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Cetuximab, its clinical use and future perspectives
Fernando Rivera, Maria Eugenia Vega-Villegas and Marta Francisca

Lopez-Brea

Increase in the expression of epidermal growth factor
receptors (EGFRs) has been observed in many tumours.
EGFR overexpression usually correlates with a more
advanced stage of the disease, a poorer prognosis and a
worse chemotherapy response. For all the aforementioned
reasons, EGFR inhibition can be considered an attractive
approach in cancer treatment. One strategy has been
extracellular domain receptor inhibition, using monoclonal
antibodies. In this review, we summarize the current status
as well as what is likely to be the future use of monoclonal
antibodies directed against EGFR. We have focussed on
cetuximab being the most developed one. It has been
mainly studied in colorectal cancer, and the major portion
of this review will focus on all the research that has been
carried out on this tumour. Clinical development of
cetuximab is also important in head and neck cancer and in
lung cancer. Interesting studies have been carried out in

Introduction

Epidermal growth factor receptor (EGFR), also known as
erb-B1 or HER], is a receptor tyrosine kinase belonging,
along with erb-B2 (or HERZ2), erb-B3 and erb-B4, to the
receptor tyrosine kinase family of EGFR [1].

EGFR is a transmembrane glycoprotein of 170kDa,
coded by the c-erb-Bl proto-oncogene situated in the
7922 chromosome. Its known ligands are EGE transform-
ing growth factor (T'GF)-a, amphiregulin, heparin-bind-
ing EGE betacelulin, epiregulin and NRG2-a.

When EGFR is bound to its ligand, dimerization occurs
(it homodimerizes with another EGFR or hetero-
dimerizes with a different receptor of the same family),
and a signalling cascade begins at the intracellular level,
activating, among others, the mitogen-activated protein
kinase, the STAT and the Akt antiapoptotic kinase
pathways; different genes are eventually activated and
thus cellular response is produced. EGFR-transmitted
signal is inactivated by receptor internalization, its
degradation or recycling. EGFR is expressed in healthy
tissue and in many tumours, particularly in those of
epithelial origin: its activation plays a significant role in
tumourogenesis, by stimulating cell proliferation and
inhibiting apoptosis. It also favours angiogenesis and
facilitates metastasis generation [2].

Increase in EGFR expression has been observed in many
tumours (Table 1) [3-17]. This EGFR overexpression
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usually correlates with a more advanced stage of the
disease, a poorer prognosis and a worse response to
chemotherapy [18]. In preclinical models, it was also
found that the inhibition of these receptors had
antitumour activity and available data suggested synergy
with chemotherapy as well as radiotherapy [19,20]. For
all these reasons, EGFR inhibition can be considered an
attractive approach for cancer treatment. Different
strategies attempting to inhibit EGFR signal-transduc-
tion pathway exist. The most explored ones are receptor
inhibition of the extracellular domain using monoclonal
antibodies, and receptor inhibition of the intracyto-
plasmic domain using small-molecule tyrosine Kkinase
inhibitors.

Anti-EGFR monoclonal antibodies under clinical devel-
opment are summarized in Table 2. In this review, we
will consider the current situation of cetuximab (C-225,
Erbitux; Imcone Systems Incorporated, Branchburg, New
Jersey, USA), the most developed anti-EGFR monoclonal
antibody. It is an IgG1 subclass chimeric mouse—human
antibody that binds to the extracellular portion of EGFR
with a high affinity, competing with its natural ligands
and preventing activation of the receptor. Apart from this
competitive inhibition, another important mechanism of
action could be that cetuximab binding with EGFR might
trigger internalization and destruction of the receptor
[21]. An antineoplastic effect mediated by immune
mechanisms has also been postulated, specifically by
antibody-dependent cell-mediated cytotoxicity [22].
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Table 1 EGFR overexpression

Tumour EGFR overexpression (%)
Squamous cell head and neck cancer [3-5] 80-100
Colorectal cancer [6] 70-90
Nonsmall cell lung cancer [7] 40-80
Gastric cancer [8,9] 20-80
Pancreatic cancer [10] 30-90
Breast cancer [11] 15-90
Ovarian cancer [12] 35-70
Renal cancer [13] 50-90
Gliomas [14,15] 40-50
Prostatic cancer [16] 40-80
Cervical cancer [17] 80-100

EGFR, epidermal growth factor receptor.

Table 2 Main anti-EGFR monoclonal antibodies under clinical
development

Humanized
(10% murine)

Chimeric
(30% murine)

Completely human
(100% human)

IgG1 (ADCC) Cetuximab Matuzumab Zalutumumab

(C-225) (Erbitux) (EMD72000) (HuMax-EGFR)

19G2 (no ADCC) Nimotuzumab Panitumumab
(h-R3) (ABX-EGF)

ADCC, antibody-dependent cell cytotoxicity; EGFR, epidermal growth factor
receptor.

This last mechanism can only occur in IgGl
subtype monoclonal antibodies (cetuximab, matuzumab,
nimotuzumab and zalutumumab) and not in IgG2
(panitumumab).

Cetuximab development started with preclinical studies
with cell cultures and xenografts in animals, which
suggested its activity in a wide variety of different
tumours. Data suggesting a significant synergy with
different cytostatics and radiotherapy have been also
observed [23,24].

In the initial phase I studies [25], a loading intravenous
(i.v.) dose of 400 mg/m2 was recommended (first dose),
followed by 250 mg/m? i.v. weekly. Tolerance was good,
with cutaneous toxicity and hypersensitivity reactions
being noted. Other reported toxicities with cetuximab are
asthenia, diarrhoea and hypomagnesaemia (with or with-
out concomitant hypocalcaemia), which are usually easily
manageable.

Skin toxicity was present in about 80% of the patients;
however, it was of grade 3—4 (G3-4) only in 10-15% of
the cases. It should be pointed out that a direct
correlation between the level of cutaneous toxicity and
the efficacy of treatment, in terms of response and
survival, has been observed in several clinical studies in
different tumours. This is true for cetuximab as well as
for other EGFR inhibitors. An interesting study has
recently been reported [26]: it explores the hypothesis
that scaling of the cetuximab dose until the appearance
of G3 skin toxicity might increase treatment efficacy.

This study is called EVEREST; and it was carried out on
patients with advanced colorectal cancer. A total of 166
irinotecan-refractory patients received treatment with
irinotecan and cetuximab at the normal dose. Skin
toxicity was evaluated after 3 weeks’ treatment; 89
patients with toxicity less than grade 2 were randomized
to carry on the normal dose of cetuximab or to start dose
escalation until grade 2 toxicity was reached.
The maximum weekly dose of 500-mg/m? i.v. was reached
in 24 of the 44 patients randomized to a scaled dose.
Significantly higher skin toxicity was found in the
scaled-dose arm (G3—-4: 9 vs. 0%), as well as a higher
response rate [scaled doses: RR: 30%, 95% confidence
interval (CI): 17-45%; normal doses: RR 13%, 95% CI:
5-27%].

