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Abstract
As early detection strategies have not been successful, most patients with head and neck cancer (HNC) present with

advanced (stages III and IV) disease. Oral cavity tumors are treated primarily with surgical resection and advanced tumors

of the pharynx and larynx are generally treated with combined modality therapy (chemoradiation). The major advances in

the management of HNC have evolved from the integration of targeted therapeutics into treatment regimens. Presently, the

most important target for new therapeutic strategies in HNC is the epidermal growth factor receptor (EGFR) and so far

only cetuximab, a monoclonal antibody targeting EGFR, has been approved by the United States Food and Drug

Administration in the HNC population as a radiation-sensitizing agent for patients undergoing primary radiation-based

treatment and for patients with recurrent or metastatic disease. Other receptor and non-receptor kinase targeting

strategies are under active clinical investigation as well. The increasing number of molecular targeting strategies in clinical

development underscores the need to identify which HNC patients will respond to specific therapies. This article focuses

on the current preclinical and clinical evidence of monoclonal antibodies targeting EGFR in HNC. We will first review the

mechanisms of action of cetuximab, its clinical trials and side-effect profiles, and its present clinical application. Then, the

current development status of other molecular antibodies and two molecular inhibitors, gefitinib and erlotinib, will be

examined. Finally, by focusing on cetuximab, the current issues in EGFR targeting will be reviewed and we propose future

directions of EGFR targeting. We hope that this review will provide further insight into the future directions of targeted

therapy in the management of advanced HNC.
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Introduction

Head and neck cancers, 90% of which are squamous cell
carcinomas (SCCHN), include cancers of the oral cavity,
oropharynx, hypopharynx, larynx and, to a lesser degree,
the nose and paranasal sinuses. The treatment for SCCHN
has mainly consisted of a combination of surgery and radi-
ation, or combined radiation and chemotherapy depending
on the site and stage of the disease and patient’s health
status. In most stage I and II cancers, the first treatment
choice is surgery or radiation therapy. In cases of locally
advanced stage III and IV cancers, systemic chemotherapy
was introduced as a combined modality with surgery or
radiation in the mid-1970s to overcome the poor result of

the single modality therapy of surgery and radiation
therapy alone.1 The introduction of new chemotherapeutic
agents, altered fractionation radiation and their combination
(chemoradiotherapy [CRT]), has further declined mortality
rates.2,3 Despite the moderate success, the combination of
conventional therapeutic modalities still demonstrates the
high incidence of locoregional failure and a poor overall
five-year survival rate of around 50%. Furthermore, once
the tumor has become refractory to chemotherapy, the
median life-expectancy is three months and the tumor
response rate to second- or third-line chemotherapeutic
agents is approximately 15%.4 The success for conventional
treatment modalities is limited, in part, by the remarkable

ISSN: 1535-3702

Copyright # 2010 by the Society for Experimental Biology and Medicine

Experimental Biology and Medicine 2010; 235: 907–920



resistance of tumors to chemotherapy. Attempts to over-
come resistance with higher doses of chemotherapeutics
inevitably result in an unacceptable degree of toxicity and
bystander damage to normal tissues. Thus, there is a need
for new therapies with novel mechanisms of action that
are well tolerated and effective. The identification of these
molecular alterations has allowed the development of new
therapeutic approaches targeting specific differences
between normal and malignant cells.

So far, a number of specific genetic events have been
identified in the malignant progression of SCCHN. These
genetic events include amplification and/or overexpression
of oncogenes and mutations and deletions leading to the
inactivation of tumor suppressor genes.5 Genetic alterations
leading to the inactivation of tumor suppressor genes, such
as p16 and p53, are frequently observed, and chromosomes
3p, 9p and 17p experience the highest loss of heterozygosity
region in SCCHN and are associated with the development
and progression of the disease.6

The identification of these molecular alterations has
allowed the development of new therapeutic approaches
targeting specific differences between normal and malig-
nant cells. Presently, based on numerous preclinical and
clinical studies, the most important target for new thera-
peutic strategies in SCCHN is the epidermal growth factor
receptor (EGFR). A number of agents that are designed to
target EGFR includes monoclonal antibodies, tyrosine
kinase-specific inhibitors, ligand-linked immunotoxins and
antisense oligonucleotides, and are currently being studied
in the clinic; in fact, several of them have been successful
enough to be approved by the Food and Drug
Administration (FDA) as secondary drugs for different
types of cancers. So far, cetuximab, an anti-EGFR mono-
clonal antibody, has shown the most promising result in
several clinical trials and presently only cetuximab has
been FDA-approved for two indications in the head and
neck cancer population: (1) as a radiation-sensitizing agent
for patients undergoing primary radiation based treatment
and (2) for patients with recurrent or metastatic disease.
However, cetuximab’s indications and a thorough under-
standing of its side-effect profiles suggest that careful
approaches in its use are warranted.

This article will focus on EGFR-targeting agents for the
treatment of SCCHN. We will first review the mechanisms
of action of cetuximab and provide an overview of its
clinical trials, side-effect profiles and its present clinical
application. Then, the current development status of other
molecular antibodies and two molecular inhibitors, gefitinib
and erlotinib, will be examined. Finally, by focusing on
cetuximab, the current issues and future directions of
EGFR targeting strategy will be discussed.

Molecular biology of EGFR in SCCHN

The EGFR (or erbB1) is a membrane receptor and a member
of the tyrosine kinase family. Binding of the ligands (EGF
and transforming growth factor-a, TGF-a) to the receptor’s
extracellular domain induces EGFR dimerization, resulting
in the activation of receptor tyrosine kinase activity and

EGFR autophosphorylation on specific tyrosine residues.7

These phosphorylated tyrosines recruit signal transducers
or adaptors that initiate various intracellular signaling path-
ways such as Ras/Raf/MEK/MAPS that control cellular
proliferation, migration and differentiation.7

The alterations in the EGFR signaling pathway can cause
malignant transformation through different mechanisms,
including receptor overexpression, alteration in dimeriza-
tion and deficiency of specific phosphatases.8 The overex-
pression of EGFR has been reported in 80–90% of
SCCHN and shows a significant association with EGFR
gene amplification, but not with mutations.9 The overex-
pression of EGFR has been found in dysplastic lesions and
histologically normal mucosa from SCCHN patients, indi-
cating that EGFR upregulation represents an early event in
carcinogenesis.10 Furthermore, EGFR overexpression has
been found to correlate with more aggressive disease, resist-
ance to both chemotherapy and radiotherapy and a poor
prognosis.11,12

Epidermal growth factor receptor antagonists

A number of agents have been designed to target EGFR
with different mechanisms, including monoclonal anti-
bodies, tyrosine kinase-specific inhibitors, ligand-linked
immunotoxins and antisense oligonucleotides, and are cur-
rently being studied in the clinical setting. The furthest in
development are cetuximab (Erbitux, IMC-C225), panitu-
mumab, gefitinib (Iressa, ZD1839) and erlotinib (Tarceva,
OSI-774) (Figure 1). Gefitinib and erlotinib are orally
active EGFR inhibitors, while cetuximab and panitumumab
are anti-EGFR monoclonal antibodies.

