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Abstract: Biologic agents designed as targeted therapy are at the forefront of research in the field of colorectal cancer. Monoclonal 
antibodiestargetingtheepidermalgrowthfactorreceptor(EGFR)representonesuchformoftreatment,andthenovelagentpanitumumab
is the first fully-human monoclonal antibody developed in this class. This drug is generally well-tolerated, with skin toxicities similar to 
those associated with other EGFR inhibitor therapies as the primary adverse effect. Efficacy has been evaluated in multiple settings, and 
panitumumab has demonstrated significant therapeutic effect both as monotherapy, as well as part of first- and second-line combination 
chemotherapy regimens. Panitumumab has also played a pivotal role in establishing the importance of biomarker science in the field 
of colorectal cancer and the whole of oncology. Studies demonstrating lack of therapeutic response to the agent in the setting of KRAS 
mutation led to the first indication of an agent based on genetic characteristics. Current and ongoing studies will continue to define 
panitumumab and determine its role in the treatment of colorectal cancer. This review will present background information on this 
therapeutic agent and explore present and future directions.
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Rationale
As the field of oncology continues to evolve, a new 
focus on biologic agents designed to target specific 
effectorsofcancerformationandspreadhascometo
the forefront. Advances in colorectal cancer therapy 
have been an important part of this evolution, with
multiple new treatment modalities resulting from
clinical trials. Development of targeted monoclonal 
antibodies represents one such advancement in this
area. Cetuximab, an antibody that targets the epider-
mal growth factor receptor (EGFR), was one of the
first agents of this kind to be studied in colorectal 
cancer. Results of early studies demonstrated signifi-
cantincreaseinresponsewhenaddedtoirinotecanin
irinotecan-refractory patients.1 This and other similar 
data ultimately resulted in the integration of cetuximab 
into standard therapeutic regimens for metastatic
colorectal cancer. Other monoclonal antibodies such as 
bevacizumabhave shownsimilar activity in colorec-
talcancer,2andtheEGFRinhibitorpanitumumabhas
demonstrated great potential. The present role of pani-
tumumabinthetreatmentofcolorectalcanceraswell
as future directions of this novel agent will be explored 
in this review.

Background
Panitumumab is one in a class of monoclonal anti-
bodiesdirectedagainsttheepidermalgrowthfactor
receptor. EGFR, also known as HER-1 or cErbB-1, 
belongs to a family of tyrosine kinase recep-
tors with similar function as growth factor recep-
tors. Other members of this group include HER-2, 
HER-3, and HER-4.3,4 EGFR may be expressed on 
avarietyofhealthycells,mostcommonlythoseof
epithelial origin, as well as multiple types of can-
cer cells, where it is generally expressed in much 
greater numbers.5 The receptor is activated by 
endogenous ligands that include epidermal growth
factor (EGF)and transforminggrowth factoralpha
(TGF-α), as well as some less active growth fac-
tors.6 Such activation results in receptor dimeriza-
tion and autophosphorylation, initiating further
signalingpathwayactivity involvingRas,Raf, and
phosphatidylinositol-3-kinase (PI3K), among others. 
This cascade results in cell proliferation as well as 
manyotherprocessesimplicatedincancerformation
and spread including angiogenesis, metastasis, and
prevention of apoptosis.7

Monoclonal antibody technology has been key in 
the development of agents directed at this receptor. 
Such therapeutic antibodies have historically been 
generated from mice, with the first antibodies entirely 
murine in composition. Due to poor tolerance in 
humansaswellasrapidclearancefromthesystem,
changesweremade todecrease themurine compo-
nent of these agents, first with chimeric, then human-
ized,8 and ultimately fully human antibodies. With 
decreasing murine component, decreased immune
and allergic response is expected.9

Cetuximab, a chimeric IgG1 immunoglobulin, was 
the first EGFR inhibitor approved for use in colon 
cancer. This approval was based on research demon-
strating the clinical activity of cetuximab both alone 
andincombinationwithirinotecanafterprogression
of colorectal cancer (CRC) on irinotecan-based 
regimens. Patients had significantly higher response 
rate (RR) and time to progression with combina-
tion therapy, though evidence of some clinically
significant activity with cetuximab alone was also 
noted.1 Further studies demonstrated improve-
ment in overall survival (OS) and progression free 
survival (PFS) in CRC patients without response to 
fluoropyrimidine, irinotecan, and oxaliplatin when 
treated with cetuximab monotherapy compared to 
best supportive care (BSC).10 More recently phase 
III data compared irinotecan alone to combination 
 irinotecan/cetuximab as second-line therapy for CRC 
in patients previously treated with fluoropyrimidine 
and oxaliplatin. Results demonstrated improved 
PFS and RR in patients treated with combination 
therapy.11

With proven effect at this receptor site, panitumumab 
was subsequently developed as the first fully human 
antibody designed to target EGFR. Panitumumab is 
an IgG2 monoclonal antibody that binds EGFR with 
higher affinity, effectively blocking ligands EGF and 
TGF-α. This prevents the tyrosine phosphorylation 
process that initiates cell activation, and ultimately
leads to apoptosis. Initial studies of panitumumab in 
xenograft tumor models demonstrated exactly this. 
Additional study demonstrated prevention of tumor 
formationwhenpanitumumabwasadministeredcon-
comitantly with A431cells in athymic mice. Further-
more, mice with existing A431 tumor xenografts were 
found to have regression and complete eradication
of tumor followingadministrationof themonoclonal
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antibody.12 Follow-up investigation evaluated response 
to panitumumab in multiple xenograft tumor types, 
resulting in significant growth inhibition in those known 
to express relatively high levels of EGFR.9

