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Abstract

Colorectal cancer remains a major public health concern in Europe and North America. It is responsible for one million new cases and
half a million deaths per year worldwide. During the past few years new effective treatments have evolved improving the outcome of patients
with this disease. Several alternatives are currently available for advanced colorectal cancer patients including different chemotherapeutic
regimens (fluoropyrimidines, irinotecan and oxaliplatin) and targeted therapies such as bevacizumab and cetuximab. Different combinations
achieve a median survival of over 2 years. Intense efforts focus on identifying agents targeting growth factor receptors, signal transduction
pathways or angiogenesis mediators. One of the last available drugs for the management of advanced colorectal cancer is panitumumab, a
well-tolerated and effective anti-EGFR monoclonal antibody approved as a single agent in chemotherapy refractory patients. We discuss the
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current evidence supporting panitumumab for metastatic colorectal cancer treatment, potential predictive biomarkers and ongoing clinical

trials with different combinations including panitumumab.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction to colorectal cancer

Advanced colorectal carcinoma (aCRC) remains a major
public health concern in the current century worldwide. In
fact, it represented the second most common cancer type
among men and women in Europe in 2006 (412,900 new
cases) [1]. Furthermore, aCRC constituted the second lead-
ing cause of death among cancer patients in that continent
the same year (207,400 deaths) [1].

Surgical approaches provide low recurrence rates and
high survival expectancy in localised-stage colorectal tumour
patients [2]. In addition, adjuvant chemotherapy regimens
have been shown to effectively improve outcomes in both
stage III and high-risk stage II disease [3].

Unfortunately, metastatic colorectal cancer is still far
away from being considered a curable disease. The ultimate
aims in treating stage IV colorectal cancer are to decrease
tumour-related symptoms and to prolong overall survival
(OS) without affecting health-related quality of life param-
eters. In the frontline setting, the introduction of active new
chemotherapeutic and biologically targeted agents (beva-
cizumab [4] or cetuximab [5]) has dramatically improved
overall response rate (ORR), progression-free survival (PFS)
and OS of subjects with this condition [6—8]. Despite these
advances, response rate (RR) to standard second line therapy
remain low, and median survival times are in the range of
6—12 months [9].

This fact has encouraged the active search for other
targeted therapies directed to a variety of fundamental check-
points in colorectal carcinogenesis. The epidermal growth
factor receptor (EGFR) signalling pathway comprises a major
target against which several new drugs are currently being
developed. The last EGFR inhibitor to be approved by the
U.S. FDA [10] for aCRC patients regardless Kras status
and refractory to SFU, irinotecan and oxaliplatin-containing
chemotherapy regimens was panitumumab in 2006. In con-
trast, for EU and Canada, the European Committee for
Medicinal Products for Human Use (CHMP), restricted its
approval to Kras wild-type chemotherapy refractory patients.

This paper summarises and discusses the new pieces of
evidence supporting the use of panitumumab in the systemic
management of aCRC as well as the potential biomarkers
for prediction of response and the currently ongoing clinical
trials with this new drug.

2. The epidermal growth factor receptor family as a
target for cancer therapy

The EGFR signalling pathway constitutes an attractive
and effective target for developing cancer therapies since

the molecular structure of the receptor and its tyrosine
kinases are well determined [11]. The EGFR activation is
the starting point for a variety of key processes involved
in cancer cell growth and migration, including prolifera-
tion, angiogenesis and invasion. After the ligand has bound
the receptor, EGFR suffers a conformational change leading
to the receptor dimerisation and the subsequent autophos-
phorylation of several tyrosine residues. These tyrosine
residues serve as binding sites for several signal transducers
and adaptor molecules. This process fosters an intracel-
lular mitogenic signalling cascade via multiple pathways,
mainly RAS/RAF/MAPK, P3IK/AKT and phopholipase-C
pathways [12,13] (Fig. 1).