Cetuximab: monoclonal antibody to EGFR

Cetuximab is an immunoglobulin G1 (IgG1) monoclonal
antibody that targets the extracellular ligand-binding
domain of EGFR with high affinity. It is a recombinant,
human/mouse chimeric monoclonal antibody that binds
specifically to the extracellular domain of human EGFR
(Figure 1). Cetuximab is composed of the Fv regions of a
murine anti-EGFR antibody with human IgG1 heavy- and
kappa light-chain constant regions and has an approximate
molecular weight of 152 kDa. Cetuximab is produced in
mammalian (murine myeloma) cell culture. It competitively
binds to the receptor and induces the downregulation of
EGFR, preventing further receptor binding and activation
of the ligands. Ultimately, this antibody-mediated blockade
of EGFR results in the inhibition of cell proliferation. Also in
response to EGFR blockade, tumor cells produce markedly
reduced angiogenesis factors, and blood vessel formation
in human tumor xenografts was inhibited.13

Preclinical studies show that cetuximab inhibits the pro-
liferation of cell lines expressing EGFR, including SCCHN
cell lines, and increases the cytotoxic effects of chemother-
apy and radiation.14,15 Based upon the observations of a
synergistic effect of cetuximab in xenograft models, cetuxi-
mab has been administered in combination with
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chemotherapy and/or radiation therapy, enhancing their
antitumor activities in a number of clinical trials.

Phase I/II clinical trial

In three successive phase I trials, 52 patients, including 26
SCCHN patients, were treated with cetuximab in a single
dose, weekly multiple doses and weekly multiple doses
with cisplatin, for the establishment of a safe profile and a
pharmacological profile (Table 1).16 Cetuximab infusions
were well tolerated at all doses tested, and the most com-
monly reported adverse events were fever and chill, asthe-
nia, transaminidase elevation, nausea and skin toxicities.
A dose of complete EGFR saturation was achieved before
the maximum-tolerated dose (MTD). Although these
studies were not designed to analyze clinical response,
tumor regression was demonstrated in two patients with
SCCHN treated with cetuximab in combination with
cisplatin.

Shin et al.26 have reported results of a phase IB trial of
cetuximab in combination with cisplatin in patients with
recurrent SCCHN. After cetuximab infusion, EGFR tyrosine
kinase activity was significantly reduced and EGFR/
cetuximab complexes were detected. The loading dose of
400 mg/m2 with a maintenance dose of 250 mg/m2

achieved a high percentage of saturation of EGFR in
tumor tissue, and the combination of cetuximab with cispla-
tin achieved a high percentage of tumor response.
Cetuximab also showed a synergistic effect in combination
with cisplatin; six of nine evaluable patients achieved
major responses, including two complete responses.

A dose-escalation study in combination with radiation
therapy tested 15 treatment naı̈ve patients with advanced
SCCHN with a loading dose of 100–500 mg/m2, followed
by weekly infusions of 100–250 mg/m2 for seven to eight
weeks (Table 1).17 All patients achieved an objective

response; 13 patients had complete remissions, while two
patients experienced a partial response. The most com-
monly reported adverse events were fever, asthenia, trans-
aminase elevation, nausea and skin toxicities that were
grades 1 and 2 in most patients. Based on the pharmacologi-
cal parameters and adverse events, a loading dose of 400–
500 mg/m2 and a maintenance weekly dose of 250 mg/m2

were recommended. A definite conclusion on whether
cetuximab increases the local toxicity of radiation cannot
be reached because of the small number of patients in this
study.

Two ongoing Eastern Cooperative Oncology Group
(ECOG) trials are testing cetuximab in different settings.
ECOG 2303 is a phase II trial examining cetuximab as a
neoadjuvant therapy with induction chemotherapy and
chemoradiation.27 Sixty-seven patients with stage III/IV
SCCHN were treated with cetuximab, paclitaxel and carbo-
platin. After eight weeks, the complete response rate at the
primary tumor site was determined by biopsy. In 26
(65%), no residual tumor was detected after treatment.
ECOG 3303 is a preliminary trial of concurrent radiation,
cisplatin and cetuximab in unresectable, locally advanced
SCCHN.28 Thus far, 51 patients have been evaluated.
Twenty-three percent were found to have a complete
response, 25% partial response and 31% stable disease.
Three patients (5%) had progressive disease. As with the
other trials, the most common adverse effects were neutro-
penia, fatigue and acneiform rash.

Phase III clinical trial for cetuximab
in combination with radiotherapy

A multinational landmark phase III trial has recently pro-
vided the results of cetuximab in combination with radio-
therapy (Table 1).24 Over 400 patients with locoregionally
advanced SCCHN received high-dose radiation therapy

Figure 1 Diagram of epidermal growth factor receptor (EGFR) and sites of action in EGFR targeting for cetuximab, gefinitib and erlotinib (A color version of this

figure is available in the online journal)
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either alone or together with cetuximab (initial dose
400 mg/m2, followed by subsequent weekly doses of
250 mg/m2), with the initial dose administered one week
prior to radiotherapy. The study met both its primary end-
point of locoregional control (LRC) and its secondary end-
point of overall survival, both of which were statistically
significant. The median duration of LRC was significantly
improved among cetuximab plus radiotherapy group com-
pared with radiotherapy-alone group (24.4 versus 14.9
months, P ¼ 0.005). Cetuximab plus radiotherapy also
demonstrated a significant improvement in the median
overall survival. With a median follow-up of 54 months,
the median survival with cetuximab plus radiotherapy
was 49 months compared with 29.3 months for patients
receiving radiotherapy alone (P ¼ 0.03).24 It is notable that
the increase in survival is achieved without worsening of
radiation-induced adverse effects. However, it has the limit-
ation that the trial does not compare the cetuximab combi-
nation with a platinum-based CRT treatment, as is
currently the standard-of-care for patients with SCCHN.
Also, the trial does not administer the same radiation regi-
mens to all patients, which complicates how the results
should be interpreted.

So far, based on the response rate and improvement in
survival, the FDA has approved use of cetuximab as a
radiation-sensitizing agent for head and neck cancer

patients undergoing primary radiation-based treatment.
Based on this approval, it is expected that cetuximab will
be part of the standard-of-care in the management of
locally advanced head and neck cancer.