The other noteworthy toxicity of cetuximab is hypersen-
sitivity reactions, which appear only in 5% of patients,
with only half of them being G3-4. The MABEL study
has recently reported an analysis of this toxicity [27];
G3-4 hypersensitivity was only seen in 1.1% of the 700
patients who received antihistamines and corticoid
prophylaxis. Of the 422 patients who only used anti-
histamines, these reactions increased up to 7.1%.

Another interesting issue is the possibility of adminis-
trating cetuximab every 2 weeks. This could be more
convenient for both the patient and the health system by
lowering the use of health resources. Exploring this issue,
the preliminary results of a phase I study performed on
advanced colorectal cancer were presented in ASCO-06
[28]. Patients were initially treated with 6 weeks of
cetuximab monotherapy and then FOLFIRI was added.
Pharmacokinetic and pharmacodynamic studies in tu-
mour and in skin biopsies were carried out before
treatment and after the first 6 weeks of treatment with
cetuximab alone. They were compared between the
group of patients treated with the normal weekly
cetuximab schedule and the other group treated with
cetuximab every 2 weeks at different dose levels.
Equivalent pharmacokinetics and pharmacodynamics
were observed between patients treated with the normal
weekly schedule and those treated with 500 mg/m? i.v.
every 2 weeks. In this study, the dose of cetuximab was
scaled every 2 weeks. The results of higher doses, as well
as the definitive results of the study, are pending.
Therefore, these data must be interpreted as being still
preliminary. If confirmed, however, they could justify the
use of cetuximab in a much more convenient 2-week
schedule. In this sense, it is also interesting to point out
the results of a phase II study performed in irinotecan-
refractory advanced colorectal cancer [29]: 40 patients
were treated with cetuximab (500 mg/mz) in combination
with irinotecan, both administered every 2 weeks.
Toxicity and efficacy (response rate 22%, median time
to progression 4.8 months and survival 9.8 months)
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seemed to be similar to those reported with the normal
weekly schedule.

Cetuximab has been mainly studied in colorectal cancer,
and most of the emphasis in this review will be given to
the research in this area. Its clinical development is,
nonetheless, also important in squamous-cell head and
neck carcinoma, in nonsmall cell lung cancer (NSCLC)
and in pancreatic cancer. Furthermore, interesting studies
of cetuximab in locations such as the oesophagus have
been carried out, as also its use in gastric cancer,
gynaecological tumours and glioblastomas.

Cetuximab in colorectal cancer

Advanced colorectal cancer

The addition of irinotecan and oxaliplatin to the
5-fluorouracil (5-FU)-based combinations in the last
10 years has led to an important breakthrough in the
treatment of advanced colorectal cancer, reaching re-
sponse rates of around 50%, with a median time to
progression of about 9 months and median overall survival
(OS) of over 20 months. The inclusion in routine clinical
practice of surgical rescues of metastatic disease (parti-
cularly at the hepatic level, but also in the lung, the
peritoneum and at other sites of the disease) has also
been a significant therapeutic advance and has led to
long-term survivals in an interesting proportion of
patients (20-40%). When, however, this type of approach
is not possible, long-term survival is rare. Despite the
undeniable advances achieved, research needs to con-
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tinue, to improve the course of the disease for these
patients. For this reason, the development of new
therapeutic targets is being very actively investigated;
therefore, the discovery of cetuximab is very important.
We herein summarize the main studies that have been
carried out, as well as the more interesting ones that are
currently underway.

Irinotecan-refractory patients

Preclinical data were found suggesting that cetuximab
could counteract irinotecan resistance [30]. The efficacy
results of the phase II and III trials and of the extension
studies that have explored the role of cetuximab in this
setting are summarized in Table 3. These studies have
been carried out mainly in patients who expressed EGFR
(immunohistochemistry) in the tumour [6,26,29,31-37].
Some studies included only patients who had not
received oxaliplatin; other trials included only patients
refractory to irinotecan and oxaliplatin, and other studies
included both subgroups of patients. With irinotecan in
combination with cetuximab, response rates were be-
tween 17 and 25%, time to tumour progression was
between 4 and 4.8 months and OS was between 7.7 and
9.2 months [15,17,20-22]. With cetuximab alone, re-
sponse rates were between 9 and 12%, time to tumour
progression was 1.5 months and OS was between 6.1
and 6.9 months [18-20,23]. In all these studies except
one, cetuximab was administered according to the
classical weekly schedule. As mentioned before, in the
phase II study of Pfeiffer ez @/ [29], 40 patients were,

Table 3 Clinical trials with cetuximab in irinotecan-refractory advanced colorectal cancer

Study Oxaliplatin refractory Treatment No. of patients PR+ CR (%) Median TTP Median Sv
(months) (months)
EGFR (IHC) +
P. Il Saltz [31] No Irino—Cet 121 17 7.7
P. Il Saltz [32] No Cet 57 9 6.6
P. I Lenz [33] Yes Cet 346 12 6.6
Randomized. P. Il BOND [6] No/yes (63%) Irino—Cet vs. Cet 329 22.9 4.1 8.6
P=0.007 P: 0.001 P=0.48
10.8 1.5 6.9
Extension study MABEL [34] No/yes (76%) Irino—Cet 1147 9.2
Extension study LABEL [35] Nolyes Irino—Cet 73 25 4
P. Il Pfeiffer [29] Nol/yes Irino—Cet (every 2 40 22 4.8 9.8
weeks)
Randomized P. Il EVEREST Nol/yes Irino—Cet normal dose =~ 89 Skin Tox <G2 13 3.9
[26] vs. Irino—Cet with dose
escalation
30 4.8
Randomized P. Il EXPLORE No FOLFOX-Cet vs. 105 20 4.4
[37] FOLFOX
P=NS P=NS
15 41
P. 1l NCIC CTG CO-17 [36] Yes (97%) Cet vs. BSC 572 6.1
P: 0.0046
4.6
EGFR (IHC) -
Lenz et al. [38] Yes Cet 9 11
MSKCC [39] No/yes Cet-Irino 16 25

BSC, best supportive care; Cet, cetuximab; FOLFOX, folinic acid—fluorouracil-oxaliplatin; Irino, irinotecan; PR + CR, partial response + complete response; Sy, survival;

TTP, time to tumour progression; P, phase.
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nevertheless, treated with cetuximab (SOOmg/mZ) in
combination with irinotecan (18Omg/m2), both being
administered every 2 weeks. In this study, the toxicity
and efficacy (response rate 22%, median time to
progression 4.8 months and survival 9.8 months) seemed
to be similar to those reported with the normal weekly
schedule.

A randomized phase II study, the BOND study, published
in 2004 [6], was designed to identify the best strategy in
this group of patients. This study included 329 patients
who were randomized to receive cetuximab alone or
cetuximab added to irinotecan (1:2 randomization).
A higher response rate (22.9 vs. 10.8%, P=0.007), a
higher disease control rate (CR + PR + stabilizations: 56
vs. 32%, P=0.001) and a longer time to tumour
progression (median: 4.1 months vs. 1.5 months,
P=0.001) were observed in the combined arm. No
statistically significant differences were seen in survival
(median: 8.6 months in the combined arm vs. 6.9 months
in the monotherapy one; Irk: P=0.48); however, this
could have been influenced because, in half of the
patients who had been randomized to cetuximab alone,
irinotecan was added upon progression. The response rate
in these patients who received cross-treatment was 3.6%;
disease control rate was 39% and the median time to
tumour progression was 1.5 months. Tolerance was good
in both arms, with no differences being seen between the
toxicity observed in the combined arm and the tolerance
normally associated with irinotecan or cetuximab alone.
As a consequence of these findings, cetuximab was
approved by the Food and Drug Administration (FDA), as
well as by the European Medicines Agency (EMEA), in
irinotecan-refractory patients with EGFR-expressing ad-
vanced colorectal cancer.

