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Abstract
Background—Cumulative evidence implicates the epidermal growth factor receptor (EGFR) as
an important therapeutic target in head and neck squamous cell carcinomas (HNSCC). The basis
for the lack of correlation between EGFR expression in the HNSCC tumor and clinical responses
to EGFR inhibitors is incompletely understood. While a variety of mechanisms likely contribute to
the effectiveness of EGFR blockade, this review focuses on the biological implications of known
EGFR variations and the role of the immune system in mediating clinical responses to EGFR
inhibitors.

Methods—A Medline review of articles published in the last 10 years (1999-Present) on EGFR
in HNSCC was performed in combination with preliminary data from our laboratories.

Results—Studies published to date suggest no association between the expression of EGFR on
HNSCC tumors and clinical responses to EGFR inhibitors. Several mechanisms have been
proposed to mediate clinical response to EGFR inhibitors in HNSCC. Cumulative results from our
laboratories support the role of several mechanisms, including cellular immune activation and
mutated EGFR variants, in contributing to the discrepancy between level of EGFR expression and
clinical response to EGFR inhibitors.

Conclusions—The efficacy of EGFR targeted therapies may be mediated, at least in part, by the
immune system and the presence of the truncated EGFR variant, EGFRvIII, among other factors.
Criteria to identify the subset of patients likely to be responsive to EGFR targeted therapies are
needed.
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Introduction
Despite recent advances in our understanding of the role of molecular and genetic
abnormalities in the pathogenesis and clinical course of head and neck squamous cell
carcinoma (HNSCC), this disease remains one of the most significant causes of morbidity
and mortality among malignancies worldwide. These clinical findings have emphasized the
urgency to develop effective therapeutic strategies for the treatment of this disease. The
realization that the epidermal growth factor receptor (EGFR) is overexpressed and
structurally altered in HNSCC and plays a role in its pathogenesis and clinical course has
provided the rationale for the development and implementation of EGFR- targeted therapies.
Alterations of EGFR structure and expression have been recently described and may
contribute to the resistance of some cancers to current EGFR-targeted therapies (1). In this
review we will first describe the characteristics of EGFR and its role in the pathogenesis and
clinical course of the disease and then we will discuss the use of EGFR as a target of therapy
for HNSCC.

EGFR in Oncogenesis
EGFR, a Type I receptor tyrosine kinase, is involved in a variety of cellular processes
including survival and differentiation. The structure of EGFR includes an extracellular
ligand-binding domain, a transmembrane segment, and an intracellular kinase domain with
five autophosphorylation sites. EGFR is expressed in most epithelial tissues and EGFR
knockout mice demonstrate a disorganized hair follicle phenotype, a fuzzy coat and early
death (usually within 3 weeks of birth) (2). Dysregulation of EGFR has been widely
implicated in epithelial oncogenesis [Table 1 (3-13)]. EGFR is expressed at higher levels in
many epithelial malignancies including HNSCC than in the corresponding normal tissues
(1). The association between EGFR expression levels in the primary tumor and decreased
survival in cancers of the lung, pancreas, colon and head and neck has led to the
development of FDA-approved EGFR targeting agents in these malignancies (14-16).

Wild-type (wt) EGFR overexpression as a mechanism of oncogenesis is not unique to
cancers of the head and neck. Overexpression of this receptor is associated with decreased
survival in cancers of the bladder, cervix, esophagus, and ovary (17). A 2005 study by
Pedersen et al demonstrated that, in addition to a simple increase in ligand-receptor
interaction, wtEGFR overexpression also contributes to tumorigenesis in a ligand-
independent manner (18). According to this study, malignant transformation and increased
cellular motility may result from EGFR dimerization and constitutive signaling. As is seen
in HNSCC, several potential mechanisms give rise to wtEGFR overexpression. We
previously reported that transcriptional activation is likely the primary mechanism of EGFR
overexpression in HNSCC (19). Results from multiple studies using FISH indicate that gene
amplification occurs in 10-17% of HNSCC cases (20-22). EGFR gene amplification has
been detected in breast cancers (23), glioblastoma multiforme (24), and non-small cell lung
cancers (25), where increased EGFR levels are thought to result primarily, if not
exclusively, from increased EGFR gene copy number.

