
Panitumumab: An Arrow on Target

László Kopper

Received: 11 February 2010 /Accepted: 24 February 2010 /Published online: 30 April 2010
# Arányi Lajos Foundation 2010

Abstract Several options are available today in the
treatment of advanced colorectal cancer: traditional chemo-
therapeutic regimens, targeted therapies, and their combi-
nations. Panitumumab is a new, fully human anti-EGFR
monoclonal antibody, what is well-tolerated, effective as a
single agent in chemotherapy refractory patients and in
different combinations. The clinical response is restricted to
tumors with wild-type RAS, therefore the RAS status
should be checked before treatment.
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Anti-EGFR therapy

EGFR1/EGFR (epidermal growth factor receptor), a trans-
membrane glycoprotein that is a member in a subfamily of
type I receptor tyrosine kinases (including EGFR1/HER1/
ERBB1, −2, −3, −4), is an important target for cancer
therapy, because its activation stimulates key actions in
tumor growth and progression. Monoclonal antibodies and
small-molecule tyrosine kinase anti-EGFR inhibitors are
new treatment options for various solid tumors. Cetuximab
(ER-K0034, Erbitux) was the first anti-EGFR monoclonal
antibody to be approved for clinical use for metastatic
colorectal cancer. While cetuximab is a chimeric (mouse-
human), panitumumab (ABX-EGF, Vectibix, Amgen Inc,
Thousand Oaks, CA) is a fully human (immunoglobulin

G2) antibody, showing efficacy as monotherapy in
chemotherapy-refractory patients and in different combina-
tions against metastatic colorectal cancer.

Mechanism of Action

Panitumumab targets human epidermal growth factor
receptor (EGFR) [1, 2]. The strategy is obvious: EGFR
promotes cell proliferation in a variety of normal and
transformed cells and its overexpression has been observed
in several types of human malignancies. Panitumumab
binds with high affinity and specificity to the ligand
binding domain in the extracellular part of EGFR inhibiting
receptor dimerisation [3]. The receptor-antibody complex
will be internalised preventing the ligand induced auto-
phosphorylation of the receptor and activation of down-
stream signaling pathways.

It was initially believed that panitumumab, as an IgG2
antibody would not provoke ADCC (antibody dependent
cell-mediated cytotoxicity), but it has beeen demonstrated
recently in squamous cell head and neck carcinomas in
vitro at concentrations analogous to therapeutic doses [4].

Preclinical Results

Panitumumab was developed using XenoMouse strains,
decided to be deficient in mouse antibody production but
to contain integrated fragments from human heavy and
kappa light chain loci. It showed high affinity to EGFR
and neutralised the ligand-binding (EGF, TGFα) to
EGFR expressed on human carcinoma cell lines. Besides
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inhibiting EGFR signaling panitumumab showed anti-
angiogenic effect by inhibiting VEGF, interleukin-8 and
matrix metalloproteases.

Predicting Markers

It was expected that the response to an anti-EGFR drug is
associated with the expression of EGFR. As a surprise, the
immunohistochemically determinded EGFR-expression had
no correlation with clinical efficacy. This finding initiated
an intensive search for alternative markers [5].

Rapidly growing amount of evidences indicated the role
of constitutive activated signaling pathways downstream of
the EGFR in tumor growth and progression. Moreover the
crosstalks between these pathways may provide escape
routes for the tumor cells to circumvent a pathway which
was pharmacologically targeted. EGFR can activate several
signaling routs, most frequently these are RAS/RAF/MEK/
ERK- or PI3K/AKT/mTOR-mediated. A recent study of
586 colorectal cancer found that KRAS is the most
commonly mutated gene (35–45%), followed by mutations
in PIK3CA (<20%, encodes the p110 catalytic subunit of
PI3K) and BRAF (<15%) [6]. The mutations of KRAS and
BRAF are mutually exclusive, but mutations in PIK3CA
and KRAS or BRAF may coexist. The KRAS mutation
status is usually concordant in primary and in its metastatic
lesions [7].

The prognostic value of KRAS mutation is controversial.
The RASCAL study seems to support the association of
KRAS mutation with increased risk of death [8], but other
studies on the effect of panitumumab monotherapy found
no correlation between the KRAS mutation and outcome of
patients receiving only best supportive care [9, 10].
Similarly, KRAS mutations did not appear to have a
stage-specific prognostic value [11].

