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INTRODUCTION 

In the United States, about 50 thousand cases of Head and Neck Cancer (HNSCC) are 
estimated for 2009, along with 11 thousand deaths (1 ). Worldwide, it is the eighth most 
common cause of cancer death, with nearly 650 thousand new cases diagnosed annually (2). 
The majority of these occur in developing countries. The incidence is three-fold higher in males 
than females, and more common among the African American than the white population. The 
majority of head and neck cancers are squamous cell carcinoma (HNSCC) and originate from 
six main subsites: lip/oral cavity, oropharynx, nasopharynx, hypopharynx, larynx and nasal 
cavity/sinus. Among these, the oropharynx subsite, specifically base of tongue and tonsil, has 
seen the most significant increased incidence over the last decade, especially in patients less 
than 45 years of age (3). The incidence and mortality of HNSCC are far exceeded by lung, 
breast, colon and prostate cancers, however, in spite of strides made in treatment and survival, 
few other tumors have such impact on quality of life. 

RISK FACTORS FOR DEVELOPING HNSCC 

The significant increase in oropharyngeal carcinoma has been recently associated with human 
papillomavirus (HPV) in developed countries, as well as the practice of oral sex and increased 
number of partners (4,5). However, tobacco and alcohol use remain the most important risk 
factors for developing HNSCC. The risk of developing HNSCC is proportional to the number of 
cigarettes smoked and the duration, and is further increased by alcohol (6,7,8). HNSCC occurs 
six times more commonly in smokers than nonsmokers. Smokeless tobacco increases the risk 
of developing primarily oral cavity subsites. A geographic component has been noted, as well. 
For example, certain HNSCC tumors are common in Asia, and thought to be related to 
smokeless tobacco and betel nut use. In rural parts of the United States, an increased incidence 
of oral cavity cancers in women is similarly related to dipping tobacco. Cigar smokers may 
actually have lower rates of lung and laryngeal cancers, but higher risk in sites where saliva 
may pool, such as esophagus and oropharynx. 

Head and neck cancer is more common in men, with a male: female ratio of about 3 to 1 for oral 
cavity and pharynx lesions. With more female smokers, however, the ratio may change. 
Interestingly, in patients with Plummer-Vinson syndrome, 80% of HNSCC occurs in women. 

Dietary factors may contribute to risk, specifically in oral cavity and pharyngeal tumors. 
Epidemiologic studies have associated carcinoma at these sites with diets deficient in vitamin A, 
~-carotene, a.-tocopherol, in addition to the iron deficiency seen with Plummer-Vinson disease 
(9, 1 0). Occupational exposures to chromium, nickel, radium, mustard gas, and the by-products 
of leather tanning and wood working have been tied to sinus and nasal cancers (11 ). Finally, 
viruses have been firmly established as causative in certain types of HNSCC. Ebstein-Barr virus 
(EBV) is associated with WHO Types II and Ill nasopharyngeal carcinoma (NPC). Both are 
prevalent in endemic areas of North Africa and Asia (12). More recently, HPV has been 
recognized as an etiologic factor in HNSCC. Molecular and epidemiologic studies have shown 
that about 25% of all HNSCC are associated with HPV. However, among the oropharyngeal 
carcinomas, as many as 60% are HPV related (13,14). The emerging role of HPV in HNSCC 
will be reviewed in more detail below, along with current multimodality staged-based treatment 
options that have incorporated chemotherapy and hopeful opportunities for the future. 
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SIGNS AND SYMPTOMS 

The symptoms associated with HNSCC are typically related to upper aerodigestive tract 
function. These may include difficulty with swallowing, speech or hearing. Patients should be 
questioned about dysphagia and odynophagia, hoarseness, trismus or globus sensation. 
Patients may describe otalgia, epistaxis or hemoptsysis. 

Physical examination may reveal skin nodules, ulceration or enlarged cervical lymph nodes. 
Cranial nerve function should be observed, not only because head and neck cancers may be 
locally invasive, but also because they have a predilection for perineural spread and tracking to 
skull base. Within the oral cavity, the entire mucosal surface should be inspected, including 
tonsillar pillars and tongue mobility. Optimal examination is performed by the otolaryngologist, 
often under anesthesia, and including laryngoscopy, esophagoscopy, and bronchoscopy. 

STAGING OF HNSCC 

The American Joint Committee on Cancer, th Edition 2010, details the Tumor-Node-Metastasis 
staging system for HNSCC (15). It divides head and neck cancers into those arising from 
specific sites: lip/oral cavity, pharynx (naso-, oro-, hypopharynx), larynx, and nasal cavity/ sinus. 
The T-stage descriptors are unique to each primary site. With the exception of nasopharyngeal 
tumors, N-stage definition is uniform for all sites. Nodal staging is based on number, size and 
laterality of involved lymph nodes. Importantly, the risk of developing distant (M1) disease rises 
with higher N-stage (16). 