In addition to alterations of the EGFR gene, mutations of the tumor suppressor p53, a
common finding in HNSCC, have been shown to result in enhanced EGFR promoter activity
(26). Transcriptional upregulation by mutant forms of p53 is thought to occur independently
of the enhanced EGFR promoter activity caused by wild type p53. Although the significance
of EGFR upregulation by wt p53 is not completely understood, p53 also upregulates
transcription at the transforming growth factor alpha (TGF-α locus) (26).

Somatic mutations of the EGFR gene have been documented only rarely in patients with
HNSCC, but have been documented in subsets of patients with non-small-cell lung cancer.
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Termed ‘activating mutations,’ these tyrosine kinase domain modifications are thought to be
responsible for enhanced sensitivity to EGFR tyrosine kinase inhibitor (TKI) including
gefitinib and erlotinib (27). Recent studies have identified several of these mutations that
serve as favorable prognostic indicators and predictors of pharmacologic sensitivity in non-
small-cell lung cancer (28).

EGFR Biology in HNSCC
EGFR ligands implicated in HNSCC include epidermal growth factor (EGF), TGF-α, and
possibly amphiregulin. All three factors are involved to varying extents in normal cellular
growth and differentiation, while TGF-α and amphiregulin are produced by HNSCC cells
and have been implicated in dysregulation of these processes and subsequent transformation,
EGF is primarily produced by salivary glands. The transformative effect of TGF-α is
thought to arise as a consequence of its overexpression by mucosal cells, which typically
occurs in conjunction with EGFR overexpression (29). Amphiregulin, a keratinocyte growth
factor, has been recently identified as an additional contributor to carcinogenesis due to its
apparent co-release with TGF-α and subsequent EGFR activation (30).

Ligand binding by EGFR monomers drives homodimerization or heterodimerization with
the aforementioned ErbB family members, resulting in the initiation of downstream survival
and proliferation signaling pathways. Among the best-studied pathways activated by EGFR
ligand-binding are the Ras-Raf-MEK-Erk/MAPK and phosphotidylinositol-3-kinase (PI3K)
pathways. These unique cascades converge with the upregulation of cyclin D1, a key
mediator of mitosis and G1 to S-phase progression (Figure 1). EGFR overexpression, a
ubiquitous phenomenon in HNSCC, leads to enhanced trafficking through this pathway and
contributes to dysregulated growth.

Studies in HNSCC have demonstrated an inverse relationship between EGFR expression
and survival, regardless of treatment, prompting further investigation of the role of EGFR in
clinical decision-making (17). The expression of EGFR in normal tissues, such as the skin,
may account for the toxicities observed in the setting of EGFR-targeted therapies.
Genetically and epigenetically altered forms of EGFR to date have primarily been described
in other malignancies. These EGFR alterations appear to be restricted to cancer cells thereby
enabling the design of more selective targeted therapeutics. EGFR variants detected in
HNSCC include gene amplification of wild-type EGFR (wtEGFR), somatic tyrosine kinase
domain mutants (E746_A750del, p.K745R, and p.G796S), and the phenotypically distinct
EGFRvIII.

