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Rationale and clinical validation of epidermal growth factor
receptor as a target in the treatment of head and neck cancer

Francesco Caponigro®

Recurrent/metastatic head and neck cancer is an area of
high, unmet treatment need. There is a strong rationale for
targeting the epidermal growth factor receptor (EGFR) in
head and neck cancer as most of these tumors express
high levels of EGFR relative to normal tissue, with high
expression correlating with poor patient outcome. This
rationale has been validated in extensive preclinical
studies. Two small molecules with EGFR inhibitory activity,
gefitinib (‘lressa’, ZD1839) and erlotinib (‘Tarceva’,
0SI-774), and a humanized monoclonal antibody against
the EGFR extracellular domain, cetuximab (‘Erbitux’, C225),
are in clinical trials for advanced head and neck cancer. The
initial results of these trials are promising. Gefitinib and
erlotinib show activity as monotherapy in patients with
recurrent or metastatic head and neck cancer, and have an
acceptable safety profile compared with conventional
chemotherapy. Gefitinib, which can be given at doses
below the maximum tolerated dose, is associated with
slightly lower rates of adverse events than erlotinib, which
is dosed at the maximum tolerated dose. Combinations of

Introduction

Despite the continuing introduction of new cytotoxic
agents, the management of many advanced solid tumors,
particularly recurrent tumors, remains challenging. Cur-
rent treatment options have significant toxicity, thereby
impacting on quality of life (Qol.), while efficacy in terms
of improvement in survival outcome is often limited.
Advances in our understanding of tumorigenesis and
metastasis have stimulated research into more targeted
therapies, with the aim of improving efficacy and/or QolL.
while minimizing toxicity. The epidermal growth factor
receptor (EGFR), which is highly expressed by many
solid tumor types [1], is one target for novel therapies.
EGFR is a member of the erbB family of receptors—
transmembrane glycoproteins that play an important role
in cell growth and differentiation using tyrosine kinase
activity as the signal transduction mechanism. EGFR
signaling has been shown to be critical for many aspects of
tumor biology: cell proliferation, angiogenesis, metastasis
and inhibition of apoptosis [1]. Furthermore, EGFR
expression has been closely related to prognosis in head
and neck cancer, and other neoplasms [2].

Several rational approaches have been designed to
abrogate EGFR function. One of these is the develop-
ment of small molecules that compete with adenosine
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cetuximab with radiotherapy or platinum-based
chemotherapy have also shown activity in phase I/1I
studies. Both gefitinib and cetuximab have entered

phase lll studies. The results of these trials, which

will mature over the next few years, will help determine
the optimal use of EGFR agents in head and neck
cancers. Anti-Cancer Drugs 15:311-320 © 2004 Lippincott
Williams & Wilkins.
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triphosphate (ATP) for binding to the ATP site in the
EGFR tyrosine kinase domain, therefore abrogating the
receptor’s catalytic activity, autophosphorylation and its
engagement with signal transducers [3].

The first small molecule with EGFR inhibitor activity
to reach the market is gefitinib (‘Iressa’, ZD1839),
which, based on data from two phase II trials [4], is
licensed (250 mg/day dosage) in Japan, the US and
some other countries as monotherapy for refractory
non-small-cell lung cancer (NSCLC). Another small
molecule oral EGFR inhibitor in late-stage development
(phase III for NSCLC and pancreatic cancer) is erlotinib
(‘“Tarceva’, OSI-774). The development of humanized
monoclonal antibodies against the EGFR extracellular
domain is another sound strategy for targeting EGFR.
Monoclonal antibodies, such as cetuximab (‘Erbitux’,
(C225), compete for the binding of receptor ligands
and can induce EGFR down-regulation from the tumor
cell surface.

This review explores the potential of EGFR as a target for
therapeutic intervention in head and neck cancer. This
group of cancers includes those of the oral cavity
(including the lips), oropharynx, nasopharynx, hypophar-
ynx and the larynx, but excludes brain tumors.
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Head and neck cancer: a common tumor with
a poor prognosis

Worldwide, nearly 600000 new cases of head and neck
cancer were diagnosed in 2000. These patients are at
considerable risk of mortality, with more than 300000
deaths attributable to the disease in 2000 [5]. Mortality
rates tend to be higher in developing countries than
elsewhere.

Head and neck cancers are the sixth most common type
of cancer diagnosed in European patients. More than
100000 cases were diagnosed in Europe in 2000 (the
latest date for which data are available), of which around
60% involved the oral cavity and pharynx, with the
remaining tumors arising in the larynx [5]. Across Europe,
there were more than 50000 deaths from this group of
cancers in 2000.