In fact, one of the first targeted therapies shown to be effec-
tive against cancer was trastuzumab, a humanised anti-erbB2
monoclonal antibody [14] approved for its use in combina-
tion with chemotherapy against erbB2-expressing metastatic
breast tumours. The addition of trastuzumab to first-line
chemotherapy regimens was associated with improved
patient’s survival (a 20% reduction in the risk of death [15])
when compared to chemotherapy as a stand-alone therapy.

Other successfully developed EGFR signalling pathway
inhibitors that have reached the clinic include cetuximab,
commonly used in head and neck [16] and colorectal cancers
[5,17-21], lapatinib [22], approved for metastatic breast can-
cer, gefitinib [23] and erlotinib, an active TKI in non-small
cell lung cancer [24] and pancreatic cancer [25]. Accord-
ing to its biochemical structure, there are two basic types
of EGFR inhibitors; monoclonal antibodies (Moabs) such
as cetuximab or panitumumab binding to the extracellular
domain of the receptor and small, orally available, molecules
that inhibit the EGFR receptor tyrosine kinases (TKIs) such
as erlotinib or gefitinib, as shown in Fig. 1.

3. Panitumumab in colorectal cancer treatment

Panitumumab is the first fully human IgG2 monoclonal
antibody directed against the EGFR [26]. This agent binds
to the extracellular domain of the EGFR (erbB1) and
prevents receptor dimerisation. This union leads to the inter-
nalisation of the receptor—antibody complex and prevents
ligand-induced EGFR-tyrosine autophosphorylation [27],
and activation of downstream signalling proteins. The net
effect is the inhibition of cellular proliferation and tumour
growth and the induction of apoptosis (Fig. 1).

3.1. Preclinical development

Panitumumab was generated using XenoMouse strains,
engineered to be deficient in mouse antibody production and
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Fig. 1. EGFR (erbB1) and its signalling pathways. Monoclonal antibodies (Moabs); tyrosine kinase inhibitors (TKIs); epidermal growth factor (EGF).

to contain integrated fragments from the human heavy and
Kappa light chain loci [28]. Panitumumab exhibited a high
affinity to the EGFR, higher than that reported for other
anti-EGFR Moabs [29], as well as the ability to neutralise
both EGF and TGF-alfa binding to EGFR-expressing human
carcinoma cell lines [30].

Besides EGFR signalling blockade, other mechanisms
may account for panitumumab effect on different tumour cell
lines, including antiangiogenic effects through inhibition of
VEGF and IL-8 production and matrix metalloproteinases
inhibition [31,32].

In vivo, panitumumab mediates therapeutic elimination of
established tumours and shows synergies with chemotherapy
in mediating tumour regression [33].

These observations provided the rationale for the design
of a phase I multicentre, open-label, dose escalating clinical
trial in 96 patients with a variety of EGFR-expressing human
solid tumours. No infusion-related or serious adverse events
were noted (a transient and dose dependent skin rash was

Table 1

the primary toxicity). No maximum tolerable dose (MTD)
was reached. Pharmacokinetic (PK) exposure was similar
between weekly 2.5 mg/Kg, 6 mg/Kg every 2 weeks and
9 mg/Kg on a 3-weekly basis, with low inter and intra-patient
variability [34]. Since preliminary evidence of antitumoural
activity was suggested in aCRC [35], specific phase II trials
with this compound were initiated in this condition.

3.2. Clinical trials with single-agent panitumumab

The safety and efficacy of single-agent panitumumab
has been recently summarised across five clinical stud-
ies involving 762 aCRC patients relapsed after oxaliplatin
and/or irinotecan-based chemotherapy. This analysis that did
not take into account patient’s Kras status showed a dis-
ease control rate in the range of 29-44% and a median
progression-free survival of 8—14 weeks [36]. In view of these
consistent results, a single phase III, open-label, randomised,
multinational study [37] was initiated (Table 1). 463 EGFR-

Clinical trials with panitumumab in monotherapy or combination therapy. Number of patients (n); overall response rate (ORR); progression-free survival
(PES); overall survival (OS); best supportive care (BSC); weeks (w); months (m). Irinotecan, bolus 5-fluorouracil, and leucovorin (IFL). Irinotecan, infusional

5-fluorouracil and leucovorin (FOLFIRI).

