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Main EGFR-targeted monoclonal antibodies 
tested in the clinical setting 

Denomination Ig Isotype Fraction of human Ig ADCC 

Cetuximab (C-225) IgG1 

  70% 
chimeric 

+ 

Matuzumab (EMD72000) IgG1
   90% 

humanized 
+ 

Nimotuzumab (h-R3)  IgG1
   90% 

humanized 
+ 

Necitumumab (LY3012211) IgG1
 100% 

fully human 
+ 

Zalutumumab (HuMax-EGFr)  IgG1 

100% 
fully human 

+ 

Panitumumab (ABX-EGF) IgG2 

100% 
fully human 

- 
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European Medicines Agency (EMA) indications of EGFR-
inhibitors for metastatic colorectal cancer in 2016  
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1. NAME OF THE MEDICINAL PRODUCT 
 

Vectibix 20 mg/ml concentrate for solution for infusion. 

 

 

2. QUALITATIVE AND QUANTITATIVE COMPOSITION 
 

Each ml of concentrate contains 20 mg panitumumab. 

 

Each vial contains either 100 mg of panitumumab in 5 ml, 200 mg of panitumumab in 10 ml, or 

400 mg of panitumumab in 20 ml. 

 

When prepared according to the instructions given in section 6.6, the final panitumumab concentration 

should not exceed 10 mg/ml. 

 

Panitumumab is a fully human monoclonal IgG2 antibody produced in a mammalian cell line (CHO) 

by recombinant DNA technology.  

 

Each ml of concentrate contains 0.150 mmol sodium, which is 3.45 mg sodium. 

Excipient with known effect 

For the full list of excipients, see section 6.1. 

 

 

3. PHARMACEUTICAL FORM  
 

Concentrate for solution for infusion (sterile concentrate).  

 

Colourless solution that may contain, translucent to white, visible amorphous, proteinaceous 

panitumumab particles. 

 

 

4. CLINICAL PARTICULARS 
 

4.1 Therapeutic indications 
 

Vectibix is indicated for the treatment of adult patients with wild-type RAS metastatic colorectal 

cancer (mCRC): 

• in first-line in combination with FOLFOX or FOLFIRI.  

• in second-line in combination with FOLFIRI for patients who have received first-line 

fluoropyrimidine-based chemotherapy (excluding irinotecan).   

• as monotherapy after failure of fluoropyrimidine-, oxaliplatin-, and irinotecan-containing 

chemotherapy regimens. 

 

4.2 Posology and method of administration 
 

Vectibix treatment should be supervised by a physician experienced in the use of anti-cancer therapy. 

Evidence of wild-type RAS (KRAS and NRAS) status is required before initiating treatment with 

Vectibix. Mutational status should be determined by an experienced laboratory using validated test 

methods for detection of KRAS (exons 2, 3, and 4) and NRAS (exons 2, 3, and 4) mutations. 

 

 

Posology 

The recommended dose of Vectibix is 6 mg/kg of bodyweight given once every two weeks. Prior to 

infusion, Vectibix should be diluted in sodium chloride 9 mg/ml (0.9%) solution for injection to a final 

concentration not to exceed 10 mg/ml (for preparation instructions see section 6.6). 
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BSC, best supportive care; CT, chemotherapy; EGFR, epidermal growth factor receptor; mCRC, metastatic colorectal cancer; PD, progressive disease; VEGF, vascular 
endothelial growth factor; VEGF inhibitor, bevacizumab or aflibercept.   

Adapted from Sridharan M, et al. http://www.cancernetwork.com/oncology-journal/colorectal-cancer-how-emerging-molecular-understanding-affects-treatment-decisions. 
2014. 
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Current (2016) status of the treatment of mCRC 
with EGFR inhibitors 

• Do panitumumab and cetuximab differ? 

– Anti-tumor effects 

– Side effects 

– Resistance 

• Optimal use of EGFRi in the continuum of care 

– Combined  with companion chemotherapy or monotherapy 

– First line versus subsequent lines of treatment(s) 

– Sequencing with anti-angiogenesis agent(s) 

– Rationale for repeated therapy (rechallenge with EGFRi) 
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Primary endpoint: overall survival (OS) 

Key secondary endpoints: 

• Progression-free survival (PFS) 

• Objective response rate (ORR) 

• Safety 
Price et al, Lancet Oncol 2014 



Panitumumab was assessed to be non-inferior to cetuximab for OS based on a 

≥50% retention rate of the OS benefit of cetuximab (P = 0.0007) 
  

Efficacy Panitumumab Cetuximab 
Hazard/odds 

ratio 

Median OS, 

months (95% CI) 
10.4 (9.4 - 11.6) 10.0 (9.3 - 11.0) 

HR=0.97  
(0.84 - 1.11)  

Median PFS, 

months (95% CI) 
4.1 (3.2 - 4.8) 4.4 (3.2 - 4.8) 

HR=1.00  
(0.88 - 1.14) 

ORR, % (95% CI)  22.0 (18.4 - 26) 
19.8 (16.3 - 

23.6) 
OR=1.15 

(0.83 - 1.58) 

ASPECCT: phase 3 study of panitumumab versus 

cetuximab in previously treated WT KRAS mCRC 

Price et al, Lancet Oncol 2014 



HR = 0.97 (95% CI, 0.84–1.11)  

P = 0.0007 

Z-score = -3.19 

Retention score = 1.06 (95% CI, 0.82–1.29) 

Events 

n (%)  

Median (95% CI) 

months 

Panitumumab 

(n = 499) 
383 (76.8) 10.4 (9.4–11.6) 

Cetuximab 

(n = 500) 
392 (78.4) 10.0 (9.3–11.0) 

P
ro

p
o
rt

io
n
 a

liv
e
 (

%
) 

100 

90 

70 

60 

80 

50 

40 

30 

20 

10 

0 

Months 

0 6 12 18 24 30 36 

Overall Survival  

ASPECCT: phase 3 study of panitumumab versus 

cetuximab in previously treated WT KRAS mCRC 

Price et al, Lancet Oncol 2014 



HR = 1.002 (95% CI, 0.882–1.138)  

Events 

n (%)  

Median (95% CI) 

months 

Panitumumab 

(n = 499) 
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ASPECCT: phase 3 study of panitumumab versus 

cetuximab in previously treated WT KRAS mCRC 

Price et al, Lancet Oncol 2014 



Adverse events Panitumumab Cetuximab 

Any Grade Grade 3/4  Any Grade Grade 3/4  

Infusion reactions, % 2.8 0.2 12.5 1.8 

Skin toxicity, % 87 12.5  88 9.5 

Hypomagnesaemia, % 29  7.3 19 2.6 

ASPECCT: phase 3 study of panitumumab versus 

cetuximab in previously treated WT KRAS mCRC 

Price et al, Lancet Oncol 2014 



Current (2016) status of the treatment of mCRC 
with EGFR inhibitors 

• Do panitumumab and cetuximab differ? 