EGFR Polymorphisms in HNSCC
Genetic variations in EGFR may alter protein function, contribute to tumor formation, and
possibly alter the therapeutic efficacy of EGFR inhibitors. Previous reports have implicated
EGFR intron 1 CA repeat polymorphisms in altering basal transcription rates of EGFR
(31,32). Moreover, in a study involving more than 120 oral cancer cases and control
subjects, individuals with fewer CA repeats were found to have increased risk for
developing oral cancer (33). In regards to prognosis, the link between EGFR polymorphism
and survival has been examined in only 78 HNSCC patients: both the R497K EGFR
polymorphism (R521K in current nomenclature) and the CA repeat polymorphism were
associated with clinical outcome (34). Similar results have been obtained in other cancers
that exhibit EGFR overexpression (3,35). Furthermore, the extent of EGFR polymorphism
has been found to be higher in patients with lung cancer than in controls (36,37). The EGFR
intron CA repeat polymorphism has been associated with differential clinical responses to
the EGFR TKI, gefitinib (38). In 2007, Bandres et al described the prognostic significance
of four distinct EGFR alleles in patients with HNSCC (34). Two promotor-region
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polymorphisms, -216 G/T and -191C/A, were found to have no clinical or pathological
significance. The R497K polymorphism of exon 13, however, was found to be associated
with an increase in disease-specific mortality. This was particularly true of the homozygous
Arg/Arg variant, which was present in 53% (40/76) of the study population. The intron 1
(CA)n repeat polymorphism was also found to be of significant prognostic value, as patients
harboring 17 CA repeats demonstrated lower disease-specific mortality. These cumulative
results demonstrate that genetic variants leading to reduced EGFR expression are associated
with increased survival. An association between EGFR polymorphisms and response to
EGFR inhibitors in patients with HNSCC has not been reported to date.

EGFR Mutations and Variations in HNSCC
Activating EGFR mutations, like those detected in lung cancer, occur rarely in HNSCC and
likely do not mediate clinical responses to EGFR inhibition. Recent studies indicate that the
incidence of EGFR mutations in HNSCC differs between ethnic groups, ranging from 0-4%
in whites to 7% in Asians (39). Lee et al. (2005) were the first to report a tyrosine kinase
domain mutation in HNSCC. The mutation, a somatic in-frame deletion termed
E746_A750del, was detected in 3 of 41 Korean HNSCC patients (40). In 2006, Loeffler-
Ragg, et al identified a somatic missense mutation (p.K745R) of the ATP binding cleft in
one of 100 white patients (41). Another unique missense mutation of the tyrosine kinase
domain (p.G796S) was identified in two of 127 white HNSCC patients in 2008 by
Schwentner et al (39). At present, E746_A750del, p.K745R, and p.G796S are the only
documented tyrosine kinase domain mutations in HNSCC. These mutations are clearly rare
in HNSCC and their effect on disease progression and response to pharmacotherapy is
unknown.

Extensive investigation of EGFR structure and function has also lead to the identification of
several structural variants, some of which have been observed in human malignancies.
Wikstrand et al. described the most frequently detected genomic variant, termed EGFRvIII,
in detail in 1995 (42). EGFRvIII, a 145kDa protein, which is expressed in 42% of HNSCC
tumors (1), results from the deletion of amino acids 6-273 of the wtEGFR extracellular
domain. Because the N-terminal signal peptide is spared, targeting and cell membrane
insertion occur normally. The unique extracellular domain resulting from this deletion, with
its novel glycine residue located at the junction of residues 5 and 274, causes a marked
reduction in the binding affinity of monoclonal antibodies (mAbs) raised with wtEGFR. The
transmembrane domain of EGFRvIII is thought to be identical to that of the wild-type
protein, a hydrophilic sequence of 23 amino acids with a yet-unknown role in receptor
function (43). Likewise, the mutant receptor's 542 amino acid intracellular domain is
structurally identical to that of wtEGFR. EGFRvIII is unique, however, in its ability to
initiate intracellular signaling in the absence of TGF-α via persistent phosphorylation of its
protein kinase domain.

