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Abstract

New agents and treatment strategies that can be safely and effectively integrated into current
treatment paradigms for head and neck squamous cell carcinoma (HNSCC) are urgently needed.
To date, the anti-EGF receptor (EGFR) monoclonal antibody, cetuximab, is the first and only
molecularly targeted therapy to demonstrate a survival benefit for patients with recurrent or
metastatic disease. Other anti-EGFR-targeted therapies, including monoclonal antibodies (e.g.,
panitumumab and zalutumumab) and reversible and irreversible ErbB family tyrosine kinase
inhibitors (e.g., lapatinib, afatinib and dacomitinib) are being actively investigated in Phase Il and
Phase Il clinical trials. In addition, validated biomarkers are needed to predict clinical benefit and
resistance to anti-EGFR therapy in HNSCC. This review will compare and contrast the
mechanisms of action of anti-EGFR monoclonal antibodies and tyrosine kinase inhibitors and also
discuss their role in the management of HNSCC and the potential impact of human papillomavirus
status in the development of these targeted agents.
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Head and neck squamous cell carcinoma (HNSCC) is a heterogeneous disease occurring at
multiple subsites within the head and neck region, including the oral cavity, pharynx and
larynx, with an estimated 52,140 new cases in the USA in 2011 [1]. The causes of HNSCC
include tobacco and excessive alcohol use [2,3], while high-risk human papillomavirus
(HPV) infection has also been found to cause oropharyngeal squamous cell carcinoma, a
subgroup of HNSCC [4]. While the development of multimodality treatments, including any
given combination and sequence of surgery, chemotherapy and radiation, has improved
survival for locally advanced HNSCC, the management of recurrent and/or metastatic
disease is still a clinical challenge [5-8].
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Traditionally, the prognostic assessment of a given patient has been largely based on clinical
parameters such as performance status and disease stage. However, there is significant
heterogeneity within these patient groups and their clinical outcomes. Therefore, several bio-
markers have been examined to further delineate biologically homogeneous patient groups,
which may provide more accurate prognostic and predictive information. To date, EGF
receptor (EGFR) expression levels within the tumors and HPV status are the most promising
prognostic biomarkers. Patients with tumors having higher EGFR protein expression have
been strongly associated with poorer prognosis [9,10]. Patients with HPV-positive disease
have shown more favorable outcomes compared with patients with HPV-negative disease
[11], resulting in routine testing of HPV status in patients with oro-pharyngeal primary
tumors. In both biomarker multivariate analyses, the laboratory data have added independent
prognostic information to clinical parameters.

In addition to being a laboratory-based prognostic biomarker, EGFR has emerged as a
promising therapeutic target and has sparked a surge in the development of both anti-EGFR
monoclonal antibodies (mAbs) and tyrosine kinase inhibitors (TKIs). In HNSCC, EGFR-
targeted mAbs are the only biological agents so far that have provided overall survival (OS)
benefits in combination with radiation or chemotherapy [8,12]. Also, EGFR and HPV status
are being further analyzed in clinical context because it has been suggested that there is an
interaction between expression levels of EGFR and HPV status [13]. Currently, the
management of HNSCC is being actively re-evaluated to decrease treatment-related
toxicities in HPV-positive patients and improve survival outcomes in HPV-negative
patients. This paradigm shift in treatment strategies for HNSCC has provided a golden
opportunity to introduce novel agents and indications in current clinical trials. This review
will compare and contrast the mechanism of action of anti-EGFR mAbs and TKIls and
discuss their role in the management of HNSCC and the potential impact of HPV status in
the development of these targeted agents.

Targeting ErbB family tyrosine kinase receptors in HNSCC

EGFR (ErbB1/HER1) is a member of the ErbB tyrosine kinase family, which also includes
HER2 (ErbB2), HER3 (ErbB3) and HER4 (ErbB4) [14]. This family of receptors modulates
cell proliferation, survival, adhesion, migration and differentiation. Ligand binding is
followed by homodimerization or heterodimerization among members of the ErbB family
receptors, as well as other cell-surface tyrosine kinase receptors, such as IGF 1 receptor
(IGF-1R) and c-Met (Figure 1) [15-18]. Dimerization of these receptors leads to the
activation of tyrosine kinase and autophosphorylation of tyrosine residues in the C-terminal
tail of the receptor and subsequent activation of downstream effector proteins, including
MAPK, PI3K/AKT, phospholipase C-vy, PKC and STAT, resulting in the transcription of
genes involved in proliferation and survival. Aberrant activity of these receptors plays a key
role in oncogenesis of a variety of tumors, including HNSCC.

