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Abstract
Importance of the field—Head and neck squamous cell carcinoma (HNSCC) is the eighth
leading cause of cancer death worldwide. Despite advances in surgery and chemoradiation
therapy, there has been little improvement in survival rates over the past 4 decades. Additionally,
surgery and chemoradiotherapy have serious side effects. The development of agents with greater
efficacy and tolerability is needed.

Areas covered in this review—EGFR is the only proven molecular target for HNSCC
therapy. Cetuximab, the sole FDA-approved molecular targeted HNSCC therapy, and other
potential targeted therapies are being evaluated in preclinical, clinical and post-marketing studies.
Here, we review the emerging targets for biological agents in HNSCC and the rationale for their
selection.

What the reader will gain—Key information in the development of new drug targets and the
emergence of new biomarkers are discussed. Readers will gain insight regarding the limitations of
current therapies, the impact of recently approved targeted therapies and the influence that
predictive biomarkers will have on drug development.

Take home message—The head and neck cancer drug market is rapidly evolving.
Coordination between drug and biomarker development efforts may soon yield targeted therapies
that can achieve the promise of personalized cancer medicine.
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1. Background
Head and neck cancer encompasses a broad category of neoplasms that primarily develop in
the oral cavity, pharynx and larynx. Due to the > 90% squamous cell histology [1] of these
cancers, they are generally referred to as head and neck squamous cell carcinoma (HNSCC).
HNSCC is the eighth leading cause of cancer death worldwide and, each year, ~ 600,000
new cases are reported and > 300,000 people die as a result of HNSCC [2-4]. While total
incidence in both males and females is slowly decreasing worldwide, this decrease in
incidence has not been seen in all countries [5]. Generally, the worldwide rate of laryngeal
cancer has been decreasing while the trend in the rates of oral cavity and pharyngeal cancers
has been variable [5]. For example, the incidence of cancers of the oral cavity and pharynx
for both sexes is increasing in northern and eastern Europe as well as Japan; decreasing for
both sexes in the US, India and China; and increasing for women while decreasing for men
in some west European countries [5]. Moreover, when the data are further analyzed by
anatomical subsite, the trend in incidence is altered. For example, in the US, the incidence of
tongue and tonsillar cancers has been steadily increasing in younger populations [6]. The
reason for this heterogeneity remains unclear but it may be linked to rapidly evolving
standards in surveillance, changes in alcohol and tobacco use rates and other contributing
etiological factors.

While no single etiological factor has been linked to the development of HNSCC, alcohol
and tobacco use have been identified as two important risk factors for developing HNSCC
[7]. Indeed, a recent pooled analysis of > 11,000 cases and 16,000 controls found that 72%
of HNSCC cases could be attributed to the use of tobacco or alcohol or both [8].
Importantly, as part of the International Head and Neck Epidemiology Consortium
(INHANCE), the data set used for this study was derived from multiple case-control studies
encompassing a diverse set of patient populations and geographic sites. Other recent pooled
analyses using all or part of the INHANCE data set (> 25,000 cases and 33,000 controls)
reported that the increased risk of HNSCC attributed to both tobacco and alcohol is dose-
dependent [9], the type of alcoholic beverage was not consequential [10], the risk of
developing HNSCC was only weakly associated with family history of tobacco related
cancer [11], and the risk of developing HNSCC is significantly decreased by cessation of
alcohol and tobacco use [12]. Despite the identification of alcohol and tobacco as risk
factors, a quarter of HNSCC cases cannot be attributed to either. Moreover, this minority of
overall cases becomes a majority in younger patients (66.5% not attributed to tobacco or
alcohol in patients < 45 years old) [8] and a significantly larger minority in women (42.6%
not attributed to tobacco or alcohol in females) [8]. Thus, additional etiological factors seem
likely.

HPV has emerged as an increasingly significant risk factor in HNSCC. A meta-analysis of >
5000 HNSCC tumors from 60 studies found HPV prevalence to be 25.9% across all HNSCC
sites with the highest prevalence in oropharynx (35.6%) followed by the larynx (24%) and
oral cavity (23.5%) [13]. As a sexually transmitted infection, HPV infection has been
definitively linked to squamous cell carcinomas of the cervix [14] and anal canal [15]. In a
recent pooled analysis of > 5000 cases and 6000 controls in the INHANCE data set, an
increased risk of developing oropharyngeal cancer was found in patients with six or more
lifetime sexual partners or four or more oral sex partners [16]. Interestingly, this study did
not demonstrate a significant relationship between sexual practices and HNSCC of the oral
cavity and larynx.

In the ~ 2 decades since HNSCC incidence peaked [1], advances in the basic biological
sciences have led to an exponentially increasing understanding of the microscopic
mechanisms involved in cancer. Specifically, the relationship among cancer, the processes
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of cell proliferation, and the molecular signals that govern the balance between cancer cell
life and death has been increasingly elucidated. While much remains to be explored, the
medical and scientific communities have identified a plethora of potential molecular targets
important in the progression of HNSCC. The most important of these targets so far has been
the EGFR pathway. This critical signaling pathway has been the focus of basic and clinical
research for decades which, in the form of cetuximab, yielded the first molecular targeted
therapy for the treatment of HNSCC. Additionally, other biological pathways that modulate
angio-genesis, inflammation, cell survival, cell death and many other important aspects of
HNSCC tumor biology have been identified. Potential drug targets include elements of the
VEGF pathway, signal transducer and activator of transcription-3 (STAT3) pathway, Akt
pathway, Src-family kinases and HPV associated proteins. This review focuses on both the
continued development of EGFR targeted therapies and the progress of newly emerging
targets as they relate to the treatment of head and neck cancer.

2. Medical need
In the past 3 decades, survival rates for HNSCC have remained relatively unchanged. Over
this time, there has been a 3% decrease in 5-year overall survival to 66% for cancers of the
larynx and a 7% increase to 61% for cancers of the oral cavity and pharynx while the
survival rate for all malignancies has improved from 50 to 66% [1,17]. Additionally, two-
thirds of HNSCC patients continue to present with locally advanced disease [1]. For these
patients, 5-year survival rates are < 50% and post-treatment quality of life is severely
reduced [18].