Pharmacokinetics
Early studies demonstrated clearance of Panitu-
mumabtooccurbytwomechanisms;throughboththe
reticuloendothelialsystem,asistypicalofendogenous
immunoglobulins, and through EGFR itself.13 Due to 
progressiveEGFRsaturation,decreasedclearanceof
panitumumabinitiallyoccursasthedoseisincreased,
with nonlinear pharmacokinetics demonstrated at 
doses of 2–2.5 mg/kg. At higher doses past the point of 
complete receptor saturation, the reticuloendothelial
system becomes the primary clearance mechanism,
and pharmacokinetics become linear.14 In a recent 
population pharmacokinetic model of panitumumab, 
median steady-state peak concentration for a standard 
dose of 6 mg/kg every two weeks was found to be 
152 mcg/mL, with trough concentrations 34 mcg/mL. 
This study also noted that weight is responsible for 
the greatest inter-patient pharmacokinetic variability 
in this agent, which is decreased with weight-based 
dosing. Additional factors of sex, age, and cancer type 
are associated with some, though minimal, variability. 
No significant effect on pharmacokinetics was found 
between racial groups when comparing Japanese to
non-Japanese patients.15

Toxicity
Phase i trials
With promising data available from animal studies, 
multiple phase I trials were performed to further 
evaluatepanitumumabintermsofsafetyanddosing
(Table 1). Dosing regimens were compared by 
 Rowinsky et al in a trial of 88 patients with previ-
ously treated metastatic renal cell carcinoma. Patients 
received panitumumab at doses of 1.0, 1.5, 2.0, or 
2.5 mg/kg weekly without a loading dose. Acneiform 
rash was found to occur at increasing rates with
increasingdosagesinpatientsreceivingatleastthree
infusions of the agent, with 100% of patients who
received the 2.5 mg/kg dose developing rash. Even 
at high doses, human anti-human antibody (HAHA) 
formationwasnotobserved,andrashformationwas
suggested as a possible marker of response.14 Figlin
et al evaluated panitumumab at doses from 0.1 mg/kg 
to 2.5 mg/kg weekly in 43 patients with various tumor 
types including CRC, prostate, renal, and non-small 
cell lung cancer (NSCLC), among others. Similar 
rash-response was observed at higher doses, without 
other documented adverse events. One patient with 
CRC demonstrated stable disease for four months with 
the 1.5 mg/kg dose.16 A subsequent dose-escalation 
trial by Weiner et al provided a continuation of this 
data, evaluating doses of 0.01 to 5.0 mg/kg weekly, 
6.0 mg/kg every two weeks, and 9.0 mg/kg every 
three weeks in 96 patients. After four infusions at the 

Table 1. Phase i trials of panitumumab.

Study Patient  
number

Tumor type Dose  
(mg/kg)

Results HAHA Adverse events 

Rowinsky  
et al

88 Renal 1.0, 1.5, 2.0,  
or 2.5 qw

RR 3/88  
SD 44/88

No Acneiform rash 
in 68%, 95%, 
87%, and 100% 
of pts by dose

Figlin  
et al

43 Renal, prostate  
NSCLC, pancreatic 
esophageal, CRC

0.01–2.5 qw RR 1/43  
SD 2/43

No Acneiform rash 
at doses 2.0–2.5

weiner  
et al

96 CRC, lung, pancreatic, 
renal prostate, anal,  
esophageal/ 
gastroesophageal

0.01–5.0 qw,  
6.0 q2w, 9.0 q3w

RR 6/96  
(5 CRC)  
SD 18/96

No Dose dependent 
skin toxicity, 
plateau at 
2.0 mg/kg

Stephenson  
et al 
 

84 
 
 

CRC, esophageal,  
bladder 
 

6.0 q2w,  
9.0 q3w 
 

RR 4/84  
(2/11 CRC)  
SD 5/11 CRC 

3 pts 
 
 

Adverse events 
in 90% of pts, 
most Gi or skin 
toxicity

Abbreviations: HAHA, Human-antihuman antibody formation; qw, every week; q2w, every 2 weeks; q3w, every 3 weeks; RR, response rate; SD, Stable 
disease; pts, patients.
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predetermined doses, no maximum tolerated dose was 
achieved, and the overall tolerability was not signifi-
cantly different between dosing groups. Skin rash was 
noted to be dose dependent up to 2 mg/kg per week, 
and neither HAHA formation or infusion reaction was 
observed. Notably, five of 39 CRC patients included in 
the trial were found to have partial response to therapy.17
Additional phase I testing compared 6 mg/kg dosing 
every two weeks as a 60 minute infusion to 6 mg/kg 
every two weeks as an initial 60 minute, followed by 
30 minute infusions, and 9 mg/kg dosing every three 
weeks as a 60 minute infusion. Eighty-four patients 
withvariouspreviouslytreatedsolidtumorsincluding
CRC, NSCLC, and esophageal cancer were enrolled, 
with incidence, type and severity of adverse events
similar between groups. No difference in steady-state 
peak concentration was noted between administration 
groups, and increase in drug exposure at steady state 
was proportional to dose. Partial response was noted 
in 18% and stable disease was noted in 45% of CRC 
patients.18

Skin toxicity
As suggested in above data, skin toxicity is the most 
common adverse event associated with panitumumab. 
Acneiform rash is generally described, though xerosis, 
nail changes, hair changes, hyperpigmentation, and
telangectasias have also been reported.19 Similar 
 findings have been noted in EGFR inhibitors as a class. 
The mechanism of this toxicity remains unclear, though 
EGFR is expressed at high rates in various skin cells 
and direct receptor inhibition is thought to likely play 
a role.20 In a phase II trial from Hecht et al, retrospec-
tive analysis demonstrated that patients with grade 2–4 
toxicity had better PFS and OS compared with those 
with grade 0–1 skin toxicity.21 Similar results were 
foundinaJapanesetrialinwhichpatientswithgrade
1 skin adverse events were found to have lower 
response rates and shorter PFS when compared to 
patients with grade 2–3 skin events.22