KRAS Mutations Several studies made retrospective testing
of KRAS status in metastatic colorectal cancer receiving
cetuximab or panitumumab, with or without chemotherapy
[5]. It turned out that KRAS mutations are the major
predictors of resistance to these monoclonal antibodies. In
general, the progression-free survival (PFS) in patients with
tumors carrying mutant KRAS seems to be approximately
half that of those with wild-type KRAS treated with anti-
EGFR antibodies [12–14].

The negative predictive value of KRAS mutation was
clearly demonstrated in the pivotal randomized phase III
study (427 patients) of panitumumab monotherapy in the
relapsed or refractory setting [9]. Among the 208 patients
assigned to panitumumab 17% in the wild-type KRAS
group showed objective response, but none in the mutant
group (84 patients), while the PFS was 12.3 weeks and

7.4 weeks, respectively. As a consequence, 77% of the 219
KRAS evaulable patients initially assigned to the control
group crossed over to receive panitumumab after disease
progression; this crossover confounded the estimation of
overall survival.

It is also a fact, that the proportion of the patients
with wild-type KRAS tumors, who failed to make
objective response or disease stabilization with panitu-
mumab or cetuximab differs considerably between
studies. (Table 1).

KRAS mutations in colorectal tumors can be detected by
different molecular methods; most commonly (a) by DNA
sequencing (Sanger sequencing or pyrosequencing), or (b)
by real-time polymerase chain reaction using fluorescent
probes or dyes (allele-specific real-time PCR, post-PCR
fluorescent melting-curve analysis with specific probes,
PCR clamping method). All of these seem to have adequate
sensitivity to select patients unlikely to respond to anti-
EGFR monoclonal antibodies. However, there is no
consensus on the required sensitivity (percentage of the
mutant allele) for KRAS mutant analysis. Since KRAS
mutation are usually acquired at the early stage in colon
carcinogenesis, therefore the mutant KRAS is probably
present in the majority of the tumor cells. Until clinical
evidence for correlation with response is validated, highly
sensitive methods may not be necessary [15]. The main
factor essential to quality testing is the expertise of
pathologists (or who makes the test)!

BRAF Mutations A retrospective analysis of 113 tumors
where the patients received panitumumab or cetuximab in
second or subsequent lines showed that tumors carrying
BRAFmutations (V600E) did not respond to these agents and
had significantly shorter PFS than tumors with wild type
BRAF. In vitro experiment proved that introduction of BRAF
V600E allele into wild-type BRAF colorectal cancer cells
could result resistance to either cetuximab or panitumumab.
Furthermore, sorafenib (a multitarget drug inhibiting e.g.
BRAF) may restore the sensitivity to anti-EGFR therapy in
BRAF mutated colorectal cancer lines [16].

PTEN and PI3K Colorectal tumors with PIK3CA muta-
tions and PTEN loss associated with lack of response to
panitumumab (0/15 patients) or cetuximab (1/32 patients)
[17]. It was suggested that a combined mutational analysis
for KRAS and PIK3CA (loss of PTEN and/or PIK3CA
mutation) could identify up to 70% of patients with
metastatic colorectal cancer who are unlikely respond to
anti-EGFR monoclonal antibodies. Another report provided
contradictory results questioning the use of PIK3CA
mutations as single marker to predict sensitivity to
cetuximab [18]. It also needs further evidences that
concordant inhibition of EGFR and PIK3CA pathway will
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achieve clinical advantage. Besides, in colorectal cancer
BRAF and PIK3CA mutations (but not KRAS mutations)
showed gender bias with a higher frequency occurring in
women which suggest that female patents have less benefit
from treatment with anti-EGFR antibodies [19]. However,
most clinical data disagree with this hypothesis [10, 20].

EGFR Several reasons could explain the lack of association
between EGFR detection by immunohistochemistry (IHC)
and response to EGFR-targeted treatment, e.g. disparity
between the form or epitope of EGFR recognized by IHC
and by the anti-EGFR monoclonal antibodies, difference in
processing and handling of tumor samples. IHC is a
semiquantitative method without standardized scoring
system, and different EGFR expression in the primary and
metastatic lesion can also contribute to the inappropriate
prediction. Another problem comes from the inability of
IHC to make a distinction between low- and high-affinity
binding sites. Only EGFR phosphorylation status may
reflect the level of receptor activity and predict the clinical
response. Activating mutations are rare or absent in
colorectal tumors in contrast to lung cancer. Amplifica-
tion of EGFR gene resulting overepression and detected
by FISH or CISH was likely not reflected by IHC.
However, an increase in EGFR gene copy number
evaluated by PCR is more promising, although contra-
versies are existing. In a supporting study a mean EGFR
gene copy number threshold of less than 2.5 copies per
nucleus or fewer than 40% of tumor cells with chromo-
some 7 polysomy selected patients with shorter PFS and
OS after treated with anti-EGFR antibodies. In the group
receiving only best supportiv care such association was
missing suggesting that EGFR copy number and chromo-
some 7 polysomy are not prognostic in colorectal tumors
[21].