In HNSCC, EGFR is frequently over-expressed (80-90%) [9,19,20], but activating
mutations in the receptor commonly seen in non-small-cell lung cancer are rare (~0-7%
depending on patient population) [21-23]. Currently, there are two therapeutic approaches to
inhibit EGFR: anti-EGFR mAbs and TKIs (Table 1). While both approaches strive for
complete inhibition of receptor signal transduction, several studies have shown that cells can
have differential sensitivities to these two modes of EGFR inhibition. The mAbs target the
extracellular domain of the receptor and block ligand binding and dimerization, which in
turn stops receptor activation and signal transduction. In addition, mAbs such as cetux-imab
(Erbitux®, Bristol-Myers Squibb, NY, USA) have been shown to induce antibody-dependent
cellular cytotoxicity (ADCC) [24]. The TKIs target the tyrosine kinase domain of the
intracellular domain of the receptor by competing for the ATP binding pocket, thus
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inhibiting phosphorylation of the receptor and its downstream targets. Owing the fact that
the tyrosine kinase domains within ErbB family receptors share significant structural
homology, development of TKIs that inhibit more than one of the receptors within the
family is feasible, and subsequent inhibition of receptor crosstalk through
heterodimerization is considered to be a significant advantage over therapeutic antibodies.
For example, when the ErbB family receptors are activated by binding of the ligands, they
form an asymmetric kinase dimer by one kinase serving as the *donor’ and the other serving
as the ‘acceptor’. Only the ‘donor’ kinase is active and phosphorylates the c-terminal tail of
the other receptor within the dimer. Therefore, even in the presence of an EGFR-specific
TKI, the phosphorylation sites of EGFR located in the c-terminal tail within the intra cellular
domain can still be phosphorylated by the tyrosine kinase of HER2, if HER2 serves at the
active donor kinase upon heterodimerization [25,26]. EGFR that is phosphorylated by HER2
can then activate the downstream pathways. Development of therapeutic antibodies
recognizing both EGFR and HER?2 with a required specificity is not feasible, although some
view this level of specificity to be an advantage because of the potential for fewer off-target
effects compared with TKIs. Understanding these key differences is important in explaining
resistance mechanisms, and significant to the improvement in efficacy of current agents and
development of predictive biomarkers for future clinical trials and appropriate patient
selection.

Currently available EGFR-targeted agents

To date, cetuximab is the only EGFR-targeted agent approved by the US FDA for HNSCC
[101]. Cetuximab is a monoclonal, chimeric (human/mouse) antibody against EGFR. The
mechanisms of action mediated by cetuximab in patients are thought to be twofold: direct
binding to EGFR, inhibiting ligand binding and phosphorylation [27] and induction of
ADCC, consequently clearing antibody-coated cells by the host immune system [28,29].
While the anticancer effects of cetuximab via inhibition of signal transduction have been
well established, the contribution of ADCC needs to be further delineated. Although the
response rate to cetuximab monotherapy is limited to 13% in recurrent or metastatic HNSCC
(Table 2) [30], it is the first targeted therapy to show a significant improvement in OS for
patients with locally advanced disease when in combination with radiation [12] or for
recurrent or metastatic disease when in combination with chemotherapy [8]. In evaluating
cetuximab plus high-dose radiation for locally advanced HNSCC (n = 424), the
improvement in OS with combined therapy (49.0 vs 29.3 months for high-dose radiation
alone; hazard ratio [HR]: 0.74; 95% CI: 0.57-0.97; p = 0.03) was accompanied by
improvements in the primary end point of median duration of locoregional control (24.4 vs
14.9 months; HR: 0.68; 95% CI: 0.52-0.89; p = 0.005) and the secondary end point of
median progression-free survival (PFS; 17.1 vs 12.4 months; HR: 0.70; 95% CI: 0.54-0.90;
p = 0.006) [12]. When cetuximab was added to platinum—fluorouracil chemotherapy in a
recurrent or metastatic HNSCC population (n = 442), the median OS (primary end point)
was 10.1 versus 7.4 months for chemotherapy alone (HR: 0.80; 95% CI: 0.64-0.99; p =
0.04), with additional improvements observed in median PFS (5.6 vs 3.3 months; HR: 0.54;
95% CI: 0.43-0.67; p < 0.001) and response rate (36 vs 20%; p < 0.001) [8].

