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Overview
Colorectal cancer (CRC) is the fourth most fre-
quently diagnosed cancer and the second leading 
cause of cancer death in the United States. In 2016, 
an estimated 95,270 new cases of colon cancer and 
approximately 39,220 cases of rectal cancer will oc-
cur. During the same year, an estimated 49,190 peo-
ple will die of colon and rectal cancer combined.1 
Despite these high numbers, the incidence of colon 
and rectal cancers per 100,000 people decreased from 
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Abstract
This portion of the NCCN Guidelines for Colon Cancer focuses 
on the use of systemic therapy in metastatic disease. Consider-
ations for treatment selection among 32 different monother-
apies and combination regimens in up to 7 lines of therapy 
have included treatment history, extent of disease, goals of 
treatment, the efficacy and toxicity profiles of the regimens, 
KRAS/NRAS mutational status, and patient comorbidities and 
preferences. Location of the primary tumor, the BRAF muta-
tion status, and tumor microsatellite stability should also be 
considered in treatment decisions.
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NCCN Categories of Evidence and Consensus
Category 1: Based upon high-level evidence, there is uni-
form NCCN consensus that the intervention is appropri-
ate.
Category 2A: Based upon lower-level evidence, there is 
uniform NCCN consensus that the intervention is appro-
priate.
Category 2B: Based upon lower-level evidence, there is 
NCCN consensus that the intervention is appropriate.
Category 3: Based upon any level of evidence, there is 
major NCCN disagreement that the intervention is  
appropriate.

All recommendations are category 2A unless otherwise 
noted.

Clinical trials: NCCN believes that the best management for 
any cancer patient is in a clinical trial. Participation in clinical 
trials is especially encouraged.

Please Note
The NCCN Clinical Practice Guidelines in Oncology 
(NCCN Guidelines®) are a statement of consensus of the 
authors regarding their views of currently accepted ap-
proaches to treatment. Any clinician seeking to apply or 
consult the NCCN Guidelines® is expected to use inde-
pendent medical judgment in the context of individual 
clinical circumstances to determine any patient’s care or 
treatment. The National Comprehensive Cancer Net-
work® (NCCN®) makes no representation or warranties 
of any kind regarding their content, use, or application 
and disclaims any responsibility for their applications or 
use in any way. 

© National Comprehensive Cancer Network, Inc. 
2017, All rights reserved. The NCCN Guidelines and the 
illustrations herein may not be reproduced in any form 
without the express written permission of NCCN.
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At the beginning of each NCCN Guidelines panel meeting, panel 
members review all potential conflicts of interest. NCCN, in keep-
ing with its commitment to public transparency, publishes these 
disclosures for panel members, staff, and NCCN itself. 

Individual disclosures for the NCCN Colon Cancer Panel members 
can be found on page 398. (The most recent version of these 
guidelines and accompanying disclosures are available on the 
NCCN Web site at NCCN.org.) 

These guidelines are also available on the Internet. For the 
latest update, visit NCCN.org.
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60.5 in 1976 to 46.4 in 2005.2 In fact, the incidence 
of CRC decreased at a rate of approximately 3% per 
year between 2003 and 2012.1 The incidence rate 
for CRC reported by the CDC for 2011 is 40.0 per 
100,000 persons.3 In addition, mortality from CRC 
decreased by almost 35% from 1990 to 2007,4 and 
is currently down by approximately 50% from peak 
mortality rates.1 These improvements in incidence of 
and mortality from CRC are thought to be a result 
of cancer prevention and earlier diagnosis through 
screening and better treatment modalities.

Despite the observed improvements in the over-
all CRC incidence rate, a retrospective cohort study 
of the SEER CRC registry found that the incidence 
of CRC in patients <50 years of age has been increas-
ing.5 The authors estimate that the incidence rates for 

colon and rectal cancers will increase by 90.0% and 
124.2%, respectively, for patients 20 to 34 years by 
2030. The cause of this trend is currently unknown.

This portion of the NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines) for 
Colon Cancer begin with the clinical presentation 
of the patient to the primary care physician or gas-
troenterologist and address diagnosis, pathologic 
staging, surgical management, perioperative treat-
ment, patient surveillance, management of recurrent 
and metastatic disease, and survivorship. When re-
viewing these guidelines, clinicians should be aware 
of several things. First, these guidelines adhere to 
the TNM staging system (Table 1 [ST-1], available 
in these guidelines at NCCN.org).6 Furthermore, 
all recommendations are classified as category 2A  
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Clinical trials: NCCN believes that the best management of any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged. All 
recommendations are category 2A unless otherwise indicated.

COL-C
2 OF 10

COL-C
1 OF 10

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 1 of 10)

Initial Therapy

Patient 
appropriate 
for intensive 
therapy2

FOLFOX3 ± bevacizumab5,6 
or
CAPEOX4 ± bevacizumab5,6

or
FOLFOX3 + (cetuximab or panitumumab)6-9 
(KRAS/NRAS WT and left-sided tumors only)
or
FOLFIRI10 ± bevacizumab5,6 
or
FOLFIRI10 + (cetuximab or panitumumab)6-9 
(KRAS/NRAS WT and left-sided tumors only)
or
FOLFOXIRI10 ± bevacizumab5,6 
or
5-FU/leucovorin11 ± bevacizumab5,6,12 
or 
Capecitabine13 ± bevacizumab5,6,12

Patient not 
appropriate 
for intensive 
therapy2

Improvement in 
functional status

No improvement in 
functional status

Consider initial therapy as above14

Best supportive care
See NCCN Guidelines 
for Palliative Care 
(available at NCCN.org)

Infusional 5-FU + leucovorin ± 
bevacizumab5 
or 
Capecitabine13 ± bevacizumab5

or
(Cetuximab or panitumumab)7-9 
(category 2B) (KRAS/NRAS WT 
and left-sided tumors only) 
or
(Nivolumab or pembrolizumab)
(dMMR/MSI-H only)7

Progression

Progression See COL-C 5 of 10

Progression See COL-C 4 of 10

Progression See COL-C 3 of 10

See footnotes COL-C 6 of 10 See footnotes COL-C 6 of 10

Subsequent Therapy

Previous 
oxaliplatin-
based therapy 
without 
irinotecan 

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 2 of 10)

FOLFIRI10 ± (bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or ramucirumab15,16)
or
Irinotecan10 ± (bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or ramucirumab15,16)

or

FOLFIRI10 + (cetuximab 
or panitumumab)*6-8,17-19 
(KRAS/NRAS WT only)
or 
Irinotecan10 + (cetuximab 
or panitumumab)*6-8,17-19 
(KRAS/NRAS WT only)

or

(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 

Irinotecan10 + (cetuximab or 
panitumumab)*6-8,17-19

(KRAS/NRAS WT only)
or
Regorafenib20 
or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 

Regorafenib20

or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only)

Regorafenib**20 
or 
Trifl uridine + tipiracil**20 
or 
Clinical trial 
or
Best supportive care21

Regorafenib20

or 
Trifl uridine + tipiracil20

See Subsequent therapy

See Subsequent therapy

*if neither previously given
**if not previously given

See Subsequent therapy
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COL-C
1 OF 10

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 1 of 10)

Initial Therapy

Patient 
appropriate 
for intensive 
therapy2

FOLFOX3 ± bevacizumab5,6 
or
CAPEOX4 ± bevacizumab5,6

or
FOLFOX3 + (cetuximab or panitumumab)6-9 
(KRAS/NRAS WT and left-sided tumors only)
or
FOLFIRI10 ± bevacizumab5,6 
or
FOLFIRI10 + (cetuximab or panitumumab)6-9 
(KRAS/NRAS WT and left-sided tumors only)
or
FOLFOXIRI10 ± bevacizumab5,6 
or
5-FU/leucovorin11 ± bevacizumab5,6,12 
or 
Capecitabine13 ± bevacizumab5,6,12

Patient not 
appropriate 
for intensive 
therapy2

Improvement in 
functional status

No improvement in 
functional status

Consider initial therapy as above14

Best supportive care
See NCCN Guidelines 
for Palliative Care 
(available at NCCN.org)

Infusional 5-FU + leucovorin ± 
bevacizumab5 
or 
Capecitabine13 ± bevacizumab5

or
(Cetuximab or panitumumab)7-9 
(category 2B) (KRAS/NRAS WT 
and left-sided tumors only) 
or
(Nivolumab or pembrolizumab)
(dMMR/MSI-H only)7

Progression

Progression See COL-C 5 of 10

Progression See COL-C 4 of 10

Progression See COL-C 3 of 10

See footnotes COL-C 6 of 10 See footnotes COL-C 6 of 10

Subsequent Therapy

Previous 
oxaliplatin-
based therapy 
without 
irinotecan 

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 2 of 10)

FOLFIRI10 ± (bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or ramucirumab15,16)
or
Irinotecan10 ± (bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or ramucirumab15,16)

or

FOLFIRI10 + (cetuximab 
or panitumumab)*6-8,17-19 
(KRAS/NRAS WT only)
or 
Irinotecan10 + (cetuximab 
or panitumumab)*6-8,17-19 
(KRAS/NRAS WT only)

or

(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 

Irinotecan10 + (cetuximab or 
panitumumab)*6-8,17-19

(KRAS/NRAS WT only)
or
Regorafenib20 
or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 

Regorafenib20

or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only)

Regorafenib**20 
or 
Trifl uridine + tipiracil**20 
or 
Clinical trial 
or
Best supportive care21

Regorafenib20

or 
Trifl uridine + tipiracil20

See Subsequent therapy

See Subsequent therapy

*if neither previously given
**if not previously given

See Subsequent therapy
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Clinical trials: NCCN believes that the best management of any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged. All 
recommendations are category 2A unless otherwise indicated.

COL-C
4 OF 10

COL-C
3 OF 10

See footnotes COL-C 6 of 10 See footnotes COL-C 6 of 10

Subsequent Therapy

Previous 
irinotecan-
based therapy 
without  
oxaliplatin

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 3 of 10)

FOLFOX3 ± bevacizumab5,6

or 
CAPEOX4 ± bevacizumab5,6

or

Irinotecan10 + (cetuximab or 
panitumumab)*6-8,17-19 
(KRAS/NRAS WT only)

or

(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only)

Irinotecan10 +(cetuximab or 
panitumumab)*6-8,17-19

(KRAS/NRAS WT only)
or
Regorafenib20 
or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 

Regorafenib20

or 
Trifl uridine + tipiracil20

See Subsequent therapy

See Subsequent therapy

See Subsequent therapy

Regorafenib**20

or 
Trifl uridine + tipiracil**20  
or 
Clinical trial 
or
Best supportive care21

Regorafenib20

or 
Trifl uridine + tipiracil20

FOLFOX3 or CAPEOX4 
or 
(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only)

*if neither previously given
**if not previously given

Irinotecan10 +(cetuximab or 
panitumumab)6-8,17-19

(KRAS/NRAS WT only)
or
Regorafenib20 
or 
Trifl uridine + tipiracil20

or 
(Nivolumab* or pembrolizumab)* 
(dMMR/MSI-H only) 

Regorafenib**20

or 
Trifl uridine + tipiracil**20

or 
Clinical trial 
or
Best supportive care21

Subsequent Therapy

Previous 
FOLFOXIRI

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 4 of 10)

See Subsequent therapy

Regorafenib20

or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 
See Subsequent therapy

*if neither previously given
**if not previously given
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COL-C
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See footnotes COL-C 6 of 10 See footnotes COL-C 6 of 10

Subsequent Therapy

Previous 
irinotecan-
based therapy 
without  
oxaliplatin

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 3 of 10)

FOLFOX3 ± bevacizumab5,6

or 
CAPEOX4 ± bevacizumab5,6

or

Irinotecan10 + (cetuximab or 
panitumumab)*6-8,17-19 
(KRAS/NRAS WT only)

or

(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only)

Irinotecan10 +(cetuximab or 
panitumumab)*6-8,17-19

(KRAS/NRAS WT only)
or
Regorafenib20 
or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 

Regorafenib20

or 
Trifl uridine + tipiracil20

See Subsequent therapy

See Subsequent therapy

See Subsequent therapy

Regorafenib**20

or 
Trifl uridine + tipiracil**20  
or 
Clinical trial 
or
Best supportive care21

Regorafenib20

or 
Trifl uridine + tipiracil20

FOLFOX3 or CAPEOX4 
or 
(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only)

*if neither previously given
**if not previously given

Irinotecan10 +(cetuximab or 
panitumumab)6-8,17-19

(KRAS/NRAS WT only)
or
Regorafenib20 
or 
Trifl uridine + tipiracil20

or 
(Nivolumab* or pembrolizumab)* 
(dMMR/MSI-H only) 

Regorafenib**20

or 
Trifl uridine + tipiracil**20

or 
Clinical trial 
or
Best supportive care21

Subsequent Therapy

Previous 
FOLFOXIRI

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 4 of 10)

See Subsequent therapy

Regorafenib20

or 
Trifl uridine + tipiracil20

or 
(Nivolumab or pembrolizumab)* 
(dMMR/MSI-H only) 
See Subsequent therapy

*if neither previously given
**if not previously given
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Clinical trials: NCCN believes that the best management of any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged. All 
recommendations are category 2A unless otherwise indicated.

COL-C
6 OF 10

COL-C
5 OF 10

See footnotes COL-C 6 of 10

Subsequent Therapy

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 5 of 10)

FOLFOX3 ± 
bevacizumab5,6

or 
CAPEOX4 ± 
bevacizumab5,6

or
FOLFIRI10 ± 
(bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or 
ramucirumab15,16)
or
Irinotecan10 ± 
(bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or 
ramucirumab15,16)
or
Irinotecan10 + oxaliplatin 
± bevacizumab5,6

or
(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only)

Irinotecan10 + (cetuximab 
or panitumumab)*6-8,17-19

(KRAS/NRAS WT only)

or

Regorafenib20 
or 
Trifl uridine + tipiracil20

or 

(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only) 

See Subsequent therapy

FOLFOX3 or CAPEOX4 
or 
(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only)

Regorafenib**20

or 
Trifl uridine + tipiracil**20

or 
Clinical trial 
or
Best supportive care21

Regorafenib20

or 
Trifl uridine + tipiracil20

Previous 
fl uoro-
pyrimidine 
without 
irinotecan or 
oxaliplatin 

Irinotecan10 ± (cetuximab 
or panitumumab)*6-8,17-19

(KRAS/NRAS WT only) 
or 
(Nivolumab or 
pembrolizumab)* 
(dMMR/MSI-H only) 

See Subsequent therapy

See Subsequent therapy

See Subsequent therapy

*if neither previously given
**if not previously given

SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE (PAGE 6 of 10)

1For chemotherapy references, see Chemotherapy Regimens and References (COL-C 7-10).
2Chest/Abdominal/Pelvic CT with contrast or Chest CT and Abdominal/Pelvic MRI with contrast to monitor progress of therapy. PET/CT should not be used. 
3Discontinuation of oxaliplatin should be strongly considered from FOLFOX or CAPEOX after 3–4 months of therapy (or sooner if signifi cant neurotoxicity 

develops ≥ grade 2) with other drugs maintained (fl uoropyrimidine + bevacizumab) until time of tumor progression. Oxaliplatin may be reintroduced if it 
was discontinued previously for neurotoxicity rather than disease progression. Tournigand C, Cervantes A, Figer A, et al. OPTIMOX1: A randomized study 
of FOLFOX4 or FOLFOX7 with oxaliplatin in a stop-and-go fashion in advanced colorectal cancer - A GERCOR Study. J Clin Oncol 2006;24:394-400. 
There are no data to support the routine use of Ca/Mg infusion to prevent oxaliplatin-related neurotoxicity and therefore it should not be done.

4The majority of safety and effi cacy data for this regimen have been developed in Europe, where a capecitabine starting dose of 1000 mg/m2 twice daily 
for 14 days, repeated every 21 days, is standard. Evidence suggests that North American patients may experience greater toxicity with capecitabine (as 
well as with other fl uoropyrimidines) than European patients, and may require a lower dose of capecitabine. The relative effi cacy of CAPEOX with lower 
starting doses of capecitabine has not been addressed in large-scale randomized trials.

5There is an increased risk of stroke and other arterial events, especially in those aged ≥65 years. The use of bevacizumab may interfere with wound 
healing.

6Combination therapy involving cytotoxics, anti-EGFRs, and anti-VEGFs is not recommended. Hecht JR, Mitchell E, Chidiac T, et al. A randomized phase 
IIIB trial of chemotherapy, bevacizumab, and panitumumab compared with chemotherapy and bevacizumab alone for metastatic colorectal cancer. J 
Clin Oncol 2009;27:672-80. Tol J, Koopman M, Cats A, et al. Chemotherapy, bevacizumab, and cetuximab in metastatic colorectal cancer. N Engl J Med 
2009;360(6):563-572.

7See Principles of Pathologic Review (COL-A 4 of 5; available online, in these guidelines, at NCCN.org).
8Evidence increasingly suggests that BRAF V600E mutation makes response to panitumumab or cetuximab, as single agents or in combination with 

cytotoxic chemotherapy, highly unlikely.
9There is a preponderance of data to suggest lack of activity of cetuximab and panitumumab in initial therapy for patients whose primary tumors originated 

on the right side of the colon.
10Irinotecan should be used with caution and with decreased doses in patients with Gilbert’s disease or elevated serum bilirubin. There is a commercially 

available test for UGT1A1. Guidelines for use in clinical practice have not been established.
11Infusional 5-FU is preferred. 
12A treatment option for patients not able to tolerate oxaliplatin or irinotecan. 
13Patients with diminished creatinine clearance may require dose modifi cation of capecitabine.
14The use of single-agent capecitabine after progression on a fl uoropyrimidine-containing regimen has been shown to be ineffective; therefore, this is not 

recommended.
15Bevacizumab is the preferred anti-angiogenic agent based on toxicity and/or cost.
16There are no data to suggest activity of FOLFIRI-ziv-afl ibercept or FOLFIRI-ramucirumab in a patient who has progressed on FOLFIRI-bevacizumab, or 

vice versa. Ziv-afl ibercept and ramucirumab have only shown activity when given in conjunction with FOLFIRI in FOLFIRI-naïve patients.
17Cetuximab or panitumumab are recommended in combination with irinotecan-based therapy or as single-agent therapy for patients who cannot tolerate 

irinotecan. 
18EGFR testing has no demonstrated predictive value; therefore, routine EGFR testing is not recommended. No patient should be included or excluded 

from cetuximab or panitumumab therapy on the basis of EGFR test results.
19There are no data, nor is there a compelling rationale, to support the use of panitumumab after clinical failure on cetuximab, or the use of cetuximab after 

clinical failure on panitumumab. As such, the use of one of these agents after therapeutic failure on the other is not recommended. 
20Regorafenib or trifl uridine + tipiracil are treatment options for patients who have progressed through all available regimens.
21Single-agent or combination therapy with capecitabine, mitomycin, or gemcitabine has not been shown to be effective in this setting.
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Subsequent Therapy

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE:1 (PAGE 5 of 10)

FOLFOX3 ± 
bevacizumab5,6

or 
CAPEOX4 ± 
bevacizumab5,6

or
FOLFIRI10 ± 
(bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or 
ramucirumab15,16)
or
Irinotecan10 ± 
(bevacizumab15 [preferred]5,6 
or ziv-afl ibercept15,16 or 
ramucirumab15,16)
or
Irinotecan10 + oxaliplatin 
± bevacizumab5,6

or
(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only)

Irinotecan10 + (cetuximab 
or panitumumab)*6-8,17-19

(KRAS/NRAS WT only)

or

Regorafenib20 
or 
Trifl uridine + tipiracil20

or 

(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only) 

See Subsequent therapy

FOLFOX3 or CAPEOX4 
or 
(Nivolumab or 
pembrolizumab)*
(dMMR/MSI-H only)

Regorafenib**20

or 
Trifl uridine + tipiracil**20

or 
Clinical trial 
or
Best supportive care21

Regorafenib20

or 
Trifl uridine + tipiracil20

Previous 
fl uoro-
pyrimidine 
without 
irinotecan or 
oxaliplatin 

Irinotecan10 ± (cetuximab 
or panitumumab)*6-8,17-19

(KRAS/NRAS WT only) 
or 
(Nivolumab or 
pembrolizumab)* 
(dMMR/MSI-H only) 

See Subsequent therapy

See Subsequent therapy

See Subsequent therapy

*if neither previously given
**if not previously given

SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE (PAGE 6 of 10)

1For chemotherapy references, see Chemotherapy Regimens and References (COL-C 7-10).
2Chest/Abdominal/Pelvic CT with contrast or Chest CT and Abdominal/Pelvic MRI with contrast to monitor progress of therapy. PET/CT should not be used. 
3Discontinuation of oxaliplatin should be strongly considered from FOLFOX or CAPEOX after 3–4 months of therapy (or sooner if signifi cant neurotoxicity 

develops ≥ grade 2) with other drugs maintained (fl uoropyrimidine + bevacizumab) until time of tumor progression. Oxaliplatin may be reintroduced if it 
was discontinued previously for neurotoxicity rather than disease progression. Tournigand C, Cervantes A, Figer A, et al. OPTIMOX1: A randomized study 
of FOLFOX4 or FOLFOX7 with oxaliplatin in a stop-and-go fashion in advanced colorectal cancer - A GERCOR Study. J Clin Oncol 2006;24:394-400. 
There are no data to support the routine use of Ca/Mg infusion to prevent oxaliplatin-related neurotoxicity and therefore it should not be done.