– Anti-tumor effects: not different in EGFRi naive 

– Side effects: different in acute reactions and hypoMg 

– Resistance 

• Optimal use of EGFRi in the continuum of care 

– Combined  with companion chemotherapy or monotherapy 

– First line versus subsequent lines of treatment(s) 

– Sequencing with anti-angiogenesis agent(s) 

– Rationale for repeated therapy (rechallenge with EGFRi) 

 

 

 

 



Cetuximab (10 mcg/mL) 

Panitumumab(10 mcg/mL) 

Montagut C et al, Nature Med 2012 



Functional dissection of the EGFR epitopes targeted 
by panitumumab or cetuximab 

Evidence of 2 large, 
partially overlapping 
functional EGFR epitopes 
consisting of 17 critical 
amino acid positions. Four 
of these positions were 
selectively targeted by 
cetuximab (I467, S468, 
Q408, and H409), whereas 
another 4 were selectively 
recognized by 
panitumumab (W386, 
E388, R390, and T391).  

Voigt M et al, Neoplasia 2012 



Upon progression of disease after cetuximab in mCRC 
→ Emergence of multiple EGFR ectodomain mutations 

Arena S, Bellosillo B et al, Clin Cancer Res 2015S 



Ectodomain EGFR mutations differentially affect 
binding to cetuximab and panitumumab 

Arena S, Bellosillo B et al, Clin Cancer Res 2015S 

cetuximab 

panitumumab 
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Frequency of EGFR S492R mutations in the ASPECCT 
study based on plasma analysis using ddPCR 

• No EGFR S492R mutations were identified in pre-treatment samples 

• Safety follow-up plasma samples collected 4 weeks after last dose 
‒ Median duration of treatment was 14 weeks in both arms 

• Testing was conducted without knowledge of treatment and the data 
analysis plan was finalized before any data was transferred 

• 559 samples run 

‒ 13 failed samples based on Analytical Method Criteria (n=546) 

‒ Ascertainment was similar between arms 

• Cetuximab = 56.7% 

• Panitumumab = 52.6% 
 

 

 

 

 

 
 

 

 

 

 

 

Treatment WT EGFR 

S492R 

Frequency of 

EGFR S492R 

95% CI p Value 

Cetuximab 239 46 16.1% 12.1-20.9% 

p<0.0001 
Panitumumab 258 3 1.1% 0.2-3.3% 

Price et al, ASCO 2015 



• Do panitumumab and cetuximab differ? 

– Anti-tumor effects 

– Side effects 

– Resistance 

• Optimal use of EGFRi in the continuum of care 

– Combined  with companion chemotherapy or monotherapy 

– First line versus subsequent lines of treatment(s) 

– Sequencing with anti-angiogenesis agent(s) 

– Rationale for repeated therapy (rechallenge with EGFRi) 
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Panitumumab and BSC versus BSC alone in 
third and subsequent lines of therapy of mCRC 

76% of BSC alone patients 

entered crossover studyMetastatic
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Panitumumab versus BSC (20100007 Study) 
- ORR in the w t RAS patients - 

  Wild-Type RAS 

  

Panitumumab 

Plus BSC 

(n=142) 

BSC Alone 

(n=128) 

Objective response,  n (%) 

   Complete response 0 (0.0) 0 (0.0) 

   Partial response 44 (31.0) 3 (2.3) 

   Stable disease 62 (43.7) 26 (20.3) 

   Disease progression 31 (21.8) 62 (48.4) 

   Unevaluable/not done 5 (3.5) 37 (29.0) 

Objective response rate, % (95% CI) 31.0 (23.5−39.3) 2.3 (0.5−6.7) 

   Odds ratio (95% CI) 20.00 (5.89−101.6) 

   P value <0.0001 

Kim TW, et al. J Clin Oncol 2016;34(Suppl 4): abstract 642 (and poster). 



Kim TW, et al. J Clin Oncol 2016;34(Suppl 4): abstract 642 (and poster). 
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Panitumumab versus BSC (20100007 Study) 
- OS and PFS in the w t RAS patients - 
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Doublets: the most-common choice
Over the past decade, many trials have 

evaluated the efficacy of chemotherapy 

doublets alone or in combination with 

molecularly targeted therapy with mAbs 

(Table 1). Such studies demonstrated the 

equivalence of oxaliplatin-based (FOLFOX) 

and irinotecan-based (FOLFIRI) regimens 

in terms of efficacy and activity,15,16 and at 

the same time, established the addition of 

bevacizumab to a chemotherapy doublet 

as a standard upfront approach to therapy 

for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 

over chemotherapy doublets alone was less 

clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21

Adding mAbs for RAS-mutant mCRC

On the basis of the findings discussed, 

doublet chemotherapy plus bevacizumab 

remains the standard first-line treatment 

for patients with tumours harbouring RAS 

mutations.13 The choice of chemotherapy 

backbone used, either FOLFOX, FOLFIRI, 

or capecitabine plus oxaliplatin (known as 

XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-

type mCRC, in the past 2 years, the ques-

tion of whether anti-EGFR mAbs rather 

than anti-VEGF agents should be added 

to first-line therapy was not conclusively 

answered by the long-awaited results of 

three trials: FIRE-3, PEAK, and CALGB/

SWOG 80405.4,29–33 In the phase III FIRE-3 

trial,29 592 patients with KRAS exon 2 wild-

type mCRC were randomly assigned to 

receive either first-line FOLFIRI plus cetux-

imab or FOLFIRI plus bevacizumab. The 

objective response rate (ORR), the primary 

end point of the trial, was not significantly 

different in the cetuximab and bevaci-

zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 

independent radiological evaluation was 

Table 1 | Phase III trials of doublet chemotherapy plus a biologic agent in patients with mCRC

Trial Study interventions (number of patients) Primary 
end point

ORR  
(%)

Median PFS  
(months)

Median OS 
(months)

AVF2107g9 IFL + bevacizumab (n = 402) vs IFL (n = 411) OS 45 vs 35 

(P = 0.004)

10.6 vs 6.2  

(HR 0.54, P <0.001)

20.3 vs 15.6 

(HR 0.66, P <0.001)

NO1696617 Fluoropyrimidine–oxaliplatin  + bevacizumab (n = 699) 

vs f uoropyrimidine–oxaliplatin (n = 701)

PFS 47 vs 49 

(P = 0.31)

9.4 vs 8.0  

(HR 0.83, P = 0.0023)

21.3 vs 19.9 

(HR 0.89, P = 0.077)

NORDIC77* FLOX + cetuximab (n = 97) vs FLOX (n = 97) OS 46 vs 47 

(P = 0.89)

7.9 vs 8.7  

(HR 1.07, P = 0.66)

20.1 vs 22.0 

(HR 1.14, P = 0.48)

MRC COIN78* Fluoropyrimidine–oxaliplatin  + cetuximab (n = 362) vs 

f uoropyrimidine–oxaliplatin (n = 367)

PFS 64 vs 57 

(P = 0.049)

8.6 vs 8.6  

(HR 0.96, P = 0.67)

17.0 vs 17.9 

(HR 1.04, P = 0.67)