Vokes E, et al N Eng/ J Med 1993;328:184-194 

The staging evaluation is specific for each 
subsite and includes physical examination, 
endoscopy and radiologic imaging, typically 
CT or MRI. Since the majority of patients have 
a history of tobacco exposure, the entire 
aerodigestive tract is potentially at risk for field 
cancerization and synchronous or 
metachronous tumors (17). For this reason, 
chest imaging to identify metastases or 
second primary tumors is often included in 
staging, along with panendoscopy. Finally, 
Positron emission tomography (PET) has been 
incorporated into staging. It may be useful in 
characterizing nonclacified lung nodules or 
revealing occult neck metastases. 
Additionally, it can be helpful in localizing an 
unknown primary in patients presenting with 
cervical adenopathy, and for restaging patients 
after definitive chemoradiation (4). About one
third of patients present with stage I or II 
disease and have 5-year survival rates of 70 -
90%, while 60 - 80% of patients present with 
locally advanced disease and have 5-year 

overall survivals ranging from 20 - 50%, depending on primary site. Only about 10 - 15% of 
patients will have distant metastases at the time of diagnosis (18, 19). 
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PATHOLOGY 

The predominant histology head and neck cancer is squamous cell carcinoma, and typically 
arises in surface mucosa. The primary lesion may be exophytic, ulcerated, or endophytic. 
Spread of primary tumor is dictated by local anatomy and each subsite is unique. Extension 
beneath mucosa is characteristic of base of tongue and floor of mouth tumors, for example. In 
contrast, bone and cartilage act as natural barriers to spread, while invasion of parapharyngeal 
space gains access to skull base. HNSCC have a predilection for perineural spread and this, 
along with local invasion and nodal involvement, predicts for local recurrence. The likelihood of 
lymphatic involvement is related to differentiation of tumor, size of the primary, presence of 
vascular invasion, and density of capillary lymphatics (20). The risk for distant disease is 
related primarily to neck stage and location of cervical nodes (lower cervical), and lung is the 
most common site of metastasis. 

TREATMENT OF HNSCC 

Optimal treatment of HNSCC requires an understanding of the natural history of the disease. In 
contrast to lung cancer, for example, where most recurrences are distant and metastatic, the 
predominant site of failure/recurrence in HNSCC has historically been local (the primary tumor 
site) or regional (cervical nodes). Up to 60% of patients with locally advanced disease at 
diagnosis will develop regional recurrence within 2 years, while less than 30% experience 
distant failure (21 ). It follows, then, that over the last three decades, the treatment of HNSCC 
has been the realm of the otolaryngologist and radiation oncologist. Both surgery and radiation 
are locally directed modalities, and can be potentially curative in HNSCC, while chemotherapy 
alone is not. However, when combining these three modalities in various treatment settings, we 
can examine the impact on the pattern of disease recurrence, and gain insight into new 
treatment opportunities. In this discussion we will review multimodality treatment of HNSCC 
based on stage of disease, and where chemotherapy has demonstrated benefit. 

EARLY STAGE DISEASE 

Treatment for the approximately 30% of patients presenting with Stages I and II disease is 
usually single modality, either surgery or radiation therapy. Each modality results in similar cure 
rates and survival, and each may have certain advantages. Surgery may be preferred because 
treatment time is shorter and limited tissue is exposed to treatment, in contrast to the acute and 
chronic toxicities associated with radiotherapy. Moreover, surgery almost always yields the 
most accurate tumor and nodal staging (22). On the other hand, radiation therapy may offer 
specific advantages. Surgical complications are avoided and medically unfit patients may 
tolerate radiation therapy better than surgery to the primary and lymph nodes. Also, the 
success of organ preservation is based on the effectiveness of radiotherapy in curing local 
disease. The choice between surgery and radiation depends on site of the primary, need to 
preserve function, local expertise, and patient features such as performance status and 
comorbid conditions. After definitive surgery or radiation, there is no proven or defined role for 
adjuvant chemotherapy in early stage disease. Anticipated 5-year survivals are 80 - 90% and 
65-80% for Stages I and II disease, respectively (22). 
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LOCALLY ADVANCED DISEASE: RESECTABLE OR UNRESECTABLE 

The majority of patients unfortunately present with stage Ill or Stage IV (nonmetastatic) disease, 
and for this group combined modality treatment is recommended. The first determination to be 
made in this group of patients is resectability. The definition of "resectable", however, may vary 
depending on primary site, institution and surgeon. Generally, unresectable disease includes 
primary or nodal involvement of vertebra or prevertebral muscle, skin, dura, skull base, brachial 
plexus, or tumor extent that precludes functional reconstruction (23). In patients with resectable 
disease, the historical and still current standard treatment is surgery followed by adjuvant 
radiation therapy. Postoperative radiotherapy is considered when the risk of locoregional 
recurrence is greater than 20%. In data from Medical College of Virginia, patients treated by 
two groups of surgeons were compared. One group, general surgical oncologists, reserved 
radiation for recurrent disease. The other group, otolaryngologists, routinely sent patients with 
locally advanced disease for adjuvant radiation. The latter group demonstrated superior local 
control rates and disease-free survival (24 ). Another series from Mayo Clinic used a matched 
pair analysis to compare surgery followed by postoperative radiotherapy to surgery alone. 
Similar outcomes were noted with decreased local recurrence and improved overall survival 
(25). Postoperative radiation is now established among treatment guidelines in patients with 
resected locally advanced HNSCC. 