4The majority of safety and effi cacy data for this regimen have been developed in Europe, where a capecitabine starting dose of 1000 mg/m2 twice daily 
for 14 days, repeated every 21 days, is standard. Evidence suggests that North American patients may experience greater toxicity with capecitabine (as 
well as with other fl uoropyrimidines) than European patients, and may require a lower dose of capecitabine. The relative effi cacy of CAPEOX with lower 
starting doses of capecitabine has not been addressed in large-scale randomized trials.

5There is an increased risk of stroke and other arterial events, especially in those aged ≥65 years. The use of bevacizumab may interfere with wound 
healing.

6Combination therapy involving cytotoxics, anti-EGFRs, and anti-VEGFs is not recommended. Hecht JR, Mitchell E, Chidiac T, et al. A randomized phase 
IIIB trial of chemotherapy, bevacizumab, and panitumumab compared with chemotherapy and bevacizumab alone for metastatic colorectal cancer. J 
Clin Oncol 2009;27:672-80. Tol J, Koopman M, Cats A, et al. Chemotherapy, bevacizumab, and cetuximab in metastatic colorectal cancer. N Engl J Med 
2009;360(6):563-572.

7See Principles of Pathologic Review (COL-A 4 of 5; available online, in these guidelines, at NCCN.org).
8Evidence increasingly suggests that BRAF V600E mutation makes response to panitumumab or cetuximab, as single agents or in combination with 

cytotoxic chemotherapy, highly unlikely.
9There is a preponderance of data to suggest lack of activity of cetuximab and panitumumab in initial therapy for patients whose primary tumors originated 

on the right side of the colon.
10Irinotecan should be used with caution and with decreased doses in patients with Gilbert’s disease or elevated serum bilirubin. There is a commercially 

available test for UGT1A1. Guidelines for use in clinical practice have not been established.
11Infusional 5-FU is preferred. 
12A treatment option for patients not able to tolerate oxaliplatin or irinotecan. 
13Patients with diminished creatinine clearance may require dose modifi cation of capecitabine.
14The use of single-agent capecitabine after progression on a fl uoropyrimidine-containing regimen has been shown to be ineffective; therefore, this is not 

recommended.
15Bevacizumab is the preferred anti-angiogenic agent based on toxicity and/or cost.
16There are no data to suggest activity of FOLFIRI-ziv-afl ibercept or FOLFIRI-ramucirumab in a patient who has progressed on FOLFIRI-bevacizumab, or 

vice versa. Ziv-afl ibercept and ramucirumab have only shown activity when given in conjunction with FOLFIRI in FOLFIRI-naïve patients.
17Cetuximab or panitumumab are recommended in combination with irinotecan-based therapy or as single-agent therapy for patients who cannot tolerate 

irinotecan. 
18EGFR testing has no demonstrated predictive value; therefore, routine EGFR testing is not recommended. No patient should be included or excluded 

from cetuximab or panitumumab therapy on the basis of EGFR test results.
19There are no data, nor is there a compelling rationale, to support the use of panitumumab after clinical failure on cetuximab, or the use of cetuximab after 

clinical failure on panitumumab. As such, the use of one of these agents after therapeutic failure on the other is not recommended. 
20Regorafenib or trifl uridine + tipiracil are treatment options for patients who have progressed through all available regimens.
21Single-agent or combination therapy with capecitabine, mitomycin, or gemcitabine has not been shown to be effective in this setting.
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except where noted in the text or algorithm. Al-
though the guidelines are believed to represent the 
optimal treatment strategy, the panel believes that, 
when appropriate, patients should preferentially be 
included in a clinical trial over standard or accepted 
therapy.

Systemic Therapy for Advanced 
or Metastatic Disease
The current management of disseminated metastatic 
colon cancer involves various active drugs, either in 
combination or as single agents: 5-FU/leucovorin 
(LV), capecitabine, irinotecan, oxaliplatin, bevaci-
zumab, cetuximab, panitumumab, ziv-aflibercept, 
ramucirumab, regorafenib, trifluridine-tipiracil, pem-
brolizumab, and nivolumab.7–48 The putative mecha-
nisms of action of these agents are varied and include 
interference with DNA replication and inhibition of 
the activities of vascular endothelial growth factor 
(VEGF) and epidermal growth factors (EGFRs).49–52 
The choice of therapy is based on consideration of 
the goals of therapy, the type and timing of prior 
therapy, the mutational profile of the tumor, and the 
differing toxicity profiles of the constituent drugs. 
Although the specific regimens listed in the guide-
line are designated according to whether they per-
tain to initial therapy, therapy after first progression, 
or therapy after second progression, it is important 
to clarify that these recommendations represent a 
continuum of care and that these lines of treatment 
are blurred rather than discrete.25 For example, if ox-
aliplatin is administered as a part of an initial treat-
ment regimen but is discontinued after 12 weeks or 
earlier for escalating neurotoxicity, continuation of 
the remainder of the treatment regimen would still 
be considered initial therapy.

Principles to consider at the start of therapy in-
clude preplanned strategies for altering therapy for 
patients exhibiting a tumor response or disease char-
acterized as stable or progressive, and plans for ad-
justing therapy for patients who experience certain 
toxicities. For example, decisions related to thera-
peutic choices after first progression of disease should 
be based partly on the prior therapies received (ie, 
exposing the patient to a range of cytotoxic agents). 
Furthermore, an evaluation of the efficacy and safety 
of these regimens for an individual patient must take 
into account not only the component drugs but also 

the doses, schedules, and methods of administration 
of these agents, and the potential for surgical cure 
and the performance status of the patient.

As initial therapy for metastatic disease in a pa-
tient appropriate for intensive therapy (ie, one with 
a good tolerance for this therapy for whom a high 
tumor response rate would be potentially benefi-
cial), the panel recommends a choice of 5 chemo-
therapy regimens: FOLFOX (ie, mFOLFOX6),34,53 
FOLFIRI,8 CapeOx,11,54,55 infusional 5-FU/LV or 
capecitabine,8,30,37,48 or FOLFOXIRI,21,40 with or 
without targeted agents.56

Sequencing and Timing of Therapies
Few studies have addressed the sequencing of thera-
pies in advanced metastatic disease. Before the use of 
targeted agents, several studies randomized patients 
to different schedules.53,57–59 The data from these tri-
als suggest that there is little difference in clinical 
outcomes if intensive therapy is given in first line 
or if less intensive therapy is given first followed by 
more intensive combinations.

Results from a randomized study to evaluate 
the efficacy of FOLFIRI and FOLFOX regimens as 
initial therapy and to determine the effect of using 
sequential therapy with the alternate regimen after 
first progression showed neither sequence to be sig-
nificantly superior with respect to progression-free 
survival (PFS) or median overall survival (OS).53 
A combined analysis of data from 7 recent phase III 
clinical trials in advanced CRC provided support for 
a correlation between an increase in median survival 
and administration of all of the 3 cytotoxic agents 
(ie, 5-FU/LV, oxaliplatin, irinotecan) at some point 
in the continuum of care.60 Furthermore, OS was not 
found to be associated with the order in which these 
drugs were received.

A study of 6,286 patients from 9 trials that eval-
uated the benefits and risks associated with intensive 
first-line treatment in the setting of metastatic CRC 
treatment according to patient performance status 
showed similar therapeutic efficacy for patients with 
performance status of 2 or 1 or less compared with 
control groups, although the risks of certain gastro-
intestinal toxicities were significantly increased for 
patients with a performance status of 2.61

Overall, the panel does not consider one regi-
men (ie, FOLFOX, CapeOx, FOLFIRI, 5-FU/LV, 
capecitabine, FOLFOXIRI) to be preferable over the 

Cont. from page 371.
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others as initial therapy for metastatic disease. The 
panel also does not indicate a preference for biologic 
agents used as part of initial therapy (ie, bevacizum-
ab, cetuximab, panitumumab, none).

Maintenance Therapy
Interest in the use of a maintenance therapy ap-
proach after first-line treatment of unresectable, 
metastatic CRC is growing. In general, this approach 
involves intensive first-line therapy, followed by less 
intensive therapy until progression in patients with 
good response to initial treatment.

The CAIRO3 study was an open-label, phase 
III, multicenter randomized controlled trial assessing 
maintenance therapy with capecitabine/bevacizum-
ab versus observation in 558 patients with metastatic 
CRC and with stable disease or better after first-line 
treatment with CapeOx/bevacizumab.62 After first 
progression, both groups were to receive CapeOx/
bevacizumab again until second progression (PFS2). 
After a median follow-up of 48 months, the prima-
ry end point of PFS2 was significantly better in the 
maintenance arm (8.5 vs 11.7 months; hazard ratio 
[HR], 0.67; 95% CI, 0.56–0.81; P<.0001), with 54% 
of patients overall receiving CapeOx/bevacizumab 
the second time. Quality of life was not affected by 
maintenance therapy, although 23% of patients in 
the maintenance group developed hand-foot syn-
drome during the maintenance period. A nonsig-
nificant trend toward improved OS was seen in the 
maintenance arm (18.1 vs 21.6 months; adjusted 
HR, 0.83; 95% CI, 0.68–1.01; P=.06).

The AIO 0207 trial was an open-label, nonin-
feriority, randomized phase III trial that randomized 
472 patients whose disease did not progress on in-
duction FOLFOX/bevacizumab or CapeOx/beva-
cizumab to no maintenance therapy or to mainte-
nance therapy with fluoropyrimidine/bevacizumab 
or with bevacizumab alone.63 The planned protocol 
included reintroduction of primary therapy after first 
progression. The primary end point was time to fail-
ure of strategy, defined as time from randomization 
to second progression, death, and initiation of treat-
ment with a new drug. After a medium follow-up of 
17 months, the median time to failure of strategy was 
6.4 months (95% CI, 4.8–7.6) for the no treatment 
group, 6.9 months (95% CI, 6.1–8.5) for the fluo-
ropyrimidine/bevacizumab group, and 6.1 months 
(95% CI, 5.3–7.4) for the bevacizumab alone group. 

Compared with fluoropyrimidine/bevacizumab, 
bevacizumab alone was noninferior, whereas the 
absence of maintenance therapy was not. However, 
only approximately one-third of trial participants 
received the reinduction therapy, thus limiting the 
interpretation of results. OS was one of the second-
ary end points of the trial, and no relevant difference 
was seen between the arms. 

The randomized phase III noninferiority SAKK 
41/06 trial addressed the question of continuing 
bevacizumab alone as maintenance therapy after 
chemotherapy plus bevacizumab in first-line treat-
ment.64 The primary end point of time to progression 
was not met (4.1 months for bevacizumab continu-
ation vs 2.9 months for no continuation; HR, 0.74; 
95% CI, 0.58–0.96), and no difference in OS was 
observed (25.4 vs 23.8 months; HR, 0.83; 95% CI, 
0.63–1.1; P=.2). Therefore, noninferiority for treat-
ment holidays versus bevacizumab maintenance 
therapy was not demonstrated.

The GERCOR DREAM trial (OPTIMOX3) 
was an international, open-label, phase III study that 
randomized patients with metastatic CRC without 
disease progression on bevacizumab-based therapy 
to maintenance therapy with bevacizumab or beva-
cizumab plus erlotinib.65 Intention-to-treat analysis 
revealed an advantage in PFS (5.4 vs 4.9 months; 
stratified HR, 0.81; 95% CI, 0.66–1.01; P=.06) and 
OS (24.9 vs 22.1 months; stratified HR, 0.79; 95% 
CI, 0.63–0.99; P=.04) with combination therapy. A 
smaller randomized trial, however, showed no differ-
ence in PFS or OS between bevacizumab and beva-
cizumab/erlotinib maintenance therapy in patients 
with KRAS wild-type tumors.66 A meta-analysis 
identified 3 randomized trials (682 patients) and 
concluded that maintenance therapy with bevaci-
zumab/erlotinib significantly increases OS and PFS, 
with manageable toxicity.67

Another phase III trial investigated the role of 
capecitabine in the maintenance phase, after initial 
treatment with FOLFOX or CapeOx.68 PFS, the pri-
mary end point, was 6.4 months in the capecitabine 
maintenance group and 3.4 months in the group that 
was observed until progression (HR, 0.54; 95% CI, 
0.42–0.70; P<.001). A non–statistically significant 
difference in the median OS was also seen (HR, 
0.85; 95% CI, 0.64–1.11; P=.2247). Toxicities as-
sociated with the capecitabine maintenance therapy 
were acceptable.
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Bevacizumab
Bevacizumab is a humanized monoclonal antibody 
that blocks the activity of VEGF, a factor that plays 
an important role in tumor angiogenesis.69 Pooled 
results from several randomized phase II studies have 
shown that the addition of bevacizumab to first-line 
5-FU/LV improved OS in patients with unresect-
able metastatic CRC compared with those receiving 
these regimens without bevacizumab.70–72 A com-
bined analysis of the results of these trials showed 
that the addition of bevacizumab to 5-FU/LV was as-
sociated with a median survival of 17.9 versus 14.6 
months for regimens consisting of 5-FU/LV or 5-FU/
LV plus irinotecan without bevacizumab (P=.008).31 
A study of previously untreated patients receiving 
bevacizumab plus irinotecan/fluorouracil/leucovo-
rin (IFL) also provided support for the inclusion 
of bevacizumab in initial therapy.70 In that pivotal 
trial, a longer survival time was observed with the 
use of bevacizumab (20.3 vs 15.6 months; HR, 0.66; 
P<.001). 

Results have also been reported from a large, 
head-to-head, randomized, double-blind, placebo-
controlled, phase III study (NO16966) in which 
CapeOx (capecitabine dose, 1000 mg/m2, twice daily 
for 14 days) with bevacizumab or placebo was com-
pared with FOLFOX with bevacizumab or placebo 
in 1,400 patients with unresectable metastatic dis-
ease.39 The addition of bevacizumab to oxaliplatin-
based regimens was associated with a more modest 
increase of 1.4 months in PFS compared with these 
regimens without bevacizumab (HR, 0.83; 97.5% 
CI, 0.72–0.95; P=.0023), and the difference in OS, 
which was also a modest 1.4 months, did not reach 
statistical significance (HR, 0.89; 97.5% CI, 0.76–
1.03; P=.077).39 Researchers have suggested that 
differences observed in cross-study comparisons of 
NO16966 with other trials might be related to differ-
ences in the discontinuation rates and durations of 
treatment between trials, although these hypotheses 
are conjectural.39 However, in this 1,400-patient ran-
domized study, absolutely no difference in response 
rate was seen with and without bevacizumab, and 
this finding could not have been influenced by the 
early withdrawal rates, which would have occurred 
after the responses would have occurred. Results of 
subset analyses evaluating the benefit of adding bev-
acizumab to either FOLFOX or CapeOx indicated 

that bevacizumab was associated with improvements 
in PFS when added to CapeOx but not FOLFOX.39

The combination of FOLFIRI and bevacizumab 
in the first-line treatment of advanced CRC has 
been studied, although no randomized controlled 
trials have compared FOLFIRI with and without 
bevacizumab. A recent systematic review with a 
pooled analysis (29 prospective and retrospective 
studies, 3,502 patients) found that the combina-
tion gave a response rate of 51.4%, a median PFS of 
10.8 months (95% CI, 8.9–12.8), and a median OS 
of 23.7 months (95% CI, 18.1–31.6).73 FOLFOXIRI 
with bevacizumab is also an accepted combination 
(see section on “FOLFOXIRI,” available online, in 
these guidelines, at NCCN.org [MS-37]), although 
no randomized controlled trials have compared 
FOLFOXIRI with and without bevacizumab.

A prospective observational cohort study (AR-
IES) included 1,550 patients who received first-line 
therapy with bevacizumab with chemotherapy for 
metastatic CRC and 482 patients treated with beva-
cizumab in second-line therapy.74 Median OS was 
23.2 months (95% CI, 21.2–24.8) for the first-line 
cohort and 17.8 months (95% CI, 16.5–20.7) in the 
second-line group. A similar cohort study (ETNA) 
of first-line bevacizumab use with irinotecan-based 
therapy reported a median OS of 25.3 months (95% 
CI, 23.3–27.0).75

Several meta-analyses have shown a benefit 
for the use of bevacizumab in first-line therapy for 
metastatic CRC.76–84 A meta-analysis of 6 random-
ized clinical trials (3,060 patients) that assessed the 
efficacy of bevacizumab in first-line treatment of 
metastatic CRC found that bevacizumab gave a PFS 
(HR, 0.72; 95% CI, 0.66–0.78; P<.00001) and OS 
(HR, 0.84; 95% CI, 0.77–0.91; P<.00001) advan-
tage.85 However, subgroup analyses showed that the 
advantage was limited to irinotecan-based regimens. 
In addition, a recent analysis of the SEER-Medicare 
database found that bevacizumab added a modest im-
provement to OS of patients with stage IV colorectal 
cancer diagnosed between 2002 and 2007 (HR, 0.85; 
95% CI, 0.78–0.93).86 The survival advantage was 
not evident when bevacizumab was combined with 
oxaliplatin-based chemotherapy, but was evident in 
irinotecan-based regimens. Limitations of this analy-
sis have been discussed,87,88 but, overall, the addition 
of bevacizumab to first-line chemotherapy appears to 
offer a modest clinical benefit.
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No data directly address whether bevacizumab 
should be used with chemotherapy in the periop-
erative treatment of resectable metastatic disease. 
Recent data regarding the lack of efficacy of beva-
cizumab in the adjuvant setting in stage II and III 
colon cancer89,90 have prompted some to reconsider 
the role of bevacizumab in the adjuvant setting of 
resectable colorectal metastases. However, the panel 
does not recommend the use of bevacizumab in the 
perioperative stage IV setting.