"Tobacco (including smokeless tobacco) and alcohol use
are the principal risk factors for head and neck cancer [6],
being implicated in more than 80% of cases. The risks
associated with both are dose dependent [7]. In a large
(=1114) population-based study, the odds ratios
(adjusted for alcohol intake) for oropharyngeal cancer
associated with smoking 20-39 and 40 + cigarettes daily
versus not smoking were 2.1 and 2.8, respectively, for
men, and 3.6 and 6.2, respectively, for women [7]. The
corresponding odds ratios (adjusted for smoking) for
consuming 30 + versus <1 alcoholic drink/week were
8.8 and 9.1, respectively. Furthermore, tobacco and
alcohol act synergistically in promoting carcinogenesis in
the head and neck region; for those consuming 30 +
drinks/week and smoking 40 + cigarettes/day, the risk of
cancer increases by more than 35-fold compared with
non-smokers who consume <1 drink/week [7]. The
patients who present in the absence of a history of
tobacco smoking or alcohol consumption tend to be
elderly women [6,8-11]; dietary factors, specifically low
intake of fruits and vegetables rich in carotenes and iron
deficiency, may play a role in promoting carcinogenesis in
these cases [6]. Other important risk factors for specific
tumors, both in the presence and absence of tobacco and
alcohol use, include: asbestos exposure for laryngeal
cancer [12]; wood and nickel dust inhalation for cancers
of the nasal cavity and paranasal sinuses [13]; excessive
exposure to sunlight for lip cancer [14]; human papilloma
virus infection for oral cancer [15]; radiation for cancer of
the salivary glands [16]; poor oral hygiene and mechanical
irritation, e.g. from dentures, for oropharygeal cancers [6].

Head and neck cancers are rare in patients younger than
45 years of age [17] and occur much more frequently in
men than women. In 2000, approximately 5 times as
many KEuropean men as women were diagnosed with
cancers of the head and neck region [5]; these trends
reflect the differences between the genders with respect

to exposure to the known risk factors. Likewise, the
incidence varies across Europe (and worldwide), with the
highest number of cases seen in regions and countries
where heavy use of tobacco and alcohol is common [5,18].
Compared with the European mean, France, Portugal, and
Spain have the highest incidence of cancers of the oral
cavity and pharynx, while Italy, Spain, Belgium and
Portugal have the highest incidence of laryngeal cancers.
A slow but steady increase in rates of head and neck
cancer is apparent in many FEuropean populations,
particularly in Central and Eastern Europe [18], pre-
sumably as a result of increasing social use of tobacco and
alcohol.

Aggressive surgical resection, with or without adjuvant
chemoradiotherapy, is the cornerstone of treatment for
early disease [19]. In many patients, the necessary
surgical resection can be disfiguring and may also affect
everyday functioning, including swallowing, eating,
breathing, and speech, with a profound impact on QoL
[20]. Swallowing difficulties occur in the majority of
patients with head and neck cancer, and 20% or more of
these patients require placement of a gastrostomy tube
(G-tube), either on a short-term or permanent basis, in
order to enable nutritional status to be maintained or
improved, and drugs, normally given orally, may be able to
be administered via this tube, thereby avoiding parenteral
administration.

However, many patients present with advanced, unre-
sectable disease. Evidence that concurrent chemora-
diotherapy is the best approach to treating such
patients has accumulated over the past few years [21].
Standard chemotherapy in this setting is a platinum-
based regimen, e.g. cisplatin 100 mg/m? on day 1 with 5-
fluorouracil (5-FU) 1000 mg/m?%/day for 4 days given by
continuous infusion, repeated every 21 days. Patient
survival in this setting ranges from 37-78% at 3 years for
those receiving chemoradiotherapy (70 Gy or more) to
20-47% for those receiving irradiation alone [19].
Monochemotherapy with cisplatin given either weekly
or every 3 weeks, in combination with radiation therapy, is
another suitable approach. Recently Adelstein and
colleagues [22] showed that the addition of cisplatin (3
doses of 100 mg/m? at 3-week intervals) to radiotherapy
significantly improves survival over radiotherapy alone,
with a projected 3-year survival of 37% (median 19.1
months) compared with 23% (median 12.6 months); the
corresponding complete response rates were 40.2 and
27.4%. However, the toxicities of chemotherapy and
radiotherapy are likely to be greater than with radio-
therapy alone and impact severely on Qol. [23]. In the
Adelstein study [22], in particular, the difference in grade
3 toxicity between the two treatment arms was statisti-
cally significant (p = 0.001). Platinum-based chemother-
apy is also generally used as palliative therapy for patients
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with recurrent or metastatic disease. Other drugs that
have some degree of activity include methotrexate,
taxanes, gemcitabine and vinorelbine. However, tumor
response rates rarely exceed 30-35% and responses are of
short duration, presumably due to the development of
chemoresistance [24-27]. Accordingly, the prognosis of
recurrent/metastatic disease is poor, with 1-year survival
below 30%. Treatment options for patients who progress
on first-line chemotherapy are limited and this is an area
of high unmet need; there are no standard approaches to
the treatment of refractory disease and median survival is
just 4 months [26].

