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Targeting proliferation and survival pathways in head and neck

cancer for therapeutic benefit
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Abstract

Head and neck squamous cell carcinomas (HNSCC) are common human malignancies with poor clinical

outcomes. The 5-year survival rates for patients with advanced stage HNSCC have not changed

appreciably in the past few decades, underscoring a dire need for improved therapeutic options. Recent

studies have elucidated a key signaling axis, the EGFR-STAT3-Bcl-X, signaling axis, that is aberrantly

activated in a majority of HNSCC and contributes to the proliferation and survival of malignant cells.

Considerable effort is being placed on developing highly specific inhibitors of different components of this

pathway. This review highlights the progress that is being made towards achieving potent inhibition of the

EGFR-STAT3-Bcl-X, signaling axis in HNSCC and the promising therapeutic strategies that are currently

under development for this disease.
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The term “head and neck cancer” refers to
malignancies that originate on the mucosal surfaces of
the oral cavity, pharynx, and larynx. Worldwide, head
and neck cancer represents the sixth most common
cancer and is associated with considerable morbidity and
mortality!l. Histological examination has revealed that
more than 90% of head and neck cancers exhibit
squamous cell characteristics. Thus, head and neck
cancers are commonly labeled as head and neck
squamous cell carcinomas (HNSCC; also SCCHN).

Three key risk factors for HNSCC have been
identified: tobacco consumption, alcohol consumption,
and human papilloma virus (HPV) infection. Roughly
three quarters of all HNSCC cases can be attributed to
tobacco or alcohol use®¥. Although this represents a
particularly high percentage of HNSCC cases, it is
noteworthy that approximately 25% of cases do not
coincide with a history of tobacco or alcohol usage. HPV
infection is most closely associated with HNSCCs arising
in the oropharynx®™. Although HPV infection rates may
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vary by country or region, the prevalence of HPV
infection in oropharyngeal HNSCC may exceed 50% in
some areas®. Furthermore, while the overall prevalence
of HNSCC is modestly declining in some countries, the
incidence of HPV-positive HNSCC is increasing in
certain countries, including the United States®'?. The
increase in HPV-positive HNSCC is particularly prevalent
among young patients™. Intriguingly, HPV-positive
HNSCC patients typically have better prognosis than
HPV-negative HNSCC patients!". This has led to the
conclusion that HPV-positive HNSCC represents a
distinct disease entity!" and has raised hope that it may
be possible to target unique features of HPV-positive
disease to achieve even further improvements in
outcomes. In this regard, epidemiologic evaluation of the
impact of HPV vaccines on oropharyngeal HNSCC may
become available in the not-too-distant future.

The major treatment options for HNSCC include
surgery, radiation, and chemotherapy. The specific
treatment options are largely dependent on the stage
and anatomical site of the tumor. Roughly one-third of
newly diagnosed HNSCC patients present with stage | or
Il disease that is locally contained. Tumors in these
patients are typically removed by surgery or treated with
radiation, and a majority of the patients are cured!™. A
litle over half of newly diagnosed HNSCC patients
present with locally advanced stage Ill or IV disease.
Depending on the anatomic site of the tumor, primary

WWW.cjcsysu.com

CACA Chinese Anti-Cancer Association 319



Daniel E. Johnson

Therapeutics targeting EGFR in head and neck cancer

treatment may involve surgery or a combination of
chemotherapy and radiation. For high risk patients,
surgery may be followed by intensive chemoradiation,
and vice versa. Unfortunately, the aggressive treatment
strategies necessitated for advanced stage HNSCC are
associated with considerable cytotoxicities and may
result in deficits in speaking and swallowing, as well as
cosmetic disfigurement. Moreover, approximately 50% of
patients who are treated for locally advanced HNSCC will
suffer recurrence within 2 years!™. The most serious
forms of HNSCC are metastatic or recurrent. The
prognoses for these patients are poor (median survival
of 6-10 months), and their therapies are largely aimed at
prolonging survival and reducing symptoms!".. Treatment
options for metastatic or recurrent HNSCC again include
surgery, radiation, and/or chemotherapy, but expectation
of cure is very limited.

