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Learning Objectives

• Use of EGFR inhibitors in untreated pts with  mCRC and CCO funding

• Prognostic and predictive value of primary tumor location

• Canadian Colorectal Cancer Sidedness Guidelines

• Biomarker role and impact in treatment selection for mCRC



TOPIC ONE

The Evolution of Treatment in mCRC 





First-line
chemotherapy

FOLFOX or 
FUFOX

FOLFIRI or 
FUFIRI

IFL

IROX

THE VALUE OF CYTOTOXIC CHEMOTHERAPY:

Correlation Between Exposure to “All-Three-Drugs” and 

Median Overall Survival

Grothey et al. J Clin Oncol. 2004; 22:1209.
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ADDITIONAL VALUE 

OF BIOLOGICALS 



TOPIC TWO

Factors Influencing Treatment  Selection



PATIENT-FACTORS INFLUENCING Rx

• ECOG PS and Age

• Prior adjuvant FOLFOX

• Possible C/I  to VEGF(R)-based Rx

• DYPD status (determines fluoropyrimidine tolerance)

• Goals and values

• Drug plan and perhaps home province 

• Cognition and co-morbidities



DISEASE-RELATED FACTORS INFLUENCING Rx

• Genetic status of the primary tumour: RAS, RAF, MSI

• Sidedness (Left vs Right)?

• Whether metastases are potentially resectable

• Primary in or out

• Primary in the rectum or colon  



OTHER FACTORS INFLUENCING Rx

• Availability of a clinical trial

• Cost of drugs to the system (e.g. oxaliplatin now a ‘we don’t care’ drug)



TOPIC THREE

RAS and RAF 



EGFR Activation May Involve Downstream Signaling 
Pathways That Include RAS

EGFR homodimer

Berg M, et al. Discov Med 2012;14:207-14; Di Fiore F, et al. Br J Cancer 2010;103:1765-72; 

Han W, et al. Cancer Lett 2012;318:124-34; Herbst RS, et al. Cancer 2002;94:1593-1611.



Mutated RAS May Lead to Uncontrolled Cell Signaling and 
Cancer

• Mutations in KRAS or NRAS
are found in approximately 
53% of CRCs1

• Specific mutations in RAS 
genes result in constitutively 
active proteins

• Patients with KRAS or NRAS 
mutations do not benefit 
from EGFR inhibition1-3

1. Sorich MJ, et al. Ann Oncol 2015;26 13-21; 2. Amado RG, et al. J Clin Oncol 2008;26:1626-1634; 

3. Karapetis CS, et al. N Engl J Med 2008;359:1757-1765.

GDP

GTP

ABNORMAL

• Growth

• Proliferation

• Differentiation

inactive

active

*

RAS-GDP

RAS-GTP



NCIC CO.17 Trial
Cetuximab and KRAS exon 2 Status

Results

Cmab + BSC

n = 287
Tumour specimens

n = 198
KRAS mutations

n = 81 (41%)

Study Schema

Chemorefractory

mCRC 
R

Adapted from Karapetis C, et al. N Engl J Med 2008;359:1757-1765.
Cmab = Cetuximab; NCIC = National Cancer Institute of Canada
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KRAS Mutational Status Associated with Outcome: 

Predictive Biomarker (but not Prognostic) – NCIC CO.17

Adapted from Karapetis CS, et al: N Engl J Med 2008; 359(17):1757-65.

Mutant Wild type

Study arm
Median OS 

(months)
95% CI

Cetuximab + BSC 4.5 3.8 – 5.6

BSC alone 4.6 3.6 – 5.5

Study arm
Median OS 

(months)
95% CI

Cetuximab + BSC 9.5 7.7 – 10.3

BSC alone 4.8 4.2 – 5.5

Overall Survival



408 Study
Panitumumab and KRAS Exon 2 Status

*Adapted from from Amado RG, et al. J Clin Oncol 2008;26:1626-1634.
†Adapted from Van Cutsem, et al. J Clin Oncol 2007;25:1658-1664.

Pmab + BSC

n = 231

R
MT KRAS (n = 84)

WT KRAS (n = 124)

Study Schema

Results

BSC = Best supportive care; MT = Mutant; Pmab = Panitumumab; WT = Wild type

Chemorefractory

mCRC 
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KRAS Exon 2 Status Predicts Response to 
EGFR Inhibitors in Most Studies

NORDIC VII is the only study in which the results with regard to KRAS status were not clear in 

patients with wild-type tumours.