EGFRvIII is functionally distinct from its wild type counterpart. Chu et al. have
demonstrated two important differences between survival signals initiated by wtEGFR and
EGFRvIII: 1) Ligand-dependent wtEGFR signaling requires Her family receptor
dimerization, while ligand-independent EGFRvIII signaling has no such requirement, and 2)
wtEGFR signaling proceeds through the Ras-Raf-MEK-Erk/MAPK pathway in addition to
the phosphotidylinositol-3-kinase (PI3K) pathway, while EGFRvIII signaling appears to
proceed exclusively through the PI3K pathway (Figure 3) (44,45). Following activation by
EGFRvIII, the PI3K pathway initiates survival and anti-apoptotic signals that are not subject
to the regulatory mechanisms that govern Ras-Raf-MEK-Erk/MAPK signaling (46).
Constitutive survival and anti-apoptotic signaling thus appear to be central to the role of
EGFRvIII in HNSCC.

Sharafinski et al. Page 4

Head Neck. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



To date, expression of the 150 kDa EGFRvIII protein has yet to be documented in the
absence of wild- type receptor (1). The phenotypic consequences of this co-expression are
thought to include enhanced tumor growth and resistance to wtEGFR-targeted
pharmacotherapy (1). Furthermore, recent data suggests that EGFRvIII expression enhances
the ability of malignant cells to migrate and invade normal tissues, which are likely to be
important events in tumor metastasis (47). Enhanced tumor growth may occur secondary to
constitutive signaling through the p-Akt survival pathway. Drug resistance is presumably
conferred by the specific alterations to the receptor's intra- and extra-cellular domains. The
unique extracellular domain of EGFRvIII has recently become the focus of much research,
as immunotherapy targeting this domain is already in development for cancers of the brain
(48). This strategy is particularly promising as a therapy for cetuximab-refractory HNSCC
which express EGFRvIII, since cetuximab binds with much less affinity to EGFRvIII than to
wtEGFR.

EGFR Biology: Implications for Pharmacotherapy
As perhaps the most well-studied member of the ErbB receptor family, EGFR is known to
contribute to both normal and neoplastic growth processes in humans. A variety of genomic
alterations involving the EGFR gene, including amplifications and incomplete deletions, are
now known to be tumorigenic. Current therapeutic strategies, including the only FDA
approved pharmacotherapy for HNSCC (cetuximab), have been developed primarily for the
treatment of tumors demonstrating wild type EGFR (wtEGFR) overexpression. This strategy
of tumorigenesis is not unique to cancers of the head and neck, as wtEGFR overexpression
has been documented in many epithelial malignancies. The ubiquity of wtEGFR
overexpression in HNSCC, therefore, supports the use of EGFR-targeted therapies in this
cancer.

mAbs recognizing determinants expressed on the EGFR extracellular ligand-binding domain
represent more specific EGFR targeting approaches than TKIs, which may also block other
kinases. However, these agents are unable to discriminate between wtEGFR expressed on
normal and malignant tissues; the reactivity of mAbs with normal tissues is likely to account
for the cutaneous toxicity observed in patients treated with EGFR-specific mAb-based
immunotherapy. For example, systemic administration of toxin-linked antibodies targeted to
the extracellular domain of wtEGFR is not possible due to the associated hepatotoxicity
(49-51). In a phase III study Pryor et al reported increased toxicity in patients receiving
cetuximab as an adjuvant to radiotherapy for HNSCC (52). Side effects included skin
reactions and mucositis, reportedly resulting in decreased compliance with scheduled
radiation therapy. Unlike mAbs, TKIs lack specificity for wtEGFR. Because these
compounds are engineered to have high affinity for tyrosine kinase domains, cross-reactivity
is possible with other members of the ErbB receptor family. Documented TKI toxicities
include interstitial lung disease, rash, and diarrhea. Although not intrinsic to their design,
TKIs have been found to demonstrate some specificity for malignant lung tissue as a
consequence of increased affinity for mutated EGFR tyrosine kinase domains (27). Thus, in
the case of pure EGFR overexpression, TKIs may provide less specificity than mAbs with a
comparable toxicity profile.