CRYSTAL21‡ FOLFIRI + cetuximab (n = 178) vs FOLFIRI (n = 189) PFS 66 vs 39 

(P <0.0001)

11.4 vs 8.4  

(HR 0.56, P = 0.0002)

28.4 vs 20.2 

(HR 0.69, P = 0.0024)

PRIME20‡ FOLFOX + panitumumab (n = 259) vs FOLFOX (n = 253) PFS NA 10.1 vs 7.9  

(HR 0.72, P = 0.004)

25.8 vs 20.2 

(HR 0.77, P = 0.009)

FIRE-329‡ FOLFIRI + cetuximab (n = 171) vs

FOLFIRI + bevacizumab (n = 171)

ORR 66 vs 60 

(P = 0.32)

10.4 vs 10.2  

(HR 0.93, P = 0.54)

33.1 vs 25.6 

(HR 0.70, P = 0.011)

CALGB/ SWOG 

8040533‡

FOLFOX or FOLFIRI + cetuximab (n = 270) vs FOLFOX 

or FOLFIRI + bevacizumab (n = 256)

OS 69 vs 54 

(P <0.01)§
11.4 vs 11.3  

(HR 1.10, P = 0.31)

32.0 vs 31.2 

(HR 0.90, P = 0.40)

* In patients with KRAS (exon 2, codons 12 and 13)-wild-type tumours. ‡In patients with RAS-wild-type tumours (wild-type at exons 2, 3, and 4 of KRAS and NRAS). §Absolute number of patients 
evaluable in each arm was not available. Abbreviations: FLOX, bolus 5-fluorouracil, leucovorin (folinic acid), and oxaliplatin; FOLFIRI, 5-fluorouracil, folinic acid, and irinotecan; FOLFOX, 
5-fluorouracil, folinic acid, and oxaliplatin; HR, hazard ratio; IFL, irinotecan, 5-fluorouracil, and leucovorin (folinic acid); mCRC, metastatic colorectal cancer; NA, not applicable; ORR, overall 

response rate; OS, overall survival; PFS, progression-free survival.
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Doublets: the most-common choice
Over the past decade, many trials have 

evaluated the efficacy of chemotherapy 

doublets alone or in combination with 

molecularly targeted therapy with mAbs 

(Table 1). Such studies demonstrated the 

equivalence of oxaliplatin-based (FOLFOX) 

and irinotecan-based (FOLFIRI) regimens 

in terms of efficacy and activity,15,16 and at 

the same time, established the addition of 

bevacizumab to a chemotherapy doublet 

as a standard upfront approach to therapy 

for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 

over chemotherapy doublets alone was less 

clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21

Adding mAbs for RAS-mutant mCRC

On the basis of the findings discussed, 

doublet chemotherapy plus bevacizumab 

remains the standard first-line treatment 

for patients with tumours harbouring RAS 

mutations.13 The choice of chemotherapy 

backbone used, either FOLFOX, FOLFIRI, 

or capecitabine plus oxaliplatin (known as 

XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-

type mCRC, in the past 2 years, the ques-

tion of whether anti-EGFR mAbs rather 

than anti-VEGF agents should be added 

to first-line therapy was not conclusively 

answered by the long-awaited results of 

three trials: FIRE-3, PEAK, and CALGB/

SWOG 80405.4,29–33 In the phase III FIRE-3 

trial,29 592 patients with KRAS exon 2 wild-

type mCRC were randomly assigned to 

receive either first-line FOLFIRI plus cetux-

imab or FOLFIRI plus bevacizumab. The 

objective response rate (ORR), the primary 

end point of the trial, was not significantly 

different in the cetuximab and bevaci-

zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 

independent radiological evaluation was 

Table 1 | Phase III trials of doublet chemotherapy plus a biologic agent in patients with mCRC

Trial Study interventions (number of patients) Primary 
end point

ORR  
(%)

Median PFS  
(months)

Median OS 
(months)

AVF2107g9 IFL + bevacizumab (n = 402) vs IFL (n = 411) OS 45 vs 35 

(P = 0.004)

10.6 vs 6.2  

(HR 0.54, P <0.001)

20.3 vs 15.6 

(HR 0.66, P <0.001)

NO1696617 Fluoropyrimidine–oxaliplatin  + bevacizumab (n = 699) 

vs f uoropyrimidine–oxaliplatin (n = 701)

PFS 47 vs 49 

(P = 0.31)

9.4 vs 8.0  

(HR 0.83, P = 0.0023)

21.3 vs 19.9 

(HR 0.89, P = 0.077)

NORDIC77* FLOX + cetuximab (n = 97) vs FLOX (n = 97) OS 46 vs 47 

(P = 0.89)

7.9 vs 8.7  

(HR 1.07, P = 0.66)

20.1 vs 22.0 

(HR 1.14, P = 0.48)

MRC COIN78* Fluoropyrimidine–oxaliplatin  + cetuximab (n = 362) vs 

f uoropyrimidine–oxaliplatin (n = 367)

PFS 64 vs 57 

(P = 0.049)

8.6 vs 8.6  

(HR 0.96, P = 0.67)

17.0 vs 17.9 

(HR 1.04, P = 0.67)

CRYSTAL21‡ FOLFIRI + cetuximab (n = 178) vs FOLFIRI (n = 189) PFS 66 vs 39 

(P <0.0001)

11.4 vs 8.4  

(HR 0.56, P = 0.0002)

28.4 vs 20.2 

(HR 0.69, P = 0.0024)

PRIME20‡ FOLFOX + panitumumab (n = 259) vs FOLFOX (n = 253) PFS NA 10.1 vs 7.9  

(HR 0.72, P = 0.004)

25.8 vs 20.2 

(HR 0.77, P = 0.009)

FIRE-329‡ FOLFIRI + cetuximab (n = 171) vs

FOLFIRI + bevacizumab (n = 171)

ORR 66 vs 60 

(P = 0.32)

10.4 vs 10.2  

(HR 0.93, P = 0.54)

33.1 vs 25.6 

(HR 0.70, P = 0.011)

CALGB/ SWOG 

8040533‡

FOLFOX or FOLFIRI + cetuximab (n = 270) vs FOLFOX 

or FOLFIRI + bevacizumab (n = 256)

OS 69 vs 54 

(P <0.01)§
11.4 vs 11.3  

(HR 1.10, P = 0.31)

32.0 vs 31.2 

(HR 0.90, P = 0.40)