A recent meta-analysis of randomized controlled 
trials showed that the addition of bevacizumab to 
chemotherapy is associated with a higher incidence 
of treatment-related mortality than chemotherapy 
alone (relative risk [RR], 1.33; 95% CI, 1.02–1.73; 
P=.04), with hemorrhage (23.5%), neutropenia 
(12.2%), and gastrointestinal perforation (7.1%) 
being the most common causes of fatality.91 Venous 
thromboembolisms, on the other hand, were not 
increased in patients receiving bevacizumab with 
chemotherapy versus those receiving chemotherapy 
alone.92 Another meta-analysis showed that bevaci-
zumab was associated with a significantly higher risk 
of hypertension and gastrointestinal hemorrhage 
and perforation, although the overall risk for hemor-
rhage and perforation is low.93 The risk of stroke and 
other arterial events is increased in patients receiv-
ing bevacizumab, especially in those aged ≥65 years. 
Gastrointestinal perforation is a rare but important 
side effect of bevacizumab therapy in patients with 
CRC.94,95 Extensive prior intra-abdominal surgery, 
such as peritoneal stripping, may predispose patients 
to gastrointestinal perforation. A small cohort of 
patients with advanced ovarian cancer had an un-
acceptably high rate of gastrointestinal perforation 
when treated with bevacizumab.96 This result illus-
trated that peritoneal debulking surgery may be a risk 
factor for gastrointestinal perforation, whereas the 
presence of an intact primary tumor does not seem 
to increase the risk for gastrointestinal perforation. 
The FDA recently approved a safety label warning of 
the risk for necrotizing fasciitis, sometimes fatal and 
usually secondary to wound healing complications, 
gastrointestinal perforation, or fistula formation after 
bevacizumab use.69

Use of bevacizumab may interfere with wound 
healing.69,94,95 A retrospective evaluation of data 
from 2 randomized trials of 1,132 patients undergo-
ing chemotherapy with or without bevacizumab as 

initial therapy for metastatic CRC indicated that the 
incidence of wound healing complications was in-
creased for the group of patients undergoing a major 
surgical procedure while receiving a bevacizumab-
containing regimen compared with the group receiv-
ing chemotherapy alone while undergoing major sur-
gery (13% vs 3.4%, respectively; P=.28).95 However, 
when chemotherapy plus bevacizumab or chemo-
therapy alone was administered before surgery, with 
a delay between bevacizumab administration and 
surgery of at least 6 weeks, the incidence of wound 
healing complications in either group of patients 
was low (1.3% vs 0.5%; P=.63). Similarly, results 
of a single-center, nonrandomized phase II trial of 
patients with potentially resectable liver metastases 
showed no increase in bleeding or wound complica-
tions when the bevacizumab component of CapeOx 
plus bevacizumab therapy was stopped 5 weeks be-
fore surgery (ie, bevacizumab excluded from the 
sixth cycle of therapy).97 In addition, no significant 
differences in bleeding, wound, or hepatic compli-
cations were seen in a retrospective trial evaluating 
the effects of preoperative bevacizumab stopped at 
≤8 weeks versus at >8 weeks before resection of liver 
colorectal metastases in patients receiving oxalipla-
tin- or irinotecan-containing regimens.98 The panel 
recommends an interval of at least 6 weeks (which 
corresponds to 2 half-lives of the drug69) between the 
last dose of bevacizumab and any elective surgery.

Preclinical studies suggested that cessation of 
anti-VEGF therapy might be associated with ac-
celerated recurrence, more aggressive tumors on 
recurrence, and increased mortality. A recent ret-
rospective meta-analysis of 5 placebo-controlled, 
randomized phase III trials including 4,205 patients 
with metastatic colorectal, breast, renal, or pancre-
atic cancer found no difference in time to disease 
progression and mortality with discontinuation of 
bevacizumab versus discontinuation of placebo.99 
Although this meta-analysis has been criticized,100,101 
the results are supported by recent results from the 
NSABP Protocol C-08 trial.89 This trial included pa-
tients with stage II and III CRC, and no differences 
in recurrence, mortality, or mortality 2 years after 
recurrence were seen between patients receiving 
bevacizumab versus those in the control arm. These 
results suggest that no “rebound effect” is associated 
with bevacizumab use.
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Cetuximab and Panitumumab
Cetuximab and panitumumab are monoclonal anti-
bodies directed against EGFR that inhibit its down-
stream signaling pathways. Panitumumab is a fully 
human monoclonal antibody, whereas cetuximab is 
a chimeric monoclonal antibody.102,103 Cetuximab 
and panitumumab have been studied in combina-
tion with FOLFIRI and FOLFOX as initial therapy 
options for treatment of metastatic CRC. Recent 
meta-analyses of randomized controlled trials have 
concluded that EGFR inhibitors provide a clear clin-
ical benefit in the treatment in patients with RAS 
wild-type metastatic CRC.104,105 Individual trials and 
the role of KRAS, NRAS, and BRAF are discussed 
herein.

Administration of either cetuximab or panitu-
mumab has been associated with severe infusion re-
actions, including anaphylaxis, in 3% and 1% of pa-
tients, respectively.102,103 Based on case reports and a 
small trial, administration of panitumumab seems to 
be feasible for patients experiencing severe infusion 
reactions to cetuximab.106–108 Skin toxicity is a side ef-
fect of both of these agents and is not considered part 
of the infusion reactions. The incidence and severity 
of skin reactions with cetuximab and panitumumab 
seem to be very similar. Furthermore, the presence 
and severity of skin rash in patients receiving either 
of these drugs have been shown to predict increased 
response and survival.44,109–113 An NCCN task force 
addressed the management of dermatologic and oth-
er toxicities associated with anti-EGFR inhibitors.114 
Cetuximab and panitumumab have also been asso-
ciated with a risk for venous thromboembolic and 
other serious adverse events.115,116

Based on the results of the PACCE and CAIRO2 
trials, the panel strongly advises against the concur-
rent use of bevacizumab with either cetuximab or 
panitumumab (see “Bevacizumab,” page 380).41,117 
Several trials that assessed EGFR inhibitors in com-
bination with various chemotherapy agents are dis-
cussed herein. 
The Role of Primary Tumor Sidedness: A grow-
ing body of data has shown that the location of the 
primary tumor can be both prognostic and predic-
tive of response to EGFR inhibitors in metastatic 
CRC.118–125 For example, outcomes of 75 patients 
with metastatic CRC treated with cetuximab, pa-
nitumumab, or cetuximab/irinotecan in first-line or 
subsequent lines of therapy at 3 Italian centers were 

analyzed based on sidedness of the primary tumor.119 
No responses were seen in the patients with right-
sided primary tumors, compared with a response rate 
of 41% in those with left-sided primaries (P=.003). 
The median PFS was 2.3 and 6.6 months in patients 
with right-sided and left-sided tumors, respectively 
(HR, 3.97; 95% CI, 2.09–7.53; P<.0001).

The strongest evidence for the predictive value 
of primary tumor sidedness and response to EGFR 
inhibitors is in the first-line treatment of patients in 
the phase III CALGB/SWOG 80405 trial.125,126 The 
study showed that patients with all RAS wild-type, 
right-sided primary tumors (cecum to hepatic flex-
ure) had longer OS if treated with bevacizumab than 
if treated with cetuximab in the first line (HR, 1.36; 
95% CI, 0.93–1.99; P=.10), whereas patients with 
all RAS wild-type, left-sided primary tumors (splenic 
flexure to rectum) had longer OS if treated with ce-
tuximab than with bevacizumab (HR, 0.77; 95% CI, 
0.59–0.99; P=.04).126 OS was prolonged with cetux-
imab versus bevacizumab in the left-sided primary 
group (39.3 vs 32.6 months) but shortened in the 
right-sided primary group (13.6 vs 29.2 months).

These and other data suggest that cetuximab and 
panitumumab confer little if any benefit to patients 
with metastatic CRC if the primary tumor originated 
on the right side.118,119,121,122 The panel believes that 
primary tumor sidedness is a surrogate for the non-
random distribution of molecular subtypes across the 
colon and that the ongoing analysis of tumor speci-
mens from the study will enable a better understand-
ing of the biologic explanation of the observed dif-
ference in response to EGFR inhibitors. Until that 
time, only patients whose primary tumors originated 
on the left side of the colon (splenic flexure to rec-
tum) should be offered cetuximab or panitumumab 
in the first-line treatment of metastatic disease. Evi-
dence also suggests that sidedness is predictive of 
response to EGFR inhibitors in subsequent lines of 
therapy,118,119,122 but the panel awaits more definitive 
studies. Until such data are available, all patients 
with RAS wild-type tumors can be considered for 
panitumumab or cetuximab in subsequent lines of 
therapy if neither was previously given.
The Role of KRAS, NRAS, and BRAF Status: 
The receptor for EGFR has been reported to be over-
expressed in 49% to 82% of colorectal tumors.127–130 
EGFR testing of colorectal tumor cells has no prov-
en predictive value in determining likelihood of re-
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sponse to either cetuximab or panitumumab. Data 
from the BOND study indicated that the intensity of 
immunohistochemical staining of EGFR in colorec-
tal tumor cells did not correlate with the response 
rate to cetuximab.14 A similar conclusion was drawn 
with respect to panitumumab.131 Therefore, routine 
EGFR testing is not recommended, and no patient 
should be considered for or excluded from cetuximab 
or panitumumab therapy based on EGFR test results.

Cetuximab and panitumumab are monoclo-
nal antibodies directed against EGFR that inhibit 
its downstream signaling pathways, but EGFR sta-
tus as assessed using immunohistochemistry is not 
predictive of treatment efficacy.14,132 Furthermore, 
cetuximab and panitumumab are only effec-
tive in approximately 10% to 20% of patients 
with CRC.14,45,132 The RAS/RAF/MAPK pathway 
is downstream of EGFR; mutations in components of 
this pathway are being studied in search of predictive 
markers for efficacy of these therapies.

A sizable body of literature has shown that tumors 
with a mutation in codon 12 or 13 of exon 2 of the 
KRAS gene are essentially insensitive to cetuximab 
or panitumumab therapy (see “KRAS Exon 2 Muta-
tions,” this page).7,44,110,133–138 More recent evidence 
shows mutations in KRAS outside of exon 2 and mu-
tations in NRAS are also predictive for a lack of ben-
efit to cetuximab and panitumumab (see “NRAS and 
Other KRAS Mutations,” page 384).105,139

The panel therefore strongly recommends 
KRAS/NRAS genotyping of tumor tissue (either pri-
mary tumor or metastasis) in all patients with meta-
static CRC. Patients with known KRAS or NRAS 
mutations should not be treated with either cetux-
imab or panitumumab, either alone or in combina-
tion with other anticancer agents, because they have 
virtually no chance of benefit and the exposure to 
toxicity and expense cannot be justified. It is implied 
throughout the guidelines that NCCN recommen-
dations involving cetuximab or panitumumab relate 
only to patients with disease characterized by KRAS/
NRAS wild-type genes. ASCO released a provisional 
clinical opinion update on extended RAS testing in 
patients with metastatic CRC that is consistent with 
the NCCN panel’s recommendations.140

The panel strongly recommends genotyping of 
tumor tissue (either primary tumor or metastasis) in 
all patients with metastatic CRC for RAS (KRAS 
exon 2 and non-exon 2; NRAS) and BRAF at diag-

nosis of stage IV disease. The recommendation for 
KRAS/NRAS testing, at this point, is not meant to 
indicate a preference regarding regimen selection in 
the first-line setting. Rather, this early establishment 
of KRAS/NRAS status is appropriate to plan for the 
treatment continuum, so that the information may 
be obtained in a non–time-sensitive manner and the 
patient and provider can discuss the implications 
of a KRAS/NRAS mutation, if present, while other 
treatment options still exist. Note that because anti- 
EGFR agents have no role in the management of 
stage I, II, or III disease, KRAS/NRAS genotyping of 
CRC at these earlier stages is not recommended.

KRAS mutations are early events in CRC for-
mation, and therefore a very tight correlation exists 
between mutation status in the primary tumor and 
the metastases.141–143 For this reason, KRAS/NRAS 
genotyping can be performed on archived specimens 
of either the primary tumor or a metastasis. Fresh bi-
opsies should not be obtained solely for the purpose 
of KRAS/NRAS genotyping unless an archived spec-
imen from either the primary tumor or a metastasis 
is unavailable.

The panel recommends that KRAS, NRAS, and 
BRAF gene testing be performed only in laborato-
ries that are certified under the Clinical Laboratory 
Improvement Amendments of 1988 (CLIA-88) as 
qualified to perform highly complex molecular pa-
thology testing.144 No specific testing methodology is 
recommended.145

KRAS Exon 2 Mutations: Approximately 40% of 
colorectal cancers are characterized by mutations 
in codons 12 and 13 in exon 2 of the coding region 
of the KRAS gene.7,146 A sizable body of literature 
has shown that these KRAS exon 2 mutations are 
predictive of lack of response to cetuximab or pani-
tumumab therapy,7,44,110,133–138,147 and FDA labels for 
cetuximab and panitumumab specifically state that 
these agents are not recommended for the treat-
ment of CRC characterized by these mutations.102,103 
Results are mixed regarding the prognostic value of 
KRAS mutations. In the Alliance N0147 trial, pa-
tients with KRAS exon 2 mutations experienced a 
shorter disease-free survival than patients without 
such mutations.148 At this time, however, the test is 
not recommended for prognostic reasons.

A retrospective study from De Roock et al149 
raised the possibility that codon 13 mutations 
(G13D) in KRAS may not be absolutely predictive 



© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 15   Number 3  |  March 2017

NCCN Clinical Practice Guidelines in Oncology

Colon Cancer, Version 1.2017

384

of nonresponse. Another retrospective study showed 
similar results.138 However, more recent retrospective 
analysis of 3 randomized controlled phase III trials 
concluded that patients with KRAS G13D muta-
tions were unlikely to respond to panitumumab.150 
Results from a prospective phase II single-arm trial 
assessed the benefit of cetuximab monotherapy in 
12 patients with refractory metastatic CRC whose 
tumors contained KRAS G13D mutations.151 The 
primary end point of 4-month progression-free rate 
was not met (25%), and no responses were seen. Pre-
liminary results of the phase II AGITG ICECREAM 
trial also failed to see a benefit of cetuximab mono-
therapy in patients with KRAS G13D mutations.152 
However, partial responses were reported after treat-
ment with irinotecan plus cetuximab in 9% of this 
irinotecan-refractory population. The panel believes 
that patients with any known KRAS mutation, in-
cluding G13D, should not be treated with cetuximab 
or panitumumab.
NRAS and Other KRAS Mutations: In the AGITG 
MAX study, 10% of patients with wild-type KRAS 
exon 2 had mutations in KRAS exons 3 or 4 or in 
NRAS exons 2, 3, and 4.153 In the PRIME trial, 17% 
of 641 patients without KRAS exon 2 mutations 
were found to have mutations in exons 3 and 4 of 
KRAS or mutations in exons 2, 3, and 4 of NRAS. 
A predefined retrospective subset analysis of data 
from PRIME revealed that PFS (HR, 1.31; 95% CI, 
1.07–1.60; P=.008) and OS (HR, 1.21; 95% CI, 
1.01–1.45; P=.04) were decreased in patients with 
any KRAS or NRAS mutation who received pani-
tumumab plus FOLFOX compared with those who 
received FOLFOX alone.139 These results show that 
panitumumab does not benefit patients with KRAS 
or NRAS mutations and may even have a detrimen-
tal effect in these patients.

Updated analysis of the FIRE-3 trial (discussed 
in “Cetuximab or Panitumumab Versus Bevacizumab 
in First-Line,” page 387) was recently published.154 
When all RAS (KRAS/NRAS) mutations were con-
sidered, PFS was significantly worse in patients with 
RAS-mutant tumors receiving FOLFIRI plus ce-
tuximab than in patients with RAS-mutant tumors 
receiving FOLFIRI plus bevacizumab (6.1 vs 12.2 
months; P=.004). On the other hand, patients with 
KRAS/NRAS wild-type tumors showed no difference 
in PFS between the regimens (10.4 vs 10.2 months; 
P=.54). This result indicates that cetuximab likely 

has a detrimental effect in patients with KRAS or 
NRAS mutations.

The FDA indication for panitumumab was re-
cently updated to state that panitumumab is not 
indicated for the treatment of patients with KRAS 
or NRAS mutation–positive disease in combination 
with oxaliplatin-based chemotherapy.103 The NCCN 
Colon Cancer Panel believes that non–exon 2 KRAS 
mutation status and NRAS mutation status should be 
determined at diagnosis of stage IV disease. Patients 
with any known KRAS mutation (exon 2 or non-ex-
on 2) or NRAS mutation should not be treated with 
either cetuximab or panitumumab. 
BRAF V600E Mutations: Although mutations of 
KRAS/NRAS indicate a lack of response to EGFR 
inhibitors, many tumors containing wild-type KRAS/
NRAS still do not respond to these therapies. There-
fore, studies have addressed factors downstream of 
KRAS/NRAS as possible additional biomarkers pre-
dictive of response to cetuximab or panitumumab. 
Approximately 5% to 9% of CRCs are charac-
terized by a specific mutation in the BRAF gene 
(V600E).155,156 BRAF mutations are, for all practical 
purposes, limited to tumors that do not have KRAS 
exon 2 mutations.155,157 Activation of the protein 
product of the nonmutated BRAF gene occurs down-
stream of the activated KRAS protein in the EGFR 
pathway; the mutated BRAF protein product is be-
lieved to be constitutively active,158–160 thereby puta-
tively bypassing inhibition of EGFR by cetuximab or 
panitumumab.

