total laryngectomy or more than a hemiglossectomy for surgical 
control of the primary disease [54]. The intent was to determine if con­
comitant chemotherapy and radiation could substitute for surgery and 
radiation in this group of patients who would suffer substantial speech and 
swallowing difficulties from surgical resection. The regimen used was cisplatin 
60 mg/m2 on day 1, 5-fluorouracil 800 mg/m2 on days 1-5, and radiation 
200 cGy on days 1-5 every other week for seven cycles. Sixty-two percent 
of the patients received the full seven cycles, and 86% received at least 
six cycles. The response to chemotherapy was 97%, with 59% complete 
responses. Following completion of treatment, three patients required 
laryngectomies, one for suspected residual disease, one for repeated aspira­
tion, and one due to local recurrence at 18 months. One patient required a 
partial glossectomy. Twenty-five (86%) of the patients in the series had 
preservation of speech/swallowing function. With a median follow-up of 5 
years, median survival was 48%. Poorer outcome was associated with N3 
disease and fewer cycles of chemotherapy. 

Several pilot studies testing chemotherapylradiation regimens for the 
purpose of organ preservation are listed in Table 3. In 1987, the Northern 
California Oncology Group (Jacobs et al.) reported the results of a study 
done to determine whether chemotherapy could substitute for surgery in 
patients with advanced squamous cell carcinoma who achieved a complete 
response to induction chemotherapy [55]. Thirty patients with previously 
untreated, resectable stage III or IV squamous cell cancer of the oral cavity, 
oropharynx, hypopharynx, or larynx were treated with three cycles of 
cisplatin 100 mg/m2 and either bleomycin 15 mg/m2 x 5 days or 5-fluorouracil 
1000 mg/m2 x 5 days. Complete clinical responders underwent endoscopy 

Table 3. Nonrandomized trials of chemolradiation for organ preservation 

Organ Survival 
Author [reL] No. patients Site Regimen CR pres. (FlU) 

Jacobs et al. [55] 30 All COOP/5FU 43% 40% 53% (2yr) 

Karp et al. [56] 35 Larynx, COOP/Bleo, 26% 94% 44% (3 yr) 
hypo COOP/5FU 

Urba [57] 43 All COOP/5FU 46% 71% 48% (3 yr) 
+MGBG 

Oemard et al. [59] 71 Larynx, COOP/5FU 52% 27% 42% (?) 
hypo 

Gregoire et al. [60] 79 All CBOCA/5FU 14% 41% 

CR = complete response; FlU = follow-up; Hypo = hypopharynx; COOP = cisplatin; 5FU = 
5-fluorouracil; Bleo = bleomycin; MGBG = mitoguazone; CBOCA = carboplatin; Pres. = 

preservation. 
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with multiple biopsies; if these biopsies were negative, the patient underwent 
primary radiotherapy for cure. Patients with persistent microscopic disease 
at the primary site were treated with the originally planned surgery, with no 
modification for tumor response. 

Forty-three percent of patients achieved a complete clinical response at 
both primary and nodal sites: 33% (10 of 30) achieved a complete pathologic 
response and were thus spared any surgery; two additional patients under­
went neck dissection only (having a complete histologic response at the 
primary site but persistent nodal disease). For this group of 12 patients who 
were spared surgery, 2-year overall survival was 70% and disease-free sur­
vival was 60%. These statistics were slightly better than those for the group 
as a whole. While the improved results seen in the 12 complete responders 
may only reflect selection of patients already destined to have a good 
outcome, the investigators noted that if chemotherapy could select such a 
group, then those patients could have surgery safely eliminated from their 
treatment regimen. 

Karp et al. reported long-term follow-up of a pilot study conducted from 
1977 to 1987 [56]. Thirty-five patients with advanced laryngeal or hypo­
pharyngeal cancer (who declined advised laryngectomy) were treated with 
chemotherapy, consisting of cisplatin and bleomycin for the earlier patients, 
and then cisplatin and 5-fluorouracil for the patients entered later into the 
study. Radiation therapy to a total dose of 6500-7500 cGy was administered 
in lieu of laryngectomy, with curative intent. They reported a 77% overall 
response rate, and 26% complete response after chemotherapy alone. With 
a median 7-year follow-up, the failure-free survival rate was 35%. The 3-
year survival rate of 44% for these patients was considered promising, in 
view of the fact that 3-year survival for patients treated historically with 
surgery and postoperative radiation is 30%, plus 94% of the patients treated 
with chemotherapy/radiation retained their larynx for the remainder of their 
lives. It appeared that the larynx could be preserved without compromise of 
survival in patients treated with the combination of chemotherapy and 
radiation. Data from this study and others served as the basis for the 
randomized prospective study of organ preservation eventually reported by 
the Department of Veterans Affairs Laryngeal Cancer Study Group [49]. 

In 1985, an aggressive protocol for organ preservation was conducted at 
the University of Michigan [57]. Forty-three patients with advanced cancer 
of the oral cavity, pharynx, larynx, or sinuses were treated with mitoguazone 
400-500mg/m2 on days 1 and 8, cisplatin 30mg/m2/day as a continuous 
infusion on days 8-12, and 5-FU 100mg/m2/day as a continuous infusion on 
days 8-12. Three cycles of chemotherapy were given every 28 days. The 
overall response was 86%, with a 46% complete response and a 68% 
complete response at the primary site. Seventy-one percent of patients were 
initially spared surgery at the primary site, although 19% required neck 
dissection. Sixteen percent of patients required late salvage surgery to the 
primary. At a median follow-up of 32 months, 52% of all patients were still 
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alive. This was not significantly different from the estimated 2-year survival 
of 50% for a similar historical control group of 152 patients with Stage III or 
IV disease treated with surgery and radiation. Encouraged that organ pre­
servation may be possible at a variety of head and neck sites, and yet 
interested in reducing the toxicity of the cisplatin-containing regimen, 
the same group of investigators has recently completed a protocol of 
neoadjuvant chemotherapy consisting of carboplatin and 5-fluorouracil [58]. 
The complete response rate at the primary site was 50%. Seventy percent 
were initially spared surgery to the primary; however, follow-up is too short 
for conclusions about the duration of response or survival. 

Demard et al. treated 71 evaluable patients with laryngeal or hypo­
pharyngeal cancr with induction chemotherapy [59]. However, 25% of the 
patients had stage II disease. Chemotherapy with standard doses of cisplatin 
and 5-fluorouracil were given at 15-day intervals. Nine deaths occurred 
during the chemotherapy, although only three were attributed to toxicity. 
The complete response rate was 52%, and as expected, the earlier stage 
tumors did very well. Nine patients were spared total laryngectomy, and 10 
were spared pharyngolaryngectomy. Patients with laryngeal cancer did better 
than those with hypopharyngeal disease during follow-up. The authors con­
cluded that it is justifiable to forego surgery in some complete clinical 
responders to chemotherapy. 

Gregoire et al. recently reported the results of a phase I-II trial in which 
83 patients were treated with carboplatin and 5-FU [60]. After three cycles 
of therapy, patients who were nonresponders or partial responders under­
went surgical resection of the primary tumor. Radiotherapy alone was pro­
posed for patients considered inoperable, complete responders, or partial 
responders with tumors in the oral cavity or oropharynx whose surgery 
would be potentially 'mutilating.' The maximum tolerated dose of carboplatin 
was 420 mg/m2 . A fifty-seven percent overall response and 32% complete 
response rate at the primary tumor site was noted. At a median follow-up of 
12 months, there was no recurrence at the primary for those patients treated 
with chemotherapy and radiation alone. The authors concluded that car­
boplatin and 5-FU followed by radiation is a tolerable regimen, and some 
patients can benefit from this method of conservative local treatment and 
avoid surgery. However, a longer follow-up is obviously needed to determine 
the ultimate outcome of these patients. 

Organ preservation in advanced laryngeal cancer 

In 1991, the Department of Veterans Affairs Laryngeal Cancer Study Group 
reported the results of a large randomized trial designed specifically to test 
the feasibility and safety of laryngeal preservation in treatment of advanced 
cancer of the larynx [61]. In this trial, 332 patients with stage III or stage IV 
laryngeal squamous cell cancer were randomly assigned to initially undergo 
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either three cycles of chemotherapy (CDDP 100mg/m2 day 1 and 5-FU 
lOOOmg/m2 days 1-5 continuous infusion every 21 days) or surgery. Those 
patients in the chemotherapy arm who had at least a partial response after 
two cycles of chemotherapy underwent a third cycle, followed by definitive 
radiation therapy (RT). Nonresponders underwent surgery (as dictated by 
the original evaluation), followed by RT; those randomized to the surgery 
arm also received postoperative RT. 

One hundred sixty-six patients were randomly assigned to each arm. The 
two arms were well matched in terms of patient characteristics and stage of 
disease. Forty-six percent were node positive; of these, two thirds had N2 or 
N3 disease. Approximately two thirds had supraglottic cancers. Over 30% 
of the patients assigned to chemotherapy required pretreatment tracheostomy 
for airway obstruction due to the size of the primary tumor. Median follow­
up of all patients was 33 months. Seven patients (2%) were lost to follow­
up. 

Of those patients who received chemotherapy, 85% were partial or 
complete responders after two cycles of chemotherapy. One hundred and 
seventeen patients went on to receive a third cycle of chemotherapy: 49% of 
these had a complete response at the primary, and another 49% had a 
partial response. Of the 166 patients assigned to the chemotherapy group, 
101 were alive at the time of the publication, 65 of whom had a functioning 
larynx, and 36 of whom had a total laryngectomy. Therefore, 64% of the 
surviving patients treated successfully retained a functioning larynx. Al­
together, 59 patients underwent laryngectomy, 30 of whom had the surgery 
before radiation. Twenty-nine patients had a laryngectomy after radiation 
therapy; 18 of these were within the first 3 months after completion of 
radiation, and the remaining 11 patients underwent late salvage laryngectomy 
for recurrences 5-40 months after radiation. The great majority of recur­
rences happened in the first post-treatment year. In summary, 29% of 
patients treated with chemotherapy required salvage laryngectomy for per­
sistent disease before radiation or 3 months afterwards, and another 7% 
required late salvage surgery. 

Toxicity was not excessive: One patient died of septicemia during a 
period of neutropenia, and 12 patients (7%) had toxicity necessitating the 
discontinuation of chemotherapy. There were three deaths due to surgical 
complications in the surgery arm. 

There was a trend toward better disease-free survival in the surgery 
group. At 36 months, 70% of the surgery group and 60% of the chemother­
apy group were disease free, but the difference was not statistically sig­
nificant (p = 0.1195). There was no difference in 2-year survival between 
the two arms; this was 68% for both groups. No survival differences were 
found between treatment arms when patients were analyzed according to 
tumor stage or site. Of the 107 patients who retained their larynx, 61 % were 
alive at the time of publication. Of the 59 patients who required salvage 
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laryngectomy, 61 % were also still alive, implying that laryngeal preservation 
could be achieved without compromise of survival. 

While the principal cause of death in both treatment arms was cancer 
(23% of patients in the surgery arm and 25% in the chemotherapy arm), the 
pattern of tumor recurrence as a site of first relapse varied. Recurrences at 
the primary tumor site were more frequent in the chemotherapy group 
(12%) than in the surgery group (2%; p = 0.001). Regional neck node 
recurrences were similar for both groups. Distant metastases occurred less 
frequently in the chemotherapy group (11 %) compared to the surgery group 
(17%; p = 0.001). The rates of second primary tumors were also lower in 
the chemotherapy group (2%) versus the surgery group (6%; p = 0.048). 

One criticism that has been raised of this study is the lack of a radiation­
only arm. Similar rates of survival and laryngeal preservation have been 
reported using radiation therapy alone (with surgical salvage) for patients 
with T3 glottic or supraglottic cancers, with negative neck nodes [21,62]. 
Primary radiation is commonly used in Canada and Europe as initial therapy 
for such patients. However, 5-year survival of patients with supraglottic 
primaries decreases from 50% to less than 30% when regional nodes are 
involved [22,63]. One quarter of the patients in the Veterans Administration 
(VA) study had T4 primaries, and nearly half had regional disease, two 
thirds of which was N2 or N3. Two thirds of patients had supraglottic 
primaries. While a conclusion cannot be drawn without a direct comparison 
of radiation versus chemotherapy/radiation in a randomized trial, the high 
rate of laryngeal preservation and survival in these patients in the VA study 
with more advanced cancer suggests that chemotherapy may add to the 
effectiveness of radiation. 

Other randomized trials 

Preliminary results have been reported for a prospective, randomized trial in 
which patients with advanced head and neck cancers were treated with 
either primary radiation therapy or two courses of chemotherapy consisting 
of cisplatin, bleomycin, vindesine, and mitomycin-C followed by radiation 
therapy [64]. Patients were assessed after 50-55 Gy; if there was < 50% 
regression, salvage surgery was performed. One hundred patients were 
enrolled. Two deaths due to therapy were reported in the RT arm and none 
in the chemotherapy/RT arm. Major toxicities were identical in the two 
groups. Unfortunately, the response rate to chemotherapy was only 50%, 
with 10% of patients achieving a complete response. The overall tumor 
response rate after completion of all therapy was 77% for the combined 
modality group and 79% for the radiation arm. There was no significant 
difference in survival at 1 or 2 years between treatment groups. Both groups 
continued to experience local and distant recurrences past 1 year. Thirty-
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three percent of the combined modality arm and 38% of the radiation arm 
ultimately required salvage surgery. The authors concluded that they found 
no benefit to the addition of induction chemotherapy to radiation therapy. 
However, they noted that their overall response rate to chemotherapy (50% 
at primary site, 27% at nodal metastases) was lower than numerous other 
studies using more optimal regimens. Therefore, their new randomized trial 
utilizes the more effective regimen of cisplatin, 5-fluorouracil, and vindesine. 

Future directions 

It is clear from the foregoing that although some advances have been made 
in the treatment of advanced head and neck cancer, there is need for 
improvement and innovation of existing treatment regimens. Importantly, 
none of the recent clinical trials have demonstrated improvement in survival. 
Survival benefit is the appropriate primary goal of this frequently fatal 
malignancy, with quality of life issues of somewhat lesser importance. What 
are some of these future directions? 

Larynx preservation 

The success of the VA Cooperative Studies Program for larynx preservation 
is encouraging, but further questions remain regarding the optimal treatment 
of larynx cancer. Is sequential chemotherapy/radiation therapy better than 
concomitant administration of the two modalities? Is chemotherapy needed 
or is radiation therapy alone sufficient? An intergroup study for larynx 
preservation has recently been initiated to address these questions. This 
study is a phase III randomized trial for patients with resectable laryngeal 
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cancer, stage III and IV (excluding T1 or T4 tumors). The schema is shown 
in Figure 1. All patients will be stratified for tumor location and T stage and 
N stage, and then randomized to 1 of 3 treatment arms. Arm 1 consists of 
two cycles of standard dose cisplatin and 5-fluorouracil, followed by a third 
cycle for responders or salvage surgery for nonresponders. Those patients 
who complete three cycles of chemotherapy will undergo definitive radiation 
therapy. Arm 2 of the study consists of full-course radiation therapy admin­
istered concomitantly with cisplatin at 3 week intervals during the treatment. 
Arm 3 consists of radiation therapy alone. Radiation for all arms of treat­
ment is delivered in 2.0 Gy fractions 5 days a week for 7 weeks, to a total 
dose of 70 Gy. The trial will enroll 546 patients and will therefore take 
several years to complete. 

New drugs 

Carboplatin is a platinum analogue with activity in head and neck cancer 
that appears to be similar to cisplatin, with significantly less toxicity [65,66]. 
Side effects of carboplatin include moderate myelosuppression and mild 
nausea and vomiting. The drug can be easily administered in the outpatient 
setting [67]. 

Currently, carboplatin is most often used in combination with 5-
fluorouracil. The Southwest Oncology Group conducted a randomized study 
comparing cisplatin/5-FU versus carboplatin/5-FU versus methotrexate in 
recurrent head and neck cancer [68]. Overall response rates were 32% for 
cisplatin + 5-FU and 21 % for carboplatin + 5-FU, and this difference was 
not significant. Volling et al. treated 55 previously untreated patients with 
carboplatin and 5-FU and obtained a response rate of 88%, with 33% 
complete response [69]. This was nearly identical to the 80% overall response 
rate and 28% complete response achieved in a group of historical controls 
treated with cisplatin and 5-FU at the same institution. Toxicity was milder 
in the patients treated with carboplatin. 

As trials utilizing carboplatin consistently show similar efficacy, less toxi­
city, and greater ease of administration than cisplatin, some investigators 
have started to substitute it for cisplatin in induction chemotherapy pro­
tocols. Lelievre et al. have recently reported on 240 patients with carcinoma 
of the oropharynx or pharyngolarynx randomized to induction chemother­
apy with carboplatinum and 5-FU followed by radiation therapy (with surgery 
reserved for patients achieving less than a complete response), or to 
'locoregional therapy' (radiation therapy with or without surgery) alone. Of 
the 108 patients evaluable in the chemotherapy arm, the 2-year survival rate 
was 60%, which was not significantly different from that in the control arm 
(64%). 'Nonconservative surgery' was required in only 38% of the patients 
in the chemotherapy arm [70]. 

Another small trial (20 patients) has reported a 41 % complete response 
rate with three cycles of carboplatinum and 5-FU; however, an additional 

213 



35% of patients had progression of disease while on study [71]. While this 
raises some concern regarding the efficacy of this regimen, larger studies are 
needed to confirm these results. 

Other new approaches include the modulation of 5-FU with leucovorin, 
hydroxyurea, or interferon. Trials involving these drug combinations are 
underway across the country. However, there is increased toxicity with 
most of these combinations; therefore, determining the ideal doses for 
maximum drug intensity with tolerable side effects is the subject of ongoing 
investigation. 

Organ preservation in nonlaryngeal sites 

Another active research direction is organ preservation in nonlaryngeal sites 
of head and neck cancer. Several single arm trials have suggested that some 
sites of head and neck cancer, particularly the oropharynx, may be treatable 
with chemotherapy and radiation alone [55,72]. In these studies, it is im­
portant that different tumor sites and stages are analyzed separately, because 
it appears that organ preservation treatment may only be ideal for some 
select subsets of head and neck cancer patients. 

Prognostic factors 

Induction chemotherapy regimens have substantial toxicity, and so it would 
be invaluable to predict which patients would benefit from such therapy and 
who should go immediately to surgery. Tumor flow cytometry data for 
patients undergoing chemotherapy have shown that DNA content may be 
one of the most significant predictors of response to chemotherapy, relapse, 
and survival [73,74]. Ensley et al. have reported results of flow cytometry 
from 237 patients and concluded that diploid DNA content indicates poor 
responsiveness to cytotoxic agents and that chemotherapy response correlates 
with the percentage of tumor composed of aneuploid tumor cells [75,76]. 
Preliminary prospective data from the VA Laryngeal Cancer Study Group 
indicate that DNA content measured by image analysis of pretreatment 
biopsies correlates with disease-free survival and may predict those patients 
who will be complete responders to induction chemotherapy [77,78]. Further 
evaluation of this concept is underway on a national level. 

Conclusions 

Better therapy of advanced head and neck cancer includes reduction of 
morbidity as well as mortality. To date, trials evaluating organ preservation 
of the larynx have yielded encouraging results. Laryngeal preservation 
appears to be possible in approximately two thirds of patients with current 
induction chemotherapy regimens. While it is reasonable to offer patients 
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with advanced larynx cancer the option of chemotherapy followed by radia­
tion as an alternative to surgery, it is still important to continue treating 
these patients on experimental protocols if available. Current areas of 
investigation include identification of more effective chemotherapy regimens 
that achieve higher complete response rates and innovative radiation therapy 
with altered fractionation schemes designed to try to reduce local recurrence. 
Also, the question of whether induction chemotherapy in fact increases the 
effectiveness of definitive radiation alone should be tested in a randomized 
trial. 

Induction chemotherapy for organ preservation in patients with non­
laryngeal head and neck cancers should be confined to the experimental 
protocol setting. While pilot studies appear promising, no major randomized 
trial has yet tested this issue. Finally, any discussion of the possibility of 
organ preservation in head and neck cancer should include a comment about 
cancer prevention. The VA study group reported that in its population of 
332 patients, 85% used alcohol and 99% used tobacco [61]. Patient education 
regarding avoidance of these potential carcinogens may be as important as 
finding better treatment regimens for patients with advanced head and neck 
carcinoma. 
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12. Elective modified neck dissection for treatment of 
the clinically negative (NO) neck 

David L. Callender and Randal S. Weber 

Radical neck dissection was the dominant surgical procedure for treatment 
of metastatic head and neck cancer in the cervical lymph nodes for much of 
the 20th century. Proponents of radical neck dissection, such as George 
Crile, Sr. [1] and Hayes Martin [2], maintained the Halsteadian principle 
that oncologically sound surgical management of metastasis requires en bloc 
resection of lymph nodes and surrounding soft-tissue structures. While 
radical neck dissection provides effective control of regional metastasis, 
major cosmetic and functional deficits often accompany the procedure. 

More recent trends of cosmetic and functional preservation in cancer 
treatment have resulted in the development of more conservative neck 
dissection techniques. These "modified" neck dissection procedures offer 
disease control comparable with radical dissection, but spare patients the 
undesirable morbidity associated with the classic radical dissection. Modified 
neck dissection techniques are particularly suited to the elective surgical 
treatment of the neck in patients with primary head and neck cancers at high 
risk for development of cervial metastasis. This chapter focuses on the 
rationale for modified neck dissections in elective surgical treatment of the 
NO neck. 

Historical perspective of neck dissections 

Notable reports of attempts at surgical resection of metastatic cancer in the 
neck began to appear in the medical literature in the middle of the 19th 
century. In 1867, Warren described an attempt at resection of metastatic 
cancer in the neck [3]. Kocher, in 1880, reported a procedure for resection 
of the tongue and regional lymphatics via a submandibular approach [4]. 
Butlin and Spencer, in 1900, also described procedures for resection of 
tongue cancers and cervical lymphatics [5]. 

The first description of a standardized anatomic dissection of the cervical 
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lymphatics is credited to George Crile, Sr. In 1906, Crile reported results of 
132 cases of planned neck dissection [1]. Crile modeled the neck dissection 
procedure after Halstead's concept of surgical resection of primary breast 
carcinomas and their draining lymphatics. The rationale for these procedures 
was that primary cancers will first metastasize to regional lymphatics and 
then to distant sites. Crile felt that a radical resection of the cervical lymph 
nodes with surrounding soft-tissue structures, such as the internal jugular 
vein, sternomastoid muscle, and the spinal accessory nerve, was necessary to 
control cervical metastatic disease. 

Following Crile's description of the radical neck dissection, controversy 
arose among surgeons regarding proper treatment of metastatic cancer in 
the neck. Many surgeons advocated a more conservative approach than the 
radical dissection described by Crile. Disagreement persisted over which 
structures required sacrifice and which could be conserved during the course 
of neck dissection. The routine sacrifice of cranial nerve XI, the spinal 
accessory nerve, during radical neck dissection was one of the early major 
points of contention. The functional impairment due to the loss of the 
cranial nerve XI is significant, and many surgeons questioned the necessity 
of nerve sacrifice. Blair and Brown [6], in 1933, championed resection of the 
spinal accessory nerve because they believed resection of the nerve allowed 
a more total removal of the cervical lymphatics and decreased operating 
time. The authors published a remarkable recurrence rate of only 2% [6]. 