It is noteworthy that the aforementioned trial of cetuximab plus radiation was initiated prior
to the adoption of chemoradiation as the standard of care in this setting, and provides the
only evidence of an OS benefit for this combination (unlike cisplatin-based chemoradiation,
which has demonstrated improved OS over radiation alone in multiple trials). The lack of a
randomized comparison of cetuximab versus cisplatin given with radiation for locally
advanced HNSCC has been cited as a major barrier to the acceptance of cetuximab as a
substitute for cisplatin in this setting [31]. This question is currently being asked through a
Phase Il trial comparing cisplatin and radiation versus cetuximab and radiation in locally
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advanced and HPV-positive HNSCC patients (Radiation Therapy Oncology Group 1016;
ClinicalTrials.gov identifier: NCT01302834) [102]. Additionally, the OS benefits for
patients with HNSCC are not without associated toxicities. The most common toxicity is
skin rash (~90%) [32], which in most cases is manageable, but can be severe enough to
require dose reduction or cessation of treatment [33]. Moreover, cetuximab treatment has
been associated with infusion reactions that can be life threatening [32] and administration
may be logistically challenging for patients owing to weekly intravenous dosing
requirements.

Several studies have been evaluated to determine potential biomarkers for prediction of
treatment response with current EGFR inhibitors. In a Phase 111 study of gefitinib 500 or 250
mg compared with methotrexate for recurrent or metastatic HNSCC, increased £GFR gene
copy number appeared to correlate with response to gefitinib (13.8 vs 3.6 vs 0%,
respectively) but not with OS (5.9 vs 6.1 vs 7.6 months, respectively) [34]. In the Phase 111
cetuximab study described above [8], there was no association between EGFR gene copy
number and OS, PFS or best overall response for patients treated with cetuximab plus
platinum—fluorouracil chemotherapy [35]. In a Phase 1l study of gefitinib for recurrent and/
or metastatic HNSCC, disease control, PFS and OS were significantly correlated with grade
of cutaneous toxicity (p = 0.001, p = 0.001 and p = 0.008, respectively) [36]. Likewise, in a
Phase I11 study of cisplatin plus placebo or cetuximab for recurrent/metastatic HNSCC, OS
was significantly longer in the cetuximab group in patients developing skin rash (p = 0.01)
[37]. These studies suggest that there is no correlation between EGFR analyses and
response, with the only potential biomarker predicting response being the clinical
assessment of rash rather than laboratory testing.

To address this issue, better understanding of EGFR inhibitor resistance mechanisms is
required. Several studies suggest various mechanisms of resistance to cetuximab. An
example is the presence of EGFR variant 11 (EGFRvIII), which is the most common variant
observed in approximately 40% of HNSCC cases [38]. EGFRvIII contains a truncated
ligand binding domain (missing exon 2-7), resulting in ligand-independent, constitutive
activation of the receptor (Figure 1) [39— 41]. There have been reports of cetuximab binding
to EGFRVIII [42]. However, /n vitro studies using HNSCC cell lines showed that cetuximab
binding to EGFRVIII did not inhibit EGFRvIII-mediated cell migration [43]. Therefore, the
addition of anti-EGFR therapy targeting the extracellular ligand binding domain may not be
effective against HNSCC expressing EGFRVIII. Other key resistance mechanisms are the
upregulation of ligands to compete with cetuximab for receptor binding and also
heterodimerization of receptors, which results in continued signaling of EGFR through
receptor crosstalk (involving other members of the ErbB family, such as HER2 and HER3
[44-46], and other tyrosine kinase receptors, such as c-Met and IGF-1R) [44,45,47].
Crosstalk between G protein-coupled receptors and EGFR is also thought to occur, and G
protein-coupled receptor-induced transactivation of tyrosine kinase receptors has been
implicated in the development and progression of malignancy and resistance to TKIs [48].
Epithelial-to-mesenchymal transition has also been shown to adversely influence response to
cetuximab in HNSCC (as previously observed with other agents, including gefitinib) [49],
with evidence that the mesenchymal components of HNSCC may have a propensity for
resistance to cetuximab monotherapy [50,51] and that failure of cetuximab as a
radiosensitizer may coincide with the initiation of the epithelial-to-mesenchymal transition
[52].
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Novel EGFR-targeted agents in development

In an effort to improve upon the clinical benefits of cetuximab for HNSCC, either by
increasing efficacy or decreasing toxicities, several agents are in various stages of the drug
development pipeline (Table 1).