Limited data from unplanned retrospective sub-
set analyses of patients with metastatic CRC treat-
ed in the first-line setting suggest that, although a 
BRAF V600E mutation confers a poor prognosis 
regardless of treatment, patients with disease char-
acterized by this mutation may receive some benefit 
from the addition of cetuximab to front-line thera-
py.156,161 A planned subset analysis of the PRIME trial 
also found that mutations in BRAF indicated a poor 
prognosis but were not predictive of benefit to pani-
tumumab added to FOLFOX in first-line treatment of 
metastatic CRC.139 On the other hand, results from 
the randomized phase III Medical Research Coun-
cil (MRC) COIN trial suggest that cetuximab may 
have no effect or even a detrimental one in patients 
with BRAF-mutated tumors treated with CapeOx or 
FOLFOX in the first-line setting.157
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In subsequent lines of therapy, retrospective evi-
dence suggests that mutated BRAF is a marker of re-
sistance to anti-EGFR therapy in the non–first-line 
setting of metastatic disease.162–164 A retrospective 
study of 773 primary tumor samples from patients 
with chemotherapy-refractory disease showed that 
BRAF mutations conferred a significantly lower re-
sponse rate to cetuximab (2/24; 8.3%) compared 
with tumors with wild-type BRAF (124/326; 38.0%; 
P=.0012).165 Furthermore, data from the multicenter 
randomized controlled PICCOLO trial are consis-
tent with this conclusion, with a suggestion of harm 
seen for the addition of panitumumab to irinotecan 
in the non–first-line setting in the small subset of  
patients with BRAF mutations.166

A meta-analysis published in 2015 identified 9 
phase III trials and 1 phase II trial that compared 
cetuximab or panitumumab with standard therapy 
or best supportive care, including 463 patients with 
metastatic colorectal tumors with BRAF mutations 
(first-line, second-line, or refractory settings).167 The 
addition of an EGFR inhibitor did not improve PFS 
(HR, 0.88; 95% CI, 0.67–1.14; P=.33), OS (HR, 
0.91; 95% CI, 0.62–1.34; P=.63), or overall response 
rate (RR, 1.31; 95% CI, 0.83–2.08, P=.25) compared 
with control arms. Similarly, another meta-analysis 
identified 7 randomized controlled trials and found 
that cetuximab and panitumumab did not improve 
PFS (HR, 0.86; 95% CI, 0.61–1.21) or OS (HR, 
0.97; 95% CI, 0.67–1.41) in patients with BRAF 
mutations.168

Despite uncertainty over its role as a predic-
tive marker, it is clear that mutations in BRAF are 
a strong prognostic marker.146,156,157,169–174 A prospec-
tive analysis of tissues from patients with stage II and 
III colon cancer enrolled in the PETACC-3 trial 
showed that the BRAF mutation is prognostic for OS 
in patients with microsatellite instability–low (MSI-
L) or microsatellite stable (MSS) tumors (HR, 2.2; 
95% CI, 1.4–3.4; P=.0003).146 Moreover, an updated 
analysis of the CRYSTAL trial showed that patients 
with metastatic colorectal tumors carrying a BRAF 
mutation have a worse prognosis than those with the 
wild-type gene.156 Additionally, BRAF mutation sta-
tus predicted OS in the AGITG MAX trial, with an 
HR of 0.49 (95% CI, 0.33–0.73; P=.001).170 The OS 
for patients with BRAF mutations in the COIN trial 
was 8.8 months, whereas those with KRAS exon 2 
mutations and wild-type KRAS exon 2 tumors had 

OS times of 14.4 and 20.1 months, respectively.157 
Results from a recent systematic review and meta-
analysis of 21 studies, including 9,885 patients, sug-
gest that BRAF mutation may accompany specific 
high-risk clinicopathologic characteristics.175 In par-
ticular, an association was observed between BRAF 
mutation and proximal tumor location (odds ratio 
[OR], 5.22; 95% CI, 3.80–7.17; P<.001), T4 tu-
mors (OR, 1.76; 95% CI, 1.16–2.66; P=.007), and 
poor differentiation (OR, 3.82; 95% CI, 2.71–5.36; 
P<.001).

Overall, the panel believes that evidence in-
creasingly suggests that BRAF V600E mutation 
makes response to panitumumab or cetuximab, as 
single agents or in combination with cytotoxic che-
motherapy, highly unlikely. The panel recommends 
BRAF genotyping of tumor tissue (either primary tu-
mor or metastasis176) at diagnosis of stage IV disease. 
Testing for the BRAF V600E mutation can be per-
formed on formalin-fixed paraffin-embedded tissues 
and is usually performed by polymerase chain reac-
tion (PCR) amplification and direct DNA sequence 
analysis. Allele-specific PCR is another acceptable 
method for detecting this mutation.
HER2 Overexpression: HER2 is a member of the 
same family of signaling kinase receptors as EGFR 
and has been successfully targeted in breast cancer 
in both the advanced and adjuvant settings. HER2 
is rarely overexpressed in CRC (approximately 3% 
overall), but the prevalence is higher in RAS/BRAF 
wild-type tumors (reported at 5%–14%).177,178 Spe-
cific molecular diagnostic methods have been pro-
posed for HER2 testing in CRC,179 and various ther-
apeutic approaches are being tested in patients with 
tumors that have HER2 overexpression (eg, trastu-
zumab plus lapatinib, trastuzumab plus pertuzum-
ab).177,180 These approaches are currently considered 
investigational, and enrollment in a clinical trial is  
encouraged.

Evidence does not support a prognostic role of 
HER2 overexpression.181 However, initial results 
indicate HER2 overexpression may be predictive 
of resistance to EGFR-targeting monoclonal anti-
bodies.178,182 For example, in a cohort of 97 patients 
with RAS/BRAF wild-type metastatic CRC, median 
PFS on first-line therapy without an EGFR inhibitor 
was similar regardless of HER2 status.178 However, 
in second-line therapy with an EGFR inhibitor, the 
PFS was significantly shorter in those with HER2 
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amplification compared with those without (2.9 vs 
8.1 months; HR, 5.0; P<.0001). Larger confirmatory 
studies are needed, and the panel does not recom-
mend HER2 testing for prognostication or treatment 
planning at this time.
Cetuximab With FOLFIRI: Use of cetuximab as 
initial therapy for metastatic disease was investi-
gated in the CRYSTAL trial, in which patients 
were randomly assigned to receive FOLFIRI with or 
without cetuximab.44 Retrospective analyses of the 
subset of patients with known KRAS exon 2 tumor 
status showed a statistically significant improvement 
in median PFS with the addition of cetuximab in 
the wild-type (9.9 vs 8.7 months; HR, 0.68; 95% 
CI, 0.50–0.94; P=.02).44 The statistically significant 
benefit in PFS for patients with KRAS exon 2 wild-
type tumors receiving cetuximab was confirmed in 
a recent publication of an updated analysis of the 
CRYSTAL data.156 This recent study included a ret-
rospective analysis of OS in the KRAS exon 2 wild-
type population and found an improvement with 
the addition of cetuximab (23.5 vs 20.0 months; 
P=.009). Importantly, the addition of cetuximab did 
not affect the quality of life of participants in the 
CRYSTAL trial.183 As has been seen with other tri-
als, when DNA samples from the CRYSTAL trial 
were reanalyzed for additional KRAS and NRAS mu-
tations, patients with RAS wild-type tumors derived 
a clear OS benefit (HR, 0.69; 95% CI, 0.54–0.88), 
whereas those with any RAS mutation did not (HR, 
1.05; 95% CI, 0.86–1.28).184

Panitumumab With FOLFIRI: FOLFIRI with pa-
nitumumab is listed as an option for first-line therapy 
in metastatic CRC based on extrapolation from data 
in second-line treatment.36,166,185,186

Cetuximab With FOLFOX: Three trials have as-
sessed the combination of FOLFOX and cetuximab 
in first-line treatment of metastatic CRC. In a ret-
rospective evaluation of the subset of patients with 
known tumor KRAS exon 2 status enrolled in the 
randomized phase II OPUS trial, addition of cetux-
imab to FOLFOX was associated with an increased 
objective response rate (61% vs 37%; OR, 2.54; 
P=.011) and a very slightly lower risk of disease pro-
gression (7.7 vs 7.2 months [a 15-day difference]; HR, 
0.57; 95% CI, 0.36–0.91; P=.016) compared with 
FOLFOX alone in the subset of patients with KRAS 
exon 2 wild-type tumors.134 Although data support-

ing the statistically significant benefits in objective 
response rate and PFS for patients with tumors char-
acterized by KRAS wild-type exon 2 were upheld in 
an update of this study, no median OS benefit was 
observed for the addition of cetuximab to chemo-
therapy (22.8 months in the cetuximab arm vs 18.5 
months in the arm undergoing chemotherapy alone; 
HR, 0.85; P=.39).187

Furthermore, in the recent randomized phase III 
MRC COIN trial, no benefit in OS (17.9 vs 17.0 
months; P=.067) or PFS (8.6 months in both groups; 
P=.60) was seen with the addition of cetuximab to 
FOLFOX or CapeOx as first-line treatment of pa-
tients with locally advanced or metastatic CRC and 
wild-type KRAS exon 2.157 Exploratory analyses of 
the COIN trial, however, suggest that there may be a 
benefit to the addition of cetuximab in patients who 
received FOLFOX instead of CapeOx.157 Similarly, a 
recent pooled analysis of the COIN and OPUS stud-
ies found that a benefit was suggested in response rate 
and PFS with the addition of cetuximab to FOLFOX 
in patients with KRAS exon 2 wild-type tumors, al-
though there was no OS benefit.188

Notably, more recent trials examining the effi-
cacity of the addition of cetuximab to oxaliplatin-
containing regimens in the first-line treatment of 
patients with advanced or metastatic CRC and 
wild-type KRAS exon 2 have not shown any ben-
efit. The addition of cetuximab to the Nordic FLOX 
regimen showed no OR or PFS benefit in this popu-
lation of patients in the randomized phase III NOR-
DIC VII study of the Nordic Colorectal Cancer  
Biomodulation Group.189

However, results from the recent randomized 
phase III CALGB/SWOG 80405 trial of >3,000 
patients (discussed in “Cetuximab or Panitumum-
ab Versus Bevacizumab in First-Line,” page 387) 
showed that the combination of FOLFOX with ce-
tuximab can be effective in the first-line treatment 
of metastatic CRC.190 The panel thus added a recom-
mendation for the use of cetuximab with FOLFOX 
as initial therapy for patients with advanced or meta-
static disease to the 2015 version of these guidelines. 

The New EPOC trial, which was stopped early 
because it met protocol-defined futility criteria, found 
a lack of benefit to cetuximab with chemotherapy in 
the perioperative metastatic setting (>85% received 
FOLFOX or CapeOx; patients with prior oxaliplatin 
received FOLFIRI).191 In fact, with fewer than half 
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of expected events observed, PFS was significantly 
reduced in the cetuximab arm (14.8 vs 24.2 months; 
HR, 1.50; 95% CI, 1.00–2.25; P<.048). The panel 
thus cautions that cetuximab in the perioperative 
setting may harm patients. The panel therefore does 
not recommend the use of FOLFOX plus cetuximab 
in patients with resectable disease and should be used 
with caution in those with unresectable disease that 
could potentially be converted to a resectable status.
Panitumumab With FOLFOX: Panitumumab in 
combination with either FOLFOX20,139 or FOLFIRI33 
has also been studied in the first-line treatment of pa-
tients with metastatic CRC. Results from the large, 
open-label, randomized PRIME trial comparing pa-
nitumumab plus FOLFOX versus FOLFOX alone in 
patients with KRAS/NRAS wild-type advanced CRC 
showed a statistically significant improvement in PFS 
(HR, 0.72; 95% CI, 0.58–0.90; P=.004) and OS (HR, 
0.77; 95% CI, 0.64–0.94; P=.009) with the addition 
of panitumumab.139 Therefore, the combination of 
FOLFOX and panitumumab remains an option as ini-
tial therapy for patients with advanced or metastatic 
disease. Importantly, the addition of panitumumab 
had a detrimental impact on PFS for patients with 
tumors characterized by mutated KRAS/NRAS in the 
PRIME trial (discussed further in “NRAS and Other 
KRAS Mutations,” page 384).139

Cetuximab or Panitumumab Versus Bevacizumab 
in First-Line
The randomized, open-label, multicenter FIRE-3 
trial from the German AIO group compared the ef-
ficacy of FOLFIRI plus cetuximab versus FOLFIRI 
plus bevacizumab in first-line, KRAS exon 2 wild-
type, metastatic disease.154 This trial did not meet 
its primary end point of investigator-read objective 
response rate in the 592 randomized patients (62.0% 
vs 58.0%; P=.18). PFS was nearly identical between 
the arms of the study, but a statistically significant 
improvement in OS was reported in the cetuximab 
arm (28.7 vs 25.0 months; HR, 0.77; 95% CI, 0.62–
0.96; P=.017). The panel has several criticisms of 
the trial, including the lack of third-party review and 
low rates of second-line therapy.192,193 Although the 
rate of adverse events was similar between the arms, 
more skin toxicity was observed in those receiving 
cetuximab.

Results of the phase III CALGB/SWOG 80405 
trial, comparing FOLFOX/FOLFIRI with cetuximab 

or bevacizumab, were recently reported.190 In this 
study, patients with wild-type KRAS exon 2 received 
either FOLFOX (73%) or FOLFIRI (27%) and were 
randomized to receive cetuximab or bevacizumab. 
The primary end point of OS was equivalent be-
tween the arms: 29.0 months (95% CI, 25.7–31.2 
months) in the bevacizumab arm versus 29.9 months 
(95% CI, 27.6–31.2 months) in the cetuximab arm 
(HR, 0.92; 95% CI, 0.78–1.09; P=.34).

Results were also published for the randomized 
multicenter phase II PEAK trial, which compared 
FOLFOX/panitumumab with FOLFOX/bevacizum-
ab in first-line treatment of patients with wild-type 
KRAS exon 2.194 In the subset of 170 participants 
with wild-type KRAS/NRAS based on extended tu-
mor analysis, PFS was better in the panitumumab 
arm (13.0 vs 9.5 months; HR, 0.65; 95% CI, 0.44–
0.96; P=.03), and a trend toward improved OS was 
seen (41.3 vs 28.9 months; HR, 0.63; 95% CI, 0.39–
1.02; P=.06). Although these data are intriguing, de-
finitive conclusions are hindered by the small sample 
size and limitations of subset analyses.195

Economic analyses suggest that bevacizumab 
may be more cost-effective than EGFR inhibitors in 
first-line therapy for metastatic CRC.196,197

At this time, the panel considers the addition 
of cetuximab, panitumumab, or bevacizumab to che-
motherapy as equivalent choices in the first-line, 
RAS wild-type, metastatic setting.

Therapy After Progression
Decisions regarding therapy after progression of met-
astatic disease depend on previous therapies. The 
panel recommends against the use of mitomycin, 
alfa-interferon, taxanes, methotrexate, pemetrexed, 
sunitinib, sorafenib, erlotinib, or gemcitabine, either 
as single agents or in combination, as therapy in pa-
tients exhibiting disease progression after treatment 
with standard therapies. These agents have not been 
shown to be effective in this setting. Furthermore, no 
objective responses were observed when single-agent 
capecitabine was administered in a phase II study of 
patients with CRC resistant to 5-FU.198

The recommended therapy options after first 
progression for patients who have received prior 
5-FU/LV-based or capecitabine-based therapy are 
dependent on the initial treatment regimen and are 
outlined in the guidelines.
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Single-agent irinotecan administered after first 
progression has been shown to significantly improve 
OS relative to best supportive care15 or infusional 
5-FU/LV.199 In the study of Rougier et al,199 median 
PFS was 4.2 months for irinotecan versus 2.9 months 
for 5-FU (P=.030), whereas Cunningham et al15 re-
ported a survival rate at 1 year of 36.2% in the group 
receiving irinotecan versus 13.8% in the supportive 
care group (P=.0001). Furthermore, no significant 
differences in OS were observed in the Intergroup 
N9841 trial when FOLFOX was compared with 
irinotecan monotherapy after first progression of  
metastatic CRC.200

A meta-analysis of randomized trials found that 
the addition of a targeted agent after first-line treat-
ment improves outcomes but also increases toxic-
ity.201 Another meta-analysis showed an OS and PFS 
benefit to continuing an antiangiogenic agent after 
progression on an antiangiogenic agent in first-line 
treatment.202 Data relating to specific biologic thera-
pies are discussed below.
Cetuximab and Panitumumab in the Non–First-
Line Setting: For patients with wild-type KRAS/
NRAS CRC who experienced progression on thera-
pies not containing an EGFR inhibitor, cetuximab or 
panitumumab plus irinotecan, cetuximab or panitu-
mumab plus FOLFIRI, or single-agent cetuximab or 
panitumumab136 is recommended. For patients with 
wild-type KRAS/NRAS CRC progressing on thera-
pies that did contain an EGFR inhibitor, administra-
tion of an EGFR inhibitor is not recommended in 
subsequent lines of therapy. No data support switch-
ing to either cetuximab or panitumumab after failure 
of the other drug, and the panel recommends against 
this practice. 

Panitumumab has been studied as a single agent 
in the setting of metastatic CRC for patients with 
disease progression on oxaliplatin/irinotecan-based 
chemotherapy.45 In a retrospective analysis of the 
subset of patients in this trial with known KRAS 
exon 2 tumor status, the benefit of panitumumab 
versus best supportive care was shown to be en-
hanced in patients with KRAS exon 2 wild-type tu-
mors.7 PFS was 12.3 versus 7.3 weeks in favor of the 
panitumumab arm. Response rates to panitumumab 
were 17% versus 0% in the wild-type and mutant 
arms, respectively.7

Panitumumab has also been studied in combina-
tion therapy in the setting of progressing metastatic 

CRC. Among patients with KRAS exon 2 wild-type 
tumors enrolled in the large study 181 comparing 
FOLFIRI alone versus FOLFIRI plus panitumumab 
as second-line therapy for metastatic CRC, addition 
of the biologic agent was associated with improve-
ment in median PFS (5.9 vs 3.9 months; HR, 0.73; 
95% CI, 0.59–0.90; P=.004), although differences 
in OS between the arms did not reach statistical 
significance.36 These results were confirmed in the 
final results of study 181.186 Furthermore, reanalysis 
of samples from the trial showed that the benefit of 
the combination was limited to participants with no 
RAS mutations.203 In addition, secondary analysis 
from the STEPP trial showed that panitumumab in 
combination with irinotecan-based chemotherapy in 
second-line therapy has an acceptable toxicity pro-
file.185 The randomized multicenter PICCOLO trial, 
which assessed the safety and efficacy of irinotecan/
panitumumab, did not meet its primary end point 
of improved OS in patients with wild-type KRAS/
NRAS tumors.166

Cetuximab has been studied both as a single 
agent14,109,132,136 and in combination with irinotecan14 
in patients experiencing disease progression on initial 
therapy not containing cetuximab or panitumumab 
for metastatic disease. Results of a large phase III 
study comparing irinotecan with or without cetux-
imab did not show a difference in OS, but showed 
significant improvement in response rate and me-
dian PFS with irinotecan and cetuximab compared 
with irinotecan alone.204 Importantly, KRAS status 
was not determined in this study and toxicity was 
higher in the cetuximab-containing arm (eg, rash, 
diarrhea, electrolyte imbalances).204

In a retrospective analysis of the subset of patients 
with known KRAS exon 2 tumor status receiving ce-
tuximab monotherapy as second-line therapy,109 the 
benefit of cetuximab versus best supportive care was 
shown to be enhanced in patients with KRAS exon 
2 wild-type tumors.136 For those patients, median 
PFS was 3.7 versus 1.9 months (HR, 0.40; 95% CI, 
0.30–0.54; P<.001) and median OS was 9.5 versus 
4.8 months (HR, 0.55; 95% CI, 0.41–0.74; P<.001), 
in favor of the cetuximab arm.136

The recently published randomized, multicenter, 
open-label, noninferiority phase III ASPECCT trial 
compared single-agent cetuximab with single-agent 
panitumumab in the chemotherapy-refractory meta-
static setting.205 The primary noninferiority OS end 
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point was reached, with a median OS of 10.4 months 
(95% CI, 9.4–11.6) with panitumumab and 10.0 
months (95% CI, 9.3–11.0) with cetuximab (HR, 
0.97; 95% CI, 0.84–1.11). The incidence of adverse 
events was similar between the groups.
Bevacizumab in the Non–First-Line Setting: In 
the ML18147 (TML) trial, patients with metastatic 
CRC that progressed on regimens containing beva-
cizumab received second-line therapy consisting of 
a different chemotherapy regimen with or without 
bevacizumab.206 This study met its primary end point, 
with patients continuing on bevacizumab having a 
modest improvement in OS (11.2 vs 9.8 months; 
HR, 0.81; 95% CI, 0.69–0.94; P=.0062). Subgroup 
analyses from this trial found that these treatment 
effects were independent of KRAS exon 2 status.207

Similar results were reported from the GONO 
group’s phase III randomized BEBYP trial, in which 
the PFS of patients who continued on bevacizumab 
plus a different chemotherapy regimen after pro-
gression on bevacizumab was 6.8 versus 5.0 months 
in the control arm (HR, 0.70; 95% CI, 0.52–0.95; 
P=.001).208 An improvement in OS was also seen in 
the bevacizumab arm (HR, 0.77; 95% CI, 0.56–1.06; 
P=.04). The EAGLE trial randomized 387 patients 
with disease progression after oxaliplatin-based ther-
apy with bevacizumab to second-line therapy with 
FOLFIRI plus either 5 or 10 mg/kg of bevacizumab.209 
No difference was seen in PFS or time to treatment 
failure between the arms, indicating that 5 mg/kg of 
bevacizumab is an appropriate dose in second-line 
treatment of metastatic CRC.