In contrast to stage 1/11 disease where there is little data supporting the use of adjuvant 
chemotherapy after definitive single-modality surgery or radiation, there are phase Ill trials 
addressing this question in resectable patients with locally advanced stage III/IV HNSCC. 
Two large multicenter studies have recently been published testing the efficacy of adding 
chemotherapy to adjuvant radiation for patients at higher risk of local recurrence. In spite of 
having resectable disease, up to 40% of these patients still experience local or regional failure. 
Those with positive surgical margins, multiple involved nodes, or extracapsular nodal extension 
are especially predisposed to recurrence after surgery (26). Using these high risk features as 
entry criteria, RTOG 9501/lntergroup trial randomly assigned 459 patients to either 
postoperative radiotherapy or postoperative radiotherapy plus concurrent cisplatin. With median 
follow up of nearly four years, they documented a significant improvement in disease-free 
survival and local recurrence. Overall survival and distant failure rates were similar, however 
(27). A multicenter European trial from the European Organization for the Research and 
Treatment of Cancer (EORTC) conducted a similar study. In that trial, patients were 
randomized to postoperative radiation with or without concurrent cisplatin. Of note, the entry 
criteria defining "high risk" were broader in this trial. Their results not only confirmed the 
findings from RTOG 9501 in terms of local control benefit, but they also demonstrated superior 
survival (28). It was unclear if the difference in eligibility requirements accounted for the 
difference in overall survival results between these two trials. Together, these studies are the 
basis for recommending the addition of adjuvant chemotherapy to postoperative radiation for 
patients with high risk features after surgery. 
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Among those patients with locally advanced but resectable HNSCC, especially tumors involving 
larynx, hypopharynx and base of tongue, the consequences of resection can be quite significant 
and life altering. For example, total laryngectomy has been recognized as one of the surgical 
procedures most feared by patients, and is often associated with social isolation, job loss, and 
depression (29,30). The presence of a stoma affects quality of life, as well (31 ). Patients with 
HNSCC experience among the highest rates of major depressive disorder among all oncology 
patients, ranging from 15-50%. It is suggested that a major reason is the physical location 
affected by HNSCC, affecting the most basic aspects of one's humanity and self-image: speech, 
eating, breathing, and appearance in public (32, 33, 34). 

Organ preservation, as an alternative to surgery in patients with resectable disease, was initially 
pursued by the group at Wayne State. During their studies of preoperative chemotherapy in the 
1980s, they observed that good responses to chemotherapy predicted for further response to 
subsequent radiation (35). These experiences eventually led to the landmark study from the VA 
Laryngeal Cancer Study Group. In this randomized study, patients with advanced resectable 
larynx cancer were treated with either standard surgery followed by radiation, or three cycles of 
5FU/cisplatin followed by radiation in responders. In the chemotherapy arm, about one-third of 
patients required laryngectomy; two-thirds were able to avoid laryngectomy, however, without 
compromising survival, when compared to the standard surgery arm (36). 
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This trial heralded the era of organ 
preservation and defined another critical 
role for chemotherapy in patients with 
advanced HNSCC. Subsequent studies 
have extended these observations, 
including a comparison of sequential vs. 
concurrent chemoradiotherapy (37, 38, 
39, 40). Beyond larynx and hypopharynx, 
organ preservation is now offered to 
patients with locally advanced resectable 
oropharyngeal cancer (tonsil, base of 
tongue). Concurrent chemoradiation is 
the standard of care for nonsurgical 
management of most patients with 
HNSCC in these subsites, achieving 
organ preservation in the majority, and 
maintenance function and quality of life 
(4). 
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Unfortunately, a significant portion of patients will have unresectable disease at the time of 
diagnosis and, therefore, not be candidates for organ sparing consideration. Historically, the 
standard treatment for this group of patients has been single-modality irradiation. The 
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outcomes were predictably quite poor with high local failure rates and survivals of less than 25% 
(41, 18). Borrowing from the maturing experience with chemotherapy in recurrent/metastatic 
disease, investigators studied the addition of chemotherapy to radiation therapy. The earliest 
trials compared the addition of single agents such as cisplatin, 5FU, and methotrexate to 
radiation vs. radiation alone (42, 43). Subsequent investigations combined multiagent regimens 
with radiotherapy, although the initial efforts were tentative out of concern for toxicity. What 
emerged was demonstration of benefit in terms of survival and response rates. The 
combination of 5FU and cisplatin given concurrently with radiation yielded the most reproducible 
response rates, improved survival and was generally well tolerated (44, 45). Meta-analyses 
examining the impact of chemotherapy in the various treatment settings (adjuvant, concurrent, 
induction, metastatic) have confirmed these results. The largest of these, the Meta-Analyses of 
Chemotherapy on Head and Neck Cancer (MACH-NC) reviewed 63 randomized trials (46). The 
most significant incremental improvement in survival was seen when chemotherapy was 
delivered concurrent with radiation, yielding about an 8% absolute survival improvement at 5 
years. In the U.S., single agent cisplatin given every 3 weeks during radiation has become the 
standard of care regimen, primarily based on the cooperative group experience. The Head and 
Neck Intergroup Trial definitively tested this in a 3-arm trial comparing radiotherapy alone to 
radiotherapy plus cisplatin, or radiotherapy plus 5FU/cisplatin in patients with unresectable 
disease (23). Radiotherapy plus cisplatin was superior to radiotherapy alone in terms of overall 
survival and local control. The radiotherapy plus 5FU/cisplatin arm was not statistically different 
from the other two arms. These results established single agent cisplatin with radiation as the 
standard regimen in this group of patients. An additional observation from the concurrent 
chemoradiation experience is that the survival gains are due to improved local control; the 
incidence of distant metastases is relatively unchanged. 
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RECURRENT AND METASTATIC DISEASE 