Further analysis of the correlation between skin 
toxicity and response to panitumumab therapy 
was performed using data from the phase III trial 
comparing panitumumab to BSC. Patients in the 
panitumumab group demonstrating grade 2–4 skin 
effects were found to have a significant increase in OS 
 compared to patients with grade 1 effects (p 0.0033). 
Patient-reported outcome assessments describing 

more bothersome skin toxicities were also associated 
with longer OS. Interestingly, higher health-related 
qualityoflifewasdocumentedinpatientstreatedwith
panitumumab, despite high-grade skin toxicities.23

Due to near-universal skin reaction in patients 
undergoingpanitumumab therapy, studiesevaluat-
ing treatment of skin toxicity have been initiated. 
One such study is a randomized phase II trial known 
as STEPP (Skin Toxicity Evaluation Protocol with 
Panitumumab), which compares pre-emptive versus 
reactive skin treatment for panitumumab-related 
skin toxicity. Patients receiving either panitumumab 
at 6 mg/kg plus FOLFIRI every two weeks or 
panitumumab at 9 mg/kg with irinotecan every three 
weeks as second-line therapy for metastatic CRC 
were enrolled. These patients were randomized to 
pretreatment for skin effects 24-hours prior to the 
first dose of panitumumab or reactive treatment after 
symptoms developed.24 Patients in the pre-emptive 
treatment arm received skin moisturizer, sunscreen, 
1% hydrocortisone, and doxycycline 100 mg twice 
daily. Results demonstrate incidence of grade 2 
or greater skin toxicity in 29% of patients in the 
pre-emptive treatment group compared to 62% 
in the reactive treatment group. Patients in the 
pre-emptive group also reported improved quality 
of life as determined according to the Dermatology 
Life Quality Index.25

Other toxicities
In addition to skin toxicity, other, less common 
adverse effects have been noted. Diarrhea was noted 
in some trials of panitumumab monotherapy, but
severesymptomswererare,withonly2%ofpatients
developing grade 3 or higher effects in a phase III 
trial comparing panitumumab to best supportive
care.26 This adverse effect does seem to occur at a 
higher rate when panitumumab is used as part of
combination therapy. Diarrhea was noted to be a lim-
iting toxicity in a trial in the IFL regimen and pani-
tumumabwereused in combination,but symptoms
were tolerable and lower-grade when the agent com-
bined with FOLFIRI instead.27

Hypomagnesemia has also been frequently docu-
mented in patients receiving panitumumab therapy,
and similar findings have been noted with other 
EGFR inhibitors. This is thought to be associated 
with blockage of the receptor in the loop of Henle in 
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the kidney, where it occurs with high frequency.28 In 
the phase III trial of panitumumab versus best 
supportivecare,hypomagnesemiawasfoundtooccur
in 36% of patients, but grade 3–4 symptoms occurred 
in only 3%.26

Hypersensitivity reactions are rare in panitumumab, 
aswasoriginallyproposedindevelopmentofthisfully
human monoclonal antibody. Such reactions are more 
commonlyseenwiththechimericmonoclonalantibody
cetuximab, occurring in 19% of patients. Retrospective 
studies have demonstrated lack of hypersensitivity to 
panitumumab even in patients who experienced severe 
reaction with cetuximab therapy.29

Clinical Efficacy
Efficacy as monotherapy
With promising initial results from phase I trials 
regarding efficacy, additional studies of panitumumab 
as monotherapy in CRC were undertaken (Table 2), 
originally in patients with increased EGFR expres-
sion. Early investigation by Meropol et al evaluated 
patients with CRC with tumors that overexpressed 
EGFR by immunohistochemistry studies, and who
had failed therapy with fluoropyrimidine and irino-
tecan or oxaliplatin. Twenty-three patients received 

panitumumab at a dose of 2.5 mg/kg/week, with 
partial response noted in 13% and stable disease in 
39%.30 Phase II data from Berlin et al provided infor-
mation regarding patients with disease progression
on fluoropyrimidine, irinotecan, and oxaliplatin with 
EGFR staining of at least 10%.31 One hundred eighty-
twopatientsreceivedpanitumumabmonotherapyat
6 mg/kg every two weeks with unpublished interim 
data at 16 weeks demonstrating partial response in 
3.5% of patients according to central assessment. 
Additional unpublished data demonstrated a 14-week 
duration of response and median PFS of 7.3 weeks.

Later phase II studies also included patients with 
negative or low EGFR expression. Hecht et al first 
evaluated 148 patients with metastatic CRC who 
 experienced treatment failure with a fluoropyrimidine 
and irinotecan or oxaliplatin. Tumors were evaluated 
forEGFRstainingintensityanddividedintotwostrata
according to high (105 patients) or low (43 patients) 
intensity. Following treatment with panitumumab at 
a dose of 2.5 mg/kg/week for eight weeks, an overall 
RR of 9% was noted with no significant difference 
between strata. Stable disease was observed in 29% 
of patients and median PFS documented at 14 weeks 
with OS of 9 months, again without significant 

Table 2. Trials of panitumumab as monotherapy in colorectal cancer.