Over the past several decades, substantial improve-
ments have been made in surgical techniques for
HNSCC, as well as techniques for the administration of
radiation and chemotherapy. These improvements have
led to minimization of cosmetic disfigurement and
preservation of normal tissue architecture and function.
However, despite these advances, it is striking that the
5-year survival rates for patients with advanced stage
HNSCC have not changed substantially for the past 4
decades, remaining around 50% " This dramatic and
grim fact underscores the dire need to develop new
therapeutic approaches and reagents that can be used to
achieve selective and potent elimination of HNSCC
tumors. This review describes the impact of dysregulated
signaling via the EGFR-STAT3-Bcl-X_ signaling axis

(Figure 1) on HNSCC tumor growth and presents
promising new approaches that are being developed and
evaluated for targeting this critical pathway.

EGFR Biochemistry and Involvement in
HNSCC

The epidermal growth factor receptor (EGFR) has
been studied intensively since the early 1980s and has
been found to play an important role in a variety of
human malignancies. EGFR is a 170 kDa protein that
spans the plasma membrane once. The extracellular
N-terminal region of EGFR contains the ligand-binding
domain and is also glycosylated. The intracellular
C-terminal region contains the tyrosine kinase domain.
EGFR (also called ErbB1 or HER1) is a member of the
HER family of receptor tyrosine kinases, which consists
of four receptors, HER1-4!"" Several different ligands
have been shown to bind to EGFR, including epidermal
growth factor (EGF), transforming growth factor-o
(TGF-a), and amphiregulin. Ligand binding induces
homodimerization or heterodimerization of the receptor
with other HER family members, which in turn leads to
activation of the EGFR tyrosine kinase activity, followed
by autophosphorylation of key tyrosine residues in the
cytoplasmic region of the receptor. These phospho-
rylated residues then serve as docking sites for
intracellular signaling molecules, leading to the activation
of EGFR-mediated signaling pathways. Prominent
among the signaling pathways that become activated are
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Figure 1. EGFR-STAT3-Bcl-X,, a key proliferation and survival signaling axis in head and neck

squamous cell carcinomas.
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the RAS/RA F/MEK/ERK, PI3K/AKT, phospholipase C
gamma (PLCy), and STATS3 signaling pathways. Once
activated, these pathways play important roles in
mediating EGFR effects on cellular proliferation and
survival.

Dysregulation of EGFR expression and signaling
has been reported in a wide variety of solid
malignancies. In HNSCC, EGFR is overexpressed in a
majority of patient primary specimens®. Transcriptional
mechanisms and gene amplification have been shown to
lead to EGFR overexpression in HNSCC®'?, Additionally,
autocrine secretion of TGF-a by HNSCC tumors leads to
constitutive activation of EGFR. Overexpression of
TGF-a or EGFR correlates with short survival in patients
with  HNSCC ™=l with EGFR overexpression also
correlating with resistance to radiation and chemotherapy
in preclinical models!®. Activating mutations of EGFR,
such as those found in non-small cell lung cancer, are
rare in HNSCC.

Expression of variant form of EGFR, called
EGFRUVIII, has been reported in 42% of primary HNSCC
specimens® as well as in malignancies of the brain,
lung, breast, prostate, and ovary!™., EGFRuvIll is a 145
kDa protein that lacks sequences encoded by exons 2-7
(amino acids 6-273), yet retains the N-terminal signal
peptide and is inserted normally into the plasma
membrane. The deleted sequences in EGFRUvII lie
entirely within the extracellular ligand-binding region and
severely curtail the binding of antibodies that recognize
the extracellular region of wild-type (wt) EGFR.
Importantly, the tyrosine kinase activity of EGFRVIII is
constitutively activated in tumors. Thus, expression of
EGFRuVIIl  confers ligand-independent activation of
receptor signaling.

