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bstract

Conventional chemotherapy increases progression-free survival (PFS) and overall survival (OS) of metastatic colorectal cancer (mCRC)

atients versus best supportive care (BSC). However, the efficacy of chemotherapy is limited. Recently approved monoclonal antibodies
MoAb) have a different mechanism of action, targeting growth factors or their receptors.

Panitumumab is a fully human IgG2 MoAb directed against the epidermal growth factor receptor (EGFR). In phase II trials, panitumumab
howed preliminary activity in chemorefractory mCRC. This efficacy was confirmed in a randomized pivotal phase III trial, which compared
ingle-agent panitumumab plus BSC versus BSC alone. Several ongoing clinical trials are evaluating panitumumab in combination with

. Skin toxicities, hypomagnesemia, and diarrhea are the most common
ifferent chemotherapy regimens in first- and second-line settings

dverse events associated with anti-EGFR therapy. KRAS status and skin rash have been correlated with panitumumab efficacy.

∗ Corresponding author. Tel.: +34 91 390 83 49; fax: +34 91 460 33 10.
E-mail addresses: cgravalos@telefonica.net, cgravalos@terra.es (C. Gravalos).
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his article reviews the preclinical and pharmacokinetics data, activity and tolerance of panitumumab in mCRC patients. Potential predictive
actors of response are also discussed.

2009 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Colorectal cancer (CRC) represents the third most com-
only diagnosed malignancy after lung and breast cancers
orldwide, accounting for an estimated 1,023,256 new can-

er cases and 529,020 cancer deaths per year [1]. For more
han 40 years, 5-fluorouracil (5FU) was the only antitu-

oral agent with demonstrated activity in metastatic CRC
mCRC). More recently, newer cytotoxic drugs – oxaliplatin,
rinotecan and oral fluoropyrimidines – were incorporated
o the armamentarium against CRC. In the first line setting,
olus and continuous infusion 5FU plus leucovorin (LV) in
ombination with oxaliplatin (FOLFOX4) or with irinote-
an (FOLFIRI) increased response rate (RR) and prolonged
urvival versus (vs) the same regimen of 5FU alone [2,3].
ately, FOLFOX and FOLFIRI were compared to each other
ith similar results [4]. Thus, these two regimens have been

ccepted as first line chemotherapy (CT). Nevertheless, in
pite of significantly improved response rate and survival, it
ppears that efficacy of CT in mCRC has reached a plateau.
here is a need to develop novel therapies, and agents target-

ng abnormally active biologic pathways are ideal candidates

s they tackle the key alterations conferring the cancer phe-
otype while having a non-overlapping toxicity profile with
onventional CT.

Fig. 1. Activation of EGFR and tumor cell grow

a
i
[

s

Monoclonal antibodies (MoAb) are drugs with a mech-
nism of action based on an antibody–epitope interaction
nd they target growth factors or their receptors [5]. The
pidermal growth factor receptor (EGFR), a cell mem-
rane glycoprotein, is a member of the tyrosine kinase
eceptor family, which includes the epidermal growth fac-
or receptor (HER) 1 (EGFR; HER1 or c-ErbB-1), HER2,
ER3 and HER4. EGFR is expressed in many nor-
al epithelial tissues (including skin and hair follicles)

nd in different malignant tumors. Through immunohis-
ochemistry (IHC) techniques, approximately 72–82% of
RC express EGFR [6]. The interaction between EGFR
nd its ligands [epidermal growth factor (EGF), trans-
orming growth factor alpha (TGF-�), amphiregulin and
piregulin] triggers a cascade of cell processes which are
nvolved in cell growth, proliferation, transformation, angio-
enesis, invasion, metastases and survival [7] (Fig. 1).
he EGFR is a validated target in CRC, as cetuximab

a chimeric mouse-human MoAb targeted to the EGFR)
btained regulatory approval for the treatment of patients
ith EGFR-expressing, KRAS wild-type (WT) metastatic
th (adapted from Stephenson et al. [15]).