New generation of mAbs targeting EGFR

With the initial success of cetuximab, there are several other mAbs in clinical development
for HNSCC, including panitumumab ( Vectibix®, Amgen, CA, USA), zalutumumab
(Genmab, Copenhagen, Denmark), and nimotuzumab (Y M Biosciences, ON, Canada).
While these newer mAbs share similar features with cetuximab, such as specifically
targeting the extracellular ligand-binding domain of EGFR and a relatively long half-life,
there is a significant difference in antibody composition. The newer mAbs are either
humanized or fully human and thus thought to be less immunogenic than cetuximab, which
is a mouse-human chimeric mAb. Among the numerous EGFR-targeted mAbs other than
cetuximab, panitumumab and zalutumumab have been tested in HNSCC in large-scale
clinical trials.

Panitumumab is a fully humanized anti-EGFR mAb with a half-life of 7.5 days [53]. It is
currently approved for the treatment of metastatic colorectal cancer without the KRAS
mutation [103]. Panitumumab has been shown to be safe as monotherapy in patients with
HNSCC in a Phase 1l trial [54] and was recently tested in a Phase 11 clinical trial
(SPECTRUM; n = 657) in metastatic or recurrent HNSCC in combination with standard
platinum-based chemotherapy. Primary efficacy data from this ongoing study reported no
significant improvement in median OS with the addition of panitumumab to chemotherapy
(11.1 vs 9.0 months for chemotherapy alone; HR: 0.87; 95% CI: 0.73-1.05; p = 0.14), but
did report improved PFS versus chemotherapy alone (5.8 vs 4.6 months; HR: 0.78; 95% ClI:
0.66-0.92; p = 0.004) [55]. The most common grade =3 adverse events (panitumumab plus
chemotherapy vs chemotherapy alone) were neutropenia (32 vs 33%), skin toxicity (17 vs
1%), anemia (12 vs 14%) and hypomagnesemia (12 vs 3%). Infusion reactions of any grade
occurred in <1% of patients in each group. Panitumumab is an 1gG2 isotype, while
cetuximab is an 1gG1 isotype. Unlike an IgG1 isotype, 1gG2 isotypes do not induce ADCC
and have lower complement activation [56-58]. If further studies show that ADCC is indeed
an important effect of anti-tumor activity, patients with a competent immune system who are
treated with panitumumab may not have the same anti-tumor activity as those treated with
other antibodies of 1gG1 isotype.

Zalutumumab is a fully human anti-EGFR antibody. In a Phase 111 clinical trial of 286
patients with recurrent or metastatic HNSCC who failed standard platinum-based therapy,
patients who received zalutumumab had a median OS of 6.7 months compared with 5.2
months in patients who received best supportive care alone (HR: 0.77; 97.06% CI: 0.57—
1.05; p = 0.0648) (Table 2) [59]. While an OS increase of 1.5 months was not statistically
significant, patients who received zalutumumab had signifi-cantly prolonged PFS versus
best supportive care (9.9 vs 8.4 weeks; HR: 0.63; 95% CI: 0.47-0.84; p = 0.0012). The most
common grade 3/4 adverse events were rash (21% zalutumumab group vs none in control
group), anemia (6 vs 5%) and pneumonia (5 vs 2%). Grade 3/4 infusion-related reactions
occurred in 4% of zalutumumab-treated patients.

The toxicity profiles of these new mAbs are comparable to that of cetuximab, although they
appear to be associated with less hypersensitivity or infusion reactions. Again these mAbs
need to be administered by intravenous infusion, which requires frequent clinic visits.
Because the EGFR-targeted approaches of these agents are similar to cetuximab, the
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proposed resistance mechanisms to cetuximab may be equally applicable to the new mAbs
in development.