Study Patient 
number

Previous 
therapy

eGFR expression Dose (mg/kg) Efficacy Median PFS/OS 

Meropol et al 
Phase ii

23 Yes 2–3 + staining in  
10% tumor cells

2.5 qw RR 13%  
SD 39%

–

Berlin et al  
Phase ii

182 Yes 10% tumor cells 6 mg/kg q2w RR 3.5% 7.3w/7.0m

Hecht et al  
2007 Phase ii

148 Yes Stratum A: 2–3 +  
staining  10%  
Stratum B: 2–3 +  
staining  10%

2.5 qw RR 9%*  
SD 29%*

14.0w/9.0m*

Hecht et al  
2008 Phase ii

150 Yes Low eGFR: 1%–9%  
eGFR + cells (79 pts) 
eGFR negative: 1% 
eGFR + cells (71 pts)

6 mg/kg q2w RR Low 5.1%  
Neg 4.2%  
SD Low 30%  
Neg 35%

Low 7.8w/8.7m 
Neg 8.3w/10.1m

Muro et al  
Phase ii

52 Yes 1% tumor cells 6 mg/kg q2w RR 13.5%  
SD 33%

8.0w/9.3m

vanCutsem  
et al Phase iii

463 Yes 1% tumor cells 6 mg/kg q2w  
(231 pts) BSC 
(232 pts)

RR Pmab 10%  
BSC 0%  
SD Pmab 27%  
BSC 10%

Pmab 8.0w/– 
BSC 7.3w/–

*Data from all patients; no significant difference found between strata. 
Abbreviations: pts, patients; qw, every week; q2w, every 2 weeks; RR, response rate; SD, stable disease; Pmab, Patients treated with panitumumab; 
BSC, patients treated with best supportive care; PFS, progression free survival; OS, overall survival; w, weeks; m, months.
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 difference between the two groups.21 Additional study 
from Hecht et al evaluated patients with colorectal 
cancerrefractorytostandardchemotherapywithlow
or negative EGFR expression. One hundred fifty-eight 
patientsweretreatedwithpanitumumabatadoseof
6 mg/kg every two weeks, with partial response noted 
in four patients in the low EGFR group compared
to three in the EGFR negative group. Similarly, no 
significant difference was noted between the EGFR 
groups in terms of stable disease (SD), PFS, or inci-
dence of adverse effects.32 Finally, a phase II study 
of 52 Japanese patients with progression of disease
on fluoropyrimidine, irinotecan and oxaliplatin evalu-
ated effect of panitumumab at a 6 mg/kg dose every 
two weeks. Partial response was observed in 13.5% 
of patients and median PFS was noted at 8 weeks. 
 Additional analysis demonstrated no correlation 
betweenpercentageoftumorstainingforEGFRand
efficacy of the agent.22

A randomized, controlled, phase III trial further 
explored panitumumab as a single agent, comparing 
panitumumab plus BSC to BSC alone. Four hundred 
sixty-three patients with progression of EGFR positive 
metastatic CRC on fluoropyrimidine, irinotecan, and 
oxaliplatin were randomized. Patients in the treatment 
group received the agent at a 6 mg/kg dose every two 
weeks until disease progression or limiting toxicity. 
The primary end-point of progression free survival 
was significantly increased in the treatment group 
with median PFS documented at 8 weeks compared to 
7.3 weeks for the BSC group. Panitumumab treatment 
wasalsoassociatedwithahigherresponserateof10%
compared to 0% for BSC, and a higher stable disease 
rate of 27% compared to 10% in the BSC group. 
 Overall survival was not significantly different between 
groups, but crossover from the BSC to panitumumab 
groupinthesettingofdiseaseprogressionisthought
to confound the data. Exploratory analysis excluding 
crossover data supports this hypothesis. These data 
together led to theapprovalofpanitumumabforuse
both in the United States an in Europe.26

Additional trials further exploring panitumumab as 
monotherapy are ongoing. Many of these current tri-
alsevaluateonlypatientswithanwildtypeformofthe
KRAS oncogene, the importance of which will be fur-
ther discussed below. One such trial still in early stages 
of development is a randomized phase III study com-
paring panitumumab to cetuximab as monotherapy. 

According to unpublished data, patients with metastatic 
wild-type (WT) KRAS colorectal cancer who have pro-
gressed on irinotecan and oxaliplatin will be recruited 
to the ASPECCT/20080763 trial with a goal enroll-
ment of 1000. These patients will be randomized to 
cetuximab or panitumumab therapy with overall sur-
vival as the primary end point. Further similar study 
has been approved to evaluate panitumumab therapy
in patients with disease progression on cetuximab. The 
phase II trial 20070602 has been designed to evaluate 
CRC patients with wild-type KRAS tumors who expe-
rienced treatment failure following 4 or more weeks of 
cetuximab therapy per unpublished data. These patients 
willbetreatedwithpanitumumabmonotherapyevery
two weeks, with response rate monitored as the primary 
 outcome measure.

Efficacy in combination  
with chemotherapy
With positive results in trials of panitumumab used as 
monotherapy in CRC patients with treatment failure 
onstandardchemotherapyregimens,additionalstud-
ies have been performed to evaluate the monoclo-
nal antibody as part of combination chemotherapy
(Table 3). Berlin, et al performed a phase II trial to 
this end, assessing panitumumab in combination
with irinotecan, 5-fluorouracil, and leucovorin in the 
first-line setting. Nineteen patients were enrolled in 
part one of the study, in which bolus 5-FU (IFL) was 
used in combination with the monoclonal antibody. 
Due to severe toxicity with grade three diarrhea in 
58% of patients, the additional 24 patients received 
infusional 5-FU (FOLFIRI) in part two of the trial. 
Responseratesweresimilarbetweenthetwogroups
with 46% in part one and 42% in part two, but PFS 
and OS was greater in the panitumumab/FOLFIRI 
group. Furthermore, this regimen was better tolerated 
with a decreased rate of high-grade diarrhea as noted 
above.27