Treatment Patients (n) ORR (%) PFS OS (m) Pre-treated Phase
Panitumumab vs. BSC [37] 231 10 8w - Yes I

232 0 Tw -
Panitumumab after BSC [39] 176 11 ow 6 Yes III cross over
Panitumumab [52] 148 9 14w 9 Yes 11
Panitumumab + IFL [41] 19 46 6m 17 No I
Panitumumab + FOLFIRI [41] 24 42 11m 23 No 11
Panitumumab [53] 91 7 8w - Yes I
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expressing (at least 1+ membrane staining in >1% of tumour
cells) aCRC patients were randomly assigned to best sup-
portive care (BSC) with or without panitumumab, 6 mg/kg
i.v., every 2 weeks. The primary study endpoint was PFS.
BSC patients who progressed were eligible to cross over to
receive panitumumab on progression. All patients enrolled
were refractory to standard chemotherapy regimens contain-
ing fluoropyrimidines and oxaliplatin or irinotecan. 100%
and 37% of the patients had received 2 and 3 lines of previ-
ous treatment, respectively. The median PFS was 8 weeks in
the panitumumab arm and 7.3 weeks in the BSC group, with
49% of the patients in the panitumumab group and 30% in the
BSC group being alive and progression-free by week 8. Pan-
itumumab reduced the risk of disease progression vs. BSC
alone by almost half (hazard ratio = 0.54, 95%CI: 0.44-0.66,
p<0.0001). The mean PFS was longer in the panitumumab
arm than in the BSC arm (13.8 vs. 8.5 weeks). In patients
unselected for Kras status the ORR was 10% in the panitu-
mumab group, with a median duration of response of 17.0
weeks, whereas no responses were observed in the BSC arm.
Stable disease (SD) was observed in 27% and 10% in the pan-
itumumab and BSC groups, respectively. No responders were
identified in the panitumumab mutant Kras group, whereas
wild-type Kras patients treated with panitumumab achieved a
17% ORR [38]. Among patients who crossed over to receive
panitumumab after progression, ORR was 11% with an addi-
tional 33% of patients achieving SD [39]. All responders had
wild-type Kras, for an overall response rate in this subgroup
of patients of 22% [38]. Median progression-free survival
was 9.4 weeks and median overall survival 6.3 months.

On this basis, the U.S. FDA approved panitumumab
(Vectibix®), for the treatment of patients affected by EGFR-
expressing metastatic colorectal cancer (with >1% EGFR
tumour cell membrane staining) after disease progression
on fluoropyrimidine, oxaliplatin and irinotecan containing
chemotherapy regimens [10]. In addition, the European Com-
mittee for Medicinal Products for Human Use also issued
a positive opinion, approving panitumumab for use in the
European Union (EU) for patients with Kras wild-type,
chemotherapy refractory aCRC [38].

3.3. Panitumumab-based combinations

The encouraging results seen with single-agent panitu-
mumab in heavily pre-treated aCRC patients and the reported
preclinical synergistic interactions [33] have prompted the
design of several panitumumab-based combination trials.

Mature results of a two-part multicentre study with the
combination of panitumumab and 5-fluorouracil (5-FU), leu-
covorin and irinotecan, either IFL or FOLFIRI [38], in aCRC
patients are now available. For both chemotherapy regimens,
ORR was more than 40% and disease control rate almost
reached 80%. Despite previously reported lack of significant
PK interactions between panitumumab, irinotecan and SN-
38 when the combination of panitumumab and IFL was first
analysed [40] these data suggest that panitumumab may have

better tolerability when combined with FOLFIRI than with
IFL. In fact, grades 3/4 diarrhoea occurred in 11 patients
(58%) treated with IFL-panitumumab compared with only 6
patients (25%) in the FOLFIRI-panitumumab regimen [41].