Phase II/III clinical trial for cetuximab
in combination with chemotherapy

The fact that patients with recurrent SCCHN who failed to
respond to platinum-based therapy have less than 5%
chance of response to second-line treatment and less than
two months of median progression-free survival (PFS), has
led to a multi-institutional trial of cetuximab in combination
with cisplatin in patients with recurrent SCCHN refractory
to cisplatin containing chemotherapy (Table 1).22 The final
report of the efficacy and safety of cetuximab in combi-
nation with cisplatin in patients with recurrent SCCHN
refractory to cisplatin containing chemotherapy was pre-
sented at the 2002 American Society of Clinical Oncology
meeting.29 Patients with metastatic or recurrent SCCHN
were given a standard cytotoxic regimen of either cispla-
tin/paclitaxel or cisplatin/5-fluorouracil (5-FU). After two
treatment cycles, responding patients continued the initial
treatment regimen while patients with either stable disease
(45 patients) or progressive disease (27 patients) then
proceeded to the experimental regimen consisting of

Table 1 Clinical trial results of cetuximab in head and neck cancer

Tumor type Phase
Vector
name Delivery mode

No. of

patients
evaluable

No. and type of
responses Adverse reactions Reference

Bladder, breast,

head and neck,

kidney, lung,

ovary, prostate

I Cetuximab IV 28 18 stable disease; 10

progressive

Asthenia, chills, fever,

nausea, skin toxicities,

transaminase elevation

16

Head and neck I Cetuximab IV plus radiation

therapy

15 13 complete response; 2

partial response

Asthenia, fever, nausea,

skin toxicities,

transaminase elevation

17

Head and neck II Cetuximab IV plus cisplatin 114 2 complete response; 15

partial response; 66

stable disease; 31

progressive

Anemia, nausea, rash 18

Head and neck II Cetuximab IV plus cisplatin/

carboplatin

78 10 partial response; 41

stable disease; 27

progressive

Anemia, asthenia, rash 19

Head and neck II Cetuximab IV plus radiation

therapy

16 2 complete response; 13

partial response; 1

progressive

Fever, nausea, rash 20

Head and neck II Cetuximab IV 85 13 partial response; 34

stable disease; 38

progressive

Asthenia, rash 21

Head and neck III Cetuximab IV plus cisplatin 44 1 complete response; 5

partial response; 32

stable disease; 6

progressive

Hypersensitivity,

neutropenia, rash

22

Head and neck III Cetuximab IV plus cisplatin 117 Overall response: 26%

(cetuximab) versus

10% (placebo)

Fatigue, nausea,

neutropenia, rash

23

Head and neck III Cetuximab IV plus radiation

therapy

424 Overall response: 74%

(þcetuximab) versus

64% (2cetuximab)

Rash 24

Head and neck III Cetuximab IV plus

platinum-based

chemotherapy

442 Overall response: 36%

(þcetuximab) versus

20% (2cetuximab)

Rash 25
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cetuximab/cisplatin. The cetuximab/cisplatin regimen was
generally well tolerated and cetuximab appears to convert
a percentage of cisplatin non-responders to responders;
the unverified response rate in stable disease group and
disease progression group were 20% and 21%, respectively,
which is higher than expected with standard cytotoxic
therapy alone.

In a phase III randomized trial conducted by the ECOG to
determine the effect of the addition of cetuximab on the
recurrent and/or metastatic SCCHN, patients were assigned
to receive cisplatin every four weeks, with weekly cetuxi-
mab or placebo (Table 1).23 Among 117 evaluable patients
treated, the addition of cetuximab to cisplatin significantly
improved the response rate compared with placebo (26%
versus 10%; P ¼ 0.03). However, PFS and overall survival
were not significantly improved by the addition of cetuxi-
mab (Figure 2). The development of skin toxicity was sig-
nificantly associated with a reduction in the risk of death:
the hazard ratio for survival by skin toxicity in cetuximab-
treated patients was 0.42. The development of a dose-related
acne-like rash which is a sterile, non-supprative folliculitis is
the most common adverse event occurring in nearly all
patients treated with cetuximab. It generally appears
during the first three weeks of treatment, with complete res-
olution within one to three months after discontinuation.
Interestingly, the analysis in four phase II studies of patients
with colorectal cancer, SCCHN, and pancreatic cancer
demonstrated the relationship between the presence and

the severity of the rash and survival. Patients who devel-
oped the acne-like rash survived longer than those who
did not develop a rash, and those with a more intense
rash survived longer still, suggesting that skin rash may
be an important clinical surrogate of efficacy.30 The presence
and intensity of the cetuximab-induced acne-like rash
predict increased survival in studies across multiple
malignancies.

Similar positive results were observed in a phase III
trial of cetuximab in combination with platinum-based
chemotherapy as a first-line treatment for SCCHN
(EXTREME).25 Of the 442 patients, 220 with recurrent or
metastatic SCCHN were treated with either cisplatin or car-
boplatin, fluorouracil plus cetuximab. The addition of cetux-
imab significantly prolonged the median overall survival
from 7.4 months in the chemotherapy-alone group to 10.1
months in the group that received chemotherapy plus cetux-
imab (P ¼ 0.04). Longer PFS was also observed in the group
that received chemotherapy and cetuximab (5.6 months)
when compared with the group that received only che-
motherapy (3.3 months) (P , 0.001) and increased the
response rate from 20% to 36% (P , 0.001). The most
common grade 3 or 4 adverse events in both groups were
anemia, neutropenia and thrombocytopenia.

While EXTREME is the first study in over 25 y in which
any treatment for SCCHN has shown a survival advantage
in the recurrent setting, what was not addressed was the
complex question of sequence, cross-resistance and syner-
gism. The EXTREME trial did not show whether the survi-
val advantage of the addition of cetuximab would be
retained if patients were first treated with the chemotherapy
regimen and received cetuximab upon progression. If cetux-
imab were as effective when given after progression on
platinum and 5-FU, then combined toxicity and costs
could be minimized for patients and payors. As with
other targeted therapy combinations, the costs incurred
are substantial; drug charges and extra weekly visits are
estimated to cost at least three times more when cetuximab
is added to cisplatin and 5-FU for the management of
SCCHN.

So far, based on the response rate, the FDA has approved
use of cetuximab for patients with recurrent or metastatic
head and neck cancer. Based on this approval, it is expected
that cetuximab will be one of the treatment options for
recurrent disease as either a single agent or used in combi-
nation with chemotherapy. However, due to the lack of clear
evidence for the improvement in survival, its use will be
limited.