single agent in patients who have failed oxaliplatin- and
rinotecan-based therapy and who are intolerant to irinotecan
8].
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Panitumumab (ABX-EGF, Vectibix®) is a fully human
ecombinant kappa immunoglobulin G (IgG)2 mono-
lonal antibody with a molecular weight of approximately
47 kiloDaltons (kDa), which binds specifically and with
igh affinity to the extracellular domain of EGFR in nor-
al and tumor cells [9]. By competitively inhibiting the

inding of ligands to EGFR, panitumumab prevents recep-
or dimerization, EGFR tyrosine kinase autophosphorylation
nd activation of molecular signals, resulting in the inhibition
f tumor cell proliferation and favoring apoptosis induction
10,11] (Fig. 2). In vitro studies evaluating panitumumab
emonstrated significant inhibition of tumor growth in a HT-
9 murine xenograft model of human colon cancer cell [12].
anitumumab is approved as monotherapy for the treatment
f patients with EGFR expressing metastatic colorectal car-
inoma with WT KRAS after failure of fluoropyrimidine-,
xaliplatin-, and irinotecan-containing chemotherapy regi-
ens [13].
This article reviews the efficacy and tolerance of pan-

tumumab as a single agent and the clinical trials of
anitumumab in combination with chemotherapy in mCRC
atients. Potential predictive factors for response and survival
re also discussed.

. Panitumumab as single agent

Several clinical trials have evaluated dosing, pharmacoki-
etics (PK), efficacy and safety profile of panitumumab as a
ingle agent in mCRC patients (Table 1).

.1. Phase I clinical trials

At least, two phase I studies were conducted in previ-
usly treated patients with mCCR or other advanced solid
umors. In a phase I study [14], 96 patients with various
ypes of tumors including CCR were treated at panitu-

umab doses of 0.01–5 mg/kg every week, 6 mg/kg every
weeks (Q2W), or 9 mg/kg every 3 weeks (Q3W). Among

he 39 included mCRC patients, there were 5 (12.8%) par-
ial responses (PR) and 8 cases of stable disease (SD). Skin
oxicity was dose-dependent. Maximum tolerated dose was
ot achieved. Neither human anti-human monoclonal anti-
ody (HAHA) formation nor infusion-related reactions were
bserved. Another phase I trial included 84 patients with
esistant tumors in two cohorts: Cohort 1: 6 mg/kg Q2W as
ither a 60-min infusion (cohort 1A; n = 20) or a 60-min initial
nfusion followed by 30-min infusions for subsequent cycles
cohort 1B; n = 43) and Cohort 2 (n = 21): 9 mg/kg Q3W as
60-min infusion, until disease progression or drug intoler-

bility [15]. There were 2 responses and 5 SD in 11 mCRC

ases. Tolerance profile was similar among cohorts. Peak
oncentrations after 30- or 60-min infusions were similar.

Panitumumab exhibited similar non-linear PK among dif-
erent patient populations. Serum trough concentrations were Ta
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Fig. 2. Mechanism of action of panitum

imilar for 2.5 mg/kg/week (45–50 �g/ml), 6 mg/kg Q2W
43–53 �g/ml) and 9 mg/kg Q3W (37–53 �g/ml) dosing. The
alf-life of panitumumab was also similar among the three
oses: 6, 7–7.5, and 8.4 days, respectively [16]. Panitumumab
s eliminated in two ways: by saturation of the receptor and by
learance produced by the reticuloendothelial system, as nor-
ally occurs with endogenous immunoglobulins. Potential

ffects of some covariables on the PK of panitumumab, such
s age (21–88 years), gender, race, mild-moderate kidney or
iver dysfunction, and intensity of EGFR stain on the mem-
rane (1+, 2+, 3+) of tumor cells have no apparent impact
n the PK of panitumumab [17]. PK studies of panitumumab
ave neither been conducted in patients with kidney or liver
ailure, nor has it been studied in pediatric patients.

Considering these data, and for patient’s convenience,
he dose of 6 mg/kg every 2 weeks, in a 1-h intravenous
iv) infusion, was chosen for use as single agent and in
ombination with biweekly CRC chemotherapy regimens
FOLFOX or FOLFIRI) meanwhile the dose of 9 mg/kg every

weeks, that resulted in similar exposure, can be easily
ombined with 3-week chemotherapy schedules into clini-
al trials. Nowadays, the dose of 6 mg/kg every 2 weeks is
pproved as single agent for the treatment of patients with
GFR expressing mCRC with wild-type KRAS after failure
f fluoropyrimidine-, oxaliplatin-, and irinotecan-containing
hemotherapy regimens.