In 1951, Hayes Martin and colleagues promoted radical neck dissection as 
the only acceptable procedure for suspected or obvious metastasis to the 
cervical lymph nodes [2]. Martin unequivocally stated that any operation 
attempting to preserve the spinal accessory nerve should be condemned. 
Dissenters, though, continued to argue that the radical dissection was not an 
appropriate procedure for all patients with occult or obvious metastatic neck 
disease. These dissenters to radical dissection reasoned that the Crile pro­
cedure was not truly an en bloc resection and argued for more conservative 
procedures. The principal question for surgeons favoring more conservative 
surgical treatment of the neck was why, from an oncologic standpoint, 
certain important structures, such as the carotid artery and major nerve 
trunks, should be spared, and yet other structures, such as the internal 
jugular vein and spinal accessory nerve, should not be salvaged. A number 
of reports of nonrandomized clinical trials emerged demonstrating spinal 
accessory nerve preservation and no increase in recurrence rate [7-9]. 

The concept of conservative, "modified," neck dissection was further 
expanded to encompass conserving major structures while resecting the soft 
tissue containing the cervical lymphatics. Bocca, in 1967, published his 
report of conservative neck dissection and demonstrated no significant dif­
ference in outcomes as compared to other patients who had previously 
undergone radical neck dissection for similar disease [10]. Jesse and co­
workers likewise reported excellent results with conservative neck dissection 
in selected cases [9]. The rationale for these more conservative neck dis sec-
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tions was better preservation of neck and shoulder function, protection of 
the carotid artery, better patient tolerance for bilateral procedures, and 
decreased incidence of complications. Better cosmetic appearance of the 
neck and use of the procedure as a staging operation to determine the need 
for more extensive or additional treatment were other reasons for per­
forming a modified neck dissection. Today, the conservative, less-than­
radical neck dissection is widely accepted as an appropriate procedure 
for patients at risk of developing metastatic disease or those with early 
metastatic disease in the cervical lymphatics. Radical neck dissection con­
tinues to be an important procedure for the treatment of patients with 
advanced cervical metastatic disease. 

Rationale for use of modified dissection in treatment of the NO neck 

An increased awareness of the impact of cancer treatment on a patient's 
quality of life has emerged over the past two decades. The surgeon's desire 
to decrease the morbidity of surgical therapy without compromising disease 
control has been responsible for technical modifications in neck dissection 
procedures [11]. Long-term morbidity of the radical neck dissection includes 
cosmetic deformity and potential major functional impairment. Scar bands 
and neck contracture commonly occur following radical neck dissection. 
Likewise, loss of the normal neck contour occurs through sacrifice of 
the sternocleidomastoid muscle, submandibular gland, and the tail of the 
parotid gland. 

More importantly, severe functional limitation following radical dissec­
tion may be induced by the sacrifice of the spinal accessory nerve, resulting 
in shoulder drop with decreased abduction and decreased external rotation 
of the arm [12]. Additionally, de nervation of the levator scapulae muscle 
may occur with extensive dissection. Such denervation is manifested by 
shoulder drop, subluxation, chronic shoulder pain, and adhesive capsulitis. 
Sacrifice of both jugular veins may lead to the immediate postoperative 
complications of bilateral blindness (from central retinal vein occlusion) and 
cerebral edema [13,14]. Long-term effects of jugular vein sacrifice include 
persistent facial and laryngeal edema. 

Modifications of the radical neck dissection were developed in response 
to the associated morbidity. One such modification arose in cases of 
simultaneous bilateral radical dissection. Because of the significant morbidity 
that may follow synchronous bilateral internal jugular vein ligation, bilateral 
neck dissections began to be staged or modified to preserve one of the 
jugular veins. Likewise, nerve-preserving dissections emerged due to the 
frequently permanent shoulder morbidity associated with sacrifice of 
the spinal accessory nerve. Such successful modifications of the radical 
neck dissection further stimulated surgeons to develop oncologically sound, 
function-sparing procedures for treatment of cervical metastases. 
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Probably one of the most important indications for modification of the 
standard radical neck dissection occurs in the patient with an upper aero­
digestive tract primary tumor without clinically apparent neck metastasis 
(NO). Elective neck dissection is proposed in such patients to remove the 
disease while still occult and contained within the lymph node capsule. 
Dissection of occult nodal disease may theoretically improve regional control 
by removing small and clinically silent metastases, thereby limiting further 
spread. The deleterious effect on survival of clinically apparent nodal 
disease with extracapsular extension is well known [15]. Likewise, elective 
nodal dissection may playa major role in staging and can assist in identifying 
patients who may benefit from combined treatment with other modalities 
such as radiation therapy. 

On the other hand, not all patients with an NO neck will develop clinically 
evident neck metastasis. Only a small percentage of patients have occult 
metastatic disease. The likelihood of occult disease depends on the site and 
size of the primary tumor. The decision to perform elective neck dissection, 
therefore, depends on the status of the primary cancer. To date, no studies 
have confirmed the utility of elective dissection in all patients at risk for the 
development of cervical metastasis. Elective dissection of the NO neck is 
generally limited to patients undergoing surgical treatment of their primary 
tumor who are thought to be at high risk of developing regional nodal 
metastasis. While the advantage of elective versus therapeutic neck dissec­
tion in all cases is still unclear, the theoretical advantages of elective neck 
dissection in selected patients are very compelling. 

When elective radical neck dissection is performed, a significant number 
of patients may incur functional and cosmetic morbidity in the absence of 
pathologically proven metastatic disease. Shah et al. found that two thirds of 
patients undergoing elective radical neck dissection for oral cavity cancers 
did not have metastasis present on histologic examination of the removed 
nodes. The remaining one third of the patients had occult metastatic 
disease [16]. Therefore, the majority of patients underwent a radical 
lymphadenectomy in the absence of metastatic disease. In the clinically NO 
patient at high risk for cervical metastasis in whom an elective neck dissec­
tion is thought to be beneficial, a function-sparing procedure that removes 
the nodes at risk and provides adequate disease control is highly desirable. 
The classic radical neck dissection is no longer indicated for the patient with 
a squamous cell carcinoma of the upper aero digestive tract and a clinically 
negative neck. 

Lymphatics and metastasis 

Knowledge of the nodal groups at risk for harboring metastasis is essential 
for performance of an appropriate neck dissection. The lymphatic pathways 
of the upper aero digestive tract were carefully described by Rouviere [17] 
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and Fisch and Sigel [18]. Additionally, Lindberg demonstrated the clinical 
distribution of the cervical lymph nodes most frequently involved with 
metastatic disease from upper aero digestive tract mucosal primaries in a 
review of 1155 patients [19]. For tumors arising in the oral cavity and soft 
palate, a correlation was found between more advanced primary disease 
stage and the presence of multiple cervical metastases or fixed nodes. 
Importantly, this correlation did not hold for primaries of the tonsil, base of 
tongue, supraglottic larynx, and hypopharynx. Regardless of primary stage, 
carcinomas in these sites were often associated with multiple unilateral or 
bilateral metastases. More importantly, Lindberg noted that the risk of 
metastasis to the different cervical nodal stations was dependent upon the 
primary site. For instance, the submaxillary triangle is at risk for metastasis 
from primary tumors of the oral cavity but is almost never the site of 
isolated, clinically evident metastasis from primary tumors of the oropharynx, 
larynx, and hypopharynx. 

Other investigators have confirmed the regional nodal metastatic patterns 
associated with specific primary tumor sites. Shah et al. found that the 
incidence of occult metastasis to lymph nodes in levels IV and V was 
extremely low in patients with oral cavity primary tumors [16]. The authors 
concluded that dissection of the level IV and V nodal groups in this clinical 
setting was unwarranted. 

Metastasis to the posterior cervical lymph nodes is rare for primary 
tumors of the oral cavity and larynx. In contrast, cancers arising in the 
tonsil, palate, base of tongue, pharyngeal walls, and nasopharynx frequently 
will spread to the posterior nodes. Primary nasopharyngeal cancers also 
have a high incidence of metastasis to the supraclavicular nodes. Involve­
ment of the supraclavicular nodes is rare for most other upper aerodigestive 
primary sites unless spread to the lower cervical nodes is present. 

The predictability of patterns of cervical metastasis enables surgeons 
to resect nodal groups at high risk while conserving those at low risk. 
Furthermore, this selective dissection of high risk nodes permits sparing of 
important aesthetic and functional structures. The concept of predictable 
routes of spread does not apply in patients previously treated or in whom 
metastases are present. Lymphatic channels may become obstructed in these 
situations, leading to retrograde lymphatic flow and aberrant spread of 
tumor. This concept must be kept in mind when planning a modification of 
the standard radical neck dissection. 

A modified neck dissection may be defined as any alteration of the 
classical radical neck dissection. This definition encompasses procedures that 
conserve structures such as the internal jugular vein, sternomastoid muscle, 
or spinal accessory nerve. Another frequent modification of the standard 
neck dissection is the preservation of certain nodal groups not at risk for 
metastasis. An example of preservable, low risk nodes would be the supra­
clavicular lymph nodes in a patient with early floor of mouth cancer and a 
clinically negative (NO) neck. 
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At times, resection of additional lymph node groups not normally in­
cluded in the standard radical neck dissection may be indicated. Tumors 
arising on the pharyngeal walls, tonsil, soft palate, uvula, and base of tongue 
may metastasize to the retropharyngeal lymph nodes. Involvement of these 
lymph nodes may be heralded by a syndrome of pain radiating from the 
posterior neck to the supraorbital region on the side of metastasis. Ballantyne 
found a 44% incidence of metastasis among patients with pharyngeal 
primaries undergoing retropharyngeallymph node dissection [20]. In patients 
with carcinomas of the laryngopharynx and cervical esophagus, the para­
tracheal and Delphian lymph nodes are at significant risk for occult 
metastasis [19,21,22]. Though not normally removed in the standard radical 
neck dissection, these lymph nodes should be included for selected upper 
aero digestive tract primary tumors. 

Neck dissection in transition 

At our institution, the transition from the standard radical neck dissection 
began in 1958 and gradually evolved through the 1970s. By 1978, elective 
radical neck dissection in the patient with a clinically negative neck was 
largely abandoned. Between 1978 and 1979, only 28 (17%) of the 165 neck 
dissections performed were of the standard radical type, with the remainder 
being regional or modified dissections [23]. 

One of the theoretical advantages of elective neck dissection is that it 
provides information that is useful for planning further treatment. Some 
patients who manifest occult nodal metastasis can benefit from combined 
treatment with radiotherapy. A major factor favoring the transition from the 
classic radical neck dissection to the modified neck dissection was the 
beneficial effect of combining radiation and surgery to improve disease 
control in the neck while at the same time preserving function. Fletcher, in 
1972, reported that 5000 cGy was sufficient to sterilize subclinical microscopic 
disease in the neck [24]. Strong found that moderate doses of preoperative 
radiotherapy significantly reduced the risk of regional recurrence in stage 
N2 and N3 neck disease treated with a radical neck dissection [25]. Finally, 
Huang et al. noted a higher recurrence rate among patients with extra­
capsular spread of cancer treated with surgery alone [26]. The use of 
modified elective neck dissection allows conservation of function with the 
option of combining surgery and radiation therapy for selected patients 
at high risk for a regional recurrence, without compromise of oncologic 
principles. 

Previously, the terminology used to describe modified neck dissections 
has been confusing. Recent publications by Medina, Byers, and Robbins 
have attempted to standardize terminology [27-30]. In the past, any varia­
tion from the classic radical neck dissection was referred to as a modified 
neck dissection. With current nomenclature, the phrase modified radical 
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Figure 1. The level system for describing the location of lymph nodes in the neck. Level I 
indicates the submental and submandibular group; level II, upper jugular group; level III, 
middle jugular group; level IV, lower jugular group; level V, posterior triangle group; and level 
VI, anterior compartment group. Reprinted from Robbins et al. [30], with permission. 

neck dissection refers to a procedure that spares at least one of the nonlym­
phatic structures in the neck. Likewise, a selective neck dissection includes 
those procedures that remove only lymph node groups at risk for metastasis 
while preserving structures usually removed with the standard radical neck 
dissection. The new classification system provides more precise information 
regarding which nodal groups were dissected and which structures were 
sacrificed or preserved (Figure 1). 

Typically, the choice of the type of dissection performed for elective neck 
dissection is dictated by the histology and location of the primary tumor as 
well as by any prior treatment the patient has received. Once the neck 
dissection is completed, the specimen is oriented toward the pathologist so 
that any positive nodes and their location may be identified (Figure 2). 
Orientation for the pathologist is critical for determining which nodal groups 
are involved with metastasis and in assessing the need for further treatment. 

Modified radical neck dissection 

The phrase modified radical neck dissection has classically referred to 
procedures that remove the lymph node groups in stations I - V, the 
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Figure 2. Diagram for orienting the contents of the neck dissection. Once the lymph nodes 
have been examined histologically, this information can be converted to lymph node levels 
I-VI. (1) parotid compartment, (2) submental-submaxillary, (3) subdigastric, (4) midjugular, 
(5) lower jugular, (6) upper posterior cervical, (7) mid posterior cervical, (8) lower posterior 
cervical, (9) suprac1avicular-scalone, (10) thyroid compartments. 

sternocleidomastoid muscle, and the jugular vein while sparing the spinal 
accessory nerve (Figure 3). More recently, modified radical neck dissection 
implies dissection of lymph node groups I-V with preservation of at least 
one of the nonlymphatic structures sacrificed in radical neck dissection 
[29,30]. Modified radical neck dissections may be performed for elective 
treatment of the NO neck, though more selective dissections are often 
utilized in lieu of this more extensive procedure. In some centers this type of 
dissection is frequently used for the patient with a single clinically positive 
lymph node less than 3 cm in diameter. 

At The University of Texas M. D. Anderson Cancer Center, most patients 
with Nl neck disease can be effectively managed with a selective neck 
dissection as opposed to the more radical procedure. In general, the 
modified radical neck dissection is reserved for patients with large, bulky 
metastases and/or spread to the supraclavicular lymph nodes, selected 
patients having failed radiotherapy, or those with multiple clinically positive 
nodes. With advanced regional disease, extracapsular tumor spread is fre­
quently present and contiguous involvement of the sternocleidomastoid 
muscle, spinal accessory nerve, or the jugular vein is not uncommon. 
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Figure 3. Area encompassed by the modified radical neck dissection. (Reprinted from Robbins 
et al. [30], with permission.) 

Preservation of these structures is frequently impossible when extensive 
neck disease is present. 

Regional disease control following modified radical neck dissection was 
examined by Molinari et al., who found a 2.5% recurrence rate for radical 
neck dissection in patients with an NO neck treated with surgery alone [31]. 
Recurrence rate for patients treated with a more conservative neck dissec­
tion was 1.6% in this study. Among patients with histologic confirmation of 
metastasis, the regional recurrence rates for radical versus modified neck 
dissection were 9.4% and 4.5%, respectively. Lingeman et al. in 1977 
reported a comparison between 337 radical neck dissections and 98 modified 
radical neck dissections and found no significant difference in disease control 
[32]. 

Functional neck dissection 

The concept of the functional neck dissection (FND) is based on surgical 
removal of nodal groups I through V (as with radical neck dissection), but 
with preservation of the cervical structures routinely sacrificed in the radical 
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dissection. In this sense, FND is a subclassification of the modified radical 
neck dissection according to present terminology [29,30]. Bocca became the 
principal proponent of the FND in the 1960s. Bocca defended the procedure 
as being as oncologically sound as radical neck dissection but without the 
associated functional morbidity and cosmetic defect [10]. 

Functional neck dissection is based on the anatomical concept of fibro­
fatty tissue containing lymph nodes and lymphatic vessels bounded within a 
complex system of fascial aponeuroses. Like the selective neck dissections, 
the technique of FND consists of stripping of the fascial layers containing 
the lymphoareolar tissue away from the surrounding vital structures. As 
long as nodal metastases remain confined within the nodal capsule, the 
lymphatics can be dissected away from the major muscles and neurovascular 
structures without oncologic compromise. Thus, functional neck dissection is 
performed only for elective dissection or for clinically positive nodes that are 
freely mobile. 

Results from FND appear to be similar to those obtained with radical 
neck dissection in several retrospective series. Obviously, such studies 
potentially contain marked selection bias. Bocca reported a series of 1200 
functional neck dissections performed in 843 patients between 1961 and 1979 
[33]. He compared these cases to a group of 414 patients who underwent 
radical neck dissection at the same institution during the years 1948-1955. 
Patients in the FND group were divided into those undergoing elective dis­
section and those undergoing curative attempt with dissection. Six hundred 
and severty-two patients had an elective FND. The recurrence rate in this 
group was 2.4%. Among the group of 414 patients who had undergone 
RND, 226 patients had elective dissection and had a recurrence rate of 
6.6%. Criticisms of this study include the lack of information on the role 
of radiation therapy in decreasing the risk of regional recurrence and lack of 
data regarding the rates of surgical salvage. To date, functional neck dissec­
tion favorably compares with radical neck dissection for elective treatment 
of the NO neck and for therapeutic dissection of early cervical metastasis of 
head and neck cancer. 

The functional neck dissection is particularly useful in cases in which 
metastases may spread to the posterior cervical nodes or to the lower neck 
nodes overlying the scalene muscles and lower portion of the jugular 
vein. Examples of such cases are nodal metastasis from carcinoma of the 
thyroid, regional metastasis from metastatic melanoma, and metastasis from 
squamous cell carcinoma of the base of tongue, hypopharynx, and cervical 
esophagus. In many cases of squamous cell carcinomas from primary upper 
aero digestive tract sites, a more selective dissection (such as a supraomohyoid 
dissection) may provide the same information regarding nodal metastasis 
and may be more easily accomplished than FND. 

230 



Suprahyoid neck dissection 

The suprahyoid neck dissection is a selective regional neck dissection of the 
contents of the submental and submaxillary regions. The level I lymph 
nodes, submandibular gland, and surrounding fibrofatty tissues form the 
bulk of the surgical specimen. Suprahyoid dissections are useful in selected 
instances for resection of submandibular neoplasms and to provide exposure 
to obtain adequate margins of resection for primary tumors of the mandible 
when the risk of lymph node metastasis is negligible. 

A suprahyoid dissection is also utilized for staging patients with lip 
carcinoma who present with palpable submental and submandibular lymph 
nodes. The incidence of pathologically proven metastasis in these patients is 
only 10%, and the majority of patients with palpable nodes have inflam­
matory enlargement rather than metastasis. Sampling of the level I lymph 
nodes allows determination of the need for more extensive treatment of the 
neck. Once the level I lymph nodes are removed, they are examined by 
frozen section analysis. If histologically confirmed metastasis is found, a 
supraomohyoid dissection is indicated. 

Suprahyoid neck dissection has, at times, been advocated as a general 
staging procedure for all carcinomas of the oral cavity. Because of the 
possibility of metastases from squamous carcinomas of the oral cavity 
going to first echelon nodes outside the submandibular triangle, supra­
hyoid neck dissection should not be considered an adequate biopsy pro­
cedure in predicting metastases to lymph nodes at risk in the remainder of 
the neck. 

Another use of the suprahyoid dissection is in patients with early super­
ficial squamous cell carcinomas of the anterior floor of the mouth. The 
incidence of occult lymph node metastasis in these patients is low, and 
elective dissection of the neck is not usually indicated. Resection of the 
tumor, though, often includes the submandibular ducts and results in 
obstructive sialoadenitis and an indurated tender gland. On follow-up 
examination, the differentiation between the indurated submandibular gland 
and metastatic disease can be difficult. Suprahyoid dissection for resection of 
the gland and surrounding lymphatics at the time of the primary surgery 
facilitates long-term surveillance. 

The isolated suprahyoid neck dissection is most consistently applied for 
resection of the primary neoplasm in patients with submandibular gland 
salivary tumors and minor salivary gland tumors of the floor of mouth. 
Suprahyoid dissection removes the primary tumor en bloc with the sur­
rounding soft tissues and local draining lymphatics. For the salivary gland 
cancers, this procedure provides some staging information by removing the 
primary echelon of lymph nodes [34]. Suprahyoid dissection for removal of 
submandibular tumors avoids 'shelling out' of the involved gland with the 
accompanying high likelihood of local recurrence. Suprahyoid dissection 
may be easily extended to a more complete neck dissection if palpable 
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lymph nodes are present or when the risk of occult disease in other lymph 
node groups is high. 

Supraomohyoid neck dissection 

Supraomohyoid neck dissection (SOHND) is a selective en bloc removal of 
the lymph node groups most likely to contain metastases in patients with 
squamous cell carcinomas of the oral cavity. These lymph node groups are 
the submental, submandibular, subdigastric, and midjugular nodes (Figure 
4). Also included are the nodal groups located anterior to the cutaneous 
braches of the cervical plexus and superior to the omohyoid muscle. The 
sternomastoid muscle, spinal accessory nerve, and internal jugular vein are 
usually preserved. 

Supraomohyoid neck dissection is utilized in the elective management 
of patients with TI, T3, or T4 squamous cell carcinomas of the floor of 
mouth, oral tongue, alveolar ridge, buccal mucosa, retromolar trigone, and 
faucial arch region. Bilateral supraomohyoid neck dissections are indicated 
for patients with cancers of the anterior tongue and floor of mouth that 
involve or approach the midline. Supraomohyoid neck dissection may be 

Figure 4. Supraomohyoid neck dissection. (Reprinted from Robbins et al. [30], with 
permission. ) 
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performed in conjunction with parotidectomy in patients with squamous cell 
carcinoma, Merkel cell carcinoma, and intermediate thickness melanoma of 
the cheek and lateral portions of the face. 

The rationale for supraomohyoid neck dissection is based on the pre­
viously described predictable distribution of cervical lymph node metastases 
in patients with previously untreated squamous cell carcinomas of the head 
and neck. Lindberg demonstrated that the sub digastric and midjugular 
nodes are the most frequently involved nodal groups in patients with primary 
oral cavity and oropharyngeal squamous cell carcinomas [19]. The author 
also noted that submandibular triangle nodes harbor metastatic disease in 
patients with buccal mucosa, oral tongue, and floor of mouth carcinomas. 
Likewise, these primary tumors may metastasize to both sides of the neck 
and may skip along the submandibular and sub digastric nodal groups, and 
metastasize to the midjugular nodes [35,36]. Importantly, Lindberg's study 
also noted that carcinomas of the oral cavity and oropharynx rarely spread 
to the lower jugular or posterior cervical nodes in the absence of metastases 
to the first echelon (submandibular, subdigastric, and midjugular) nodal 
groups. Studies by Skolnick [37] and Shaha et al. [38] confirm the rarity of 
nodal metastases to the posterior triangle (nodal group V) in patients 
with primary squamous cell carcinomas in the oral cavity and other sites. 
Supraomohyoid neck dissection is designed to provide an en bloc removal of 
all the lymph nodes that are most likely to contain metastases when the 
primary tumor is located in the oral cavity or oropharynx. 