Rationale for EGFR as a target in head and
neck cancer

The vast majority of head and neck tumors are squamous
cell carcinomas and express high levels of EGFR relative
to normal tissues [28-31]. In a study of 60 patients with
various types of head and neck tumors, EGFR levels
ranged from 3 to 2302 fmol/mg protein in tumor biopsies,
compared with 0-98 fmol/mg protein in healthy tissue
taken from the same anatomic region [30]; all but one
patient had higher EGFR levels in their tumor than the
healthy control tissue. The proportion of EGFR-positive
tumors (defined as those with EGFR levels above those
in all control samples, i.e. more than 100 fmol/mg
protein) increased significantly with increasing tumor
size (47.6% for T3-4 versus 21.4% for T1-2) and higher
tumor stage (44.9% for stage I1I-IV versus 19.0% for stage
I-IT), but did not differ statistically across the different
tumor sites or as a function of tumor grade.

As has been demonstrated for other tumor types [1], the

level of EGFR expression has prognostic importance in
head and neck cancer, with higher levels indicative of a

Table 1
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poorer outcome in terms of progression-free survival
(PFS) and overall survival (Table 1) [28,29,32-35]. Based
on a threshold level of 120 fmol/mg protein, Dassonville
and colleagues [32] found that in patients (# = 109) with
newly diagnosed head and neck cancer, EGFR expression
was significantly associated with PFS and overall survival.
High EGFR expression was associated with reductions of
more than 50% in median PFS and around 30% in median
overall survival. Although patients with a complete
response to first-line chemotherapy (cisplatin/5-FU)
survived for longer than patients with a partial response
or no response, those with a complete response and high
EGFR levels had a similar survival outcome to those with
a partial or no response and low EGFR levels (median
around 27 months). More recently, Magne and colleagues
[33] found a significant correlation between EGFR
expression and resistance to chemotherapy/irradiation,
as well as time to treatment failure and patient survival,
in a cohort of 77 patients with unresectable pharyngeal
cancer treated with conventional chemoradiotherapy
(Table 1), although EGFR was not independently
predictive of treatment response in multivariate analysis.
When the patients in this study were divided into
quartiles by tumor EGFR level, there were marked
differences in the 3-year survival rates of those in the
highest quartile (EGFR > 275 fmol/mg protein) com-
pared with those in the lowest quartile (EGFR <35
fmol/mg protein) (16 versus 95%, p = 0.0001; Fig. 1).
However, patients who had a complete response and high
EGFR levels had a lower 3-year survival rate than those
with a partial or no response (13 versus 26%).

These findings provide a rationale for EGFR as a
potential target in the treatment of head and neck
cancer. This rationale has been validated in extensive

Results of studies assessing the relationship between EGFR expression and patient outcome

Reference Patient details

Relationship between EGFR and outcome®

Response to treatment®

PFS Survival

Dassonville et al., 1993 [32] 109 newly diagnosed NS p=0.0125 (EGFR > 120 p=0.0208 (EGFR > 120
versus <120 fmol/mg) versus <120 fmol/mg)
Maurizio et al., 1996 [34] 140 laryngeal NS 5 year: 24% for EGFR > 20 5 year: 25% for EGFR
fmol/mg versus 77% for EGFR > 20 fmol/mg versus 81% for
<20 fmol/mg (p< 0.01) EGFR <20 fmol/mg
(p=0.0001)
Rubin Grandis et al., 1998 [28] 91 non-metastatic NS 2 year: 49 versus 70 versus 2 year: 66 versus 81 versus 100
90% for high, medium and low for high, medium and low
tertiles, respectively tertiles, respectively
(p=0.0001) (p=0.0001)
Poon et al., 2001 [29] 78 nasopharyngeal not stated not stated p=0.05 (strong versus moder-
ate/low EGFR staining)
Magne et al., 2001 [33] 77 pharynx p=0.02 (CT + RT)° p=0.0005¢ p=0.0002°
Numico et al., 2003 [35] 85 locally advanced NS (CT + RT) (EGFR positive® not stated 3 year: 46% for EGFR-positived

versus negative)

versus 72% for EGFR-negative
(p< 0.03)

2Analyses are univariate unless otherwise stated.
Chemotherapy unless otherwise stated.

°EGFR was analyzed as a continuous variable.
9Defined as >10% cells positive for EGFR.