.2. Phase II clinical trials
As some preliminary activity was observed in two phase I
tudies, the development of panitumumab in CRC continued
nto phase II trials. Hecht et al. [18], in a multicenter, non-
andomized study, treated 148 patients, who had failed prior

i
e
m
1

(adapted from Stephenson et al. [15]).

reatment with fluoropyrimidines, oxaliplatin and/or irinote-
an, with panitumumab (2.5 mg/kg/week for 8 weeks and 1
eek’s rest). Two strata were established depending on stain-

ng of EGFR: stratum A [high staining (n = 105)] and stratum
[low staining (n = 43)]. A RR of 9% (95% CI 5–15%) was

bserved, that was similar in both strata. Median PFS and
verall survival (OS) were 14 weeks and 9 months, respec-
ively, with no statistically significant differences between
he two groups. In another phase II study, panitumumab
6 mg/kg Q2W) was investigated in EGFR-positive mCRC
atients, progressing during or after 2–3 lines of chemother-
py [19]. In the intermediate analysis presented at ASCO
006, response rate at week 16 (primary objective) was 8%,
ith stable disease in 21%, in 39 eligible patients. A third

tudy also conducted by Hecht et al. [20], had a similar design
xcept that EGFR expression had to be negative or low. Final
fficacy results of 150 patients who had received ≥1 dose of
anitumumab (6 mg/kg Q2W) were presented at 2008 ASCO
astrointestinal Cancers Symposium. Response rate (4% vs
%), stable disease (35% vs 30%), and PFS (8.3 weeks vs 7.8
eeks) were similar for patients with EGFR-negative and

ow EGFR staining tumors, respectively. Finally, a Japanese
rial reported a RR of 13% and a median PFS of 8 weeks in
2 mCRC patients previously treated with fluoropyrimidine,
rinotecan and oxaliplatin. No correlation was found between
GFR tumor expression and clinical response [21].

In these trials, more than 95% of patients suffered at least
ne treatment-related adverse event (AE) (11–24% grade
, 1% grade 4, 1% grade 5). The most frequent toxicities

nvolved teguments and eyes (skin 92–96%, nails 28–30%,
yes 8–17%, hair 8%, and cheilitis 2–7%). The most com-
on non-cutaneous AEs were diarrhea (23–27% any grade,

–3% grade 3) and hypomagnesemia (8–12% any grade, 3%
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Table 2
Efficacy of panitumumab in combination with chemotherapy in colorectal cancer patients.

Author/study Phase n EGFR status Line Regimen RR mPFS (m) mOS (m)

Berlin et al. [24] II 43 IHC 1+, 2+, 3+ 1st Pmab 2.5 mg/kg/w + IFL 6-w
cycles

46% 5.6 17.0

Pmab 2.5 mg/kg/w + FOLFIRI
Q2W

42% 10.9 22.5

Siena et al. [25] III 1150 No required 1st Pmab 6 mg/kg + FOLFOX4,
both Q2W

Too early Too early Too early

PRIME FOLFOX4 Q2W
Hecht et al. [26] III 1053 No required 1st Pmab 6 mg/kg

Q2W + Oxa/bev-based CT
46% 10.0 19.4

PACCE Oxa/bev-based CT 48% 11.4 24.5
Pmab 6 mg/kg Q2W+
Iri/bev-based CT Iri/bev-based
CT

43% 10.1 20.7

40% 11.7 20.5
Peeters et al. [28]

20050181
III 700 (1100) No required 2nd Pmab 6 mg/kg + FOLFIRI, both

Q2W
Too early Too early Too early

FOLFIRI Q2W
STEPP [30] Randomized

II
58 (100) NR 2nd Pmab 6 mg/k + FOLFIRI, both

Q2W
16% NR NR

Pmab 9 mg/kg + Irinotecan,
both Q3W

8%

Asmis et al. [31] Retrospective 34 NR 2nd Pmab + irinotecan (72% of pts) 20% NR NR
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GFR: epidermal growth factor receptor; RR: response rate; mPFS: med
anitumumab; IHC: immunochemistry; w: weeks; n = included patients (in
weeks; Q3W: every 3 weeks; CT: chemotherapy; Pts: patients; Oxa: oxali

rade 3–4), while grade 3 hypersensitivity reactions were rare
≤1%).

In summary, phase II studies with panitumumab in
onotherapy at a dose of 2.5 mg/kg/week or 6 mg/kg every 2
eeks in metastatic CRC patients previously treated with sev-

ral lines of chemotherapy showed a response rate of 4–13%
ith an additional 21–35% stable disease rate. Patients with
GFR negative or low staining tumors also benefit from

reatment with panitumumab. Main toxicity affects the skin,
ppearing in >95% of cases (any grade). Diarrhea and hypo-
agnesemia are the most common non-cutaneous toxicities.

nfusion reactions are rare (≤1%) and HAHA formation has
ot been described.