We also have the data of a phase III study — the NCIC
CTG CO-17 study [36] — that randomized 572 patients
refractory to both irinotecan and oxaliplatin to receive
monotherapy with cetuximab or best supportive care. Its
main objective was survival. Only 20 patients randomized
to best supportive care received cetuximab at progres-
sion. OS was significantly improved in the cetuximab arm
[median survival: 6.1 vs. 4.6 months; 1-year survival:
21 vs. 16%; hazard ratio (HR): 0.77; 95% CI: 0.64-0.92
and Irk: P = 0.0046]. Progression-free survival (PFS) was
also superior in the cetuximab arm (HR: 0.68; 95% CI:
0.57-0.8; Irk: P < 0.0001).

Another approach in patients refractory to irinotecan,
who had not previously been treated with oxaliplatin,
has been to explore the role of the addition of cetuximab
to an oxaliplatin-based combination. The preliminary
results of a randomized phase II trial, the EXPLORE
trial, were reported in 2005 [37]. It randomized 105
irinotecan-refractory patients to receive folinic acid-FU-

oxaliplatin-4 (FOLFOX-4) vs. FOLFOX-4 in combination
with cetuximab. This study found statistically significant
differences neither in objective response nor in
PFS between the FOLFOX-cetuximab arm and the
FOLFOX arm (response rate: 20 vs. 15%, P: NS; median
PFS: 4.4 vs. 4.1 months, P: NS). It is, nevertheless,
difficult to arrive at any conclusions from the results of
this study, owing to the small number of patients
included.

The clinical development of cetuximab in advanced
colorectal cancer began to be carried out only for those
patients whose tumours expressed EGFR by immunohis-
tochemistry either in the primary or in metastases. No
study could, however, find a relationship between the
EGFR level of expression by immunohistochemistry and
response, time until progression or survival. The role of
cetuximab in irinotecan-refractory advanced colorectal
cancer, in patients with undetectable EGFR by immu-
nohistochemistry tumours, was examined in a study
reported in 2004 [38], in which nine patients refractory
to oxaliplatin and irinotecan were treated with cetuximab
alone. An 11% response rate was observed, which was not
different from that observed in patients with EGFR-
positive tumours. A similar conclusion was drawn from a
study by the MSKCC [39], which analysed responses to
cetuximab in 16 irinotecan-refractory patients who had
EGFR-negative tumours (14 received cetuximab-irino-
tecan and two received cetuximab monotherapy), and
found a response rate of 25%.

This lack of predictive value of the expression
(or nonexpression), as well as the level of expression of
EGFR in the tumour, determined by immunohistochem-
istry, could be due to different causes. The first one
might be that the immunohistochemical determination of
EGFR is affected by the fixation method. The second
might be that the tissue we used to determine it had
been fixed a long time previously [40,41]. Differences
arise, depending on who analyses it [42]; there might be
tumour heterogenicity [43]. In addition, EGFR expres-
sion can be different between primary cancer and
metastases [44]. Furthermore, a negative EGFR by
immunohistochemistry does not necessarily imply a
lack of EGFR in cell membranes, as low EGFR levels
(less than 1000 receptors/cell) are not detected by the
immunohistochemistry technique. At this point, it is of
interest to mention that high-affinity and low-affinity
EGF receptors cannot be distinguished by the immuno-
histochemical methods currently used, and that the
biological activity mainly depends on the high-affinity
receptors [45,46]. No studies are available on the ratio of
low-affinity and high-affinity receptors in colorectal
cancer. A possible hypothesis, however, is that if only
the number of high-affinity receptors is important, and if
these are limited in number (only 5% of the receptors
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expressed by the A-431 cell line), immunohistochemistry
will be of limited use if it only gives data on the extent of
low-affinity EGFR, masking the presence of those with
high affinity. It could thus be possible that a highly
EGFR-positive tumour might actually have few receptors
with high affinity. In contrast, a tumour with low positive
EGFR or even negative EGFR can evidence an elevated
proportion of high-affinity receptors or even a significant
dependence on a small number of high-affinity receptors
for cell survival. Another explanation of the activity found
with cetuximab in EGFR-negative tumours could be the
possible existence of an immunological mechanism of
action, i.e. antibody-dependent cell-mediated cytotoxi-
city [22].

In view of these data, a prospective phase II study is
attempting to confirm the activity of cetuximab, alone
and in combination with irinotecan, in advanced colo-
rectal cancer with immunohistochemistry EGFR-negative
tumours. At the same time, most of the currently running
studies are looking at the role of cetuximab in EGFR-
positive and EGFR-negative colorectal cancer. The
currently approved indication by the FDA and the EMEA
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is nonetheless, only in EGFR-positive patients. If more
clinical evidence of its usefulness in EGFR-negative
tumours appears, this might change soon.

Predictive factors of efficacy

Given that there is no relationship between EGFR
expression by immunohistochemistry and treatment
efficacy in advanced colorectal cancer, other possible
predictive factors need to be investigated. These would
enable us to select the patients who would be more likely
to benefit from cetuximab treatment. As already men-
tioned, skin toxicity can be of predictive value. Regarding
biological factors, Table 4 summarizes the results of the
main studies reported. These studies suggest that the
following factors could be positive predictors of treatment
efficacy with cetuximab: an increase in the number of
EGFR gene copies determined by fluorescence or
chromogenic in-situ hybridization methods (FISH or
CISH) [47-51], the absence of KRAS mutations [47-53],
other factors such as not losing PTEN expression [49], no
increased copy number of HERZ gene (FISH) [51] and
higher tumoural mRNA levels of epiregulin or amphir-
egulin [52]. These data are, however, still preliminary,

Table 4 Biological predictive factors for cetuximab in advanced colorectal cancer

Study treatment EGFR gene copies FISH/CISH KRAS mutations Other No predictive
no. of patients value
Moroni et al. [47] FISH+: —30% of patients KRAS-mutated: —32% of patients Mutations in