In spite of the progress made in treating patients with locally advanced HNSCC by refining 
surgical and radiation techniques, and with the addition of chemotherapy to radiation both 
postoperatively and as definitive treatment of unresectable disease, only 35-55% of patients are 
disease-free at 3 years. Local or regional recurrence has been the predominant first site of 
recurrence with distant metastases developing in about 20-30% (40). Among patients with 
local-only recurrence, surgical salvage remains the preferred treatment, but the majority of 
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these patients are not resectable. Obstacles include inability to obtain a clear margin, 
manipulation of previously irradiated tissue with the associated complications of fistula formation 
and poor wound healing, and maintenance of a reasonable quality of life after extensive 
resection (47, 48, 49). While there is an emerging interest in re-irradiating patients with local
only recurrent disease, the majority of patients are not candidates. The historical standard for 
this group of patients who cannot be treated with salvage surgery or radiation is systemic 
chemotherapy. 

The initial experience with systemic chemotherapy used single agents, generally with modest 
response rates and no clear improvement in survival. Combination regimens, demonstrated 
reproducibly higher response rates and the 5FU/cisplatin doublet became the most reliable and 
easily tolerated regimen (50, 51). With the advent of taxanes, doublet regimens combining a 
platinum and taxane were shown to be as efficacious as the standard 5FU/cisplatin combination 
(52). Even more aggressive three drug regimens such as paclitaxel/ifosfamide/platinum appear 
to have pushed the response envelope further, although with significant toxicity (53). While 
some patients can achieve impressive regression of tumor, what has been lacking is clear 
evidence that these aggressive cytotoxic therapies lead to any survival improvement. 
Fortunately, we are transitioning into a new era in the treatment of HNSCC bringing hope of 
improved survival and quality of life with new strategies, targeted therapy, and a fresh 
understanding of the epidemiology of the disease. 

INDUCTION CHEMOTHERAPY: A NEW STRATEGY? 

Chemotherapy is given in various settings. Typically, the initial experience with chemotherapy 
in malignant neoplasms is in the setting of recurrent or metastatic disease, often after failure of 
local therapies. The goal may be palliative, although demonstrable improvement in survival is 
achievable, as well. In patients with nonmetastatic disease, chemotherapy may be given before 
(induction or neoadjuvant), during (concurrent, usually with radiation) or after (adjuvant) 
definitive local therapy. In the latter instance, "adjuvant" chemotherapy, as a single modality, is 
given with the goal of delivering systemic cytotoxic therapy to eradicate potential 
micrometastatic disease and improve survival by reducing the risk of distant recurrence. 
Adjuvant chemotherapy has proven survival benefit and is the standard of care for several 
tumors, most notably breast, colorectal, and non-small cell lung cancers. When chemotherapy 
is delivered concurrently with definitive local therapy such as radiation, it functions primarily as a 
radiation sensitizer. This concurrent setting is especially important when local control of tumor 
is critical, impacting survival and quality of life. Examples of the proven benefit of concurrent 
chemoradiation are locally advance HNSCC, lung cancer, rectal cancer, and esophageal 
cancer. The notion of induction/neoadjuvant chemotherapy in locally advanced HNSCC is not 
new. This implies administration of systemic chemotherapy before definitive local treatment 
with surgery, radiation, or chemoradiation. There is an appealing rationale for this strategy. 
First of all, the response rates to chemotherapy in treatment-na·lve patients are very high. For 
example, response rates of 60-80% have been documented in patients with HNSCC (18). 
These rates are generally much higher than in previously treated patients. Treatment induction 
does not compromise subsequent local therapy, and in fact predicts for radiation responsive 
disease (35). Theoretical benefits of induction chemotherapy include in vitro assessment of 
chemosensitivity, better drug delivery through intact vasculature and early eradication of 
micrometastatic disease. Based on this, a number of trials were designed to test the efficacy of 
induction chemotherapy in terms of local control, effect on distant recurrence, and overall 
survival. Most of these studies from the late 1980s and early 1990s yielded consistent 
outcomes: high local response rates, no compromise in subsequent local therapies, fewer 
distant metastases, but little impact on survival. The explanation for these consistently 
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disappointing outcomes was that the predominant pattern of failure remained locoregional (18). 
With this experience, efforts were refocused and ultimately led to achievements in survival and 
local control through better surgical techniques and concurrent chemoradiation. It is important 
to recognize that these survival gains have come without significantly changing the incidence of 
distant metastases. This has revitalized interest in examining a possible role for induction 
chemotherapy, recalling the observations made nearly two decades ago. Moreover, a subset 
analysis of the recent MACH-NC suggested a 5% absolute survival benefit in patients receiving 
induction chemotherapy (46). Another observation is that with better control of local disease, 
the recurrence pattern may be shifting so that distant metastases potentially represent a higher 
proportion of failures (54). A criticism of the older induction studies has been that suboptimal 
chemotherapy was used. Recent trials have explored the addition of a taxane to the standard 
5FU/cisplatin regimen. Phase II trials have demonstrated the safety and efficacy of adding 
docetaxel to 5FU/cisplatin, for example. More recently, a number of phase Ill trials have been 
conducted to address the question of induction chemotherapy in locally advanced HNSCC. 
Remenar, et al treated unresectable patients with 5FU/cisplatin with or without docetaxel, 
followed by definitive radiation and showed improved survival in the docetaxel arm (57). Hitt 
and colleagues treated a mixed population of resectable and unresectable patients with a 
similar program using paclitaxel instead of docetaxel, followed by combined chemoradiation. In 
this trial, survival was improved only among the unresectable patients (58). A third randomized 
trial conducted in the United States by Posner, et al similarly treated a mixed population of 
resectable, unresectable and organ preservation candidates with induction 5FU/cisplatin with or 
without docetaxel followed by chemoradiation. Surgery was allowed in some patients. Survival 
was superior in the 5FU/cisplatin/docetaxel arm (59). 
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Clearly, these are encouraging outcomes. Proponents of induction therapy argue that definitive 
chemoradiation achieves superior survival primarily by improved locoregional disease control, 
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but that distant disease recurrences are unaffected. Induction chemotherapy not only provides 
systemic treatment of micrometastatic disease but yields local responses, as well, potentially 
preparing local tumor bulk for subsequent chemoradiotherapy. Uncertainty, however, remains 
regarding how to interpret these trials and integrate what appears to be a promising new 
strategy into standard treatment paradigms. Included among the various trials, for example, are 
a spectrum of patients whose extent of disease spans resectable, unresectable and organ 
sparing categories. One might expect the impact of induction chemotherapy to differ depending 
on variable risk features represented in these groups of patients. The trial designs differed 
among these studies also. In several of these trials, the addition of taxane appeared to be the 
variable, since both the control arm and experimental arms were treated with induction 
chemotherapy. Finally, the definitive local treatment was not the same for each of the 
randomized studies published to date: radiation alone, chemoradiotherapy with cisplatin or 
carboplatin, or the allowance of surgery. In the near future it appears likely that well-designed 
trials with carefully selected patients will identify the best candidates for this aggressive strategy. 