Paradoxically, while overall survival rates have remained relatively stagnant, numerous
advances in treatment have occurred. Extensive surgical resection, for decades the mainstay
of primary treatment for advanced HNSCC, has given way to a reduced role as part of an
integrative management strategy combining surgery, chemoradiotherapy and more recently
biological therapy. This shift in the treatment paradigm has generally yielded equivalent or
slightly better efficacy with significantly better organ preservation and cosmetic results
[19,20]. Also, advances including new endoscopic, reconstructive and robotic techniques
have continued to reduce postoperative complications [21]. Improvements in
chemoradiotherapy, such as the establishment of concurrent platinum based chemotherapy
with external beam radiotherapy as the gold standard of primary treatment, as well as the
addition of induction chemotherapy and altered fractionation regimens, have increased both
survival rates and organ preservation [19,22]. Moreover, advances in imaging have allowed
for the development of techniques, such as intensity-modulated radiation therapy, which
deliver high doses of radiation precisely to tumors while sparing surrounding tissue [23].

Overall, despite improvements in each component of modern integrated management, only a
marginal increase in overall survival has occurred while both acute and chronic toxicities
persist [19,22]. Specifically, the aggressive treatment necessitated by advanced HNSCC
disease often results in severe side effects (primarily xerostomia and dysphagia) that can
have a dramatic impact on post-treatment quality of life [23]. Moreover, the recurrence rate
of patients treated for HNSCC also remains unacceptably high at up to 50% within the first
2 years [19]. Thus, there is an urgent need for drugs that can be safely integrated into current
treatment regimens that improve both the tolerability and the efficacy of primary and
secondary treatment.
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3. Existing treatment
3.1 Early stage and locally advanced disease

Accurate staging is critical in the treatment of HNSCC. The approximately one-third of
patients who present with early stage, locally contained disease [1] are generally treated with
either surgery or radiotherapy both of which can yield excellent results and cure rates of
better than 90% for stage I and 70% for stage II patients [24,25]. The selection of either
modality has traditionally been based on a wide array of factors including accessibility of
the lesion, organ preservation, patient and institutional preference, and risk of second
primary tumor or recurrence. Treatment options for patients with locally advanced HNSCC
(stage III and stage IV) are more complicated and treatment choice is dependent on a
multitude of factors but primarily the site of the lesion and its accessibility for excision [26].
Broadly, tumors of the oral cavity are generally treated with primary surgical excision and
tumors of the pharynx and larynx are treated with chemoradiation as the primary treatment
[26]. The survival and locoregional control benefits of concurrent chemoradiation have been
demonstrated in several large studies [27-31] including a pivotal multi-center Phase III trial
of ~ 300 patients that demonstrated the benefit (14% projected 3-year overall survival
benefit) of adding cisplatin to conventional radiotherapy [27]. Moreover, a meta-analysis of
> 17,000 patients in 93 clinical trials found an absolute 5-year survival benefit of 6.5% (over
radiotherapy alone) for concomitant chemotherapy and radiotherapy compared to only 2.4%
for induction chemotherapy followed by radiotherapy [22]. Additional adjuvant treatment,
which is indicated for high risk patients (extracapsular nodal spread, positive margins,
perineural invasion, etc.) and those with residual tumor, generally consists of aggressive
postoperative chemoradiotherapy or salvage surgery with neck dissection after
chemoradiation [26].

Cetuximab, a mAb against EGFR, was approved by the FDA in 2006 as the first molecular
targeted therapy for HNSCC. Regulatory approval for cetuximab in conjunction with
radiotherapy was based on a Phase III trial that demonstrated significant improvements in
locoregional control and survival when cetuximab was compared to radiotherapy alone [32].
Recently, results from this landmark study were updated to include 5-year survival data
demonstrating that cetuximab plus radiotherapy provided a sustained survival benefit of ~
9% (5-year overall survival of 45.6 vs 36.4%) [33]. Importantly, the 9% increase in survival
provided by adding cetuximab to radiotherapy compared favorably to the benefit (6.5%)
provided by adding platinum based chemotherapy to radiotherapy [22]. While these results
are indeed promising, the results of cetuximab addition to chemoradiotherapy in a large,
multi-center Phase III study of locally advanced HNSCC have not yet been reported.

3.2 Metastatic or recurrent disease
In metastatic or recurrent disease, which comprises 10% of initial presentations [1] and
occurs in 50% of patients who were treated for locally advanced HNSCC [4,34], the goals of
therapy are both palliation of symptoms and extension of survival. In general, treatment
options are diverse and can consist of single or multi-agent chemotherapy as well as salvage
surgery, when the lesion is accessible, and/or re-irradiation [19]. The standard of care for
most patients with recurrent or metastatic HNSCC is multiagent chemotherapy, with the
combination of a platinum compound and 5-fluorouracil (5-FU) as the most widely used
regimen [35]. Several large studies have compared single chemotherapeutic agents with two
agent combination therapy and, in general, have found that combination treatment is
superior in response rates and as palliative therapy but does not improve overall survival
[36,37]. More recently, promising results from studies of taxane compounds (paclitaxel and
docetaxel) in combination with cisplatin [38-40] have prompted a direct comparison with 5-
FU and cisplatin (FC) for recurrent and metastatic disease. However, the results from this
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study indicated that paclitaxel and cisplatin (PC) did not provide any improvement in
response rate (29.8% FC vs 26% PC) or survival (median survival 8.7 months FC vs 8.1
months PC) when compared to FC [41].

While the addition of a third cytotoxic agent to the standard two agent therapy has been
effective but limited by toxicity [42-44], the addition of cetuximab to FC was recently
approved by the FDA. Approval was based on the results of a Phase III study (EXTREME)
that demonstrated that cetuximab, when added to a 5-FU and platinum based chemotherapy
improved median overall survival by 2.7 months (10.1 vs 7.4 months for chemotherapy
alone) [45]. Moreover, cetuximab as a monotherapy has been demonstrated to be effective in
second-line treatment of metastatic and recurrent HNSCC patients [46-48]. Importantly, it is
generally accepted that the toxic effects of cetuximab (primarily an acneiform skin rash) are
far less severe than those that arise from conventional chemotherapy and that the addition to
cetuximab to chemotherapy, radiotherapy or both has no effect on compliance [32,33,45].
Recently, the quality of life assessment of patients from the EXTREME trial has been
reported [49]. Quality of life was assessed based on cancer specific and head and neck
specific questionnaire data. Importantly, addition of cetuximab to 5-FU and a platinum
compound significantly improved patients’ overall quality of life and did not adversely
affect social functioning. Surprisingly, the addition of cetuximab was found to significantly
improve symptoms of pain, dysphagia, speech and social eating. These tolerability
advantages become especially important as the use of cetuximab expands.