.3. Phase III clinical trials

Approval of panitumumab in the United States and Europe
as based on a multicenter, randomized, open-label, piv-
tal phase III study, that compared panitumumab plus BSC
s BSC alone in 463 patients with EGFR-positive mCRC
esistant to fluoropyrimidines, oxaliplatin and irinotecan.
anitumumab was administered at a dose of 6 mg/kg Q2W,
ntil progression, unacceptable toxicity or consent with-
rawal. The primary endpoint was PFS and secondary
ndpoints were RR, OS and safety. With a follow-up of at
east 12 months, response rate (10% vs 0%; p < 0.001), sta-
le disease rate (27% vs 10%), and progression-free survival

8 weeks vs 7.3 weeks, hazard ratio (HR) 0.54 (95% CI
.44–0.66) p < 0.0001] were in favor of panitumumab [22].
owever, 100% of patients treated with panitumumab pre-

ented at least an adverse event vs 86% of patients who

w
O
i
i

gression-free survival; mOS: median overall survival; m: months; Pmab:
eses, expected number for ongoing studies). NR: no reported; Q2W: every
ri: irinotecan; Bev: bevacizumab.

eceived BSC alone. These adverse events were grade 3
n 33% and grade 4 in 2% in the panitumumab group
s 18% and 2%, respectively, for the BSC alone group.
kin-related toxicities occurred in 90% of patients in the pan-

tumumab group vs 9% in the BSC group. Non-cutaneous
oxicities were fatigue (24% any grade; 4% grade 3), diar-
hea (21% any grade; 1% grade 3), and hypomagnesemia
36% any grade; 3% grades 3–4) in the panitumumab
roup, and fatigue (15% any grade, 3% grade 3), diar-
hea (11% any grade, 0% grades 3–4) and hypomagnesemia
1%) in the BSC alone group. A single patient had a
rade 2 infusion reaction and no HAHAs were detected in
he panitumumab group. There were no treatment-related
eaths.

Patients in BSC group could switch to receive treatment
ith panitumumab after progression, within an extension
rotocol. The endpoints of safety and efficacy were also eval-
ated in this cohort. 176 patients randomized to BSC in the
hase III pivotal study received at least one dose of panitu-
umab (6 mg/kg Q2W). Response rate was 11% and 33% of

atients achieved stable disease, with a median PFS of 9.4
eeks (95% CI 8.0–13.4) and an OS of 6.3 months (95% CI
.1–6.8). Again, the most common side effect was skin tox-
city. There were no infusion reactions. Anti-panitumumab
ntibodies were detected in 3 (4.2%) of the 71 patients from
hom samples were taken, although there was no impact on

fficacy or safety [23]. This crossover design could explain

hy a statistically significant difference was not detected in
S in the pivotal phase III trial. In summary, panitumumab

ncreases PFS in patients with CRC resistant to chemotherapy
n comparison with the BSC alone.
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. Panitumumab in combination with chemotherapy

The activity of panitumumab as a single agent in
hemoresistant mCRC patients led to the investigation
f its efficacy and tolerance in combination with classi-
al chemotherapy regimens in the first and second line
ettings (Tables 2 and 3). Furthermore, a randomized
hase III trial tested panitumumab associated with oxali-
latin/bevacizumab or irinotecan/bevacizumab-based CT in
ntreated patients.

.1. First line setting

A multicenter phase II study was initially designed to
ssess panitumumab 2.5 mg/kg/w with irinotecan, 5FU bolus
nd LV (IFL) (Part 1). As an unacceptable toxicity was
bserved with this combination, the protocol was amended
o replace IFL with FOLFIRI (part 2) and the primary end-
oint was changed to estimate the incidence of grade 3/4
iarrhea. Globally, 43 patients were included (part 1, n = 19;
art 2, n = 24). The response rate was similar in both groups
46% and 42%). However, PFS and OS were in favor of pan-
tumumab plus FOLFIRI and grades 3–4 diarrhea was less
ommon with panitumumab plus FOLFIRI regimen than with
anitumumab plus IFL (25% vs 58%) [24].

The PRIME study is the first phase III study to investigate
anitumumab (6 mg/kg Q2W) plus FOLFOX4 as first-line
reatment in mCRC patients. A total of 1150 untreated
atients were randomized 1:1 to panitumumab plus FOL-
OX 4 or to FOLFOX4 alone. The primary endpoint is to
valuate the treatment effect on PFS among in patients with

T KRAS tumors and patients with mutant KRAS tumors.
In a pooled safety analysis, with 903 patients treated,

ain grade 3/4 non-cutaneous AEs reported were neutrope-
ia (28%) and diarrhea (11%). Ninety-three patients (10%)
xperienced a grade 3-skin reaction and only three patients
<1%) had a grade 4. There were four investigator-reported
dverse events of infusion reaction (three grade 1; one grade
) [25].