NOVEL THERAPUTIC AGENTS: A NEW TARGET? 

In spite of advances in surgery, radiotherapy and the addition of new active cytotoxic 
chemotherapeutic agents, the prognosis of advanced HNSCC has only modestly improved. 
With a better understanding of the biology of malignancies, including HNSCC, oncology has 
now firmly arrived in the era of targeted therapy. The historical backbone of systemic oncologic 
treatment relies on standard cytotoxic chemotherapy which works by interfering with cell division 
and growth. The most sensitive cells generally are those that are rapidly dividing, and the most 
active drugs in aerodigestive tract cancers interfere with critical components of cellular 
proliferation. Platinums act as alkylating agents, forming covalent bonds to guanine bases, and 
leading to cross-links between DNA strands. The antimetabolite 5-fluorouracil acts as a false 
pyrimidine, being incorporated into cellular RNA and DNA in the form of FUDP and FdUTP, 
respectively. Taxanes bind the ~-tubulin subunit of the microtubule assembly interfering with 
mitosis. Unfortunately, in addition to tumor cells, certain normal cells with rapid turnover (hair, 
hematopoietic precursors, gastrointestinal epithelium) are affected, as well, leading to the side
effects commonly associated with cytotoxic chemotherapy. 

Targeted therapies aim to interfere with the proliferation of cancer cells by blocking specific 
molecules required for tumor growth. And while target molecules may not be exclusively 
expressed by tumor cells, often they are mutated or selectively over-expressed by tumor cells, 
thus potentially avoiding toxicity to normal tissue. Broadly these agents fall into two categories, 
monoclonal antibodies and small molecule inhibitors. The best studied target in HNSCC is 
Epidermal Growth Factor Receptor (EGFR). 

EGFR is a member of the ErbB family of receptor tyrosine kinases. ErbB family members 
include EGFR, HER2/neu, HER3 and HER4. These transmembrane receptors are expressed in 
many epithelial and mesenchymal tissues and affect growth, differentiation, and development. 
EGF and TGF-a induce ligand-dependent homo- and heterodimerization, leading to 
phosphorylation of specific tyrosine residues within the cytoplasmic domain of the receptor. 
This activates multiple signal transduction pathways promoting proliferation. EGFR is over
expressed in HNSCC. In contrast to the activating mutation found in certain non-small cell lung 
cancers, which correlate with response to EGFR tyrosine kinase inhibitors, EGFR in HNSCC 
rarely has activating mutations (60). Rather, it is over-expressed in up to 90% of HNSCC and is 
associated with a poor prognosis (61 ). The rationale for developing EGFR-targeted therapies 
for HNSCC is logical, based on its frequent expression and negative impact on survival. 
Additionally, preclinical studies have shown antitumor efficacy. Finally, the side effect profile of 
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this class of agents is generally tolerable, usually skin rash and diarrhea, without the typical 
myelosuppression associated with standard cytotoxic chemotherapy. 