Exogenous overexpression of either wt-EGFR or
EGFRUVIII results in cellular transformation. In view of the
overexpression of these proteins in a large percentage of
HNSCC tumors, numerous studies have sought to
determine  how endogenously overexpressed or
hyperactivated EGFR or EGFRUvIII contribute to HNSCC
oncogenesis. These studies have wused preclinical
models to assess the impact of inhibiting either the
expression or the function of the proteins and have relied
on reagents including antisense oligonucleotides,
dominant-negative mutants, and small-molecule tyrosine
kinase inhibitors (TKIs). Results from these preclinical
studies have determined that signaling via EGFR or
EGFRUVIII contributes to HNSCC cellular proliferation and
patient survival, as well as tumor invasion, motility,
adhesion, and angiogenesis!®®!. These findings, coupled
with correlative studies linking EGFR with poor patient
prognosis, have stimulated clinical and translational
studies aimed at therapeutic targeting of EGFR in
patients with HNSCC.

Therapeutic Targeting of EGFR in
HNSCC

Two primary groups of agents are currently being
used, or tested, for therapeutic targeting of EGFR: anti-
EGFR monoclonal antibodies and small molecule
tyrosine kinase inhibitors (TKIls). Four monoclonal
antibodies are actively being investigated, namely
cetuximab, panitumumab, zalutumumab, and
nimotuzumab. Each of these antibodies recognizes and
binds the extracellular region of EGFR. TKls that have
been tested in HNSCC, or are undergoing evaluation,
include gefitinib, erlotinib, and lapatinib.

Cetuximab is an IgG1, chimeric human/mouse
monoclonal antibody that binds with high affinity to
EGFR. Cetuximab exhibits two distinct mechanisms of
action. First, cetuximab competitively inhibits ligand
binding to EGFR, thereby inhibiting activation of EGFR
tyrosine kinase activity and subsequent signaling.
Second, binding of cetuximab to EGFR-expressing cells
induces antibody-dependent cellular cytotoxicity mediated
by host immune cells. In 2006, results were reported
from a landmark, randomized phase Il trial of HNSCC
patients with locally advanced disease that compared
cetuximab plus radiation to radiation alone®®!. The addition
of cetuximab resulted in significant improvement of
locoregional control (24.4 months for the combination
versus 14.9 months for radiation alone) and overall
survival (49.0 months versus 29.3 months)®!. A more
recent update from this trial continues to demonstrate a
benefit to cetuximab inclusion (5-year survival rate of
45.6% for the combination versus 36.4% for radiation
alone) @1, On the basis of this trial, the United States
Food and Drug Administration approved the use of
cetuximab in patients with locally advanced HNSCC.
Thus, cetuximab is the first biological agent approved for
use in HNSCC and represents the first major addition to
the treatment armamentarium for this disease in several
decades. In metastatic HNSCC, a recent phase |ll
randomized trial (the EXTREME study) assessed the
benefit of adding cetuximab to a chemotherapy regimen
of 5-fluorouracil and either cisplatin or carboplatin %2,
The addition of cetuximab enhanced median overall
survival from 7.4 months for chemotherapy alone to 10.1
months, leading to FDA approval for cetuximab inclusion
in this chemotherapy-based treatment. Although the use
of cetuximab (as well as other EGFR monoclonal
antibodies or TKIs) frequently results in development of
skin rash, the overall quality of life for cetuximab-treated
patients does not seem adversely affected. On the
contrary, inclusion of cetuximab may actually improve
larygeal function and reduce pain®”.