Clinical Results

Single Agent Therapy Phase 1 and 2 studies have evaluated
different panitumumab doses and schedules in patients with
previously treated advanced solid tumors. The doses and
schedules ranged between 0.01 mg/kg to 5 mg/kg weekly,
or 6 mg/kg in every 2 weeks, or 9 mg/kg in every 3 weeks.
The most frequent side effect was skin toxicity [22–25].
Further phase 2 and 3 studies examined the safety and
efficacy of panitumumab used in monotherapy in previous-
ly treated metastatic colorectal cancer. Surprisingly, but
similarly to cetuximab, the level of EGFR (measured by
immunohistochemistry) in the tumor usually showed no
association with the response rate [9, 26–28].

Panitumumab is appoved by FDA as a single agent for the
treatment of metastatic colorectal carcinoma with diseases
progression on or following fluoropyrimidine, oxaliplatin, and
irinotecan chemotherapy. The indication approved by EMEA
is very similar: Panitumumab is indicated as monotherapy for
the treatment of patients with EGFR expressing metastatic
colorectal carcinoma with non-mutated (wild-type) KRAS
after failure of fluoropyrimidine-, oxaliplatin-, and irinotecan-
containing chemotherapy regimens. The recommended dose
is 6 mg/kg body weight given once every two weeks.

It is known that the response to anti-EGFR treatment
(small molecular-weight inhibitors) could be different in
asian and non-asian patients with NSCLC (probably due to
the different mutational status of EGFR). In an open-label,
phase I study the safety and pharmacokinetics of panitu-
mumab was investigated in Japanase patients with ad-
vanced solid tumors [29]. Although the number of patients
were low the authors concluded that panitumumab was well
tolerated, the pharmacokinetic and safety profiles (adverse
events, changes in laboratory values, appearance of anti-
panitumumab antibodies) were similar to those observed

Table 1 Clinical response of colorectal cancers to panitumumab with wild-type or mutant RAS

Treatment No patients/
% mutKRAS

CR or PR
(mut/wild %)

Stabil disease
(mut/wild %)

Progression
(mut/wild %)

Ref

Panitumumab (phase III chemotherapy refractory) 208 / 40 0 / 17 12 / 34 70 / 36 [19]

Panitumumab crossover (phase III extension,
chemotherapy refractory)

168 / 46 0 / 22 26 / 38 48 / 25 [19]

Panitumumab (patient cohort, chemotherapy refractory) 62 / 39 0 / 11 21 / 53 79 / 37 [24]

Cetuximab ± CT or Panitumumab (patient cohort,
chemotherapy naive and refractory)

48 / 33 6 / 31 31 / 25 63 / 44 [22]

PFS (months) OS (months) RR (%)
wild / mutant wild / mutant wild / mutant

Panitumumab + FOLFOX4 1183 / 40 9.6 7.3 23.9 15. 1 55 40 [32]

FOLFOX4 8.0 8.8 19.7 18.7 48 40

Panitumumab + FOLFIRI 1083 / 45 5.9 5.0 14.5 11.8 35 13 [33]

FOLFIRI 3.9 4.9 12.5 11.1 10 14
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previously in non-Japanase patients, and they considered
the antitumor activity encouraging in colorectal cancer.

It could be a question, whether cetuximab and panitumumab
are interchangable or not. [30]. Compared with cetuximab,
panitumumab seems to have a more favourable interaction
with oxaliplatin, at least in patients with wild-type KRAS. The
reason is unclear, but it is true, that none of the panitumumab
trials used capecitabine as basic therapy. Nevertheless it is
early to consider these two drugs as equivalents.

Combination Therapy Combination of panitumumab and
FOLFOX4 versus FOLFOX4 alone was studied in PRIME-
trial (open label, randomized, global, phase 3) as first line
treatment in patients with metastatic colorectal cancer [31].
In patients with wild-type KRAS the PFS was 9.6 months
in the combination group versus 8.0 months in FOLFOX
only group. Response rate was improved in patients with
wild-type KRAS (55% vs 48%). Similar to the OPUS data
(cisplatin based regiment with or without cetuximab) the
patients with KRAS mutation who received panitumumab
did worse in terms of PFS and OS compared to standard
FOLFOX (PFS: 7.3 versus 8.8 months). It is important, that
panitumumab was well-tolerated when administered with
FOLFOX.