Panitumumab as part of first-line combination 
therapy for metastatic CRC was further explored 
in the Panitumumab Advanced Colorectal Cancer 
Evaluation (PACCE) study. This trial compared 
bevacizumab and oxaliplatin-based or bevacizumab 
and irinotecan-based regimens with and without 
panitumumab at a dose of 6 mg/kg every two weeks. 
Interim data demonstrated a shorter PFS (8.8 vs. 
10.5 months) and increased high-grade toxicity 
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in the panitumumab/oxaliplatin/bevacizumab group, 
with grade 4 adverse events including diarrhea, infec-
tion, and pulmonary embolism. Due to these results, 
the PACCE study was discontinued. Additional 
results from each stratum were later reported in final 
analysis, with 823 patients in the oxaliplatin-based 
group demonstrating a median PFS of 10 months 
with panitumumab versus 11.4 months with stan-
dard therapy but a similar RR of 46% versus 48%. 
Increased adverse events were also noted in the pani-
tumumabgroup,andweresimilartothosenotedin
the interim analysis. Further evaluation of results 
from the 230 patients in the irinotecan-based group 

demonstrated median PFS of 10.1 months in the 
panitumumab group compared to 11.7 months in 
the standard therapy group. No significant differ-
ence was noted in RR, with a rate of 43% associ-
ated with panitumumab therapy compared to 40% 
with standard therapy. However, intolerable adverse 
effects were again increased in the panitumumab
group. With these results, use of panitumumab with 
bevacizumabandcombinationchemotherapyisnot
recommended.33

Trials investigating other combination chemother-
apy for first-line treatment of metastatic CRC have 
also been performed. The combination of FOLFOX 

Table 3. Trials of panitumumab in combination therapy in colorectal cancer.

Study Phase Patient 
number

Line of 
therapy

Regimen RR Median PFS Median OS

Berlin et al ii 43 First Pmab 2.5 mg/kg/w + iFL 46% 5.6m 17m
Pmab 2.5 mg/kg/w + FOLFiRi 42% 10.9m 22.5m

Hecht et al iii 1050 First Pmab 6 mg/kg q2w + 46% 10.0m 19.4m

PACCe
Ox-CT + Bev  
Ox-CT + Bev 48% 11.4m 24.5m

20040249 Pmab 6 mg/kg q2w + iri-CT + 43% 10.1m 20.7m
Bev iri-CT + Bev 40% 11.7m 20.5m

Douillard et al iii 1,183 First Pmab 6 mg/kg + FOLFOX4 55% 9.6m NA
PRiMe q2w (wt) FOLFOX4 q2w (wt) 48% 8m
20050203 Pmab 6 mg/kg + FOLFOX4q2w 7.3m

(mut) FOLFOX4 q2w (mut) 8.8m
PeAK ii 280 First Pmab + FOLFOX6 NA NA NA
20070509 planned Bev + FOLFOX6
Greil et al 
20060314

ii 154 First Pmab 6 mg/kg + FOLFiRi q2w 
(Single arm)

NA NA NA

Peeters et al 
20050181

iii 1,186 Second Pmab 6 mg/kg + FOLFiRi  
q2w (wt)

NA 5.9m 14.5m

FOLFiRi q2w (wt) 3.9m 12.5m
Pmab 6 mg/kg + FOLFiRi  
q2w (mut)

5.0m 11.8m

FOLFiRi q2w (mut) 4.9m 11.1m
SPiRiTT 
20060141

ii 277 Second Pmab 6 mg/kg + FOLFiRi  
q2w Bev + FOLFiRi q2w

NA NA NA

vOXeL 
AiOKRK0107

ii 174 Second Pmab 9 mg/kg q3w +  
XeLOX XeLOX

NA NA NA

TTD-06-04 ii 80 Second Pmab 9 mg/kg q3w +  
irinotecan (Single arm)

NA NA NA

Abbreviations: pmab, panitumumab; w, week; q2w, every 2 weeks; q3w, every 3 weeks; Ox-CT, fluorouracil, leucovorin, oxaliplatin-based chemotherapy;  
Iri-CT, fluorouracil, leucovorin, and irinotecan-based chemotherapy; Bev, bevacizumab; wt, wild type KRAS; mut, mutated KRAS; RR, response rate;  
PFS, progression free survival; OS, overall survival; NA, not available; m, months.
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chemotherapy with panitumumab for first-line 
was investigated in the randomized phase III study 
PRIME/20050203.34 A total of 1,183 patients were 
randomized to FOLFOX4 with panitumumab at 
6 mg/kg dose every two weeks versus FOLFOX4 
alone. Patients in the FOLFOX4/panitumumab group 
with wild-type KRAS demonstrated median PFS 
of 9.6 months and RR of 55% compared to PFS of 
8 months and RR 48% in patients with unmutated 
KRAS treated with FOLFOX4 alone.35 Also in prog-
ress is a phase II trial comparing panitumumab and 
FOLFOX6 combination therapy to bevacizumab and 
FOLFOX6 as first-line therapy in patients with unre-
sectable wild-type KRAS metastatic CRC. Accord-
ing to unpublished data, progression-free survival 
is the primary outcome measure in this trial known 
as PEAK. Panitumumab plus FOLFIRI as a first-
line therapy is also being evaluated. The single arm 
multicentre phase II study 20060314 is underway 
to evaluate response to panitumumab and FOLFIRI 
combinationtherapyinpreviouslyuntreatedpatients
with metastatic CRC. At the time of interim analysis, 
154 patients have been enrolled, with overall good 
tolerance of the regimen.36