4. Market review
Cetuximab sales led to a worldwide revenue in 2009 of > $2 billion [50-52] of which, ~ 30 –
40% is attributable to HNSCC [53]. As the only current regulatory agency approved
biological agent for HNSCC, cetuximab is expected to sustain continuing sales growth for
the foreseeable future. Moreover, considerable momentum is building to replace cisplatin
with cetuximab or future biological agents as the standard of care in HNSCC [54] which
may increase sales of cetuximab or newer agents substantially. However, this potential
change in the standard of care and its associated increase in cost remain to be justified by a
direct comparison of cetuximab to platinum based chemotherapy. As cancer therapy
continues its shift towards biological agents and increasingly individually tailored regimens,
the cost of these drugs is expected to increase considerably due to the high cost of biological
agents relative to conventional chemotherapeutics. Accordingly, the overall size of the head
and neck cancer drug market is also expected to increase.

5. Current research goals
As in the development of all cancer therapies, the principal goals of new HNSCC drugs are
to increase overall patient survival and reduce treatment toxicity. While improvements
continue to be made by optimizing conventional radio and chemotherapies, both approaches
have nearly reached their limits of efficiently balancing efficacy and toxicity. As a result,
development of new drugs for HNSCC has increasingly focused on molecular targeted
therapies specific to the biology of head and neck cancers. These research efforts can
broadly be divided into three categories: the continuing optimization of EGFR targeted
therapies, the clinical development of established therapeutic targets and the preclinical
investigation of new mechanisms of action.

Within the realm of EGFR targeted therapies, several important questions remain
unanswered. First, in order to expand the use of cetuximab, a direct comparison of its
efficacy in combination with radiotherapy to that of platinum based chemoradiotherapy must
be studied. Currently, there are three Phase III trials underway (Table 1) either comparing
cetuximab to cisplatin or adding cetuximab to cisplatin. Other EGFR targeted therapies,
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including EGFR targeted tyrosine kinase inhibitors (TKIs), have not yet demonstrated
efficacy in a Phase III study. In addition to expanding the use of cetuximab for more
HNSCC patients, major research efforts are underway to improve its efficacy for existing
indications. Due to the fact that only a subset of patients will respond to EGFR targeting
despite ubiquitous EGFR overexpression in HNSCC [55-57], identification of biomarkers
for efficacy and toxicity is an important area of investigation. Likewise, studies investigating
adjuvant therapies that make EGFR targeting more effective are also needed.

Drug candidates targeting biological pathways other than EGFR remain investigational but
are under active development. The commercialization of agents targeting other pathways
such as angiogenesis and intracellular signal transduction networks has followed a model
based on the development of EGFR targeted therapies. Generally, these emerging therapies
are being evaluated first in the setting of recurrent or metastatic disease and then as an
adjuvant to chemoradiotherapy in locally advanced disease. Moreover, the combination of
emerging molecular targeted therapies with EGFR targeted therapies or with each other is
also actively being studied. Briefly, the goals of clinical studies investigating non-EGFR
targeted therapies are: i) establishing efficacy as an adjuvant to chemoradiotherapy or
cetuximab; ii) determining toxicities and iii) recording data on factors influencing prognosis
and/or response to therapy. Research efforts for preclinical HNSCC therapeutic targets are
focused on collecting a supporting base of evidence in cell culture and animal models as
well as in other malignancies.

6. Scientific rationale
6.1 EGFR pathway

EGFR is a transmembrane glycoprotein expressed at the plasma membrane that plays a
critical role in mediating the relationship between extracellular signals and cellular
homeostasis. As a member of the human EGFR (HER) family, its structure consists of an
extracellular ligand binding domain, transmembrane domain and an intracellular tyrosine
kinase domain [58]. EGFR, which is also known as Her1 and ErbB1, can bind a variety of
protein ligands including EGF, amphiregulin and TGF-α [58]. Signaling via EGFR begins
with ligand binding to the extracellular domain followed by dimerization with other EGFR
and HER family molecules. Dimerization allows for auto- and trans-phosphorylation of the
tyrosine kinase domain which leads to the activation of several well-characterized cell
survival and proliferation pathways including the MAPK, Jak/STAT and AKT pathways
[58]. In the case of HNSCC, heterodimerization with HER2 has been shown to be of
prognostic value and may be particularly important [59-62]. Thus, aberrations of EGFR
signal activation, duration or intensity can result in the dysregulation of cellular homeostasis
that is a hallmark of cancer.

Accordingly, aberrant EGFR activity has been well documented in a variety of cancers and
squamous cell carcinomas in particular. In HNSCC, data encompassing a diverse patient
population have demonstrated that EGFR protein overexpression is present in the majority
of tumors [55-57] and EGFR gene amplification occurs in up to 30% of HNSCC tumors
[63-65]. EGFR and TGF-α mRNA increases have also been shown to be an early marker for
HNSCC carcinogenesis [55,66]. Furthermore, EGFR overexpression has been linked to drug
and radiotherapy resistance [67-69]. Despite recent confounding results regarding the link
between EGFR gene copy number and clinical variables [70], the majority of evidence
suggests that increased EGFR expression and gene copy number are linked to poorer patient
outcomes in HNSCC [71-75]. However, clinical trials of EGFR targeted therapies have not
consistently demonstrated a correlation between EGFR overexpression and the efficacy of
EGFR targeted therapies [70]. Thus, while targeting EGFR is thought to provide both
specificity and disruption of signaling pathways vital to HNSCC tumor growth, the best
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method or combination of methods for exploiting EGFR as a drug target have yet to be
elucidated.

Currently, the two primary strategies under investigation as EGFR targeted therapies are
inhibition of its tyrosine kinase domain with a small molecule and inhibition of the
extracellular ligand binding using mAbs (Figure 1). The TKIs act by blocking the ATP
binding domain of EGFR [76]. In contrast to the TKIs, mAbs act by specifically inhibiting
ligand binding. Both strategies have been shown to limit tumor growth and angiogenesis as
well as increase radiosensitivity [77-79]. Additionally, mAbs against EGFR have been
shown to induce immune mediated antitumor processes such as antibody-dependent cellular
cytotoxicity (ADCC) [80-83]. In general, EGFR targeted therapies have been shown to
inhibit cellular proliferation, survival, invasion and angiogenesis as well as act
synergistically with chemoradiation therapies [78,84-89].