Ongoing randomised phase III trials are evaluating the
addition of panitumumab to either FOLFIRI [42] in pre-
treated aCRC patients or to FOLFOX (PRIME study) [43]
as frontline therapy. Preliminary data suggest no pharma-
cokinetic/pharmacodynamic interactions and an acceptable
safety profile, as such both trials continue without mod-
ifications. Enrolment was anticipated to be completed by
the end of 2008 and results are eagerly awaited. Other
ongoing clinical trials with panitumumab are listed on-line
at (http://clinicaltrials.gov/ct2/results?term=panitumumab+
colorectal+cancer).

3.4. Safety profile

The most commonly reported adverse events in the avail-
able panitumumab studies are skin rash, hypomagnesemia,
paronychia, fatigue, abdominal pain, nausea, and diarrhoea.
The most serious adverse events, albeit rarely seen include
pulmonary fibrosis, severe dermatological toxicity com-
plicated by infectious sequelae and septic death, infusion
reactions, abdominal pain, hypomagnesemia, nausea, vomit-
ing, and constipation [44].

Skin related adverse events are seen in the vast majority of
aCRC patients treated with EGFR inhibitors, although they
result in discontinuation of therapy in only 2% of patients.
The incidence of grade 3 skin toxicity is in the range of
15%. Most frequently reported dermatological manifesta-
tions include acneiform dermatitis, erythema, pruritus, rash,
skin exfoliation, telangiectasia, trichomegaly and hirsuitism
[45,46]. The most commonly occurring eye disorders are
conjunctivitis (4%), ocular hyperemia (3%), and increased
lacrimation (2%). Nail toxicities are identified in around
30% of the patients treated with panitumumab and include
paronychia (24%), nail disorder (9%), onchorrhexis, nail bed
infection, nail bed inflammation, nail discoloration, nail dis-
comfort, and onycholysis (all 1%) [10,37].

Gastrointestinal toxicities are also commonly reported and
include nausea, diarrhoea and anorexia. Most of them are
mild, being grade 3 in only 2% of the treated patients [46].

Infusion reactions were noted in 4% of patients and in 1%
reactions were graded as severe (National Cancer Institute
Common toxicity Criteria [NCI-CTC] grades 3—4). Across all
clinical studies, severe infusion reactions, including anaphy-
lactic reaction, bronchospasm, fever, chills, and hypotension,
occurred in less than 1% of patients. No infusion reaction was
fatal [46].

Hypomagnesemia [47] appears in approximately 40% of
patients treated with panitumumab. Hypomagnesemia often
occurs after the 6-8 weeks and may be associated with
hypocalcemia. NCI-CTC grade 3 or 4 hypomagnesemia
requiring oral or i.v. electrolyte repletion occurred in 2% of
panitumumab monotherapy-treated patients [48].
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4. Predictive biomarkers of panitumumab’s efficacy
4.1. Skin rash

A peculiar toxic effect of panitumumab, and other EGFR
inhibitors, is a papulopustular skin rash, generally on face
and upper torso, which is thought to be mechanism- and
dose-related [49]. Several findings suggest that there is a
correlation between intensity of skin rash and response and
survival [5]. With respect to panitumumab, this correlation
is particularly striking in a recently reported pooled analy-
sis from 5 panitumumab clinical trials involving 612 aCRC
patients. In this large combined analysis, severity of skin rash
(grades 2—4 vs. grades 0—1) was significantly correlated with
an increased RR (12.6% vs. 3.3%), longer median PFS (13.1
weeks vs. 8.0 weeks) and median OS (8.5 months vs. 4.5
months) [50].