The continuation of bevacizumab after progres-
sion on bevacizumab was also studied in a commu-
nity oncology setting through a retrospective analy-
sis of 573 patients from US Oncology’s iKnowMed 
electronic medical record system.210 Bevacizumab 
beyond progression was associated with a longer OS 
(HR, 0.76; 95% CI, 0.61–0.95) and a longer post-
progression OS (HR, 0.74; 95% CI, 0.60–0.93) on 
multivariate analysis. Analyses of the ARIES obser-
vational cohort found similar results, with longer 
postprogression survival with continuation of beva-
cizumab (HR, 0.84; 95% CI, 0.73–0.97).211

Overall, these data (along with data from the 
VELOUR trial, discussed later) show that the con-
tinuation of VEGF blockade in second-line therapy 
offers a very modest but statistically significant OS 
benefit. The panel added the continuation of beva-

cizumab to the second-line treatment options in the 
2013 versions of the NCCN Guidelines for Colon 
and Rectal Cancers. It may be added to any regimen 
that does not contain another targeted agent. The 
panel recognizes the lack of data suggesting a benefit 
to bevacizumab with irinotecan alone in this setting, 
but believes that the option is acceptable, especially 
in patients whose disease progressed on a 5-FU– or 
capecitabine-based regimen. When an angiogenic 
agent is used in second-line therapy, bevacizumab is 
preferred over ziv-aflibercept and ramucirumab (dis-
cussed later), based on toxicity and/or cost.212

It may also be appropriate to consider adding 
bevacizumab to chemotherapy after progression of 
metastatic disease if it was not used in initial thera-
py.23 The randomized phase III ECOG E3200 study 
in patients who experienced progression through 
a first-line non–bevacizumab-containing regimen 
showed that the addition of bevacizumab to second-
line FOLFOX modestly improved survival.23 Median 
OS was 12.9 months for patients receiving FOLFOX 
plus bevacizumab compared with 10.8 months for 
patients treated with FOLFOX alone (P=.0011).23 
Use of single-agent bevacizumab is not recommend-
ed because it was shown to have inferior efficacy 
compared with the FOLFOX alone or FOLFOX plus 
bevacizumab treatment arms.23

Ziv-Aflibercept: Ziv-aflibercept is a recombinant 
protein that has part of the human VEGF receptors 
1 and 2 fused to the Fc portion of human IgG1.213 
It is designed to function as a VEGF trap to prevent 
activation of VEGF receptors and thus inhibit an-
giogenesis. The VELOUR trial tested second-line 
ziv-aflibercept in patients with metastatic CRC that 
progressed after one regimen containing oxalipla-
tin. The trial met its primary end point with a small 
improvement in OS (13.5 months for FOLFIRI/
ziv-aflibercept vs 12.1 months for FOLFIRI/placebo; 
HR, 0.82; 95% CI, 0.71–0.94; P=.003).47 A prespeci-
fied subgroup analysis from the VELOUR trial found 
that median OS in the ziv-aflibercept arm versus the 
placebo arm was 12.5 months (95% CI, 10.8–15.5) 
versus 11.7 months (95% CI, 9.8–13.8) in patients 
with prior bevacizumab treatment and 13.9 months 
(95% CI, 12.7–15.6) versus 12.4 months (95% CI, 
11.2–13.5) in patients with no prior bevacizumab 
treatment.214

Adverse events associated with ziv-aflibercept 
treatment in the VELOUR trial led to discontinu-
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ation in 26.6% of patients compared with a 12.1% 
discontinuation in the placebo group.47 The most 
common causes for discontinuation were asthenia/
fatigue, infections, diarrhea, hypertension, and ve-
nous thromboembolic events.

Ziv-aflibercept has only shown activity when 
given in conjunction with FOLFIRI in FOLFIRI-
naïve patients. No data suggest activity of FOLFIRI 
plus ziv-aflibercept in patients who progressed on 
FOLFIRI plus bevacizumab or vice versa, and no 
data suggest activity of single-agent ziv-aflibercept. 
Furthermore, the addition of ziv-aflibercept to FOL-
FIRI in first-line therapy of patients with metastatic 
CRC in the phase II AFFIRM study had no bene-
fit and increased toxicity.215 Thus, the panel added 
ziv-aflibercept as a second-line treatment option in 
combination with FOLFIRI or irinotecan only after 
progression on therapy not containing irinotecan. 
However, the panel prefers bevacizumab over ziv-
aflibercept and ramucirumab in this setting, based 
on toxicity and/or cost.212

Ramucirumab: Another antiangiogenic agent, 
ramucirumab, is a human monoclonal antibody that 
targets the extracellular domain of VEGF receptor 
2 to block VEGF signaling.216 In the multicenter, 
phase III RAISE trial, 1,072 patients with metastatic 
CRC whose disease progressed on first-line therapy 
with fluoropyrimidine/oxaliplatin/bevacizumab were 
randomized to FOLFIRI with either ramucirumab 
or placebo.217 The primary end point of OS in the 
intent-to-treat population was met at 13.3 and 11.7 
months in the ramucirumab and placebo groups, re-
spectively, for an HR of 0.84 (95% CI, 0.73–0.98; 
P=.02). PFS was also improved with the addition of 
ramucirumab, at 5.7 and 4.5 months for the 2 arms 
(HR, 0.79; 95% CI, 0.70–0.90; P<.0005). 

Rates of discontinuation due to adverse events 
in the RAISE trial were 11.5% in the ramucirumab 
arm and 4.5% in the placebo arm. The most com-
mon grade 3 or worse adverse events were neutrope-
nia, hypertension, diarrhea, and fatigue.

Considering the results of the RAISE trial, the 
panel added ramucirumab as a second-line treatment 
option in combination with FOLFIRI or irinotecan 
after progression on therapy not containing irinote-
can. As with ziv-aflibercept, no data suggest activ-
ity of FOLFIRI plus ramucirumab in patients whose 
disease progressed on FOLFIRI plus bevacizumab 
or vice versa, and no data suggest activity of single-

agent ramucirumab. When an angiogenic agent is 
used in this setting, the panel prefers bevacizumab 
over ziv-aflibercept and ramucirumab, because of 
toxicity and/or cost.212

Regorafenib: Regorafenib is a small molecule inhibi-
tor of multiple kinases (including VEGF receptors, 
fibroblast growth factor [FGF] receptors, platelet-
derived growth factor [PDGF] receptors, BRAF, KIT, 
and RET) that are involved with various processes, 
including tumor growth and angiogenesis.218 The 
phase III CORRECT trial randomized 760 patients 
whose disease progressed on standard therapy to best 
supportive care with placebo or regorafenib.27 The 
trial met its primary endpoint of OS (6.4 months 
for regorafenib vs 5.0 months for placebo; HR, 0.77; 
95% CI, 0.64–0.94; P=.005). PFS was also signifi-
cantly but modestly improved (1.9 vs 1.7 months; 
HR, 0.49; 95% CI, 0.42–0.58; P<.000001).

The randomized, double-blind, phase III CON-
CUR trial was performed in China, Hong Kong, 
South Korea, Taiwan, and Vietnam.219 Patients with 
progressive metastatic CRC were randomized 2:1 
to receive regorafenib or placebo after ≥2 previous 
treatment regimens. After a median follow-up of 7.4 
months, the primary end point of OS was met in the 
204 randomized patients (8.8 months in the rego-
rafenib arm vs 6.3 months in the placebo arm; HR, 
0.55; 95% CI, 0.40–0.77; P<.001).

Regorafenib has only shown activity in patients 
whose disease has progressed on all standard therapy. 
Therefore, the panel added regorafenib as an addi-
tional line of therapy for patients with metastatic 
CRC refractory to chemotherapy. It can be given be-
fore or after trifluridine/tipiracil; no data inform the 
best order of these therapies.

The most common ≥grade 3 adverse events in 
the regorafenib arm of the CORRECT trial were 
hand-foot skin reaction (17%), fatigue (10%), hy-
pertension (7%), diarrhea (7%), and rash/desquama-
tion (6%).27 Severe and fatal liver toxicity occurred 
in 0.3% of 1,100 patients treated with regorafenib 
across all trials.218 In a meta-analysis of 4 studies that 
included 1,078 patients treated with regorafenib for 
CRC, gastrointestinal stromal tumor, renal cell car-
cinoma, or hepatocellular carcinoma, the overall in-
cidence of all-grade and high-grade hand-foot skin 
reactions was 60.5% and 20.4%, respectively.220 In 
the subset of 500 patients with CRC, the incidence 
of all-grade hand-foot skin reaction was 46.6%.
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The phase IIIb CONSIGN trial assessed the safe-
ty of regorafenib in 2,872 patients from 25 countries 
with refractory metastatic CRC.221 The REBECCA 
study also assessed the safety and efficacy of rego-
rafenib in a cohort of 654 patients with metastatic 
CRC within a compassionate use program.222 The 
safety profile of regorafenib in both of these trials was 
consistent with that seen in the CORRECT trial. 
Trifluridine/Tipiracil (TAS-102): Trifluridine/
tipiracil is an oral combination drug, consisting of a 
cytotoxic thymidine analog, trifluridine, and a thy-
midine phosphorylase inhibitor, tipiracil hydrochlo-
ride, which prevents the degradation of trifluridine. 
Early clinical studies of the drug in patients with 
CRC were promising.223,224

Results of the double-blind randomized con-
trolled international phase III RECOURSE trial 
were published in 2015,35 followed shortly thereafter 
by FDA approval of trifluridine/tipiracil.225 In this 
trial, which involved 800 patients with metastatic 
CRC who progressed through at least 2 prior regi-
mens randomized 2:1 to receive trifluridine/tipiracil 
or placebo, the primary end point of OS was met 
(5.3 vs 7.1 months; HR, 0.68; 95% CI, 0.58–0.81; 
P<.001).35 Improvement was also seen in the second-
ary end point of PFS (1.7 vs 2.0 months; HR, 0.48; 
95% CI, 0.41–0.57; P<.001). The most common 
adverse events associated with trifluridine/tipiracil 
were neutropenia (38%), leukopenia (21%), and fe-
brile neutropenia (4%); one drug-related death oc-
curred. A postmarketing surveillance study did not 
reveal any unexpected safety signals.226

The panel added trifluridine/tipiracil as an ad-
ditional treatment option for patients whose disease 
has progressed through standard therapies. It can be 
given before or after regorafenib; no data inform the 
best order of these therapies. The 144 patients in 
RECOURSE who had prior exposure to regorafenib 
obtained similar OS benefit from trifluridine/tipiracil 
(HR, 0.69; 95% CI, 0.45–1.05) as the 656 patients 
who did not (HR, 0.69; 95% CI, 0.57–0.83).
Pembrolizumab and Nivolumab: The percentage of 
stage IV colorectal tumors characterized as MSI-H 
(mismatch repair–deficient [dMMR]) ranged from 
3.5% to 5.0% in clinical trials and was 6.5% in 
the Nurses’ Health Study and Health Professionals 
Follow-up Study.227–229 dMMR tumors contain thou-
sands of mutations, which can encode mutant pro-
teins with the potential to be recognized and targeted 

by the immune system. However, programmed cell 
death ligands 1 and 2 (PD-L1 and PD-L2) on tumor 
cells can suppress the immune response by binding to 
programmed cell death protein 1 (PD-1) receptor on 
T-effector cells. This system evolved to protect the 
host from an unchecked immune response. Many tu-
mors upregulate PD-L1 and thus evade the immune 
system.230 Therefore, it has been hypothesized that 
dMMR tumors may be sensitive to PD-1 inhibitors. 

Pembrolizumab is a humanized, IgG4 mono-
clonal antibody that binds to PD-1 with high af-
finity, preventing its interaction with PD-L1 and 
PD-L2 and thus allowing immune recognition and 
response. Pembrolizumab is FDA-approved for the 
treatment of some patients with unresectable or met-
astatic melanoma or metastatic non–small cell lung  
cancer.231

A recent phase II study evaluated the activity 
of pembrolizumab in 11 patients with dMMR CRC, 
21 patients with MMR-proficient CRC, and 9 pa-
tients with dMMR non–colorectal carcinomas.232 
All patients had progressive metastatic disease; the 
patients in the CRC arms had progressed through 2 
to 4 previous therapies. The primary end points were 
the immune-related objective response rate and the 
20-week immune-related PFS rate. The immune-
related objective response rates were 40% (95% CI, 
12%–74%) in the dMMR CRC group, 0% (95% 
CI, 0%–20%) in the MMR-proficient CRC group, 
and 71% (95% CI, 29%–96%) in the dMMR non–
colorectal carcinoma group. The 20-week immune-
related PFS rates were 78% (95% CI, 40–97), 11% 
(95% CI, 1–35), and 67% (95% CI, 22–96), respec-
tively. These results indicate that MSI is a predictive 
marker for the effectiveness of pembrolizumab across 
tumor types. Furthermore, the median PFS and OS 
were not reached in the arm with dMMR CRC, and 
were 2.2 and 5.0 months, respectively, in the MMR-
proficient CRC group (HR for disease progression or 
death, 0.10; P<.001).

Nivolumab is another humanized IgG4 PD-1 
blocking antibody, with FDA indications in mela-
noma and non–small cell lung cancer.233 Nivolumab 
was studied with or without ipilimumab in patients 
with metastatic CRC in a phase II trial.234 The medi-
an PFS was 5.3 months (95% CI, 1.4–not estimable) 
in the patients with MMR-deficient CRC who re-
ceived nivolumab monotherapy, not reached in the 
patients with MMR-deficient CRC who received 
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nivolumab plus ipilimumab, and 1.4 months (95% 
CI, 1.2–1.9) in the pooled MMR-proficient group.

Based on these data, the panel recommends 
pembrolizumab or nivolumab as treatment options 
in patients with metastatic MMR-deficient CRC in 
second- or third-line therapy. Patients who experi-
ence disease progression on either of these drugs 
should not be offered the other. Additional clini-
cal trials are ongoing to confirm the benefit of these 
drugs in this setting.

Although PD-1 immune checkpoint inhibitors 
are generally well tolerated, serious adverse reac-
tions—many immune-mediated—occur in as many 
as 21% to 41% of patients.232,234,235 The most com-
mon immune-mediated side effects are to the skin, 

liver, kidneys, gastrointestinal tract, lungs, and en-
docrine systems.236–238 Pneumonitis, occurring in ap-
proximately 3% to 7% of patients on pembrolizumab 
or nivolumab, is one of the most serious side effects 
of PD-1 inhibitors.236,239–241

Cetuximab or Panitumumab Versus Bevacizumab  
in Second-Line: The randomized, multicenter, 
phase II SPIRITT trial randomized 182 patients with 
KRAS wild-type tumors whose disease progressed on 
first-line oxaliplatin-based therapy plus bevacizumab 
to FOLFIRI plus bevacizumab or FOLFIRI plus pani-
tumumab.242 No difference was seen in the primary 
end point of PFS between the arms (7.7 months in 
the panitumumab arm vs 9.2 months in the bevaci-
zumab arm; HR, 1.01; 95% CI, 0.68–1.50; P=.97).

References
1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin 

2016;66:7–30.
2.	 Cheng L, Eng C, Nieman LZ, et al. Trends in colorectal cancer incidence by 

anatomic site and disease stage in the United States from 1976 to 2005. Am 
J Clin Oncol 2011;34:573–580.

3.	 Henley SJ, Singh SD, King J, et al. Invasive cancer incidence and survival—
United States, 2011. MMWR Morb Mortal Wkly Rep 2015;64:237–242.

4.	 Siegel R, Ward E, Brawley O, Jemal A. Cancer statistics, 2011: the impact 
of eliminating socioeconomic and racial disparities on premature cancer 
deaths. CA Cancer J Clin 2011;61:212–236.

5.	 Bailey CE, Hu CY, You YN, et al. Increasing disparities in the age-related 
incidences of colon and rectal cancers in the United States, 1975-2010. 
JAMA Surg 2014:1–6.

6.	 Amin MB, Greene FL, Edge S, et al, eds. AJCC Cancer Staging Manual, 8th 
ed. New York: Springer; 2016.

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

8.	 Andre T, Louvet C, Maindrault-Goebel F, et al. CPT-11 (irinotecan) 
addition to bimonthly, high-dose leucovorin and bolus and continuous-
infusion 5-fluorouracil (FOLFIRI) for pretreated metastatic colorectal 
cancer. GERCOR. Eur J Cancer 1999;35:1343–1347.

9.	 Bartlett DL, Berlin J, Lauwers GY, et al. Chemotherapy and regional therapy 
of hepatic colorectal metastases: expert consensus statement. Ann Surg 
Oncol 2006;13:1284–1292.

10.	 Buroker TR, O’Connell MJ, Wieand HS, et al. Randomized comparison of 
two schedules of fluorouracil and leucovorin in the treatment of advanced 
colorectal cancer. J Clin Oncol 1994;12:14–20.

11.	 Cassidy J, Clarke S, Diaz-Rubio E, et al. Randomized phase III study of 
capecitabine plus oxaliplatin compared with fluorouracil/folinic acid plus 
oxaliplatin as first-line therapy for metastatic colorectal cancer. J Clin Oncol 
2008;26:2006–2012.

12.	 Cheeseman SL, Joel SP, Chester JD, et al. A ‘modified de Gramont’ regimen 
of fluorouracil, alone and with oxaliplatin, for advanced colorectal cancer. Br 
J Cancer 2002;87:393–399.

13.	 Colucci G, Gebbia V, Paoletti G, et al. Phase III randomized trial of 
FOLFIRI versus FOLFOX4 in the treatment of advanced colorectal cancer: 
a multicenter study of the Gruppo Oncologico Dell’Italia Meridionale. J Clin 
Oncol 2005;23:4866–4875.

14.	 Cunningham D, Humblet Y, Siena S, et al. Cetuximab monotherapy and 
cetuximab plus irinotecan in irinotecan-refractory metastatic colorectal 
cancer. N Engl J Med 2004;351:337–345.