Study n Key Results Improved Outcomes in 
KRAS WT patients

First-line CRYSTAL1 1,198 FOLFIRI + cetuximab > FOLFIRI ✔

COIN2 1,630 5-FU/capecitabine + oxaliplatin + cetuximab 
> 5-FU/capecitabine + oxaliplatin

✔

PRIME3 1,183 FOLFOX4 + panitumumab > FOLFOX4 ✔

NORDIC VII4 566 FLOX = FLOX + cetuximab ✗

Second-
line

EPIC5,6 1,298 Irinotecan + cetuximab > Irinotecan ✔

1817 1,186 FOLFIRI + panitumumab > FOLFIRI ✔

Third-
line

NCIC CO.178,9 572 Cetuximab + BSC > BSC ✔

40810, 11 463 Panitumumab + BSC > BSC ✔

FIRE-312 592 Cetuximab  + FOLFIRI > Bevacizumab + FOLFIRI ✔

CALGB/SWOG 
80405

526 Cetuximab  + Chemo = Bevacizumab + Chemo ✔

1. Van Cutsem E, et al. J Clin Oncol 2011;29:2011; 2. Maughan TS, et al. Lancet 2011;377:2103-2114; 3. Douillard JY, et al. J Clin Oncol 2010;28:4697-4705;  4. Tveit K, et al. J Clin Oncol 2012;30:1755-62; 

5. Sobrero AF, et al. J Clin Oncol 2008;26:2311-2319; 6. Langer C, et al. Ann Oncol 2008;19(suppl 8) (Abstr 385P);  7. Peeters M, et al. J Clin Oncol 2010;28:4706-4713;  8. Karapetis C, et al. N Engl J Med 2008;359:1757-1765; 9. Jonker DJ, et al. N Engl J Med 2007;357:2040-2048; 
10. Van Cutsem E, et al. J Clin Oncol 2007;25:1658-1664;  11. Amado RG, et al. J Clin Oncol 2008;26:1626-1634. 12. Heinemann V, et al. Lancet Oncol 2014;15:1065-1075. 13. Venook A. ASCO 2014. J Clin Oncol 2014;32:5s(suppl). Abstr LBA3; 14. Lenz H. Ann Oncol 2014;25 (suppl 4). Abstr 501O.

BSC = Best supportive care; FLOX = Fluorouracil (5-FU), leucovorin (LV), and oxaliplatin; FOLFIRI = 5-FU/LV + irinotecan; FOLFOX = 5-FU + LV + oxaliplatin



PFS the primary

endpoint: met PRIME:

FOLFOX ±

P-MAb

WT KRAS

P-Mab beneficial

MT KRAS

P-Mab not beneficial

PRIME:

ANALYSIS A/C to 

KRAS STATUS



OPUS:

FOLFOX ±

C-MAb

WT RAS

C-MAb beneficial

MT RAS

C-MAb not beneficial 

THE SAME PATTERN

SEEN WITH CETUXIMAB

Overall Survival



EXPANDED RAS ANALYSIS



MEASURING EXPANDED RAS PROVIDES MORE BENEFIT FROM EGFR MABS THAN KRAS



Hazard Ratio for Disease Progression or Death and Hazard Ratio for Death from Any Cause, 
According to KRAS and RAS Mutation Status.

Douillard J-Y et al. N Engl J Med 2013;369:1023-1034

PRIME



PRIME Phase III Study
RAS Status†: Panitumumab + FOLFOX4 vs. FOLFOX Alone (Updated Analysis‡)

Adapted from Douillard JY, et al. N Engl J Med 2013;369:1023-1034.

*KRAS exon 3, 4 ; NRAS exon 2, 3, 4; or BRAF exon 15;
†Prospective-retrospective analysis; ‡Exploratory analysis

OS – RAS WT OS – RAS MT*

p = 0.009 

HR 0.77 (95% CI 0.64–0.94) 

Panitumumab 

+ FOLFOX4 

FOLFOX4 25.820.2 Panitumumab  + FOLFOX4 

FOLFOX4 

p = 0.040

HR 1.21 (95% CI 1.01-1.45) 
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TOPIC FOUR

WHICH BIOLOGICAL: BEV OR anti-EGFR?