Bevacizumab is a humanized monoclonal antibody tar-
eting vascular endothelial growth factor (VEGF) approved
or mCRC. Based on the knowledge of the important roles
hat both EGFR and VEGF pathways play in tumor develop-

ent and progression, the PACCE (Panitumumab Advanced
olorectal Cancer Evaluation) study was designed to evalu-
te the benefit of adding panitumumab (6 mg/kg Q2W) to
ither oxaliplatin/bevacizumab or irinotecan/bevacizumab-
ased CT (Table 2). The primary endpoint was PFS within
he oxaliplatin cohort. A total of 823 and 230 patients were
andomly assigned to the oxaliplatin and irinotecan cohorts,
espectively. Panitumumab was discontinued after a planned
nterim analysis of 812 oxaliplatin patients showed worse

fficacy in the panitumumab arm. In the final analysis,
edian PFS was 10.0 and 11.4 months [HR 1.27; 95% CI,

.06–1.52], and median survival was 19.4 and 24.5 months
or the panitumumab and the control arms, respectively. Ta

bl
e

3
Po

ol
ed

sa
fe

ty

A
ut

ho
r/

st
ud

y

Si
en

a
et

al
.[

25
]

Pe
et

er
s

et
al

.[
28

PE
:p

ul
m

on
ar

y



22 C. Gravalos et al. / Critical Reviews in Oncology/Hematology 74 (2010) 16–26

Table 4
Grades 3–4 toxicity of panitumumab + CT/bevacizumab versus CT/bevacizumab.

Pmab + bev/oxa-CT
(n = 407) G3 (G4)

Bev/oxa-CT
(n = 397) G3 (G4)

Pmab + bev/iri-CT
(n = 111) G3 (G4)

Bev/iri-CT
(n = 113) G3 (G4)

Neutropenia 14% (10%) 17% (7%) 14% (3%) 17% (4%)
Skin 35% (1%) 1% (0%) 38% (0%) 0% (0%)
Diarrhea 22% (2%) 12% (1%) 27% (1%) 9% (0%)
Infection 16% (2%) 8% (2%) 12% (2%) 9% (0%)
Dehydration 15% (2%) 5% (<1%) 14% (0%) 6% (0%)
Nausea/vomiting 13% (0%) 6% (1%) 11% (2%) 8% (0%)
Deep venous thrombosis 7% (0%) 8% (0%) 13% (0%) 6% (0%)
Pulmonary embolism 0% (6%) 0% (4%) 0% (11%) 0% (5%)
Hypomagnesemia 3% (1%) 0% (0%) 3% (2%) 0% (1%)
Paronychia 1% (0%) 0% (0%) 4% (0%) 0% (0%)
N 7% (0%
H 5% (0%

P T: chem
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europathy 3% (<1%)
ypertension 4% (0%)

mab: panitumumab; Bev: bevacizumab; Oxa: oxaliplatin; Iri: Irinotecan; C

rade 3/4 AEs in the oxaliplatin cohort were skin toxicity
36% vs 1%), diarrhea (24% vs 13%), infections (19% vs
0%) and pulmonary embolism (6% vs 4%) for panitumumab
nd control arms, respectively (Table 4). In the irinotecan
ohort, increased toxicity without evidence of improved effi-
acy was observed in the panitumumab arm. KRAS analyses
howed adverse outcomes for the panitumumab arm in both

T and mutant groups [26]. Similar results were seen in
he CAIRO 2 study which combined cetuximab with beva-
izumab and chemotherapy [27], suggesting that this is a
lass effect.