Supraomohyoid dissection provides staging information to the surgeon 
and may be the only therapy required for the cervical lymph nodes at risk 
for or containing occult metastasis. The concept of staging in the neck is 
important for patients with intermediate or advanced primary tumors (T2, 
T3, T4) who have necks clinically staged NO or Nl. The probability of lymph 
node metastasis is high in these patients. For oral cavity cancers the sensi­
tivity, specificity, and overall accuracy of the clinical exam of the neck is 
70%,65%, and 68%, respectively [16]. In a study that included T1 tumors, 
Teichgraeber and Clairmont found occult metastasis in 37-38% of patients 
with cancers of the tongue and floor of mouth [39]. 

Neck dissection provides staging information that will determine if post­
operative radiotherapy is necessary. If the lymph nodes are histologically 
negative, or if only microscopic foci of metastases are found in one or two 
lymph nodes that lie in the primary echelon drainage area, no further 
treatment is necessary and the patient is treated with surgery alone. If 
metastases spread beyond the primary echelon of nodal drainage, are 
present in two or more nodal echelons, or demonstrate extracapsular exten­
sion outside the nodes, postoperative radiotherapy is indicated. All the 
lymph nodes at risk for containing metastases must be evaluated for this 
decision to be made with confidence. 

Supraomohyoid neck dissection for primary oral cavity cancers provides 
the same staging information as a radical neck dissection (RND) while 
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sparing the patient the morbidity of radical or modified radical neck dissec­
tion, especially in bilateral cases. Cosmetic deformity is minimal upon com­
pletion of the dissection. Though neurapraxia of the spinal accessory nerve 
may occur after nerve retraction, prolonged dysfunction of the shoulder 
following supraomohyoid neck dissection is rare [40]. 

Radiotherapy is an alternative treatment modality to supraomohyoid 
neck dissection for elective treatment of the NO neck. Several authors 
(Fletcher, Million, and others) feel that the risk of developing clinically 
positive nodes in the NO neck can be reduced to approximately 5% with the 
use of comprehensive neck irradiation [24,41,42]. If indications exist for 
postoperative radiation of the surgically treated primary tumor site, elective 
irradiation of the neck should be considered when the neck has not been 
dissected and the risk of occult regional disease is substantial (30% 
or greater). Smaller tumors may be suitably treated by surgery alone. 
Supraomohyoid neck dissection provides staging information (regarding the 
need for additional treatment) in these cases and may be the only therapy 
necessary for occult neck disease. In such cases, supraomohyoid neck dissec­
tion can be accomplished with minimal morbidity and reduces the risk of 
occult disease evolving into clinically evident metastasis. The undesirable 
side effects of radiotherapy are avoided, and this modality is reserved for 
possible future treatment of second primary tumors. 

Recurrence rates following supraomohyoid neck dissection compare 
favorably with recurrence rates following radical neck dissection. Strong 
reported a 6.7% incidence of recurrence in radically dissected necks that 
were histologically negative, a 36.5% incidence of recurrence when positive 
nodes were found at one level, and a 71.3% recurrence rate when positive 
nodes were found at multiple levels [25]. In a study by Medina and Byers, 
neck recurrence after supraomohyoid dissection with histologically negative 
nodes was 5% [28]. A 10% recurrence rate was noted when singular nodes 
without extracapsular node extension were found, and a 24% recurrence 
rate was found when multiple positive nodes or extracapsular extension 
were found in supraomohyoid neck dissection specimens. Postoperative 
radiotherapy decreased the recurrence rate to 15% in a group with multiple 
metastatic nodes and extracapsular extension [28]. 

Lateral and anterior neck dissections 

The lymph nodes at risk for metastasis from primary tumors of the larynx, 
hypopharynx, and cervical esophagus have been described in detail by Feind 
[43]. The laryngeal lymphatics are compartmentalized so that ipsilateral 
supraglottic primaries will drain to the upper and midjugular lymph nodes 
on the same side. Tumors arising on or extending to the epiglottis, however, 
may metastasize bilaterally. The risk of regional metastasis from supraglottic 
cancer is somewhat stage dependent, with the overall risk of occult disease 
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being 40-50% [43]. The glottic larynx is sparsely supplied with lymphatics; 
therefore, the risk of occult lymph node disease is rare for T1 and T2 
primaries. For T3 tumors it ranges from approximately 3% to 10% [43]. 
Tumors that originate or extend into the subglottic larynx drain to the 
lateral cervical nodes as well as the Delphian and paratracheallymph nodes. 
These latter nodes are also at risk for metastasis from cervical esophageal 
cancers. Occult paratracheallymph node metastases have been implicated as 
an etiologic factor in peristomal recurrences following total laryngectomy 
[44]. 

Primary squamous cell carcinomas of the hypopharynx will drain to the 
upper and mid jugular lymph nodes. If the midjugular nodes are involved, 
metastases are more likely to be found in the lower jugular nodes as well. 
The incidence of occult metastases from primary tumors of the hypopharynx 
is approximately 40%. The retropharyngeal lymph nodes are also at risk 
for harboring metastasis from these tumors. Carcinomas of the cervical 
esophagus will drain to the paratracheallymph nodes bilaterally; in addition, 
tumors arising in the distal cervical esophagus will metastasize to the upper 
mediastinal lymph nodes. 

The lateral neck dissection is used electively to remove occult nodal 
disease for primary tumors of the larynx, hypopharynx, and cervical esoph-

Figure 5. The lateral neck dissection that removes lymph nodes from levels II, III, and IV. 
(Reprinted from Robbins et al. [30], with permission.) 
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agus. Lymph nodes removed include the upper jugular (level II), middle 
jugular (level III), and lower jugular (level IV) nodes (Figure 5). These 
lateral nodal groups lie in the lateral aspect of the neck in relation to the 
posterior triangle, the submandibular triangle, and the anterior compart­
ment. The rationale for the lateral neck dissection is supported by the 
findings of Candela et al., who noted that among 78 NO patients undergoing 
79 elective radical neck dissections for squamous cell carcinoma of the 
larynx, the incidence of positive lymph nodes was 37% (29179) [45]. In their 
study positive level I and level V lymph nodes were seen in 5% and 2% of 
neck dissections, respectively. Patients who had levels I and V metastasis 
also had positive nodes at other levels. They concluded that dissection of 
levels I and V is not indicated for patients undergoing total laryngectomy in 
the absence of metastatic disease at other levels. 

The anterior compartment neck dissection is primarily used for tumors of 
the larynx, hypopharynx, and cervical esophagus. This type of dissection is 
generally combined with lateral neck dissection for tumors arising in these 
sites. Among patients with thyroid cancer, the anterior dissection will 
remove the primary echelon nodes at risk for metastasis. When metastatic 
thyroid cancer is present in the lateral neck, a more comprehensive dissec­
tion is indicated to remove all of the nodal areas at risk for metastasis. 

Figure 6. Anterior neck dissection for removal of level VI lymph nodes. (Reprinted from 
Robbins et al. [30], with permission.) 
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Anterior neck dissection refers to removal of the lymph nodes sur­
rounding the midline visceral structures (level VI). The level VI nodes 
include the pretracheal Delphian lymph node, paratracheal , and para­
thyroidal nodes (Figure 6). The lateral limits are the carotid arteries, while 
the superior and inferior limits are the hyoid bone and the suprasternal 
notch , respectively. In addition to the lymph node-bearing tissue, the 
ipsilateral thyroid lobe (or entire gland if indicated by the site of primary 
tumor) is often removed (Figure 7) . 

Approximately 20% of patients with tumors of the larynx, hypopharynx, 
and cervical esophagus have occult metastatic disease in the para tracheal 
lymph nodes [22]. Failure to remove these nodes surgically or to sterilize 

Figure 7. Intraoperative photograph of a lateral and anterior neck dissection performed for a 
T3 No glottic carcinoma. The lymph nodes in levels II , III , IV , and VI have been resected along 
with the left lobe of the thyroid. 
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Table 1. Para tracheal lymph node metastasis according to the primary site 

Site 

Larynx 
Glottic 
Supraglottic 
Transglottic 
Subglottic 

Hypopharynx 

Cervical esophagus 

No. patients 

Subtotal Total (%) 

91 (64.5) 
39 
19 
28 
5 

36 (25.5) 

14 (9.9) 

PTLNM (n = 14.5) paratracheallymph node metastasis. 
Reprinted from Weber et al. [22], with permission. 

With PTLNM (%) 

Subtotal Total (%) 

16 (17.6) 
5 
3 
6 
2 

3 (8.3) 

10 (71.4) 

them with radiotherapy may increase the risk for peristomal recurrence 
following total laryngectomy. Unilateral anterior compartment dissections 
are indicated for patients with primary tumors of the larynx or hypopharynx 
that are localized to one side of these anatomic regions (such as the glottic 
larynx or pyriform sinus). Bilateral dissections, in combination with total 
thyroidectomy, are indicated for patients with laryngeal tumors that have 
significant anterior subglottic extension, and for tumors arising in the 
subglottic region or cervical esophagus. In a review of central compartment 
neck dissections for squamous cell carcinoma of the larynx, hypopharynx, or 
cervical esophagus, the mean number of paratracheallymph nodes removed 
was 3.9 (range, 1-30) [22]. Patients with cervical esophageal tumors had the 
highest incidence of paratracheal lymph node metastasis (71.4%) (Table 1). 
The incidence of paratracheal metastasis with supraglottic tumors was 16% 
in this study. 

Based on these findings, our approach in the NO patient undergoing 
laryngectomy with or without partial pharyngectomy is to perform a lateral 
neck dissection bilaterally. The anterior compartment is dissected on the 
side of the primary tumor to clear potential occult para tracheal lymph node 
metastasis and to decrease the likelihood of peristomal recurrence. 

Conclusions 

Modifications of the standard neck dissection procedure are an appropriate 
alternative to radical neck dissection for elective surgical treatment of the 
NO neck. A modified dissection technique offers disease control comparable 
to that of the radical dissection without the accompanying morbidity. The 
choice of a modified neck dissection procedure for elective neck dissection is 
principally determined by the site and stage of the primary cancer and is 
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Table 2. Elective neck dissection for the NO patient 

Primary tumor site Lymph node levels dissected Type of dissection 

Oral cavity I, II, III Supraomohyoid 
Tongue, floor of mouth, retromolar 

trigone, alveolar ridge, buccal 
mucosa 

Larynx 
Supraglottic 
Glottic 

II, III, IV, Via Lateral and anterior 

Functional Oropharynx 
Hypopharynx 
Esophagus 

I, II, III, IVc, V 

II, III, IV, VIb 

II, III, IV, VId 

Lateral and anterior 
Lateral and anterior 

a For midline supraglottic tumors, level VI nodes are not routinely removed. 
b Level VI nodes are removed for pyriform sinus primaries but not the midline posterior 

pharyngeal wall. 
cLevel IV nodes are dissected when the lymph node(s) at the level of the omohyoid muscle are 
positive. 

d Removal of level VI nodes bilaterally and a total thyroidectomy are indicated. 

summarized in Table 2. The lymph nodes at risk for metastasis are removed 
while preserving the XI internal jugular vein and sternocleidomastoid 
muscle. Successful outcome following neck dissection depends upon appro­
priate selection of a procedure best suited to the individual patient's disease 
status and careful attention to the technical requirements of the procedure. 
Radical neck dissection is most appropriately reserved for the treatment of 
bulky cervical metastasis with marked extension to the surrounding soft 
tissues. 
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13. Distant metastases from head and neck squamous 
cancer: The role of adjuvant chemotherapy 

Harlan A. Pinto and Charlotte Jacobs 

The goal of adjuvant chemotherapy in the treatment of carcinomas is im­
proved survival for patients treated with local therapy. It has been shown 
that adjuvant chemotherapy improves survival in a variety of animal models 
and in humans with breast cancer, osteosarcoma, or colorectal cancer. The 
central hypothesis is that chemotherapy eradicates micrometastatic or 
residual local disease early on. 

The treatment of patients with head and neck squamous cancer is evolv­
ing. After two decades of experience using chemotherapy in the treatment 
of these patients, it is not yet clear what role chemotherapy should play. 
There is agreement that chemotherapy can provide palliation for patients 
with recurrent disease [1-3]. With regard to primary treatment, chemo­
therapy can improve outcome when used as a radio sensitizer for certain 
groups of patients [4-7]. In patients with advanced unresectable disease, 
radiation therapy and chemotherapy given in an alternating schedule im­
proved disease-free and overall survival [8]. There is recognition that induc­
tion chemotherapy with organ preservation has a role in a curative approach 
to the treatment of selected patients [9,10). Nevertheless, the use of chemo­
therapy in an adjuvant setting, either prior to or following standard treat­
ment, is not well established [11-13]. Thus far, few clinical trials have 
shown that adjuvant chemotherapy adds to improved local control [8,14]. A 
recent encouraging observation, however, is the finding that early chemo­
therapy may reduce the incidence of distant metastases in patients with 
advanced disease [9,15-17]. 

One ethical problem in using adjuvant chemotherapy for head and neck 
squamous carcinoma is uncertainty about an individual patient's clinical 
course. In most situations adjuvant chemotherapy is given to some patients 
who may already be cured by surgery and/or radiotherapy. This fact 
prompts oncologists to develop chemotherapy programs that are well 
tolerated with relatively few serious side effects. This practice may com-

Hong, Waun Ki and Weber, Randal S., (eds.), Head and Neck Cancer. © 1995 Kluwer Academic Publishers. 
ISBN 0-7923-3015-3. All rights reserved. 
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promise our ability to eradicate metastasis because of a reluctance to subject 
patients to aggressive and toxic therapy. The ethical dilemma will become 
less problematic as reliable prognostic factors for the development of 
micrometastatic disease or tumor markers that can identify those who may 
benefit from adjuvant treatment become available. 

Historically, most patients with head and neck cancer were either cured 
with aggressive local therapy or suffered local failure, and the problem of 
distant metastases was unrecognized or unappreciated. As local therapy 
has improved, prognostic information has become available regarding the 
likelihood of local failure and distant relapse. Clinical trials of adjuvant 
chemotherapy in head and neck cancer have thus far mostly included patient 
groups with a relatively poor prognosis and a variable probability of clinically 
detectable metastatic disease. Active chemotherapy combinations were not 
developed or integrated into combined modality programs until the early 
1980s. Patients generally included in adjuvant chemotherapy trials have all 
had a higher risk of local failure than distant failure. With this background, 
adjuvant chemotherapy in head and neck cancer thus far has focused more 
on its potential contribution to local control rather than on its role in 
eradicating distant metastases. Many more clinical trials utilizing neo­
adjuvant or induction chemotherapy have been reported, reflecting this 
reality. 

Incidence of metastatic disease 

Since the morbidity and mortality of head and neck squamous cancer results 
primarily from failure to control the primary tumor or regional metastases, 
little attention has been paid to the problem of distant disease. Early in this 
century, clinical studies supported the view that distant spread from head 
and neck cancer was rare, or clinically irrelevant. Crile [18,19] reported that 
distant metastases occurred in only 1 % of patients with head and neck 
cancer. Crile professed that the abundant regional lymphoid tissue in the 
head and neck presented an almost impassable barrier to micrometastatic 
disease. Dorrance and McShane in 1924 [20] and Castigliano and Rominger 
in 1928 [21] continued this teaching because they similarly found low rates of 
metastases, less than 5%. 

Autopsy studies published from 1930 to 1951 challenged this view. Price 
[22] reported an 11 % incidence of distant metastases in a series of 87 
patients. Distant metastases were documented in 39% of 62 autopsies 
by Willis [23], 23% of 284 reported by Braund and Martin [24], and 17% 
of 200 autopsies in the series reported by Peltier et a1. [25]. Autopsy studies 
published since 1960 have continued to recognize a greater incidence of 
distant metastatic disease [26-31]. The lowest proportion of distant metas­
tases in autopsy studies since 1960 is 37%, reported by O'Brien et a1. [28]. 
Ju [27] reported metastases in 53% of 293 cases, and Hoye et a1. [26] 
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Table 1. Autopsy studies of metastases in head and neck cancer 

Number Number with Percent with distant 
Author of cases distant metastases Percent metastases only 

Price [22] 87 10 11% 
Willis [23] 62 24 39% 
Braund and Martin [24] 284 65 23% 
Peltier et al. [25] 200 34 17% 
Hoye et al. [26] 42 24 57% 
Ju [27] 293 155 53% 8% 
O'Brien et al. [28] 153 56 37% 
Dennington et al. [29] 64 25 39% 
Kotwall et al. [30] 832 387 47% 9% 
Zbiiren et al. [31] 101 40 40% 5% 
Total 2118 820 39% 

documented distant metastases in 57% of 42 cases. Table 1 presents the 
findings of 10 autopsy studies conducted since 1930. 

Autopsy studies have been criticized as overestimating the incidence of 
distant disease because they investigate only those patients who have died, 
usually from disease, thus excluding treatment successes from analysis. The 
studies by Hoye et al. [26] and Ju [27], which report a 57% and 53% 
incidence of metastases, respectively, probably overestimate the incidence 
of distant metastases because of this bias. The study by Zbiiren and Lehmann 
[31] is instructive, however, because one quarter of the cases had no clinical 
evidence of disease at the time of death, and one tenth of those with local­
regional recurrence had no clinical evidence of metastases at death. 

Three of the autopsy studies cited in Table 1 report the proportion of 
patients found at autopsy to have distant metastases without regional dis­
ease. If the data from these studies are pooled, only 8% of patients are 
found to suffer from distant disease only, which emphasizes the problem of 
local and regional failure, and therefore a perception that distant metastases 
are less common than what is documented in postmortem examinations. 

Clinical studies vary widely in their estimate of distant metastatic disease 
[21,32-39] (Table 2). Castigliano et al. [21] reported sequential analyses of 
patients treated at the Presbyterian Hospital in New York from 1930 to 1940 
and again from 1940 to 1950. Distant metastases were detected in only 1 % 
of 400 cases in the earlier decade and in 11 % of those treated a decade later. 
Whether this represents detection bias, a biological change in the tumor or 
host, or is related to treatment or lack of treatment is unclear. Two studies 
from the early 1960s [32,33] found metastases in 21 %, and two studies from 
the 1970s [34,35] found metastases in 12% and 11%, respectively. The 
clinical studies reported since 1980 all review findings in subsets of patients. 
Vrikam et al. [36] reported 17% of stage III or IV patients treated with 
combined modality therapy had distant metastases. Amdur et al. [37] found 
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Table 2. Clinical studies of metastases in head and neck cancer 

Number of Number with Percent with distant 
First author patients distant metastases Percent metastases only 

Castigliano and Romingh 400 4 1.0% 
[21] 121 13 11% 

Arons and Smith [32] 89 19 21% 
Rubenfeld et al. [33] 132 28 21% 
Probert et al. [34] 779 96 12% 5% 
Merino et al. [35] 5019 546 11% 8% 
Vrikam et al. [36]· 114 19 17% 10% 
Amdur et al. [37] 109 30 28% 
Loree and Strong [38]b 398 36 9% 
Cerezo et al. [39]" 492 68 14% 
Total 7653 859 11% 

·Stage III and IV patients only. 
b Oral cavity carcinoma only. 

that 28% of 109 patients treated with postoperative radiotherapy developed 
distant metastases. Loree and Strong [38] studied only those with oral cavity 
carcinoma and positive margins after surgery. Cerezo et al. [39] included 
only those with neck disease, and 14% of 492 cases developed distant 
metastases. 

Less than 3% of patients are found to have distant metastases at presenta­
tion [40]. Given this low incidence, an extensive metastatic workup is not 
necessary at initial staging. A chest x-ray and liver function tests will usually 
suffice. Further testing should be pursued if the patient has suspicious 
symptoms or abnormal chemistries. 

Clinical and autopsy studies report that most metastatic disease from 
head and neck squamous cancers develops within 2-3 years of initial treat­
ment. Merino et al. [35] reported that 80% of distant metastases are evident 
within 2 years. Probert et al. [34] found that although metastatic spread can 
be detected later than 3 years after primary therapy, almost all distant 
disease is evident within 5 years. Berger and Fletcher [41] found that it took 
longer for patients with clinically negative necks to develop clinically detect­
able distant metastases; thus, they suggested that follow-up in excess of 5 
years would be required to detect late distant failures in clinical studies. 

The frequency of metastatic disease reported in clinical studies reflects a 
number of factors. The proportion of patients with early versus advanced 
stage disease, the specific disease sites of the patient population reported in 
the study, the specific treatment administered, the methods used to docu­
ment metastases, and the duration of follow-up are all important. For 
example, patients with locally advanced disease at diagnosis are more likely 
to develop metastases during the course of their illness, and nearly 20% of 
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these patients will have metastases clinically detected. Early stage patients 
more often have their local disease eradicated, and clinical studies suggest 
that less than 10% of these patients will have distant metastases detected. In 
addition, late occurrence of distant metastases occurring in stage I and II 
patients can be confused with second primary cancers. Nevertheless, in 
approximately 10-20% of patients in clinical studies, metastases are detec­
ted. The incidence of distant spread as the only site of recurrent disease, 
however, is low, ranging from 5% to 10%. Clinical and autopsy studies 
where this has been reported appear to agree on this estimate. 

The pattern of distant metastases in head and neck cancer has been well 
described [24-31,33-35,42] (Table 3). Autopsy studies detect distant metas­
tases two to three times more frequently and in more sites. Nevertheless, 
clinical and autopsy studies recognize the lung as the predominant site 
of spread, occurring in 54-71%. Liver metastases are more frequently 
recognized at autopsy, thus accounting for only 6% of metastases in clinical 
studies but 26% in autopsy studies. Although clinical reports commonly 
recognize lung, bone, and liver as the most clinically relevant sites of distant 
metastasis, autopsy studies show that spread to mediastinal nodes (17%) 
and distant lymph nodes (11%), adrenal glands (11%), kidneys (11%), and 
heart (10%) to be more common than or similar in frequency to bone 
metastases (11 %). The unusual predilection for cardiac metastases has been 
observed in several studies. This fact may be relevant clinically because of 
the varied presentation of patients with cardiac manifestations, including 
angina, arrhythmia, and sudden death [43,44]. 

Predictors of metastatic disease 

In attempts to determine which patients are at greatest risk for development 
of metastases, several prognostic factors have been assessed. Several studies 
have assessed the relative risk of developing metastatic disease based on 
primary site [24,25,28,30,31,35,45,46] (Table 4). Brennan et al. [46] reported 
that distant metastases were detected in 15 -17% of oral cavity primaries 
and 20% of oropharynx carcinomas. Marks et al. [47] found that 23% of all 
patients with tumors involving the pyriform sinus developed distant metas­
tases, with 37% of those who required a total laryngectomy for initial 
treatment developing metastases. The highest rates of distant metastases in 
clinical studies are generally associated with tumors of the nasopharynx, and 
hypopharynx, followed by the oropharynx, oral cavity, and supraglottic 
larynx. The glottic larynx generally has the lowest reported incidence of 
distant metastases, with clinical studies reporting frequencies of under 5%. 
Among those with glottic cancer who die and come to autopsy, the in­
cidence of distant disease is generally similar to that at other sites. 

TNM stage at initial treatment appears to influence the subsequent develop­
ment of distant metastasis [30,35,36] (Table 5). Merino et al. [35] found in a 
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Table 5. Incidence of distant metastasis by stage 

Merino et al. [35] Kotwall et al. [30] 

Stage I 2% 42% 
Stage II 6% 35% 
Stage III 9% 43% 
Stage IV 20% 55% 

Table 6. Metastasis rate and T stage 

Merino et al. [35] Berger and Fletcher [41] Loree and Strong 
[38] 

T1 5% 25% 15% 
T2 10% 20% 27% 
T3 13% 23% 31% 
T4 16% 30% 40 

P < 0.05 ns p < 0.05 

a All patients stage III or IV. 