CT, chemotherapy; NS, not significant; RT, radiotherapy.
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Overall survival in 77 patients with pharyngeal cancer according to
EGFR tumor level. (Reproduced with the kind permission of Elsevier,
2003 [33].)

preclinical studies. In human head and neck cancer cell
lines, both the EGFR tyrosine kinase inhibitors and
EGFR monoclonal antibodies inhibit cell proliferation in
a dose-dependent manner (Fig. 2 and Table 2) [36-41].
These anti-proliferative effects occur at least partially
through Gy cell-cycle arrest (Table 2) [36-41]. Some
studies have also demonstrated a partial G,/M block [36].
Inhibition of tumor growth has also been observed in
xenograft models [42,43]. In mice bearing the human
HNS5 xenograft, erlotinib produced 50% growth inhibition
at a dose of 7mg/kg/day and complete inhibition at
12.5 mg/kg/day [43]. Additionally, EGFR agents have
anti-angiogenic and apoptotic activity in both # vitro and
m vivo models [37,38,41,44], as well as anti-metastatic
properties [38]. In an  ovitro model, cetuximab dose-
dependently attenuated the migration of SCC-1 head and
neck tumor cells by 40-60%; this effect occurred at
concentrations lower than those that inhibited cell
proliferation [38]. Likewise, in mice implanted with an
orthotopic floor-of-mouth xenograft, cetuximab signifi-
cantly (p < 0.05) reduced the proportion of mice with
invasion of vessel, bone and perineural tissues compared
with untreated controls (37.5 versus 75%, 12.5 versus
62.5% and 0 versus 37.5%, respectively).

The efficacy of irradiation in the treatment of epithelial
tumors may be limited by accelerated tumor repopulation
(i.e. the proliferation of surviving tumor cells during
treatment) [37]. A critical role for EGFR in mediating
cytoprotective and proliferative responses in human
cancer cells after ionizing irradiation, which contribute

Concentration of gefitinib (LM)

Effects of gefitinib on cell proliferation in three head and neck cancer
cell lines (CAL27, KB and Hep?2). (Reproduced with the kind
permission of Wiley-Liss, Inc, a subsidiary of John Wiley & Sons, Inc,
2003 [36].)

at least in part to accelerated tumor cell repopulation,
provides a rationale for using EGFR agents as radio-
sensitizers [45,46]. Numerous investigators have re-
ported that cetuximab and gefitinib enhance the
efficacy of irradiation, with synergistic interactions seen
in some studies [37,39,42,44,47,48]. For example, Harari
and Huang [42] reported that, in a mouse xenograft
model, the combination of cetuximab (0.2 mg/week for 4
weeks) and irradiation (8 Gy/week for 4 weeks, adminis-
tered 1 day after cetuximab) delayed tumor regrowth for
3 months compared with 30-60 days for either therapy
alone. This radiosensitization occurs at least partly as a
result of amplification of radiation-induced apoptosis
[44]. When SCC-1 and SCC-6 head and neck cancer cells
were exposed to both gefitinib (1 uM for 48h) and
irradiation (6 Gy), apoptosis increased by 23%, compared
with 4-8% when the cells were exposed to either alone (p
< 0.001) [44]. The enhanced tumor response to
combination therapy may also be due to inhibition of
growth proliferation, inhibition of damage repair and
down-regulation of the tumor angiogenic response [42].

Preclinical studies have also evaluated the anti-tumor
activity of EGFR tyrosine kinase inhibitors combined
with cytotoxic agents [43,49]. When gefitinib was applied
either before or concurrently with 5-FU and/or cisplatin
in two head and neck cell lines (Hep-2 and CAL33), the
effects on cell growth were at least additive, with the best
results achieved when gefitinib was applied both before
and during exposure to both cytotoxic agents [49].
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Table 2 Summary of the growth-inhibitory and cell-cycle effects of EGFR agents in head and neck cancer cell lines

Reference Head and neck cancer cell line

Results

Moyer et al., 1997 [41] HN 5

Huang et al., 1999 [37] SCC-13Y, SCC-1, SCC-11B, SCC-38

Huang et al., 2002 [38] SCC-1, SCC-6, SCC-13Y

Magne et al., 2002 [39] CAL27, CAL33, CAL60, CAL165,

CAL166, Hep2, Detroit562

Di Gennaro et al., 2003 [36]

Matheny et al., 2003 [40] SCC-012

Growth inhibition occurred with erlotinib 50 nM, with complete blockade at
250 nM. Treatment with erlotinib 1 pM for 48 h reduced the proportion of cells
in S phase from 55 to 24% and increased the proportion in G1 phase from 24
to 560%.

Cetuximab inhibited cell proliferation by 20~75% compared with controls. After 2
days, the proportion of cells in Go/G; phase was 64.6 versus 54.4% in
controls, while the proportion in S phase was 8.0 and 23.1%, respectively. The
Go/G1 accumulation and S phase depletion were even more pronounced after
4 days of cetuximab treatment (70.5 and 4.5%, respectively).