Studies evaluating panitumumab as part of combi-
nation therapy in the second-line setting have also been 
performed. Study 20050181 is a randomized phase 
III trial comparing FOLFIRI plus panitumumab at a 
dose of 6 mg/kg every two weeks to FOLFIRI alone 
as second-line therapy.37 A total of 1,186 patients with 
metastatic CRC who experienced disease progression 
on a 5-FU-based regimen were enrolled. Patients with 
wild-type KRAS in the panitumumab group were 
found to have longer PFS of 5.9 months compared 
to 3.9 months in the monotherapy group. Similarly, 
OS was significantly increased in the FOLFIRI/
panitumumab group with 14.5 versus 12.5 months 
documented in wild-type KRAS patients. No signifi-
cant difference in PFS or OS was noted in patients 
with KRAS mutations.35 According to unpublished 
data, a phase II trial comparing FOLFIRI with panitu-
mumab to FOLFIRI with bevacizumab as second-line 
treatment for patients with wild-type KRAS metastatic 
CRC and disease progression on oxaliplatin-based 
chemotherapy with bevacizumab is also underway. 
Progression free survival is the primary outcome 
measure in this trial known as SPIRITT/20060141. 

The combination of panitumumab and XELOX in 
the second-line setting is also being investigated in 
an unpublished phase II study known as VOXEL. 
Patients with WT KRAS metastatic CRC who failed 
first-line therapy with fluoropyrimidine and irinotecan 
are being randomized to panitumumab plus oxalipla-
tin and capecitabine or oxaliplatin and capecitabine 
alone to evaluate PFS according to early reports.

Use of panitumumab as part of combination
 chemotherapy in the third-line setting is presently 
being studied in the phase II trial CDR0000593012. 
Patients with WT KRAS metastatic CRC who had 
progression of disease on a combination regimens
including FOLFOX , FOLFIRI, CAPIRI, and XELOX 
withorwithoutbevacizumabandirinotecanwillbe
treated with panitumumab/irinotecan combination
therapy,withRRastheprimaryoutcomemeasureper
unpublished reports.

Use in locally advanced  
colorectal cancer
Additional trials are evaluating panitumumab in the 
settingofneoadjuvant therapy for locallyadvanced
CRC without metastases. Patients with stage T4 or 
poor prognosis colon cancer without associated
metastasis are being recruited to the phase III study 
CDR0000590089 to compare combination therapy 
with fluorouracil, oxaliplatin, and panitumumab to 
 fluorouracil and oxaliplatin alone prior to surgical 
resection. Per unpublished data, incidence of recurrent 
orpersistentdiseaseandchangeinpathologicstage
with therapy will be compared between the groups. 
The unpublished phase II trial CDR0000629101 
is also investigating use of panitumumab in the
 neoadjuvant setting for locally advanced rectal cancer. 
Patients with stage T3-4 N1-2 M0 adenocarcinoma of 
therectumwillberandomizedtopanitumumabplus
capecitabine and radiation therapy or capecitabine
and radiation alone prior to resection. Pathologi-
cal response will be measured on tumor specimens
according to Dworak grade. A similar phase II trial 
CDR0000652936 is underway to evaluate neoadju-
vant radiation,capecitabine,andpanitumumabwith
andwithoutirinotecaninpatientswithlocalizedrectal
cancer. Pathologic tumor response and occurrence of 
high-grade toxicities are of greatest concern in this 
unpublished work.
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Use as neoadjuvant therapy  
in metastatic cancer
The role of panitumumab as a neoadjuvant therapy 
is also being studied in patients with metastatic
colorectal cancer. A retrospective study of twelve 
patients treated with FOLFOX and either pani-
tumumab or cetuximab prior to resection of liver 
metastaseswasperformedinordertofurtherinves-
tigateresponsetoandtolerabilityoftheseregimens,
as well as their effect on resectability rates. A partial 
response was noted in 10 of 12 patients (83%), 
and stable disease in the remaining 2 patients. In 
addition,largestmeasurableliverlesionswerenoted
to have a mean decrease in size of 46%. It was thus 
 concluded that pre-operative combination therapy 
with FOLFOX and an EGFR inhibitor is associated 
withahighresponserateandmayincreaseresect-
ability rates.38 Evaluation of combination therapy
with panitumumab plus FOFOX 4 and panitumumab 
plus FOLFIRI is currently underway in patients 
withcolorectalcancerandunresectablelivermetas-
tases. According to unpublished data, this phase II 
trial known as PLANET is designed to study the 
efficacy and safety of each of these combinations, 
withafocusontheconversionofunresectableliver
metastases to resectable disease.

Biomarkers
eGFR expression
Despite promising data regarding clinical efficacy, 
overallresponserateswerenotedtobequitevariable
in patients treated with panitumumab and other
EGFR inhibitors. As such, additional factors have 
been explored on the molecular level as possible 
contributors to these irregularities. Initially, EGFR 
expression was proposed as a primary determi-
nant of response, based on the concept that higher
receptor number would likely result in greater EGFR 
inhibitor activity. However, as noted above, multiple 
panitumumab trials have investigated response in
terms of EGFR receptor expression through staining 
intensity,andhaveconsistentlydemonstratednodif-
ference.21,22,32 Studies of EGFR inhibitor cetuximab 
have provided similar results. In the randomized 
trial comparing cetuximab plus irinotecan to cetux-
imab alone, higher levels of EGFR expression 

determined by either percentage of EGFR-positive 
cells or maximal staining intensity were not found 
to be associated with increased clinical response.1
Furthermore, in a retrospective analysis of EGFR-
negative patients in a non-study setting, 4 of 16 
patients treated with cetuximab as monotherapy or as 
partofcombinationtreatmentwerefoundtohavean
objective response. This 25% response rate is similar 
to that of EGFR positive patients treated with cetux-
imab.39 These results raised questions regarding the 
validityofEGFRtestingaccordingtothesemethods
in predicting response to EGFR inhibitor therapy,
and such evaluation has now fallen out of favor.