Vrikam et al. [36] 

20% 

Cerezo et al. [39]" 

35% 
37% 
23% 
38% 

ns 

clinical study of over 5000 patients that stage was a significant predictor for 
subsequent metastatic spread (p < 0.05). Two percent of patients with stage 
I, 6% with stage II, 9% with stage III, and 20% with stage IV developed 
distant spread. The study had a minimum follow-up period of only 2 years 
and may have underestimated the true incidence of distant metastases. In 
contrast, the autopsy series of over 800 patients reported by Kotwall et al. 
[30] found no significant differences with regard to initial stage. The fre­
quency of metastases was 35% in stage II patients, and 42%, 43%, and 55% 
in stages I, III, and VI patients, respectively. 

Tumor and nodal status have been examined independently in several 
studies [37,38] (Tables 6 and 7). The clinical reports have suggested that T 
stage is important. Two studies found that patients presenting with larger 
primary tumors more often develop metastasis. Merino et al. [35] found that 
only 5% of Tl, 10% of T2, 13% of T3, and 16% of T4 tumors developed 
distant metastases. The size of the study allowed for a p value of 0.05 
between each T stage grouping. Loree and Strong [38] found approximately 
two to three times the frequency of distant metastases in a study of patients 
with oral cavity squamous carcinomas. Ten percent of T1, 27% of T2, 31 % 
of T3, and 40% of T4 tumors developed metastases, and these differences 
were statistically significant. Two studies found no differences in metastatic 
rate with regard to T stage. The study by Cerezo et al. [39] included only 
patients with neck disease, and not surprisingly, showed that in these 
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patients the frequency of distant metastasis was not independently related to 
the size of the primary. Berger and Fletcher [41] studied only patients with 
tonsil, base of tongue, or nasopharynx carcinomas. Twenty percent of 
patients in this report had no neck involvement; however, it is possible that 
the disease sites or stage distribution of patients in the study made it difficult 
to detect a relationship to T stage. 

Many studies have shown advancing neck stage to have a significant 
impact upon rates of distant spread [30-32,35,36,38,41] (Table 7). In the 
clinical studies, patients without involved cervical nodes developed distant 
metastasis less than 12% of the time. Approximately 25% of those with N2 
disease develop distant disease, twice as often as those with NO or N1 
disease. In the autopsy study by Zbaren and Lehmann [31], a clear correla­
tion with advancing nodal status was seen: 24% of those with NO disease 
developed metastases compared to 34% of those with N1-N2 and 54% of 
those with N3 disease. Kotwall et al. [30], in an autopsy study, found a very 
high incidence of distant metastases among those with NO disease. This 
finding highlights the bias of some autopsy studies that focus on patients 
who do poorly, but also suggests that some carcinomas may spread hema­
togenously prior to neck involvement. 

Kalnins et al. reported that increased number of nodes and extension of 
squamous cancer into soft tissues led to a high risk of local and regional 
recurrence and distant metastasis [48]. Snow et al. [49] confirmed that the 
finding of extracapsular lymph node extension of carcinoma put patients at a 
particularly high risk for recurrent disease in the neck despite neck dis­
section. Twenty-one percent of patients with positive nodes developed neck 
recurrence and 23% developed distant metastases, half of whom had all 
neck disease controlled. It remains controversial whether extracapsular 
extension also portends a higher risk of metastatic disease. Hirabayashi et 
al. [50] found that extracapsular extension had no impact on the develop­
ment of metastatic disease in larynx cancer. 

Johnson et al. [51], in a nonrandomized trial, found that adjuvant chemo­
therapy improved survival in patients found to have extracapsular lymph 
node extension. Unfortunately, whether the impact of chemotherapy derived 
from a reduction of local, regional, or distant metastases could not be 
determined with accuracy because of the number of patients and the trial 
design. This is an important area for further study because most patients 
found to have distant metastases have had local or regional recurrence, and 
those with extracapsular extension may turn out to be a group that can 
be shown to benefit from adjuvant chemotherapy secondary to improved 
local, regional, or micrometastatic control. 

McGuirt and McCabe [52,53] reported the impact of open neck biopsy on 
distant metastases. In their survey of 714 patient~ undergoing neck dissec­
tion for cervical lymph node metastasis, those who had a biopsy of the neck 
mass before definitive treatment had a 39% incidence of subsequent distant 
metastasis compared with a 23% incidence of metastasis for those who had 
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no biopsy or biopsy at the time of definitive treatment (p < 0.01). Rates of 
local recurrence and wound complications were also higher in those with an 
open biopsy of the cervical node. It appears that disruption of the node by 
open biopsy, or possibly by extracapsular spread, may contribute to meta­
static spread of the disease. The performance of fine needle aspiration 
biopsy in the neck has not been linked systematically to adverse local or 
distant outcomes in head and neck cancer. Tumor spread into the needle 
tract and into body cavities has been reported as a consequence of needle 
biopsies of the chest and abdomen [54,55]. 

In attempts to determine better predictors of outcome, researchers have 
begun to investigate the usefulness of histologic grading systems, DNA 
ploidy, nuclear volume, and tumor markers in head and neck squamous 
cancer. Histopathologic grading systems [56,57] are useful but suffer from 
intraobserver variability. Bundegaard et al. found that quantification of 
DNA content and nuclear volume, using flow cytometry and image analysis 
techniques, was superior to histopathologic classification in determining 
prognosis [58]. Patients with diploid tumors survive longer than those with 
nondiploid tumors [59]. Truelson et al. [60] calculated an adjusted DNA 
index for patients with advanced laryngeal cancers. The disease-free survival 
and recurrence rate were significantly lower in patients with a low index. 
This was an independent predictor, superior to standard staging. The value 
of these variables thus far has looked at survival as an end point. Their 
specific relationship to distant metastasis has not been carefully defined. 

Blood group antigens of patients and those expressed on the cell surface 
of cancers may playa role in cell proliferation and contact inhibition, and 
alterations may increase the capacity of cancer cells to metastasize [61,62]. 
For example, Byrne et al. [63] found that patients who are rhesus blood 
group negative (rh-) had shorter survival than rhesus positive (rh+) 
patients. Wolf et al. [64J correlated loss of blood group antigens in tumor 
samples with a more aggressive tumor phenotype and earlier relapse. 
Patients whose tumors did not express the major histocompatability complex 
(MHC) class I antigens were more likely to die from tumor progression [48]. 
Although these markers may be predictive of relapse, they do not as yet 
distinguish local from distant recurrence. If relapse from standard treat­
ment can be predicted more accurately, potentially more aggressive treat­
ment programs could be planned for selected patient groups. 

Role of chemotherapy in reducing metastases 

With this as background data, it is easier to evaluate reports of clinical trials 
that demonstrate the effect of chemotherapy on distant metastases. Trials of 
induction and/or adjuvant chemotherapy for head and neck cancer have 
predominantly enrolled patients with advanced disease. Several trials in 
which patients were randomized to receive standard treatment or standard 
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treatment plus chemotherapy have been reported in detail [4,9,14-17,65-72] 
(Table 8). These clinical trials have confirmed that the incidence of distant 
spread in patients treated with standard therapy, including surgery, radio­
therapy, or both, is approximately 10-20%. Seven of these studies showed 
no chemotherapy-related reduction in distant metastatic rate. Most of the 
negative trials, however, had too few patients to detect a small difference in 
the frequency of distant disease. Four studies demonstrated a clear reduc­
tion in the rate of distant metastases [9,15-17,65,66,73]. 

In a study by the Head and Neck Intergroup, 442 patients with com­
pletely resected, advanced stage squamous cell carcinoma of the oral cavity, 
oropharynx, hypopharynx, or larynx were randomized to receive (1) post­
operative radiation therapy or (2) three cycles of chemotherapy followed by 
radiation therapy [17,73]. Chemotherapy consisted of cisplatin, 100mg/m2 
given on day 1, and 5-fluorouracil, 1000 mg/m2/day for 5 days, given by 
continuous infusion on day 1-5, repeated every 3 weeks. Chemotherapy 
began within 4 weeks of surgery and was generally well tolerated. No 
difference in survival, disease-free survival, or local control was evident at a 
mean time at risk of 46 months. There was, however, a difference in the 
overall frequency of distant metastases: 23% in the radiotherapy arm and 
15% in the radiotherapy/chemotherapy arm (p = 0.03). The time to deve­
lopment of distant disease was also significantly reduced in the latter arm. 

The Department of Veterans Affairs Laryngeal Cancer Study Group 
(V ALSG) conducted a trial investigating the use of chemotherapy for organ 
preservation in 332 patients with advanced, resectable larynx cancer. Patients 
were randomized to receive (1) laryngectomy and postoperative irradiation 
or (2) induction chemotherapy followed by irradiation in responders [10]. 
The chemotherapy was the same regimen used by the Head and Neck Inter­
group. Three cycles of induction chemotherapy were given to responding 
patients followed by radiation therapy. Salvage laryngectomy was used for 
non-responders and those with local recurrence in the chemotherapy arm. 
At a median follow-up of 33 months, there was no significant difference in 
the 2-year survival rate. Thirty-six percent of patients in the chemotherapy 
arm eventually required salvage laryngectomy. The distant metastatic rate 
was lower in the chemotherapy arm (11%), than in the standard treatment 
arm (17%; p = 0.001). 

The Head and Neck Contracts Program (HNCP) reported on 462 patients 
with resectable squamous cell carcinoma of the oral cavity, hypopharynx, or 
larynx, randomized to treatment with (1) surgery and postoperative irradia­
tion, (2) induction chemotherapy followed by surgery and irradiation, or (3) 
induction chemotherapy followed by surgery and irradiation, and then by 
maintenance chemotherapy [15,65]. The induction chemotherapy consisted 
of one cycle of cisplatin, 100 mg/m2 on day 1, followed by bleomycin, 
15 mg/m2 IV bolus on day 3, and an infusion of bleomycin, 15 mg/m2/day for 
5 days. The maintenance chemotherapy was cisplatin, 80mg/m2 given as a 
24-hour infusion once every 4 weeks for an additional six treatment cycles. 
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Despite poor compliance with the maintenance chemotherapy arm of this 
study, the frequency of distant metastases was significantly reduced and the 
time to first distant relapse was prolonged in the maintenance chemotherapy 
arm. Nineteen percent of each group of patients randomized to receive 
standard therapy or induction chemotherapy without maintenance chemo­
therapy developed distant metastases. Only 9% of those treated with induc­
tion chemotherapy, surgery, radiotherapy, and maintenance chemotherapy 
developed metastases. This difference was statistically significant (p = 
0.025), and the time to first distant relapse was also prolonged in the 
maintenance group. Although no overall survival or disease-fee survival 
benefit was documented, in a subsequent subset analysis of patients with 
oral cavity cancers, those on the maintenance arm had a significantly im­
proved disease-free survival compared with the standard or induction 
chemotherapy arms. The same was true for patients with Nl and N2 disease 
on the maintenance arm. 

In a study performed by the Southwest Oncology Group (SWOG) [66], 
158 patients with advanced stage, resectable squamous cancers of the oral 
cavity, oropharynx, hypopharynx, and larynx were randomized to receive (1) 
surgery and postoperative radiotherapy, or (2) induction chemotherapy fol­
lowed by surgery and radiotherapy. The chemotherapy used in this clinical 
trial was cisplatin, 50mg/m2 , methotrexate, 40mg/m2, and vincristine, 2mg 
on day 1; and bleomycin, 15U/m2 , on days 1 and 8. The chemotherapy was 
given every 3 weeks for a total of three cycles. With a median follow-up 
of approximately 5 years, there was no statistically significant difference 
between the two treatment groups with respect to overall survival, disease­
free survival, or local failure. Distant metastases occurred in 27% of patients 
in the induction chemotherapy group and 52% of the standard group (p = 
0.07). Almost all metastases were to the lung. Patients with hypopharyngeal 
primaries were most likely to have recurrences at distant sites, whereas 
patients with primaries of the oral cavity, oropharynx, or larynx were more 
likely to have local recurrences. This study was mature at its reporting, and 
the frequency of distant spread reported in the standard treatment group is 
closer to that reported in autopsy series. This longer follow-up may explain 
a distant recurrence rate that is higher than that seen in other trials of 
similar patients groups. 

These four trials differ from the other trials listed in Table 8 in that at 
least three cycles of a cisplatini-based chemotherapy were administered. In 
the Intergroup study, chemotherapy followed surgery but preceded radio­
therapy. In the VALCSG trial and the SWOG trial, chemotherapy preceded 
definitive treatment. In the HNCP study, chemotherapy preceded and fol­
lowed standard therapy. From these three trials it is difficult to determine 
the optimal timing or duration of chemotherapy. Longer follow-up periods 
are needed to fully evaluate three of the studies, as 5 years is needed for a 
more reliable analysis of treatment failure patterns. While 3-year results are 
fairly accurate in patients who receive standard treatment, there is the 
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possibility that the detection of distant disease is delayed by chemotherapy 
inhibiting tumor deposits at metastatic sites. The practice of increasing the 
time interval between follow-up visits after 2-3 years would also bias the 
reporting of distant failures if such events were simply delayed, but not 
eradicated, by chemotherapy. 

Role of chemotherapy in nasopharyngeal carcinoma 

Nasopharyngeal carcinoma has one of the highest rates of distant metastatic 
spread of the head and neck cancers [28,30,35,64-76]. The need for effec­
tive adjuvant therapy is particularly relevant because local control can be 
achieved with radiotherapy, even in advanced cases [77]. Nasopharyngeal 
carcinoma has a very high response rate to chemotherapy, with response 
rates to cisplatin-based regimens in the neoadjuvant setting of 80-95% 
[78-80] and in the recurrent disease setting of 40-70% [81,82]. These 
factors suggest that early systemic treatment may have an impact on the 
distant metastatic rate and survival. 

Several uncontrolled studies have focused on improving the outcome of 
advanced stage patients through the use of chemotherapy [78-81,82]. Rossi 
et al. [68] randomized 113 patients with advanced stage disease after radia­
tion therapy to treatment with six monthly cycles of chemotherapy with 
vincristine 1.2mg/m2, doxorubicin 40 mg/m2, and cyclophosphamide 200mg/ 
m2 orally on days 1-4. Fifty percent of the patients in this study developed 
distant metastatic disease, and there was no difference in the treatment 
groups. A large Intergroup trial (INT 0099, RTOG 8817, EST 2388, SWaG 
8892) is underway that randomizes patients to treatment with radiotherapy 
alone versus three cycles of cisplatin 100 mg/m2 given concurrently with 
radiotherapy on days 1, 21, and 43, followed by three monthly cycles of 
chemotherapy with cisplatin, 80 mg/m2, and fluorouracil, 1000mg/m2/day, 
for 96 hours by infusion. With a planned accrual of over 200 patients, this 
trial should answer definitively whether cisplatin-based chemotherapy will 
decrease distant metastases in patients with advanced nasopharyngeal cancer. 

Other strategies 

Other strategies for reducing distant metastases include the use of biologic 
response modifiers, specific immunotherapy, and differentiating agents. The 
investigation of interferons [83,84] and interleukins [85-87] for head and 
neck squamous cancer has not focused on adjuvant therapy. A trial of 
adjuvant levamisole [88] reported a trend toward improved survival (p < 
0.06) in the levamisole group due to benefit in the patient subsets with 
oral cavity cancer (p < 0.01) and stage II disease (p < 0.02). Adjuvant 
isotretinoin (13-cis retinoic acid) did not affect survival or distant metastasis 
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in one study [89]. Newer approaches, such as growth factor suppressors [90] 
and antimetastasis agents [91], may be useful in the future. 

Conclusions 

Randomized trials have shown that adjuvant chemotherapy is effective in 
reducing the incidence of distant metastases in head and neck squamous 
cancers. The most likely mechanism is early eradication of microscopic 
disease. Nevertheless, in the clinical trials conducted so far, adjuvant chemo­
therapy has had no impact on survival. Most deaths in this disease are 
attributable to local recurrence. Intercurrent diseases and second primary 
cancers are also responsible for a significant number of deaths. At present, 
cisplatin-containing chemotherapy regimens are tolerable but probably too 
toxic to routinely administer to patients who have a relatively low risk of 
developing metastatic disease. The challenge for the future will be to develop 
more active and better tolerated chemotherapy programs that will improve 
local control as well as reduce distant disease. As our understanding of the 
biology of carcinogenesis and metastasis improves and the investigation 
of poor prognostic indicators and tumor markers progresses, we may be 
able to more successfully identify those patients who could benefit from 
chemotherapy. 
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14. Experimental therapeutic approaches for 
recurrent head and neck cancer 

Arlene A. Forastiere and Susan G. Urba 

Patients with recurrent head and neck cancer present a challenge to physi­
cians because of the often devastating complications of local-regional disease. 
Necrotic, ulcerated tumor masses can lead to disabling pain, infection, 
cranial nerve dysfunction, airway compromise, impairment of speech, and 
swallowing dysfunction with attendant dehydration and malnutrition. In 
addition, these patients are often rejected by family and society at large 
because of their cosmetic deformities and disabilities. 

Forty to 60% of patient deaths are directly attributable to uncontrolled 
local-regional disease [1]; therefore, this is clearly a problem of significant 
proportions. Metastatic disease accounts for 20-30% of deaths; however, 
autopsy series reveal a much higher incidence of 46% on average, with a 
range of 32-60% depending on primary site [2]. Approximately 90% of 
patients with distant metastases die with uncontrolled tumor at the primary 
site or in the neck [2]. Thus, innovative therapies are desperately needed to 
palliate the large numbers of patients who will develop and die from local­
regional recurrence and distant metastases. 

Palliation is the term used to describe the goal of chemotherapy employed 
in the setting of recurrent disease that is not considered potentially curable 
with salvage surgery or radiotherapy. Cisplatin, carboplatin, methotrexate, 
5-fluorouracil, and bleomycin are the most commonly used agents today, 
singly or in combination. Randomized trials comparing multi-drug regimens 
to single agents have been reviewed in detail in recent publications [3-5]. 
Some of these trials show improved overall response rates with combina­
tion chemotherapy but at a cost of increased toxicity without a survival 
advantage. 

These results are exemplified by two recently published randomized trials 
comparing cisplatin and 5-fluorouracil (5-FU) to single agents (Table 1) 
[6,7]. Both studies accrued large numbers of patients and used standard 
doses and scheduling of the combinations cisplatin + 5-FU and carboplatin 
+ 5-FU and the single agents cisplatin, 5-FU, and methotrexate. The trial 
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Table 1. Randomized trials of cisplatin and 5-fluorouracil versus single agents 

Author [ref] 

Jacobs et al. [6] 

Forastiere et al. [7] 

Outcome 

CR+PR 
MST (mos.) 

p values for response 

CR+PR 
MST (mos) 

p values for response 

Treatment arm 

1 2 
CDDP/5-FU CDDP 
(N = 79) (N = 83) 

32% 17% 
5.5 5.0 

arm 1 vs. 2, p = 0.035 
arm 1 vs. 3, p = 0.005 

CDDP/5-FU 
(N = 87) 

32% 
6.6 

Carbol5-FU 
(N = 86) 

21% 
5.0 

arm 1 vs. 3, p < 0.001 
arm 2 vs. 3, p = 0.05 

3 
5-FU 
(N = 83) 

13% 
6.1 

MTX 
(N = 88) 

10% 
5.6 

CDDP = cisplatin; CR = complete response; PR = partial response; MST = median survival 
time; MTX = methotrexate. 

reported by Jacobs et al. compared the combination cisplatin + 5-FU to 
each drug used singly [6], and the trial reported by Forastiere et al. com­
pared the combinations cisplatin + 5-FU and carboplatin + 5-FU to single­
agent methotrexate [7]. The same response rate of32% to the cisplatin + 
5-FU combination was observed in both trials. The combination regimens 
were statistically superior in terms of overall response rates, but median 
survivals were not significantly different, ranging from 5.0 to 6.6 months for 
all treatment arms. 

Thus, treatment of recurrent squamous cell carcinoma of the head and 
neck with currently available cytotoxic agents provides very limited pallia­
tion. Approximately one third of patients achieve a brief response that 
affords transient diminution of pain and size of the tumor. Occasionally, 
complete response occurs that is associated with longer survival. These 
patients generally have an excellent performance status and small tumor 
burden. However, the number of patients achieving complete response is 
too small to impact on overall survival. Therefore, although an established 
role for chemotherapy in the management of head and neck cancer is the 
palliation of recurrent disease, investigators have not demonstrated any 
significant benefit for this form of treatment. All patients should, therefore, 
be considered for experimental therapies, which are the subject of this 
chapter. 
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New cytotoxic drugs 

Piritrexim 

Piritrexim is a newly developed lipid-soluble folate antagonist. It crosses the 
cell membrane by simple diffusion in a carrier-independent fashion because 
of its lipophilic nature. Its mechanism of action is the inhibition of incor­
poration of deoxyuridine into DNA. Uen et al. conducted a Phase II study 
of piritrexim in 34 patients with recurrent or unresectable head and neck 
cancer [8]. Patients were treated with 100mg/m2 bj.d. x 5 days every 2-3 
weeks. Toxicity consisted of leukopenia, thrombocytopenia, and mucositis. 
The overall response rate was 27% (complete response = 9%, partial 
response = 18%). Median duration of response was 162 days. Therefore, 
piritrexim showed moderate activity against head and neck cancer, and 
because it has better cellular penetration than methotrexate, it may be 
effective in patients refractory to that agent. 

Degardin and colleagues reported similar results in 25 heavily pretreated 
patients with recurrent or metastatic squamous cell carcinoma of the head 
and neck [9]. Piritrexim was given orally, 25 mg three times a day for 4 days 
each week. One complete and four partial responses were observed for a 
median duration of 3 months. 

The activity of piritrexim sequenced with methotrexate was evaluated in 
30 patients. Methotrexate, 50 mg/m2 intravenous bolus, was administered on 
day 1, and piritrexim, 75 mg/m2 bid, on days 8-12 [10]. Each cycle was 
repeated every 21 days. The response rate was disappointing, with 17% of 
patients achieving a partial response, and a median time to progression of 
1.4 months. Thus, the response rate to antifolate chemotherapy was not 
enhanced by the sequential use of the two drugs. However, the use of higher 
doses and more rapid sequencing is under investigation. 

Taxol 

Taxol is a unique anticancer drug that is isolated from the bark of the 
Western Yew, Taxus brevifolia. The drug is phase specific, promoting 
microtubule assembly and stabilizing tubulin polymers against depolymeriza­
tion in the G2/M phase. In phase I trials, activity was observed in a number 
of solid tumors, including head and neck cancer. The principal toxicity was 
reversible neutropenia. The recommended dose for phase II trials ranged 
from 200 to 250 mg/m2; above 250 mg/m2 neurotoxicity was dose limiting 
[11]. In some solid tumors, notably overian cancer, responses were observed 
in heavily pretreated patients at taxol doses of 110-135 mg/m2 [12]. There­
fore, the optimal dose of taxol required to achieve response is not known. 
To evaluate the antitumor activity of taxol in squamous carcinoma of the 
head and neck, the Eastern Cooperative Oncology Group conducted a 
phase II trial of taxol in chemotherapy-naive patients with recurrent and 

265 



metastatic disease. The regimen tested was taxol 250mg/m2 by 24-hour 
continuous infusion and G-CSF 5Jlg/kg/day by subcutaneous injection 
starting day 3. The preliminary results in 17 evaluable patients were two 
complete and five partial responses (41 % CR + PR). The trial is ongoing 
and will accrue a total of 30 evaluable patients [13]. 