The five drugs, out of the myriad of potential EGFR targeted therapies (Table 2), which
have reached Phase III evaluation in the US for HNSCC are the mAbs cetuximab and
panitumab and the TKIs erlotinib, gefitinib and lapatinib. Additionally, the mAbs
zalutumumab and nimotuzumab are currently in Phase III trials outside the US. Despite
existing regulatory approval, currently active studies including several international Phase
III trials in new patient populations are continuing to broaden and diversify the base of
evidence supporting the use of cetuximab. In contrast, panitumumab, which is also an EGFR
targeted mAb, has just recently entered Phase III evaluation in HNSCC. Unlike cetuximab,
which is a human–murine chimera IgG1 antibody, panitumumab is a fully humanized IgG2
antibody. As a result, panitumumab may not elicit ADCC as strongly as cetuximab but may
reduce the production of neutralizing antibodies against the drug as well as reducing the
incidence of life-threatening hypersensitivity reactions [90]. Currently, two Phase III trials
of panitumumab are underway. The first is a study evaluating the addition of panitumumab
to cisplatin and 5-FU in metastatic and/or recurrent HNSCC (SPECTRUM, NCT00460265)
and is expected to complete primary analysis by August of 2010. Positive results from this
trial would pave the way for the approval of a second EGFR targeted therapy for recurrent
or metastatic HNSCC. Furthermore, SPECTRUM may reveal differences in efficacy and
tolerability between panitumumab and cetuximab that have already been observed in
colorectal cancer for which both mAbs are currently approved [91]. The second active Phase
III study of panitumumab is a comparison of its use with concurrent radiotherapy versus
cisplatin and concurrent radiotherapy in locally advanced HNSCC (NCT00820248). Several
large Phase II studies of panitumumab in first- and second-line settings are also underway.
Zalutumumab is a fully human IgG1 mAb currently being studied in large trials at sites in
Denmark (NCT00496652) and Belgium (NCT00382031) and has been reported to be
especially effective at inducing ADCC [92]. Nimotuzumab, like cetuximab, is a humanized
murine IgG1 mAb that is noted for mild or absent skin toxicity [92]. It is currently being
studied in Phase III trials at locations in Singapore (NCT00957086) and China
(NCT01074021). Two other anti-EGFR mAbs in development for other malignancies,
necitumumab (IMC-11F8) and mAb 806, may also be promising agents in treating HNSCC.
Necitumumab is a fully humanized IgG1 mAb which has been evaluated in a variety of solid
tumors in a recently published Phase I study [93] and is actively in Phase III investigation in
squamous NSCLC (NCT00981058). mAb 806 (ch806) is a chimeric human–mouse antibody
targeting an epitope of EGFR accessible only when EGFR is activated [94]. Moreover,
ch806 is capable of binding to both wild-type and mutated (EGFRvIII) EGFR and its
specificity for activated EGFR allows ch806 to be relatively specific for tumors
overexpressing EGFR [95].

Unlike the mAbs, the TKIs utilize an entirely different mechanism of action to block EGFRs
and have not progressed as well in terms of clinical development. Gefitinib was the first TKI
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to reach a Phase III investigation in HNSCC, but recent study failures in several SCCs have
led to its withdrawal from new drug consideration in the US. Early Phase II trials in
metastatic or recurrent HNSCC patients demonstrated that gefitinib produced results similar
to those of early cetuximab trials [96,97]. However, subsequent Phase II studies have not
demonstrated a clinical benefit associated with the addition of gefitinib to standard therapies
[98-100]. Furthermore, a large, multi-center Phase III study comparing 250 mg gefitinib,
500 mg gefitinib and methotrexate in treatment refractory HNSCC found that the addition of
gefitinib did not improve overall survival (5.6 vs 6 vs 6.7 months respectively) [70]. Another
large, multi-center Phase III study examining the addition of gefitinib to docetaxel was
terminated early in 2008 due to unlikelihood of meeting its primary end point, increased
overall survival. Interim results of this study did not yield a significant overall survival
benefit; however, gefitinib was found to favorably increase time to progression [101]. Thus,
clinical development of gefitinib for HNSCC is unlikely to proceed further.

Erlotinib, however, remains in active development for HNSCC because it has demonstrated
encouraging results in several studies. In a large, multi-center Phase II study of erlotinib as a
single agent in 115 patients with refractory HNSCC, median overall survival (6 months) was
found to be comparable with that of palliative chemotherapy [102]. Likewise, a Phase I/II
study of the addition of erlotinib to cisplatin in metastatic or recurrent HNSCC patients
found results (overall response rate (ORR) 21%, progression-free survival 3.3 months,
overall survival 7.9 months) that were comparable to those of cetuximab in the same
population [103]. Additionally, another Phase II study examining the addition of erlotinib to
cisplatin and docataxel provided further encouraging results [104]. Despite ample evidence
to justify further study, a Phase III trial of erlotinib in addition to first-line therapy with
cisplatin was recently terminated (NCT00448240). Moreover, a trial examining daily
administration of erlotinib as maintenance therapy to prevent recurrence in fully resected
HNSCC was also terminated (NCT00412217). The last remaining Phase III study of
erlotinib in HNSCC is an ongoing examination of the use of erlotinib as a
chemopreventative agent in high risk patients with oral intraepithelial neoplasia (IEN) that
has not yet progressed to cancer or patients with previously treated IEN (NCT00402779).

Unlike erlotinib and gefitinib, which are EGFR specific TKIs, lapatinib has dual specificity
for EGFR and HER-2. In HNSCC, lapatinib is currently being evaluated as an adjuvant to
postoperative chemoradiation in a Phase III trial (NCT00424255). This large, multi-center
study of ~ 600 patients is currently still open to enrollment with the estimated completion
being 2012. Several Phase II trials evaluating the use of lapatinib, including a double-blind,
placebo-controlled study of ~ 100 patients examining the addition of lapatinib to platinum
based chemoradiotherapy (NCT00387127), are also underway. Importantly, a recent
placebo-controlled Phase II study of 88 patients demonstrated that lapatinib improved
overall response to subsequent chemoradiotherapy (ORR 86% for lapatinib vs 63% for
placebo) [105]. While this study, did not achieve its primary end point of demonstrating
increased apoptosis in lapatinib treated tumor tissue, the authors reported decreased
proliferation in lapatinib treated tumors and this study justifies continued investigation of
lapatinib in HNSCC.

6.2 Angiogenesis
While EGFR is the only proven biological target in HNSCC, agents targeting several other
pathways are currently in clinical development (Table 3 and Figure 1). As a general
therapeutic approach, the hypothesis that an adequate vascular supply is required for tumor
progression has long been recognized [106,107]. While > 3 decades of research have yielded
some success, the development of antiangiogenic therapies has been limited by only partial
understanding of the complex mechanisms involved in developing tumor vasculature [108].
At present, it is understood that hypoxia in the tumor microenvironment is able to trigger an
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intricate and well-regulated series of cytokine mediated signaling events between tumor
cells and endothelial cells [109,110]. Chief among these cytokines are members of the
VEGF family [111]. VEGF-A (VEGF) is a proangiogenic factor secreted by tumor cells that
mediates angiogenesis by binding to receptors expressed on endothelial cells [107].
Disruption of VEGF signaling has been shown to limit tumor growth and metastatic
potential in an array of different cancers and preclinical models [107]. In HNSCC, VEGF
and VEGF receptor expression has been demonstrated in tumor tissue and associated with a
worse prognosis [112-115]. Moreover, in animal and in vitro models, VEGF signaling has
been shown to mediate tumor growth, vasculature, invasiveness and radioresistance
[116-120]. In other aerodigestive tract squamous cell carcinomas, VEGF and its receptors
have also been demonstrated to be both highly expressed and having prognostic value
[121,122]. Finally, VEGF autocrine and paracrine signaling has been demonstrated to play a
role in a variety of cancer processes [123].