Another randomized phase 3 study compared the effect
of panitumumab with FOLFIRI versus FOLFIRI alone as
second-line treatment in patients with metastatic colorectal
cancer. The objective response rate was 35% in the
combined arm and 10% in the FOLFIRI only, the PFS
5.9 months versus 3.9 months, the overall survival
14.5 months versus 12.5 months, respectively. These results
support the beneficial effect of panitumumab in patients
with wild-type KRAS tumors. There was no evidence of
improvement in patients with mutant KRAS. The panitu-
mumab plus FOLFIRI combination was well tolerated [32].

Both panitumumab and cetuximab were evaluated in
combination with bevacizumab, a monoclonal antibody
targeting VEGF (vascular endothelial growth factor), plus
first-line chemotherapy. The increased toxicity and shorter
PFS proved the failure of this combination [33, 34]. In the
PACCE (Panitumumab Advanced Colorectal Cancer Evalu-
ation) study, a randomised, open label, controlled clinical
trial, the median PFS in the panitumumab/chemotherapy
(oxaliplatin or irinotecan)/bevacizumab group was
10.1 months compared to 11.4 months in the chemothera-
py/bevacizumab group, the median overall survival (OS)
19.4 and 24.5 months, respectively [33].

The important message from these trials, that the selection
of the combination with chemotherapy and EGFR-inhibitors
should be made cautiously, because adverse interactions can
happen. An example on that was provided by the combination
of oxaliplatin-based therapy with EGFR-antibodies in KRAS
mutant tumors.

Side Effects

Cetuximab and panitumumab produce similar clinical
effect, an objective response rate of approximately 10%
used as monotherapy against chemotherapy refracter
EGFR-expressing metastatic colorectal cancer. It is
expected, that panitumumab as a fully human antibody is
less immunogenic than the chimeric cetuximab. Indeed,
panitumumab seldom causes severe infusion reactions, [9]
while such events may appear in up to 22% of cetuximab-
treated patients.

Dermatological Reactions In most patients treated with
EGFR-inhibitors the “acneiform” skin rash was suggested
as a potential marker of efficacy. If a patient has
dermatological rections that are grade 3 (NCI-CTC/
CTCAE) or higher, or can be considered as intolerable,
drug administration should be withhold until the reactions
have improved (≤grade 2). The skin toxicity has been
related to higher response rate and longer survival in
patients with metastatic colorectal cancer treated with
panitumumab, whereas patients without skin reaction seems
to have poor outcome [9, 35]. In patients (n=231) who
were progression free for 28 days the PFS in the
panitumumab study showed significant benefit for patients
with grade 2–4 toxicity compared to grade 1. However, rash
frequently developes in patients without obvious benefit
from anti-EGFR treatment, and conversely, benefit can
occur without rash. Skin rash could reflect the local
receptor saturation, the high-affinity EGFR, or immune
status of the patient. Therefore, the use of rash as an early
physical marker of efficiency has several limitations.

Pulmonary Complications If the symptoms of interstitial
lung diseases develop the treatment should be interrupted.

Electrolyte Changes In some patients the decrease in serum
magnesium level can lead to severe (grade 4) hypomagne-
semia accompanied by hypocalcaemia. The electrolyte
levels should be periodically monitored.

Infusion Related Reactions In clinical studies such reaction
occurred in 3–4% of patients, and of which was considered
as severe (grade 3–4) in <1% of patients.

Future Trends

Panitumumab proved to be a very effective agent in the
tratment of advanced colorectal cancer. The main task now
is to enhance the activity (a) by knowing more about the
reasons of primary or acquired resistance, and (b) find the
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most useful biomarkers to predict the clinical response by
selecting the potentially sensitive patients’ population.
Besides, there an increasing interest into the value of
circulating tumor cells as prognostic indicators and as
predictive value in advanced colorectal cancer under
panitumumab or chemotherapy plus panitumumab treatment
[36, 37, 38]. Furthermore, the usefulness of panitumumab
in other tumor-types should also be considered.