Cetuxi/panitu RR: 89% (vs. 5%) RR: 20% (vs. 38%) EGFR
31 patients P=0.0001 P=0.42 B-RAF
PI3K
Liévre et al. [48] CISH+: —10% of patients KRAS-mutated: —43% of patients Mutations in
Cetuxi xirino RR: 100% (vs. 30%) RR: 0% (vs. 65%) B-RAF
30 patients P=0.04 P<0.0001 PI3K
Sv: 6.9m (vs. 16.3m)
P=0.016
Romagnani et al. [49] FISH +: —11% of patients KRAS-mutated: —37% of patients pTEN (IHC) -: —38% of patients
Cetuxi + chemoth RR: 42% (vs. 0%) RR: 10% (vs. 53%) RR: 0% (vs. 62%)
27 patients P<0.05 P<0.05 P<0.05
Personeni et al. [50] FISH+: —10% of patients KRAS-mutated: —249% of patients Mutations in
Cetuxi xirino RR + SD: 63% (vs. 33%) RR: 0% (vs. 34%) B-RAF
54 patients P< 0.05 P=0.04 HER 2 (FISH)
Finocchiaro et al. [51] FISH +: —48% of patients KRAS-mutated: —39% of patients HER 2 (FISH) +: —23% of patients ~ EGFR (IHC)
Cetuxi irino RR: 29% (vs. 6%) RR: 6% (vs. 26%) RR: 15% (vs. 19%)
85 patients P=0.007 P=0.02 P=1
TTP: 6.6 m (vs. 3.7m) TTP: 8.7m (vs. 6.3 m) TTP: 8.7m (vs. 5.8 m)
P=0.05 P=0.07 P=0.01
TTP: 11.3m (vs. 8.5m) Sv: 8.3m (vs. 10.8 m) Sv: 6.6m (vs. 11.3m)
P=0.7 P=0.2 P=0.03

Khambata-Ford et al. [52]

Cetuxi
110 patients

De Roock et al. [53]
Cetuxi irino
37 patients

KRAS-mutated: —37% of patients

RR+SD: 10% (vs. 48%)

EREG? (high expression):
-50% of patients
TTP: 3.4m (vs. 1.9m)

P=0.0003 P=0.0001

TTP: 3.7m (vs. 6.3m) AREG? (high expression): —50% of
patients

P=0.07 TTP: 3.8 m (vs. 1.9m)

Sv: 8.3m (vs. 10.8m) P=0.0001

P=0.2

KRAS-mutated: —46% of patients
RR: 0% (vs. 40%)
P<0.05

AREG: amphiregulin; cetuxi, cetuximab; chemoth, chemotherapy; EREG: epiregulin; IHC, inmunohistochemistry; irino, irinotecan; panitu, panitumumab; RR, response
rate; SD, stable disease; Sv, survival; TTP, time to tumour progression; m, months; FISH, fluorescence in-situ hybridisation; CISH, chromogenic in-situ hybridization.

#Tumor mRNA levels.
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Table 5 Phase Il trials with cetuximab plus oxaliplatin or irinotecan in first-line treatment of metastatic colorectal cancer

Study No. of patients PR+ CR (CR) (%) PR+ CR+SD (%) Median Sv (m) Surgical rescue (%)
Cetuxi-IFL [58] 29 48 90 - -
Cetuxi—-FOLFIRI [69] 42 57 83 23 24
Cetuxi-Iri-FU (AIO) [60] 21 67 (10) 96 33 24
Cetuxi-FOLFOX [61] 42 81 (10) 98 30 23
Cetuxi-FUFOX [62] 49 69 (2) 79 31 -
Cetuxi-XELIRI [63] 70 40 (4) 80 - -

Cetuxi, cetuximab; CR, complete response; FOLFIRI, leucovorin—FU—-irinotecan; FOLFOX, leucovorin—FU-oxaliplatin; IFL, irinotecan—FU-leucovorin; PR, partial
response; SD, stable disease; Sy, survival; XELIRI, capecitabine—irinotecan; Iri, irinotecan; FU, fluorouracil.

and need to be confirmed with more properly designed
studies before taking them into routine clinical practice.

Cetuximab in second-line therapy after progression

to oxaliplatin

The role of cetuximab in second-line therapy has also
been explored. The EPIC phase III study randomized
1298 patients to receive irinotecan vs. irinotecan in
combination with cetuximab, in oxaliplatin-refractory
EGFR-expressing tumours. The main objective was
survival and the secondary objectives were PFS and
response rate. The inclusion of patients was completed in
January 2006, and definitive results have just been
reported [54]. PFS was significantly improved in the
cetuximab arm (median PFS: 4 months vs. 2.6 months;
HR: 0.69; 95% CI: 0.61-0.77 and Irk: P < 0.0001) as well
as response rate (16 vs. 4%, P < 0.05) and disease control
rate (61 vs. 46%). OS was, nevertheless, similar in both
arms (median survival: 10.7 vs. 9.99 months; HR: 0.97;
95% CI: 0.85-1.11 and Irk: P =10.71) perhaps owing to
the fact that 47% of the patients randomized to
irinotecan alone received cetuximab upon progression.
In a recently presented analysis [55], health-related
quality of life was better preserved on the combination
arm, with less deterioration in symptom scores (pain,
nausea and insomnia), as well as in global health status scores.

Another feasible option in oxaliplatin-refractory patients
is to explore the combination of oxaliplatin in combina-
tion with cetuximab. Preclinical data are found suggesting
that cetuximab can reverse resistance to oxaliplatin [56].
In 2006, the results of a phase II study that included
40 oxaliplatin-refractory patients with EGFR-expressing
tumours were reported [57]. The chemotherapy schedule
was XELOX in combination with cetuximab, obtaining a
response rate of 19% with a median time to progression of
3 months and a survival rate of 9 months.

Cetuximab in first-line therapy

Regarding the role of cetuximab in first-line therapy,
several phase II studies have been carried out exploring
combinations of cetuximab with irinotecan-based or
oxaliplatin-based schedules (Table 5) [58-63]. All these
studies included patients with EGFR-expressing tu-
mours, and reported promising results in terms of

response rates (48-81%), median OSs (23-31 months)
and surgical rescue rates of metastasis (23-24%).

In an attempt to clarify whether cetuximab added
anything in first-line therapy and whether it was better
to combine it with FOLFOX or FOLFIRI in this setting,
the CALGB designed a phase III study with four arms:
FOLFOX vs. FOLFOX-cetuximab vs. FOLFIRI vs.
FOLFIRI-cetuximab. It was planned to include 2200
patients; however, owing to slow recruitment, it was
redesigned as a randomized phase II, and the number of
patients was reduced to 238. The preliminary results of
this study were reported in ASCO-06 [64]. Response
rates were FOLFIRI: 36%, FOLFIRI-cetuximab: 44%,
FOLFOX: 40% and FOLFOX-cetuximab: 60%. Better
responses were seen in the cetuximab arms than in those
without it (52 vs. 38%, P=0.029), and differences
between FOLFOX and FOLFIRI were not statistically
significant. Significant differences were seen neither in
PES nor in survival between the four arms. Data were,
nevertheless, still preliminary, and the study was dimen-
sioned to spot differences neither in survival nor in PFS.

Preliminary results of three other randomized phase II
studies exploring combinations with cetuximab in first-
line therapy have recently been reported. The first is
the SAKK study [65], which randomized 74 patients to
XELOX vs. XELOX + cetuximab, showing more re-
sponses in the cetuximab arm (43 vs. 21%). The second
study is from the AIO [66], and it randomized 92 patients
to receive XELOX-cetuximab vs. XELIRI-cetuximab,
showing response rates of 66 and 42% (P = 0.08). The
third one is the OPUS study [67]. It randomized 300
patients to receive FOLFOX vs. FOLFOX-cetuximab
and showed a trend towards higher response rates in
the cetuximab arm [45 vs. 35%; odds ratio (OR): 1.51;
P: 0.06]. This difference was statistically significant when
only patients with performance status 0-1 were consid-
ered (49 vs. 36%; OR: 1.65, P: 0.03).