FIRE-3 Phase III Trial:
Cetuximab vs. Bevacizumab with FOLFIRI 
as First-line Treatment in KRAS WT Patients

Heinemann V, et al. Lancet Oncol 2014;15:1065-1075.
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HR 0.70 (95% CI 0.53-0.92)

p = 0.011

25.0 28.7

Cetuximab + FOLFIRI

Bevacizumab + FOLFIRI

HR 0.77 (95% CI 0.62–0.96)

p = 0.017

25.5 33.1

Cetuximab + FOLFIRI

Bevacizumab + FOLFIRI

Time (Months) Time (Months)

EGFR MAb better than
VEGF Mab, especially in
All-RAS WT,
not just KRAS WT



PEAK:

FOLFOX/PMAb

vs

FOLOFOX/BEV





Longer

Quicker

Deeper



THE BENEFITS OF ACHIEVING A PARTIAL RESPONSE

Both PFS and OS are longer if the tumor shrinkage exceeds 30% by week 8

More pts achieve

30%+ shrinkage

on pmab

Pts achieving 

30%+ shrinkage

have better PFS

Pts achieving

30%+ shrinkage

have better OS



REMOVING BRAF PTS MEANS EVEN MORE BENEFIT FOR P-MAb





CALGB/SWOG 80405: 
Phase III trial of FOLFIRI or FOLFOX with Bevacizumab or 
Cetuximab for patients with KRAS exon 2 WT untreated mCRC

Venook A, et al. J Clin Oncol 2014;32:5s(suppl). Abstr LBA3

.

OS – KRAS WT OS – All RAS WT
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HR 0.925 (0.78-1.09)

p = 0.34

HR 0.9 (0.7-1.1)

p = 0.40

Cetuximab + chemotherapy

Bevacizumab + chemotherapy

29.0 29.9 31.2 32.0

Bevacizumab + chemotherapy

Cetuximab + chemotherapy



Three major trials of CT + anti-EGFR Mab vs Bev a/c to ras



TOPIC FIVE

SIDEDNESS





Right and Left Colon: Different Cancers, 
Different Biology, Different Outcomes. 

55

Right Cancers:

• Female 

• Older

• More BRAF 

mutations

• MSI high

• More co-

morbidities

• Less acute 

presentation

• WORSE 

prognosis

Is right and left too simplistic? Is this instead  a continuum?  

Hansen IO and Jess P, Dan Med J 2012;59:A4444; Loupakis F, et al. JNCI 2015;107.

Left  Cancers:

• Male 

• Younger

• Earlier 

Diagnosis

• More acute 

presentation

• Better 

Prognosis



Dirk A (presentations), ESMO Congress 2016. 

In all trials, OS favours left- over right-sided cancer

Prognostic Analysis: OS

Trial HR

CRYSTAL

FIRE3

PEAK

PRIME

181

CALGB80405

Total

HR (95% CI)

1.9 (1.2, 3.0)

2.8 (1.9, 4.3)

1.9 (0.4, 9.5)

1.6 (1.0, 2.4)

2.0 (1.3, 3.1)

1.8 (1.3, 2.6)

1.99 (1.65, 2.39)

Heterogeneity: p = 0.54; I2 = 0%

0.4 0.6 1.0 1.5 2.0 3.0 5.0

Favours Right Favours Left



Dirk A (presentations), ESMO Congress 2016. 

Predictive Analysis: OS

Trial HR

CRYSTAL – Left

CRYSTAL – Right

FIRE3 – Left

FIRE3 – Right

PEAK – Left

PEAK – Right

PRIME – Left

PRIME – Right

181 – Left

181 – Right

CALGB80405 – Left

CALGB80405 – Right

Total – Left

Total – Right

HR (95% CI)

0.7 (0.5, 0.9)

1.1 (0.7, 1.8)

0.6 (0.5, 0.8)

1.3 (0.8, 2.1)

0.8 (0.2, 3.3)

0.4 (0.1, 2.5)

0.7 (0.6, 0.9)

0.9 (0.6, 1.4)

1.0 (0.7, 1.2)

1.1 (0.7, 1.9)

0.8 (0.6, 1.0)

1.4 (0.9, 2.0)

0.75 (0.67, 0.84)

1.14 (0.88, 1.47)

0.1 0.2 0.4 0.6 3.0 5.0

Favours CT + anti-EGFR Favours CT

2.01.51.0

without EGFR

LEFT-SIDED TUMORS(RAS WT) DO BETTER ON EGFR Rx



CRYSTAL





















Discussion: Relating Phenotype to Genotype<br />Consensus Molecular Subtypes in Colorectal Cancer

Presented By Deborah Schrag at 2016 ASCO Annual Meeting















TOPIC SIX

MSI









Le DT et al NEJM 2015





MSI testing algorithm proposed in 2012 by the Association for Molecular Pathology. 