These results suggest activity for taxol in head and neck cancer. Questions 
that will be addressed in future trials include determining whether a dose­
response effect exists for taxol and evaluating taxol in combination with 
cisplatin and other drugs with activity against squamous cell head and neck 
cancer. The maximum tolerable dose for the combination of cisplatin + 
taxol + G-CSF has been determined in a phase I trial in solid tumors [14]. A 
dose of cisplatin 75 mg/m2 + taxol 250 mg/m2 + G-CSF was tolerable and 
will be employed in subsequent evaluations of the combination in head and 
neck cancer. 

Ifosfamide 

Although ifosfamide has demonstrated antitumor activity in many solid 
tumors, including overian cancer, testicular cancer, sarcoma, and small cell 
lung cancer, its efficacy in head and neck cancer is currently under inve­
stigation. Two published trials suggest activity in head and neck cancer when 
ifosfamide is used in chemotherapy-naive patients [15,16]. A study from 
Argentina evaluated ifosfamide in patients with recurrent disease [15]. 
Twenty-eight patients were treated with ifosfamide, 3.5 g/m2 as an 8-hour 
intravenous infusion on days 1-5, and Mesna. Cycles were repeated every 
28 days for a maximum of eight cycles. Overall response to the chemo­
therapy was 42.7% (14.2% complete response and 28.5% partial respones). 
The authors concluded that this regimen had significant activity and would 
be further tested in the neoadjuvant setting. The second trial reported by 
Buesa et al. administered ifosfamide at a dose of 5 g/m2 as a 24-hour 
infusion, with Mesna every 3 weeks [16]. An objective response rate of 28% 
(9/32) was observed. In both of these trials, prior treatment was limited 
to surgery and radiotherapy. A third study reported by the Rotterdam 
Cooperative Head and Neck Cancer Study Group [17] using the same 5 g/m2 
ifosfamide regimen resulted in only one partial response in 17 patients; 
however, all had previously received other chemotherapy. In the United 
States, a phase II trial of ifosfamide in head and neck cancer is in progress at 
the M. D. Anderson Cancer Center. 

Chemoprotectants and biomodulators 

The toxicities that commonly limit chemotherapy dosage are myelosup­
pression, nephrotoxicity, ototoxicity, motor and sensory peripheral neuro­
pathy, and mucositis. The development of agents that could protect against 
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these toxicities would result in an improved therapeutic index and the ability 
to safely intensify the dose. Assuming a steep dose-response curve for most 
cytotoxic agents with activity against carcinoma of the head and neck, the 
potential exists for improving complete response, duration of response, and 
survival. 

WR-2721 

WR-2721 is an aminothiol that has been of interest to investigators because 
preclinical studies showed selective protection of normal tissues from some 
of the toxicities of radiation and chemotherapy [18]. A mechanism for this 
selective protection is the differential absorption of the compound between 
normal tissue and tumors. WR-2721 rapidly concentrates in normal tissues 
via facilitated diffusion, but tumor cells absorb smaller amounts by passive 
diffusion [19]. This may be related to the hydrophilicity of the compound. 
At the cell membrane, it is dephosphorylated to a free sulfhydryl, which 
then may scavenge free radicals, repair radicals on essential molecules, and 
form mixed disulfides to protect normal cells [20]. 

Data from animal models suggested that WR-2721 could selectively 
protect normal tissue from cisplatin toxic effects [19,21]. Thus clinical trials 
have been conducted combining cisplatin and WR-2721 to determine the 
feasibility of administering higher doses of cisplatin. Mollman et al. treated 
28 patients receiving varying doses of cisplatin with WR-2721 740 mg/m2 and 
compared this group to 41 patients receiving cisplatin-based combination 
chemotherapy [22]. Patients who received cisplatin with WR-2721 had a 
25% incidence of neuropathy, while 47-100% of patients treated with the 
other cisplatin regimens without WR-2721 experienced neuropathy. The 
patients treated with WR-2721 also tolerated higher cumulative doses of 
cisplatin, 635 mg/m2, as opposed to 383 mg/m2 for the patients not treated 
with WR-2721. 

Glover et al. treated 52 solid tumor patients with WR-2721 740mg/m2 
given prior to cisplatin, which ranged in dose from 60 to 150 mg/m2 [23]. The 
incidence of nephrotoxicity in 161 cisplatin courses was 10%. Responses 
were observed in patients with melanoma, head and neck cancer, esophagus, 
hepatoma, and small cell lung cancer. The authors concluded that there was 
no evidence that WR-2721 protected against the antitumor effect of cisplatin 
and, compared to historic controls, there appeared to be protection against 
nephrotoxicity and neurotoxicity. 

Kish and coworkers at Wayne State University conducted a feasibility 
study in 25 patients with advanced head and neck cancer, utilizing cisplatin 
120mg/m2, 5-FU, and WR-2721 740mg/m2 or 91Omg/m2 [24]. Hypotensive 
episodes occurred during 29 of 68 courses, but study termination was re­
quired in only one patient. Ototoxicity occurred in five patients, renal 
failure in five, and peripheral neuropathy in four. The median cumulative 
dose of cisplatin in the patients experiencing neurotoxicity was 600 mg/m2, 
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similar to that reported without WR-2721. Renal failure occurred with the 
first course of cisplatin, and ototoxicity occurred after less than a 300 mg/m2 

cumulative dose of cisplatin. The investigators concluded that their results 
failed to show a protective effect from WR-2721 and have abandoned 
further study of this compound [25]. 

Therefore, while early testing of this agent proved promising, results have 
been inconsistent and disappointing. WR-2721 remains investigational. 

Sodium thiosulfate 

Sodium thiosulfate is a compound initially used for cyanide poisoning, but 
recently it was shown to protect against cisplatin nephrotoxicity. Sodium 
thiosulfate is rapidly cleared and concentrates in the kidneys, where it is 
associated with chemical inactivation of cisplatin [26]. However, there is 
concern that this protective agent may also attenuate the antitumor effect of 
cisplatin. Leeuwenkamp et al. used simple kinetic modeling to estimate the 
area under the concentration-time curve (AUC) of cisplatin administered 
with and without sodium thiosulfate [27]. They found that thiosulfate reduced 
tumor exposure to cisplatin by a factor of 0.87. This implied that to maintain 
therapeutic efficacy, the cisplatin dose would need to be escalated. With 
effective protection against nephrotoxicity, in theory, one could administer a 
large enough dose of cisplatin to obtain not only equivalent exposure but to 
increase the therapeutic ratio. 

A phase I trial was conducted at the Memorial Sloan-Kettering Cancer 
Center to evaluate the toxicity of bolus high-dose cisplatin and sodium 
thiosulfate in 36 patients with a variety of solid tumors refractory to standard 
therapies [28]. The maximum tolerated dose of cisplatin with acceptable 
renal toxicity was 200 mg/m2 • However, neurotoxicity was significant and 
dose limiting. The overall response rate was 26%, leading the authors to 
conclude that there was probably no loss in antitumor activity secondary to 
the protective agent. Whether the response in this varied patient population 
was better than could be expected from cisplatin without thiosulfate was 
uncertain. To address this, at the same institution, Reichman and colleagues 
reported a phase II trial of cispiatin, 200 mg/m2, and sodium thiosulfate in 11 
patients with cervical carcinoma [29]. The study was closed early due to a 
low response rate of 27% and a short duration of response, ranging from 1 
to 4 months, and considerable neurotoxicity. Nephrotoxicity was mild and 
transient. 

In summary, sodium thiosulfate is an investigational agent that does 
appear to protect against cisplatin nephrotoxicity. However, trials attempt­
ing to escalate the dose of cisplatin have been limited by neurotoxicity. The 
potential for systemic inactivation of cisplatin and diminished antitumor 
effects also suggest that this compound will not prove as useful as originally 
anticipated. 
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Leucovorin 

Numerous investigators have combined leucovorin with 5-FU to modulate 
antitumor efficacy. Leucovorin, a reduced folate, increases 5-FU cytoto­
xicity by forming and maintaining a stable ternary complex with the 5-FU 
metabolite FdUMP and the target enzyme thymidylate synthase [30]. 

Dreyfuss et al. treated 35 patients with advanced, resectable head and 
neck cancer with two to three cycles of intensive induction chemotherapy 
[31]. The regimen was cisplatin 25 mg/m2 on days 1-5, 5-FU 800 mg/m2 on 
days 2-6, and leucovorin 500 mg/m2 on days 1-6. All drugs were given by 
continuous infusion. They achieved a 66% complete response rate. Ninety­
four percent of patients experienced grade 2-3 mucositis. Thirty-one 
percent of patients required dose reductions of 5-FU and leucovorin due to 
toxicity. 

Vokes et al. reported the results of a regimen consisting of cisplatin 
100 mg/m2 on day 1, 5-FU 1000mg/m2/day x 5 days as continuous infusion, 
and oral leucovorin 100 mg every 4 hours x 5 days [32]. Thirty-one patients 
were treated with two cycles in the neoadjuvant setting, and a complete 
response rate of 29% was achieved. There were two deaths during treat­
ment. Mucositis was the dose-limiting toxicity: 45% of patients developed 
grade 3 lesions, but the majority tolerated treatment when the dose of 5-FU 
was reduced by 20%. The authors believed that a higher complete response 
rate may have been achieved by administering three cycles of chemotherapy 
instead of two. 

These results are promising, but the optimal dose and method of admin­
istration of leucovorin are still under investigation. Ultimately, a phase III 
trial evaluating cisplatin and 5-FU with and without leucovorin will be 
necessary to definitively establish superiority of the three-drug regimen. 
Because of the significant mucosal toxicity associated with leucovorin, only 
an improvement in survival would justify the routine use of this regimen. 

Colony-stimulating factors 

Colony-stimulating factors (CSFs) are glycoprotein hormones that regulate 
hematopoiesis by inducing the proliferation of progenitor cells, enhancing 
effector cell function, and activating other cytokines. The primary role of 
CSFs in high-dose chemotherapy is to stimulate early bone marrow recovery 
in order to reduce the duration of cytopenias and attendant risks for infec­
tion and bleeding. Hematopoietic progenitor cells and the CSFs involved in 
differentiation are shown in Figure 1. 

G-CSF, GM-CSF, interleukin-3 (IL-3), and the GM-CSF/IL-3 fusion 
protein PIXY321 are CSFs that have potential utility in treating head and 
neck cancer patients with cytotoxic therapies. Through recombinant DNA 
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Figure 1. PSC = primitive stem cell; CFU-GEMM = colony-forming unit, granulocyte­
erythrocyte-monocyte-megakaryocyte; CFU-MEGA = colony-forming unit, megakaryocyte; 
BFU-E = burst-forming unit, erythrocyte; CFU-GM = colony-forming unit, granulocyte, 
macrophage; MEGA = megakaryocyte; CFU-E = colony-forming unit, erythrocyte; PRO = 
promyelocyte; PROMONO = promonocyte. (Reprinted with permission from Mazanet R, 
Griffin 1D. Hematopoietic growth factors. In: 10 Armitage, KH Antman, eds. High-Dose 
Cancer Therapy: Pharmacology, Hematopoietins, Stem Cells. Baltimore, MD: Williams and 
Wilkins, 1992, pp 289-313.) 

technology these proteins are now available in sufficient quantities for 
therapeutic evaluation. 

Human granulocyte colony stimulating factor (G-CSF) accelerates the 
maturation time and bone marrow transit time of neutrophils. Phase III 
trials have shown that G-CSF decreases the duration of neutropenia and the 
degree of absolute neutropenia in patients treated with myelosuppressing 
cytotoxic regimens [33]. The end result is a decrease in the frequency of 

270 



febrile neutropenia and the frequency and duration of hospitalization. These 
effects have implications for dose intensity, potentially allowing patients to 
receive chemotherapy courses at full dose and on time. An example of the 
successful employment of G-CSF with drugs that cause primarily neutro­
penia are studies of taxol [11,13] and taxol + cisplatin [14] in which G-CSF 
support allowed repeated dosing every 3 weeks at 250 mg/m2 . 

G-CSF may also act as a mucosal protectant, although the mechanism for 
this effect is not understood. Gabrilove et al. [34] observed a difference in 
mucosal toxicity in patients with bladder cancer receiving cycles of MV AC 
chemotherapy with and without G-CSF. Mucositis was documented in 11 % 
of those treated with G-CSF and 44% without G-CSF. This observation has 
implications for head and neck cancer patients treated with 5-FU continuous 
infusion regimens and concomitant chemotherapy/radiotherapy. Random­
ized trials are in progress to objectively evaluate G-CSF as a mucosal 
protectant. 

Granulocyte-monocyte colony-stimulating factor (GM-CSF) increases the 
number of circulating neutrophils, eosinophils, and monocytes. Randomized 
placebo-controlled trials have shown that GM-CSF can reduce the incidence 
of infections and shorten hospitalization time [35,36]. The primary utility for 
GM-CSF in the treatment of head and neck cancer patients may come from 
combination CSF therapy, specifically sequential or concomitant interleukin-
3 (IL-3) and GM-CSF, which has been reported to stimulate megakaryocyte 
colony formation [37,38]. The dose-limiting toxicity of carboplatin in doses 
of up to 1000 mg/m2 is myelosuppression. The ability to overcome both 
neutropenia and thrombocytopenia with CSF support would make this an 
attractive drug to test in high doses in head and neck cancer patients. 

Interleukin-3 (IL-3, multi-CSF) is produced by activated helper T cells 
and is present in normal human bone marrow stroma. It stimulates the 
proliferation and differentiation of granulocyte-macrophages, eosinophils, 
megakaryocytes, and multipotential colony-forming cells. In the presence of 
erythropoietin, IL-3 also results in an increase in progenitors committed to 
the erythroid lineage. Preclinical studies showed that IL-3 priming of bone 
marrow progenitor cells followed by GM-CSF resulted in expansion of 
neutrophils and an increase in platelet counts [39]. Clinical trials are in 
progress to determine the optimal sequencing of these agents. 

The GM-CSF/IL-3 fusion protein PIXY321 is a genetically engineered 
growth factor composed of the protein chains of human IL-3 and GM-CSF. 
The molecule has a three-dimensional conformation that allows binding to 
both cellular receptors. Preclinical studies have demonstrated enhanced 
leukocyte and platelet recovery after radiotherapy. PIXY appears to be a 
10- to 20-fold more potent stimulator of progenitors than GM-CSF and IL-3 
[40]. Phase I studies are in progress testing PIXY with high-dose carbo­
platin. Additional National Cancer Institute-sponsored trials are planned 
using PIXY with intensive chemotherapy in both solid tumors and hema­
tologic malignancies. 
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In summary, genetically engineered CSFs can effectively and safely 
protect bone marrow against cytotoxicity and radiotherapy-related toxicity. 
Those that are commercially available and in development should be eval­
uated with high-dose therapies in head and neck cancer patients to test the 
question of dose intensity. Successful evaluation in patients with recurrent 
disease and good performance status is a first step to incorporating these 
therapies into primary curative treatment regimens. 

Biologic response modifiers 

Interleukin-2 

Immunotherapy is of interest for patients with head and neck cancer because 
they consistently demonstrate impaired cellular immunity [41]. Interleukin-2 
(IL-2), a lymphokine produced by T lymphocytes, induces the differentia­
tion and proliferation of cytotoxic T lymphocytes. IL-2 has been shown to 
augment lymphokine-activated killer (LAK) cells in vitro against head and 
neck squamous carcinoma cell lines [42,43]. Wanebo et al. studied lym­
phocytes in vitro from patients with head and neck carcinoma and normal 
controls [44]. The addition of IL-2 to lymphocyte cultures produced a 
32-35% increase of proliferative response for patients and controls, and 
cytotoxicity of natural killer cells was increased 2.3 times over baseline. 

IL-2 has been utilized in local-regional therapy of head and neck cancer. 
Rivoltini injected IL-2 in the perimastoid region of 12 patients scheduled to 
undergo a neck dissection 7-10 days before their surgery [45]. A marked 
induction of cytotoxic activity against allogeneic and autologous tumor cell 
lines was observed in lymphocytes obtained from the cervical lymph nodes 
of the treated patients. The authors concluded that IL-2-activated T cells 
may be instrumental for targeting lymph node micro metastases in the clin­
ical setting. Perilesional and intranodal therapy with IL-2 was studied by 
Snyderman et al. [46]. Thirty-six patients with unresectable disease were 
treated with escalating doses in a phase I study. Two partial responses were 
seen at very disparate doses of 20,000 units and 4 million units. 

Ishikawa et al. tested the intra-arterial administration of IL-2-stimulated 
LAK cells in five patients with maxillary sinus cancer, and responses were 
reported in all patients [47]. A phase I study of intra-arterial IL-2 was 
conducted by Gore et al. [48]. Two of 12 patients treated with relatively low 
doses of IL-2, 3 x 104 IV 124 hours x 10 days, had a partial tumor response. 

IL-2 has also been used in combination with chemotherapy in an attempt 
to improve response rate. Dimery et al. treated 25 patients with cisplatin, 5-
fluorouracil, and IL-2 [49]. Toxicity was acceptable, but the response rate of 
35% was not superior to that historically achieved with chemotherapy alone. 
Therefore, some of the early trials of immunotherapy with IL-2 hold pro-
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mise for patients with head and neck cancer, but the ideal dosage and route 
of administration have yet to be determined. 

Interferon-a 

Interferon-a regulates immune function through the augmentation of natural 
killer activity and antiviral effects [50]. Vlock et al. administered interferon­
a to 14 patients with recurrent head and neck cancer [51]. There was one 
complete response (greater than 30 months duration), and two patients had 
stabilization of disease for 8 and 12 months. The complete responder had 
extremely low baseline natural killer (NK) cell activity, which increased 
dramatically after treatment with interferon. Other patients with higher 
baseline levels of NK activity did not respond. Therefore, the pretreatment 
immunologic status of patients with head and neck cancer may predict for 
response to interferon therapy. However, conflicting results were reported 
by Teichmann et al., who demonstrated suppression of in vitro immuno­
globulin synthesis, lymphocyte proliferation, and NK cell activity in five 
patients treated long-term with interferon [52]. Interferon dosage may be 
extremely important because doses that are either too high or too low may 
further depress the immune system. Edwards and colleagues reported that 
3 x 106 U of interferon is an optimal dose for maximal stimulation of NK 
cells [53]. 

Interferon may be most effective in nasopharyngeal cancer, a tumor 
frequently associated with Epstein-Barr virus. Connors et al. treated 12 
patients with interferon 10 x 106 units 1M daily for 30 days [54]. Two 
patients had partial responses, two had minor responses, and three had 
stable disease. Although activity was modest, the patients were heavily 
pretreated and had poor performance status. Further testing of interferon 
seems warranted in patients with less advanced disease. 

Interferon-a is being tested in combination with conventional chemother­
apy. The Eastern Cooperative Oncology Group is conducting a randomized 
trial of interferon + 5-FU versus interferon + cisplatin for patients with 
recurrent disease. The interferon + 5-FU arm was closed due to poor 
response and marked toxicity, but accrual to the interferon + cisplatin arm 
continues [55]. Another multi-institution randomized study in progress 
compares cisplatin + 5-FU + interferon to cisplatin + 5-FU. These results 
will not be complete for several years. 

IL-2 and interferon-a appear to have synergistic antitumor activity when 
administered in combination. Bash et al. reported that murine hepatic 
metastases from a colon cancer cell line responded to IL-2 and interferon 
after being resistant to interferon as a single agent [56]. A small pilot study 
of IL-2 and interferon in patients with head and neck carcinoma demon­
strated a significant increase in the number of CD56 + lymphocytes and NK 
cell activity in responding patients [57]. Urba et al. treated 11 patients with 

273 



recurrent head and neck cancer with an intensive regimen of IL-2 and 
interferon [58]. There were two partial responses, one of which was durable 
for 3 months off treatment. Toxicity was substantial and, therefore, modula­
tion of the dose or schedule of the lymphokines would be necessary for 
future protocols. 

Both IL-2 and interferon-a appear to have some activity in head and neck 
cancer. The specific role of these biologic effectors in patient management 
will need to be defined in current and future trials. 

Retinoids 

Vitamin A is necessary for normal differentiation of epithelial cells. It is 
required for maintenance of the mucus-secreting function of the cells of the 
oral cavity and upper aerodigestive tract, and its absence results in squamous 
metaplasia [59]. Retinoids are functionally related to vitamin A, and they 
can modulate the growth, maturation, and differentiation of squamous cells 
[60]. These cytostatic agents can prevent epithelial carcinogenesis secondary 
to their effect on cell differentiation. Hong et al. reported a small ran­
domized trial showing benefit from adjuvant 13-cis-retinoic acid in pre­
venting second primary cancers in patients with squamous cell carcinoma of 
the head and neck [61]. Several large randomized chemoprevention trials 
are now in progress in the United States and Europe to confirm these results 
in patients who have had primary treatment for early stage head and neck 
cancer. 

Retinoids have also been studied as treatment for advanced squamous 
cell cancer. Lippman and colleagues reported the results of a randomized 
phase II study in which 40 poor prognosis patients with metastatic or recur­
rent disease were treated with either 13-cis-retinoic acid (13cRA) or metho­
trexate [62]. There were three objective responses (16%), including one 
complete response in 19 evaluable patients treated with the retinoid and no 
responses in the methotrexate group. The authors concluded that confirma­
tion of these findings by other investigators would warrant studying 13cRA 
in combination with cytotoxic agents. 

13cRA and interferon a-2a have been used in combination to treat 
advanced squamous cell carcinoma of the skin [63] and squamous cell 
carcinoma of the cervix [64]. The rationale for this regimen is based on in 
vitro data showing enhanced activity in hematologic and solid tumor cell 
lines [65,66]. Lippman et al. reported testing 13cRA 1 mg/kg/day and inter­
feron 3 million units per day by subcutaneous injection in 28 patients with 
inoperable squamous cell carcinoma of the skin. There were 12 partial 
responses and seven complete responses, with a 68% overall response rate. 
Responses were observed in patients with local, regional, or distant disease 
and sites within previously irradiated fields. The toxic effects of the two 
agents were reversible and nonoverlapping; treatment duration was limited 
by cumulative fatigue. These results indicate that immunomodulatory agents 
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and those that regulate malignant cell differentiation and proliferation have 
the potential to be highly effective therapies in advanced squamous cell 
cancers. 

Photodynamic therapy 

Photodynamic therapy utilizes a photosensitizing drug that localizes selec­
tively in tumor. Exposure to light activates the drug and results in tumor cell 
death. The concept of phototherapy actually began thousands of years ago. 
The Egyptians applied the crushed leaves of plants containing a psoralen to 
depigmented skin so that exposure to sunlight resulted in sunburn [67]. In 
the late 1940s, Figge and Weiland demonstrated that porphyrins are prefer­
entially taken up by rapidly dividing tissue [68]. An intravenous dose of 
hematoporphyrin derivate (HPD), or more recently, the more active purified 
dihematoporphyrin ether (DHE) , incorporates into tumor cells in a higher 
concentration than in surrounding normal cells and fluoresces when exposed 
to ultraviolet light [69]. The drug is administered about 72 hours before 
exposure to light. A fiberoptic system delivers laser light at 630 nm wave­
length, which can penetrate 5-20mm of tissue. Light exposure activates the 
drug by producing energy transfer from the excited triplet hematoporphyrin 
to oxygen singlet molecules, causing irreversible oxidation of cellular com­
ponents. Tumor blood flow is compromised by thrombosis and embolization 
in the microvasculature. The major toxicity of this therapy is generalized 
skin photosensitivity, so patients are advised to avoid direct sun exposure 
for 4-6 weeks after treatment. 