ANTI-EGFR MONOCLONAL ANTIBODIES 

Cetxuimab is a humanized mouse anti-EGFR lgG1 monoclonal antibody (MoAb). It was 
approved in 2006 by the Food and Drug Administration for use in HNSCC. Cetuximab has been 
studied as a single agent, combined with chemotherapy, and given concurrently with 
radiotherapy. In the critical trial from Bonner, et al that led its approval, cetuximab plus 
radiotherapy was compared to radiotherapy alone in patients with locally advanced 
nonmetastatic HNSCC. This trial was important not only because it demonstrated the feasibility 
and safety of combining a monoclonal antibody with a local treatment modality, radiation, but it 
also documented superior response rates and overall survival in the experimental arm (62). 
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Used as a single agent, cetuximab leads to response rates in the 10-12% range, and higher 
when combined with chemotherapy. Two randomized trials have been performed using 
standard chemotherapy with or without the addition of cetuximab. Both trials reported improved 
response rates for combined cytotoxic plus MoAb therapy, and one trial demonstrated a 
statistically superior survival (63, 64). In the latter trial, Vermorken, et al randomized patients 
with recurrent/metastatic HNSCC to 5FU/platinum with or without cetuximab. Not only did these 
investigators confirm the safety and superior response rates described in the 
cisplatin/cetuximab trials, but it was also the first large randomized trial to clearly show a 
survival benefit to treating advanced HNSCC with systemic chemotherapy. 
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The studies from Bonner, et al and Vermorken, et al clearly define a turning point in our 
treatment of HNSCC. Other more extensively humanized anti-EGFR MoAbs are currently being 
studied in HNSCC. Panitumumab blocks ligand binding and is currently approved for use in 
EGFR (+) colon cancers. Zalutumomab blocks EGF and TGF-a binding and induces antibody 
dependent cell-mediated cytotoxicity in vitro, and is being studied in a phase Ill trial versus best 
supportive care for HNSCC patients who have progressed on platinum-based chemotherapy 
(63). Other EGF-directed monoclonal antibodies are currently being studied and expected to 
extend these results. 

TYROSINE KINASE INHIBITORS 

In contrast to the MoAbs directed at the extracellular domain of EGFR, small molecules acting 
as tyrosine kinase inhibitors (TKI), target the intracellular domain, interfering with the initiation of 
the signal cascade. The EGFR-TKis that have been tested in HNSCC include gefitinib, 
erlotinib, and lapatanib. The first 2 have been approved for use in non-small cell lung cancer 
after progression on platinum-based therapy. Experience with these agents in HNSCC shows 
response rates of approximately 10% (66). With these modest results, more recent interest has 
been combining EGFR-TKis with chemotherapy or chemoradiation. Lapatanib is another oral 
tyrosine kinase inhibitor with dual target specificity for EGFR and HER2, and is approved for use 
in advanced breast cancer. It has been incorporated into phase II trials but its activity in 
HNSCC has not been well defined. 

EGFR has clearly been the best studied target in HNSCC. The experience with therapies 
aimed at interfering with angiogenesis, well established in lung and colon cancers, is much less 
extensive in HNSCC, but bears mention. Analogous to the ErbB family of transmembrane
tyrosine kinase receptors, Vascular Endothelial Growth Factor Receptor (VEGFR), and its 
primary ligand, VEGF, promote formation of new blood vessel growth in HNSCC (67). VEGFRs 
are expressed in the majority of HNSCC, and have been associated with poor progress and 
tumor progression (68, 69). Bevacizumab is a monoclonal antibody directed at soluble VEGF 
and is approved for use in breast, lung, and colon cancers. The Eastern Cooperative Oncology 
Group is currently accruing to a phase Ill study that randomizes patients with 
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recurrent/metastatic HNSCC to platinum-based chemotherapy with or without the addition for 
bevacizumab (70). Finally, oral agents targeting tyrosine kinase activity of VEGFR (along with 
PDGFR-~, Raf-1, KIT) are being tested in these patients. The most commonly used agents are 
sorafenib and sunitinib, both of which are approved in renal cell cancer. The role of 
antiangiogenesis therapies remains to be defined, but based on the progress made in exploiting 
the EGFR receptor pathways, it is expected that targeted therapy will revolutionize our 
treatment of HNSCC in the coming years. 

HUMAN PAPILLOMAVIRUS: A NEW DISEASE? 

Historically, the majority of HNSCC occurred in patients with a history of tobacco exposure. The 
notable exception is nasopharyngeal carcinoma, particularly the nonkeratinizing and 
undifferentiated subtypes that are associated with Ebstein-Barr virus. The last ten years, 
however, have witnessed a growing body of evidence tying cancers of the oropharynx (OP) to 
another etiology, human papillomavirus (HPV). Certain HPV types are causally associated with 
cervical cancer, in addition to condyloma accuminata and other anogenital carcinomas. They 
are small DNA viruses that infect epithelial cells to induce a variety of lesions secondary to 
squamous cell proliferation. They are divided into types that infect stratified squamous 
epithelium or mucosal epithelium. The latter are divided into low risk HPVs (HPV 6, 11) and 
higher risk (HPV 16, 18, 31, 33) based on ability to induce tumors (71 ). Viral infection occurs in 
basal replicating keratinocytes, but replication occurs only in terminally differentiated 
keratinocytes. In spite of a limited viral genome, HPV has evolved a group of E proteins that 
maintain the cell's DNA replication machinery to subvert it for viral replication. In differentiated 
cells, the viral genome replicates as an episome leading to productive viral infection. Integration 
into the host genome is the hallmark of malignant progression. 

Integration occurs within viral E1 and E2 genomes and then disruption allows for the 
dysregulated expression of E6 and E7 oncoproteins which are responsible for the malignant 
phenotype (72). The function of E6 oncoprotein is to bind and inactivate p53 tumor sugpressor 
protein. One of the first targets of p53 is the cyclin dependent kinase inhibitor p21 1

P
1
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, 

which when activated leads to inhibition of cyclin dependent kinases. HPV E6 oncoprotein is 
similar to SV40 Tag in that it interferes with the antiproliferative function of p53. In contrast to 
SV40 Tag, however, which increases the half-life of p53 (although functionally inert), E6 
decreases p53 levels by accelerating its degradation through ubiquitin-dependent proteolysis 
(73). 