All three cell lines showed significant growth inhibition with gefitinib at a
concentration < 10 pM. Treatment with 1 pM for 48 h induced accumulation of
cells in Gy phase with a significant decrease in cells in S phase.

CAL383 cells were the most sensitive to gefitinib (ICso 6.1 1M) and Hep?2 the least
sensitive (ICso 31.2 uM). The ICs for gefitinib was inversely correlated with the
EGFR level (p=0.022).

Gefitinib inhibited cell proliferation in all cell lines, with ICsq values ranging from 1
to 30 uM. After 72 h, the proportion of Hep2 cells in Go/G; phase increased
from 52.5 to 70.6%, while the proportion in S phase decreased from 34.3 to
17.6%. Similar results were seen in the KB and CAL27 cell lines. The
proportion of cells in Go/M phase decreased in the KB and CAL27 cell lines.

Gefitinib induced a 2-fold increase in G phase cells and a 3.5-fold decrease in S
phase cells, consistent with growth arrest.

Activity was, however, sequence dependent, with an
antagonistic effect observed if gefitinib was applied after
the cytotoxic agents. In contrast, the inhibitory effects of
erlotinib and cisplatin did not appear to be sequence
dependent in an HNS xenograft model [43].

Early clinical data on EGFR agents in head
and neck cancer

Gefitinib

Pharmacokinetic studies in human volunteers demon-
strated that gefitinib is orally available, with a predictable
pharmacokinetic profile consistent with once-daily dosing
[50]. Gefitinib monotherapy was subsequently evaluated
in a large phase I program involving more than 250
patients, mainly heavily pretreated, with a variety of
tumor types associated with EGFR pathway activation, of
whom 28 had head and neck cancer [51-54]. Findings
were broadly consistent across the four studies in the
program. The profile of adverse events contrasted with
that of chemotherapy; the most common events were
mild (grade 1/2) reversible skin rash and diarrhea, both of
which have been observed with other EGFR inhibitors
and appear to be inherently related to EGFR inhibition.
Dose-limiting toxicity occurred at doses of 700 mg or
above, with the most common being diarrhea. Anti-tumor
activity was observed in these phase I studies, both in
terms of partial response and prolonged stable disease (in
some cases 1 year or more), particularly in NSCLC.
Activity was observed across a wide range of doses and
tumor types, irrespective of prior treatment. Clinically
meaningful stable disease was achieved in 50% of patients
with head and neck cancer. QoL ratings for patients with
head and neck cancer remained stable during treatment
and, in the US trial, improved significantly over time
[55]. Across the program as a whole, maximum anti-tumor

efficacy was obtained at gefitinib doses lower than the
maximum tolerated dose (M'TD), allowing dose selection
for phase II evaluation (250 and 500 mg once daily) to be
based on the optimum biologic dose rather than the
MTD.

A phase II study evaluating gefitinib 500 mg/day as first-
or second-line monotherapy in patients with advanced
(recurrent or metastatic) head and neck cancer has been
completed (Table 3) [56]. The study protocol allowed
gefitinib to be administered via a G-tube where necessary
(7 = 14). Approximately 50% of the 47 evaluable patients
had failed prior chemotherapy (typically platinum based)
for recurrent/metastatic disease. Five patients (10.6%)
had a partial response, with a further 20 patients (42.6%)
having stable disease or minor responses, giving an overall
disease control rate of 53.2%. The response rates and
survival times of patients who received gefitinib as first-
line therapy were not significantly different to those of
patients who had received prior chemotherapy. The
profile of anti-tumor response was also similar in patients
who received gefitinib via a G-tube as in the study
population as a whole. Overall, the median times to
progression and death were 3.4 and 8.1 months,
respectively (Fig. 3 and Table 3). The estimated 1-year
survival rate was 29%. These results are more favorable
than those achieved with chemotherapy in this setting,
with the additional benefit of greatly reduced treatment-
related toxicity. The incidence of grade 3 toxicities was
low (anorexia 6%, diarrhea 6%, nausea 4% and hypercal-
cemia 4%) and there was only a single case of grade 4
toxicity (hypercalcemia). Grade 1/2 skin rash occurred in
48% of patients and grade 1/2 diarrhea in 50% (Table 3).
One patient discontinued therapy due to toxicity (grade 2
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Table 3 Summary of clinical studies of EGFR agents conducted solely in patients with recurrent or metastatic head and neck cancer