EGFR-Targeted Therapy in HNSCC
The overexpression of EGFR in nearly all HNSCCs has led to the development of
pharmacotherapy directed against this cell-surface receptor (38). Current strategies include
mAbs and TKIs, both of which have demonstrated efficacy against HNSCC lines in
preclinical models. Immunotherapies, which include the clinically-tested agent cetuximab
(Erbitux®, Bristol-Myers Squibb - New York, NY), are administered parenterally and are
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highly specific for EGFR. TKIs, often referred to as small molecule inhibitors, are less
specific but may offer more convenient oral dosing.

TKIs antagonize normal EGFR signaling by occupying the receptor's intracellular ATP-
binding site, thereby inhibiting autophosphorylation (Figure 2). Current investigation of
TKIs in head and neck cancer is limited to phase I and phase II trials. The best-studied TKIs
(erlotinib and gefitinib) demonstrate modest increases in overall survival and progression-
free survival in the treatment of HNSCC (53). In a phase II study in patients with recurrent
or metastatic HNSCC, erlotinib treatment as a single agent was associated with an objective
response rate of 4.3% with a median progression-free survival of 9.6 weeks (53). The
combination of erlotinib plus cisplatin in recurrent or metastatic HNSCC was associated
with a median progression-free survival of 3.3 months (54). These cumulative results
demonstrate that erlotinib has antitumor activity in HNSCC comparable to standard
chemotherapy regimens. Another clinical EGFR TKI, gefitinib, was tested in a phase III trial
compared with methotrexate for recurrent HNSCC. In this study, neither 250 mg nor 500 mg
dosing of daily gefitinib resulted in improved survival compared with intravenous
methotrexate. The convenient oral dosing of TKIs makes them an attractive treatment option
for HNSCC, however, the lack of positive phase III data limits their incorporation into a
standard treatment approach.

There are currently two FDA-approved mAbs targeting EGFR. Cetuximab is a chimeric
IgG1 mAb and panitumumab (Vectibix®, Amgen - Thousand Oaks, CA) is a fully human
IgG2a mAb. mAbs recognizing determinants expressed on the extracellular domain of
EGFR, such as cetuximab or panitumimab, antagonize normal ligand-receptor interactions
and therefore disrupt downstream signaling. In addition mAbs mediate NK cell-dependent
lysis of HNSCC cells (Figure 2). Extensive clinical testing of cetuximab has shown this
agent to be particularly useful as an adjuvant to primary radiotherapy, with improvements in
overall survival, progression-free survival, and duration of locoregional control versus
radiation alone in the treatment of HNSCC (55). In the definitive phase III trial that led to
FDA-approval of this agent, cetuximab combined with radiation was shown to improve
locoregional control (from 14.9 to 24.4 months) and overall survival (from 29.3 to 49.0
months) in patients with locoregionally advanced HNSCC. More recently, cetuximab plus
platinum-based chemotherapy was tested in recurrent or metastatic HNSCC where the
addition of cetuximab prolonged the median progression-free survival from 3.3 to 5.6
months (56).

The experience acquired from the treatment of a large number of patients in multicenter
trials has shown that the treatment is effective in approximately 20% of the patients. At
present, the mechanism(s) underlying the clinical response to EGFR-specific mAb-based
immunotherapy are poorly understood. Cell-mediated cytotoxicity of target cells triggered
by EGFR-specific mAbs appears to play a role in the clinical outcome of colorectal
carcinoma patients (57). Our results in vitro are consistent with a similar mechanism in
HNSCC patients, a finding which is currently under intense study in clinical trial cohorts
(58). The variables influencing the extent of lysis of HNSCC cells by NK cells and EGFR-
specific mAbs have been characterized, and have been shown to include the level of EGFR
expression, the amount of mAb, and the genotype of the Fcγ receptor (FcγR) which
mediates the interactions of NK cells with the mAbs bound to target cells, i.e. FcγR IIIa
(59). Interestingly, our data also suggest that NK cell-dependent lysis mediated by
cetuximab is not altered in the setting of co-expression of EGFR vIII mutant on HNSCC
cells. The discrepancy between the role of the level of EGFR expression in in vitro lysis and
in the clinical outcome of patients treated with cetuximab raises the possibility that other
mechanisms play a role in vivo. Among them is the possibility that the lysis of HNSCC cells
by NK cells and the EGFR-specific mAb cetuximab triggers a series of events which lead to
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the generation of cytotoxic T lymphocytes (CTL) recognizing tumor antigens expressed on
the HNSCC cells. Because the mAbs are most effective when administered in combination
with radiotherapy and/or chemotherapy, these factors may also influence the efficacy and
mechanism(s) underlying the clinical outcomes observed.