The mechanism underlying the correlation between skin
toxicity and tumour response is currently unclear, although
some groups hypothesised that the rash is a surrogate
indicator of an adequate degree of receptor saturation by
anti-EGFR therapy. Pharmacokinetic data have shown that
EGFR-mediated clearance of panitumumab was saturated at
adose of 2 mg/kg. A 100% skin rash incidence was achieved
with increasing doses to 2.5 mg/kg, suggesting full receptor
occupancy at this dose level [51].

Although skin rash may be a pharmacodynamic marker
of drug action its predictive value and potential as a surro-
gate marker for response to EGFR-targeted agents depend on
the correlation of HER-kinase signalling in paired skin and
tumour tissue, an issue that requires further investigation.

4.2. HER family expression

To date, EGFR positivity by immunohistochemistry (IHC)
analysis on tumour specimen has been mandatory for clinical
use of panitumumab, as well as for eligibility in most clin-
ical trials with this drug. In fact, a >1% EGFR tumour cell
membrane staining was established as a necessary condition
for panitumumab US FDA approval for this indication.

This biomarker however, has not demonstrated a clear role
in predicting clinical response of aCRC to EGFR TKIs or
Moabs [18,29]. All the reported trials with panitumumab
have shown that tumour response does not correlate with
the degree of EGFR expression. In fact, objective responses
have been observed in patients with low or negative EGFR
levels. Hetcht et al. reported a phase II open-label, multi-
centre study in 148 EGFR-positive aCRC patients who had
progressed to fluoropyrimidine, irinotecan and/or oxaliplatin-
based regimens (Table 1) [52]. All patients received weekly
panitumumab 2.5 mg/kg, 8 of out of 9 weeks until disease pro-
gression. Interestingly, a 5% RR was seen in patients with low
or non-EGFR staining. Mitchell et al. confirmed these results
in a single-agent panitumumab trial in 91 pre-treated aCRC
patients with negative or low EGFR expression by IHC. Dis-
ease control rate (DCR) was achieved in 36-42% of patients

with a median duration of response of 20-22 weeks and a
median PFS of 8 weeks, as shown in Table 1 [53]. Several
factors might explain this apparent discrepancy, such as low
sensitivity of IHC analysis, cytological heterogeneity of CRC
and differential EGFR expression in primary and metastatic
tumour tissue [54]. Finally, in some cancer cells, regardless
the EGFR expression level, critical downstream signals may
be activated via other receptors, or by other pathways [55].
Thus, a current important challenge in EGFR-targeted ther-
apy is to better identify those tumours in which growth is
most dependent on EGFR signalling.

In addition to EGFR, HER2 expression has been related
to responsiveness to EGFR-targeted therapy. Her-2/neu is
known to heterodimerise preferentially with EGFR [56], and
to potentiate mitogenic signalling by increasing EGFR lig-
and affinities [57,58]. In human cancer cell lines, increased
HER?2 expression levels alone were associated with increased
effectiveness of anti-EGFR therapy. Moreover, the presence
of a combined EGFR and HER3 overexpression proved to
be an even better predictor of response [59]. These findings
have been confirmed in the clinical setting for lapatinib, a
dual inhibitor of EGFR and HER2, since co-expression of
pHER?2 and pHER3, and not pEGFR, better correlated with
clinical outcome [60]. Further research to confirm these data
with other anti-EGFR therapies seems advisable.

4.3. Kras mutations

Alternative predictive biomarkers to EGFR THQ expres-
sion are being actively pursued. Different studies suggest that
Kras gene mutations are present in 30-50% of colorectal
adenocarcinomas [61] and these mutations would be respon-
sible for a constitutive activation of Kras protein downstream
EGFR.