Side-effect profiles of cetuximab therapy

As cetuximab is becoming more and more popular in the
management of head and neck cancer, a thorough under-
standing of its side-effect profile is important, especially
for the community oncologist as some effects such as hyper-
sensitivity and cardiopulmonary toxicity can be fatal.
Therefore, in making decisions for the use of cetuximab, a
careful comparison between conventional CRT and
cetuximab-based therapy needs to consider each patient’s

Figure 2 Kaplan–Meier estimates of progression-free survival (a) and overall

survival (b) among all patients in phase III trial who were randomly assigned to

cisplatin plus cetuximab or cisplatin alone23
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clinical status and risk profile. The information regarding
the side-effect profiles have been accumulated since the
phase I trial studied in multiple different cancers16 and the
several clinical trials using cetuximab either as a single
agent or combined with chemotherapy have provided valu-
able information in specific clinical settings.16,22,23,26,29,30

Additionally, the phase III study reported by Bonner
et al.24 provides a systemic analysis for general side-effect
profiles and several specific and important side-effects of
cetuximab when it is combined with radiotherapy. In the
following section, we have summarized the overall side-
effects profile, with a focus on the data from Bonner
et al.24 (Table 2).

General side-effect profiles

The most common adverse events seen in patients receiving
cetuximab as a single agent (n ¼ 103) were acneiform rash
(76%), asthenia (45%), pain (28%), fever (27%) and weight
loss (27%).16,26 The most common adverse events seen in
patients receiving cetuximab with irinotecan (n ¼ 354) or
cetuximab as a single agent (n ¼ 420) were acneiform rash
(88%/90%), asthenia/malaise (73%/48%), diarrhea (72%/
25%), nausea (55%/29%), abdominal pain (45%/26%),
vomiting (41%/25%), fever (34%/27%), constipation (30%/
26%) and headache (14%/26%)15 (Table 3).

The most common adverse events seen in cetuximab com-
bination with radiation therapy (n ¼ 208) versus radiation
alone (n ¼ 212) were mucositis-stomatitis (93%/94%), acnei-
form rash (87%/10%), radiation dermatitis (86%/90%),
weight loss (84%/72%), xerostomia (72%/71%), dysphagia
(65%/63%), asthenia (56%/49%), nausea (49%/37%), consti-
pation (35%/30%) and vomiting (29%/23%).24 Additional
serious adverse events associated with cetuximab in combi-
nation with radiation therapy in patients with head and
neck cancer were mucositis (6%), radiation dermatitis
(3%), confusion (2%) and diarrhea (2%).31

Table 2 Antitumor efficacy of phase III cetuximab trial combined with radiotherapy (modified from Bonner et al.24)

Variable Radiotherapy alone (n 5 213) Radiotherapy plus cetuximab (n 5 211) Hazard ratio (95% CI)� P value†

Locoregional control

Median duration (months) 14.9 24.4 0.68 (0.52–0.89) 0.01

Rate at 2 y (%) 41 50

Progression-free survival

Median duration (months) 12.4 17.1 0.70 (0.54–0.90) 0.01

Rate at 2 y (%) 37 46

Overall survival‡

Median duration (months) 29.3 49 0.74 (0.57–0.97) 0.03

Rate at 3 y (%) 45 55

Median duration according to radiotherapy regimen (months)

Once daily 15.3 18.9 1.01

Twice daily 53.3 58.9 0.74

Concomitant boost 31 .66.0 0.64

Cumulative incidence of distant metastasis

Rate at 1 y (%) 10 8

Rate at 2 y (%) 17 16

�The hazard ratio is for the outcome in the group assigned to radiotherapy plus cetuximab as compared with the group assigned to radiotherapy alone. Outcomes

were as follows: progression of locoregional disease or death (in the analysis of locoregional control), progression of disease or death (in the analysis of

progression-free survival) and death (in the analysis of overall survival). CI denotes confidence interval
†P values were calculated by the log-rank test
‡Median follow-up was 54.0 months in both groups

Table 3 Incidence of selected adverse events (�10%) of cetuximab
in patients with locoregionally advanced SCCHN as modified from
the reference (The Internet Drug Index)

Body system
preferred term

Cetuximab plus

radiation (n 5 208)

Radiation therapy

alone (n 5 212)

Grades
1–4

Grades 3
and 4

Grades
1–4

Grades 3
and 4

% of Patients

Body as a whole
Asthenia 56 4 49 5

Fever� 29 1 13 1

Headache 19 ,1 8 ,1

Infusion

reaction†
15 3 2 0

Infection 13 1 9 1

Chills� 16 0 5 0

Digestive

Nausea 49 2 37 2

Emesis 29 2 23 4

Diarrhea 19 2 13 1

Dyspepsia 14 0 9 1

Metabolic/nutritional

Weight loss 84 11 72 7

Dehydration 25 6 19 8

Respiratory

Pharyngitis 26 3 19 4

Skin/appendages

Acneiform rash‡ 87 17 10 1

Radiation

dermatitis

86 23 90 18

Application site

reaction

18 0 12 1

Pruritus 16 0 4 0

�Includes cases also reported as infusion reaction
†Infusion reaction is defined as any event described at any time during the

clinical study as ‘allergic reaction’ or ‘anaphylactoid reaction’, or any event

occurring on the first day of dosing described as ‘allergic reaction’,

‘anaphylactoid reaction’, ‘fever’, ‘chills’, ‘chills and fever’, or ‘dyspnea’
‡Acneiform rash is defined as any event described as ‘acne’, ‘rash’,

‘maculopapular rash’, ‘pustular rash’, ‘dry skin’ or ‘exfoliative dermatitis’
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Hypersensitivity reaction

Grade 3/4 infusion-related hypersensitivity reactions, rarely
with fatal outcome (,1 in 1000), occurred in approximately
3% (46/1485) of patients receiving cetuximab therapy,
characterized by rapid onset of airway obstruction (bronch-
ospasm, stridor, hoarseness), urticaria, hypotension and/or
cardiac arrest.15 – 17,22 – 24,26,29 Severe infusion reactions
require immediate and permanent discontinuation of cetux-
imab therapy. Most reactions (90%) were associated with the
first infusion of cetuximab despite the use of prophylactic
antihistamines.24 Caution must be exercised with every
cetuximab infusion as there were patients who experienced
their first severe infusion reaction during later infusions. A
one-hour observation period is recommended following
the cetuximab infusion. Longer observation periods may
be required in patients who experience infusion reactions.

Cardiopulmonary toxicity

Cardiopulmonary arrest and/or sudden death occurred in
2% (4/208) of patients with SCCHN treated with radiation
therapy and cetuximab as compared with none of 212
patients treated with radiotherapy alone.24 Cetuximab in
combination with radiation therapy should be used with
caution in patients with known coronary artery disease,
congestive heart failure and arrhythmias. Close monitoring
of serum electrolytes, including serum magnesium, potass-
ium and calcium, during and after cetuximab therapy is
recommended.