Although the use of cetuximab represents a
significant advance in HNSCC therapy and additional
applications of this therapy are likely, there are several
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limitations to its success. First, only a minority of
patients respond to cetuximab (approximately 20% or
less), and it is not possible to predict which patients will
benefit. No clear correlations have been observed
between EGFR expression levels and response to
cetuximab (or other EGFR-targeting agents). Thus,
markers are needed that will allow prediction of
response. Second, in the phase Il trial that led to
approval of cetuximab plus radiation in locally advanced
disease, the addition of cetuximab ultimately did not
prevent recurrence or metastasis®!. Third, cetuximab and
other EGFR-blocking antibodies fail to prevent signaling
emanating from the constitutively active EGFRVIII
variant, whose expression is relatively prevalent in
HNSCC.

Panitumumab is a fully humanized IgG2 antibody
directed against the EGFR extracellular region. This
monoclonal antibody is currently being evaluated in
phase Il trials of locally advanced and recurrent/
metastatic HNSCC ¥. Since panitumumab is fully
humanized, it may be less prone to stimulate host
generation of neutralizing antibodies or hypersensitive
reactions. Nimotuzumab is a chimeric human/mouse
IgG1 monoclonal antibody, whereas zalutumumab is a
fully humanized 1gG1 monoclonal antibody; both are
being evaluated in advanced clinical trials outside the
United States. Nimotuzumab may offer the advantage of
provoking less severe skin rashes, whereas
zalutumumab, being IgG1, may be particularly potent at
stimulating antibody-dependent cellular cytotoxicity®®".

Monoclonal antibodies directed against EGFR are
advantageous due to their high specificity for their target.
However, except for an antibody (mAb 806) currently
being evaluated in a different malignancy®® the
antibodies described above fail to substantially inhibit
signaling derived from constitutively active EGFRUVIII.
This suggests that small-molecule TKIs capable of
inhibiting both wt-EGFR and EGFRvIll may be of value
in treating HNSCC. In addition, TKIls offer the advantage
of being orally bioavailable. On the other hand, a
significant downside of the TKis is a lack of specificity. In
addition to inhibiting EGFR, or HER family members, the
TKls described below (gefitinib, erlotinib, lapatinib)
exhibit some level of cross-inhibition of other receptor or
nonreceptor tyrosine kinases.

Gefitinib and erlotinib exhibit some specificity for
EGFR and are FDA-approved for use in non-small cell
lung cancer. Moreover, specific activating mutants of
EGFR that are found more frequently in lung cancer than
in HNSCC have been shown to exhibit heightened
sensitivity to gefitinib and erlotinib, underscoring the use
of these compounds in lung cancer. In HNSCC, a phase
Il trial failed to demonstrate a benefit of adding gefitinib
to methotrexate in refractory disease®®. A phase Il trial
combining gefitinib and docetaxel also yielded

disappointing results®. The future of gefitinib as a
therapeutic agent in HNSCC remains unclear. In contrast,
phase I/Il testing of erlotinib alone or in combination with
chemotherapy in metastatic, recurrent, or refractory
HNSCC has suggested a potential therapeutic benefit for
this TKI™., Phase Il studies have also indicated a benefit
of adding the TKI lapatinib to chemoradiation regimens.
Lapatinib is unique in that it inhibits both EGFR and
HER2“% Since HER2 is commonly overexpressed in
HNSCC and forms a functional heterodimer with
EGFRE application of this or similar TKls may have
added value in HNSCC treatment.