Other measures of EGFR expression have 
 subsequently been explored, with EGFR gene copy 
number (GCN) representing one such technology. 
In early studies, EGFR GCN was evaluated in 31 
patients with metastatic colorectal cancer treated
with cetuximab or panitumumab. Increased GCN 
was noted in 8 of 9 patients with OR, and only 1 
of 21 non-responders were found to have increased 
GCN.40 Additional exploratory data based on infor-
mation from the phase III panitumumab versus BSC 
trial further addressed this issue. Tumor samples 
from 58 patients receiving panitumumab and 34 
patients receiving BSC were evaluated by FISH for 
GCN and percentage of chromosome 7 polysomia. 
Shorter PFS and OS was noted in patients with mean 
GCN less than 2.5 and chromosome 7 polysomy in 
less than 40% of cells.41

More recently, EGFR GCN has been evaluated 
in the setting of cetuximab therapy. Both FISH and 
CISH technologies were used to determine GCN in 
a trial of 44 patients with metastatic colorectal can-
cer undergoing second- or third-line therapy with 
irinotecan and cetuximab. Partial remission was 
observed in 60% patients with GCN at or above 2.6 
by FISH. Thirty-six percent of patients with EGFR 
GCN greater than or equal to 2.12 by CISH were 
found to have partial remission. Overall, median time 
to progression was increased at 7.7 months in these 
groups compared to 6.4 months in those with low 
GCN by either method.42

KRAS
With EGFR receptor number by staining found to be 
aninconsistentpredictorofresponsetopanitumumab
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andotherEGFRinhibitors,evaluationofotherpossible
effectors of response was pursued. KRAS, an oncogene 
that encodes proteins key to normal cellular proliferation 
in the EGFR pathway, was at the forefront of this search. 
Oncogenic mutations in KRAS are known to result in 
theformationofconstitutivelyfunctioningproteinsthat
leadtocontinuousactivationofdownstreampathways,
an event commonly seen in tumor cells.43Furthermore,
mutations in KRAS are commonly seen in colorectal 
cancer,occurringatratesupto50%,andinpaststudies
have been associated with poor prognosis.44

The importance of KRAS mutation in the setting 
of EGFR inhibitor therapy was further explored in 
subgroup analysis of the phase III trial comparing 
panitumumab monotherapy to BSC. Biomarker anal-
yses were performed on tumor samples to identify
mutant versus wild-type (WT) KRAS with PFS com-
pared between groups. Patients with KRAS mutations 
demonstrated no significant change in PFS with pani-
tumumab therapy compared to BSC, while patients 
with WT KRAS were found to have a median PFS 
of 12.3 weeks with panitumumab therapy compared 
to 7.3 weeks with BSC, representing a statistically 
significant difference in treatment effect (p  0.0001). 
The response in patients with WT KRAS was not uni-
versal,however, indicatingadditional factorsplaya
role in treatment resistance.45 Further data from the
Hecht et al trial comparing low to complete absence of 
EGFR expression also included evaluation of KRAS 
status. Of the 8 patients with OR, 7 had WT KRAS 
evaluated by PCR.32 A recent single arm study of pani-
tumumab at 6 mg/kg plus FOLFIRI every 2 weeks 
was performed by Cohn et al in 109 patients with 
metastatic CRC and disease progression on oxalipla-
tin-based chemotherapy plus bevacizumab first line.46
Patients were evaluated according to KRAS status, 
with OR of 23% in WT KRAS patients versus 16% in 
those with mutated KRAS. Median PFS was 26 weeks 
in wild-type versus 19 weeks in mutated patients, with 
median OS 50 versus 31 weeks.35 Additional studies 
have reinforced these findings with similar results, as 
noted above.35 A systematic review is currently ongo-
ingtofurtherevaluaterandomizedtrialsaddressingthe
role of KRAS mutation in response to EGFR inhibi-
tor therapy. Preliminary data of 15 studies in which 
patients received either panitumumab or cetuximab 
therapy indicates an increase in PFS in patients with 
WT KRAS compared to those with mutant form.47

The overwhelming results of these and similar 
studies were largely responsible for the specific
approval guidelines of the European Medicines 
Agency (EMEA) to provide panitumumab only for 
patients with wild-type KRAS. Based on this same 
 concept, the FDA recently approved labeling changes 
on panitumumab and cetuximab recommending use 
only in patients without KRAS mutations. Such deci-
sions mark an important transition in the field of CRC 
that places more emphasis on biomarker science.

There are some logistical concerns, however, mostly 
involving KRAS mutation testing. New research has 
begun to address this issue, evaluating both sample
processing and mutation detection. In terms of process-
ing,resultsofunpublisheddatashowedcoresampling
to be more favorable than section preparation, with
advantages of greater efficiency, lower cost, fewer false 
positives,anda10%–20%increaseinthedetectionof
mutations. The same research also addressed the pro-
cessofmutationdetection,comparingtraditionaldirect
sequencing to high resolution melting (HRM) analysis 
and amplification refractory mutation system (ARMS) 
testing. Though the generally accepted gold standard, 
directsequencingisadetailedprocessrequiringinter-
pretation by experienced personnel, and is not generally 
designed for clinical use. Comparison of this to newer 
technologiesrevealedalowermutationdetectionfre-
quency when direct sequencing was used. Though 
thenewer technologiesdemonstrated similar ratesof
mutation detection, HRM was associated with a higher 
false positive rate, making ARMS the most sensitive 
and specific test evaluated (personal communication, 
A. Jimeno November 2009).