.2. Second line setting

The multicenter phase III study (20050181 protocol) is
ngoing to investigate the benefit of adding panitumumab to
OLFIRI as a second-line treatment. 1100 patients previously

reated with only one fluoropyrimidine-based CT regimen for
CRC were planned to be randomized 1:1 to either panitu-
umab (6 mg/kg Q2W) plus FOLFIRI or to FOLFIRI alone.
reliminary safety results, presented at 2008 ASCO Meet-

ng reported that grades 3–4 neutropenia (15%) and grades
–4 diarrhea (9%) were the main non-cutaneus toxicities.
rade 3 and 4 skin toxicities were 12% and <1%, respectively

28].
STEPP (Skin Toxicity Evaluation Protocol with Panitu-

umab) is the first open-label, randomized phase II trial
o evaluate prophylactic vs reactive skin treatment for skin
oxicities due to panitumumab therapy. Patients with mCRC
eceived either FOLFIRI plus panitumumab (6 mg/kg Q2W)
r irinotecan plus panitumumab (9 mg/kg Q3W) in second-
ine setting, after failure to a previous fluoropyrimidine and
xaliplatin-based CT, with or without bevacizumab. Within
ach stratum, patients were randomized to pre-emptive ther-
py (24-h prior to first panitumumab dose and daily through
eek 6) or reactive skin therapy (given after developing skin
oxicities). Pre-emptive skin treatment included administra-
ion of a skin moisturizer, sunscreen, 1% hydrocortisone
ream, and doxycycline twice daily. The incidence of specific

grade 2 skin toxicities during the 6-week skin treatment

a
w
m
r

) – –
) 2% (0%) 3% (0%)

otherapy.

eriod was reduced by more than 50% in the prophylac-
ic skin treatment group (29%) compared with the reactive
kin treatment group (62%) [29]. Pooled analysis of the two
roups of treatment showed skin toxicity (22%), neutrope-
ia (16%), diarrhea (14%), dehydration (12%), hypokalemia
10%) and hypomagnesemia (5%) as main grade 3–4 AEs
30]. Preliminary efficacy data reported a RR of 16% and
% for panitumumab plus FOLFIRI and panitumumab plus
rinotecan, respectively [30].

In a retrospective series, 34 patients [24 (70%) previ-
usly treated with cetuximab] received panitumumab plus
rinotecan [31]. Reasons for stopping cetuximab included
ypersensitivity (n = 7), progression or rising CEA (n = 9),
oxicity (n = 2), convenience of every other week schedule
n = 3) and others (n = 3). Seven patients (20%) achieved par-
ial response, all in combination with irinotecan, and patients
ho received panitumumab due to cetuximab hypersensitiv-

ty did not have subsequent infusion reaction.
In summary, available data on the use of panitumumab

n combination with chemotherapy in first-line setting are
imited to results from one phase II study and one ran-
omized phase III trial. In the phase II study, panitumumab
lus FOLFIRI had similar efficacy and better tolerance than
anitumumab plus IFL. Combination of panitumumab with
xaliplatin-based CT did not present abnormal safety prob-
ems in an interim analysis in the phase III trial. Preliminary
esults of panitumumab in combination with irinotecan-
ased CT in second-line setting showed 8–16% of RR with
4–50% of stable disease and an acceptable safety profile.
inally, combination of four drugs (panitumumab, beva-
izumab, oxaliplatin or irinotecan, and 5FU) did not have
higher activity and was more toxic than the same regi-
ens without panitumumab, especially in patients over 65

ears of age or/and with an ECOG of ≥2. This appears to
e a class effect as similar results were seen with cetux-
mab in the similarly designed CAIRO2 trial. There are

lso data suggesting that some patients not responding to or
ith hypersensitivity to cetuximab may benefit from panitu-
umab. However, more studies are needed to confirm these

esults.
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. Tolerance profile

Typical adverse events associated with anti-EGFR mono-
lonal antibodies, cetuximab and panitumumab, include skin
oxicity, diarrhea, hypomagnesemia and infusion reaction.
owever, infusion reactions are less common with panitu-
umab, which is likely due to its fully human structure.
In phase II clinical trials, most frequent adverse events of

anitumumab involved teguments and eyes (skin 92–96%,
ails 28–30%, eyes 8–17%, hair 8%, and cheilitis 2–7%)
20,21]. Acneiform rash, a phenomenon which occurs when
he EGFR is blocked, usually appears at the start of treat-

ent. When the treatment is suspended, rash spontaneously
isappears. In a summary of pooled clinical safety data of 920
atients with mCRC included in 10 studies (phases I through
II) of panitumumab monotherapy, skin toxicity was grades
–2 in most patients and rarely caused discontinuation of the
herapy [32]. Only 15% patients had grade 3 rash and <1%

grade 4. Other skin toxicities such as dry skin, fissures,
ruritus and paronychia are also due to EGFR inhibition.

Severe diarrhea is uncommon with anti-EGFR antibodies.
n the pooled safety study of panitumumab monotherapy,
3% of patients had diarrhea (any grade), but it was only
rade ≥3 in 1% [32]. A combination of panitumumab with
T can increase the incidence and severity of diarrhea, which

hould be treated with hydration, astringent diet, loperamide
nd antibiotics, if necessary.