The status of Kras has been proven to be a major pre-
dictor of panitumumab efficacy. In a study by Amado et al.
[38] Kras status was analysed in 427 of 463 aCRC patients
treated with panitumumab. Median PFS was 12.3 weeks in
the wild-type (WT) Kras group compared to 7.4 weeks in
Kras mutant (MT) patients (p <0.0001), and ORR was 17%
and 0%, respectively. More recently, a pooled analysis from
4 clinical studies of panitumumab confirmed Kras as a valid
predictive biomarker in selecting aCRC patients for pani-
tumumab monotherapy. Kras genotype was identified using
RT-PCR, from primary or metastatic tumour samples. ORR
in patients with WT Kras samples was 13.7% whereas no
responses were observed in patients with MT Kras sam-
ples. PFS and OS also favoured WT Kras group, with a HR
of 0.42 (95%CI: 0.36-0.50) and 0.63 (95%CI: 0.53-0.74),
respectively [62].

Although the presence of mutated Kras alleles is an inde-
pendent predictive maker of anti-EGFR MoAb resistance
it only accounts for 30-40% of non-responsive patients.
Subsequently, efforts have focused on assessing whether
the mutation status of the genes for other intracellular
effectors (BRAF, PIK3CA) correlate with clinical response
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to anti-EGFR MoAbs. In this sense, in a recent retrospective
study of 113 aCRC patients who received cetuximab or pan-
itumumab, Kras and BRAF point mutations in exons 2 and
15 were analysed, respectively [63]. The data confirmed that
the presence of Kras mutations correlated with both, a lack
of response to anti-EGFR MoAbs therapy and a shorter PFS.
Since Kras and BRAF mutations are mutually exclusive,
the authors analysed the BRAF mutational status on WT
Kras tumours. Notably, the presence of BRAF mutations
was inversely associated with response to therapy. None of
the WT Kras patients who experienced response to therapy
displayed BRAF mutations. In addition, in the subgroup
of WT Kras patients, the presence of BRAF mutations
correlated with shorter PFS and OS. The authors propose a
combined analysis of both, Kras and BRAF, to prospectively
select aCRC patients eligible for EGFR-targeted MoAbs
therapy. Nevertheless, these findings need to be further
evaluated in a large, prospective phase III trial, given that the
number of patients in each subgroup was relatively small.

Besides Kras and BRAF mutations, key mechanisms
involved in resistance to anti-EGFR therapy appear to emerge
from the constitutive activation of other EGFR downstream
signalling phosphoprotein expression. By using Bioplex
phosphoprotein array in aCRC patients treated with cetux-
imab or panitumumab, Cox multivariate analysis adjusted for
age and gender found Kras and pMEK to be two independent
prognostic makers [64]. These data highlight the importance
of EGFR downstream signalling phosphoprotein expression
as predictive biomarkers in this setting.

4.4. EGFR gene amplification

It has been assumed that aCRC responsiveness to anti-
EGFR MoAbs was linked to increased EGFR gene copy
number (GCN) as measured by FISH. However, preliminary
results have been inconclusive due to small sample size and
treatment heterogeneity [65,66]. The predictive role of EGFR
GCN hasrecently been suggested in 64 aCRC patients treated
with panitumumab therapy [67]. A mean EGFR GCN of less
than 2.5/nucleus or less than 40% of tumour cells display-
ing chromosome 7 polysomy within the tumour correlated
with significantly shorter PFS and OS. The most appropriate
cut-off values and the reproducibility of FISH results should
be confirmed in larger trials. In addition, a prospective vali-
dation to find out whether detection of EGFR GCN together
with downstream signalling phosphoprotein mutations (Kras,
BRAF) can be clinically exploited for optimisation of anti-
EGFR MoAb therapy warrants further research.