New generation of receptor TKIs targeting EGFR

Aside from mAbs, EGFR has also been targeted using investigational TKIs in HNSCC
clinical trials. TKIs with planned or ongoing Phase 111 clinical trials are summarized in
Table 3. In contrast to mAbs, which bind to the extracellular ligand-binding domain of
EGFR, TKIs target the intracellular tyrosine kinase domain and compete for the ATP
binding pocket within the tyrosine kinase domain. Inhibition of ATP binding results in
inhibition of phosphorylation and subsequent downstream signaling mediators. The early
development of TKIs with agents such as gefitinib (Iressa®, AstraZeneca, DE, USA) and
erlotinib (Tarceva®, Genentech, CA, USA) in recurrent or metastatic HNSCC has been
disappointing, with overall objective response rates ranging from 1.4 to 10.6% (Table 2)
[36,60-62]. However, a new generation of TKIs is showing potential promise in HNSCC.

The most important differences between erlotinib or gefitinib and newer TKIs in
development are that many of these newer agents are multikinase inhibitors and/or bind
irreversibly to the ATP pocket. As mentioned before, the receptors dimerize upon ligand
binding and activation. If autophosphorylation of EGFR by its own tyrosine kinase is
inhibited, the tyrosine kinase of other ErbB family members, IGF-1R or ¢c-MET, can sFtill
phosphorylate EGFR and activate the downstream signaling cascade by heterodimerization
or receptor crosstalk (Figure 1). Therefore, inhibiting other members of the ErbB receptor
family such as HER2 and HER4, in addition to EGFR, may prevent potential escape
signaling through heterodimerization. Below, a few examples of these next-generation TKls
are described. Ongoing clinical trials of the various ErbB family inhibitors discussed herein
are summarized in Table 3.

Lapatinib (Tykerb®, GlaxoSmithKline, NC, USA) is a reversible TKI with specificity
against both EGFR and HER2 [63]. It is currently approved by the FDA for the treatment of
patients with metastatic breast cancer overexpressing HER2 who have received prior therapy
(anthracycline, taxane and trastuzumab) [104]. A randomized Phase Il clinical trial (n = 67)
evaluated lapatinib in combination with cisplatin and radiation versus chemoradiotherapy
alone in patients with locally advanced HNSCC [64]. The complete response rate 6 months
after chemoradiotherapy was 53% with lapatinib versus 36% with placebo. Grade 3/4
toxicities were balanced between treatment arms, with grade 3 rash (3%) and diarrhea (6%)
more frequent with lapatinib. While lapatinib monotherapy in patients with recurrent or
metastatic disease did not show significant activity in two previous studies (Table 2) [65,66],
the combination with cisplatin and radiation in a p16-negative (a surrogate marker of HPV-
negative) patient population showed a positive signal [67], suggesting further development
of lapatinib in combination with radiation may be warranted.

Afatinib (BIBW 2992, Boehringer Ingelheim, Ingelheim, Germany) is an orally available,
irreversible ErbB family blocker with inhibitory effects on EGFR, HER2 and HER4 [68,69].
In a Phase I trial (n = 53) of afatinib in patients with advanced solid tumors, the reported
dose-limiting toxicities were grade 3 rash (n = 2) and reversible grade 3 dyspnea (n = 1)
[70]. In a recent randomized Phase Il study (n = 124), afatinib showed anti-tumor activity
that appeared to be comparable with that of cetuximab in patients with metastatic or
recurrent HNSCC after failing platinum therapy (Table 2) [71]. Confirmed objective
response rate in 106 evaluable patients was 19.2% with afatinib and 7.3% with cetuximab.
Median PFS was 15.9 weeks in the afatinib group and 15.1 weeks in the cetuximab group (p
= 0.93). The most common afatinib-related adverse events were diarrhea and skin-related
events, while the most common adverse events with cetuximab were skin related. While
these data are taken from a small randomized Phase Il study and Phase 111 data for direct
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comparison with cetuximab or to a routinely used chemotherapy regimen are not available,
afatinib appears to be an active agent in the management of HNSCC.