A second HPV oncoprotein, E7, similarly recapitulates a recurring mechanism in cellular 
transformation by viruses. E7 shares sequence homology with SV40 Tag and these domains 
function in the interaction with regulatory proteins such as pRB. pRB tumor suppressor has 
binding pockets for HPV E7 and SV40 Tag. When pRB is phosphorylated by cyclin dependent 
kinases at G1/S through late M phase, it is not available to bind E2F transcription factor; E2F is 
thus free to activate transcription and proliferation. Hypophosphorylated pRB, conversely binds 
E2F, functioning as a transcription repressor (73). In the presence of high risk HPV E7 
oncoprotein, pRB is destabilized through proteolysis. This leads to less growth-suppressive 
unphosphorylated pRB and an increased pool of transcriptionally active E2F. Notably, low risk 
HPVs (eq. HPV 6, 11) E7 proteins do not efficiently bind pRB. E7 can also interact with 
p21 C1P1WAF1. 

Over expression of p16 protein has been reported in HPV-associated cancers (7 4 ). The p16 
protein functions as a tumor suppressor by binding cyclin D1 and preventing phosphorylation of 
pRB. Begum, et al suggest that p16 over expression in lymph nodes is a surrogate marker for 
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oropharyngeal subsite origin and HPV association. This contrasts with tobacco related HNSCC, 
where mutation or epigenetic inactivation of p53, p16, and Rb leads to the multistep progression 
from normal to dysplasia to carcinoma (75). The alternative mechanism of HPV-induced 
HNSCC involves inactivation of p53 and Rb pathways by E6 and E7, respectively, with 
subsequent upregulation of p16 through the loss of feedback inhibition (7 4 ). Based on this 
there may be 3 groups of oropharyngeal cancers: 1- HPV (-), p16 inactive, p53 mutated; 11-HPV 
(+), p16 inactive, p53 mutated; Ill- HPV(+), p16 increased, p53 wild type. 
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Weinberger, P. M. et al. J Clin Oneal; 24:736-747 2006 

Epidemiologic and molecular evidence point 
to HPV as the causative agent in a subset of 
oropharyngeal cancers. In a case-control 
study from D'Souza, et al of 100 patients 
with OP carcinoma and 200 controls without 
cancer, a higher number of vaginal and oral 
sex partners were associated with risk for 
oropharyngeal cancer. This was associated 
with HPV, and HPV-16 DNA was detected in 
72% of paraffin embedded tumor 
specimens. Tobacco and alcohol history 
correlated with patients with oropharyngeal 
tumors, but not with HPV-16 (14). In 
another retrospective study, Gillison, et al 
tested tissue from 253 patients with 
HNSCC. Evidence for HPV was found in 

25% of specimens, 90% of which was HPV-16. The most common subsite was oropharynx, 
and HPV (+) tumors were more likely to be poorly differentiated. Those with a history of 
tobacco or alcohol were more likely to be HPV (-). Interestingly, the median survival of HPV (+) 
patients was superior to HPV (-), 91 months vs. 76 months (76). The effect and presence of 
HPV has been examined by several investigators and the results are consistent. The frequency 
of HPV infection ranges from 24-61% and when present, was predominantly found in 
oropharyngeal subsites. Among these, the large majority are HPV-16 (77, 78, 79). Some 
studies have correlated HPV (+) status with earlier stage disease at presentation (80), while 
others in contrast describe more advanced disease at the time of diagnosis (81, 82, 83). In 
general, however, most investigators identify a remarkably similar pattern among their HPV (+) 
patients with HNSCC in terms of outcome, histology, and demographics (84, 14). 

The observation of better prognosis in patients with HPV (+) OP carcinomas has several 
potential explanations. First, many of these patients have no prior history of tobacco exposure 
and all of its implications. For example, HPV (+) OP carcinoma patients tend to be younger and 
have fewer of the comorbid illnesses of their smoking counterparts, such as COPD and cardiac 
disease. They are at lower risk of developing second primary aerodigestive tract cancers or 
new HNSCCs in the absence of tobacco-related field cancerization. Moreover, it appears they 
may have more chemo- and radioresponsive disease, possibly because their tumors are less 
likely to have p53 mutations and more likely to have intact apoptosis pathways (85), Indeed, 
there seem to be different recurrence risks among patients who are HPV (-) vs. HPV (+) vs. 
those who are HPV (+) and also smoke. Maxwell, et al found that HPV (+) smokers had a 
higher risk for local recurrence as well as distant metastatic disease compared to HPV (+) OP 
carcinoma patients who were never smokers (86). 
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Based on these observations, an exciting opportunity for the future may be the possibility of 
deintensifying therapy in those patients with the best prognosis. While there are currently no 
open studies exploring this, there are ongoing discussions focused on potential trial designs. 
For example, the question of need for the addition of cisplatin chemotherapy to radiation in 
either the definitive treatment or organ preservation setting, depending on other patient and 
stage characteristics, could be considered. Similarly, the addition of cisplatin to radiation 
postoperatively is based on the presence of 'high risk features', such as nodal extension and 
positive margins. The HPV (+), tobacco (-) patient with these features may be adequately 
treated with adjuvant radiation alone, avoiding the additional toxicity of concurrent platinum. 
Another opportunity to deintensify treatment is combining a targeted agent such as cetuximab in 
place of cisplatin along with concurrent radiation. Most would not consider radiotherapy plus 
cetuximab to be equivalent to radiotherapy plus cisplatin, and these two regimens have never 
been compared directly. In patients anticipated to have less radioresistant tumor, the addition of 
a targeted MoAb may achieve an equivalent incremental benefit as the addition of platinum
based chemotherapy, with less toxicity. Investigators have noted an inverse relationship 
between HPV/p16(+) status and EGFR, with HPV associated tumors appearing to have 
decreased expression of this receptor (87,88). On the other hand, there does not appear to be 
a correlation between EGFR tumor levels or EGFR staining by immunohistochemistry, and 
clinical response to EGFR targeted therapy, similar to the case with colorectal cancer (65, 85). 
And while patients with HPV/ p16(+) oropharyngeal carcinomas appear to have better 
outcomes, data also indicate that these patients also present with higher stage, poorly 
differentiated tumors with lymph node involvement (81, 89). Since induction chemotherapy may 
ultimately be shown most beneficial to patients with the highest risk of distant failure, these 
patients could be optimal candidates. 