Finally, two large phase III studies have been carried out,
to find out whether cetuximab adds something to
FOLFIRI or to FOLFOX in the first-line setting. The
main objective of both studies is PFS. The first of these
trials is the CRYSTAL study [68], which has randomized
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1212 patients with EGFR-expressing tumours to
receive FOLFIRI vs. FOLFIRI-cetuximab. A statistically
significant advantage in terms of PFS (median PFS:
8.9 vs. 8 months; 1 year PFS: 34 vs. 23%; HR: 0.85; 95%
CI: 0.72-0.99 and P = 0.036) and response rate (46.9 vs.
38.7%, P =0.0032) was observed in the cetuximab
arm. An improvement in the liver metastasis resection
rate (no residual tumour after resection) was also found,
in the cetuximab arm, both in the overall population
(4.3 vs. 1.5%; OR: 3; 95% CI: 1.4—6.5 and P = 0.003) and
in the subgroup of patients with only liver metastasis
(9.8 vs. 4.5%). OS, quality of life and biomarker analysis
are still pending. The other large phase III study is the
British COIN trial, for which we still do not have the
results. It plans to randomize 2421 patients (they are
not required to be EGFR+) to receive FOLFOX
vs. FOLFOX + cetuximab vs. FOLFOX, stopping at
12 weeks and restarting if there is progression.

First-line therapy in patients with only liver

metastasis

A special scenario exists when patients have only
liver metastases that are not initially resectable. In these
patients, as has been previously pointed out, obtaining
a response sometimes enables a secondary surgical
rescue to be performed; when this is achieved, long-term
survival is about 20%. A direct relationship has been
observed between response rate and the number of
patients in whom a secondary surgical rescue is
possible. The high response rates seen in the majority
of first-line studies combining oxaliplatin or irinotecan
with cetuximab, along with the low cetuximab toxicity
and its noninterference with surgery, make these
schedules very attractive in this setting. Various rando-
mized studies exploring the role of cetuximab in this
situation are being carried out. In the T'TD-04-02 study,
136 patients with only nonresectable liver metastasis
(including EGFR + and EGFR- patients) are being
randomized to receive FOLFOX vs. FOLFOX-—cetuxi-
mab. Its objectives are response rate, percentage of
surgical rescues, PFS and survival. The EMR-CELIM
study has similar inclusion criteria and objectives and will
randomize 108 patients to receive oxaliplatin—FU-
leucovorin + cetuximab vs. irinotecan—FU-leucovorin +
cetuximab.

The EORTC is carrying out a randomized phase II study
(BOS) in first-line therapy, which plans to recruit 100
patients with colorectal cancer resectable metastasis. It
will randomize them to receive FOLFOX + cetuximab vs.
FOLFOX + cetuximab + bevacizumab for 3 months, fol-
lowed by surgery in both arms. Adjuvant treatment will be
given with the same schedule that had previously been
given for another 3 months. Its endpoints are safety and
response rates.
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Cetuximab first-line monotherapy

Owing to the limited toxicity of cetuximab, it makes it an
attractive approach for elderly people. Taking this into
account, the TTD 04-01 [69] was designed to explore
cetuximab activity as first-line treatment for patients
aged above 70 years. Its response rate was 15%, the
stabilization rate 36% and the median PFS was 3 months.
In another recently reported phase II trial [70], 39
patients with EGFR-expressing tumours were treated at
first with cetuximab alone. The response rate was 10%
and median time to progression was 2 months.

Cetuximab in combination with other drugs

against new targets in advanced colorectal cancer
Primary or acquired cetuximab resistance can be due to
the fact that EGFR does not really play an important
enough role in this particular tumour. It might be that
receptor is not adequately inhibited, or that tumour
survival depends not just on one, but on several signalling
pathways. How to prevent these resistances is being
examined, using different strategies combining cetux-
imab with different drugs against new targets.

Epidermal growth factor receptor tyrosine

kinase inhibitors

By combining cetuximab with other EGFR tyrosine
kinase inhibitors, a more complete inhibition of the
receptor is being sought. There are some data that
suggest a synergy between cetuximab and gefitinib [71].
In a recently reported phase I study [72], promising
activity was shown in 11 patients with advanced color-
ectal cancer, who had been treated with cetuximab—
gefitinib: the response rate was 45% and PFS was 3.2
months. It was carried out as a pharmacodynamic study,
and found a more complete EGFR signal transmission
inhibition with the combination than with both drugs
separately.

Some tyrosine kinase inhibitors act on several receptors.
Vandetanib, for example, inhibits EGFR, VEGFR and
RET;, and there are preclinical studies suggesting synergy
between cetuximab and vandetanib [73].

Cetuximab in combination with bevacizumab

Preclinical data exist suggesting synergy between EGFR
and VEGF inhibition [74,75]. A randomized phase 11
study, the BOND II [76], included 81 patients with
irinotecan-refractory advanced colorectal cancer (EGFR-
positive or EGFR-negative) and randomized them to
receive cetuximab—bevacizumab—irinotecan vs. cetuxi-
mab-bevacizumab. In the irinotecan arm, a higher
response rate was found (37 vs. 20%), as well as a longer
median time to progression (7.9 vs. 5.6 months). When
comparing these data with those of the BOND trial,
which included a similar sample of patients, the addition
of bevacizumab seemed to generate more responses
(cetuximab—irinotecan: 23% vs. cetuximab—irinotecan—
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bevacizumab: 37%; cetuximab: 11% vs. cetuximab—
bevacizumab: 20%) and a longer median time to tumour
progression (cetuximab—irinotecan: 4.1 months vs. cetux-
imab-irinotecan—bevacizumab: 7.9 months; cetuximab:
1.5 months vs. cetuximab—bevacizumab: 5.6 months).

A study of great interest is the phase 111 CALGB/SWOG
80405 study, which is trying to establish what the real
value of the cetuximab and bevacizumab combination
might be. It is currently going on, and it plans to include
2289 patients. It has either FOLFOX-6 or FOLFIRI as
basal treatment (depending on the investigator’s or
patient’s criteria) and randomizes patients to a combina-
tion with cetuximab vs. bevacizumab vs. both.

As we had previously mentioned, the EORTC is also
carrying out a randomized phase II study (BOS), planning
to include 100 patients with resectable metastases of
colorectal cancer. It randomizes them to receive FOL-
FOX + cetuximab vs. FOLFOX + cetuximab + bevacizu-
mab for 3 months as first-line treatment, followed by
surgery and subsequent administration of the same
treatment for another 3 months. Its endpoints are safety
and response.

In an attempt to study what the best second-line
treatment for a patient who has progressed to first-line
treatment with oxaliplatin—fluoropyrimidine—bevacizu-
mab might be, the SWOG group is carrying out a phase
IIT study (SWOG 0600, IBET study). It plans to recruit
1600 patients and to randomize them to receive (FOLF)
irinotecan + cetuximab vs. (FOLF) irinotecan + cetuxi-
mab + bevacizumab (5 mg/kg) every 2 weeks vs. (FOLF)
irinotecan + cetuximab + bevacizumab (10 mg/kg) every
2 weeks. Its main endpoint is survival.