* In patients with KRAS (exon 2, codons 12 and 13)-wild-type tumours. ‡In patients with RAS-wild-type tumours (wild-type at exons 2, 3, and 4 of KRAS and NRAS). §Absolute number of patients 
evaluable in each arm was not available. Abbreviations: FLOX, bolus 5-fluorouracil, leucovorin (folinic acid), and oxaliplatin; FOLFIRI, 5-fluorouracil, folinic acid, and irinotecan; FOLFOX, 
5-fluorouracil, folinic acid, and oxaliplatin; HR, hazard ratio; IFL, irinotecan, 5-fluorouracil, and leucovorin (folinic acid); mCRC, metastatic colorectal cancer; NA, not applicable; ORR, overall 

response rate; OS, overall survival; PFS, progression-free survival.
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Doublets: the most-common choice
Over the past decade, many trials have 

evaluated the efficacy of chemotherapy 

doublets alone or in combination with 

molecularly targeted therapy with mAbs 

(Table 1). Such studies demonstrated the 

equivalence of oxaliplatin-based (FOLFOX) 

and irinotecan-based (FOLFIRI) regimens 

in terms of efficacy and activity,15,16 and at 

the same time, established the addition of 

bevacizumab to a chemotherapy doublet 

as a standard upfront approach to therapy 

for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 

over chemotherapy doublets alone was less 

clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21

Adding mAbs for RAS-mutant mCRC

On the basis of the findings discussed, 

doublet chemotherapy plus bevacizumab 

remains the standard first-line treatment 

for patients with tumours harbouring RAS 

mutations.13 The choice of chemotherapy 

backbone used, either FOLFOX, FOLFIRI, 

or capecitabine plus oxaliplatin (known as 

XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-

type mCRC, in the past 2 years, the ques-

tion of whether anti-EGFR mAbs rather 

than anti-VEGF agents should be added 

to first-line therapy was not conclusively 

answered by the long-awaited results of 

three trials: FIRE-3, PEAK, and CALGB/

SWOG 80405.4,29–33 In the phase III FIRE-3 

trial,29 592 patients with KRAS exon 2 wild-

type mCRC were randomly assigned to 

receive either first-line FOLFIRI plus cetux-

imab or FOLFIRI plus bevacizumab. The 

objective response rate (ORR), the primary 

end point of the trial, was not significantly 

different in the cetuximab and bevaci-

zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 

independent radiological evaluation was 

Table 1 | Phase III trials of doublet chemotherapy plus a biologic agent in patients with mCRC

Trial Study interventions (number of patients) Primary 
end point

ORR  
(%)

Median PFS  
(months)

Median OS 
(months)

AVF2107g9 IFL + bevacizumab (n = 402) vs IFL (n = 411) OS 45 vs 35 

(P = 0.004)

10.6 vs 6.2  

(HR 0.54, P <0.001)

20.3 vs 15.6 

(HR 0.66, P <0.001)

NO1696617 Fluoropyrimidine–oxaliplatin  + bevacizumab (n = 699) 

vs f uoropyrimidine–oxaliplatin (n = 701)

PFS 47 vs 49 

(P = 0.31)

9.4 vs 8.0  

(HR 0.83, P = 0.0023)

21.3 vs 19.9 

(HR 0.89, P = 0.077)

NORDIC77* FLOX + cetuximab (n = 97) vs FLOX (n = 97) OS 46 vs 47 

(P = 0.89)

7.9 vs 8.7  

(HR 1.07, P = 0.66)

20.1 vs 22.0 

(HR 1.14, P = 0.48)

MRC COIN78* Fluoropyrimidine–oxaliplatin  + cetuximab (n = 362) vs 

f uoropyrimidine–oxaliplatin (n = 367)

PFS 64 vs 57 

(P = 0.049)

8.6 vs 8.6  

(HR 0.96, P = 0.67)

17.0 vs 17.9 

(HR 1.04, P = 0.67)

CRYSTAL21‡ FOLFIRI + cetuximab (n = 178) vs FOLFIRI (n = 189) PFS 66 vs 39 

(P <0.0001)

11.4 vs 8.4  

(HR 0.56, P = 0.0002)

28.4 vs 20.2 

(HR 0.69, P = 0.0024)

PRIME20‡ FOLFOX + panitumumab (n = 259) vs FOLFOX (n = 253) PFS NA 10.1 vs 7.9  

(HR 0.72, P = 0.004)

25.8 vs 20.2 

(HR 0.77, P = 0.009)

FIRE-329‡ FOLFIRI + cetuximab (n = 171) vs

FOLFIRI + bevacizumab (n = 171)

ORR 66 vs 60 

(P = 0.32)

10.4 vs 10.2  

(HR 0.93, P = 0.54)

33.1 vs 25.6 

(HR 0.70, P = 0.011)

CALGB/ SWOG 

8040533‡

FOLFOX or FOLFIRI + cetuximab (n = 270) vs FOLFOX 

or FOLFIRI + bevacizumab (n = 256)

OS 69 vs 54 

(P <0.01)§
11.4 vs 11.3  

(HR 1.10, P = 0.31)

32.0 vs 31.2 

(HR 0.90, P = 0.40)

* In patients with KRAS (exon 2, codons 12 and 13)-wild-type tumours. ‡In patients with RAS-wild-type tumours (wild-type at exons 2, 3, and 4 of KRAS and NRAS). §Absolute number of patients 
evaluable in each arm was not available. Abbreviations: FLOX, bolus 5-fluorouracil, leucovorin (folinic acid), and oxaliplatin; FOLFIRI, 5-fluorouracil, folinic acid, and irinotecan; FOLFOX, 
5-fluorouracil, folinic acid, and oxaliplatin; HR, hazard ratio; IFL, irinotecan, 5-fluorouracil, and leucovorin (folinic acid); mCRC, metastatic colorectal cancer; NA, not applicable; ORR, overall 

response rate; OS, overall survival; PFS, progression-free survival.
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Doublets: the most-common choice
Over the past decade, many trials have 

evaluated the efficacy of chemotherapy 

doublets alone or in combination with 

molecularly targeted therapy with mAbs 

(Table 1). Such studies demonstrated the 

equivalence of oxaliplatin-based (FOLFOX) 

and irinotecan-based (FOLFIRI) regimens 

in terms of efficacy and activity,15,16 and at 

the same time, established the addition of 

bevacizumab to a chemotherapy doublet 

as a standard upfront approach to therapy 

for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 

over chemotherapy doublets alone was less 

clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21

Adding mAbs for RAS-mutant mCRC

On the basis of the findings discussed, 

doublet chemotherapy plus bevacizumab 

remains the standard first-line treatment 

for patients with tumours harbouring RAS 

mutations.13 The choice of chemotherapy 

backbone used, either FOLFOX, FOLFIRI, 

or capecitabine plus oxaliplatin (known as 

XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-

type mCRC, in the past 2 years, the ques-

tion of whether anti-EGFR mAbs rather 

than anti-VEGF agents should be added 

to first-line therapy was not conclusively 

answered by the long-awaited results of 

three trials: FIRE-3, PEAK, and CALGB/

SWOG 80405.4,29–33 In the phase III FIRE-3 

trial,29 592 patients with KRAS exon 2 wild-

type mCRC were randomly assigned to 

receive either first-line FOLFIRI plus cetux-

imab or FOLFIRI plus bevacizumab. The 

objective response rate (ORR), the primary 

end point of the trial, was not significantly 

different in the cetuximab and bevaci-

zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 

independent radiological evaluation was 
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Median OS 
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AVF2107g9 IFL + bevacizumab (n = 402) vs IFL (n = 411) OS 45 vs 35 

(P = 0.004)