Dacomitinib (PF00299804, Pfizer, NY, USA) is an oral, irreversible small molecule pan-
HER inhibitor, meaning it can inhibit EGFR, HER2 and HER4 [72]. In preclinical studies, it
has shown activity against both wild-type and mutant receptors, including EGFRvIII [72].
The Phase 11 dose was established to be 45 mg once daily, and with a relatively long half-
life, it has sustained exposure [73]. In a report from a Phase |1 trial in recurrent/metastatic
HNSCC (n = 69), dacomitinib showed anti-tumor activity as first-line treatment, with an
objective response rate of 11% (Table 2) [74]. The most common grade 3 treatment-related
adverse events (>3%) included diarrhea (13%), fatigue (9%), dermatitis acneiform (7%) and
hand—foot reaction (4%).

One distinct advantage of TKIs over mAbs is their oral availability, hence eliminating one of
the main side effects of mAbs (i.e., infusion reactions) and providing more convenient
dosing compared with intravenous infusion that requires outpatient visits. Also, the
irreversible inhibitors have the potential advantage of prolonged clinical effects with less
frequent dosing, which may increase patient adherence. However, oral TKIs may have
increased gastrointestinal toxicities compared with cetuximab, such as diarrhea. In addition,
the new generation of TKIs has a theoretical advantage over the mAbs for targeting the
intracellular tyrosine kinase domain in the presence of EGFRVIII, with ligand-independent
receptor activation. Also, multikinase inhibitors may inhibit persistent activation of EGFR
through heterodimerization by inhibiting other ErbB family receptors.

Implication of EGFR and HPV interaction in the development of EGFR

inhibitors

As mentioned earlier, HPV-positive status is a favorable prognostic indicator and predicts
therapeutic benefit with induction chemotherapy and chemoradiotherapy [13,75,76] or
radiotherapy alone [77] for patients with HNSCC. Data from a biomarker analysis of a small
study showed that HPV positivity and EGFR expression were inversely related [76], and
patients with HPV-positive disease and low EGFR expression had the best prognosis and
response to treatment [13]. Another study confirmed this inverse relationship between HPV
status and EGFR expression, suggesting that EGFR and HPV are independent prognostic
markers in oropharyngeal cancer [78]. However, the role of HPV status and response to
EGFR inhibitors is unclear. In a biomarker analysis of data from four clinical trials in
relapsed or metastatic HNSCC (two trials involving erlotinib and two involving non-EGFR-
targeted therapies), HPV status was not predictive of response to therapy [79]. Similarly,
biomarker analysis of the Eastern Cooperative Oncology Group 2303 study showed no
significant association between HPV status and response or survival with cetuximab/
chemoradiotherapy for HNSCC [80]. By contrast, a retrospective analysis showed improved
OS in HPV-positive patients treated with radiotherapy plus an EGFR inhibitor versus those
treated with chemotherapy plus radiotherapy (2-year OS, 80 vs 60%; HR: 0.15; 95% CI:
0.02-0.77; p = 0.03) [81], suggesting a potential benefit with EGFR inhibitors in patients
with HPV-positive HNSCC. Ongoing trials (e.g., ClinicalTrials.gov identifiers:
NCT01084083 and NCT01302834 [102] ) are further investigating this issue.

Conclusion

While multimodality therapy with surgery, chemotherapy and/or radiotherapy has proved
successful for the management of locally advanced HNSCC, new treatment strategies are
urgently needed for patients with recurrent and/or metastatic disease. Cetuximab is the first
EGFR-targeted agent to demonstrate OS benefits in combination with radiation or
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chemotherapy [8,12], and has thus become a part of the current standard of care for HNSCC.
However, cetuximab is associated with considerable adverse events, requires intravenous
administration, and efficacy may be limited by primary and acquired resistance mechanisms.
Newer anti-EGFR mAbs, as well as multitargeted and/or irreversible TKIs are being actively
evaluated in clinical studies, and results from these trials may provide greater insight into the
distinct role of these agents in the management of HNSCC. Moreover, validated biomarkers
are urgently needed to predict treatment activity and resistance to anti-EGFR-targeted
agents.