15.	 Cunningham D, Pyrhonen S, James RD, et al. Randomised trial of irinotecan 
plus supportive care versus supportive care alone after fluorouracil failure for 
patients with metastatic colorectal cancer. Lancet 1998;352:1413–1418.

16.	 de Gramont A, Bosset JF, Milan C, et al. Randomized trial comparing 
monthly low-dose leucovorin and fluorouracil bolus with bimonthly high-

dose leucovorin and fluorouracil bolus plus continuous infusion for advanced 
colorectal cancer: a French intergroup study. J Clin Oncol 1997;15:808–815.

17.	 de Gramont A, Figer A, Seymour M, et al. Leucovorin and fluorouracil with 
or without oxaliplatin as first-line treatment in advanced colorectal cancer. J 
Clin Oncol 2000;18:2938–2947.

18.	 Delaunoit T, Goldberg RM, Sargent DJ, et al. Mortality associated with 
daily bolus 5-fluorouracil/leucovorin administered in combination with 
either irinotecan or oxaliplatin: results from Intergroup trial N9741. Cancer 
2004;101:2170–2176.

19.	 Douillard JY, Cunningham D, Roth AD, et al. Irinotecan combined with 
fluorouracil compared with fluorouracil alone as first-line treatment for 
metastatic colorectal cancer: a multicentre randomised trial. Lancet 
2000;355:1041–1047.

20.	 Douillard JY, Siena S, Cassidy J, et al. Randomized, phase III trial of 
panitumumab with infusional fluorouracil, leucovorin, and oxaliplatin 
(FOLFOX4) versus FOLFOX4 alone as first-line treatment in patients with 
previously untreated metastatic colorectal cancer: the PRIME study. J Clin 
Oncol 2010;28:4697–4705.

21.	 Falcone A, Ricci S, Brunetti I, et al. Phase III trial of infusional fluorouracil, 
leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI) compared with 
infusional fluorouracil, leucovorin, and irinotecan (FOLFIRI) as first-line 
treatment for metastatic colorectal cancer: the Gruppo Oncologico Nord 
Ovest. J Clin Oncol 2007;25:1670–1676.

22.	 Fuchs CS, Moore MR, Harker G, et al. Phase III comparison of two 
irinotecan dosing regimens in second-line therapy of metastatic colorectal 
cancer. J Clin Oncol 2003;21:807–814.

23.	 Giantonio BJ, Catalano PJ, Meropol NJ, et al. Bevacizumab in combination 
with oxaliplatin, fluorouracil, and leucovorin (FOLFOX4) for previously 
treated metastatic colorectal cancer: results from the Eastern Cooperative 
Oncology Group Study E3200. J Clin Oncol 2007;25:1539–1544.

24.	 Goldberg RM. Therapy for metastatic colorectal cancer. Oncologist 
2006;11:981–987.

25.	 Goldberg RM, Rothenberg ML, Van Cutsem E, et al. The continuum of care: 
a paradigm for the management of metastatic colorectal cancer. Oncologist 
2007;12:38–50.

26.	 Goldberg RM, Sargent DJ, Morton RF, et al. A randomized controlled trial 
of fluorouracil plus leucovorin, irinotecan, and oxaliplatin combinations in 
patients with previously untreated metastatic colorectal cancer. J Clin Oncol 
2004;22:23–30.

27.	 Grothey A, Van Cutsem E, Sobrero A, et al. Regorafenib monotherapy 
for previously treated metastatic colorectal cancer (CORRECT): an 
international, multicentre, randomised, placebo-controlled, phase 3 trial. 
Lancet 2013;381:303–312.

28.	 Haller DG, Rothenberg ML, Wong AO, et al. Oxaliplatin plus irinotecan 
compared with irinotecan alone as second-line treatment after single-agent 
fluoropyrimidine therapy for metastatic colorectal carcinoma. J Clin Oncol 
2008;26:4544–4550.



© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 15   Number 3  |  March 2017

NCCN Clinical Practice Guidelines in Oncology

Colon Cancer, Version 1.2017

393

29.	 Hurwitz HI, Fehrenbacher L, Hainsworth JD, et al. Bevacizumab in 
combination with fluorouracil and leucovorin: an active regimen for first-
line metastatic colorectal cancer. J Clin Oncol 2005;23:3502–3508.

30.	 Jager E, Heike M, Bernhard H, et al. Weekly high-dose leucovorin versus 
low-dose leucovorin combined with fluorouracil in advanced colorectal 
cancer: results of a randomized multicenter trial. Study Group for Palliative 
Treatment of Metastatic Colorectal Cancer Study Protocol 1. J Clin Oncol 
1996;14:2274–2279.

31.	 Kabbinavar FF, Hambleton J, Mass RD, et al. Combined analysis of efficacy: 
the addition of bevacizumab to fluorouracil/leucovorin improves survival for 
patients with metastatic colorectal cancer. J Clin Oncol 2005;23:3706–3712.

32.	 Kelly H, Goldberg RM. Systemic therapy for metastatic colorectal cancer: 
current options, current evidence. J Clin Oncol 2005;23:4553–4560.

33.	 Kohne CH, Hofheinz R, Mineur L, et al. First-line panitumumab plus 
irinotecan/5-fluorouracil/leucovorin treatment in patients with metastatic 
colorectal cancer. J Cancer Res Clin Oncol 2012;138:65–72.

34.	 Maindrault-Goebel F, Louvet C, Andre T, et al. Oxaliplatin added to the 
simplified bimonthly leucovorin and 5-fluorouracil regimen as second-line 
therapy for metastatic colorectal cancer (FOLFOX6). GERCOR. Eur J 
Cancer 1999;35:1338–1342.

35.	 Mayer RJ, Van Cutsem E, Falcone A, et al. Randomized trial of TAS-102 for 
refractory metastatic colorectal cancer. N Engl J Med 2015;372:1909–1919.

36.	 Peeters M, Price TJ, Cervantes A, et al. Randomized phase III study of 
panitumumab with fluorouracil, leucovorin, and irinotecan (FOLFIRI) 
compared with FOLFIRI alone as second-line treatment in patients with 
metastatic colorectal cancer. J Clin Oncol 2010;28:4706–4713.

37.	 Petrelli N, Herrera L, Rustum Y, et al. A prospective randomized trial 
of 5-fluorouracil versus 5-fluorouracil and high-dose leucovorin versus 
5-fluorouracil and methotrexate in previously untreated patients with 
advanced colorectal carcinoma. J Clin Oncol 1987;5:1559–1565.

38.	 Reidy DL, Chung KY, Timoney JP, et al. Bevacizumab 5 mg/kg can be infused 
safely over 10 minutes. J Clin Oncol 2007;25:2691–2695.

39.	 Saltz LB, Clarke S, Diaz-Rubio E, et al. Bevacizumab in combination with 
oxaliplatin-based chemotherapy as first-line therapy in metastatic colorectal 
cancer: a randomized phase III study. J Clin Oncol 2008;26:2013–2019.

40.	 Souglakos J, Androulakis N, Syrigos K, et al. FOLFOXIRI (folinic acid, 
5-fluorouracil, oxaliplatin and irinotecan) vs FOLFIRI (folinic acid, 
5-fluorouracil and irinotecan) as first-line treatment in metastatic colorectal 
cancer (MCC): a multicentre randomised phase III trial from the Hellenic 
Oncology Research Group (HORG). Br J Cancer 2006;94:798–805.

41.	 Tol J, Koopman M, Cats A, et al. Chemotherapy, bevacizumab, and 
cetuximab in metastatic colorectal cancer. N Engl J Med 2009;360:563–572.

42.	 Van Cutsem E. Challenges in the use of epidermal growth factor receptor 
inhibitors in colorectal cancer. Oncologist 2006;11:1010–1017.

43.	 Van Cutsem E, Hoff PM, Harper P, et al. Oral capecitabine vs intravenous 
5-fluorouracil and leucovorin: integrated efficacy data and novel analyses 
from two large, randomised, phase III trials. Br J Cancer 2004;90:1190–1197.

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

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

46.	 Van Cutsem E, Twelves C, Cassidy J, et al. Oral capecitabine compared with 
intravenous fluorouracil plus leucovorin in patients with metastatic colorectal 
cancer: results of a large phase III study. J Clin Oncol 2001;19:4097–4106.

47.	 Van Cutsem E, Tabernero J, Lakomy R, et al. Addition of aflibercept to 
fluorouracil, leucovorin, and irinotecan improves survival in a phase III 
randomized trial in patients with metastatic colorectal cancer previously 
treated with an oxaliplatin-based regimen. J Clin Oncol 2012;30:3499–3506.

48.	 Wolmark N, Rockette H, Fisher B, et al. The benefit of leucovorin-
modulated fluorouracil as postoperative adjuvant therapy for primary colon 
cancer: results from National Surgical Adjuvant Breast and Bowel Project 
protocol C-03. J Clin Oncol 1993;11:1879–1887.

49.	 Lentz F, Tran A, Rey E, et al. Pharmacogenomics of fluorouracil, irinotecan, 
and oxaliplatin in hepatic metastases of colorectal cancer: clinical 
implications. Am J Pharmacogenomics 2005;5:21–33.

50.	 O’Dwyer PJ. The present and future of angiogenesis-directed treatments of 
colorectal cancer. Oncologist 2006;11:992–998.

51.	 Raymond E, Faivre S, Woynarowski JM, Chaney SG. Oxaliplatin: 
mechanism of action and antineoplastic activity. Semin Oncol 1998;25:4–
12.

52.	 Rothenberg ML, Blanke CD. Topoisomerase I inhibitors in the treatment of 
colorectal cancer. Semin Oncol 1999;26:632–639.

53.	 Tournigand C, Andre T, Achille E, et al. FOLFIRI followed by FOLFOX6 or 
the reverse sequence in advanced colorectal cancer: a randomized GERCOR 
study. J Clin Oncol 2004;22:229–237.

54.	 Cassidy J, Tabernero J, Twelves C, et al. XELOX (capecitabine plus 
oxaliplatin): active first-line therapy for patients with metastatic colorectal 
cancer. J Clin Oncol 2004;22:2084–2091.

55.	 Porschen R, Arkenau HT, Kubicka S, et al. Phase III study of capecitabine 
plus oxaliplatin compared with fluorouracil and leucovorin plus oxaliplatin 
in metastatic colorectal cancer: a final report of the AIO Colorectal Study 
Group. J Clin Oncol 2007;25:4217–4223.

56.	 Kirstein MM, Lange A, Prenzler A, et al. Targeted therapies in metastatic 
colorectal cancer: a systematic review and assessment of currently available 
data. Oncologist 2014;19:1156–1168.

57.	 Ducreux M, Malka D, Mendiboure J, et al. Sequential versus combination 
chemotherapy for the treatment of advanced colorectal cancer (FFCD 2000-
05): an open-label, randomised, phase 3 trial. Lancet Oncol 2011;12:1032–
1044.

58.	 Koopman M, Antonini NF, Douma J, et al. Sequential versus combination 
chemotherapy with capecitabine, irinotecan, and oxaliplatin in advanced 
colorectal cancer (CAIRO): a phase III randomised controlled trial. Lancet 
2007;370:135–142.

59.	 Seymour MT, Maughan TS, Ledermann JA, et al. Different strategies of 
sequential and combination chemotherapy for patients with poor prognosis 
advanced colorectal cancer (MRC FOCUS): a randomised controlled trial. 
Lancet 2007;370:143–152.

60.	 Grothey A, Sargent D, Goldberg RM, Schmoll HJ. Survival of patients with 
advanced colorectal cancer improves with the availability of fluorouracil-
leucovorin, irinotecan, and oxaliplatin in the course of treatment. J Clin 
Oncol 2004;22:1209–1214.

61.	 Sargent DJ, Kohne CH, Sanoff HK, et al. Pooled safety and efficacy analysis 
examining the effect of performance status on outcomes in nine first-
line treatment trials using individual data from patients with metastatic 
colorectal cancer. J Clin Oncol 2009;27:1948–1955.

62.	 Simkens LH, van Tinteren H, May A, et al. Maintenance treatment with 
capecitabine and bevacizumab in metastatic colorectal cancer (CAIRO3): a 
phase 3 randomised controlled trial of the Dutch Colorectal Cancer Group. 
Lancet 2015;385:1843–1852.

63.	 Hegewisch-Becker S, Graeven U, Lerchenmuller CA, et al. Maintenance 
strategies after first-line oxaliplatin plus fluoropyrimidine plus bevacizumab 
for patients with metastatic colorectal cancer (AIO 0207): a randomised, 
non-inferiority, open-label, phase 3 trial. Lancet Oncol 2015;16:1355–1369.

64.	 Koeberle D, Betticher DC, von Moos R, et al. Bevacizumab continuation 
versus no continuation after first-line chemotherapy plus bevacizumab in 
patients with metastatic colorectal cancer: a randomized phase III non-
inferiority trial (SAKK 41/06). Ann Oncol 2015;26:709–714.

65.	 Tournigand C, Chibaudel B, Samson B, et al. Bevacizumab with or without 
erlotinib as maintenance therapy in patients with metastatic colorectal 
cancer (GERCOR DREAM; OPTIMOX3): a randomised, open-label, phase 
3 trial. Lancet Oncol 2015;16:1493–1505.

66.	 Hagman H, Frodin JE, Berglund A, et al. A randomized study of KRAS-
guided maintenance therapy with bevacizumab, erlotinib or metronomic 
capecitabine after first-line induction treatment of metastatic colorectal 
cancer: the Nordic ACT2 trial. Ann Oncol 2016;27:140–147.

67.	 Xu W, Gong Y, Kuang M, et al. Survival benefit and safety of bevacizumab 
in combination with erlotinib as maintenance therapy in patients 
with metastatic colorectal cancer: a meta-analysis. Clin Drug Investig 
2017;37:155–165.

68.	 Luo HY, Li YH, Wang W, et al. Single-agent capecitabine as maintenance 
therapy after induction of XELOX (or FOLFOX) in first-line treatment of 
metastatic colorectal cancer: randomized clinical trial of efficacy and safety. 
Ann Oncol 2016;27:1074–1081.

69.	 AVASTIN [package insert]. South San Francisco, CA: Genentech, Inc.; 
2015. 

70.	 Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus irinotecan, 
fluorouracil, and leucovorin for metastatic colorectal cancer. N Engl J Med 
2004;350:2335–2342.

71.	 Kabbinavar F, Hurwitz HI, Fehrenbacher L, et al. Phase II, randomized 
trial comparing bevacizumab plus fluorouracil (FU)/leucovorin (LV) with 
FU/LV alone in patients with metastatic colorectal cancer. J Clin Oncol 
2003;21:60–65.

72.	 Kabbinavar FF, Schulz J, McCleod M, et al. Addition of bevacizumab to 
bolus fluorouracil and leucovorin in first-line metastatic colorectal cancer: 
results of a randomized phase II trial. J Clin Oncol 2005;23:3697–3705.



© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 15   Number 3  |  March 2017

NCCN Clinical Practice Guidelines in Oncology

Colon Cancer, Version 1.2017

394

73.	 Petrelli F, Borgonovo K, Cabiddu M, et al. FOLFIRI-bevacizumab as first-line 
chemotherapy in 3500 patients with advanced colorectal cancer: a pooled 
analysis of 29 published trials. Clin Colorectal Cancer 2013;12:145–151.

74.	 Hurwitz HI, Bekaii-Saab TS, Bendell JC, et al. Safety and effectiveness of 
bevacizumab treatment for metastatic colorectal cancer: final results from the 
Avastin((R)) Registry - Investigation of Effectiveness and Safety (ARIES) 
observational cohort study. Clin Oncol (R Coll Radiol) 2014;26:323–332.

75.	 Fourrier-Reglat A, Smith D, Rouyer M, et al. Survival outcomes of 
bevacizumab in first-line metastatic colorectal cancer in a real-life setting: 
results of the ETNA cohort. Target Oncol 2014;9:311–319.

76.	 Botrel TE, Clark LG, Paladini L, Clark OA. Efficacy and safety of 
bevacizumab plus chemotherapy compared to chemotherapy alone in 
previously untreated advanced or metastatic colorectal cancer: a systematic 
review and meta-analysis. BMC Cancer 2016;16:677.

77.	 Cao Y, Tan A, Gao F, et al. A meta-analysis of randomized controlled trials 
comparing chemotherapy plus bevacizumab with chemotherapy alone in 
metastatic colorectal cancer. Int J Colorectal Dis 2009;24:677–685.

78.	 Hu W, Xu W, Liao X, He H. Bevacizumab in combination with first-line 
chemotherapy in patients with metastatic colorectal cancer: a meta-analysis. 
Minerva Chir 2015;70:451–458.

79.	 Hurwitz HI, Tebbutt NC, Kabbinavar F, et al. Efficacy and safety of 
bevacizumab in metastatic colorectal cancer: pooled analysis from seven 
randomized controlled trials. Oncologist 2013;18:1004–1012.

80.	 Loupakis F, Bria E, Vaccaro V, et al. Magnitude of benefit of the addition 
of bevacizumab to first-line chemotherapy for metastatic colorectal 
cancer: meta-analysis of randomized clinical trials. J Exp Clin Cancer Res 
2010;29:58.

81.	 Lv C, Wu S, Zheng D, et al. The efficacy of additional bevacizumab to 
cytotoxic chemotherapy regimens for the treatment of colorectal cancer: an 
updated meta-analysis for randomized trials. Cancer Biother Radiopharm 
2013;28:501–509.

82.	 Qu CY, Zheng Y, Zhou M, et al. Value of bevacizumab in treatment of 
colorectal cancer: a meta-analysis. World J Gastroenterol 2015;21:5072–
5080.

83.	 Welch S, Spithoff K, Rumble RB, Maroun J. Bevacizumab combined with 
chemotherapy for patients with advanced colorectal cancer: a systematic 
review. Ann Oncol 2010;21:1152–1162.

84.	 Zhang G, Zhou X, Lin C. Efficacy of chemotherapy plus bevacizumab as first-
line therapy in patients with metastatic colorectal cancer: a meta-analysis 
and up-date. Int J Clin Exp Med 2015;8:1434–1445.

85.	 Macedo LT, da Costa Lima AB, Sasse AD. Addition of bevacizumab to first-
line chemotherapy in advanced colorectal cancer: a systematic review and 
meta-analysis, with emphasis on chemotherapy subgroups. BMC Cancer 
2012;12:89.

86.	 Meyerhardt JA, Li L, Sanoff HK, et al. Effectiveness of bevacizumab with 
first-line combination chemotherapy for Medicare patients with stage IV 
colorectal cancer. J Clin Oncol 2012;30:608–615.

87.	 Hartmann H, Muller J, Marschner N. Is there a difference in demography and 
clinical characteristics in patients treated with and without bevacizumab? J 
Clin Oncol 2012;30:3317–3318; author reply 3318.

88.	 Hurwitz HI, Lyman GH. Registries and randomized trials in assessing the 
effects of bevacizumab in colorectal cancer: is there a common theme? J Clin 
Oncol 2012;30:580–581.

89.	 Allegra CJ, Yothers G, O’Connell MJ, et al. Phase III trial assessing 
bevacizumab in stages II and III carcinoma of the colon: results of NSABP 
protocol C-08. J Clin Oncol 2011;29:11–16.

90.	 de Gramont A, Van Cutsem E, Schmoll HJ, et al. Bevacizumab plus 
oxaliplatin-based chemotherapy as adjuvant treatment for colon 
cancer (AVANT): a phase 3 randomised controlled trial. Lancet Oncol 
2012;13:1225–1233.