10.6 vs 6.2  

(HR 0.54, P <0.001)

20.3 vs 15.6 

(HR 0.66, P <0.001)
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(P <0.0001)

11.4 vs 8.4  

(HR 0.56, P = 0.0002)

28.4 vs 20.2 

(HR 0.69, P = 0.0024)

PRIME20‡ FOLFOX + panitumumab (n = 259) vs FOLFOX (n = 253) PFS NA 10.1 vs 7.9  
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Doublets: the most-common choice
Over the past decade, many trials have 

evaluated the efficacy of chemotherapy 

doublets alone or in combination with 

molecularly targeted therapy with mAbs 

(Table 1). Such studies demonstrated the 

equivalence of oxaliplatin-based (FOLFOX) 

and irinotecan-based (FOLFIRI) regimens 

in terms of efficacy and activity,15,16 and at 

the same time, established the addition of 

bevacizumab to a chemotherapy doublet 

as a standard upfront approach to therapy 

for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 

over chemotherapy doublets alone was less 

clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21

Adding mAbs for RAS-mutant mCRC

On the basis of the findings discussed, 

doublet chemotherapy plus bevacizumab 

remains the standard first-line treatment 

for patients with tumours harbouring RAS 

mutations.13 The choice of chemotherapy 

backbone used, either FOLFOX, FOLFIRI, 

or capecitabine plus oxaliplatin (known as 

XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-

type mCRC, in the past 2 years, the ques-

tion of whether anti-EGFR mAbs rather 

than anti-VEGF agents should be added 

to first-line therapy was not conclusively 

answered by the long-awaited results of 

three trials: FIRE-3, PEAK, and CALGB/

SWOG 80405.4,29–33 In the phase III FIRE-3 

trial,29 592 patients with KRAS exon 2 wild-

type mCRC were randomly assigned to 

receive either first-line FOLFIRI plus cetux-

imab or FOLFIRI plus bevacizumab. The 

objective response rate (ORR), the primary 

end point of the trial, was not significantly 

different in the cetuximab and bevaci-

zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 

independent radiological evaluation was 

Table 1 | Phase III trials of doublet chemotherapy plus a biologic agent in patients with mCRC

Trial Study interventions (number of patients) Primary 
end point

ORR  
(%)

Median PFS  
(months)

Median OS 
(months)

AVF2107g9 IFL + bevacizumab (n = 402) vs IFL (n = 411) OS 45 vs 35 

(P = 0.004)

10.6 vs 6.2  

(HR 0.54, P <0.001)

20.3 vs 15.6 

(HR 0.66, P <0.001)

NO1696617 Fluoropyrimidine–oxaliplatin  + bevacizumab (n = 699) 

vs f uoropyrimidine–oxaliplatin (n = 701)

PFS 47 vs 49 

(P = 0.31)

9.4 vs 8.0  

(HR 0.83, P = 0.0023)

21.3 vs 19.9 

(HR 0.89, P = 0.077)

NORDIC77* FLOX + cetuximab (n = 97) vs FLOX (n = 97) OS 46 vs 47 

(P = 0.89)

7.9 vs 8.7  

(HR 1.07, P = 0.66)

20.1 vs 22.0 

(HR 1.14, P = 0.48)

MRC COIN78* Fluoropyrimidine–oxaliplatin  + cetuximab (n = 362) vs 

f uoropyrimidine–oxaliplatin (n = 367)

PFS 64 vs 57 

(P = 0.049)

8.6 vs 8.6  

(HR 0.96, P = 0.67)

17.0 vs 17.9 

(HR 1.04, P = 0.67)

CRYSTAL21‡ FOLFIRI + cetuximab (n = 178) vs FOLFIRI (n = 189) PFS 66 vs 39 

(P <0.0001)

11.4 vs 8.4  

(HR 0.56, P = 0.0002)

28.4 vs 20.2 

(HR 0.69, P = 0.0024)

PRIME20‡ FOLFOX + panitumumab (n = 259) vs FOLFOX (n = 253) PFS NA 10.1 vs 7.9  

(HR 0.72, P = 0.004)
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33.1 vs 25.6 
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FOLFOX or FOLFIRI + cetuximab (n = 270) vs FOLFOX 

or FOLFIRI + bevacizumab (n = 256)

OS 69 vs 54 

(P <0.01)§
11.4 vs 11.3  

(HR 1.10, P = 0.31)

32.0 vs 31.2 

(HR 0.90, P = 0.40)

* In patients with KRAS (exon 2, codons 12 and 13)-wild-type tumours. ‡In patients with RAS-wild-type tumours (wild-type at exons 2, 3, and 4 of KRAS and NRAS). §Absolute number of patients 
evaluable in each arm was not available. Abbreviations: FLOX, bolus 5-fluorouracil, leucovorin (folinic acid), and oxaliplatin; FOLFIRI, 5-fluorouracil, folinic acid, and irinotecan; FOLFOX, 
5-fluorouracil, folinic acid, and oxaliplatin; HR, hazard ratio; IFL, irinotecan, 5-fluorouracil, and leucovorin (folinic acid); mCRC, metastatic colorectal cancer; NA, not applicable; ORR, overall 

response rate; OS, overall survival; PFS, progression-free survival.
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in terms of efficacy and activity,15,16 and at 
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for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 
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clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21
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XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-
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than anti-VEGF agents should be added 
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answered by the long-awaited results of 
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trial,29 592 patients with KRAS exon 2 wild-
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receive either first-line FOLFIRI plus cetux-
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end point of the trial, was not significantly 
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zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 
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28.4 vs 20.2 
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(HR 0.72, P = 0.004)

25.8 vs 20.2 

(HR 0.77, P = 0.009)

FIRE-329‡ FOLFIRI + cetuximab (n = 171) vs

FOLFIRI + bevacizumab (n = 171)

ORR 66 vs 60 

(P = 0.32)

10.4 vs 10.2  

(HR 0.93, P = 0.54)

33.1 vs 25.6 

(HR 0.70, P = 0.011)

CALGB/ SWOG 

8040533‡

FOLFOX or FOLFIRI + cetuximab (n = 270) vs FOLFOX 

or FOLFIRI + bevacizumab (n = 256)

OS 69 vs 54 

(P <0.01)§
11.4 vs 11.3  

(HR 1.10, P = 0.31)

32.0 vs 31.2 

(HR 0.90, P = 0.40)

* In patients with KRAS (exon 2, codons 12 and 13)-wild-type tumours. ‡In patients with RAS-wild-type tumours (wild-type at exons 2, 3, and 4 of KRAS and NRAS). §Absolute number of patients 
evaluable in each arm was not available. Abbreviations: FLOX, bolus 5-fluorouracil, leucovorin (folinic acid), and oxaliplatin; FOLFIRI, 5-fluorouracil, folinic acid, and irinotecan; FOLFOX, 
5-fluorouracil, folinic acid, and oxaliplatin; HR, hazard ratio; IFL, irinotecan, 5-fluorouracil, and leucovorin (folinic acid); mCRC, metastatic colorectal cancer; NA, not applicable; ORR, overall 

response rate; OS, overall survival; PFS, progression-free survival.