Expert commentary

While antibody-based therapy such as cetuximab will continue to be used in the primary
treatment of HNSCC, oral TKIs are expected to be used in the maintenance setting.
Investigational TKIs may provide several theoretical advantages over mAbs, including oral
administration, irreversible inhibition of tyrosine kinase, inhibition of the intracellular
tyrosine kinase domain in the presence of EGFRvIII, inhibition of other ErbB family
receptors and lack of infusion reaction, while it lacks the potential advantage of the anti-
tumor activity through ADCC that is associated with mAbs. In addition, TKIs and mAbs
have a different toxicity profiles. The most common adverse events with TKIs are diarrhea
and skin-related reactions, while skin-related reactions, hypomagnesimia and infusion
reactions are common with mAbs. Data from randomized controlled trials are needed to
better characterize the clinical efficacy and expected toxicities of newer multitargeted and/or
irreversible TKIs, and the concept of adjuvant or maintenance treatment with these agents
also requires further investigation.

Five-year view

During the next 5 years, it is expected that oncologists will select patients who will benefit
most from EGFR inhibitor therapies for HNSCC based on validated biomarkers. We will
also understand the anti-tumor activity through the immune system using mAbs. We hope to
be able to further delineate who will benefit from antibody-based therapy versus small
molecule TKI therapy within the group of patients who will benefit the most from EGFR
inhibitor therapy. Moreover, the use of TKIs will allow for easier maintenance therapy for
HNSCC, potentially as observed in estrogen receptor inhibitors in breast cancer.
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Key issues

Multimodal therapy with surgery, chemotherapy and/or radiotherapy has
improved survival for locally advanced head and neck squamous cell carcinoma
(HNSCC), but new treatment strategies are urgently needed for patients with
recurrent and/or metastatic disease.

In recent years, the EGF receptor (EGFR) has emerged as a rational therapeutic
target for HNSCC.

Cetuximab is the first and only EGFR-targeted agent to date to demonstrate a
survival benefit for patients with recurrent or metastatic HNSCC and has
become part of the current standard of care.

However, cetuximab is associated with specific adverse events, requires
intravenous administration and efficacy may be limited by primary and acquired
resistance mechanisms.

Clinical studies are actively investigating newer anti-EGFR monoclonal
antibodies (e.g., panitumumab and zalutumumab) as well as investigational
reversible and irreversible ErbB family tyrosine kinase inhibitors (e.g., lapatinib,
afatinib and dacomitinib) to provide greater insight into the distinct role of these
agents in the management of HNSCC.

Validated biomarkers are increasingly needed to more accurately predict clinical
benefit and resistance to anti-EGFR therapy for the management of HNSCC.

Ongoing trials are also evaluating the potential impact of human papillomavirus
status in the development of EGFR-targeted therapy for HNSCC.
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Figure 1. Oncogenic signaling pathways tar geted by anti-EGF receptor monoclonal antibodies
and ErbB/HER family tyrosine kinase inhibitors

Dimerization and activation of ErbB/HER family receptors leads to increased signaling
through downstream signaling pathways that promote growth, invasion/metastasis and
survival. Other receptors (c-Met, IGF-1R) may also dimerize or crosstalk with ErbB family
members and activate downstream signaling.

AKT: Protein kinase B; EGFR: EGF receptor; HER: Human EGFR; IGF-1R: IGF 1
receptor; PLC- -y: Phospholipase C-y; STAT: Signal transducers and activators of
transcription.
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ErbB/HER family members in clinical trials for head and neck squamous cell carcinoma.

Table 1

Agent Target (9 Phase of
development in
Hnscct
Monoclonal antibodies
Cetuximab EGFR Approved
Panitumumab EGFR 11
Zalutumumab EGFR 11
Nimotuzumab EGFR mt
Tyrosine kinase inhibitors
Lapatinib (reversible) EGFR and HER2 1
Afatinib (irreversible) EGFR, HER2 and HER4  1II
Erlotinib (reversible) EGFR ns

Dacomitinib (irreversible) EGFR, HER2 and HER4

Includes agents with at least one clinical trial in HNSCC indexed on [102] as of April 2012.

Page 16

inghest phase for which at least one trial (monotherapy or with chemotherapy and/or radiation irrespective of treatment setting [neoadjuvant,

adjuvant and primary treatment]) was recruiting or active but not recruiting per [102] as of April 2012.

IApproved for treating HNSCC in some non-USA countries.

§Phase 111 trials had been initiated but were terminated early for low accrual, as per [102] summaries.

EGFR: EGF receptor; HER: Human EGFR; HNSCC: Head and neck squamous cell carcinoma.
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