Jonathan C. Dudley et al. Clin Cancer Res 2016;22:813-820

©2016 by American Association for Cancer Research



TOPIC SEVEN

BRAF M+







Efficacy Results According to RAS and BRAF Mutation Status in the Primary-Analysis 
Population.

Douillard J-Y et al. N Engl J Med 2013;369:1023-1034

PRIME

RAF M+ pts do 

poorly but still 

marginally 

benefit from P-mab

RAS WT/RAF WT

do better, and do 

benefit from P-mab



CRYSTAL Phase III Study 
BRAF Status and Response with Cetuximab

Adapted from Van Cutsem E, et al. J Clin Oncol 2011;29:2011-2019.

OS

BRAF MT

(n = 59)

Cmab + 

FOLFIRI

(n = 26)

FOLFIRI

(n = 33)  

HR p

OS 14.1 10.3 0.908 0.74

PFS 8.0 5.6 0.934 0.87

ORR 19.2 15.2 NR 0.91

BRAF WT

(n=566)

Cmab + 

FOLFIRI

(n = 277)

FOLFIRI

(n = 289)  

HR p

OS 25.1 21.6 0.830 0.0547

PFS 10.9 8.8 0.673 0.0013

ORR 61.0 42.6 NR < 0.001

Results

mCRC

first-line
R

FOLFIRI

Cetuximab + FOLFIRI

Study Schema

CRYSTAL = Cetuximab Combined With Irinotecan in First-Line Therapy for Metastatic Colorectal Cancer; 

NR = not reported; ORR = Overall response rate
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RAF M+ pts have an overall poor outcome, but still
can benefit from EGFR inhibitors (in this case, C-mab)



↑ G3 & G4 

VEMURAFENIB, 

IRINOTECAN 

AND C-Mab in 

BRAF M+ pts





TOPIC EIGHT

OTHER NEW DRUGS



REGORAFENIB IN REFRACTORY CRCa



RECOURSE: TAS-102 IN REFRACTORY CRCa



Canadian Colorectal Cancer Consensus Statement







Canadian Consensus Statement endorsed by 

GI Disease Site Committee of Cancer Care Ontario







Does not mention sidedness (yet)
Disallows use of bevacizumab in 2nd line after 1st line EGFR mabs



BASE CASE

UNRESECTABLE, NO RECENT ADJUVANT, 5FU 

TOLERANT, FIT, YOUNG, NO C/I TO BEV

RAS M+ RAF M+ RAS WT (R) RAS WT (L) MSI-H

FOLFOX/Bev

or  

FOLFIRI/Bev

FOLFOXIRI/Bev FOLFOX/Bev

or

FOLFIRI/Bev

FOLFOX/P-mab

or

FOLFIRI/P-mab

Pembrolizumab 1st L

FOLFIRI 

or                

FOLFOX

Pembrolizumab if 

associated with   

MSI-H

FOLFIRI

or

FOLFOX

FOLFIRI/Bev

or

FOLFOX/Bev

FOLFOX/Bev

or 

FOLFIRI/Bev

2nd L

TAS-102

or 

Regorafenib

Regorafenib

or

P-mab

P-mab

or

C-mab/irinotecan

TAS -102

or

Regorafenib

FOLFIRI

or

FOLFOX

3rd L

SoL SoL

TAS -102

or     

Regorafenib

SoL

Regorafenib

or

TAS-102

4th L



Monitoring and Management of 

EGFR-related Hypomagnesemia

• Magnesium levels should be monitored closely (e.g., 

every two weeks)

• Infusions of magnesium sulfate, as well as oral 

supplementation, may be required

– Administer 2 g/hr in a solution

– Can administer up to 10 g over 5 hours

– Supplements may not always be effective

Adapted from British Columbia Cancer Agency Protocols, accessed on-line at www.bccancer.bc.ca. 
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AFTER ONC CYCLE OF CHEMO…



1 June 2017 6 Feb 2018



THE END