Skin rash

In clinical studies of cetuximab, dermatological toxicities,
including acneiform rash, skin drying and fissuring, and
inflammatory and infectious sequelae (e.g. blepharitis, chei-
litis, cellulites and cyst) were reported. Severe (grade 3/4)
acneiform rash was reported in 17% of 208 patients with
head and neck cancer treated with cetuximab plus radiation
and in 1% of 103 patients treated with cetuximab as a single
agent.24

The biology underlying the observed association between
EGFR inhibition and rash is not clearly understood. EGFR
polymorphisms could possibly account for both therapeutic
efficacy and cutaneous toxicity. One study by Amador
et al.32 found that a lower number of CA single-sequence
repeats in intron 1 of the EGFR gene correlates with both
response to EGFR inhibition and development of skin tox-
icity. Alternatively, the association of treatment efficacy
with the development of rash may simply be a reflection
of adequate drug exposure.

An additional concern is that early development of
rash may not be predictive of outcome. The study by
Vermorken et al.25 demonstrates that although development
of skin reactions and acne-like rash appeared to trend
toward improved response and disease control, early devel-
opment of these toxicities (within the first three weeks of
therapy) was not associated with improved response, time
to progression or survival. It is notable that most cutaneous

toxicities that developed in patients enrolled in this study
were mild.

Two possible mechanisms of EGFR inhibitor-related
cutaneous toxicity exist, each with implications for mitigat-
ing rash severity. The most simple and likely mechanism
is direct inhibition of EGFR in the skin itself. Keratinocytes
principally express HER1/EGFR as the primary HER
family member.33 The administration of a single dose of
cetuximab results in a dose-dependent decrease in EGFR
protein expression levels in skin biopsies over time.34 As a
result, topical therapies for rash that block skin EGFR inhi-
bition are in clinical development.35,36 A second proposed
mechanism for the observed rash is the result of a systemic
immunological reaction.37 EGFR-associated rash has been
observed to be self-limited in a small number of patients,
improves over time during continuous therapy and can be
managed effectively with steroids and immunosuppressive
agents. Because EGFR inhibitor-associated rash is related
to clinical anticancer activity, improved treatment of this
toxicity may permit more patients to benefit from treatment
with EGFR inhibitors.

Hypomagnesia

The incidence of hypomagnesaemia (both overall and severe
[grades 3 and 4]) was increased in patients receiving cetux-
imab alone or in combination with chemotherapy as com-
pared with those receiving best supportive care or
chemotherapy alone based on ongoing, controlled clinical
trials in 244 patients. Approximately one-half of these
patients receiving cetuximab experienced hypomagnesae-
mia and 10–15% experienced severe hypomagnesaemia.
Electrolyte repletion was necessary in some patients and
in severe cases, intravenous replacement was required.

Other monoclonal antibodies targeting
EGFR

hR3

hR3 is a humanized murine monoclonal antibody to EGFR.
hR3 was tested for safety and efficacy in combination with
radiation therapy in patients with stage III/IV SCCHN not
amenable to surgery in a phase Ib/IIa trial. hR3 was gener-
ally well tolerated without significant hypersensitivity. The
most common side-effects were nausea/vomiting, headache
and fatigue. Seven complete responses and one progressive
disease were observed in eight evaluable patients at week 12
or 24 assessments.38

Matuzumab

Matuzumab is another humanized monoclonal antibody of
the IgG1 subclass that binds selectively to the EGFR, com-
peting with both EGF and TGF-a for binding. In contrast
to the chimeric antibody cetuximab, the humanized
antibody has a prolonged half-life, approximately 6–7 d,
allowing for a less frequent administration schedule.39

Currently, matuzumab is in clinical studies for the treatment

................................................................................................................................................
Moon et al. Targeting epidermal growth factor receptor in head and neck cancer 913



of various solid tumors known to overexpress the EGFR
including SCCHN.40,41

Panitumumab

Panitumumab is a fully human monoclonal antibody that
binds to the extracellular ligand-binding domain of the
EGFR. By blocking binding of natural ligands to the
EGFR, panitumumab inhibits the function of the receptor.
This results in the blockade of EGFR-mediated signaling
pathways, causing G1/G0 cell-cycle arrest, growth inhi-
bition and apoptosis.42 It has been approved by the US
FDA as a single agent for the treatment of metastatic color-
ectal cancer. Interestingly, in metastatic colorectal cancer,
panitumumab activity was found to be limited to patients
whose tumors expressed wild-type KRAS; the response
rate was 17% versus 0% in patients with tumors with
KRAS mutations.43,44 The PFS was longer for patients with
wild-type KRAS tumors treated with panitumumab.
Whether the presence of wild-type KRAS is also associated
with response to panitumumab in patients with SCCHN
tumors is unknown. The overexpression of HRAS appears
to be fairly common in SCCHN tumors, although KRAS
mutations are infrequent.45

Phase I clinical trials

Panitumumab has shown efficacy in clinical trials for
patients with advanced SCCHN. An initial phase I study
of this agent was conducted in 19 treatment-naı̈ve patients
with stage III/IV disease.46 Panitumumab (2.5 mg/kg) was
administered with weekly carboplatin plus radiotherapy.
Of the 15 patients evaluable for response, 13 (87%) had a
complete response. The most common adverse events
included dysphagia, mucositis and acneiform rash. These
preliminary results suggest that panitumumab, in combi-
nation with carboplatin and radiation therapy, may poten-
tially be effective for the treatment of patients with
advanced SCCHN.

Phase II and III clinical trials

Currently, there are a number of phase II trials of panitumu-
mab in SCCHN. PRISM is a non-randomized, open-label,
multicenter phase II study designed to evaluate single-agent
panitumumab as second-line therapy in patients with
platinum-refractory recurrent or metastatic SCCHN. In this
trial, all patients will receive panitumumab and treatment
will be continued until disease progression, as measured
by tumor assessment, or unacceptable toxicity, study with-
drawal, death or end of study.

Another phase II study (PARTNER) is a randomized,
multicenter, open-label trial designed to evaluate the
addition of panitumumab to a combination of docetaxel
and cisplatin for first-line treatment of metastatic or recur-
rent SCCHN. The study allows for the cross-over to panitu-
mumab monotherapy for patients with disease progression
on docetaxel (Taxotere)/cisplatin alone. Patients eligible for
the PARTNER trial must have histologically or cytologically
confirmed metastatic and/or recurrent SCCHN not curable

by surgery and/or radiation therapy. The primary study
endpoint for this trial is PFS. Secondary endpoints include
overall response rate, time to response, duration of response,
rate of disease control and safety. Currently, however, this
study has been suspended for safety analysis.

There are also two phase II trials studying panitumumab
in the treatment of locally advanced SCCHN. One trial
examines the difference in LRC rate at two years in subjects
receiving CRT or panitumumab plus radiotherapy as first-line
treatment for locally advanced SCCHN. The second trial seeks
to evaluate the PFS of locoregionally advanced (stages III/IV)
SCCHN patients undergoing postoperative CRT with panitu-
mumab. Notably, this study will also attempt to correlate
efficacy parameters with a number of biomarkers, including
EGFR and downstream pathway activation.