Reference Phase/design  Doses of study Evaluable Prior Common (> 10%) Response rates Time to Survival
drugs patients chemotherapy AEs, irrespective of progression
(safety/ causality
efficacy)
Gefitinib monotherapy
Cohen et al, phase Il 500 mg/day 50/47 49% diarrhea 50%; skin rash PR 11%); SD 42% median 3.4 median 8.1
2003 [56] 48%; anorexia 26%; months months
hypercalcemia 20%; (1 year 29%)
nausea 18%; vomiting
129%; increased AST
12%
Cohen et al., phase Il 250 mg/day 32/30 not stated skin rash 66%; diarrhea PR 3%; SD 27% not stated not stated
2003 [57]* (no restriction)  349%; increased ALT
28%; hypercalcemia
22%:; anorexia 19%;
dyspnea 13%
Erlotinib monotherapy
Soulieres 150 mg/day 115 1 prior: 100% skin rash 79%; diarrhea PR 4.3%; median 9.6 median 6
et al, 2004 phase Il 319%:; nausea 139%; SD 38.3% weeks months
[60]¢ fatigue 11%; vomiting
7%
Cetuximab in combination with
chemotherapy
Shin et al., phase Ib LD 12/9 33% neutropenia 50%); CR 22%; PR 449%; not stated not stated
2001 [62] 100-500 mg/ fatigue 42%; anemia MR/SD 22%
m2, MD 100 or 33%; peripheral
250 mg/mQ/wk; neuropathy 17%;
P 100 mg/ orthostatic
m?/3 wk hypotension 17%;
allergic reaction 17%;
rash 17%
Vega Villegas Ce LD 400 28/24 none grade 3/4 events PR 42%; SD 33% not stated not stated
et al., 2003 phase I/P + mg/m?, MD only: vomiting 13%
[63]*° 5-FU versus 250 mg/m?/wk;
Cp +5-FU P 100mg/m?%/3
wk; Cp not
stated/3 wk;
5-FU 600-
1000 mg/
m?/day for 5
days every 3 wk
Kies et al., LD 400 mg/mQ, 79/78 100% nausea 51%; asthenia PR 12%; SD 17% 155 days (PR not stated
2002 [65] phase I MD 250 mg/ 499%:; acne 39%; rash only)
m?/wk; P 389%; vomiting 38%;
75-100 mg/ pain 35%; hyponatre-
m2/3 wk mia 18%); leukopenia
14%; anemia 15%
Baselga et al., phase Il LD 400 mg/mQ, 75/96 100% rash 45%; acne 25%; CR 2%; PR 9%; 66 days 178 days
2002 [67] MD 250 mg/ dry skin 16%; asthenia SD/MR 40% (269 days in
m2/wk; P/Cp 16%; fever 13%; responders)
not stated vomiting 10%
Chan et al., LD 400 mg/mQ, 45/53° 100% rash 91%; nausea 51%; PR 17%; SD 49% not stated not stated
2003 [66]° phase Il MD 250 mg/ vomiting 49%; asthenia
m2/wk; Cp not 36%; anemia 33%);
stated/3 wk thrombocytopenia 24%
Burtness etal, phase llI/P + LD 400 mg/m?, 57 none grade 3/4 events only:  CR 6% (versus  not stated, but 1 year 37%
2002 [69]*  placebo versus MD 250 mg/ neutropenia 25%; nau- 4%); PR 17% NS different (versus 27%);
P + Ce m2/wk; P sea 23%; hyponatremia  (versus 6%); SD from P 2 years 29%
100 mg/m2/4 19%; rash 12%; hypo- 66% (versus 70%) (3.4 months) (versus 17%)
wk kalemia 11%; thrombo-

cytopenia 9%; anorexia
7%; hypersensitivity 7%

20ngoing studies.

PUpdated at meeting but data not available.

°Patients had nasopharyngeal cancer only.

9Data are the final data presented at the meeting rather than the preliminary data in the abstract. AE, adverse event; AST, aspartate aminotransferase; Ce, cetuximab; Cp,
carboplatin; CR, complete response; 5-FU, 5-flourouracil; LD, loading dose; MD, maintenance dose; MR, minor response; NS, not significant; P, cisplatin; PR, partial
response: SD, stable disease.

have been presented (Table 3) [57]. Of the 30 patients
evaluable for efficacy to date, nine (30%) have had a
partial response or stable disease (Table 3). Grade 3/4
toxicities have been minimal (three of 32 evaluable
patients). Overall, the adverse-event profile was similar to

skin rash), while four patients required dose reduction for
diarrhea.

Preliminary results from an ongoing trial evaluating
gefitinib 250 mg/day for recurrent head and neck cancer
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Median time to progression 3.4 months
(95% confidence interval: 1.8-3.6)
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Median survival 8.1 months
(95% confidence interval: 5.2-9.4)
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Time to progression and survival in a phase Il study of gefitinib 500 mg/
day in patients (n1=47) with head and neck cancer. (Adapted with kind
permission from the American Society of Clinical Oncology, 2003 [56].)

that with the 500 mg/day dose (Table 3). In addition to
evaluating anti-tumor activity and toxicity, this trial is also
assessing QoL in this setting. Although there were no
overall improvements in mean ratings, patients with a
partial response or stable disease did report an improve-
ment in QoL in the first 8 weeks of treatment. A total of
63 patients are to be recruited to this trial. The final
results may provide information on the optimum dose of
gefitinib in this setting.