There are few molecules that are exclusively expressed on HNSCC cells compared with
normal cells. Since EGFRvIII is expressed exclusively by tumor cells, targeting of
EGFRvIII may offer the opportunity of tissue specificity in the treatment of HNSCC. The
conjugation of cytotoxic compounds to a mAb specific for the extracellular domain of
EGFRvIII has proven efficacious in early animal studies of glioblastoma multiforme (48).
This immunotoxin, MR1-1 [MR1-1(dsFv)-PE38KDEL] has been shown to have high
specificity, potency and lack of an identified mechanism for resistance in preclinical testing.
A phase I trial is presently underway in glioma patients at Duke University using this
approach. The anti-tumor effect of these compounds appears not to be exclusively cytotoxic,
but rather a combination of direct cytotoxicity due to receptor/toxin endocytosis and an
immunotoxin-provoked immune response to malignant tissue (48). Similar success in the
use of immunotoxins against EGFRvIII-expressing HNSCC likely depends on several
prerequisite conditions: 1) EGFRvIII signaling is the predominant mechanism of resistance
to anti-wtEGFR therapy in HNSCC, 2) EGFRvIII expression in HNSCC is comparable to
that of CNS tumors, and 3) a similar immunotoxin-induced tumor antigen-specific immune
response is observed in non-CNS tissues. In addition to immunotoxins, EGFRvIII-specific
mAbs and irreversible EGFR/Her2 kinase inhibitors have shown activity in preclinical
cancer models as well as early phase trials of patients whose tumors express EGFRvIII
(60,61).

Side Effects of EGFR Inhibitors in HNSCC
To date, the most common side effect of EGFR inhibitors in HNSCC (including TKI or
mAbs) is a cutaneous acneiform rash that when severe, can require dose-reduction or
cessation of therapy in addition to specific therapeutic measures to mitigate this toxicity. In
the southeastern United States, the presence of IgE specific for galactose-alpha-1,3-
galactose has been reported to result in a high incidence of anaphylaxis (infusion reactions)
in HNSCC patients treated with cetuximab in this region (62). Infusion reactions (IgE-
dependent or –independent) may be prevented by premedication with antihistamines,
acetaminophen and/or corticosteroids. EGFR TKIs have been reported to cause
gastrointestinal distress in addition to a cutaneous rash.

Clinical Resistance to EGFR Inhibitors in HNSCC
To date, EGFR expression levels in the tumor have not been consistently correlated with
response to EGFR inhibitors, either mAb or TKI. Theoretically, resistance can either be
present at the time of initial treatment (de novo) or acquired during therapy. For example
primary resistance to EGFR TKI in lung cancer patients has been reportedly due to
amplification of MET whereas the development of new mutations has been implicated in the
setting of acquired resistance (63,64). The phase III trial of cetuximab that served as the
basis for FDA approval in HNSCC demonstrated that despite an effect on the primary
tumor, cetuximab did not abrogate recurrence or metastasis. Analysis of primary and
recurrent tumors in the setting of EGFR targeted therapies is needed to determine the
molecular basis of clinical resistance in HNSCC.