In 1983, Dahlman et al. reported on 20 patients with head and neck 
cancer treated with photodynamic therapy [70]. Of 28 sites of tumor (both 
local recurrences and distant cutaneous metastases), the complete and 
partial response rate was 61 %. Schuller and coworkers studied 24 patients 
with head and neck tumors treated with hematoporphyrin followed by 
exposure to argon laser [71]. While many of the tumors developed central 
necrosis in response to treatment, the duration of response in 15 patients 
was 6 weeks or less. 

Wenig et al. had more encouraging results in 26 patients with early 
stage disease [72]. Using Photofrin II, 77% of patients achieved colmplete 
response, and 80% remained tumor free, with follow-up ranging from 6 to 
51 months. However, these patients had relatively early disease, while large, 
bulky cancers and those located at the oral cavity/oropharynx junction were 
relatively resistant to treatment. 

Because of the limitations of tissue penetration, photodynamic therapy is 
most useful for superficial lesions, although larger tumors have been treated 
with interstitial implantation of the light fibers. Optical dosimetry models 
based on tissue optics are being developed for improved treatment planning 
of larger lesions. Some patients experience impressive tumor shrinkage, 
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but results can be unpredictable. Another group of patients who would 
potentially benefit from this approach are those with evidence of 'field 
cancerization.' These patients have multicentric superficial malignant and 
premalignant changes, and photodynamic therapy could theoretically treat 
relatively large areas of affected tissue. 

At this time, the role of photodynamic therapy in the management of 
patients with head and neck cancer is not clear. It is likely that as experience 
accumulates, specific stages and sites of disease that are likely to benefit 
from this approach will be defined. 

Monoclonal antibodies 

There is considerable interest in the identification of tumor antigens in head 
and neck squamous carcinoma. Monoclonal antibodies directed against such 
antigens selectively localize in tumor cells and have potential for use in 
diagnosis, staging, and treatment. Fantozzi produced monoclonal antibodies 
to squamous carcinoma cells using standard hybridoma technology [73]. The 
activity of the antibody was tested in vitro against oral cavity head and neck 
squamous cell carcinoma and controls consisting of normal oral mucosa, 
hyperkeratosis, and dysplastic epithelium. Immunoperoxidase staining 
confirmed the binding of the monoclonal antibodies to the squamous car­
cinoma cells with 50-90% reactivity in most of the specimens, while there 
was weak or no reactivity in the control specimens. The authors concluded 
that these antibodies were binding to specific antigenic markers not found 
on the majority of normal or dysplastic cells. 

Monoclonal antibodies may also be useful in identification of prognos­
tically significant tumor cell-surface antigens. Carey et al. reported that the 
A9 monoclonal antibody defined an antigen expressed by squamous cell 
cancers [74]. The A9 antigen is found at the basement membrane of normal 
stratified squamous epithelium, but its expression is greatly increased in 
squamous carcinoma cells. This antigen is an integrin, a type of attachment 
molecule involved in cell binding to basement membrane laminin [75]. In 37 
patients with head and neck carcinoma, the A9 antigen was associated with 
aggressive biologic behavior of squamous cell carcinoma cell lines in vivo 
and in vitro. Intense expression of A9 was also associated with the loss of A, 
B, and H blood-group antigens in the tumor. Patients with both of these 
poor prognostic indicators had statistically significantly shorter disease-free 
and overall survival. In a larger study of 82 previously untreated patients, 
Wolf and Carey again demonstrated that loss of blood-group expression and 
high A9 antigen expression were each directly related to increased frequency 
of early tumor recurrence, and the combination of both variables was 
significantly associated with disease-free (p = 0.029) and overall survival 
(p = 0.05) [76]. Therefore, immunohistologic staining holds great promise 
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as a predictor of patients at high risk for recurrence or early death from 
head and neck cancer. 

There are limitations to the use of monoclonal antibodies. An antibody 
that is highly specific for one tumor may not react with another tumor 
because of heterogeneity of tumor cell-surface markers. Monoclonal anti­
bodies alone are not cytotoxic. They require complement or killer effector 
cells to be tumoricidal. A potential use for monoclonal technology is the 
conjugation of such an antibody to a chemotherapeutic agent for site-specific 
delivery. 
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15. Head and neck cancer: The year 2000 

Helmuth Goepfert 

Most planners for health care expound as the primary goal for the future 
that a given disease be controlled or, better yet, eliminated. In the case of 
the 'cancers' of the head and neck (and there are many), this is not likely to 
happen in the near future. Even if prevention would become optimal, we 
would still have to treat established disease with today's remedies. If we 
accept that no significant new therapies will be available, the single most 
important advance should be the prescription of therapy based on scientific 
data rather than empirical information as we still do it today. 

Cicero (106-43 BC) said, 'Physicians consider that when they have dis­
covered the cause of disease, they have also discovered the method of 
treating it.' Mo-Tze (circa 5th to 4th centuries BC) said, 'The physician who 
is attending a patient has to know the cause of the ailment before he can 
cure it.' These and other statements coined centuries ago will still be true as 
we move into the 21st century. 

It is presumptuous to believe I have a clear vision of the future and can 
augur how we will practice medicine in the next decade. There are many 
uncertainties to predicting the future; there will be change, but its degree 
and direction are difficult to foresee. Do we really know where we will be 
and how to get there from here? I don't profess to have all the answers; 
nevertheless, I have been asked to undertake the task of looking into the 
crystal ball and finding the answers to the questions clinicians and basic 
scientists in head and neck oncology are posting today and would like to 
have resolved by tomorrow. So, from the ivory towers of one of the major 
cancer centers of this country, having experienced the progress of oncology 
for nearly 30 years, I venture to leap into the future. 

It is tempting to review other such predictions from the past to see how 
well our mentors were able to predict the advances that have occurred. The 
reader is urged to search through his or her personal file of references and 
selected readings for these predictions and be an independent judge. In all 
likelihood, you will find that we have never done very well in the application 
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of crystal ball technology, and there is no reason why we should be able to 
do a better job of forecasting today. Admitting this, the chapter could stop 
at this point. Nevertheless, the wealth of new information makes it com­
pelling to continue, because there is plenty of room for optimism, in spite of 
the difficulties we will encounter along the way to the future. 

We all would like to see change for the better, the faster, and the easier. 
The possibilities for significant transformation in the field of head and neck 
oncology within the next decade seem remote, no matter how much the 
scientific community forges ahead with unprecedented progress. It is likely 
that the stumbling blocks in the quest for a better future will be in education 
and cost; for both of these, the remedies are available if we collectively 
focus on priorities. 

Budget constraints, socioeconomics, and reform 
in health care delivery systems 

We have an interesting set of paradoxes that will require novel and original 
solutions if humankind is to continue to make discoveries and benefit from 
progress. On the one hand, we are witnessing how science and technology 
accelerate the pace at which new discoveries see the light of day, and how 
such innovations are being applied to the field of cancer care. But it seems 
as if this expanding knowledge of the basic biomedical sciences is butting up 
against a series of barriers that regulate the rate at which discoveries can be 
applied to the care of ailing human beings. One barrier is the regulations 
and monitoring systems mandated by various legislative or self-appointed 
agencies that either sanction or claim to monitor different steps of research 
from the test tube through the animal system to, finally, the human model. 

By all reasonable means, precautions and safety measures are necessary, 
but the extent of control that such regulations exercise is often overwhelm­
ing, and some of the mandated ordinances clearly go beyond necessity. For 
example, the scientific bureaucracy that has been established under the 
justification of animal and human safety has added burden and considerable 
cost to every product needed for human consumption, every tool necessary 
to perform a task, and every drug or device that will help our patients. We 
have to admit that it is not just safety of a device or reasonable toxicity of a 
drug that is being regulated. Under the existing legal and judicial system, 
the liability is such a heavy burden that many innovations may not be 
economically viable; what seems a reasonable solution to a problem may 
turn prohibitively costly once the liability price tag is affixed to it. This 
situation is in need of revision and correction if the flow of progress is to 
continue. 

Another barrier to 'scientific flow' is the mound of socioeconomic pro­
blems that have reached unprecedented levels and in one form or another 
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have affected all cultures and societies on this planet. In the United States, 
the status of the health care system is a concern to health care professionals 
and citizens alike. It is likely that our failure to remedy this crisis will have a 
negative impact on progress in basic science, clinical research, patient care, 
and even teaching in the next 5-15 years. There is reason for concern. 
Nobody disputes the fact that the U.S. health care system is in crisis; it 
cannot exist for long in its present form, and somehow the stumbling blocks 
in the way of overall reform will have to be removed or changed into 
stepping stones if we are to get beyond them. The collective wisdom of 
experts has identified the problems, and possible solutions abound; most 
hang on the challenging question of whether our society is willing to work 
together toward a solution that will benefit all citizens. 

If we admit that we can solve our health care delivery crisis and eliminate 
the de facto 'rationing' that the present system has established, we should be 
able to improve considerably the care of our patients and have a better 
health care system by the year 2000. To get there will require sacrifice. In a 
basically individualistic society that highly regards personal preferences and 
satisfaction, there will be a need for unbiased universal regulations that will 
modulate the desire for personal control of resources and destiny. It will be 
necessary to establish a basic health insurance system that is universal 
regardless of the health care status of the person and the ability of the 
individual and his family to pay. The system will have to be portable 
between jobs and locations throughout the country and must be simple to 
administer. The prevailing scheme of 'managed care' is perceived by most to 
be a fiscal drain, absorbing about one fifth of every health care dollar with 
little benefit to the patient. Basic health care should be available to all; 
supplements and amenities could be available at higher rates for those 
willing to pay for the extras. 

Biomedical research is indispensable to progress; the financial support of 
our institutions and the work of their scientists is crucial to our success. 
Solutions to our troubled health care systems cannot address patient care 
only; they need to fiscally support efforts in the areas of prevention, early 
diagnosis, and research in basic and clinical science areas of therapy and 
rehabilitation. Health care budgets are shrinking, and the high cost of new 
technology makes it mandatory to use sophisticated measurements of 
economic impact when approving the application of expensive devices, 
treatments, and machines. Already the societal benefits of constructing and 
operating health care facilities are being analyzed in relation to economic 
costs. By the year 2000, the certificates of need for major capital invest­
ments in health care technology (imaging equipment, radiation therapy 
machines, operating room technology, etc.) will require documentation of 
carefully performed cost-utility and cost-benefit analyses. Formulas will 
establish the equivalency of benefits for different technologies or medical 
interventions, and the health economist's decision will be driven by fiscal 
considerations more than ever before. By the end of this decade, highly 
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sophisticated and elaborate computer programs are expected to assist in this 
task. 

Assuming that within the next 5 years, the U.S. health care delivery 
system will be reformed and improved, we should be able to streamline the 
steps between bench and clinical practice and ameliorate the socioeconomic 
pains of health care. Our patients should be better taken care of in the 
decades to come. 

Traditionally, the implementation of new technology has followed an 
orderly process, undergoing careful scrutiny by the scientific community. 
Most of the progress has taken place at universities and research institutes. 
Nevertheless, in some instances, such as that of endoscopic surgery, the 
broad acceptance and extensive utilization of the technology move faster 
than what the established regulatory agencies and the peer review processes 
would like. The minimal access endoscopic surgery swept the country, and 
the academics in their ivory towers were caught unaware and had to catch 
up with an innovation that had come about almost entirely in communities 
outside of university-affiliated institutions and medical centers. This is an 
example of the significant influence of technology in our lives and our 
professions, and of the well-coordinated liaison that can occur among cli­
nicians and the manufacturers and sellers of new technology and improved 
instrumentation. Whenever something appears to offer an advantage with 
acceptable risks, it will always sell. 

How many other such paradigms will evolve in the next decade is anybody's 
guess. For some time, it appeared as if laser technology would take a similar 
rocketlike flight, but its applications in oncology have remained shy of the 
original predictions, and further research and development is ongoing. 
Improvements in laser-applied technology and refinements in energy­
delivery systems and target-specific sensitizing agents are expected to allow 
us to identify further indications for the cancer patient. The one certainty is 
that the cost-utility benefit of these innovations will determine whether they 
are applied broadly in our specialty. If the laser beam offers an advantage in 
the ease of performing the task, an increased cure rate, or a reduction of 
morbidity, the expense of instrumentation will be justified. 

Impact of prevention, early diagnosis, and intervention in communities 
at risk 

Through public education and worldwide implementation of prevention 
measures, especially complete elimination of tobacco usage, it should be 
possible to reduce significantly the incidence of those malignant neoplasms 
that are caused at least in part by environmental factors and human behav­
ior. Knowledge of the obvious benefits of smoking cessation has been slow 
to translate into a reduction in consumption. Enhanced public ecucation, 
broader implementation of smoke-free environments, and improved meth-
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odologies for behavioral modification are in need of focused activity and 
support. 

As we advance into the next century, populations at risk will be better 
defined through genetic mapping, and such groups will be enrolled in 
screening programs and receive intervention by appropriate molecular 
manipulation and removal of target tissues in the premalignant phase. The 
establishment of screening and detection centers is a positive trend. These 
centers offer a service that will become more important as we discover 
better means of early detection. In addition, they have a very significant 
educational mission for the communities they serve. There are encouraging 
signs that the public is being educated about the importance of prevention 
and early detection. Enhanced public awareness can have a significant 
impact on reducing the incidence, morbidity, and mortality of invasive 
carcinomas. History has already given us tangible examples that can be 
cited: The reduction of invasive uterine cervical carcinoma was achieved 
through mass screening of women in their reproductive years, and early 
detection programs and mammography have helped control breast carcinoma 
by treating patients at minimal tumor burden stage. 

Such programs and other means for prevention and early detection that 
will become available in the future can have an impact only if the popula­
tions at risk are informed and, more importantly, have access to these 
services. The need for reforms that would make these services available to 
all is obvious, especially if we consider the potential financial savings resulting 
from prevention and early diagnosis. 

A somewhat different problem will need to be faced in prevention of skin 
cancers, especially malignant melanoma. Although we have recognized that 
ultraviolet radiation is the main causative factor of this group of malig­
nancies, the implementation of significant prevention strategies aimed at 
blocking the effects of damaging solar radiation is a tremendous challenge 
beyond the reach of medicine itself. Though we may eventually change and 
improve individual attitudes about self-protection from excessive sun expo­
sure, a much bigger task is to control the adverse effects of air pollution on 
the protective layers of the atmosphere. It seems that the progress of 
industry and the development of societies create bypro ducts that defy our 
ability to prevent environmentally induced carcinogenesis, including exces­
sive exposure to sunlight. The fruits of prosperity could be the eventual 
doom of future generations. 

Alcohol consumption, especially in excess, has been recognized as an 
important cofactor in carcinogenesis of the upper aero digestive tract. At this 
time, we have incomplete information on whether other dietary factors, 
either by excess or deficiency, have any significant influence on this process, 
but it is possible that in the future we will identify nutritional factors that 
have an influence on the development or course of malignant diseases in the 
head and neck region. Molecular epidemiologists are busily searching for 
the appropriate clues. 
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As research in the area of molecular epidemiology intensifies, the interac­
tion between the genetic makeup of individuals and the influences of the 
environment, including dietary intake, will become clearer, and novel 
programs will be aimed at reversing the carcinogenetic process at the pre­
invasive phase. By the year 2000, an individual's genetic code will be 
available as part of his or her electronic medical records, allowing identifi­
cation of risk factors for which appropriate intervention technologies are 
available. To what extent these technologies will be applicable will depend 
in part on the results of the several major randomized trials in chemo­
prevention of squamous cell carcinoma of the upper aerodigestive tract. The 
results of these trials will have been tabulated and analyzed by the year 
2000, and the basic science studies that were spawned by these clinical 
studies will have generated enough information to develop clinical protocols, 
not only in squamous cell carcinoma but in other tumor types as well. 

Another important spin-off from chemoprevention research will come in 
the form of novel approaches to differentiation therapy through pharma­
cologic intervention in the molecular events that regulate cell cycle and 
tumor cell kinetics. It is not farfetched to predict that viral vectors and 
transfection technology will be utilized extensively to correct genetic abnor­
malities and influence the risk of target tissues. 

'Bench to bedside' research and the impact of multidisciplinary care 

We hear and read much about gene therapy, viral vectors, and the advances 
of genetic engineering. There has been a logarithmic expansion in the 
knowledge of the molecular biology of cancer and a great growth in the 
amount of information available on the genotypic and phenotypic charac­
terizations of malignant tumors. The hype of news media that fuels the 
public's expectations and the voices of unrestrained optimism for the great 
solutions to cancer that these innovations seem to offer are delusory and 
raise false hopes. Unfortunately, progress in this area is not as fast as we 
would like, nor free of major logistic impediments. The answers to some 
questions invariably generate new questions, or to quote John A. Wheeler 
(Princeton University): 'We live on an island of knowledge surrounded by a 
sea of ignorance. As our island of knowledge grows, so does the shore of 
our ignorance.' Some tangible progress is occurring, however: Numerous 
genes and their mutations can now be identified and measured quantitatively. 
The analysis of genes, their mutations, translations, and expressions, is a 
specialty in itself and will become part of the standard armamentarium of 
laboratory medicine in the not-too-distant future. The genetic fingerprints of 
a tumor and of the host will be used to refine diagnostic capabilities, 
especially for the purpose of labeling prognostic factors. We can envision 
that it will not suffice to establish only histologic type and cytologic grade. 
The molecular profile of a cancer and a host will be an integral part of the 
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information required to assign patients into certain prognostic groupings and 
select the most appropriate therapy. Certainly computer technology and 
appropriate software will assist in this task, and prospective data banks will 
become part of standard patient care in major research centers. We hope 
that the selection of therapy will be less empirical and more based on 
scientific observations and biologic facts. 

Multidisciplinary teams and prospective planning sessions should be 
standard in every patient care setting by the end of this decade. There is 
little doubt that tumor boards and other committees of experts of various 
specialties that have evolved over the years are here to stay. These groups 
will become more complex as the provision of patient care becomes more 
specialized. The need for multidisciplinary care will come not only from the 
real scientific improvements and expanded knowledge and subspecialization, 
but from the often dreaded growth of rules and regulations in the practice of 
medicine. We can anticipate that tumor board meetings for therapy planning 
will have representation and input from physicians of numerous specialties, 
including laboratory medicine and pathology, and from dentistry, speech/ 
language pathology, basic sciences, social work, clergy, ethics, hospital 
administration, insurance carriers, and possibly even legal counsel for the 
patient and for the practitioners of medicine. Clearly these groups will need 
to be steered by individuals with strong leadership abilities to keep the team 
focused and accomplish the final objective: multidisciplinary treatment and 
planning that will benefit the patient and be cost-effective. The wisdom to 
make the best treatment choices for patients must be valued if it is going to 
prevail. The still unanswered question is to what extent such proliferation of 
opinion and voices will bring about longer and higher quality survival while 
controlling strain on the patient's fiscal, physical, and emotional resources. 

Questions of medical ethics and the quality of survival will have a domi­
nant role and should be addressed with vigor for the solution of some of 
today's dilemmas. Prospective ethical consultations should become standard, 
facilitating decisions of appropriate action in the face of advanced cancer or 
in patients presenting with the different faces of incurable disease and 
terminal illness suffering. Ethical consultation for patients, their families, 
and the caregivers has known benefits, for it reduces tensions that all too 
often surface for reasons beyond what can be comprehended or solved by 
sophisticated technology and science. 

The TNM staging system will still be in use, but with considerable modifi­
cations and improvements. In its present form, it is rudimentary and very 
crude, but it has withstood the test of time as a standard means of describing 
with consistency the extent of measurable neoplastic disease in different 
organ systems and anatomic locations. Biological markers will be incor­
porated to add refinement and objectivity to today's essentially anatomic 
description of cancer. Nationwide education through such organizations as 
the Commission on Cancer of the American College of Surgeons will playa 
significant role in disseminating to practitioners and health care givers the 
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successive updated versions of the TNM staging system. By the time we 
advance into the next century, tumors will be characterized by location, 
volume, cell type, and histologic markers, and the molecular character­
ization of genetic material, including clonal diversity and extent of pheno­
typic drift of the primary tumor, will be an integral part of the patient's 
pretreatment evaluation. Information obtained from tumor tissue and the 
host will be available that will allow us to predict with reasonable accu­
racy the metastatic spread to regional lymph nodes and distant organs and 
parenchymae. 

It is likely that surgery will still bean effective treatment modality for 
most of the solid malignant tumors. Nevertheless, except for early stage 
disease or minimal volume tumor burdens, additional therapies will be 
required, in either neoadjuvant or postsurgical contexts. At this time there 
is general disagreement on the merits of chemotherapy for carcinoma of the 
head and neck. Neither the upfrontor neoadjuvant, nor the post-treatment 
adjuvant, therapies have proven beneficial in prolonging disease-free survival 
or increasing the curability of adult-onset tumors. In all likelihood, target­
specific drugs and new biological modifiers will be developed. Future neo­
adjuvant treatment protocols will include various combinations, not only of 
chemotherapeutic agents but also of a variety of cytokines aimed at specific 
tumor cell targets whose appropriate selection will be based on laboratory 
analyses of the tumor and other tissues and fluids, and also of growth 
factors, to aid in the recovery of host parenchyma and tissues. 

It is possible that for certain malignant tumors, surgical therapy will 
become the final rather than the first option if we can duplicate the successes 
that have been achieved in the management of soft-tissue sarcomas, espe­
cially rhabdomyosarcoma, in infants and children. Although this does not 
seem likely to occur for most squamous cell carcinomas or salivary gland 
tumors, new biological therapies could change the picture dramatically. 
Such therapies would eliminate the need for ablative surgery for certain 
cancers of the upper aerodigestive tract; sophisticated surgical reconstruc­
tion and functional rehabilitation would likewise become unnecessary. 
Again, however, as is true in the treatment of solid tumors in the pre­
adolescent years, we could then face unwanted late sequelae of our thera­
peutic interventions and would have to develop the means to prevent them. 
Current efforts to rehabilitate major defects created by the sequelae of 
combined therapy are limited and mostly fall short of expectations. 

Educational challenge 

The practice of medicine in the 21st century will require a significant im­
provement in the educational background of health care professionals. This 
demand is significant if we consider the prevailing mediocrity of this nation's 
pre-college education. It is no secret that it is not unusual for high school 

290 



students to be unprepared to deal with more than basics in science and math, 
even after 12 years of schooling. If this group is to become the qualified 
workforce of the year 2000, the bastions of college and graduate education, 
as well as the organizations responsible for the various forms of continued 
education, have a difficult task to carry out. The institutions of higher 
education and sciences have formidable laboratories, and creative research 
and investigation is taking place at an accelerated rate. If the cornucopia of 
new knowledge remains replenished throughout the beginning of the next 
decade, we may find ourselves without a workforce capable of putting the 
products of such research into practice and carrying out the work of bio­
medical science and technology on a day-to-day basis. 