Adjuvant treatment in colon cancer

Two ongoing phase III studies are examining the role of
cetuximab in this setting. The PETACC-8 trial envisages
randomizing 2000 patients with stage III colon cancer to
receive 6 months’ adjuvant treatment with only FOL-
FOX-4 vs. FOLFOX-4 in combination with cetuximab, its
main endpoint being disease-free survival. Having a
similar design, the INT NO 147 study plans to randomize
2200 patients to FOLFOX-6 vs. FOLFOX-6 in combina-
tion with cetuximab.

Preoperative treatment in rectal cancer

Several phase I/Il studies have been carried out with
cetuximab in combination with preoperative chemo-
radiotherapy in rectal cancer.

e The Chung er a4l study [77] included 20 patients,
treating them with cetuximab in combination
with  continuous 5-FU  infusion, concomitant
with preoperative radiotherapy. The usual dose of 5-

FU (225 mg/m?/day continuous infusion), with a good
toxicity profile, could be administered, achieving a 15%
pathological complete response (pCR) rate.

e The study by Machiels ez @/. [78] included 20 patients
treated with cetuximab with capecitabine, concomitant
with preoperative radiotherapy. Tolerance was good,
with the normal dose of capecitabine (1650 mg/m?/day)
achieving a pCR rate of 11%.

e The study by Arnold ¢z @/ [79] included 60 patients
treated with cetuximab with capecitabine—oxaliplatin,
concomitant with preoperative radiotherapy. The
toxicity profile was favourable at the usual dose of
capecitabine (1650 mg/m?/day, days 1-14 and 22-35)
and oxaliplatin (50 mg/m2 days 1, 8, 22 and 29). The
pCR rate was 9%.

A European randomized phase II study is currently being
carried out with resectable rectal cancer patients who are
either EGFR + or EFGR- and MRI has shown poor
prognosis. It plans to randomize 162 patients to receive
XELOX concomitant with preoperative radiotherapy vs.
XELOX concomitant with preoperative radiotherapy
combined with cetuximab. Afterwards, surgery with total
mesorectal excision will be performed in both arms. All
patients will receive 3 months’ adjuvant treatment with
XELOX vs. XELOX combined with cetuximab.

Cetuximab in head and neck squamous-cell
carcinoma

Head and neck squamous-cell carcinomas (HNSCCs)
very often overexpress EGFR (80-100% of cases), and
this overexpression is associated with more advanced
stages and worse survival [4,5].

In preclinical studies, antiproliferative and proapoptotic
activity in HNSCC cell lines [80] has been observed, as
also synergy with radiotherapy [81] and cisplatin [23].

It is noteworthy that clinical development of cetuximab
in HNSCCs was carried out including patients who had
both EGFR-positive and EGFR-negative tumours by
immunohistochemistry.

Recurrent or metastatic head and neck squamous-cell
carcinoma

Its role began to be studied in second-line therapy after
platin failure. In two phase II studies, cetuximab was
added to cisplatin. In the first one [82], 96 patients with
progressive disease after cisplatin were included: re-
sponses were seen in 10% of the patients, achieving a
control rate of 53%, a median time to tumour progression
of 2.8 months and a median survival of 6.1 months. In the
second phase II trial [83], 51 patients with stable disease
after two cycles of a cisplatin-based regimen (SD), 25
patients with progressive disease (PD/1) and 54 patients
who had developed PD within 90 days of platinum-based
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treatment (PD/2) were treated with cisplatin in combi-
nation with cetuximab. Response rates for the SD, PD/1
and PD/2 groups were 18, 20 and 6%, respectively, with
median OS times being 11.7, 6.1 and 4.3 months.

Another phase II study that explored cetuximab alone
[84] obtained similar efficacy, with a response rate of
13%, median time to progression of 2 months and median
survival of 5.2 months. In view of these results, the FDA
approved, in 2006, the indication of cetuximab mono-
therapy in patients with recurrent/metastatic HNSCCs
refractory to cisplatin. To date, the EMEA has not
approved the use of cetuximab in this context.

The results of a phase III study in first-line recurrent/
metastatic HNSCC disease, carried out by the ECOG,
have been published [85]. This study included 116
patients and compared cisplatin—cetuximab with cispla-
tin—placebo.It obtained a significant increase in response
rates (26 vs. 10%, P =0.029) and a tendency towards
longer survival (median 9.3 vs. 8 months, P=0.21),
although the latter was not statistically significant. The
study also analysed the predictive value of skin toxicity
with cetuximab, observing a significantly longer survival
when patients had skin toxicity.

To examine the combination of cetuximab with cisplatin/
carboplatin and 5-FU in recurrent/metastatic HNSCC
first-line treatment, a phase I/II study [86] was carried
out, obtaining an interesting result (response rate 43 and
37% stabilizations). No statistically significant differences
were seen between patients treated with cisplatin or
carboplatin. A phase III study in the same setting, the
EXTREME study, has compared cisplatin or carbopla-
tin + 5-FU against the same chemotherapy, in combina-
tion with cetuximab. It included 422 patients and its
results were recently reported [87]. A statistically
significant improvement in OS was seen in the cetuximab
arm (median: 10.1 vs. 7.4 months; HR: 0.79; 95% CI:
0.64-0.98 and P =0.03). These results suggest that
cetuximab has an important role in the treatment of
recurrent/metastatic HNSCC, but its optimal timing has
not been defined properly yet [88].

Locally advanced head and neck squamous-cell
carcinoma

The results of a phase IIl study that included 424
patients and compared radiotherapy alone with combina-
tion radiotherapy and cetuximab have been published
[89]. Toxicity was not higher in the combined arm and, a
significant increase was found both in locoregional control
(2-year LRC: 50 vs. 41%; HR: 0.68; 95% CI: 0.52-0.89
and P=0.005) and in OS (3-year OS: 55 vs. 44%; HR:
0.74; 95% CI: 0.57-0.97 and P = 0.02). Recently a report
of the quality-of-life assessments that were performed as
part of this trial was published: the conclusion is that
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quality of life was not worse for patients receiving
combination radiotherapy and cetuximab than for those
treated with cetuximab alone [90]. It is noteworthy that
this study included patients with resectable locally
advanced tumours, in whom radiotherapy might have
formed part of an organ-preservation strategy, as well as
patients with nonresectable tumours for whom radio-
therapy could be the definitive treatment; however, it did
not analyse the two subgroups separately. The percentage
of patients who underwent surgery was similar in both
arms. Laryngeal preservation was also analysed in 171
patients who had primary cancers of the larynx or
hypopharynx [91], and a higher laryngeal preservation
was seen in the cetuximab arm (at 3 years 88 vs. 80%). It
has, nevertheless, to be pointed out that this subgroup
analysis was not planned; stages III, IVA and IVB were
mixed; the proportion of stage III was higher in the group
with cetuximab (38 vs. 28%), and the proportion of T4a
and T4b in each of the arms was not specified. Moreover,
another important criticism of this study has been the use
of radiotherapy alone, instead of the up-to-date reference
treatment in locally advanced HNSCCs (concomitant
chemoradiotherapy with cisplatin). Despite this, in 2006,
the FDA and the EMEA approved the indication of
radiotherapy with cetuximab in this setting.