4.5. EGFR polymorphisms

EGFR polymorphisms have also been suggested as can-
didate predictors of clinical outcome in patients treated with
anti-EGFR therapies. Carcereny et al. [68] analysed 84 aCRC
patients who received cetuximab or panitumumab as second
or third line therapy. They found single nucleotide polymor-

phisms (SNP) in codon 216 and 497 and a dinucleotide repeat
polymorphisminintron 1. Interestingly enough, SNP 497 was
significantly associated with a lower ORR and a shorter PFS
and OS. Importantly, by multivariate analysis, pre-treatment
CEA level, LDH and EGFR SNP 497 were identified as
independent prognostic factors for PFS and OS. Prospective
validation in a larger cohort of patients seems advisable.

5. Ongoing strategies in the development of
panitumumab

5.1. Combination with other targeted therapies

Although activation of EGFR may be an important sig-
nal for tumour cell growth and survival, other growth factor
receptors may be crucial for the proliferation and dissemi-
nation of neoplastic cells [69]. This assumption leads to the
so-called “combined molecular targeting approach” in which
more than one class of inhibitors is applied simultaneously.
There are expanding series of such approach being currently
tested in clinical trials. Among them, the combined block-
ade of angiogenic pathway and EGFR signalling pathway is
being actively investigated.

The link between EGFR signalling and angiogenesis has
been clearly identified in preclinical models [70,71]. Taking
into account this rationale, as well as the promising results
from the BOND-2 trial, a phase IIIB randomised, open-label
clinical trial evaluating oxaliplatin- and irinotecan-based
chemotherapy plus bevacizumab, with or without panitu-
mumab, was initiated. Unexpectedly, preliminary data on
this study showed an increased incidence of serious adverse
events in the panitumumab arm as well as reduced median
PFS and OS. Consequently, the Data Monitoring Com-
mittee recommended discontinuation of panitumumab [72].
The lack of benefit of adding panitumumab to standard
chemotherapy plus bevacizumab reinforces the need for
robust phase I/II-based clinical evidence before large phase
IIT trials are conducted. In this sense, no data on the specific
interaction between panitumumab and bevacizumab are cur-
rently available, nor on the possible PK/PD interactions with
the use of two biological agents and full doses of chemother-
apy. Another recently reported trial testing the combination of
oxaliplatin, capecitabine and bevacizumab, with or without
cetuximab also reported a detrimental effect on PFS with the
double-antibody therapy, raising the possibility of a negative
interaction between bevacizumab and anti-EGFR antibodies
[73].

A more cautioned approach has been reported in a phase
Ib, dose-finding study of panitumumab with FOLFIRI or
FOLFOX plus AMG 706, an oral multikinase inhibitor with
antiangiogenic activity that selectively targets VEGF, PDGF
and Kit receptors. So far, described dose limiting toxicity
(DLT) includes diarrhoea and fatigue. Preliminary data show
that AMG 706 PK is comparable to data from monotherapy
studies and no marked alterations have been observed in the
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Table 2
Grade 3 or higher toxicities with an incidence of >5%. Nausea/vomiting
(N/V); best supportive care (BSC).

Cetuximab +BSC [21]

Panitumumab + BSC [37]

Fatigue 33% 4%
Anorexia 8% 3%
Constipation 4% 3%
N/V 6% 2%
Abdominal pain 13% 7%
Rash 12% 7%
Infusion reaction 4% 1%
Hypomagnesemia 6% 3%
Dyspnea 16% 5%
Fatigue 33% 4%

PK profiles of irinotecan or its metabolites. According to the
preliminary data reported, radiological responses have been
observed in 50% of the patients [74].

On the other hand, recent evidence has involved the
insulin-like growth factor-1 receptor (IGF-1R) signalling
through the type II receptor tyrosine kinase (RTK) family
member and the acquisition of resistance to various anti-
EGFR therapies [75]. In preclinical models, blockade of
IGF-1R results in both, a potent inhibition of the PI3K/Akt
signalling pathway and additive effects with panitumumab
[76]. In the clinical scenario, a phase Ib of panitumumab plus
AMG-479, a fully human anti-IGF-1R antibody, appeared
tolerable and has shown preliminary evidence of activity in
refractory aCRC [77].