An important mission for today's, but especially tomorrow's, generation 
of medical educators is to prepare the physicians of the future to make 
proper use of the larger amount of scientific information that will be available 
for patient care. The ever-rising tide of important new biological data in 
medicine in general and in oncology in particular calls for the utilization of 
new methodologies in continued medical education. This need is not unique 
to our time, and it was felt already over a century ago, at a time when 
medical knowledge progressed principally through empiricism. The 19th 
century German surgeon, Bernhard von Langenbeck (1810-1887) said, 'It is 
less important to invent new operations and new techniques of operating 
than to find ways and means to avoid surgery . Yet it has become increasingly 
difficult to keep abreast of and assimilate the investigative reports which 
accumulate day after day! One suffocates from exposure to the massive 
body of rapidly growing information.' If this was the perception of the 
scientific advances over a century ago by a respected leader in the field, how 
can what we experience today be aptly described? 

It is likely that by the end of the decade all practitioners will be linked to 
data bases that will offer continuous updates of relevant and significant bits 
of information that will facilitate offering the most up-to-date diagnostic and 
therapeutic alternatives for each patient's specific tumor, especially in the 
early stages of disease. August Biel (1861-1949) said, 'There is a tremen­
dous literature on cancer, but what we know for sure about it can be printed 
on a calling card.' Undoubtedly, we will be able to dismiss this statement and 
trade in the calling card for a series of computer disks that the practitioner 
will have to change every 12-18 months to keep abreast of important new 
information. 

Mention of the significance of proper preparation of those who will take 
command in the field of head and neck oncology in years to come must be 
made. It is important to encourage and support the thorough training of 
young scientists and clinicians in both the clinical and basic sciences. The 
need for specialized training programs beyond residency in head and neck 
oncology, be it in surgery, medicine, or radiotherapy, has become obvious. 
The programs we need to prepare future leaders exist, but must be strength­
ened and supported. Guidelines for training and program accreditation need 
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refinement and may benefit from some overhaul. The Joint Council for 
Accreditation for Advanced Training in Head and Neck Oncologic Surgery 
has as one of its duties to assure that training programs for the experts of the 
future offer a sound, solid grasp of clinical sciences. But, more important, 
many programs offer the opportunity for study, training, and hands-on 
experience in basic science. Proper mentorship in the laboratories enables 
the trainees not only to advance scholastically, but to build bridges that 
close the gap the between basic scientists and clinicians. If we expect to have 
molecular surgeons, we will need to offer them opportunities to become 
such! 

Another change that is likely to take place will be the perception of 
cancer by physicians and the public alike. In 1926, the famous Charles H. 
Mayo wrote in the Annals of Surgery (83:357), 'While there are several 
chronic diseases more destructive to life than cancer, none is more feared.' 
Although this is true for most cancers, it is striking how often physicians and 
patients rush into hasty treatment decisions once the histologic diagnosis of 
a malignant tumor has been rendered. The fear of the illness and its con­
sequences become vivid in their minds, and rational thinking is blocked by 
the shadow of devastation, pain, and impending death. Although this 
scenario probably will not be much different at the end of this decade, if we 
have made substantial discoveries and promptly developed clinical applica­
tions, the concept of cancer may change from a killer to a chronic illness 
that can be managed or eradicated, diminishing the fear of pain and death it 
harbors still today. Change will happen, and it is our collective responsibility 
to influence on the positive side. There should be fewer patients with head 
and neck cancer, and those who develop a malignancy in the tissues and 
anatomical sites between pleura and dura should have a better outlook for 
cure than they have today. 

Finally, although we will make progress in many areas, it will happen 
only after we have taken a step backwards. History has shown that many of 
the great discoveries have been serendipitous, made only after well-prepared 
scientists have gone back to basics. Let's hope that we can continue pro­
ducing those well-prepared minds who, in turn, give us the breakthroughs 
we can utilize tomorrow. 
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Africa, 145 
Alcohol dehydrogenase, 55 
Alcohol use, 17,73,75,89,215,287 

marijuana smoking and, 76 
mutagen sensitivity and, 81-84 
screening and, 145, 147 
second primary tumors and, 91 

Aleuts, 145, 151 
~-all-trans-Retinoic acid (tRA), 43 

clinical trials of, 96 
properties of, 46- 47 
squamous cell differentiation and, 49, 50, 

51,52-53,54,55,57,59,96 
Alpha-tocopherol, see Vitamin E 
Alveolar ridge squamous cell carcinoma, 232 
Aneuploidy, 23, 214 
Angiogenesis, 3 
Animal models 

of carcinogen metabolism, 79 
in molecular phenotyping, 18-22 

Annexin I, 44 
Anterior neck dissection, 234-238 
Apolipoprotein AI, 55 
Ara-A,134 
Argon ion dyc pumped lasers, 160-161, 163, 

168,275 
Aromatic amines, 74 
Aryl hydrocarbon hydroxylase (AHH), 79 
Asbestos exposure, 77, 145 
Aspirin, 93 
Ataxia telangiectasia (AT), 80 

Basal cell carcinoma of the skin, 164 
Basement membrane, 117, 118, 120, 121-

122, 125, 126 
B-celllymphoma,25 
bcl-l gene, 92 
Benign papillomas, 3, 5,11-12 
Berberine sulfate, 159, 168 
Betel nut quids, 98, 99, 103, 104 
Biologic response modifiers, 257, 272-273 
Biomodulators, 266-269 
Biopsies, 252-253 
Blacks, 73 
Bladder cancer 

EGFRand,26 
int21hstl genes and, 24 
micronuclei and, 103 
PDT and, 161, 163 
p53 gene and, 92 
ras gene and, 23 

Bleomycin, 80-81, 83, 255, 256 
organ preservation and, 203, 204, 206, 

207-208,211 
radiation therapy and, 175, 178, 183, 184-

185,189,207-208 
recurrent head and neck cancer and, 263 

Blindness, 223 
Bloom's syndrome, 80 
Bone metastases, 248 
Bone tumors, 28 
Bovine pituitary extract, 47 
Brain tumors, 26 
Breast cancer, 125,222,243,287 

chemoradiotherapy and, 175 
EGFRand,26 
int21hstl genes and, 24 
PDT and, 163 
p53 gene and, 27 
52 gene and, 33 

Bronchial cancer, 148, 150-151 
Bronchoscopy, 144, 148, 151, 152 
Buccal mucosa carcinoma, 232, 233 
Budget constraints, 284-286 
Burkitt's lymphoma, 25 
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Calcium, 46, 47-48, 49, 52 
Calphostin C, 123-124 
Carbon dioxidelasers, 12, 165, 166 
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organ preservation and, 203, 209, 213-214 
radiation therapy and, 175, 187 
recurrent head and neck cancer and, 263 

Carcinogen metabolism, 79-80 
Carcinoma in situ, 90, 95 
CARET trial, 109 
p-Carotene, 77,109 

clinical trials of, 93, 98-99 
functions of, 46-47 
micronuclei and, 104, 105 
nonrandomized trials of, 99-100 
second primary tumors and, 108 
vitamin A and, 100-101 

Carotid artery, 222, 223 
Cathepsins, 118, 120 
CD271,53 
cDNA 

differential screeing with, 28-30 
p53,27 
S2,30-31 

Celiac disease, 145 
Cellular radioresistance, 131-132, 136-137 
Cellular retinoic-acid binding protein 

(CRABP),52-54 
Cellular retinoic-acid binding protein-I 

(CRABP-I), 52-53, 55 
Cellular retinoic-acid binding protein-II 

(CRABP-II), 52-53, 55 
Cellular retinoid-binding proteins, 52-54 
Cellular retinol-binding protein (CRBP), 

52-53 
Central nervous system tumors, 146 
c-erbB gene, 18,20,21 
Cervical cancer, 5, 27,103,268,274,287 
c-fms gene, 18 
Ch55,53 
CHART, 190 
Cheek cancer, 75 

hamster model of, 18-22,20,45-46 
Chemoprevention, 90, 101-103 

of lung cancer, 93-94 
of lung premalignancy, 102-103 
of premalignant lesions, 94-95 

Chemoprotectants, 266-269 
Chemoradiotherapy, 173-192,243 

concomitant, 176, 181-190, 192,212,271 
distant metastases and, 174, 175, 176, 179, 

188,191,192,255 
organ preservation and, 207-208, 210-

213 
rationale for, 174-176 
sequential, 176-180, 212- 213 
spatial cooperation in, 175, 176 

Chemotaxis, 124-126 
Chemotherapy, 134, see also 
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Chemoradiotherapy; specific agents 
adjuvant, 243-244, 253-257 
CSFs and, 269-271 
EGFRand,26 
IFN-a and, 273 
IL-2 and, 272 
induction, see Induction chemotherapy 
maintenance, see Maintenance 

chemotherapy 
neoadjuvant, see Neoadjuvant 

chemotherapy 
organ preservation and, 208-209, 210-

213,214,215 
Chest x-rays, 144, 150 
Chewing tobacco, 89 
China, 17,77,145,149,151,152 
Cholesterol sulfate, 44, 51 
Cholesterol sulfotransferase, 44, 51 
Chromium, 145 
Cigarette smoking, 74 

diet and, 77-78 
genetic susceptibility and, 78-79 
micronuclei and, 104 
mutagen sensitivity and, 81-84 

Cigar smoking, 74 
Cisplatin, 134,255,256,257,258 

G-CSF and, 271 
IFN-a and, 273 
leucovorin and, 269 
organ preservation and, 203, 204, 205-

206,207,208,209,210,211,213 
radiation therapy and, 175, 177, 178, 179-

180,186-189,207,208 
recurrent head and neck cancer and, 263-

264,267-268,269,272,273 
sodium thiosulfate and, 268 
WR-2721 and 267-268 

9-Cis-retinoic acid, 47, 54, 55, 96 
13-Cis-retinoic acid (13cRA), 101, 109-110 

clinical trials of, 96-99 
distant metastases and, 257 
functions of, 47 
lung premalignancy and, 102 
micronuclei and, 105 
recurrent head and neck cancer and, 274 
second primary tumors and, 106-107, 108 
vitamin E and, 100 

c-jun gene, 136 
Clinical trials, 93-99 
c-mos gene, 18 
c-myc gene, 24-25, 92 
Coal products, 77,145 
Collagen, 117, 124-125 
Collagen IV, 121 
Collagen V, 122 
Collagenase, 55, 120, 122-123 
Collagenase I, 118 
Collagenase IV, 118, 122, 123-124 
Colon cancer, 82-83, 95 



p53 gene and, 27, 92 
ras gene and, 23 
S2 gene and, 33-34 

Colony stimulating factors (CSFs), 269-272 
Colorectal cancer, 175, 243 
Communities at risk, 286-288 
Community Clinical Oncology Program 

(CCOP) study, 100 
Complement factor H, 55 
Concomitant chemoradiotherapy, 176, 181-

190,192,212,271 
Condemned mucosa syndrome, see Field 

carcinogenesis 
Cornifin, 44, 48-49, 59 
Cotinine, 101 
c-rafgene, 135 
Cranial nerve XI, 222 
CSFs, see Colony stimulating factors 
c-sis gene, 18, 19 
Cutaneous malignancies, 163-164 
Cyclophosphamide, 175, 178,257 
CYP lAl, 79 
CYP2D6,79 
Cytochrome P-450, 79 
Cytokines, 136-137, see also specific types 

Debrisoquine-4-hydroxylase enzyme, 79 
Degradative enzyme inhibitors, 120-121 
Degradative enzymes, 117 -120 
2-Deoxyuridine-5'-triphosphate (dUTP), 31 
Diaziquone, 159, 168 
Diet, 77-78,101 
Differentiating agents, 257 
Dihematoporphyrin ether (DHE), 275 
Dimethyl-benz(a)anthracene (DMBA), 18, 

20,21,22 
Diploid tumors, 214, 253 
Distant metastases, 205, 243-258, 263 

adjuvant chemotherapy and, 243-244, 
253-257 

chemoradiotherapy and, 174, 175, 176, 
179,188,191,192,255 

incidence of, 244-248 
predictors of, 248- 253 

DMBA, see Dimethyl-benz(a)anthracene 
DNA 

carcinogen metabolism and, 79 
hepatitis B virus, 24 
HPV, 1,2,3,4,5-6,8,11,12,13,14 
micronuclei and, 103, 105 
pritrexim and, 265 
RARsud,~,~,~,~,~,% 

DNA ligase I, 80 
DNA ploidy, 26 
DNA repair, 80-84,134-135 
DNA synthesis, 27, 47, 91,133 
Dot blot assays, 14 
Doxorubicin, 134,257 

Drinking, see Alcohol use 
Dyskaryosis, 90 
Dysplasia, 22, 45, 57, 92, 94, 95 

Early diagnosis, 286-288 
Eastern Cooperative Oncology Group, 265-

266,273 
Edetrexate, 175 
EDKC, see N,N' bis (2-Ethyl-1, 3-

dioxolane )-Dryptocyaine 
Education, 290-292 
E5 gene, 9 
EGFgene, 19, see also Epidermal growth 

factor 
EGFR gene, 20, see also Epidermal growth 

factor receptor 
Egr-l gene, 136 
Electrocautery, 165 
Endoscopy, 144, 147, 148, 149,151,152 
Entactin, 117 
Epidemiology, 73 
Epidermal growth factor (EGF), 21, 47, 48, 

124 
Epidermal growth factor receptor (EGFR), 

18,26-27,91 
in animal models, 20, 21 
HPV and, 8-11 
retinoids and, 48 

Epiglottis tumors, 234 
Epithelial cells, 43-44, 45 

cellular retinoid-binding proteins in, 52-
54 

keratinizing/non-keratinizing, 55-56 
response to retinoids, 58-59 

El protein, 6 
E2 protein, 6 
E4 protein, 6 
E5 protein, 5 
E6 protein, 6 
E7 protein, 6 
Epstein-Barr virus, 273 
erbA protein, 18 
erbB gene, 19,21 
Erythroleukoplakia, 94 
Erythroplakia, 94,141,148 
Esophageal cancer, 89, 92, 103,226 

functional neck dissection and, 230 
int2/hstl genes and, 24 
lateral and anterior neck dissection and, 

234-238 
organ preservation and, 206 
PDT and, 161, 163 
screening for, 145, 149-150 
squamous cell, 230, 234-238 
WR-2721 and, 267 

Esophagograms, 148, 149 
Esophagoscopy, 144, 149-150, 152 
N ,N'bis (2-Ethyl-l ,3-dioxolane)-
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kryptocyaine (EDKC), 159, 168 
Etretinate, 96, 102 
European Organization for Research and 

Treatment of Cancer, 184-185 
EUROSCAN,151 
Extracellular matrix, 118 

Facial epidermis squamous cell carcinoma, 
48-49 

Faucial arch squamous cell carcinoma, 232 
FdUMP, 269 
Fenretinide, see N-(4-Hydroxyphenyl)­

retinamide 
fes gene, 19 
FGF gene, 19, see also Fibroblast growth 

factor 
fgr gene, 19 
Fiberoptic bronchoscopy, 148, 151 
Fiberoptic endoscopy, 144 
Fiberoptic esophagoscopy, 150 
Fibroblast growth factor (FGF) , 24,124 
Fibronectin, 117, 124-125, 126 
Fibrosarcoma cells, 124 
Field carcinogenesis, 90-93, 94,143,144, 

165-166 
Filaggrin, 6, 46, 51, 53, 59 
Fine needle aspiration biopsies, 253 
Flat epidermodysplasia verruciformis, 5 
Fluorescein, 159 
5-Fluorouracil (5-FU), 134,255,257 

G-CSF and, 271 
IFN-a and, 273 
IL-2 and, 272 
leucovorin and, 269 
organ preservation and, 203, 205-206, 

207-208,209,210,213-214 
radiation therapy and, 175, 177, 178, 179-

180,182-184,187-189,207-208 
recurrent head and neck cancer and, 263-

264,267,269,272,273 
WR-2721 and, 267 

fms gene, 19 
Focal epithelial hyperplasia, 12 
fos gene, 18, 19 
fps gene, 19 
France, 199 
Free radicals, 136,267 
Functional neck dissection (FND), 229-230 
Fungiform papillomas of the nose, 12 

Gamma-glutamyl-transpeptidase (GGT), 22 
Gastric carcinoma, 24 
Genetic susceptibility, 78-80, 288 

carcinogen metabolism and, 79-80 
DNA repair and, 80-84 

Genital cancer, 2, 4, 78 
Glial tumors, 20 
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Glossectomy, 206, 207 
Glottic cancer, 173,201,211,248,249 
Glutathione S-peroxidase, 135 
Glutathione S-transferase (GST), 79-80, 

135 
Granulocyte-colony stimulating factor (G­

CSF), 266, 269-271 
Granulocyte-monocyte colony stimulating 

factor (GM-CSF), 269, 271 
Growth factors, 18,47-48, see also specific 

types 
Gum cancer, 75 

Haptotaxis, 124-126 
Ha-ras gene, 19,21,22,23 
Harvey murine sarcoma virus, 23 
Head and Neck Contracts Program (HNCP), 

179,203,255-256 
Head and Neck Intergroup study, 180,255, 

256 
Health care reform, 284-286 
Heart metastases, 248 
Hematoporphyrin, 148, 161, 162, 163, 

167-168 
Hematoporphyrin derivative (HPD), 160, 

164,275 
Hemiglossectomy, 207 
Hemilaryngectomy, 173 
Heparanase, 118, 120 
Heparan sulfate proteoglycans, 117, 120 
Heparin, 120 
Hepatitis B virus, 24 
Hepatoma, 267 
Herpes simplex virus (HSV), 78 
Hong Kong, 199 
HOX3D, 55 
hst1 gene, 24 
Human papillomaviruses (HPV), 1-15, 78 

biology of infection, 1-5 
detection of, 13-14 
functions of proteins, 5-6 
latent infection with, 3, 12, 15 
model systems to study, 6-11 

Human papillomavirus type 1 (HPV-1), 1 
Human papillomavirus type 2 (HPV-2), 12 
Human papillomavirus type 5 (HPV-5), 5 
Human papillomavirus type 6 (HPV-6), 2, 

11,12,78 
Human papillomavirus type 8 (HPV-8), 5 
Human papillomavirus type 11 (HPV-11), 1, 

2,5,11-12,78 
Human papillomavirus type 13 (HPV-13), 12 
Human papillomavirus type 16 (HPV-16), 2, 

4,5,6,12,13,47,78 
Human papillomavirus type 18 (HPV-18), 2, 

4,5,6, 13,78 
Human papillomavirus type 30 (HPV-30), 2 
Human papillomavirus type 31 (HPV-31), 2 



Human papillomavirus type 32 (HPV-32), 12 
Human papillomavirus type 33 (HPV-33), 2 
Hungary, 199 
Hydrocortisone, 178 
N-4-(Hydroxycarbophenyl) retinamide, 98 
N-( 4-Hydroxyphenyl)-retinamide 

(fenretinide; 4HPR), 98, 99 
Hydroxyurea, 175, 187, 188,214 
6-Hydroxyurea, 134 
Hyopcrellin A, 160 
Hyperkeratinization, 90 
Hyperkeratosis, 95 
Hyperplasia, 57, 90, 92 
Hypocrellin A, 168 
Hypopharyngealcancer,199,248,249,255, 

256 
cigar/pipe smoking and, 74 
functional neck dissection and, 230 
lateral and anterior neck dissection and, 

234-238 
modified neck dissection and, 225 
organ preservation and, 206, 207, 207-

208,208,209 
squamous cells, see Squamous cell 

carcinoma of the hypopharynx 

Ifosfamide, 175,266 
Immunotherapy, 257 
India, 17 
Induction chemotherapy, 177 

distant metastases and, 205, 253, 255-256 
organ preservation and, 203-206, 209, 

214-215 
Induction trials, for retinoids, 97 -98 
In situ hybridization, 14 
Insulin, 47 
Integrins, 125 
Interferon (IFN), 3,124,214,257 
Interferon-a (IFN-a), 273-274 
Interleukin (IL), 257 
Interleukin-2 (IL-2), 272-274 
Interleukin-3 (IL-3), 269, 271 
Intermediate endpoint biomarkers, 103-109 
Interstitial implantation, in PDT, 162, 166, 

167 
Intervention, 286-288 
int-2 gene, 24, 92, 124 
Inverting papillomas, 12 
Involucrin, 6, 8, 44, 45, 48-49, 51, 59 
Iran, 145 
Iron oxide, 145 
Isotretinoin, see 13-Cis-retinoic acid 

Japan, 161 
Jugular vein, 222, 223, 225, 228, 232 
jun gene, 18, 19 

Kaposi's sarcoma, 163, 166-168 
Keratin, 22 

HPVand,6 
squamous cell differentiation and, 44, 45, 

46,49-50,51,53,59 
Keratinizing epithelial cells, 55-56 
Keratoacanthomas, 21 
Keratolinin,44 
Kidney metastases, 248 
Kiton Red, 161 
K-ras gene, 19,21,22,23,25,92 

Laminin, 117, 121, 123, 124-125, 126,276 
Lanosterol, 44, 51 
Large-cell carcinoma, 126 
Laryngeal cancer, 73,199,225 

alcohol use and, 75 
chemoradiotherapy and, 179-180 
cigarette/cigar/pipe smoking and, 74 
diet and, 77 
distant metastases and, 249, 252, 253, 255, 

256 
int 2/hst1 genes and, 24 
lateral and anterior neck dissection and, 

234-238 
occupational risk factors and, 77 
organ preservation and, see Laryngeal 

preservation 
PDT and, 163 
radioresistance and, 135 
second primary tumors and, 105-106 
squamous cell, see Squamous cell 

carcinoma of the larynx 
verrucous, 12-13 

Laryngeal papillomas, 4, 5, 6-7,9, 11-12 
Laryngeal preservation, 206, 209-211, 214-

215 
chemoradiotherapy and, 179-180, 207, 

208,210-211,212-213 
chemotherapy and, 208-209, 210-211, 

215 
radiation therapy and, 200-203, 215 

Laryngectomy, 210-211, 238 
adjuvant chemotherapy vs., 255 
chemoradiotherapy vs., 180,207 
chemotherapy vs., 209 
induction chemotherapy vs., 206 
psychosocial considerations and, 199-200 
radiation therapy vs., 202 

Laryngopharynx carcinoma, 226 
Laryngoscopy, 144, 152 
Lasers, 167 

argon ion dye pumped, 160-161, 163, 168, 
275 

carbon dioxide, 12, 165, 166 
Laser surgery, 173 
Latent infections, HPV, 3,12,15 
Lateral neck dissection, 234-238 
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Lead time bias, 142-143 
Length bias, 142-143 
Leucovorin, 177, 188, 189,214,269 
Leukemia, in chickens, 25 
Leukoplakia, 23, 33, 56, 103, 104 

~-carotene and, 98-101 
chemoprevention of, 94-95 
13-cis-retinoic acid and, 97-99,100,106-

107 
HPV and, 12, 78 
retinoids and, 48, 52, 96, 108, 109 
screening and, 141, 145, 148 
snuff use and, 75 
vitamin A and, 99-101 

Levamisole, 257 
Lichen planus, 145 
Li-Fraumeni syndrome, 135 
Lip carcinoma, 231 
Liver metastases, 248 
L-myc gene, 24-25 
Locoregional therapy, 213 
Loricrin,44, 48,49, 50-51 
L5 protein, 34 
L31 protein, 33 
Lung cancer, 55, 73, 89, 90, 95,103 