Currently, the two dominant approaches to targeting angiogenesis are inhibition of VEGF
ligand itself and small molecule inhibition of VEGF receptor tyrosine kinases. Bevacizumab
is a humanized mAb that binds and sequesters all five isoforms of VEGF [124], reducing the
total amount of circulating VEGF. The effect of bevacizumab on autocrine and paracrine
signaling, however, remains unclear. Bevacizumab is approved, in combination with other
therapies, as a first- or second-line treatment in several solid tumors including NSCLC. In
HNSCC, a Phase III clinical trial studying the addition of bevacizumab to chemotherapy for
recurrent or metastatic disease is currently underway (NCT00588770). Additionally, several
Phase II studies of bevacizumab in combination with other therapies have reported
encouraging results. Generally, these studies and studies in other solid tumors have reported
that bevacizumab is efficacious but comes with a serious risk of bleeding [125,126]. Another
potential approach to targeting VEGF is through the use of soluble VEGF receptors which,
in theory, may provide the same type of sequestration effect [127].

Small molecule inhibition of VEGFR is complicated by the fact that the agents closest to
commercialization for HNSCC are generally thought to be less specific multikinase
inhibitors. At this time, the three most promising VEGFR targeted TKIs are vandetanib,
sunitinib and sorafenib. Vandetanib is a dual EGFR and VEGFR inhibitor that is awaiting
marketing approval for NSCLC. Phase II studies in HNSCC are underway evaluating the
combination of vandetanib with docetaxel (NCT00459043) and cisplatin (NCT00720083).
Sorafenib and sunitinib are multikinase inhibitors with specificity for a broad array of
tyrosine kinases including VEGFR [128]. Both agents are currently approved to treat other
solid tumors and are currently under investigation for use in HNSCC. As a single agent for
recurrent or metastatic HNSCC, sorafenib has been reported to be well tolerated but lacking
significant tumor response [129]. Despite a low objective response rate, median overall
survival of 8 months in this relatively small trial (34 patients evaluated for response) [129]
was comparable to other single agent trials and sorafenib continues to be evaluated in
combination with carboplatin and paclitaxel (NCT00494182) or with cetuximab
(NCT00939627, NCT00815295). Likewise, sunitinib has also been reported to be well
tolerated but lacking in single agent efficacy [130]. Importantly, another recent Phase II trial
has reported that sunitinib demonstrated moderate efficacy (using stable disease as a metric),
but with a high rate of complications including significant grade 3 – 5 bleeding (16%) and
grade 3 – 4 fatigue (32%) [131]. These discordant results suggest that single agent sorafenib
or sunitinib may not be an effective treatment for HNSCC and that patient selection criteria
will be critical for limiting toxicity in future studies.

6.3 Downstream signaling networks: STAT3, SFKs and Akt
Another group of promising targeted therapies in late stage clinical development are agents
that target molecules involved in intracellular signaling networks downstream of EGFR,
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VEGFR and other receptors. The STAT3 is a member of a family of transcription factors
that regulates the expression of many critical genes in tumor growth and survival [132]. It
has been demonstrated to be a bona fide oncogene [133] that acts as a downstream mediator
between EGFR and target gene expression in HNSCC [134,135]. In HNSCC models,
activated STAT3 has also been shown to play a role in cell growth [136,137], migration
[138] and inhibiting apoptosis [138,139] which may allow STAT3 to contribute to both
tumorigenesis and treatment resistance [140-142]. Specifically targeting STAT3 has proven
to be relatively difficult using traditional small molecules and clinical development has
progressed the furthest with a soluble nucleic acid decoy for the STAT3 promoter.
Currently, a Phase 0 proof of concept trial (NCT00696176) is underway to evaluate the
effect of intratumorally injected STAT3 decoy on target gene expression in HNSCC.

The nine known Src family kinases (SFKs) are intracellular tyrosine kinases that can
mediate and enhance the downstream signaling of receptor tyrosine kinases including
EGFR. Signaling via SFKs can activate the MAPK and Akt pathways leading to increased
cell proliferation and survival. Additionally, SFKs can activate a variety of transcription
factors, including STAT3, that play key roles in angiogenesis, migration, invasion and a host
of other cancer associated processes [140]. In HNSCC preclinical models, increased c-Src
has been shown to increase invasiveness and proliferation of cancer cells [141] while
inhibition of c-Src has been shown to block invasion [141,142] and induce apoptosis [143].
It was also shown that inhibition of both EGFR and c-Src produced a synergistic effect
[141]. Accordingly, studies of cetuximab resistance in NSCLC and colorectal cancer models
have revealed that cetuximab resistance can be mediated by constitutively active SFKs
[144-146]. Currently, two small molecule inhibitors of SFK tyrosine kinase function,
dasatinib and saracatinib (AZD0530), are in clinical evaluation for safety and efficacy in
HNSCC. An interim analysis of one Phase II dasatinib study [147] has revealed a similar
overall toxicity profile to that of other dasatinib patient populations including a dose-
limiting risk of pleural effusion [148]. Studies of both dasatinib and saracatinib are ongoing
and will soon yield data not only on progression-free survival but a variety of biomarkers
that may be useful in designing future trials.