91.	 Ranpura V, Hapani S, Wu S. Treatment-related mortality with bevacizumab 
in cancer patients: a meta-analysis. JAMA 2011;305:487–494.

92.	 Hurwitz HI, Saltz LB, Van Cutsem E, et al. Venous thromboembolic events 
with chemotherapy plus bevacizumab: a pooled analysis of patients in 
randomized phase II and III studies. J Clin Oncol 2011;29:1757–1764.

93.	 Dai F, Shu L, Bian Y, et al. Safety of bevacizumab in treating metastatic 
colorectal cancer: a systematic review and meta-analysis of all randomized 
clinical trials. Clin Drug Investig 2013;33:779–788.

94.	 Hochster HS, Hart LL, Ramanathan RK, et al. Safety and efficacy of 
oxaliplatin and fluoropyrimidine regimens with or without bevacizumab 
as first-line treatment of metastatic colorectal cancer: results of the TREE 
Study. J Clin Oncol 2008;26:3523–3529.

95.	 Scappaticci FA, Fehrenbacher L, Cartwright T, et al. Surgical wound 
healing complications in metastatic colorectal cancer patients treated with 
bevacizumab. J Surg Oncol 2005;91:173–180.

96.	 Cannistra SA, Matulonis UA, Penson RT, et al. Phase II study of bevacizumab 
in patients with platinum-resistant ovarian cancer or peritoneal serous 
cancer. J Clin Oncol 2007;25:5180–5186.

97.	 Gruenberger B, Tamandl D, Schueller J, et al. Bevacizumab, capecitabine, 
and oxaliplatin as neoadjuvant therapy for patients with potentially curable 
metastatic colorectal cancer. J Clin Oncol 2008;26:1830–1835.

98.	 Reddy SK, Morse MA, Hurwitz HI, et al. Addition of bevacizumab to 
irinotecan- and oxaliplatin-based preoperative chemotherapy regimens does 
not increase morbidity after resection of colorectal liver metastases. J Am 
Coll Surg 2008;206:96–9106.

99.	 Miles D, Harbeck N, Escudier B, et al. Disease course patterns after 
discontinuation of bevacizumab: pooled analysis of randomized phase III 
trials. J Clin Oncol 2011;29:83–88.

100.	 Miles DW. Reply to P. Potemski. J Clin Oncol 2011;29:e386.
101.	 Potemski P. Is the postprogression survival time really not shortened in 

the bevacizumab-containing arms of phase III clinical trials? J Clin Oncol 
2011;29:e384–385.

102.	 Cetuximab [package insert]. Branchburg, NJ: ImClone Systems Incorporated; 
2015. 

103.	 Vectibix [package insert]. Thousand Oaks, CA: Amgen Inc.; 2015. 
104.	 Pietrantonio F, Cremolini C, Petrelli F, et al. First-line anti-EGFR 

monoclonal antibodies in panRAS wild-type metastatic colorectal cancer: a 
systematic review and meta-analysis. Crit Rev Oncol Hematol 2015;96:156–
166.

105.	 Sorich MJ, Wiese MD, Rowland A, et al. Extended RAS mutations and anti-
EGFR monoclonal antibody survival benefit in metastatic colorectal cancer: 
a meta-analysis of randomized, controlled trials. Ann Oncol 2015;26:13–21.

106.	 Helbling D, Borner M. Successful challenge with the fully human EGFR 
antibody panitumumab following an infusion reaction with the chimeric 
EGFR antibody cetuximab. Ann Oncol 2007;18:963–964.

107.	 Heun J, Holen K. Treatment with panitumumab after a severe infusion 
reaction to cetuximab in a patient with metastatic colorectal cancer: a case 
report. Clin Colorectal Cancer 2007;6:529–531.

108.	 Resch G, Schaberl-Moser R, Kier P, et al. Infusion reactions to the chimeric 
EGFR inhibitor cetuximab—change to the fully human anti-EGFR 
monoclonal antibody panitumumab is safe. Ann Oncol 2011;22:486–487.

109.	 Jonker DJ, O’Callaghan CJ, Karapetis CS, et al. Cetuximab for the treatment 
of colorectal cancer. N Engl J Med 2007;357:2040–2048.

110.	 Lievre A, Bachet JB, Boige V, et al. KRAS mutations as an independent 
prognostic factor in patients with advanced colorectal cancer treated with 
cetuximab. J Clin Oncol 2008;26:374–379.

111.	 Petrelli F, Borgonovo K, Barni S. The predictive role of skin rash with 
cetuximab and panitumumab in colorectal cancer patients: a systematic 
review and meta-analysis of published trials. Target Oncol 2013;8:173–181.

112.	 Stintzing S, Kapaun C, Laubender RP, et al. Prognostic value of cetuximab-
related skin toxicity in metastatic colorectal cancer patients and its 
correlation with parameters of the epidermal growth factor receptor signal 
transduction pathway: results from a randomized trial of the GERMAN AIO 
CRC Study Group. Int J Cancer 2013;132:236–245.

113.	 Van Cutsem E, Tejpar S, Vanbeckevoort D, et al. Intrapatient cetuximab 
dose escalation in metastatic colorectal cancer according to the grade 
of early skin reactions: the randomized EVEREST study. J Clin Oncol 
2012;30:2861–2868.

114.	 Burtness B, Anadkat M, Basti S, et al. NCCN Task Force Report: 
management of dermatologic and other toxicities associated with EGFR 
inhibition in patients with cancer. J Natl Compr Canc Netw 2009;7(Suppl 
1):S5–21; quiz S22–24.

115.	 Petrelli F, Cabiddu M, Borgonovo K, Barni S. Risk of venous and arterial 
thromboembolic events associated with anti-EGFR agents: a meta-analysis 
of randomized clinical trials. Ann Oncol 2012;23:1672–1679.

116.	 Zhang D, Ye J, Xu T, Xiong B. Treatment related severe and fatal adverse 
events with cetuximab in colorectal cancer patients: a meta-analysis. J 
Chemother 2013;25:170–175.

117.	 Hecht JR, Mitchell E, Chidiac T, et al. A randomized phase IIIB trial 
of chemotherapy, bevacizumab, and panitumumab compared with 
chemotherapy and bevacizumab alone for metastatic colorectal cancer. J 
Clin Oncol 2009;27:672–680.

118.	 Brule SY, Jonker DJ, Karapetis CS, et al. Location of colon cancer (right-
sided versus left-sided) as a prognostic factor and a predictor of benefit from 
cetuximab in NCIC CO.17. Eur J Cancer 2015;51:1405–1414.



© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 15   Number 3  |  March 2017

NCCN Clinical Practice Guidelines in Oncology

Colon Cancer, Version 1.2017

395

119.	 Moretto R, Cremolini C, Rossini D, et al. Location of primary tumor and 
benefit from anti-epidermal growth factor receptor monoclonal antibodies 
in patients with RAS and BRAF wild-type metastatic colorectal cancer. 
Oncologist 2016;21:988–994.

120.	 Loupakis F, Yang D, Yau L, et al. Primary tumor location as a prognostic 
factor in metastatic colorectal cancer. J Natl Cancer Inst 2015;107:doi: 
10.1093/jnci/dju427.

121.	 Lee MS, Advani SM, Morris J, et al. Association of primary (1°) site 
and molecular features with progression-free survival (PFS) and overall 
survival (OS) of metastatic colorectal cancer (mCRC) after anti-
epidermal growth factor receptor (αEGFR) therapy [abstract]. J Clin Oncol 
2016;34(Suppl):Abstract 3506.

122.	 Chen KH, Shao YY, Chen HM, et al. Primary tumor site is a useful predictor 
of cetuximab efficacy in the third-line or salvage treatment of KRAS wild-
type (exon 2 non-mutant) metastatic colorectal cancer: a nationwide cohort 
study. BMC Cancer 2016;16:327.

123.	 Warschkow R, Sulz MC, Marti L, et al. Better survival in right-sided versus 
left-sided stage I - III colon cancer patients. BMC Cancer 2016;16:554.

124.	 Schrag D, Weng S, Brooks G, et al. The relationship between primary 
tumor sidedness and prognosis in colorectal cancer [abstract]. J Clin Oncol 
2016;34(Suppl):Abstract 3505.

125.	 Venook AP, Niedzwiecki D, Innocenti F, et al. Impact of primary (1°) 
tumor location on overall survival (OS) and progression-free survival 
(PFS) in patients (pts) with metastatic colorectal cancer (mCRC): 
analysis of CALGB/SWOG 80405 (Alliance) [abstract]. J Clin Oncol 
2016;34(Suppl):Abstract 3504.

126.	 Venook AP, Niedzwiecki D, Innocenti F, et al. Impact of primary (1°) 
tumor location on Overall Survival (OS) and Progression Free Survival 
(PFS) in patients (pts) with metastatic colorectal cancer (mCRC): analysis 
of All RAS wt patients on CALGB / SWOG 80405 (Alliance) [abstract]. 
Presented at ESMO Congress 2016; October 7–11, 2016; Copenhagen, 
Denmark.

127.	 Antonacopoulou AG, Tsamandas AC, Petsas T, et al. EGFR, HER-2 and 
COX-2 levels in colorectal cancer. Histopathology 2008;53:698–706.

128.	 McKay JA, Murray LJ, Curran S, et al. Evaluation of the epidermal growth 
factor receptor (EGFR) in colorectal tumours and lymph node metastases. 
Eur J Cancer 2002;38:2258–2264.

129.	 Spano JP, Lagorce C, Atlan D, et al. Impact of EGFR expression on colorectal 
cancer patient prognosis and survival. Ann Oncol 2005;16:102–108.

130.	 Yen LC, Uen YH, Wu DC, et al. Activating KRAS mutations and 
overexpression of epidermal growth factor receptor as independent predictors 
in metastatic colorectal cancer patients treated with cetuximab. Ann Surg 
2010;251:254–260.

131.	 Hecht JR, Mitchell E, Neubauer MA, et al. Lack of correlation between 
epidermal growth factor receptor status and response to Panitumumab 
monotherapy in metastatic colorectal cancer. Clin Cancer Res 
2010;16:2205–2213.

132.	 Saltz LB, Meropol NJ, Loehrer PJ, et al. Phase II trial of cetuximab in patients 
with refractory colorectal cancer that expresses the epidermal growth factor 
receptor. J Clin Oncol 2004;22:1201–1208.

133.	 Baselga J, Rosen N. Determinants of RASistance to anti-epidermal growth 
factor receptor agents. J Clin Oncol 2008;26:1582–1584.

134.	 Bokemeyer C, Bondarenko I, Makhson A, et al. Fluorouracil, leucovorin, 
and oxaliplatin with and without cetuximab in the first-line treatment of 
metastatic colorectal cancer. J Clin Oncol 2009;27:663–671.

135.	 De Roock W, Piessevaux H, De Schutter J, et al. KRAS wild-type state 
predicts survival and is associated to early radiological response in metastatic 
colorectal cancer treated with cetuximab. Ann Oncol 2008;19:508–515.

136.	 Karapetis CS, Khambata-Ford S, Jonker DJ, et al. K-ras mutations and 
benefit from cetuximab in advanced colorectal cancer. N Engl J Med 
2008;359:1757–1765.

137.	 Khambata-Ford S, Garrett CR, Meropol NJ, et al. Expression of epiregulin 
and amphiregulin and K-ras mutation status predict disease control in 
metastatic colorectal cancer patients treated with cetuximab. J Clin Oncol 
2007;25:3230–3237.

138.	 Tejpar S, Celik I, Schlichting M, et al. Association of KRAS G13D tumor 
mutations with outcome in patients with metastatic colorectal cancer 
treated with first-line chemotherapy with or without cetuximab. J Clin 
Oncol 2012;30:3570–3577.

139.	 Douillard JY, Oliner KS, Siena S, et al. Panitumumab-FOLFOX4 treatment 
and RAS mutations in colorectal cancer. N Engl J Med 2013;369:1023–1034.

140.	 Allegra CJ, Rumble RB, Hamilton SR, et al. Extended RAS gene mutation 
testing in metastatic colorectal carcinoma to predict response to anti-
epidermal growth factor receptor monoclonal antibody therapy: American 

Society of Clinical Oncology provisional clinical opinion update 2015. J 
Clin Oncol 2016;34:179–185.

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

142.	 Etienne-Grimaldi MC, Formento JL, Francoual M, et al. K-Ras mutations 
and treatment outcome in colorectal cancer patients receiving exclusive 
fluoropyrimidine therapy. Clin Cancer Res 2008;14:4830–4835.

143.	 Knijn N, Mekenkamp LJ, Klomp M, et al. KRAS mutation analysis: a 
comparison between primary tumours and matched liver metastases in 305 
colorectal cancer patients. Br J Cancer 2011;104:1020–1026.

144.	 Wang HL, Lopategui J, Amin MB, Patterson SD. KRAS mutation testing 
in human cancers: the pathologist’s role in the era of personalized medicine. 
Adv Anat Pathol 2010;17:23–32.

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

146.	 Roth AD, Tejpar S, Delorenzi M, et al. Prognostic role of KRAS and 
BRAF in stage II and III resected colon cancer: results of the translational 
study on the PETACC-3, EORTC 40993, SAKK 60-00 trial. J Clin Oncol 
2010;28:466–474.

147.	 Dahabreh IJ, Terasawa T, Castaldi PJ, Trikalinos TA. Systematic review: anti-
epidermal growth factor receptor treatment effect modification by KRAS 
mutations in advanced colorectal cancer. Ann Intern Med 2011;154:37–49.

148.	 Yoon HH, Tougeron D, Shi Q, et al. KRAS codon 12 and 13 mutations in 
relation to disease-free survival in BRAF-wild-type stage III colon cancers 
from an adjuvant chemotherapy trial (N0147 alliance). Clin Cancer Res 
2014;20:3033–3043.

149.	 De Roock W, Jonker DJ, Di Nicolantonio F, et al. Association of KRAS 
p.G13D mutation with outcome in patients with chemotherapy-refractory 
metastatic colorectal cancer treated with cetuximab. JAMA 2010;304:1812–
1820.

150.	 Peeters M, Douillard JY, Van Cutsem E, et al. Mutant KRAS codon 12 
and 13 alleles in patients with metastatic colorectal cancer: assessment as 
prognostic and predictive biomarkers of response to panitumumab. J Clin 
Oncol 2013;31:759–765.

151.	 Schirripa M, Loupakis F, Lonardi S, et al. Phase II study of single-agent 
cetuximab in KRAS G13D mutant metastatic colorectal cancer. Ann Oncol 
2015;26:2503.

152.	 Segelov E, Thavaneswaran S, Waring PM, et al. Response to cetuximab with 
or without irinotecan in patients with refractory metastatic colorectal cancer 
harboring the KRAS G13D mutation: Australasian Gastro-Intestinal Trials 
Group ICECREAM study. J Clin Oncol 2016;34:2258–2264.

153.	 Price TJ, Bruhn MA, Lee CK, et al. Correlation of extended RAS and 
PIK3CA gene mutation status with outcomes from the phase III AGITG 
MAX study involving capecitabine alone or in combination with 
bevacizumab plus or minus mitomycin C in advanced colorectal cancer. Br J 
Cancer 2015;112:963–970.

154.	 Heinemann V, von Weikersthal LF, Decker T, et al. FOLFIRI plus cetuximab 
versus FOLFIRI plus bevacizumab as first-line treatment for patients with 
metastatic colorectal cancer (FIRE-3): a randomised, open-label, phase 3 
trial. Lancet Oncol 2014;15:1065–1075.

155.	 Tol J, Nagtegaal ID, Punt CJ. BRAF mutation in metastatic colorectal 
cancer. N Engl J Med 2009;361:98–99.

156.	 Van Cutsem E, Kohne CH, Lang I, et al. Cetuximab plus irinotecan, 
fluorouracil, and leucovorin as first-line treatment for metastatic colorectal 
cancer: updated analysis of overall survival according to tumor KRAS and 
BRAF mutation status. J Clin Oncol 2011;29:2011–2019.

157.	 Maughan TS, Adams RA, Smith CG, et al. Addition of cetuximab to 
oxaliplatin-based first-line combination chemotherapy for treatment of 
advanced colorectal cancer: results of the randomised phase 3 MRC COIN 
trial. Lancet 2011;377:2103–2114.

158.	 Davies H, Bignell GR, Cox C, et al. Mutations of the BRAF gene in human 
cancer. Nature 2002;417:949–954.

159.	 Ikenoue T, Hikiba Y, Kanai F, et al. Functional analysis of mutations within 
the kinase activation segment of B-Raf in human colorectal tumors. Cancer 
Res 2003;63:8132–8137.

160.	 Wan PT, Garnett MJ, Roe SM, et al. Mechanism of activation of the 
RAF-ERK signaling pathway by oncogenic mutations of B-RAF. Cell 
2004;116:855–867.

161.	 Bokemeyer C, Cutsem EV, Rougier P, et al. Addition of cetuximab to 
chemotherapy as first-line treatment for KRAS wild-type metastatic 
colorectal cancer: pooled analysis of the CRYSTAL and OPUS randomised 
clinical trials. Eur J Cancer 2012;48:1466–1475.



© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 15   Number 3  |  March 2017

NCCN Clinical Practice Guidelines in Oncology

Colon Cancer, Version 1.2017

396

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

163.	 Laurent-Puig P, Cayre A, Manceau G, et al. Analysis of PTEN, BRAF, and 
EGFR status in determining benefit from cetuximab therapy in wild-type 
KRAS metastatic colon cancer. J Clin Oncol 2009;27:5924–5930.

164.	 Loupakis F, Ruzzo A, Cremolini C, et al. KRAS codon 61, 146 and BRAF 
mutations predict resistance to cetuximab plus irinotecan in KRAS codon 
12 and 13 wild-type metastatic colorectal cancer. Br J Cancer 2009;101:715–
721.

165.	 De Roock W, Claes B, Bernasconi D, et al. Effects of KRAS, BRAF, NRAS, 
and PIK3CA mutations on the efficacy of cetuximab plus chemotherapy 
in chemotherapy-refractory metastatic colorectal cancer: a retrospective 
consortium analysis. Lancet Oncol 2010;11:753–762.

166.	 Seymour MT, Brown SR, Middleton G, et al. Panitumumab and irinotecan 
versus irinotecan alone for patients with KRAS wild-type, fluorouracil-
resistant advanced colorectal cancer (PICCOLO): a prospectively stratified 
randomised trial. Lancet Oncol 2013;14:749–759.

167.	 Pietrantonio F, Petrelli F, Coinu A, et al. Predictive role of BRAF mutations 
in patients with advanced colorectal cancer receiving cetuximab and 
panitumumab: a meta-analysis. Eur J Cancer 2015;51:587–594.

168.	 Rowland A, Dias MM, Wiese MD, et al. Meta-analysis of BRAF mutation 
as a predictive biomarker of benefit from anti-EGFR monoclonal antibody 
therapy for RAS wild-type metastatic colorectal cancer. Br J Cancer 
2015;112:1888–1894.

169.	 Chen D, Huang JF, Liu K, et al. BRAFV600E mutation and its association 
with clinicopathological features of colorectal cancer: a systematic review 
and meta-analysis. PLoS One 2014;9:e90607.