Currently, there is one phase III trial examining panitumu-
mab in SCCHN. This studyseeks to compare the PFS of patients
with locally advanced SCCHN treated with radiotherapy and
high-dose cisplatin versus radiotherapy and panitumumab.

Gefitinib: molecular inhibitor targeting EGFR

Gefitinib is an oral EGFR-specific anilinoquinazoline
that reversibly inhibits autophosphorylation of EGFR
(Figure 1). Preclinical studies show that it inhibits prolifer-
ation of cell lines expressing even low levels of EGFR and
inhibited the growth of tumor xenografts in nude mice. In
addition, it is the first drug of its class to be approved by
the FDA as third-line treatment for patients with advanced
NSCLC. However, it should be noted that its indication has
recently been limited to those patients who have benefited
previously or are benefiting from gefitinib treatment.

Phase I clinical trial

In several phase I studies investigating the tolerability and
efficacy in patients with a variety of solid tumors, including
SCCHN, gefitinib was generally well tolerated; the most
common side-effects were mild/moderate (grade 1/2) revers-
ible rash and diarrhea, whose incidence and severity
increased with increasing dose.47,48 The MTD was over
700 mg/d. Partial responses and disease stabilization were
observed at doses over 150 mg/d with no suggestion that
higher doses provided greater antitumor activity. Similarly,
pre- and post-treatment skin biopsy results from cancer
patients revealed that EGFR signaling was inhibited at
doses over 150 mg/d, with no clear dose dependence above
this level. Based on these results, two doses below the MTD
were chosen for evaluation in Phase II studies: 250 mg/d, at
which dose responses had been seen with minimum toxicity,
and 500 mg/d, the highest dose that has been tolerated on
prolonged treatment.47,48 Two phase II studies have been
designed to determine whether 250 or 500 mg/d of gefitinib
has optimal activity as a monotherapy in recurrent SCCHN.

Phase II clinical trial

In one phase II study of patients with recurrent or meta-
static SCCHN, patients were treated with single-agent
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gefitinib 500 mg/d as second-line therapy (Table 4).49

Among 47 patients assessable for response, one complete
and four partial responses were observed, with a response
rate of 10.6%, and 20 patients had stable disease with a
disease control rate of 53%. The median time to disease
progression (TTP) and overall survival were 3.4 and 8.1
months, respectively. The only grade 3 toxicity encoun-
tered was diarrhea in three patients. Performance status
and development of skin toxicity were found to be strong
predictors of response, progression and survival. While
other reports have showed no statistically significant corre-
lation between the presence of the rash and TTP or survi-
val, this study demonstrated that development of rash
was associated with statistically and clinically meaningful
improvements in TTP and overall survival (P ¼ 0.0002
and0.001, respectively).

Another phase II trial treated patients with recurrent
SCCHN with gefitinib at the level of 250 mg/d. Of the 14
patients evaluable for response, four had stable disease.
Toxicity was assessed in 17 patients; the most common
adverse events were grade 1/2 rash in 50% of patients and
grade 1/2 diarrhea in 20% of patients. Further data from
this patient population will be assessed.50

Phase III clinical trial

Recent results from a phase III trial of gefitinib and doce-
taxel have been published.60 Two hundred and seventy
patients with refractory or metastatic SCCHN were enrolled
to receive either docetaxel and a placebo (arm A) or doce-
taxel and gefitinib (arm B). The primary endpoint was to
demonstrate an improvement in median overall survival.
The study, however, was terminated at interim analysis in
November 2008 because it was highly unlikely that the
primary endpoint could be met. The median overall survi-
val was six months in arm A versus 6.8 months in arm B
(P ¼ 0.74). The objective response rate in 168 evaluable
patients was 6% in arm A versus 14% in arm B (P ¼ 0.16).
The median time to progression was two months and 3.5
months (P ¼ 0.03) and median PFS 2.2 months and 3.3
months (P ¼ 0.18) in arms A and B, respectively. The
authors concluded that while the addition of gefitinib to
docetaxel was well tolerated and improves time to pro-
gression, it did not improve survival in previously treated
and poor PFS patients with refractory or metastatic SCCHN.

Two phase III comparative studies of gefitinib 250 and
500 mg/d versus chemotherapy for previously treated
patients with SCCHN are under development. Patients are

Table 4 Clinical trial results of gefitinib and erlotinib in head and neck cancer

Tumor type Phase
Vector
name Delivery mode

No. of

patients
evaluable

No. and type of
responses Adverse reactions Reference

Head and neck, lung,

nasopharynx,

salivary, thyroid

I Gefitinib Oral dose 16 2 partial response, 10

stable disease, 4

progressive

Diarrhea, fatigue,

neutropenia, rash

51

Head and neck I Gefitinib Oral dose plus

radiation/

chemoradiation

23 21 complete response, 2

stable disease

Diarrhea, neutropenia,

rash

52

Head and neck I/II Gefitinib Oral dose plus

radiation

16 4 complete response, 8

partial response, 1

stable disease, 3

progressive

Hepatic toxicity,

stomatitis

53

Head and neck II Gefitinib Oral dose 47 1 complete response; 4

partial response; 20

stable disease; 22

progressive

Acne-like rash, diarrhea 49

Head and neck II Gefitinib Oral dose plus

chemotherapy/

radiation

50 18 complete response,

22 partial response, 7

stable disease, 2

progressive

Diarrhea, mucositis 54

Head and neck III Gefitinib Oral dose 256 Two complete response,

14 partial response,

141 stable disease, 99

progressive

Diarrhea, nausea, rash 55

Head and neck I Erlotinib Oral dose 31 9 objective response, 20

stable disease, 2

progressive

Asthenia, diarrhea, rash 56

Head and neck I/II Erlotinib Oral dose plus

cisplatin

39 1 complete response, 8

partial response, 21

stable disease, 9

progressive

Anemia, dry skin, fatigue,

hypomagnesia,

lymphopenia, rash

57

Head and neck I/II Erlotinib Oral dose plus

bevacizumab

46 4 complete response, 3

partial response, 14

stable disease, 25

progressive

Diarrhea, rash 58

Head and neck II Erlotinib Oral dose 78 10 partial response; 23

stable disease; 45

progressive

Acne-like rash, diarrhea,

fatigue, headache,

nausea and vomiting

59
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randomized to one of three treatment arms: chemotherapy
alone or chemotherapy plus gefitinib at one of two dose
levels, 250 or 500 mg/m2.

Erlotinib: molecular inhibitor to EGFR

Erlotinib is another anilinoquinazoline derivative and orally
active, reversible EGFR inhibitor that can induce both
cell-cycle arrest in G1 and apoptosis (Figure 1). It inhibits
EGFR autophosphorylation and its selectivity is more than
1000 times greater than other tyrosine kinase inhibitors.
It reduced EGFR-associated phosphorylation by about
70% 24 h after a single 100 mg/kg dose. In mouse xenograft
models, concurrent erlotinib and cisplatin chemotherapy
produced increased antitumor activity over that of cisplatin
alone, without any increased toxicity.