A number of phase II trials assessing the potential of
gefitinib in combination with radiotherapy and other
agents in head and neck cancer are ongoing and a phase
III trial is planned. The latter trial will compare two doses
of gefitinib (250 and 500 mg/day) with methotrexate (40—
60 mg/m?/week iv.) in patients with advanced disease
who have progressed on or are unsuitable for platinum-
based chemotherapy.

Erlotinib

Erlotinib is also an orally available small molecule EGFR
tyrosine kinase inhibitor [58]. The mean elimination half-
life is approximately 24h, and both weekly and daily
schedules were evaluated in phase [ studies [58,59].
Clinical development is proceeding with a once-daily
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dosing schedule. The phase I study of once-daily erlotinib
monotherapy involved 40 patients with various types of
solid tumors, including three with head and neck cancer
[58]. Diarrhea and skin rash were the most common
toxicities, occurring with an unacceptable frequency at
doses exceeding 150 mg/day. Eight patients (20%),
including one with head and neck cancer, had a tumor
response or stable disease (duration 5-20 + months).
The dose of erlotinib selected for phase II studies was
the M'TD in this study (150 mg/day).

Senzer and colleagues [60] have recently published the
final data from a phase II trial of erlotinib monotherapy in
patients with advanced head and neck cancer who had
progressed on first-line chemotherapy (Table 3). In this
large study, a total of 115 patients were accrued. Five
patients (4.3%) had a partial response and 44 (38.3%) had
stable disease, for a disease control rate of 42%. Erlotinib
was generally well tolerated in this study, with the most
common adverse events being cutaneous effects, diar-
rhea, nausea, vomiting, headache and fatigue. Skin
toxicity was the predominant toxicity, observed in 79%
of patients. Diarrhea was manageable with either dose
reduction or loperamide. Nine patients withdrew from
the study due to adverse events.

Cetuximab

In contrast to small molecules with EGFR inhibitory
activity, cetuximab is administered by i.v. infusion (over
1h) on a weekly basis. Pharmacokinetic data from the
initial phase I studies involving patients with various
tumor types, including head and neck cancer, indicated
that cetuximab displays non-linear pharmacokinetics and
that complete saturation of systemic clearance occurs at
doses of 200-400 mg/m? [61].

Clinical studies of cetuximab in head and neck cancer for
which data are available have involved combination with
standard treatment regimens (chemotherapy, irradiation)
rather than single-agent treatment, making it more
difficult to establish the contribution of cetuximab to
the observed activity over that of standard regimens
alone.

Three phase I dose-escalation studies of cetuximab have
solely enrolled patients with head and neck cancer. In two
of these, cetuximab has been administered in combina-
tion with platinum-based chemotherapy (cisplatin or
carboplatin * 5-FU) to patients with recurrent/metastatic
disease [62,63]. The toxicities of cetuximab did not
overlap with those of chemotherapy, with the most
clinically important adverse events associated with
cetuximab being skin rashes and allergic reactions (due
to stimulation of an immunogenic response by the
chimeric antibody) (Table 3). A high proportion of
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objective tumor responses were observed with these
multi-modality approaches (Table 3).

A third phase I study has evaluated cetuximab in
combination with radiotherapy (conventional or hyper-
fractionated) in patients with locally advanced disease
[64]. Most adverse events reported in this study
were grade 1 or 2 and did not appear to be dose related.
There was one case of grade 3 skin rash outside the
radiation field and one reversible grade 4 anaphylactic
reaction. There was a suggestion that cetuximab may
enhance the toxicity of radiotherapy, but the small
number of patients in the study precludes any definite
conclusion on this issue. All 15 evaluable patients had an
objective response (13 complete responses) that lasted
for 3-39 + months.