BRAF
Even patients with WT KRAS have not shown 
complete response to EGFR inhibitor therapy, and
assuch,otherpartsoftheEGFRsignalingpathway
have been evaluated as possible contributing factors. 
One potential contributor is BRAF, a serine-threonine 
kinase that acts as a downstream effector of KRAS. 
Mutation of this gene has been proposed to result in 
pathway activation similar to that of KRAS. Retro-
spective analysis was performed on 113 patients with 
metastatic CRC previously treated with cetuximab 
or panitumumab to further investigate the effect of
BRAF mutation. The BRAF V600E mutation was 
noted in 11 of 79 patients with WT KRAS; no patient 
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in thisgroupdemonstratedresponseto therapy,and
a shorter PFS and OS were noted when compared to 
patients with WT BRAF. Additional cellular models 
of CRC in this trial demonstrated decreased response 
to cetuximab or panitumumab in cells with the BRAF 
V600E mutation. When RAF inhibitor sorafenib was 
addedtoEGFRinhibitortherapy,improvedresponse
in BRAF mutated cells was noted.48 With these find-
ings, further trials have been initiated to evaluate
combined therapy with cetuximab and sorafenib.49

Additional evaluation of BRAF mutation has been 
performed with similar results. Retrospective analy-
sis of tumors demonstrating BRAF mutations in the 
setting of WT KRAS was performed in a trial evalu-
ating patients with irinotecan-refractory metastatic 
CRC subsequently treated with cetuximab/irinotecan 
therapy. Results demonstrated no response to therapy 
in 13 patients with BRAF mutations, as well as a trend 
to shorter PFS.50 Another investigation was performed 
asaretrospectiveanalysisinatrialcomparingcombi-
nation chemotherapy, bevacizumab, and cetuximab for 
the treatment of metastatic CRC to chemotherapy and 
bevacizumab alone. In this study of 516 patients, 8.7% 
were found to have BRAF V600E mutations. These 
patients demonstrated shorter PFS and OS, regardless 
oftreatmentgroup,leadingtheauthorstosuggestthat
BRAF represents a poor prognostic factor in general, 
with poor response even to treatments not directed
at EGFR.51

PiK3CA
The lipid kinase PIK3CA is another EGFR pathway 
effector that has been considered to play a role in
EGFR inhibitor response. Specific mutations of the 
PIK3CA gene are noted to be oncogenic in cellular 
models,andarethoughttobeassociatedwithmetas-
tasis and decreased apoptosis.52 Sartore-Bianchi et al 
further explored the relevance of PIK3CA mutation 
through retrospective analysis of 110 patients with
metastatic CRC previously treated with panitumumab 
or cetuximab therapy. Of the 15 patients with 
PIK3CA mutations, none demonstrated objective 
tumor response to EGFR inhibitor therapy, and an
overall trend of decreased PFS was observed.53 Study 
of PIK3CA by Prenen, et al, demonstrated different 
results. In this retrospective analysis, tumors from 200 
patients with metastatic CRC treated with cetuximab 
were evaluated for PIK3CA mutations. Twenty-three 

patients were found to have such a mutation, with
objective response to cetuximab reported in five.54

PTeN
In the same PI3K pathway, tumor suppressor PTEN 
works to control cellular proliferation. Loss of PTEN 
expression has also been suggested as a contributing 
factor to EGFR inhibitor resistance. A retrospective 
analysis of 27 patients previously treated with cetux-
imab evaluated this possibility. No objective benefit 
of cetuximab therapy was observed in the eleven 
patients found to have loss of PTEN protein expres-
sion, while 62.5% of patients with normal expression 
had an objective response.55 Sartore-Bianchi et al also 
evaluated the effect of PTEN protein status in a ret-
rospective analysis of 110 patients with metastatic
CRC treated with EGFR inhibitor therapy. Loss of 
PTEN was associated with shorter PFS, but was not 
statistically significant (p = 0.0681); however, a sig-
nificant decrease in OS was noted with this aberration 
(p= 0.0048).53

Conclusions
The data presented has shown panitumumab to be 
an important new therapy in the field of colorectal 
cancer. The first fully-human monoclonal antibody 
approved for use in CRC, it is generally well-
 tolerated, with skin toxicity the primary adverse 
event. It has demonstrated significant activity in a 
varietyofsettings,insomecasesprovidingathera-
peutic option to patients who otherwise would not
have one. Application of the monoclonal antibody to 
furthercombinationsoftherapyandclinicalsettings
continue to be explored, with hopes of maximizing 
its benefit. Even more, panitumumab has played a 
pivotal role in bringing biomarker science to the 
forefrontofcolorectalcancertherapyaswellasthe
field of oncology.

Furtherclinicaltrialsarenecessarytoaddressthe
many aspects of panitumumab that remain unclear. 
Though KRAS mutation status has helped guide 
decisionsregardingadministrationofthisnewther-
apy,thereisstillmuchtolearnaboutothergenetic
factors that are also likely associated with response 
to therapy. Prospective studies of BRAF and others 
should be pursued to this end. Farther ahead, the 
logistics of bringing genetic and molecular testing
and technique to the clinical setting will become

http://www.la-press.com


Davis and Jimeno

120 Clinical Medicine Reviews in Oncology 2010:2

increasingly important. With these and other ideas 
to explore, it will be exciting to see the ultimate role 
that panitumumab will play in furthering the field of 
colorectal cancer and the whole of oncology.
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