EGFR blockage is associated to hypomagnesemia, which
s suggested to be due to EGFR inhibition in the kidney,
here 70% of filtered magnesium is reabsorbed. Incidence of
ypomagnesemia was low (5% any grade; 2% grade 3) [32].
enerally, it is grades 1–2 and easy to correct with oral mag-
esium supplements. Very few patients require intravenous
agnesium infusions and/or withdrawal of panitumumab.
As panitumumab is a fully human MAb, incidence of infu-

ion reactions is very low. In the pooled analysis study, 1.1%
nd 0.4% patients treated with panitumumab had an infusion
eaction of any grade and grade 3, respectively. The number
f infusions associated with an infusion reaction were 0.14%
nd 0.05% for any grade and ≥3 grade, respectively [32]. So
ar, no fatal reactions have been reported. Infusion should be
topped and permanent panitumumab withdrawal should be
valuated if a severe reaction is observed.

It needs to be highlighted that a trial that attempted
o combine anti-EGFR and anti-VEGF strategies with
hemotherapy (panitumumab and bevacizumab, respec-
ively) showed an unacceptable level of toxicity and was
iscontinued. Similar results were reported in the CAIRO2
rial with cetuximab.

. Predictive factors
Several potential predictive factors are being investigated
or selecting patients who will most benefit from panitu-
umab. To date, most relevant factors predicting response to

o
i

ology/Hematology 74 (2010) 16–26 23

nti-EGFR MoAb are the KRAS mutation status, BRAF muta-
ion status, number of copies of EGFR gene and intensity
f skin rash. Epiregulin and amphiregulin (EGFR-ligands)
evels and other predictive markers need to be confirmed in
ubsequent trials.

.1. KRAS mutation

Approximately 40% of all cases of CRC expressing the
RAS mutation. Association of KRAS mutation and clinical
utcome of patients treated with panitumumab in monother-
py was investigated in the pivotal randomized phase III study
f panitumumab vs BSC. Response rate in wild-type KRAS
n = 124) was 17% vs 0% in mutated KRAS tumors (n = 84),
nd stable disease was reported for 34% vs 12%, respectively
33]. Patients with wild-type KRAS receiving panitumumab
ad better PFS compared with those treated with BSC alone
nd patients with mutated KRAS had a similar PFS whether
r not they received panitumumab. On the other hand, the rel-
tive effect of panitumumab versus BSC alone on PFS was
ignificantly greater in patients with wild-type KRAS mCRC
HR = 0.45 (95% CI: 0.34–0.59)].

An exploratory analysis of panitumumab as a single agent
n patients with tumors expressing low or negative levels
f EGFR examined the effect of tumor KRAS gene status
n safety and efficacy. Seventy-five wild-type KRAS and 59
utated KRAS patients were included in this analysis [34].
R was 9% and 0%, and SD was reported for 47% vs 9%,

espectively. Significantly longer median PFS and OS were
bserved in wild-type KRAS patients than in mutated KRAS
atients (15 and 54 weeks, vs 7 and 29 weeks, respectively).
hese data confirm the utility of KRAS testing in identifying
atients likely to benefit from panitumumab monotherapy.

Similar results have been obtained in patients with mCRC
reated with cetuximab (as monotherapy or in combination
ith CT) [35–39], which suggests that the KRAS marker is
alid for both anti-EGFR targeted therapies.

On the basis of these results, the European Medicines
gency (EMEA) has approved panitumumab only for
atients with wild-type KRAS metastatic colorectal cancer.
his is the first indication of an agent based on the pres-
nce/absence of a gene mutation, and opens a new era in
iomarker-driven oncology.

.2. BRAF mutation

The serine–threonine kinase BRAF is the principal effec-
or of KRAS. In a retrospective study, BRAF wild-type was
equired for response to cetuximab or panitumumab in mCRC
atients with KRAS wild-type tumors [40].

.3. Number of copies of the EGFR gene
Several authors have investigated the number of copies
f the EGFR gene as a response-predicting factor. An Ital-
an group [41] observed that an increased number of copies
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Table 5
Comparison between panitumumab and cetuximab.

IgG Type of MoAb Route Loading dose Schedule Duration of
infusion

Grade 3–4 infusion
reactions

Premedication

Panitumumab IgG2 Human iv No 6 mg/kg every 2 w 30–60 min 0.04% No
Cetuximab IgG1 Chimeric iv Yes (400 mg/m2) (2 h) 250 mg/m2 weekly 60 min 3.2% Yes

iv: intravenous; w: week; min: minutes

Table 6
Efficacy of panitumumab or cetuximab versus best supportive care in phase III trials.