Akt, which is also known as protein kinase B, is a serine–threonine kinase that is
downstream of EGFR and other receptor tyrosine kinases. Akt is activated by PI3Ks which
are themselves activated by EGFR activation and dimerization with HER3 [58]. PI3K-Akt
signaling is antagonized by the phosphatase activity of phosphatase and tensin homolog
(PTEN). Together, PI3K and PTEN balance the activity of Akt which, in turn, mediates
signals to a variety of pathways involved in cell survival, growth and metabolism [149].
Alterations of the PI3K-PTEN-Akt pathway are incredibly common in many solid tumors as
well as HNSCC and lead to increased Akt signaling [150-152]. Moreover, resistance to
drugs targeting EGFR has been found to be mediated by a compensatory increase in Akt
signaling such as via a decreased expression of PTEN [153,154]. One of the downstream
effectors of Akt is the mammalian target of rapamycin (mTOR), a kinase that is involved in
regulating protein translation [149]. The development of anticancer agents targeting the Akt
pathway has primarily focused on the inhibition of mTOR. In preclinical models of HNSCC,
rapamycin, a potent inhibitor of mTOR, was found to have synergistic effects with
carboplatin and paclitaxel [155], inhibit tumor growth, limit angiogenesis and induce
apoptosis [152]. Currently, the rapamycin analogs everolimus and temsirolimus are being
evaluated in combination with other therapies in several Phase II studies to treat HNSCC.
Temsirolimus is FDA approved as a first-line and everolimus is approved as a second-line
treatment for renal cell carcinoma.
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6.4 HPV
HPVs are a family of > 200 non-enveloped double-stranded DNA viruses with tropism for
the squamous epithelium [156]. While the majority of HPVs have no known symptoms in
humans, some low risk types, particularly HPV-6 and -11, have been shown to cause various
forms of warts [156]. High risk HPV types, such as HPV-16 and -18, have been linked to
carcinogenesis in the cervix, vagina, anal canal and epithelium of the penis [156]. Several
case-controls studies have demonstrated significantly increased risk of developing HNSCC,
particularly of the orpharynx, in HPV positive patients [157-162]. Moreover, while overall
HNSCC incidence has declined slightly over the last 40 years, subsite analysis has recently
revealed a gradual increase in incidence for sites commonly associated with HPV infection
in adults younger than 45 [6]. Accordingly, a decade by decade analysis of archived tonsillar
cancer tissue revealed an increase in HPV positive cases from 23.3 to 68% between the
1970s and the 2000s [163].

While the molecular pathogenesis of HPV infection has not yet been fully elucidated in
HNSCC, using cervical cancer as a model, the framework for understanding the
transformation of normal squamous epithelium to carcinoma has been set. Briefly, HPV
infects the basal cells via micro-abrasions in the superficial epithelium and in regions where
anatomical features, such as invaginations and thinner squamous epithelium of the
oropharynx, allow easier access to basal cells. Within the basal cells, HPV undergoes low
level episomal replication prior to integration into the host genome during the normal
progression of basal cells to terminally differentiated squamous epithelium. On integration,
expression of HPV oncoproteins E6 and E7 are upregulated and virion assembly and release
occurs from the terminally differentiated layer of squamous epithelium [164]. HPV E6 and
E7 proteins, which have increased activity in high risk HPV types [156], interfere with the
tumor suppressor proteins p53 and Rb, respectively. HPV E6 causes the ubiquitination and
subsequent degradation of p53 which leads to dysregulation of the cell cycle in response to
genomic damage and, thus, facilitates genomic instability [165-167]. HPV E7 similarly
induces the ubiquitination and degradation of Rb leading to uncontrolled cellular
proliferation via aberrant expression of S-phase genes [168,169]. In HNSCC, studies in in
vitro models have demonstrated that shRNA mediated silencing of E6 and E7 in HPV-16
positive HNSCC cell lines can restore p53 and Rb activity as well as induce apoptosis [170]
and that HPV-16 infection can cause transformation of normal oral keratinocytes.
Importantly, in a dual E6 and E7 transgenic mouse model, it was shown that E6 and
particularly E7 play roles in carcinogenesis of HNSCC [171]. More specifically, mice singly
expressing either E6 or E7 developed chemically induced tumors at a higher rate than
control mice but E7 expressing mice developed tumors at a much higher rate. Interestingly,
mice simultaneously expressing both E6 and E7 developed more aggressive tumors
suggesting that E6 may play a supportive role in HNSCC carcinogenesis.

The emergence of a distinct risk factor profile and significantly better outcomes [172-177]
for HPV positive HNSCC suggest that a clinical approach tailored to this growing subset of
HNSCC patients may be prudent. More specifically, this difference in clinical outcomes
may be due to distinct molecular aberrations in HPV positive compared to HPV negative
tumors. For example, while p53 is generally inactivated by HPV E6 protein in HPV positive
tumors, p53 is not mutated as is commonly the case in HPV negative tumors [178].
Accordingly, this difference in p53 mutational status may be the cause of the differential
responses to treatment seen between HPV positive and HPV negative patients. This
observation not only suggests that HPV status may alter conventional treatment selection,
but also that HPV positive tumors may possess additional therapeutic molecular targets such
as the E6 and E7 proteins.
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Currently, two preventative HPV vaccines, Gardasil and Cervarix, have been approved by
the FDA for use in preventing cervical cancer. Gardasil, a tetravalent vaccine effective
against HPV types 6, 11, 16 and 18, was approved in 2006 for the prevention of cervical
cancer in women and was recently approved for prevention of genital warts in both men and
women [179]. Cervarix is a bivalent vaccine against HPV-16 and -18 and is approved for the
prevention of cervical cancer. The role of these two vaccines, in both men and women, has
not yet been studied in HNSCC. However, as the use of these vaccines increases,
epidemiological data including HNSCC risk will become available. In addition to
prevention, vaccines targeted against HPV may find a therapeutic role in HNSCC. At
present, there are a multitude of different approaches for inducing cell mediated immunity
against HPV positive, E6 and E7 expressing tumor cells. These include live viral or
bacterial, peptide and nucleic acid vaccines. While the majority of these vaccines are being
studied in cervical cancer or other solid tumors, several are currently in clinical testing for
HNSCC. Two Phase I studies of ~ 140 total patients are examining the use of HPV-16
peptide epitopes in recurrent HPV-16 positive HNSCC (NCT00257738, NCT00704041). It
may also be possible to disrupt the action of either HPV E6 or E7 with a small molecular
inhibitor. Such an inhibitor could potentially sensitize HPV positive tumor cells to other
therapies and/or be used to treat premalignant lesions. Several studies have identified
screening techniques to search for compounds that can inhibit the protein–protein
interactions of E6 and E7 [180,181]. Moreover, blocking peptides specific for E6 [182,183]
and organic disulfide compounds that disrupt the zinc binding domains of E6 have been
identified as potential lead compounds [184,185]. Importantly, it was found that binding of
peptide aptamers to HPV E6 protein induced apoptosis in HPV positive tumor cells [182].

7. Competitive environment
Cetuximab is currently the only molecular targeted HNSCC therapy approved by regulatory
agencies. However, with a plethora of potential new drugs in development, the evolution of
the market may soon force competition between new drugs and combinations of drugs based
not only on efficacy but tolerability as well. For example, while both cetuximab and
cisplatin provide approximately the same 5-year overall survival benefit (9.2 vs 8%,
respectively) when combined with radiotherapy, cetuximab generally has less severe acute
and chronic toxicities [33,186,187]. Moreover, cetuximab continues to be beneficial to
patients that are unable to tolerate or complete a regimen of platinum based chemotherapy.
Thus, emerging drugs that target EGFR and other pathways may not necessarily need to be
more efficacious.