Finally, the most intriguing opportunity to consider regards prevention HNSCC. The most 
appealing intervention is primary prevention of a cancer, but it also is the most challenging. Like 
lung cancer, most HNSCC is caused by tobacco exposure. Primary prevention requires not 
only a change in personal behavior, but also societal attitudes, healthcare policy and our 
culture. With the view that HPV-associated HNSCC represents a distinct disease entity, other 
prevention strategies should be considered (90). D'Souza, et al performed a case-controlled 
study of 100 newly diagnosed oropharyngeal cancer patients and 200 patients without cancer to 
examine the relationship between HPV infection and OP cancer. A variety of features were 
associated with OP cancer including history of oral papillomas, poor long-term oral hygiene, 
heavy tobacco, alcohol, and marijuana use. They also documented association with certain 
sexual behaviors. For example, OP cancers were increased significantly in those with 
increased number of vaginal and oral sexual partners. The association was strongest when the 
analysis was restricted to HPV-16(+) OP cancer, and extended to early age at first intercourse, 
infrequent use of condoms, and engagement in casual sex (19). Interestingly, among those 
who were HPV-16 seropositive, the odds of oropharyngeal cancer were not further increased in 
alcohol and tobacco users. Their data suggest that oral HPV is sexually acquired, and that 
high-risk sexual behaviors, oral HPV infection and HPV-16 exposure were all associated with 
OP cancers. The authors offer their data as rationale for HPV vaccination in both boys and 
girls. 

While there has been a marginal decrease in most other HNSCC sites, the incidence of the 
oropharyngeal subset has increased about 20% in the United States (91 ). This rising incidence 
of HPV-related HNSCC has implications for health care providers. Patients typically are 
younger, have better performance status, are employed, will likely have better survivals, and as 
a result are expected to live longer with the functional sequelae of their treatment. The public 
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health implications are significant, as well. It has been reported that the prevalence of genital 
HPV infection in females age 14-59 years in the U.S. is approximately 27%, and about 60% 
among males (92, 93). The impact of prophylactic vaccination of both males and females on 
cervical cancer is uncertain, but added to this controversy is the potential benefit of vaccination 
in HPV-associated non-cervical cancers. Current estimates would suggest that the number of 
HPV-associated noncervical cancers is fairly similar to the number of cervical cancers (94). 
There are currently two recombinant vaccines available, a quadrivalent preparation targeting 
HPV types 6, 11, 16, and 18, and a bivalent vaccine against 16 and 18 only. Both have been 
shown in large randomized trials to be effective in preventing high grade cervical lesions, 
especially in those who were HPV-na·ive (95, 96). Males can also acquire HPV-related 
diseases, including genital warts, penile cancer and oral cancers. Interest in HPV vaccine 
efficacy and safety in boys has not only included prevention of those diseases, but also 
decreased transmission to female sex partners. Trials in males have demonstrated similar 
seroconversion rates after vaccination with the quadrivalent preparation, but efficacy in 
preventing disease in males has not been demonstrated (94, 97). The FDA approved the use of 
the quadrivalent vaccine in males in 2009. Not surprisingly, there are strong views regarding 
HPV vaccination in males. Opponents argue that the burdon of HPV-related disease such as 
penile, anal and oropharyngeal carcinomas is much less than that of cervical cancer in females 
(98, 99). Moreover, they suggest that studies examining the immunization of males for the 
purpose of protecting females from infection, indicate only a small incremental benefit and is not 
cost effective (1 00). Those favoring vaccination in males point to relatively low immunization 
rates in young girls, especially since HPV immunization in girls is not mandatory (96). 
Additionally, HPV infection is common in men and easily transmitted; immunizing both sexes 
would provide greater protection to the general public by decreasing the risk of infection in those 
who do not get vaccinated (1 01, 1 02). 

It is likely that we are years away from settling this debate, but if vaccination is as effective in 
preventing oral HPV infection as it is in preventing cervical infection and dysplasia, it is 
reasonable to speculate that it may prevent this type of oropharyngeal carcinoma. Our first 
challenge as health care providers will be to redefine HPV (+) OP carcinoma as a preventable 
transmissible disease. 
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