The dosing schedule of cetuximab selected for the phase
Il program was a loading dose of 400mg/m*/week
followed by a maintenance dose of 250 mg/mg?/week.
Three phase II studies have evaluated the combination of
cetuximab with platinum-based chemotherapy in pa-
tients with recurrent/metastatic head and neck cancer
(Table 3) [65-67]. In total, these studies have enrolled
more than 200 patients, all of whom received prior
chemotherapy with palliative intent (Table 3). While the
toxicities of cetuximab and chemotherapy do not overlap,
the toxicity burden is inevitably higher than that of
EGFR monotherapy (Table 3). Disease control rates with
combination therapy have been good, ranging from 29-
66%, although the precise contribution of cetuximab to
the observed response rates cannot be established from
these studies. In the largest of these studies [67], which
involved 75 assessable patients with refractory head and
neck cancer who had documented disease after receiving
at least 2 cycles of platinum-based therapy, an 11%
response rate was observed when cetuximab was added to
the platinum regimen. The observed anti-tumor activity
of cetuximab in platinum-refractory patients, which
parallels that observed in irinotecan-refractory advanced
colorectal cancer [68], could be ascribed to cetuximab
single-agent activity, reversal of chemotherapy resistance,
or both. Additional studies with cetuximab have been
conducted. Accordingly, a phase III placebo-controlled
trial was initiated to address this issue, with patients
(z=121) randomized to either cisplatin alone or cisplatin
combined with cetuximab [69]. The incidences of some
toxicities (hyponatremia, anemia and thrombocytopenia)
were slightly higher in the cetuximab group, but the only
statistically significant difference between the groups was
rash of any grade (36 versus 7%; p = 0.0001). There have
been four cases of grade 3 hypersensitivity. Preliminary
results suggest that the addition of cetuximab to cisplatin
does not significantly improve median PFS or response
rates (Table 3). Survival rates at 1 and 2 years were 37 and
29%, respectively, in the combination group versus 27 and

17%, respectively, in the chemotherapy-alone group
(Table 3).

A large phase III trial of cetuximab combined with
irradiation in locally advanced head and neck cancer has
completed recruitment (more than 400 patients). Data
from this trial are awaited.

EGFR agents in early development

Small molecules

Other small molecules in development target EGFR by
different mechanisms to that of gefitinib and erlotinib
[70]. EKB-569 is an EGFR tyrosine kinase inhibitor that
binds irreversibly to EGFR (ICs of 38.5 nmol/l). GW2016
is a reversible PAN-HER tyrosine inhibitor, which could
be particularly effective in those situations where co-
expression of the EGFR (erbB1) and HER2 (erbB2)
occurs. CI-1033 irreversibly inhibits # wvitro the three
catalytic active members of the EGFR family.

Monoclonal antibodies

Other anti-EGFR monoclonal antibodies that have a
similar mechanism of action to cetuximab are currently
under clinical investigation [70]. ABX-EGF is a fully
human IgG2 anti-EGFR monoclonal antibody that binds
with high affinity, inhibits ligand-dependent receptor
activation and effectively inhibits the growth of human
tumor xenografts. ABX-EGF has shown clinical activity in
advanced renal cell carcinoma. EMD 72000, another
humanized anti-EGFR monoclonal antibody, has a
prolonged half-life that may allow for a less frequent
administration schedule; it is currently in phase I studies.
Bispecific monoclonal antibodies (carrying two antigen-
binding arms) are also being investigated. These anti-
bodies bind to EGFR with one arm and to an
immunologic effector cell with the other. The result is
an antibody that binds to EGFR and concomitantly
enhances the host’s anti-tumor cellular immune response.

Conclusions

The treatment of advanced head and neck cancer is an
area of high, unmet need. There is a strong rationale for
targeting the EGFR in this setting and this rationale has
been validated in extensive preclinical studies, which
have shown that EGFR inhibitors such as gefitinib and
erlotinib are active as monotherapy, and that monoclonal
antibodies such as cetuximab are additive/synergistic in
combination with radiotherapy or chemotherapy. The
initial clinical results with EGFR inhibitors in head and
neck cancer are promising. Gefitinib and erlotinib
monotherapies are active in patients with recurrent or
metastatic head and neck cancer and have acceptable
safety profiles, which may be beneficial in terms of QoL
compared with conventional chemotherapy. Combina-
tions of cetuximab with radiotherapy or platinum-based
chemotherapy have shown activity in phase I/II studies
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and have entered phase III studies. These studies should
help to establish the additional benefit of combination
therapy over single-agent therapy.

The different properties of the available EGFR inhibitors
may impact on clinical profile and use, e.g. in terms of
administration and toxicity. Cetuximab requires i.v.
administration, whereas the EGFR tyrosine kinase
inhibitors can be given orally (gefitinib has also been
successfully given via a G-tube). The data presented in
this review also suggest that gefitinib, which can be given
at doses below the MTD, is associated with slightly lower
rates of adverse events (particularly skin rash and
diarrhea) compared with erlotinib, which is dosed at the
MTD. Additionally, as a monoclonal antibody, cetuximab
is associated with a low incidence of allergic reactions.

The promising results of the early clinical studies with
EGFR inhibitors in head and neck cancer need to be
established in phase III studies, the results of which are
eagerly awaited. It is hoped that the results of these trials,
which will mature over the next few years, will help
determine the optimum use of EGFR agents in head and
neck cancers.
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