References

1. Foon KA, Yang XD, Weiner LM et al (2004) Preclinical and
clinical evaluation of ABX-EGF, a fully human anti-epidermal
growth factor receptor antibody. Int J Radiat Oncol Biol Phys
58:984–990

2. Jakobovits A, Amado RG, Yang X et al (2007) From XenoMouse
technology to panitumumab, the first fully human antibody
product from transgenic mice. Nat Biotechnol 25:1134–1143

3. Freeman D, McDorman K, Bussh T et al (2004) Mono and
combination-therapeutic activity of panitumumab (ABX-EGF) on
human A431 epidermoid and HT-29 colon carcinoma xenografts:
correlation with pharmacodynamic parameters. Proc Am Assoc
Cancer Res 27–31

4. Lopez-Albaitero A, Ferris RL (2007) Immune activation by
epidermal growth factor receptor specific monoclonal antibody
therapy for head and neck cancer. Arch Otolaryngeal Head Neck
Surg 133:1277–1281

5. Siena S, Sartore-Bianchi A, Di Nicolantonio F et al (2009)
Biomarkers predicting clinical outcome of epidermal growth
factor receptor-targeted therapy in metastatic colorectal cancer. J
Natl Cancer Inst 101:1308–1324

6. Barault L, Veyrie N, Jooste V et al (2008) Mutations in the RAS-
MAPK, PI(3)K (phosphatidylinositol-3-OH kinase) signaling
network correlate with poor survival in a population-based series
of colonic cancer. Int J Cancer 122:2255–2259

7. Artale S, Sartore-Bianchi A, Veronese S et al (2008) Mutations of
KRAS and BRAF in primary and matched metastatic sites of
colorectal cancer. J Clin Oncol 26:4217–4219

8. Andreyev HJ, Norman AR, Cunningham D et al (2001) Kirsten
ras mutation in patients with colorectal cancer: the ‘RASCAL II’
study. Br J Cancer 85:692–696

9. Van Cutsem E, Peeters M, Siena S et al (2007) Open-label phase III
trial of panitumumab plus best supportive care compared to best
supportive care alone in patients with chemotherapy-refractory a
metastatic colorectal cancer. J Clin Oncol 25:1658–1664

10. Amado RG, Wolf M, Peeters M et al (2008) Wild-type KRAS is
required for panitumumab efficacy in patients with metastatic
colorectal cancer. J Clin Oncol 26:1626–1634

11. Roth A, Tejpar S, Yan P et al (2009) Correlation of molecular
markers in colon cancer with stage-specific prognosis: results of
the translational study on the PETACC 3-EORTC 40093-SAKK
60-00 trial. ASCO, Gastrointestinal cancers Symposium, San
Francisco, abstract 288

12. Moroni M, Veronese S, Benvenuti S et al (2005) Gene copy
number for epidermal growth factor receptor (EGFR) and clinical
response to antiEGFR treatment in colorectal cancer: a cohort
study. Lancet Oncol 6:279–286

13. Benvenuti S, Sartore-Bianchi A, Di Nicolantonio F et al (2007)
Oncogenic activation of the RAS/RAF signaling pathway
impairs the response of metastatic colorectal cancers to anti-
epidermal growth factor receptor antibody therapies. Cancer
Res 67:2643–2648

14. Lievre A, Bachet JB, Le Corre D et al (2006) KRAS mutation
status is predictive of response to cetuximab therapy in colorectal
cancer. Cancer Res 66:3992–3995

15. Monzon FA, Ogino S, Hammond EH et al (2009) The role of KRAS
mutation testing in the management of patients with metastatic
colorectal cancer. Arch Pathol Lab Med 133:1600–1606

16. Di Nicolantonio F, Martini M, Molinari F et al (2008) Wild-type
BRAF is required for response to panitumumab or cetuximab in
metastatic colorectal cancer. J Clin Oncol 26:5705–5712

17. Sartore-Bianchi A, Martini M, Molinari F et al (2009) PIK3CA
mutations in colorectal cancer are associated with clinical resistance
to EGFR-targeted monoclonal antibodies. Cancer Res 69:1851–1857

18. Prenen H, De Schutter J, Jacobs B et al (2009) PIK3CA mutations
are not a major determinant of resistance to the epidermal growth
factor receptor inhibitor cetuximab in metastatic colorectal cancer.
Clin Cancer Res 15:3184–3188

19. Benvenuti S, Frattini M, Arena S et al (2008) PIK3CAcancer
mutations display gender and tissue specificity patterns. Hum
Mutat 29:284–288

20. Van Cutsem E, Köhne CH, Hitre E et al (2009) Cetuximab and
chemotherapy as initial treatment for metastatic colorectal cancer.
N Engl J Med 360:1408–1417