Author Arms n RR SD PFS OS Crossover

Van Cutsem et al. [22] Panitumumab 231 10% 27% 1.9 m ns Allowed
BSC 232 0% 10% 1.8 m

J 8%
0%

R rall sur

o
c
s
p
S
t
t
B
o
p
n

5

f
(
o
t
p
p
w
0
[

6
c

i
a
i
t

s
a
o

t
t
o
b

7

d
p
o
P
a
l
b
w
E
e

a
m
p
E
a
a
w
a
t
c

o
r
o
t
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R: response rate; SD: stable disease; PFS: progresión free survival; OS: ove

f the EGFR gene by fluorescent in situ hybridation (FISH)
an predict response to anti-EGFR monoclonal antibodies,
uggesting that patients could be selected for these thera-
eutic agents based on the number of copies of the gene.
artore-Bianchi et al. [42] analyzed the number of copies of

he EGFR gene or chromosome 7 polysomia in 92 patients in
he randomized study of panitumumab plus BSC (n = 58) vs
SC alone (n = 34). Patients whose tumors had ≤2.5/nucleus
f copies of the gene or <40% of cells with chromosome 7
olysomia had a shorter PFS and OS. These exploratory data
eed to be validated in prospective studies.

.4. Skin rash

Rash is considered to be a response-predicting factor
or all anti-EGFR agents, both tyrosine kinase inhibitors
erlotinib, gefitinib) and MoAb. In the pivotal phase III study
f panitumumab vs BSC, severity of rash was correlated
o greater response rate and better overall survival [43]. A
ooled analysis of the predictive value of skin toxicity with
anitumumab confirmed these results, as a longer PFS and OS
ere observed in patients with grades 2–4 toxicity vs grades
–1 (2.6 and 8.4 months vs 1.8 and 5.4 months, respectively)
44].

. Comparison between panitumumab and
etuximab

The main difference between panitumumab and cetux-
mab lies on to the human or chimeric nature of these
ntibodies. This fact impacts on the duration of infusion, the
ncidence of hypersensitivity reactions and the premedica-
ions to be used (Table 5).
Efficacy data of panitumumab or cetuximab versus best
upportive care in chemotherapy-refractory mCRC patients
re similar [22,45] (Table 6). In first line setting, the benefit
f adding cetuximab to FOLFIRI or FOLFOX in KRAS wild-

t
o
t
p

31.4% 1.9 m 6.1 m Not allowed
11% 1.8 m 4.6 m

vival; ns: no statistically significative; BSC: best supportive care; m: month.

ype mCRC patients has been established by the CRYSTAL
rial [46] and the OPUS trial [47], respectively, while the role
f panitumumab combined with FOLFIRI or FOLFOX is still
eing investigated in randomized trials.

. Conclusions

Panitumumab (ABX-EGF) is a fully human IgG2 MoAb
irected against the EGFR. Panitumumab adds benefit to
atients as a single agent in KRAS wild-type metastatic col-
rectal cancer versus BSC alone. Efficacy and tolerance of
anitumumab in combination with conventional chemother-
py is been investigated in clinical trials in first and second
ine settings. If the results of these clinical trials confirm the
enefit of adding panitumumab to chemotherapy in KRAS
ild-type tumors, panitumumab will be a new standard anti-
GFR therapy with less hypersensitivity reactions and an
asier schedule than cetuximab.

The toxicity profile is consistent with other anti-EGFR
gents, with skin toxicity, diarrhea and hypomagnesemia as
ain events. When combined with chemotherapy, the toxicity

rofiles are largely non-overlapping. However, when anti-
GFR and anti-VEGF strategies (panitumumab or cetuximab
nd bevacizumab, respectively) were combined, an unaccept-
ble level of toxicity was documented. This is a reminder that
e need to learn more about the biology of targeted therapies

nd their potential interactions in order to more efficiently
ranslate biologically sound combinatorial approaches to the
linic safely.

Panitumumab has been approved in the European Union
nly for patients with wild-type KRAS in a un-precedented
egulatory decision that opens a new era in biomarker-driven
ncology. However, not all patients who have WT KRAS
umors respond to therapy, so other factors determining pani-

umumab efficacy in CRC must be involved. The elucidation
f those biological features should now be the first point in
he agenda to further improve the management and care of
atients with CRC.
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