~-carotene and vitamin A for, 101 
chemoprevention of, 93-94 
diet and, 77 
genetic susceptibility to, 78-79 
mutagen sensitivity and, 82-83 
non-small cell, 107,110, 125, 175 
PDT and, 163 
p53 gene and, 27, 92 
screening for, 145, 150, 151 
second primary tumors in, 105-106 
small cell, 25, 50, 58, 266, 267 
squamous cell, 53, 57-58, 99 

Lung metastases, 248 
Lung premalignancy, 102-103 
Lutein, 77 
Lye ingestion, 145 
Lymphadenectomy 

in functional neck dissection, 229-230 
in modified radical neck dissection, 227-

228 
radical, 224 

Lymph node metastases, 248 
biopsies and, 252-253 
functional neck dissection and, 230 
lateral and anterior neck dissection and, 

234-238 
modified neck dissection and, 224-226 
ras gene and, 23 
suprahyoid neck dissection and, 231 
supraomohyoid neck dissection and, 232, 

233 

Maintenance chemotherapy 
distant metastases and, 255-256 
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organ preservation and, 203 
Maintenance trials, for retinoids, 98-99 
Major histocompatabitity complex (MHC) 

class I antigens, 253 
Malignant cells/lesions 

retinoid effect on, 47-48 
retinoid effect on squamous cell 

differentiation in, 48-51 
squamous cell differentiation in, 45-46 

Malignant tumors, HPV and, 3-5, 12-13 
Marijuana smoking, 75-76 
Matrigel, 120 
M.D. Anderson Cancer Center, University 

of Texas, 228 
Mediastinal node metastases, 248 
Melanoma, 24, 125,287 

functional neck dissection and, 230 
PDT and, 164 
supraomohyoid neck dissection and, 233 
WR-2721 and, 267 

Memorial Sloan Kettering Cancer Center, 
268 

6-Mercaptopurine (6-MP), 178 
Merkel cell carcinoma, 233 
Metachronous tumors, 144, 149 
Metalloproteinase (MMP), 117-118, 122-

123,126 
Metalloproteinase-2 (MMP-2), 122, 123 
Metalloproteinase-3 (MMP-3), 122-123 
Metalloproteinase-9 (MMP-9), 122, 123-

124 
Metal workers, 77 
Metastases 

adrenal gland, 248 
bone, 248 
chemoradiotherapy and, 175 
collagenase and, 122-123 
distant, see Distant metastases 
heart, 248 
kidney, 248 
lung, 248 
lymph node, see Lymph node metastases 
mediastinal node, 248 
modified neck dissection and, 224 
radical neck dissection and, 221-222 
supraomohyoid neck dissection and, 234 

Methotrexate, 256 
organ preservation and, 203, 204, 213 
piritrexim compared with, 265 
radiation therapy and, 175, 178, 183, 186, 

189 
recurrent head and neck cancer and, 263-

264,265,274 
Micronuclei, 103-105 
Mitoguazone, 208 
Mitomycin C, 183, 185-186,211 
MMP, see Metalloproteinase 
Modified neck dissection, 221-239 

lymph node metastases and, 224-226 
rationale for use of, 223-224 



Modified radical neck dissection, 226-229, 
230,234 

Molecular phenotyping, 17-34 
animal models in, 18-22 
of tumors with differently expressed 

genes, 28-30 
Monoclonal antibodies, 276-277 
Monocyte colony stimulating factor 1,18 
Mortality, 89 

epidemiology of, 73 
from laryngeal cancer, 199 
from recurrent head and neck cancer, 263 

mos gene, 19 
Mouth floor cancer, 225, 231, 232, 233, 249 
Mouthwash use, 76 
mRNA 

CRABP,52 
EGFR, 27, 48 
involucrin, 49 
keratin, 50 
K-ras,21 
loricrin, 49 
MMP,123 
p53,27 
RAR, 54, 55, 56, 57-58, 59 
ras,23 
RXR,57 
S2,30-34 
urokinase, 122 

Multidisciplinary care, 288-290 
Multiple-site primary prevention trials, 93 
Multistep carcinogenesis, 90 
Mustard gas, 77 
Mutagen sensitivity, 80-84 
MVAC,271 
myb gene, 19 
myc gene, 18, 19,21,23,24-25 

Nasopharyngeal cancer, 17,248,249,252, 
257 

chemoradiotherapy and, 190 
IFN-a and, 273 
modified neck dissection and, 225 
screening for, 145, 151 

Nasopharyngeal papillomas, 11 
Neck dissection, 206, 221-223, see also 

Modified neck dissection; Radical neck 
dissection 

Neoadjuvantchemotherapy, 176-180, 182, 
191,192,203-205 

Neuroblastomas, 25 
Nickel exposure, 77 
Nile blue A (NBA), 159, 168 
4-Nitroquinoline-1-oxide, 83-84 
N-Nitrosamines,79 
N-Nitroso compounds, 74 
N-myc gene, 19,24-25 
Non-keratinizing epithelial cells, 55-56 
Nonrandomized trials, 99-101 

Non-small cell lung cancer, 107, 110, 125, 
175 

Northern California Oncology Group, 185 
N-ras gene, 19,22,29, 135 
Nuclear retinoic acid receptors (RARs), 54-

59,95-96 

Occupational risk factors, 77 
Oncogenes, 17-18, 19, see a£1'O specific genes 

alterations of, 22-25 
radioresistance and, 135-136 

Open neck biopsies, 252-253 
Oral cavity cancer, 56-57, 73, 200 

alcohol use and, 75 
chemoradiotherapy and, 184 
chemotherapy and, 207-209 
cigarette/cigar/pipe smoking and, 74 
diet and, 77 
distant metastases and, 246, 248, 249, 250, 

255,256,257 
HPVand,78 
modified neck dissection and, 225, 233-

234 
mouthwash use and, 76 
myc gene and, 25 
occupational risk factors and, 77 
organ preservation and, 207-209 
PDT and, 161, 166 
snuff use and, 75 
squamous cell, see Squamous cell 

carcinoma of the oral cavity 
suprahyoid neck dissection and, 231 
supraomohyoid neck dissection and, 233-

234 
Oral epithelium squamous cell carcinoma, 

53 
Oral hygiene, 76 
Oral mucosa squamous cell carcinoma, 48-

49 
Oral papillomas, 12 
Organ preservation, 199-215 

chemoradiotherapy and, 207-208, 210-
213 

induction chemotherapy and, 203-206, 
209,214-215 

in nonlaryngeal sites, 214 
prognosis and, 214 
radiation therapy and, 200-203, 205-206, 

211-213,214,215 
Ornithine decarboxylase, 20 
Oropharyngeal cancer, 17, 199,200 

alcohol use and, 75 
chemoradiotherapyand, 186,207-208 
cigar/pipe smoking and, 74 
distant metastases and, 248, 249, 255, 256 
organ preservation and, 206, 207-208, 

213,214 
PDT and, 166 . 
screening for, 145 
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squamous cell, 206, 207-208, 233, 255, 
256 

supraomohyoid neck dissection and, 233 
Oropharyngeal papillomas, 11 
Osteocalcin, 55 
Osteosarcoma, 243 
Ovarian cancer, 27, 266 
Oxytocin, 55 

PAl, see Plasminogen activator inhibitor 
Palliation, 263- 264 
Papillomas, 22, 46 

benign, 3, 5,11-12 
fungiform of nose, 12 
inverting, 12 
laryngeal, 4, 5, 6-7, 9, 11-12 
nasopharyngeal, 11 
oral, 12 
oropharyngeal, 11 
respiratory, 3, 12 
retinoids and, 48, 49 

Paranasal sinus tumors, 249 
Paranasal tumors, 190 
Parathyroid tumors, 146 
Parotidectomy, 233 
PDGF gene, 19, see also Platelet-derived 

growth factor 
PDT, see Photodynamic therapy 
Petroleum products, 145 
p53 gene, 27-28, 92-93, 94 
Pharyngeal cancer, 73 

alcohol use and, 75 
chemotherapy and, 208-209 
diet and, 77 
modified neck dissection and, 225, 226 
oral hygiene and, 76 
organ preservation and, 208-209 
PDT and, 161 
snuff use and, 75 

Pharyngolaryngeal carcinoma, 213 
Pharyngolaryngectomy,209 
Phorbol-12-myristate-13-acetate (PMA), 

124,126 
Photodynamic therapy (PDT), 159-169, 

275-276 
clinical application of, 163-169 
delivery systems for, 161 
mode of action of, 161-162 
photosensitizers used in, 159-160 
technique used in, 162-163 

Photofrin, 160, 162, 163, 164, 168,275 
Photosensitizers, 159-160 
Physicians' Health Study, 93 
Pipe smoking, 74 
Piritrexim, 265 
PIXY321, 269, 271 
Plasmin, 121 
Plasminogen activator (PA), 117, 120, 121-

122 
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Plasminogen activator inhibitor-1 (PAl-I), 
121, 122 

Plasminogen activator inhibitor-2 (PAI-2), 
121 

Platelet-derived growth factor (PDGF), 18, 
136-137 

Ploidy, 26 
Plumbers, 77 
Plummer-Vinson syndrome, 145 
Polonium-21O,75 
Polyamines, 20 
Polycyclic aromatic hydrocarbons (P AHs), 

18, 79 
Polymerase chain reaction (PCR), 14,23-

24, 78 
Porfimer sodium, 160 
Porphyrins, 159, 160,275 
Potentially lethal damage repair (PLDR), 

132-133, 134 
PO protein, 34 
p21 protein, 23, 31 
p53 protein, 6, 93 
Premalignant cells/lesions 

chemoprevention of, 94-95 
p53 gene and, 92 
retinoid effect on, 47 -48 
retinoid effect on squamous cell 

differentiation in, 48-51 
squamous cell differentiation in, 45-46 

Prevention, 286-288 
Procollagenase IV, 121 
Profilaggrin,50-51 
Proliferating-cell nuclear antigen, 91 
Prophycenes, 160, 168 
Prorelaxin, 44 
Protease nexin, 121 
Protein kinase C, 123-124, 136, 137 
Proto-oncogenes, 18, 19 
Psoralen, 159,275 
Psoriasis, 52 
Putrescine, 20 
Pyriform sinus tumors, 248 

RAD 9 gene, 134 
Radiation exposure, 12 
Radiation injury, 131-133 
Radiation therapy, 146, 173,226,238, see 

also Chemoradiotherapy 
distant metastases and, 246, 255-256, 257 
organ preservation and, 200-203, 205-

206,211-213,214,215 
PDT and, 165 
second primary tumors and, 105-106 
supraomohyoid neck dissection and, 234 
surgery and, 174 

Radiation Therapy Oncology Group 
(RTOG), 108, 180, 186, 257 

Radical lymphadenectomy, 224 
Radical neck dissection, 221-222, 224, 226, 



229-230,233-234 
modified, 226-229, 230, 234 

Radioresistance, 131-137 
Radiosensitivity, 80,134 
ra/gene, 19, 135 
Rafprotein, 136 
Randomized trials, 211-212 
RARs, see Nuclear retinoic acid receptor 
ras gene, 21, 22-24, 31, 136 
Ras protein, 136 
Recurrent head and neck cancer, 263-277 

biologic response modifiers and, 272- 273 
biomodulators and, 266-269 
chemoprotectants and, 266- 269 
CSFs and, 269-272 
IFN-a and, 273-274 
monoclonal antibodies and, 276-277 
new cytotoxic drugs for, 265-266 
PDT and, 275-276 

rei gene, 19 
Research, 288-290 
Respiratory papillomas, 3, 12 
Retinoblastoma (Rb) protein, 6 
Retinoblastomas, 25 
Rctinoic acid, 47, 48 

~-all-trans, see ~-all-trans retinoic acid 
9-cis, 47, 54, 55, 96 
13-cis, see, 13-Cis-retinoic acid 
HPV and, 8, 10 
squamous cell differentiation and, 49, 50, 

53 
Rctinoic acid receptor-a (RAR-a), 54, 55, 

56,57,58,96 
Retinoic acid receptor-~ (RAR-~), 54, 55-

58,59,96 
Retinoic acid receptor-y (RAR-y), 54, 55, 

56,57,58,59,96 
Rctinoic acid response elements (RAREs), 

54-55,58-59 
Retinoids, 43-59, 77, see also specific types 

clinical trials of, 95-99 
effect on malignant/premalignant/normal 

cells, 47 -48 
effect on squamous cell differentiation, 

48-51 
lung pre malignancy and, 102-103 
mechanisms involved in actions of, 51-59 
recurrent head and neck cancer and, 274-

275 
second primary tumors and, 106-107, 

108-110 
Retinoid X receptor (RXR), 55, 96 
Retinoid X receptor-a (RXR-a), 54, 55, 57, 

58,96 
Retinoid X receptor-~ (RXR-~), 54, 57, 96 
Retinoid X receptor-y (RXR-y), 54, 57, 96 
Retinol, 47,104,109 
Retinyl acetate, 50 
Retinyl palmitate, 100-101, 109 
Retromolar trigone squamous cell 

carcinoma, 232 
Rhabdomyosarcoma, 290 
Rhesus blood group, 253 
Rhodamine, 159 
Rhodamine-123, 168 
Rhodamine B, 161 
Rigid bronchoscopy, 151 
Rigid esophagoscopy, 150 
Risk factors, 73-78 
RNA 

HPV, 2-3,11,15 
radioresistance and, 135 
ras,23 

R02-2985,49 
ros gene, 19 
Rotterdam Cooperative Head and Neck 

Cancer Study Group, 266 
RXR, see Retinoid X receptor 

Salivary gland tumors, 146,231 
Sangivamycin, 136 
Sarcoma, 266 
ScieIlin, 44 
Screening, 141-153 

for bronchial cancer, 148, 150-151 
for esophageal cancer, 145, 149-150 
for nasopharyngeal cancer, 145, 151 
patient selection for, 144-146 
techniques used in, 148 
timing considerations in, 147 
for tracheal cancer, 150-151 
for upper aerodigestive tract mucosa 

cancer, 143-144, 148 
Second primary tumors, 89-90 

field carcinogenesis and, 91, 92 
prevention of, 105-109 

Sequential chemoradiotherapy, 176-180, 
212-213 

52 gene, 30-34 
Signal transduction, 136 
Silicon naphthalocyanine, 159-160, 168 
Simultaneous tumors, 143 
Singapore, 199 
Sinus cancer, 145,208-209,248,249 
ski gene, 19 
Skin cancer, 287 

basal cell, 164 
PDT and, 159, 163-164 
squamous cell, 164, 274 

Small cell lung cancer, 25, 50, 58, 266, 267 
Smokeless tobacco, 104 

chewing, 89 
snuff, 75, 76, 99 

Smoking, see Smoking cessation; Tobacco 
use 

Smoking cessation, 286- 287 
lung premalignancy and, 102-103 
second primary tumors and, 107-108 

sno gene, 19 
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Snuff, 75, 76, 99 
Socioeconomics, 284-286 
Sodium thiosulfate, 268 
Soft palate cancer, 145,225,226 
South-East Co-operative Oncology Group, 

189 
Southern blot test, 14 
Southwest Oncology Group (SWOG), 204, 

213,256,257 
Spatial cooperation, in chemoradiotherapy, 

175,176 
Spermidine, 20 
Spermine, 20 
S phase cells, 134 
Spinal accessory nerve, 222, 223, 225, 228, 

232,234 
S2 protein, 29-30 
S6 protein, 34 
S8 protein, 34 
S12 protein, 34 
Squamous cell carcinoma, 22, 90 
Squamous cell carcinoma of the alveolar 

ridge, 232 
Squamous cell carcinoma of the buccal 

mucosa, 232, 233 
Squamous cell carcinoma of the cervix, 274 
Squamous cell carcinoma of the cheek 

pouch, 18 
Squamous cell carcinoma of the esophagus, 

230,234-238 
Squamous cell carcinoma of the facial 

epidermis, 48-49 
Squamous cell carcinoma of the faucial arch, 

232 
Squamous cell carcinoma of the head and 

neck, 17,26,89,109 
chemoradiotherapy and, 180, 182-184 
distant metastases from, 243-258 
organ preservation and, 205 
p53 gene and, 28, 92 
recurrent, see Recurrent head and neck 

cancer 
retinoid effect on, 48-49, 50, 51, 52, 53, 59 
screening for, 145 
S2 gene and, 31-33 
supraomohyoid neck dissection and, 233 
tumor invasion mechanisms of, see Tumor 

invasion 
Squamous cell carcinoma of the 

hypopharynx, 206, 207-208,230,234-
238,255,256 

Squamous cell carcinoma of the larynx, 206, 
234-238,255,256 

Squamous cell carcinoma of the lung, 53, 56, 
57-58,99 

Squamous cell carcinoma of the mouth floor, 
231,232 

Squamous cell carcinoma of the oral cavity, 
56-57,78,207-208,231,233-234,250, 
255 
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Squamous cell carcinoma of the oral 
epithelium, 53 

Squamous cell carcinoma of the oral mucosa, 
48-49 

Squamous cell carcinoma of the oropharynx, 
206,207-208,233,255,256 

Squamous cell carcinoma of the retromolar 
trigone, 232 

Squamous cell carcinoma of the skin, 164, 
274 

Squamous cell carcinoma of the supraglottic 
larynx, 201-202 

Squamous cell carcinoma of the tongue, 230, 
232 

Squamous cell carcinoma of the vulva, 20 
Squamous cell differentiation, 43-59 

aberrant, 45-46 
normal, 43-44 
retinoid effect on, 48-51 

Squamous-cell metaplasia, 43, 45, 102-103 
src gene, 19 
Staging, see Tumor stage 
Staurosporine, 136 
Steel workers, 77 
Sternocleidomastoid muscle, 228 
Sternomastoid muscle, 225, 232 
Steroids, 54 
Stromelysin, 55, 122-123 
Subcutaneous malignancies, 163-164 
Sublethal damage repair, 132-133, 134 
Submandibular gland, 231 
Submucosal fibrosis, 145 
Sulfonated metallophthalocyaines, 159, 168 
Sulfuric acid, 77 
Superoxide dismutase, 135 
Supraglottic cancer, 225, 248, 249 

lateral and anterior neck dissection and, 
234-235 

organ preservation and, 211 
squamous cell, 201-202 

Suprahyoid neck dissection, 231-232 
Supraomohyoid neck dissection (SOHND), 

230,232-234 
Surface illumination, in PDT, 162, 166, 167 
Surgery 

for distant metastases, 255-256 
organ preservation vs., 208 
radiation therapy and, 174 
voice preservation and, 202-203 

Survival, 173 
chemoradiotherapy and, 177 -180, 184-

190 
induction chemotherapy and, 203-205 
organ preservation and, 200-205, 206-

209,210-211,213,214 
radiation therapy and, 200-203 
screening and, 152 

SV40 large T antigen, 45 
Synchronous tumors, 143, 149 



Taxol, 175, 265-266, 271 
Testicular cancer, 266 
Tetracycline, 159 
12-0-Tetradecanoylphorbol-13-acetate 

(TPA), 45,136 
Tetra-(4-sulfonatophenyl) porphine (TPPS), 

159,168 
Textile workers, 77 
TGF-a gene, 19, see also Transforming 

growth factor-a 
TGF-p gene, 19, see also Transforming 

growth factor-~ 
Thromboxane,162 
Thyroid cancer, 146,230 
Thyroidectomy, 238 
Thyroid hormone nuclear receptor, 18 
Thyroid hormones, 54 
Tissue inhibitors of metalloproteinases 

(TIMPs), 120-121, 122 
1NM staging system, 248-250, 289-290 
Tobacco use, 17,73,89,101,215 

alcohol use and, 75 
carcinogen metabolism and, 79 
~-carotene and, 99, 109 
cigarette smoking, see Cigarette smoking 
cigar smoking, 74 
field carcinogenesis and, 90, 91 
HPVand, 5,12 
marijuana smoking and, 76 
mouthwash use and, 76 
occupational risk factors and, 77 
p53 gene and, 28 
pipe smoking, 74 
prevention of, 286-287 
screening and, 144, 145, 147 
second primary tumors and, 91 
smokeless, see Smokeless tobacco 
vitamin A and, 98 
vitamin E and, 109 

Toluidine blue, 148, 149 
Tongue cancer, 199,249,252 

functional neck dissection and, 230 
modified neck dissection and, 225, 226 
organ preservation and, 207 
squamous cell, 230, 232 
supraomohyoid neck dissection and, 232, 

233 
Tonsilar cancer, 184,225,226,249,252 
tRA, see ~-all-trans-Retinoic acid 
Tracheal cancer, 150-151, 161, 163 
Transferrin receptor (TFR), 26 
Transforming growth factor-a (TGF-a), 20, 

21, 124 
Transforming growth factor-~ (TGF-~), 48, 

124 
Transglutaminase type I (TGase-I) 

in animal models, 20 
squamous cell differentiation and, 44, 45-

46,48-49,51,53,59 
Triethylenemelamine, 83-84 

Tumor biology, 90-93 
Tumor cell motility, 124-126 
Tumor invasion, 117-126 

collagenase in, 120, 122-123 
degradative enzyme inhibitors in, 120-121 
degradative enzymes in, 117-120 

Tumor necrosis factor-a (1NF-a), 124, 136, 
137 

Tumor stage 
distant metastases and, 248-252 
EGFRand,26 
myc gene and, 25 
supraomohyoid neck dissection and, 233-

234 
Tylosis, 145 

Ultraviolet light, 5 
Upper aerodigestive tract mucosa cancer 

PDT and, 163, 164-166 
radiation therapy and, 146 
screening for, 143-144, 148 

Urokinase (UK), 117, 120, 121-122, 123-
124, 126 

Uvula tumors, 226 

v-abl gene, 135 
v-erb gene, 20 
Verrucous carcinoma of larynx, 12-13 
Veterans Affairs Laryngeal Cancer Study 

Group (VALSG), 179-180,208,209-
211,212,214,255,256 

v-fes gene, 135 
Vinblastine, 189,206 
Vincristine, 178, 189,204,256,257 
Vindesine, 211 
Viral capsid antigen (VCA), 151 
Vitamin A, 17, 43, 45, 46-47, 77, 274 

~-carotene and, 100-101 
clinical trials of, 95-97, 98 
micronuclei and, 104, 105 
nonrandomized trials of, 99-100 
second primary tumors and, 108 
squamous cell differentiation and, 49-50 

Vitamin C, 77 
Vitamin D, 54 
Vitamin E, 93, 100-101, 109 

~-carotene and, 99 
micronuclei and, 105 
second primary tumors and, 108 

v-mos gene, 135 
v-myc gene, 25 
Vocal cord cancer, 166 
Voice preservation, 173,202-203, see also 

Organ preservation 
Vokes-Weichselbaum regimen, 134 
v-raf gene, 135 
v-ras gene, 23, 46 
Vulvar squamous cell carcinoma, 20 
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Warts, see Papillomas 
Whites, 17, 73, 75 
Women 

cigarette smoking and, 74 
epidemiology of cancer in, 73 
mouthwash use and, 76 
snuff use and, 75 

Women's Health Study, 93 
Wood dust, 77 
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Xeroderma pigmentosum, 48, 80 
X-rays, 4, 5,136,137,144,148,150 
XRCC-l gene, 134 

yes gene, 19 
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