The comparison between chemoradiotherapy (with
cisplatin) and cetuximab-radiotherapy is currently being
carried out in a phase III study by the EORTC. Given the
positive results of the new induction chemotherapy
schedules that incorporate taxanes, it would also be
interesting to investigate the usefulness of incorporating
cetuximab into induction chemotherapy followed by
radiotherapy. A French randomized phase II study
(TREMPLIN) is investigating this approach. It includes
patients with resectable locally advanced laryngeal or
hypopharyngeal tumours, who had achieved a clinical
response of more than 50% after 3 induction chemother-
apy cycles with docetaxel-cisplatin—5-FU. This study
randomizes the patients to receive concomitant radio-
therapy with cisplatin vs. concomitant radiotherapy with
cetuximab.

It would also be interesting to study the role of cetuximab
concomitant with chemoradiotherapy. It is theoretically
very attractive, given the synergy of cetuximab with both
treatments at the preclinical level. The results of a phase
IT study in this setting have been published. It examines
the combination of radiotherapy, cisplatin and cetuxi-
mab in 21 patients with locally advanced HNSCCGCs. It
obtained promising results with a 76% survival rate at
3 years [92].

As in the case of colorectal cancer, it would also be
theoretically interesting to investigate the combination
of cetuximab with other new targets (tyrosine kinase
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inhibitors, inhibitors of VEGE STAT3, AKT inhibitors,
etc.) and to identify the predictive factors.

Cetuximab in nonsmall cell lung cancer
Overexpression of EGFR in NSCLC is found very often
and this is associated with a poorer prognosis [7].

Second-line treatment in advanced nonsmall cell

lung cancer

In a phase II study [93] with docetaxel and cetuximab, a
28% response rate and a 66% stabilization rate were seen
in patients with NSCLC (EGFR-positive), who had
progressed to first-line treatment with cisplatin. In
another phase II study, patients (any EGFR) refractory
to cisplatin were given cetuximab monotherapy [94]. The
response rate was 4.5%; control of disease, 30%; median
time to progression, 2.3 months; median survival, 8.9
months and 1-year survival was 43%.

First-line treatment in advanced nonsmall

cell lung cancer

We have several studies in this setting. A phase I/ 11 study
[95] that included 31 patients (EGFR +), who were
treated with paclitaxel-carboplatin—cetuximab, obtained
26% response and a median survival of 11 months.
Another phase II [96] study that included 35 patients
(EGFR +) explored the combination carboplatin—gemci-
tabine—cetuximab therapy, achieving a 29% response
rate, a 60% stabilization rate and a median survival of
10 months.

A randomized phase II [97] study included 86 EGFR +
patients who received cisplatin—vinorelbine—cetuximab
vs. cisplatin—vinorelbine. The cetuximab arm obtained a
higher response rate (35 vs. 28%), a better control rate
(84 vs. 67%) and a tendency towards longer survival
(median: 8.3 vs. 7 months).

Other randomized phase II trials [98] included 131
patients who were treated with cisplatin—gemcitabine—
cetuximab vs. cisplatin—gemcitabine alone. Statistically
no significant trends towards higher response rates (27 vs.
18%), better PFS (median PFS: 5 vs. 4.2 months; P: NS)
and improved OS (median OS: 11.99 vs. 9.26 months,
P: NS) were observed in the cetuximab arm.

Another randomized phase II study, the SWOG 0432
study, included 242 patients (any EGFR) and randomized
them to receive four cycles of paclitaxel-carboplatin
concomitant with cetuximab and then cetuximab main-
tenance vs. four cycles of paclitaxel-carboplatin with
cetuximab being given sequentially. The results were
reported at ASCO-07 [99]. No statistically significant
differences were found between the concomitant and the
sequential arms in terms of response rate (34 vs. 31%),

stable disease rate (34 vs. 39%), median PFS (4 months
in both arms) and OS (11 vs. 10 months).

A clear need for phase IIl studies exists, comparing
chemotherapy with chemotherapy in combination with
cetuximab in this setting. The results of a phase 11 trial
that compared taxane/carboplatin vs. taxane/carboplatin
in combination with cetuximab have been recently
reported [100]. This trial included 676 patients and did
not find statistically significant differences between the
two arms in terms of its primary endpoint, PFS, by
Independent Radiologic Review Committee evaluation
(median PFS by IRRC: cetuximab + taxane/carboplatin,
4.4 months vs. taxane/carboplatin, 4.24 months;
HR = 0.902; 95% CI 0.761-1.069 and P = 0.2358). When
considering PFS by investigator assessment (secondary
endpoint), a statistically significant improvement in
favour of the cetuximab arm was, nevertheless, observed
(median PFS by investigator assessment: 4.3 vs. 3.78
months; HR 0.76; 95% CI 0.649-0.903 and P = 0.0015).
Another important phase III trial is the FLEX study. It
recruited patients until 2006: 1125 NSCLC EGFR +
patients, who received cisplatin—vinorelbine—cetuximab
vs. cisplatin—vinorelbine, its main endpoint being OS. The
intermediate analysis of toxicity was reported at ASCO-06
[101] and definitive results are still pending.

Cetuximab in combination with chemoradiotherapy

in nonsmall cell lung cancer

A phase II study has explored cetuximab combined with
chemoradiotherapy (carboplatin—paclitaxel) in 93 pa-
tients with stage IIIA/B NSCLCs. Its preliminary results
were communicated in 2007 [102]: the toxicity was
moderate, the response rate was 62% and 1-year OS
was 68%.

Cetuximab in other tumours

Preclinical data suggest the possible use of cetuximab in
other tumours. Table 6 summarizes the results of phase 11
cetuximab studies in gastric [9,103,104], oesophageal
[105,106], pancreatic [107] and ovarian cancers [110].

A phase III trial is now being designed to compare
chemotherapy vs. chemotherapy combined with cetux-
imab in advanced gastric adenocarcinoma.