STAT3 Activation and Importance in
HNSCC

Activation of EGFR leads to the activation of
several intracellular signaling pathways, including the
RAS/RAF/MEK/ERK, PI3K/AKT, PLCy, and STAT3
pathways!®l, The STAT3 pathway plays a particularly
important role in mediating cellular proliferation and
apoptosis suppression in HNSCC. Activation of EGFR
results in phosphorylation of several tyrosine residues in
the cytoplasmic domain of the receptor protein. The
STAT3 protein recognizes and binds phosphorylated
tyrosines 1068 and 1086, promoting direct interaction
between STAT3 and EGFR¥“I. The recruitment of
STAT3 to the activated EGFR leads to receptor-
mediated phosphorylation of STAT3 on tyrosine 705,
followed by head-to-tail dimerization of the STAT3
protein. STAT3 dimerization involves recognition of
phospho-Tyr705 on one STAT3 protein by the SH2
domain on the other binding partner. Once dimerized,
the STAT3 proteins translocate to the nucleus where
they recognize and bind STAT3 response elements in
the promoters of target genes, inducing transcription 3.
In normal cells, STAT3 acts to sustain cellular survival or
promote growth or differentiation*!. However, Darnell et
al. ™ have shown that a constitutively active form of
STAT3 has the capacity to transform normal fibroblasts,
promoting tumorigenesis. Thus, STAT3 has also been
classified as an oncogene.

STAT3 was first reported to be constitutively
activated in HNSCC by Grandis et all4 who
demonstrated activation downstream of autocrine TGF-o/
EGFR signaling. In addition, STAT3 activation in HNSCC
can occur independently of EGFR. In a subset of
patients, binding of interleukin-6 (IL-6) to glycoprotein
130 (gp130) receptor leads to activation of Janus kinase
2 (JAK2), followed by JAK2-mediated phosphorylation/
activation of STAT3 I, Moreover, Src family kinases,
which are frequently activated in HNSCC, can promote
EGFR-independent STAT3 activation . Mutation of
STATS3, leading to constitutive activation, has not been
reported in HNSCC.
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Recent studies examining primary patient
specimens have confirmed the constitutive activation
and/or overexpression of STAT3 in a majority of HNSCC
patients. These studies have relied extensively on
immunohistochemistry of tissue sections or protein
microarrays using antibodies that are specific for STAT3
that is phosphorylated on Tyr705. Importantly,
cumulative findings demonstrate that high levels of
activated STAT3 correlate with advanced tumor stage
and poor patient prognosis®®!. STAT3 levels are highest
in poorly differentiated HNSCC tumors . Moreover,
STAT3 is present at higher levels in normal adjacent
epithelia from HNSCC patients compared with those
from individuals without cancer®. This suggests that
activation/overexpression of STAT3 represents an early
event in HNSCC progression.

Molecular Targeting of STAT3

The frequent hyperactivation/overexpression of
STAT3 in HNSCC has stimulated research to understand
the role of STAT3 signaling in this disease. In vitro
studies using HNSCC cell lines and in vivo preclinical
studies involving HNSCC xenograft tumors in mice have
assessed the impact of suppressing STAT3 expression
or inhibiting STAT3 function. These studies have relied
on a variety of reagents, including dominant-negative
STATS3, antisense and small interfering RNA nucleotides,
as well as duplex decoy oligonucleotides resembling
STAT3 response elements. Collectively, the application
of these reagents has shown that inhibition of STAT3
expression or function in HNSCC cells and tumors acts
to inhibit cellular proliferation and invasion, promote
apoptosis, and slow the growth of tumors in vivol*647:55%1,
STAT3 down-regulation or inhibition also sensitizes
HNSCC to conventional chemotherapeutic drugs such as
cisplatin in vitro and in vivo'®®,

The potential for achieving useful targeting of
STAT3 in HNSCC patients depends, in part, on the
cytotoxicity of inhibiting STAT3 in normal cells. Genetic
deletion of STAT3 in mice results in embryonic lethality,
indicating an essential, nonredundant role for STAT3
during embryogenesis®. In contrast, several studies
have shown that loss of STAT3 does not affect the
growth and survival of normal cells and adult tissues®"®.,
These findings raise hope that tumor-specific effects of
STAT3 targeting can be achieved in patients without
concurrent adverse cytotoxicities to normal tissues.