PERSPECTIVES

© 2015 Macmillan Publishers Limited. All rights reserved

Cremolini et al, Nature Rev Clin Oncol 2015 



Overall Survival benefit of chemotherapy + cetuximab 
or panitumumab in the 1st line therapy of mCRC 

Trial  n Treatment arm 
OS, 

months 
HR 

Incremental  
 gain, months 

CRYSTAL1* 367 
FOLFIRI + cetuximab 

FOLFIRI 

28.4 

20.2 

0.69 

p=0.0024 
8.2 ↑ 

PRIME2* 512 
FOLFOX + panitumumab 

FOLFOX 

26.0 

20.2 

0.78  

p=0.04 
5.8 ↑ 
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molecularly targeted therapy with mAbs 

(Table 1). Such studies demonstrated the 

equivalence of oxaliplatin-based (FOLFOX) 

and irinotecan-based (FOLFIRI) regimens 

in terms of efficacy and activity,15,16 and at 

the same time, established the addition of 

bevacizumab to a chemotherapy doublet 

as a standard upfront approach to therapy 

for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 

over chemotherapy doublets alone was less 

clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21

Adding mAbs for RAS-mutant mCRC

On the basis of the findings discussed, 

doublet chemotherapy plus bevacizumab 

remains the standard first-line treatment 

for patients with tumours harbouring RAS 

mutations.13 The choice of chemotherapy 

backbone used, either FOLFOX, FOLFIRI, 

or capecitabine plus oxaliplatin (known as 

XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-

type mCRC, in the past 2 years, the ques-

tion of whether anti-EGFR mAbs rather 

than anti-VEGF agents should be added 

to first-line therapy was not conclusively 

answered by the long-awaited results of 

three trials: FIRE-3, PEAK, and CALGB/

SWOG 80405.4,29–33 In the phase III FIRE-3 

trial,29 592 patients with KRAS exon 2 wild-

type mCRC were randomly assigned to 

receive either first-line FOLFIRI plus cetux-

imab or FOLFIRI plus bevacizumab. The 

objective response rate (ORR), the primary 

end point of the trial, was not significantly 

different in the cetuximab and bevaci-

zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 

independent radiological evaluation was 
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evaluated the efficacy of chemotherapy 

doublets alone or in combination with 

molecularly targeted therapy with mAbs 

(Table 1). Such studies demonstrated the 

equivalence of oxaliplatin-based (FOLFOX) 

and irinotecan-based (FOLFIRI) regimens 

in terms of efficacy and activity,15,16 and at 

the same time, established the addition of 

bevacizumab to a chemotherapy doublet 

as a standard upfront approach to therapy 

for patients with mCRC.9,17 When anti-

EGFR mAbs entered the first-line treat-

ment armamentarium, their added benefit 

over chemotherapy doublets alone was less 

clear.10,18,19 Subsequent post-hoc analyses of 

data from randomized trials led to recog-

nition that the presence of RAS mutations 

was predictive of a poor response to EGFR-

targeted agents and resulted in restricted 

use of anti-EGFR mAbs in patients with 

RAS-wild-type tumours.20,21
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On the basis of the findings discussed, 
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backbone used, either FOLFOX, FOLFIRI, 

or capecitabine plus oxaliplatin (known as 

XELOX or CAPOX), can be based on prac-

tical issues, patient preference, and toxicity 

profile, as no substantial differences in effi-

cacy have been demonstrated between these 

regimens.15,22–24 Irinotecan-based first-line 

therapy might be preferred in patients who 

have an early relapse as (metachronous) 

metastatic disease after adjuvant treatment 

with oxaliplatin,25 based on the hypoth-

esis that the tumour cells that have escaped 

oxaliplatin in the adjuvant phase might be 

more sensitive to a different drug. On the 

other hand, owing to its specific toxicity 

profile and metabolism, irinotecan can be 

contraindicated in patients with baseline 

liver-function impairment or with Gilbert 

syndrome (because of their increased risk 

of neutropenia), in patients at high risk of 

diarrhoea, or for those who previously 

underwent a total or subtotal colectomy.17 

In other cases, a combination regimen 

including oxaliplatin and capecitabine 

could be the therapy of choice in order to 

avoid central venous catheter implantation 

and to reduce the frequency of treatment 

cycles. By contrast, oxaliplatin should be 

avoided in patients at high risk of peripheral 

neuropath y—that is, those with neurologi-

cal comorbidities or diabetes, who are more 

likely to develop a sensory neuropathy that 

interferes with daily activities—because 

neuropathy is a recognized toxicity associ-

ated with this agent, but is not observed in 

patients treated with irinotecan.27,28

Adding mAbs for RAS-wild-type mCRC 

Consider ing patients with RAS-wi ld-

type mCRC, in the past 2 years, the ques-

tion of whether anti-EGFR mAbs rather 

than anti-VEGF agents should be added 

to first-line therapy was not conclusively 

answered by the long-awaited results of 

three trials: FIRE-3, PEAK, and CALGB/

SWOG 80405.4,29–33 In the phase III FIRE-3 

trial,29 592 patients with KRAS exon 2 wild-

type mCRC were randomly assigned to 

receive either first-line FOLFIRI plus cetux-

imab or FOLFIRI plus bevacizumab. The 

objective response rate (ORR), the primary 

end point of the trial, was not significantly 

different in the cetuximab and bevaci-

zumab arms (62.0% versus 58.0%; OR 1.18, 

95% CI 0.85–1.64; P = 0.18), and no signifi-

cant differences were observed in terms of 

progression-free survival (PFS; median 

10.0 months versus 10.3 months; HR 1.06, 

95% CI 0.88–1.26; P = 0.55).29 Surprisingly, 

however, an overall survival advantage 

was observed in the cetuximab group 

(median overall survival 28.7 months versus 

25.0 months; HR 0.77, 95% CI  0.62–0.96; 

P = 0.017).29 When the molecular analyses 

were extended beyond KRAS exon 2—that 

is, after patients harbouring mutations in 

KRAS exon 3 and 4 and NRAS exon 2, 3, and 

4 were excluded—d ifferences in ORR and 

PFS remained statistically insignifi cant (OR 

for response 1.28, 95% CI 0.83–1.99, P = 0.32; 

HR for PFS 0.93, 95% CI 0.74–1.17, P = 0.54), 

whereas the difference in overall survival in 

favour of cetuximab was confirmed and 

amplified in patients who were wild-type 

for all tested RAS loci (33.1 months versus 

25.6 months; HR 0.70, 95% CI 0.53–0.92; 

P = 0.011; Table 1).29 Subsequently, an 

independent radiological evaluation was 

Table 1 | Phase III trials of doublet chemotherapy plus a biologic agent in patients with mCRC

Trial Study interventions (number of patients) Primary 
end point

ORR  
(%)

Median PFS  
(months)

Median OS 
(months)

AVF2107g9 IFL + bevacizumab (n = 402) vs IFL (n = 411) OS 45 vs 35 

(P = 0.004)