As a fully humanized IgG2 mAb, panitumumab may differ from cetuximab in both efficacy
and tolerability which may allow it to coexist with cetuximab in different HNSCC patient
subpopulations. A large Phase III trial directly comparing cetuximab and panitumumab in >
1000 colorectal cancer patients (ASPECCT, NCT01001377) is currently underway.
Although this study is not in HNSCC, it may provide some insights regarding the difference
in side effects between the two drugs. Moreover, the two current Phase III trials of
panitumumab in HNSCC, on which potential FDA approval is likely to be based, use
cisplatin in their control arms, which may provide justification for wider use of
panitumumab. The absence of potentially severe allergic reactions may establish a niche
market for panitumumab. Many EGFR targeted therapies are also being evaluated in
chemopreventative and maintenance settings and TKIs may be particularly suited to this use
because of their more convenient oral administration.
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8. Potential development issues
The primary problem in the development of both EGFR targeted and other molecular
targeted HNSCC therapies is the lack of proven biomarkers for predicting clinical outcomes
and response to treatment. Head and neck cancers are generally accessible for biopsy and,
thus, have the potential for rapid analysis by histology and molecular diagnostics. Despite
the availability of material, the development of prognostic tests has not progressed in
conjunction with new therapies. During early development of EGFR targeted therapies, it
was thought that higher EGFR expression, whether through gene amplification or increased
transcriptional activity, would be a predictor of better response to treatment. However, while
EGFR overexpression has been linked to better response to conventional treatment
[188,189], a relationship between increased EGFR in tumor cells and outcomes from
treatment with molecular targeted therapies has not yet been established in HNSCC.
Conversely, in NSCLC, the presence of activating EGFR mutations has been demonstrated
to predict response to EGFR targeted TKIs [190-192]. Likewise, the presence of K-ras
mutations which are frequent in colorectal cancer but rare in HNSCC [193,194] have been
shown to predict response to cetuximab [195]. A recent retrospective analysis of cetuximab
clinical trial data has suggested that the development of an acute acneiform rash in HNSCC
patients treated with cetuximab may be a predictor of response. Specifically, patients who
developed a moderate or severe rash had an increased survival benefit (68.8 months median
overall survival) when compared to those who had a mild or no rash (25.6 months) [33].
While the exact mechanism of this reaction remains unresolved, this correlation with better
outcomes provides a promising lead from which to develop a diagnostic test and an early
indicator in successful treatment.

In conjunction with discovering new biomarkers, the elucidation of mechanisms of
resistance to targeted therapies may further improve outcomes by identifying new potential
drug and diagnostic targets as well as providing evidence to support the use of combinations
of molecular targeted therapies. Resistance to EGFR targeted therapies is complex and
probably multifaceted. However, several important factors have been identified. The ligand
independent, constitutively active type III variant of EGFR (EGFRvIII) has been reported to
be present in 42% of HNSCC patients [196] as well as in other malignancies [197]. In
HNSCC models, EGFRvIII has been shown to mediate decreased response to cetuximab as
well as cisplatin [196]. Additionally, a recent study in an in vitro HNSCC model of
cetuximab resistance demonstrated that cetuximab resistance was mediated by defective
endocytosis and trafficking of EGFR from the plasma membrane [198]. In colorectal cancer,
sensitivity or resistance to cetuximab has been found to be mediated by K-Ras mutations,
decreased PTEN activity leading to a hyperactive PI3K-Akt pathway, high amphiregulin and
epiregulin expression, and presence or absence of the R521K polymorphism in EGFR [199].
These factors are currently being investigated in HNSCC and their utility as diagnostic
markers, as well as EGFRvIII and EGFR trafficking defects, may soon be elucidated.

Finally, the emergence of HPV infection as an etiological agent and risk factor for HNSCC
has introduced a slew of new questions in the development of emerging targeted therapies.
First, given the drastic differences in response rate and survival between HPV positive and
HPV negative patients using conventional therapies, stratifying these two groups of patients
seems warranted. Moreover, if tumor material is available, data from previous studies
underlying the use of cetuximab and other biological agents should continue to be
retrospectively analyzed with respect to HPV status. Analysis of patient response to
radiotherapy may be particularly important due to the fact that functionally intact p53 often
mediates radiation induced cell death and p53 is less commonly mutated in HPV positive
tumors [200]. Specifically, the developmental focus on drug candidates that act as
radiosensitizers may be prudent if HPV positive tumor cells are shown to be especially
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sensitive to radiotherapy. Indeed, the pivotal Phase III trial [32] underlying the approval of
cetuximab as an adjunct to radiotherapy was conducted in a cohort where > 50% of the
primary tumors were located in the oropharynx. Given the increased HPV positivity in
tumors of the orpharynx and the evidence that EGFR targeted therapies may act as
radiosensitizers, this distribution of tumor sites suggests that HPV status may underlie recent
cetuximab results. Thus, it is critically important to account for HPV status in all active and
planned clinical trials.

Overall, HPV status may become a facet, albeit an important one, of a larger individual
molecular profile of every HNSCC patient and tumor. Technological advances may soon
permit rapid and widespread profiling of genetic and epigenetic inherited factors, gene
expression and a variety of other measurable biomarkers that will result in an exponential
growth of correlative data. The addition of HNSCC to the Cancer Genome Atlas (TCGA) in
September 2009 is an important step in building a map of the genomic changes important in
HNSCC as well as correlating these changes to clinical variables. For example, results from
a pilot TCGA study in glioblastoma multiforme (GBM) have not only confirmed major
subgroups of GBM based on genomic changes, but have also identified methylation and
mutational changes of the gene MGMT that will have immediate clinical implications [201].
This groundswell of information may cause further stratification of the HNSCC patient
population according to predicted response to biological agents, resulting in increasingly
individually tailored treatment regimens.