21. Sartore-Bianchi A, Moroni M, Veronese S et al (2007) Epidermal
growth factor receptor gene copy number and clinical outcome of
metastatic colorectal cancer treated with panitumumab. J Clin
Oncol 25:3238–3245

22. Rowinsky EK, Schwartz GH, Gollob JA et al (2004) Safety,
pharmacokinetics, and activity of ABX-EGF, a fully human anti-
epidermal growth factor receptor monoclonal antibody in patients
with metastatic renal cancer. J Clin Oncol 22:3003–3015

23. Weiner LM, Belldegrun AS, Crawford J et al (2008) Dose and
schedule study of panitumumab monotherapy in patients with
advanced solid malignancies. Clin Cancer Res 14:502–508

24. Lynch TJJ, Kim ES, Eaby B et al (2007) Epidermal growth factor
receptor inhibitor-associated cutaneous toxicities: an evolving
paradigm in clinical management. Oncologist 12:610–621

25. Arends R, Yang B, Schwab G et al (2005) Flexible dosing
schedules of panitumumab in cancer patients. J Clin Oncol 23,
abstract 3089

26. Berlin J, Posex J, Tchekmedyian S et al (2007) Panitumumab with
irinotecan/leucovorin/5-fluorouracil for first-line treatment of
metastatic colorectal cancer. Clin Colorectal Cancer 6:427–432

27. Hecht JR, Patnaik A, Berlin J et al (2007) Panitumumab
monotherapy in patients with previously treated metastatic
colorectal cancer. Cancer 110:980–988

28. Mitchell EP, Hecht JR, Baranda J et al (2007) Panitumumab
activity in metastatic colorectal cancer (mCRC) petients (pts) with
low or negative tumor epidermal growth factor receptor (EGFRr)
levels: An updated analysis. J Clin Oncol 25, abstract 4082

29. Doi T, Ohtsu A, Tahara M et al (2009) Safety and pharmacoki-
netics of panitumumab in Japanase ptients with advanced solid
tumors. Int J Clin Oncol 14:307–314

30. Kim R. Cetuximab and panitumumab: are they interchangeable?
Lancet Oncol doi:10.1016/S1470-2045(09)70312-2

31. Douillard JS, Cassidy J, Tabermero J et al (2009) Randomized
phase 3 study on panitutumab with FOLFOX4 compared to
FOLFOX alone as first-line treatment (tx) for metastatic colorectal
cancer (mCRC): the PRIME trial. Eur J Cancer Suppl 7:6

32. Peeters M, Price T, Hotko Y et al (2009) Randomized phase 3
study of panitumumab with FOLFIRI vs FOLFIRI alone as
second-line treatment in patients with metastatic colorectal cancer.
Eur J Cancer Suppl 7:2

33. Hecht JR, Mitchell E, Chidiac T et al (2009) A randomized phase
IIIB trial of chemotherapy, bevacizumab and panitumumab
compared with chemotherapy and bevacizumab alone for meta-
static colorectal cancer. J Clin Oncol 27:672–680

Panitumumab: An Arrow on Target 147

http://dx.doi.org/10.1016/S1470-2045(09)70312-2


34. Tol J, KoopmanM,Cats A et al (2009) Chemotherapy, bevacizumab, and
cetuximab in metastatic colorectal cancer. N Engl J Med 360:563–572

35. Berlin J, Van Cutsem E, Peeters M et al (2007) Predictive value of
skin toxicity severity for response to panitumumab in patients
with metastatic colorectal cancer (mCRC): a pooled analysis of
five clinical trials. J Clin Oncol 25(suppl) abstract 4134

36. Bencardino K, Ronzoni M, Manzoni M et al (2008) In vivo
biological effects of Panitumumab plus chemotherapy in advanced
colorectal cancer patients. J Clin Oncol 26, abstract 14576

37. Hendlisz A, Marechal R, Durbecq V et al (2008) Modulation
and prognostic value of epidermal growth factor receptor
expression in circulating tumor cells during chemotherapy in
patients with metastatic colon cancer. J Clin Oncol 26,
abstract 15038

38. Freeman DJ, Juan T, Reiner M et al (2008) Association of KRAS
mutational status and clinical outcomes in patients with metastatic
colorectal cancer receiving panitumumab alone. Clin Colorectal
Cancer 7:184–190

148 L. Kopper


	Panitumumab: An Arrow on Target
	Abstract
	Mechanism of Action
	Preclinical Results
	Predicting Markers
	Clinical Results
	Side Effects
	Future Trends
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