5.2. Role of panitumumab in cetuximab-pre-treated
patients

Panitumumab and cetuximab are the first anti-EGFR
Moabs approved for the treatment of aCRC, showing both
of them a similar safety and efficacy profile, when compared
to BSC (Tables 2 and 3). By using flow cytometry and amino
acid replacement scanning it was shown that both Moabs
bind to comparable surface exposed amino acids (349, 355,
412 and 438) in domain III of EGFR [78]. Despite this struc-
tural homology some clinical differences have been observed.
Given the fully human nature of panitumumab, a lack of cross

Table 3

Efficacy data comparing cetuximab and panitumumab. Overall survival
(OS); progression-free survival (PFS); overall response rate (ORR); wild-
type (WT); mutant-type (MT); weeks (w); months (m).

Cetuximab [90]

Panitumumab [37]

Median OS
WT 10m 8m
MT 5m 5m
Medias PFS
WT 4m 12w
MT 2m Tw
ORR (%)
WT 13 17
MT 1 0

reactivity with cetuximab regarding infusional reactions may
be expected. However, this issue has not been prospectively
explored. Retrospective data suggest however that panitu-
mumab is not associated with hypersensitivity in patients
who had prior grades 3—4 infusional reactions to cetuximab
[79,80]. In addition, a differential response to these two anti-
EGFR Moabs has also been suggested. Furthermore, single
cases of CEA responses and minor responses to panitumumab
have been suggested in patients who had evidence of pro-
gression to cetuximab [81]. Although theses data are so far
inconclusive, due to the crucial therapeutic implications of
this finding a thorough prospective validation in larger series
of patients is warranted.

6. Future directions

Since ErbB receptor downstream signalling can engage
RAS/mitogen-activated protein kinase pathways, PI3K path-
ways, and STAT signalling molecules, a broad variety of
molecular predictors are being tested from the available
clinical material. In addition to total and phosphorylated
EGFR, these include total and phosphorylated forms of
AKT, mitogen-activated protein kinase (MAPK), mitogen-
activated protein/ERK (MEK), ERK, signal transducers and
activators of transcription (STAT), PTEN [82], NF-kB [83],
mTOR, levels of the EGFR ligands epiregulin and amphireg-
ulin [84] and others [12,85]. In addition, cDNA arrays have
allowed the identification of series of genes that are differen-
tially regulated by panitumumab in preclinical models [86],
and clinical trials designed to validate these findings are cur-
rently in progress. Likewise, protein arrays may be used for
quantitative analysis of signal pathway inhibition [87].

Given the links between angiogenesis, EGFR signalling
pathway and the immunoresponse in human tumours, deter-
mination of circulating endothelial cells (CECs) has been
proposed as a way to monitor antiangiogenic activity. In
fact, preliminary data on panitumumab-based treated aCRC
patients has recently suggested the use of a multiparame-
ter flow cytometric determination of CECs, peripheral blood
lymphocytes and dendritic cell immunophenotype as poten-
tial predictive biomakers of efficacy in the clinical setting
[88]. Additionally, panitumumab-induced dynamic changes
in EGFR expression on circulating tumour cells have been
very preliminary shown to be of predictive value in aCRC
under chemotherapy or panitumumab plus chemotherapy
treatment [89]. Thus, further research in this field is necessary.

7. Conclusions

In recent years, three new biological drugs, cetuximab,
bevacizumab and panitumumab have been approved for the
treatment of aCRC patients. The addition of these new
targeted therapies has clearly increased the therapeutic arma-
mentarium for these patients and also offers prospects for
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an increased chance of achieving longer survival expectancy.
The major challenge now lies in how to customise cancer ther-
apy for aCRC patients. The growing evidence summarised in
this review points to the tumour molecular characteristics
and/or pharmacogenomic profiles that may permit a rational
selection of specific drug combinations for the treatment of
each metastatic colorectal cancer patient.
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