9. Conclusion
The continuing success of cetuximab has validated the molecular targeted approach to
HNSCC therapy. While, the overall market for HNSCC therapies remains small relative to
other malignancies such as colorectal, lung and breast cancer, this may be due in part to the
fact that cetuximab was only recently approved and remains the sole targeted therapy
available for HNSCC. As new biological agents targeting both EGFR and other pathways
gain regulatory approval, the overall market is expected to expand considerably. Within the
realm of EGFR targeted therapies, newer mAbs may replace cetuximab within a few years
as results from ongoing clinical trials become available. Importantly, results from a nearly
completed Phase III study (SPECTRUM) of panitumumab may shed some light on the
differences in efficacy, tolerability and potentially even mechanism of action between IgG1
(cetuximab) and IgG2 (pantiumumab) anti-EGFR antibodies. With the exception of
lapatinib, the clinical development of TKIs has been less active. Gefitinib is no longer in
active development for HNSCC and erlotininb is not currently being studied in Phase III
trials. While the targeting of other pathways remains investigational in HNSCC, agents such
as bevacizumab are in late stage clinical development and positive Phase III results may
soon provide another proven HNSCC therapeutic target. Biological agents including
cetuximab have thus far not demonstrated outstanding efficacy as monotherapies.
Accordingly, a multitude of currently active clinical trials are investigating combinations of
targeted therapies in addition to combinations of targeted therapies with conventional
chemoradiotherapy.

10. Expert opinion
The emergence of HPV as a significant etiological and prognostic factor has and will
continue to shape the development of therapies for HNSCC. Unlike studies conducted only
5 years ago, current clinical trials now universally collect HPV status data as part of
standard protocols and resulting data may establish HPV positive HNSCC as a distinct
disease. Already, retrospective analyses of conventional chemoradiotherapy studies have
identified HPV positive patients as a subgroup with significantly better treatment outcomes
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and HPV negative patients as a subgroup with poorer outcomes. This finding may soon
necessitate reexamination of treatment plans based on HPV status with the likely outcome
being a deintensification of therapy for HPV positive patients and intensification for HPV
negative patients. Whether outcomes will remain better with respect to molecular targeted
therapies remains unanswered.

Ultimately, the future expansion of molecular targeted therapies may in fact depend on the
parallel development of useful biomarkers such as HPV. Drugs in development and targets
being considered for clinical development may be found to be particularly effective or
ineffective in different subgroups of HNSCC patients. In this increasingly stratified
environment, the head and neck cancer market may be able to sustain many more molecular
targeted therapies than at present allowing patients to receive the targeted therapy or, more
likely, the combination of therapies that best suit their needs.
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Figure 1. Targeted molecular pathways in head and neck cancer
Selected agents that are currently in clinical trials are represented here. Briefly, EGFR and
VEGFR signals utilize a variety of downstream molecular pathways including the PI3K-
Akt-mTOR, STAT and Ras-MAPK (ERK) pathways. Agents targeting these pathways
include mAbs (cetuximab, panitumumab, necitumumab, ch806, bevacizumab), tyrosine
kinase inhibitors (erlotinib, gefitinib, vandetanib, lapatinib), multikinase inhibitors
(sorafenib, sunitinib), Src family kinase inhibitors (dasatinib, saracatinib), mTOR inhibitors
(everolimus, temsirolimus) and nucleic acid decoy (STAT3 decoy). p53 and Rb are tumor
suppressors that are inhibited by HPV proteins E6 and E7, respectively. E6 and E7 are
constitutively expressed in HPV-16 and -18 infected tumor cells and are targeted by HPV
peptide vaccines. Vaccination against E6 and E7 allows cytotoxic T-cell recognition of
infected cells.
mTOR: Mammalian target of rapamycin; STAT3: Signal transducer and activator of
transcription-3.
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Table 1

Currently active Phase III trials of cetuximab in HNSCC.

ClinicalTrials.gov identifier Study location No of patients Study parameters

NCT00716391 Spain 458 Cetuximab and RT vs cisplatin and RT following TPF induction
chemotherapy in locally advanced HNSCC

NCT00265941 USA 942 Addition of cetuximab to cisplatin and RT in locally advanced HNSCC

NCT00956007 USA 700 Addition of cetuximab to intensity-modulated RT in previously resected
HNSCC

NCT01012258 China 65 Evaluation of efficacy and tolerability of cetuximab in addition to RT in a
Chinese patient population

NCT00999700 Italy 278 TPF induction chemotherapy followed by cetuximab and RT vs
concurrent cisplatin and RT

HNSCC: Head and neck squamous cell carcinoma; RT: Radiotherapy; TPF: Docetaxel, cisplatin and 5-fluorouracil.
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Table 2

Selected EGFR targeted therapies.

Compound Mechanism of EGFR
blockade

Trade name Manufacturer Developmental stage for
HNSCC

Cetuximab mAb Erbitux Eli Lilly (ImClone), Bristol-Myers
Squibb, Merck KgaA

Marketed

Panitumumab mAb Vectibix Amgen Phase III

Zalutumumab mAb HuMax-EGFr Genmab Phase III

Nimotuzumab mAb None YM Biosciences Phase III

Necitumumab mAb None Eli Lilly (ImClone) Phase I*

ch806 mAb None Ludwig Institute Phase I*

Erltoinib TKI Tarceva Genentech, OSI Pharmaceuticals, Roche Phase III

Gefitinib TKI Iressa AstraZeneca, Teva Phase III

Lapatinib TKI Tykerb/Tyverb GlaxoSmithKline Phase III

*
Phase I evaluation in HNSCC as part of a study of multiple solid tumor types.

HNSCC: Head and neck squamous cell carcinoma; TKI: Tyrosine kinase inhibitor.
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Table 3

Selected targeted therapies in clinical development for HNSCC.

Compound Targeted pathway Mechanism of action Manufacturer Developmental
stage for
HNSCC

Bevacizumab Angiogenesis, VEGF mAb against VEGF ligand Genentech, Roche Phase III

Vandetanib Angiogenesis, VEGFR, EGFR TKI specific for VEGFR and
EGFR

AstraZeneca Phase II

Sorafenib Angiogenesis, kinases Multi-TKI Bayer, Onyx Phase II

Sunitinib Angiogenesis, kinases Multi-TKI Pfizer Phase II

STAT3 Decoy Intracellular signaling STAT3 transcription factor
decoy

University of Pittsburgh Phase 0

Dasatinib Intracellular signaling TKI specific for Src family
kinases

Bristol-Myers Squibb Phase II

Saracatinib Intracellular signaling TKI specific for Src family
kinases

AstraZeneca Phase II

Everolimus Intracellular signaling mTor kinase inhibitor Novartis Phase II

Temsirolimus Intracellular signaling mTor kinase inhibitor Wyeth Phase II

HPV-16 vaccine HPV-16 Peptide epitope vaccine University of Maryland Phase I

MAGE-A3 HPV-16 vaccine HPV-16 Peptide epitope vaccine University of Maryland Phase I

HNSCC: Head and neck squamous cell carcinoma; mTOR: Mammalian target of rapamycin; STAT3: Signal transducer and activator of
transcription-3; TKI: Tyrosine kinase inhibitor.
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