Phase I clinical trial

In a phase I dose-escalating pharmacological study for feasi-
bility of erlotinib in patients with advanced solid malignan-
cies including head and neck cancer, patients were
administered in one of three regimens: once daily for three
days a week, every three out of four weeks; once daily for
every three out of four weeks; and on a continuous, uninter-
rupted schedule.61 Oral administration of erlotinib was well
tolerated and demonstrated antitumor activity. Diarrhea
and skin rash were the principal toxicities and dose-limiting
toxicities (DLT) were observed over 150 mg/d; three
patients treated at the 200 mg/d dose level experienced
DLT, grade 3 or 4 diarrhea that was manageable. The
150 mg/d on a continuous schedule was selected for sub-
sequent phase II studies based on its safety and tolerability
profile.61,59

Phase II clinical trial

Further evaluation of erlotinib in patients with recurrent or
metastatic SCCHN has been performed to determine the
efficacy of erlotinib as a single agent in phase II study
(Table 4).59 Of 115 patients enrolled, 47% of patients
received erlotinib at 150 mg daily throughout the entire
study, 6% had dose escalations and 46% required dose
reductions and/or interruptions. Five patients achieved
partial responses on study, for an overall objective response
rate of 4.3%. Forty-four patients achieved disease stabiliza-
tion for a median duration of 16.1 weeks. The median PFS
and the median overall survival were 9.6 weeks and 6.0
months, respectively. Rash and diarrhea were the most
common drug-related toxicities, encountered in 79% and
37% of patients, respectively, although the severity was
mild to moderate in most cases.

As reported in other EGFR targeting agents, subgroup
analyses revealed a statistically significant difference in
overall survival favoring patients who developed at least
grade 2 skin rashes versus those who did not (P ¼ 0.045).
Furthermore, in an analysis of three phase II trials of
single-agent erlotinib in patients with refractory
non-small-cell lung carcinoma (NSCLC), SCCHN and

ovarian cancers, the incidence of rash was 75%, 79% and
82%, respectively, after the first dose of erlotinib. In all
three trials, however, patients with rash had significantly
longer survival than those without rash (P ¼ 0.0001, 0.039,
0.009).

In addition to monotherapeutic approach, several studies
are ongoing, evaluating erlotinib in combination with che-
motherapeutics patients with various solid tumors includ-
ing SCCHN. In these studies, there were no evidence of
overlapped toxicities or interactions between erlotinib and
chemotherapeutics and combined treatment achieved prom-
ising objective responses.

Laptinib: molecular inhibitor to EGFR
and HER2

Lapatinib (Tykerb) is an orally active small molecule that
reversibly inhibits EGFR and HER2, leading to the inhi-
bition of mitogen-activated protein kinase and phosphoino-
sitide 3-kinase signaling in EGFR-expressing and HER2-
overepressing tumor cells and xenografts. Lapatinib-treated
tumor cells undergo apoptosis or growth arrest, depending
upon the cell type. Lapatinib has already been approved by
the US FDA as a treatment for HER2-positive metastatic
breast cancer.

Phase I clinical trials

In a phase I study of the safety/tolerability and efficacy
of lapatinib, 67 heavily pretreated patients with
EGFR-expressing and/or HER2-overexpressing metastatic
cancers, including head and neck cancer, were randomly
assigned to one of five dose cohorts of lapatinib adminis-
tered once daily.62 Lapatinib was well tolerated at doses
ranging from 500 to 1600 mg once daily. Fifty-nine patients
were evaluable for disease assessment. Four patients had a
partial response and all had metastatic breast cancer.
Twenty-four patients experienced stable disease, including
three with head and neck cancer. The most common
drug-related toxicities were diarrhea (42%) and rash (31%).
Unlike other EGFR inhibitors, the incidence and severity
of the skin rash was not associated with the clinical
response. This lack of correlation may be due to the
unique 4-anilinoquinazoline structure of lapatinib in con-
trast to gefitinib and erlotinib which are quinazolines.

Phase II clinical trial

Phase II trials have begun to evaluate the efficacy of lapati-
nib in SCCHN. One multi-institutional trial enrolled
patients with refractory or metastatic SCCHN into two
cohorts: arm A consisted of 27 patients without prior
exposure to an EGFR inhibitor, while arm B consisted of
15 patients with prior exposure to an EGFR inhibitor.63 All
subjects were treated with lapatinib 1500 mg optical
density. Consistent with the phase I studies, the most fre-
quent adverse events were diarrhea (40%), fatigue (21%),
rash (21%) and nausea (14%). No objective response was
observed in either arm. In an intent-to-treat analysis,
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stable disease was the best response observed in 37% of arm
A and 20% of arm B subjects. The median PFS was 1.6
months in arm A and 1.7 months in arm B. While lapatinib
was well tolerated in both arms, it appears to have little
activity in either EGFR inhibitor-naı̈ve or refractory patients.

The promising results of lapatinib in combination
with chemoradiation have led to a phase III trial
(MAINTYNANCE) of lapatinib in high-risk SCCHN
patients following surgery. A total of 680 patients with
locally advanced SCCHN that have undergone surgery
will be treated with radiotherapy and cisplatin plus lapatinib.

Conclusion and future challenges

In the United States, each year, more than 55,000 new cases of
head and neck cancer are diagnosed, and 13,000 die from the
disease. Radiation, surgery and chemotherapy have been the
mainstays of head and neck cancer treatment. Currently, in
an effort to enhance efficacy, reduce toxicity and prevent
resistance to each of these therapies, combinations of conven-
tional therapies and molecular targeted has been the main
stream of clinical research. For example, over the past
decade, the important role of different growth factors and
their receptors and signal transduction pathways in the
genesis and progression of tumors has been well recognized
and their mechanism of action and interactions is gradually
being unraveled. EGFR overexpression is present in the
vast majority of squamous cell head and neck cancers and
carries a worse prognosis. EGFR is the target of multiple
specifically targeted monoclonal antibodies and tyrosine
kinases, which are in various stages of clinical development
in SCCHN. The search for EGFR mutations is an area of
active investigation. The incidence and impact of EGFR
mutations in SCCHN have yet to be determined.