10.6 vs 6.2  

(HR 0.54, P <0.001)

20.3 vs 15.6 

(HR 0.66, P <0.001)

NO1696617 Fluoropyrimidine–oxaliplatin  + bevacizumab (n = 699) 

vs f uoropyrimidine–oxaliplatin (n = 701)

PFS 47 vs 49 

(P = 0.31)

9.4 vs 8.0  

(HR 0.83, P = 0.0023)

21.3 vs 19.9 

(HR 0.89, P = 0.077)

NORDIC77* FLOX + cetuximab (n = 97) vs FLOX (n = 97) OS 46 vs 47 

(P = 0.89)

7.9 vs 8.7  

(HR 1.07, P = 0.66)

20.1 vs 22.0 

(HR 1.14, P = 0.48)

MRC COIN78* Fluoropyrimidine–oxaliplatin  + cetuximab (n = 362) vs 

f uoropyrimidine–oxaliplatin (n = 367)

PFS 64 vs 57 

(P = 0.049)

8.6 vs 8.6  

(HR 0.96, P = 0.67)

17.0 vs 17.9 

(HR 1.04, P = 0.67)

CRYSTAL21‡ FOLFIRI + cetuximab (n = 178) vs FOLFIRI (n = 189) PFS 66 vs 39 

(P <0.0001)

11.4 vs 8.4  

(HR 0.56, P = 0.0002)

28.4 vs 20.2 

(HR 0.69, P = 0.0024)

PRIME20‡ FOLFOX + panitumumab (n = 259) vs FOLFOX (n = 253) PFS NA 10.1 vs 7.9  

(HR 0.72, P = 0.004)

25.8 vs 20.2 

(HR 0.77, P = 0.009)

FIRE-329‡ FOLFIRI + cetuximab (n = 171) vs

FOLFIRI + bevacizumab (n = 171)

ORR 66 vs 60 

(P = 0.32)

10.4 vs 10.2  

(HR 0.93, P = 0.54)

33.1 vs 25.6 

(HR 0.70, P = 0.011)

CALGB/ SWOG 

8040533‡

FOLFOX or FOLFIRI + cetuximab (n = 270) vs FOLFOX 

or FOLFIRI + bevacizumab (n = 256)

OS 69 vs 54 

(P <0.01)§
11.4 vs 11.3  

(HR 1.10, P = 0.31)

32.0 vs 31.2 

(HR 0.90, P = 0.40)

* In patients with KRAS (exon 2, codons 12 and 13)-wild-type tumours. ‡In patients with RAS-wild-type tumours (wild-type at exons 2, 3, and 4 of KRAS and NRAS). §Absolute number of patients 
evaluable in each arm was not available. Abbreviations: FLOX, bolus 5-fluorouracil, leucovorin (folinic acid), and oxaliplatin; FOLFIRI, 5-fluorouracil, folinic acid, and irinotecan; FOLFOX, 
5-fluorouracil, folinic acid, and oxaliplatin; HR, hazard ratio; IFL, irinotecan, 5-fluorouracil, and leucovorin (folinic acid); mCRC, metastatic colorectal cancer; NA, not applicable; ORR, overall 

response rate; OS, overall survival; PFS, progression-free survival.
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Meta-analysis based on head-to-head studies of 

1st line CT + EGFRi versus CT + VEGFRi in w t RAS 

- List of studies - 

1. Heinemann V, et al. Ann Oncol 2015;26(Suppl 4):abstract 150 (and poster); 

2. Schwartzberg LS, et al. J Clin Oncol 2014;32:2240−7; 3. Stintzing S, et al. J Clin Oncol 2014;32(Suppl 3):abstract 445 

(and oral presentation); 4. Heinemann V, et al. Ann Oncol 2014;25(Suppl 4):abstract O-0030 (and oral presentation); 

5. Heinemann V, et al. Lancet Oncol 2014;15:1065−75; 6. Venook AP, et al. J Clin Oncol 2014;32(Suppl 5):abstract LBA3 

(and oral presentation); 7. Lenz H, et al. Ann Oncol 2014;25(Suppl 4):abstract 501O (and oral presentation). 

†Data cut-off December 2014. 

CTx, chemotherapy; 

H2H, head-to-head; MT, mutant; 

ORR, objective response rate; 

OS, overall survival; 

PFS, progression-free survival; 

VEGF, vascular endothelial growth factor. 

PEAK2 

Pre-specified RAS analysis 

FIRE-33−5 

Retrospective/exploratory 

RAS analysis 

CALGB/SWOG 804056,7 

Retrospective/exploratory 

RAS analysis 

n = 170 n = 342 n = 526 

WT RAS mCRC (n = 1038)  

Study level meta-analysis† 

Endpoints:  

OS (1), PFS, ORR in WT RAS pts 

Exploratory analysis: 

OS in WT KRAS exon 2/MT other RAS pts 



Heinemann V, et al. Ann Oncol 2015;26(Suppl 4):abstract 150 (and poster). †Primary endpoint. Weight is relative weight (%) from the fixed effect model. 

CALGB 
(n = 526) 

FIRE-3 
(n = 342) 

PEAK 
(n = 170) 

Total 
(fixed) 

Total 
(random) 

HR (95% CI) 

0.90 
(0.70−1.10) 

0.70 
(0.53−0.92) 

0.63 
(0.39−1.02) 

0.79 
(0.67−0.93) 

0.77 
(0.63−0.95) 

−0.105 

−0.357 

−0.462 

0.1153 

0.1407 

0.2453 

52.8 

35.5 

1 1.7 

100 

logHR logSE Weight 

Favours anti-EGFR + CT 

0.1 1 

Favours bevacizumab + CT 

10 

Heterogeneity: Chi2 = 2.87, df = 2, (P = 0.24), I2 = 30%, Tau2 = 0.01 

Meta-analysis based on head-to-head studies of 

1st line CT + EGFRi versus CT + VEGFRi in w t RAS 

- Overall Survival - 



BEV + FOLFIRI 

(n=110) 
Randomise 1:1 

Irinotecan/ 

CETUXIMAB 

FOLFOX 

PD  

COMETS: Study design  

Study conducted in 11 centres in Italy 

Primary endpoint Progression-free survival (PFS)  

Secondary endpoints Overall survival (OS) from randomisation;  

PFS 2° and 3°line;  

Overall response rate 

Safety 

 

FOLFOX 

Irinotecan/ 

CETUXIMAB 

Clinicaltrials.gov: NCT01030042  

Research Funding Source: AIFA (Agenzia Italiana del Farmaco) Code FARM 6XB38F 

101 events were required to achieve a power of 80% of detecting a HR of 0.57 in 

favour of one of the two sequences, translating in an increase of median overall 

PFS from 4 to 7 months, with a type I error of 5%, two-sided, using the Mantel-Cox 

version of the log-rank test. 110 assessable patients were needed to reach the 

target number of events. 

PFS 

Cascinu S, et al. Eur J Cancer 2015;51(Suppl 3):abstract 2006 (and oral). 