Other potential factors that may contribute to resistance to EGFR inhibitors include: 1) the
concentrations of oral TKIs given to patients may not be high enough to block the EGFR
kinase activity of tumors, which needs to be balanced with the relative lack of specificity of
these agents at higher doses; 2) HNSCC cell lines are quite heterogeneous in their response
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to EGFR kinase inhibitors in the absence of mutations of the kinase domain implicating
other mechanisms that mediate sensitivity; 3) lack of understanding of EGFR “oncogene
addiction” in HNSCC despite ubiquitous overexpression of this tyrosine kinase in HNSCC
tumors; and 4) conflicting reports to date regarding the sensitivity of EGFRvIII-expressing
cells and tumors to EGFR TKI.

Summary and Future Directions
The EGFR is a 170kDa cell-surface protein involved in a variety of cellular processes,
including DNA synthesis, proliferation, migration, and adhesion. EGFR variations are
thought to contribute to the development of cancers of the head and neck via dysregulation
of these processes. Current pharmacotherapeutic agents for HNSCC include the FDA-
approved cetuximab, a mAb, and the TKIs gefitinib and erlotinib. Of the known EGFR
variations, wtEGFR overexpression and the mutant EGFRvIII are the best studied. The
aforementioned agents have demonstrated efficacy against tumors overexpressing wtEGFR,
however, EGFRvIII is thought to be an important contributor to the development of
cetuximab-resistant and metastatic tumors. Unlike those identified in non-small-cell lung
cancer, somatic mutations of the EGFR tyrosine kinase domain are not thought to enhance
tumorigenicity nor pharmacosensitivity. The future development of therapeutic agents in
HNSCC is likely to include further refinement of TKIs inhibitors and immunotherapeutic
targeting of epitopes that are unique to malignant tissues (i.e. EGFRvIII). Selective targeting
of altered forms of EGFR may prove particularly useful in the treatment of refractory
disease.
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Figure 1.
The epidermal growth factor receptor (EGFR) initiates pro-survival and proliferation
signaling in the presence of ligand. Ras-Raf-MEK-Erk/MAPK and PI3K pathways converge
with the upregulation of Cyclin D1, an important regulator of mitosis.

Sharafinski et al. Page 12

Head Neck. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
A proposed model of cellular cascades triggered by activation of NK cells with cetuximab-
coated HNSCC targets. Cetuximab-mediated NK cell-dependent tumor cell lysis results in
the generation of EGFR-cetuximab immune complexes which are taken up by DC,
processed and presented to TA-specific T cells. CTL recognize and eliminate tumor cells. T
regulatory cells may down-regulate NK activity, DC functions and/or CTL activity, leading
to tumor immune escape. In addition, defects in the antigen processing machinery
component expression contribute to tumor escape from CTL recognition.
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Figure 3.
The mutant epidermal growth factor receptor, EGFRvIII, promotes cell survival and
proliferation by preferential signaling through the phosphotidyinositol-3-kinase (PI3K)
pathway. The wild-type receptor utilizes both the PI3K pathway and the Ras-Raf-MEK
pathway. Downstream effectors of both pathways further promote cell survival via
inhibition of apoptosis.
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Figure 4.
Current EGFR-targeted therapies for HNSCC include mAbs like cetuximab and TKIs like
gefitinib and erlotinib. mAbs prevent EGFR ligand-binding, while TKIs inhibit receptor
autophosphorylation. Both mechanisms prevent the initiation of survival and proliferation
signaling.
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Table 1

Tumor Site Citation

Bladder Wang X et al. (2007)

Breast Milanezi F et al. (2008)

Cervical Fuchs I et al. (2007)

CNS Voelzke WR et al. (2008)

Colorectal Antonacopoulou et al. (2008)

Endometrial Engelsen IB et al. (2008)

Esophageal Wei Q et al. (2007)

Gastric Kim MA et al. (2008)

Head + Neck Sheikh A et al. (2008)

Lung Tang X et al. (2008)

Ovarian Lafky JM et al. (2008)
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