So far, out of several targeted therapeutics tested in clini-
cal trial, incorporations of cetuximab into conventional regi-
mens have shown a benefit to SCCHN patient patients. In
fact, so far, only cetuximab has been FDA-approved for
two indications in the head and neck cancer population:
(1) as a radiation-sensitizing agent for patients undergoing
primary radiation based treatment and (2) for patients
with recurrent or metastatic disease. Cetuximab is an
active agent in SCCHN, particularly when given in combi-
nation with radiation therapy and chemotherapy.
However, some caution must be exercised by community
oncologists when considering the addition of cetuximab to
treatment. On the one hand, concomitant use of cetuximab
and radiotherapy has led to a gain in survival and an
improvement in the quality of life for locally advanced
SCCHN. On the other hand, the addition of cetuximab
has not demonstrated a clear-cut benefit; while cetuximab
has been approved for the treatment of metastatic disease,
the benefit is minimal. Furthermore, there is no study so
far which has shown equivalent survival of cetixumab
and radiation versus cisplatin and radiation. In addition,
the side-effects of cetuximab, most notably skin rash and
hypersensitivity, may cause physicians and patients to
think twice before incorporating it into the therapeutic
regimen.

Presently, out of many side-effect profiles, the hypersen-
sitivity reaction is the most challenging problem. As this
side-effect can be potentially fatal, certain measures need
to be taken to give enough comfort for community oncolo-
gists who are willing to use cetuximab, but still are hesitant
due to the rare but devastating side-effect. A recent study of
the mechanism for the hypersensitivity reaction assessed by
Chung et al.20 at Vanderbilt University may provide certain
insight for future guidelines for cetuximab therapy. In this
study, multiple patient serums were obtained from two
cohorts: 71 pretreatment samples from patients who sub-
sequently received cetuximab and 69 healthy controls.
Samples were analyzed for total cetuximab-specific and
mouse-specific IgE. Of the 71 patients who received cetuxi-
mab, 24 had a hypersensitivity reaction, 21 of which were
severe reaction. Fifteen patients had cetuximab-specific
IgE, and all 15 experienced a severe hypersensitivity
reaction and thus were not re-challenged. Six patients
experienced a hypersensitivity reaction, but were
cetuximab-specific IgE negative. Four of these patients
were re-challenged and tolerated further infusion without
any incidence. The serum samples from healthy volunteers
were 21.7% (15/69) positive for cetuximab-specific IgE.
These data suggest that in the southeastern United States,
approximately 20% of patients have a pre-existing
cetuximab-specific IgE and that the presence of cetuximab-
specific IgE is predictive for a severe allergic reaction.
Although this study needs to be repeated with a larger-scale
study design, future treatment based on cetuximab may
need to include the cetuximab IgE profiling as pretreatment
testing, possibly by using the newly developed
ImmunoCAP assay in affected areas.

Although cetuximab combined with radiotherapy showed
a very exciting finding, there are still two challenging ques-
tions that need to be answered in future clinical trials. The
first questions arose at the 2006 Annual Meeting of the
American Society of Clinical Oncology, where the study for
an induction chemotherapy with cisplatin, 5-FU and doce-
taxel (Taxotere) followed by CRT and surgical resection in
patients with locally advanced SCCHN and an update of
the EORTC (European Organization for Research and
Treatment of Cancer trial 24971) which randomized
SCCHN patients to receive cisplatin/5-FU or cisplatin/
5-FU/docetaxel in the induction setting were reported.
Both studies showed impressive, statistically significant
gains in PFS and overall survival. These results have raised
an important question for the treatment of SCCHN patients
with good performance status. The question is how to incor-
porate these clinical advances with those described by
Bonner et al. – should a patient get neoadjuvant cisplatin/
5-FU/docetaxel chemotherapy followed by combined cetux-
imab/radiation therapy? While there are no clinical data for
such a regimen in terms of either efficacy or safety, it is poss-
ible to see the use of a combination of both regimens based
on the outcomes of the two recently published randomized
clinical trials. In summary, integration of this therapy with
the results of neoadjuvant cisplatin, 5-FU and docetaxel
remains a question and ongoing clinical trials will provide
a proper sequence and strategies that incorporate cetuximab
in the treatment of SCCHN.
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A second question based on prior clinical trial results
is whether cetuximab with CRT can result in a better
outcome as compared with cetuximab combined with radi-
ation therapy. A pilot phase II demonstrated the prelimi-
nary efficacy of combining cetuximab with CRT in locally
advanced SCCHN.64 Twenty-two patients received conco-
mitant boost radiotherapy, cisplatin (100 mg/m2 intrave-
nously weeks 1 and 4) and cetuximab (400 mg/m2

intravenously week 1, followed by 250 mg/m2 weeks
2–10). Although this study shows promising result, the
study was closed for significant adverse events, including
grade 3/4 adverse events (myocardial infarction, bacteremia
and atrial fibrillation) and two deaths (one from pneumonia
and one of unknown cause). Currently, a randomized phase
III study is being conducted to further investigate the use of
cisplatin and accelerated fractionated radiotherapy with or
without cetuximab in locally advanced SCCHN.

In addition to cetuximab, lists of new targeting strategies
in head and neck cancer have grown very rapidly recently,
although most of them are still in the early stages of devel-
opment. For example, EGFR downstream signaling
pathways are the target of farnesyltransferase inhibitors
and mammalian target of rapamycin inhibitors.65

Cyclooxygenase-2 (COX-2) is overexpressed in premalig-
nant lesions (oral leukoplakia) and in SCCHN. EGFR and
COX-2 signaling pathways form a positive feedback loop.
As their toxicity profiles are non-overlapping, a combination
of COX-2 inhibitors and EGFR-targeting therapies looks
attractive.66 Another strategy uses inhibitors of the vascular
endothelial growth factor (VEGF), although the majority of
the studies examining the prognostic significance of VEGF
expression did observe a worse outcome in patients with
SCCHN-expressing VEGF and VEGF receptor 2
(VEGFR-2).67 Anti-VEGF strategies include neutralizing
antibodies to VEGF or VEGFR and VEGFR tyrosine kinase
inhibitors.67 Other kinase inhibitors like aurora kinase
inhibitors, insulin-like growth factor inhibitors and histone
acetylase inhibitors have recently gained interest as poten-
tial new promising ways of tackling tumors including
SCCHN.68

Furthermore, it is becoming increasingly clear that more
subset analyses of clinical trials need to be performed. For
example, in NSCLC, EGFR gene mutations and copy
number can predict gefitinib sensitivity.69 Response rates
were found to be higher in patients with EGFR gene
mutations or increased copy numbers. Cell line data
suggest a similar case in SCCHN for both gefitinib and
cetuximab.70 These results also suggest that future therapies
will be individualized to the biology of each patient’s
tumor, not just to the tumor type itself.

In summary, the results from current clinical trials
suggest that inhibition of one aberrant pathway is not suffi-
cient to control tumors and improve survival, due to mul-
tiple genetic mutations and multilevel stimulation of
pathways. A greater understanding of an individual’s
cancer biology, adequate design of clinical evaluations and
optimal application of drugs, as well as the development
of new strategies to combine new drugs with conventional
therapy and selecting the best tumor types to be targeted,
are required to overcome the current limitations and to

benefit head and neck cancer patients with improved
quality-of-life and extended survival.
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