1st Line 2nd Line 3rd Line 



Efficacy data according to arm  

Arma A 
(55 patients) 

Arm B 
(55 patients) 

Hazard ratio 
(95% CI) 

Response rate (%) 19/52 (37%) 30/53 (57%) p= 0.05 
Fisher exact test 

Overall median PFS 
(months) 

9.9 11.3 HR 0.83 
(0.56-1.24); p= 0.37 

Overall median survival 
(months) 

12.3 18.6 HR 0.79 
(0.52-1.19); p= 0.26 

Arm A:  Cetuximab/irinotecan → FOLFOX 

Arm B:  FOLFOX followed by → Cetuximab/irinotecan 

Cascinu S, et al. Eur J Cancer 2015;51(Suppl 3):abstract 2006 (and oral). 



COMETS Conclusions 

• In KRAS WT patients, Cmab seems to be less effective 
immediately after Bev 

• Findings may support preclinical and clinical data 
suggesting that EGFR inhibition is not active after VEGF 
blockade 

• Sequence of biological agents seems to be relevant as 
well as 1st-line choice 

• In RAS WT pts Cmab should be given in 1st line or in 3rd 
line in patients progressing after 1st line bev 

43 Cascinu S, et al. Eur J Cancer 2015;51(Suppl 3):abstract 2006 (and oral). 



Pre-treatment with VEGFi therapy gives rise to overexpression 
of effectors of angiogenesis that hamper efficacy 
of subsequent EGFRi treatment 
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Bianco R, et al. Clin Cancer Res 2008;14:5069-5080; Viloria-Petit et al, Cancer Res 2001;61:5090-5101 



20050181 study 

FOLFIRI ± panitumumab in 2nd-line treatment of 

metastatic CRC 

Peeters M, et al. J Clin Oncol 2014; 32 (suppl 3):LBA387 (and oral presentation).  ORR, objective response rate 

Metastatic  
CRC 

(n = 1186) 
R 

1:1 

• Study endpoints: PFS and OS (1°), ORR, safety 
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p Disease assessment every 8 weeks 

 

FOLFIRI (Q2W) + 

panitumumab 6 mg/kg 
(Q2W) 

FOLFIRI (Q2W) 
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WT RAS 

Panitumumab +  

FOLFIRI  

(n = 200) 

 

FOLFIRI 

(n = 205) 

ORR,  n (%) 
(95% CI) 

81 (41) 
(32%–48%)  

21 (10) 
(6%–15%) 



20050181 study KRAS exon 2 analysis 

Demographics and disease characteristics 

Peeters M, et al. J Clin Oncol 2010; 28:4706-13. *Included 1 patient with ECOG 3 

WT KRAS (n = 597) MT KRAS (n = 486) 

Panitumumab + 
FOLFIRI 
(n = 303) 

 
FOLFIRI 
(n = 294) 

Panitumumab + 
FOLFIRI 
(n = 238) 

 
FOLFIRI 
(n = 248) 

Sex – men,  n (%) 188 (62) 191 (65) 133 (56) 148 (60) 

Age – years, median (min, max) 60 (28, 84) 61 (29, 86) 61 (29, 83) 64 (29, 86) 

Race – white, n (%) 294 (97) 278 (95) 226 (95) 238 (96) 

ECOG performance status, n (%) 

0-1 288 (95) 273 (93) 224 (94) 233 (94) 

2 15 (5) 21* (7) 14 (6) 15 (6) 

Primary tumour type, n (%) 

Colon 187 (62) 189 (64) 156 (66) 164 (66) 

Rectal 116 (38) 105 (36) 82 (34) 84 (34) 

Sites of metastatic disease, n (%) 

Liver only 51 (17) 59 (20) 37 (16) 35 (14) 

Liver + other 205 (68) 189 (64) 166 (70) 172 (69) 

Other only 47 (16) 44 (15) 34 (14) 39 (16) 

Missing or unknown 0 (0) 2 (<1) 1 (<1) 2 (<1) 

Prior oxaliplatin therapy, n (%) 204 (67) 191 (65) 164 (69) 169 (68) 

Prior bevacizumab therapy, n (%) 55 (18) 60 (20) 45 (19) 43 (17) 



Current (2016) status of the treatment of mCRC 
with EGFR inhibitors 

• Panitumumab and cetuximab differ 

– Anti-tumor effects 

– Side effects 

– Resistance 

• Optimal use of EGFRi in the continuum of care 

– Combined  with companion chemotherapy or monotherapy 

– First line versus subsequent lines of treatment(s) 

– Sequencing with anti-angiogenesis agent(s) 

– Rationale for repeated therapy (rechallenge) 

 

 

 

 



ESMO SYMPOSIUM ON SIGNALLING PATHWAYS 2016 

ESMO SYMPOSIUM ON 

SIGNALLING PATHWAYS 2016 

esmo.org 

Current status of the treatment 
of metastatic colorectal cancer 
with EGFR inhibitors 

Conclusions 



November 2005 November 2014 

Multidisciplinary therapies (med → surg → 

med, etc.) for metastatic colorectal cancer 

61 yr old 

70 yr old 



Proportional impact on magnitude of OS benefit 
achieved across the continuum of care 

0,77 

0,84 

0,82 

0,81 

0,85 

0,75 

0,67 

0,71 

0,70 

0,89 

0,78 

0,65 

0,69 

0,0 0,2 0,4 0,6 0,8 1,0

HR for OS  

FOLFOX/XELOX ±  bevacizumab 

 FOLFIRI ± cetuximabb 

FOLFOX ± bevacizumab 

 FOLFOX4 ±  panitumumaba 

CT ± continued bevacizumab 

FOLFIRI ± aflibercept 

FOLFIRI ±  panitumumaba 

1.4 

2.1 

1.4 

1.4 

1.4 

2.0a 

5.8 

8.2 

1 L 

2 L 

FOLFOXIRI ±  bevacizumab 

 mFOLFOX6 ±  panitumumab 
 RAS and BRAF WT 

 RAS and BRAF WT 

12.4 

11.5 

 RAS WT 

 RAS WT 

12.4 

7.3 

 FOLFIRI ± cetuximabb  RAS WT Liver Limited Disease 

 mFOLFOX6 ±  panitumumab  RAS and BRAF WT Liver Limited Disease 

FOLFIRI ± ramucirumab 

2.6 

 Regorafenib ± placebo  3/4 L 

Improvement OS 
(median months) 



0,77 

0,68 

0,55 

0,70 

0,0 0,2 0,4 0,6 0,8 1,0

HR for OS  

 Regorafenib ± placebo  3/4 L 

 TAS-102 ± placebo  

 Cetuximab ± placebo  

 Panitumumab ± placebo  1.4 

1.8 

4.7 

3.1 

Improvement OS 
(median months) 

Proportional impact on magnitude of OS benefit 
achieved across the continuum of care 

 RAS WT 

 RAS WT 



Bench to bedside and viceversa collaboration 
Ospedale Niguarda (Milano) & IRCC Candiolo (Torino) 
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