Because STAT3 is now a well-validated target in a
wide variety of human malignancies, including HNSCC,
there has been considerable effort to identify small-
molecule STAT3 inhibitors with therapeutic potential. In
early studies, phosphotyrosyl peptides and related
peptidomimetics were developed that bound to the SH2

domain in STAT3 and inhibited function and biological
activity 1, Subsequently, virtual and high-throughput
screening methods have been used to identify several
small organic molecules that disrupt STAT3 function,
including S31-201, STA-21, and Stattic®™. In addition,
several naturally occurring compounds have been
identified that inhibit STAT3 phosphorylation/activation in
vitro. These compounds often act by inhibiting upstream
kinases, such as JAK2, and include guggulsterone 7
galiellalactone™, capsaicin™, cucurbitacin 17, curcumint™,
and ursolic acid™. Although many of these compounds
are effective in inhibiting STAT3 activation in whole cells,
most also hit other targets in the cell. Efforts to derive a
highly specific inhibitor of STAT3 have led to the
development of a STAT3 decoy oligonucleotide®™!. The
STAT3 decoy is a 15-bp duplex oligonucleotide that is
based on the sequence of the STAT3 regulatory element
in the promoter of the c-fos gene. STAT3 decoy binds
with high affinity to STAT3 protein, inhibits the
expression of STAT3 target genes, promotes apoptosis,
and inhibits tumor growth in vivo®™®. A clinical ftrial
involving intratumoral injection of STAT3 decoy in
HNSCC patients is currently underway.

Targeting Bcl-X, in HNSCC

The oncogenic properties of STAT3 in HNSCC are
undoubtedly mediated by the products of STAT3 target
genes. Activated STAT3 induces the expression of a
broad array of proteins that regulate cell cycle
progression, suppression of apoptosis, metastasis, and
angiogenesis. Additionally, STAT3 induces expression of
suppressor of cytokine signaling-3 (SOCS-3), a negative
regulator of STAT3 activation®™l, A key characteristic of
advanced stage HNSCC is chemotherapy resistance,
which results, in part, from aberrant overexpression of
Bcl-X,, the product of a STAT3 target gene!™. Bcl-X, is
an anti-apoptotic member of the Bcl-2 protein family and
acts to inhibit activation of the intrinsic apoptosis
pathway. Endogenous or exogenous overexpression of
Bcl-X_ typically confers resistance to chemotherapy-
induced apoptosis. A majority of HNSCC primary patient
specimens exhibit marked overexpression of Bcl-X, 8",
Importantly, overexpression of Bcl-X_ in HNSCC patients
has been shown to correlate with resistance to
chemotherapy and radiotherapy and with poor clinical
prognosis!®l,

To determine the role of Bcl-X, in HNSCC, several
in vitro studies have assessed the impact of inhibiting
Bcl-X_ expression or function. Down-regulation of Bcl-X_
protein levels using antisense oligonucleotides has been
shown to sensitize HNSCC cells to chemotherapy®. In
addition, short peptides that bind to Bcl-X, and Bcl-2 and
inhibit the function of these proteins also promote
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apoptosis signaling and cell death in HNSCC cell
lines ¥ Moreover, the naturally occurring compound
(-)-gossypol, which binds and inhibits Bcl-X, and Bcl-2,
promotes apoptosis and sensitizes HNSCC cells to
chemotherapy in vitro and inhibits the growth of HNSCC
xenograft tumors in vivo®®l Lastly, the highly selective
Bcl-X//Bcl-2 inhibitor ABT-737 was recently shown to
potently synergize with conventional chemotherapeutic
drugs in killing HNSCC cells!®®'!, ABT-737 and the orally
bioavailable derivative ABT-263*2 are currently undergoing
testing in early clinical trials and may represent
promising therapeutics in combination with chemotherapy
for HNSCC.

Conclusions

There is an urgent need to develop effective
therapeutic reagents and strategies that can be used to
treat HNSCC, a malignancy with worldwide prevalence.
Laboratory studies continue to elucidate the key signaling
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