Concerning advanced pancreatic adenocarcinoma, a phase
T trial (SWOG-S0205) randomized 735 patients to
receive gemcitabine vs. gemcitabine combined with
cetuximab. Its results have been recently reported
[111]. No statistically significant differences in terms of
survival (median: 5.9 vs. 6.4 months; HR 1.09 and
P=0.14), PFS (median: 3 vs. 3.5 months, HR 1.11,
P =0.058) or response (14 vs. 12%) were seen between
the two arms of the study. Moreover, another randomized
phase II study (also reported in ASCO-07 [112]) failed to
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Table 6 Phase Il and Il studies with cetuximab in gastric, oesophageal, pancreatic and ovarian cancers
Gastric adenocarcinoma
Scheme Population N PR/CR TPT Sv
P. Il FOLFIRI-Cetuxi [103] Advanced first-line, EGFR-positive 38 44% 8m 16m
P. Il FUFOX-Cetuxi [9] Advanced first-line, any EGFR 53 64%
P. Il Iri-Cetuxi [104] Advanced second-to-fourth-line any 13 38% 25m 35m
EGFR
Esophageal carcinoma
Scheme Population N pCR TPT Sv
P. Il Cis—Iri-Cetuxi/RT [105] Locally advanced any EGFR 17 13%
P. Il Pac-Carb-Cetu/RT [106] Locally advanced any EGFR 47 15%
Pancreatic adenocarcinoma
Scheme Population N PR/CR TPT Sv
P. Il Cetuxi-Gem [107] Locally advanced/metastatic EGFR- 42 12% 3.8m 71m
positive
P. Il Cetuxi-Gem-Ox [108] Metastatic any EGFR 64 35% 5m
P. Il Cetuxi-Gem/RT [109] Locally advanced any EGFR 24 40%
P. I Cetuxi—-Gem vs. Gem [111] Locally advanced/metastatic any EGFR 735 12 vs. 14% 3.6 vs. 3m P=NS 5.9 vs. 6.4m
P=0.14
Rand. P. Il Cetuxi-Gem-Cis vs. Locally advanced/metastatic any EGFR 74 16 vs. 8% 5vs. 5m P=NS
Gem-Cis [112]
Ovarian carcinoma
Scheme Population N cCR
P. Il Cetuxi-Pac-Carb [110] Stage |lI-IV EGFR-positive 27 63%

Carb, carboplatin; Cetuxi, cetuximab; Cis, cisplatin; CR, complete response; FOLFIRI, leucovorin-FU-irinotecan; FUFOX, FU-leucovorin—oxaliplatin; Gem, gemcitabine;
Iri, irinotecan; m, months; Ox, oxaliplatin; Pac, paclitaxel; PR, partial response; pCR, pathological complete response; Rand, randomized; RT, radiotherapy; Sy, survival;

TPT, time to tumour progression.

show any significant improvement by adding cetuximab
to a gemcitabine/cisplatin combination in advanced
pancreatic cancer. This study included 74 patients;
although a nonstatistically significant trend towards a
higher response rate (16 vs. 8%) and disease control
(75 vs. 54%) was seen in the cetuximab arm, the time to
tumour progression (5 months) was similar in both arms.
These disappointing results suggest the low value of
cetuximab in advanced pancreatic cancer. Nevertheless, a
subgroup analysis looking for predictive factors that can
identify the patients who could benefit more by the
addition of cetuximab is pending in both trials.

It would also be interesting to clinically develop the use
of cetuximab in malignant gliomas. Between 40 and 50%
of glioblastoma multiforme (GBM) tumours show HER1/
EGFR dysregulation, and almost half of them coexpress
the constitutively active mutant receptor subtype
EGFRvIII, which might contribute to the aggressive
and refractory course of GBM [14,15]. Promising
preclinical data [113] and cases of promising results in
patients treated with cetuximab [114] are available.
Preclinical data suggest that the combination of radio-
therapy, temozolomide and cetuximab can lead to
additive cytotoxic effects in glioma cell lines [115]: this

combination is currently being explored in an ongoing
phase I/II trial [116].

Summary

Nowadays, the clinical development of cetuximab is
being very actively investigated, mainly in advanced
colorectal cancer. We have the results from a phase 111
trial suggesting a significant improvement in OS
when cetuximab is used as third-line treatment in
patients refractory to irinotecan and oxaliplatin (NCIC
CTG CO-17 [36]). In this setting, a randomized phase
IT trial suggests that there are better results with
cetuximab in combination with irinotecan than with
cetuximab alone (BOND [6]). We also have phase III
trials that have shown an improvement in the response
rate and in PFS when cetuximab is added to irinotecan as
second-line treatment, in patients refractory to oxali-
platin (EPIC [54]) and when cetuximab is added to
FOLFIRI as first-line treatment (CRYSTAL [68]). In
these two trials, nevertheless, a significant improvement
in OS has not been found, possibly owing to the short
follow-up or to crossover treatment with cetuximab on
progression. Concerning the combination of cetuximab
with oxaliplatin, we have only the results from rando-
mized phase II trials that suggest higher response rates
with the addition of cetuximab as first-line treatment
(SAKK [65], OPUS [67]) and an underpowered but
negative randomized phase II trial in second line
(EXPLORE [37]; we have no results from the phase III
trials yet.
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Considering all these results, we can conclude that,
nowadays, cetuximab has an important role in the
treatment of advanced colorectal cancer. Some points,
nevertheless, remain unclear and should be further
investigated.

e It is not clear if cetuximab should be used in the first,
second or third line.

e It would be interesting to have more data coming up
from phase III trials of cetuximab combined with
oxaliplatin-based regimens.

e The improvement in response and surgical rescue rates,
observed in randomized trials, make the combination of
cetuximab and irinotecan or oxaliplatin a very attractive
option as first-line treatment in patients with only liver
metastasis. We, nevertheless, do not have data from
phase III trials that is selectively focussed on this group
of patients.

e It is not clear how cetuximab can be combined with
other drugs against new targets, particularly, bevaci-
zumab. The ongoing CALGB/SWOG 80405 phase III
trial can be very important in this setting.

e We need to identify predictive factors. Although the
number of EGFR gene copies (FISH), KRAS mutations
and perhaps PTEN expression (IHC), HER2 gene
copy number (FISH) or epiregulin and amphiregulin
levels in the tumour might be predictive factors for
treatment efficacy with cetuximab, data are still
preliminary and need to be confirmed with more
properly designed studies. This is needed for being
able to select, in routine clinical practice, the patients
who should or should not be treated with cetuximab.

The role of cetuximab as adjuvant treatment in colon
cancer and as preoperative treatment in rectal cancer is
being explored in ongoing randomized trials.

Clinical development of cetuximab has been also
important in squamous-cell head and neck cancer.
A phase III trial has shown a significant improvement in
OS when cetuximab is added to platin—5-FU in recurrent
or metastatic disease (EXTREME [87]). These results
suggest that cetuximab has an important role in this
setting although its optimal timing has not been defined
clearly yet. Concerning locally advanced disease, a phase
III trial showed an improvement in OS and in laryngeal
preservation without increased toxicity when cetuximab
was added to radiotherapy [89-91], making this combina-
tion an interesting treatment in these settings.
We, nevertheless, do not have data from any phase III
trial comparing cetuximab-radiotherapy vs. cisplatin—
radiotherapy, which is the standard treatment in these
patients. It would also be interesting to explore the
combination of cetuximab with cisplatin-radiotherapy or
with induction chemotherapy in this setting.

Concerning advanced NSCLCs, we have negative results
from a phase III trial [100]. The results of another phase
IIT trial that has already finished patient recruitment
(FLEX) are awaited, to establish the role of cetuximab in
these patients.

Furthermore, interesting studies in other tumours
(Table 6) are found. We have negative results from a
phase III trial [111] and from a randomized phase II trial
[112] in advanced pancreatic cancer. Although subgroup
analysis is pending, these results suggest a low value for
cetuximab in these patients. Concerning oesophageal,
gastric, gynaecological tumours and malignant gliomas,
some phase II trials have shown promising results, and we
need phase III trials to establish the role of cetuximab.
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