170.	 Price TJ, Hardingham JE, Lee CK, et al. Impact of KRAS and BRAF gene 
mutation status on outcomes from the phase III AGITG MAX trial of 
capecitabine alone or in combination with bevacizumab and mitomycin in 
advanced colorectal cancer. J Clin Oncol 2011;29:2675–2682.

171.	 Safaee Ardekani G, Jafarnejad SM, Tan L, et al. The prognostic value of 
BRAF mutation in colorectal cancer and melanoma: a systematic review and 
meta-analysis. PLoS One 2012;7:e47054.

172.	 Samowitz WS, Sweeney C, Herrick J, et al. Poor survival associated with the 
BRAF V600E mutation in microsatellite-stable colon cancers. Cancer Res 
2005;65:6063–6069.

173.	 Saridaki Z, Papadatos-Pastos D, Tzardi M, et al. BRAF mutations, 
microsatellite instability status and cyclin D1 expression predict metastatic 
colorectal patients’ outcome. Br J Cancer 2010;102:1762–1768.

174.	 Xu Q, Xu AT, Zhu MM, et al. Predictive and prognostic roles of BRAF 
mutation in patients with metastatic colorectal cancer treated with anti-
epidermal growth factor receptor monoclonal antibodies: a meta-analysis. J 
Dig Dis 2013;14:409–416.

175.	 Clancy C, Burke JP, Kalady MF, Coffey JC. BRAF mutation is associated with 
distinct clinicopathological characteristics in colorectal cancer: a systematic 
review and meta-analysis. Colorectal Dis 2013;15:e711–718.

176.	 Santini D, Spoto C, Loupakis F, et al. High concordance of BRAF status 
between primary colorectal tumours and related metastatic sites: implications 
for clinical practice. Ann Oncol 2010;21:1565.

177.	 Sartore-Bianchi A, Trusolino L, Martino C, et al. Dual-targeted therapy 
with trastuzumab and lapatinib in treatment-refractory, KRAS codon 12/13 
wild-type, HER2-positive metastatic colorectal cancer (HERACLES): 
a proof-of-concept, multicentre, open-label, phase 2 trial. Lancet Oncol 
2016;17:738–746.

178.	 Raghav KPS, Overman MJ, Yu R, et al. HER2 amplification as a 
negative predictive biomarker for anti-epidermal growth factor receptor 
antibody therapy in metastatic colorectal cancer [abstract]. J Clin Oncol 
2016;34(Suppl):Abstract 3517.

179.	 Valtorta E, Martino C, Sartore-Bianchi A, et al. Assessment of a HER2 
scoring system for colorectal cancer: results from a validation study. Mod 
Pathol 2015;28:1481–1491.

180.	 Hurwitz H, Hainsworth JD, Swanton C, et al. Targeted therapy for 
gastrointestinaI (GI) tumors based on molecular profiles: early results from 
MyPathway, an open-label phase IIa basket study in patients with advanced 
solid tumors [abstract]. J Clin Oncol 2016;34(Suppl):Abstract 653.

181.	 Wu SW, Ma CC, Li WH. Does overexpression of HER-2 correlate with 
clinicopathological characteristics and prognosis in colorectal cancer? 
Evidence from a meta-analysis. Diagn Pathol 2015;10:144.

182.	 Martin V, Landi L, Molinari F, et al. HER2 gene copy number status may 
influence clinical efficacy to anti-EGFR monoclonal antibodies in metastatic 
colorectal cancer patients. Br J Cancer 2013;108:668–675.

183.	 Lang I, Kohne CH, Folprecht G, et al. Quality of life analysis in patients 
with KRAS wild-type metastatic colorectal cancer treated first-line with 
cetuximab plus irinotecan, fluorouracil and leucovorin. Eur J Cancer 
2013;49:439–448.

184.	 Van Cutsem E, Lenz HJ, Kohne CH, et al. Fluorouracil, leucovorin, and 
irinotecan plus cetuximab treatment and RAS mutations in colorectal 
cancer. J Clin Oncol 2015;33:692–700.

185.	 Mitchell EP, Piperdi B, Lacouture ME, et al. The efficacy and safety of 
panitumumab administered concomitantly with FOLFIRI or Irinotecan in 
second-line therapy for metastatic colorectal cancer: the secondary analysis 
from STEPP (Skin Toxicity Evaluation Protocol With Panitumumab) by 
KRAS status. Clin Colorectal Cancer 2011;10:333–339.

186.	 Peeters M, Price TJ, Cervantes A, et al. Final results from a randomized 
phase 3 study of FOLFIRI {+/–} panitumumab for second-line treatment of 
metastatic colorectal cancer. Ann Oncol 2014;25:107–116.

187.	 Bokemeyer C, Bondarenko I, Hartmann JT, et al. Efficacy according to 
biomarker status of cetuximab plus FOLFOX-4 as first-line treatment for 
metastatic colorectal cancer: the OPUS study. Ann Oncol 2011;22:1535–
1546.

188.	 Taieb J, Maughan T, Bokemeyer C, et al. Cetuximab combined with 
infusional 5-fluorouracil/folinic acid (5-FU/FA) and oxaliplatin in metastatic 
colorectal cancer (mCRC): a pooled analysis of COIN and OPUS study data 
[abstract]. J Clin Oncol 2012;30(Suppl):Abstract 3574.

189.	 Tveit KM, Guren T, Glimelius B, et al. Phase III trial of cetuximab with 
continuous or intermittent fluorouracil, leucovorin, and oxaliplatin (Nordic 
FLOX) versus FLOX alone in first-line treatment of metastatic colorectal 
cancer: the NORDIC-VII study. J Clin Oncol 2012;30:1755–1762.

190.	 Venook AP, Niedzwiecki D, Lenz HJ, et al. CALGB/SWOG 80405: 
phase III trial of irinotecan/5-FU/leucovorin (FOLFIRI) or oxaliplatin/5-
FU/leucovorin (mFOLFOX6) with bevacizumab (BV) or cetuximab 
(CET) for patients (pts) with KRAS wild-type (wt) untreated metastatic 
adenocarcinoma of the colon or rectum (MCRC) [abstract]. J Clin Oncol 
2014;32(Suppl):Abstract LBA3.

191.	 Primrose J, Falk S, Finch-Jones M, et al. Systemic chemotherapy with or 
without cetuximab in patients with resectable colorectal liver metastasis: the 
New EPOC randomised controlled trial. Lancet Oncol 2014;15:601–611.

192.	 Modest DP, Stintzing S, von Weikersthal LF, et al. Impact of subsequent 
therapies on outcome of the FIRE-3/AIO KRK0306 trial: first-line therapy 
with FOLFIRI plus cetuximab or bevacizumab in patients with KRAS wild-
type tumors in metastatic colorectal cancer. J Clin Oncol 2015;33:3718–
3726.

193.	 O’Neil BH, Venook AP. Trying to understand differing results of FIRE-3 
and 80405: does the first treatment matter more than others? J Clin Oncol 
2015;33:3686–3688.

194.	 Schwartzberg LS, Rivera F, Karthaus M, et al. PEAK: a randomized, 
multicenter phase II study of panitumumab plus modified fluorouracil, 
leucovorin, and oxaliplatin (mFOLFOX6) or bevacizumab plus mFOLFOX6 
in patients with previously untreated, unresectable, wild-type KRAS exon 2 
metastatic colorectal cancer. J Clin Oncol 2014;32:2240–2247.

195.	 Wolpin BM, Bass AJ. Managing advanced colorectal cancer: have we 
reached the PEAK with current therapies? J Clin Oncol 2014;32:2200–2202.

196.	 Riesco-Martinez MC, Berry SR, Ko YJ, et al. Cost-effectiveness analysis of 
different sequences of the use of epidermal growth factor receptor inhibitors 
for wild-type KRAS unresectable metastatic colorectal cancer. J Oncol Pract 
2016;12:e710–723.

197.	 Schrag D, Dueck AC, Naughton MJ, et al. Cost of chemotherapy for 
metastatic colorectal cancer with either bevacizumab or cetuximab: 
economic analysis of CALGB/SWOG 80405 [abstract]. J Clin Oncol 
2015;33(Suppl):Abstract 6504.

198.	 Hoff PM, Pazdur R, Lassere Y, et al. Phase II study of capecitabine in patients 
with fluorouracil-resistant metastatic colorectal carcinoma. J Clin Oncol 
2004;22:2078–2083.

199.	 Rougier P, Van Cutsem E, Bajetta E, et al. Randomised trial of irinotecan 
versus fluorouracil by continuous infusion after fluorouracil failure in patients 
with metastatic colorectal cancer. Lancet 1998;352:1407–1412.

200.	 Kim GP, Sargent DJ, Mahoney MR, et al. Phase III noninferiority trial 
comparing irinotecan with oxaliplatin, fluorouracil, and leucovorin in 
patients with advanced colorectal carcinoma previously treated with 
fluorouracil: N9841. J Clin Oncol 2009;27:2848–2854.

201.	 Segelov E, Chan D, Shapiro J, et al. The role of biological therapy in 
metastatic colorectal cancer after first-line treatment: a meta-analysis of 
randomised trials. Br J Cancer 2014;111:1122–1131.

202.	 Hofheinz RD, Ronellenfitsch U, Kubicka S, et al. Treatment with 
antiangiogenic drugs in multiple lines in patients with metastatic colorectal 



© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 15   Number 3  |  March 2017

NCCN Clinical Practice Guidelines in Oncology

Colon Cancer, Version 1.2017

397

cancer: meta-analysis of randomized trials. Gastroenterol Res Pract 
2016;2016:9189483.

203.	 Peeters M, Oliner K, Price TJ, et al. Analysis of KRAS/NRAS mutations 
in a phase 3 study of panitumumab with FOLFIRI compared with FOLFIRI 
alone as second-line treatment for metastatic colorectal cancer. Clin Cancer 
Res 2015;21:5469–5479.

204.	 Sobrero AF, Maurel J, Fehrenbacher L, et al. EPIC: phase III trial of 
cetuximab plus irinotecan after fluoropyrimidine and oxaliplatin failure in 
patients with metastatic colorectal cancer. J Clin Oncol 2008;26:2311–2319.

205.	 Price TJ, Peeters M, Kim TW, et al. Panitumumab versus cetuximab in 
patients with chemotherapy-refractory wild-type KRAS exon 2 metastatic 
colorectal cancer (ASPECCT): a randomised, multicentre, open-label, non-
inferiority phase 3 study. Lancet Oncol 2014;15:569–579.

206.	 Bennouna J, Sastre J, Arnold D, et al. Continuation of bevacizumab after first 
progression in metastatic colorectal cancer (ML18147): a randomised phase 
3 trial. Lancet Oncol 2013;14:29–37.

207.	 Kubicka S, Greil R, Andre T, et al. Bevacizumab plus chemotherapy 
continued beyond first progression in patients with metastatic colorectal 
cancer previously treated with bevacizumab plus chemotherapy: ML18147 
study KRAS subgroup findings. Ann Oncol 2013;24:2342–2349.

208.	 Masi G, Salvatore L, Boni L, et al. Continuation or reintroduction 
of bevacizumab beyond progression to first-line therapy in metastatic 
colorectal cancer: final results of the randomized BEBYP trial. Ann Oncol 
2015;26:724–730.

209.	 Iwamoto S, Takahashi T, Tamagawa H, et al. FOLFIRI plus bevacizumab as 
second-line therapy in patients with metastatic colorectal cancer after first-
line bevacizumab plus oxaliplatin-based therapy: the randomized phase III 
EAGLE study. Ann Oncol 2015;26:1427–1433.

210.	 Cartwright TH, Yim YM, Yu E, et al. Survival outcomes of bevacizumab 
beyond progression in metastatic colorectal cancer patients treated in US 
community oncology. Clin Colorectal Cancer 2012;11:238–246.

211.	 Grothey A, Flick ED, Cohn AL, et al. Bevacizumab exposure beyond first 
disease progression in patients with metastatic colorectal cancer: analyses 
of the ARIES observational cohort study. Pharmacoepidemiol Drug Saf 
2014;23:726–734.

212.	 Goldstein DA, El-Rayes BF. Considering efficacy and cost, where does 
ramucirumab fit in the management of metastatic colorectal cancer? 
Oncologist 2015;20:981–982.

213.	 ZALTRAP [package insert]. Bridgewater, NJ: Regeneron Pharmaceuticals, 
Inc./sanofi-aventis U.S. LLC; 2016. 

214.	 Tabernero J, Van Cutsem E, Lakomy R, et al. Aflibercept versus placebo in 
combination with fluorouracil, leucovorin and irinotecan in the treatment 
of previously treated metastatic colorectal cancer: prespecified subgroup 
analyses from the VELOUR trial. Eur J Cancer 2014;50:320–331.

215.	 Folprecht G, Pericay C, Saunders MP, et al. Oxaliplatin and 5-FU/folinic 
acid (modified FOLFOX6) with or without aflibercept in first-line treatment 
of patients with metastatic colorectal cancer: the AFFIRM study. Ann Oncol 
2016;27:1273–1279.

216.	 CYRAMZA [package insert]. Indianapolis, IN: Eli Lilly and Company; 2015.
217.	 Tabernero J, Yoshino T, Cohn AL, et al. Ramucirumab versus placebo 

in combination with second-line FOLFIRI in patients with metastatic 
colorectal carcinoma that progressed during or after first-line therapy with 
bevacizumab, oxaliplatin, and a fluoropyrimidine (RAISE): a randomised, 
double-blind, multicentre, phase 3 study. Lancet Oncol 2015;16:499–508.

218.	 STIVARGA [package insert]. Whippany, NJ: Bayer HealthCare 
Pharmaceuticals Inc.; 2016. 

219.	 Li J, Qin S, Xu R, et al. Regorafenib plus best supportive care versus placebo 
plus best supportive care in Asian patients with previously treated metastatic 
colorectal cancer (CONCUR): a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Oncol 2015;16:619–629.

220.	 Belum VR, Wu S, Lacouture ME. Risk of hand-foot skin reaction with the 
novel multikinase inhibitor regorafenib: a meta-analysis. Invest New Drugs 
2013;31:1078–1086.

221.	 Cutsem EV, Ciardiello F, Seitz JF, et al. Results from the large, open-label 
phase 3b CONSIGN study of regorafenib in patients with previously 
treated metastatic colorectal cancer [abstract]. Ann Oncol 2015;26(Suppl 
4):Abstract LBA-05.

222.	 Adenis A, de la Fouchardiere C, Paule B, et al. Survival, safety, and 
prognostic factors for outcome with Regorafenib in patients with metastatic 
colorectal cancer refractory to standard therapies: results from a multicenter 
study (REBACCA) nested within a compassionate use program. BMC 
Cancer 2016;16:412.

223.	 Bendell JC, Rosen LS, Mayer RJ, et al. Phase 1 study of oral TAS-102 in 
patients with refractory metastatic colorectal cancer. Cancer Chemother 
Pharmacol 2015;76:925–932.

224.	 Yoshino T, Mizunuma N, Yamazaki K, et al. TAS-102 monotherapy for 
pretreated metastatic colorectal cancer: a double-blind, randomised, 
placebo-controlled phase 2 trial. Lancet Oncol 2012;13:993–1001.

225.	 LONSURF [package insert]. Tokyo, Japan: Taiho Pharmaceutical Co., Ltd.; 
2015. 

226.	 Yoshino T, Uetake H, Fujita N, et al. TAS-102 safety in metastatic colorectal 
cancer: results from the first postmarketing surveillance study. Clin 
Colorectal Cancer 2016;15:e205–211.

227.	 Koopman M, Kortman GAM, Mekenkamp L, et al. Deficient mismatch 
repair system in patients with sporadic advanced colorectal cancer. Br J 
Cancer 2009;100:266–273.

228.	 Lochhead P, Kuchiba A, Imamura Y, et al. Microsatellite instability and 
BRAF mutation testing in colorectal cancer prognostication. J Natl Cancer 
Inst 2013;105:1151–1156.

229.	 Venderbosch S, Nagtegaal ID, Maughan TS, et al. Mismatch repair status 
and BRAF mutation status in metastatic colorectal cancer patients: a pooled 
analysis of the CAIRO, CAIRO2, COIN, and FOCUS studies. Clin Cancer 
Res 2014;20:5322–5330.

230.	 Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune 
correlates of anti-PD-1 antibody in cancer. N Engl J Med 2012;366:2443–
2454.

231.	 KEYTRUDA [package insert]. Whitehouse Station, NJ: Merck & Co, Inc.; 
2016. 

232.	 Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with mismatch-
repair deficiency. N Engl J Med 2015;372:2509–2520.

233.	 OPDIVO [package insert]. Princeton, NJ: Bristol-Myers Squibb Company; 
2015. 

234.	 Overman MJ, Kopetz S, McDermott RS, et al. Nivolumab {+/–} ipilimumab 
in treatment (tx) of patients (pts) with metastatic colorectal cancer (mCRC) 
with and without high microsatellite instability (MSI-H): CheckMate-142 
interim results [abstract]. J Clin Oncol 2016;34(Suppl):Abstract 3501.

235.	 Sul J, Blumenthal GM, Jiang X, et al. FDA approval summary: 
pembrolizumab for the treatment of patients with metastatic non-small cell 
lung cancer whose tumors express programmed death-ligand 1. Oncologist 
2016;21:643–650.

236.	 Lewis C. Programmed death-1 inhibition in cancer with a focus on non-small 
cell lung cancer: rationale, nursing implications, and patient management 
strategies. Clin J Oncol Nurs 2016;20:319–326.

237.	 Hofmann L, Forschner A, Loquai C, et al. Cutaneous, gastrointestinal, 
hepatic, endocrine, and renal side-effects of anti-PD-1 therapy. Eur J Cancer 
2016;60:190–209.

238.	 Zimmer L, Goldinger SM, Hofmann L, et al. Neurological, respiratory, 
musculoskeletal, cardiac and ocular side-effects of anti-PD-1 therapy. Eur J 
Cancer 2016;60:210–225.

239.	 Naidoo J, Wang X, Woo KM, et al. Pneumonitis in patients treated with 
anti-programmed death-1/programmed death ligand 1 therapy [published 
online ahead of print September 19, 2016]. J Clin Oncol, pii: JCO682005.

240.	 Nishino M, Chambers ES, Chong CR, et al. Anti-PD-1 inhibitor-
related pneumonitis in non-small cell lung cancer. Cancer Immunol Res 
2016;4:289–293.

241.	 Nishino M, Sholl LM, Hodi FS, et al. Anti-PD-1-related pneumonitis during 
cancer immunotherapy. N Engl J Med 2015;373:288–290.

242.	 Hecht JR, Cohn A, Dakhil S, et al. SPIRITT: a randomized, multicenter, 
phase II study of panitumumab with FOLFIRI and bevacizumab with 
FOLFIRI as second-line rreatment in patients with unresectable wild type 
KRAS metastatic colorectal cancer. Clin Colorectal Cancer 2015;14:72–80.



© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 15   Number 3  |  March 2017

NCCN Clinical Practice Guidelines in Oncology

Colon Cancer, Version 1.2017

398

Individual Disclosures for the Colon Cancer Panel

Panel Member
Clinical Research Support/Data 
Safety Monitoring Board

Scientific Advisory Boards, 
Consultant, or Expert Witness

Promotional Advisory 
Boards, Consultant, or 
Speakers Bureau

Date 
Completed

Al B. Benson III, MD Advanced Accelerator Applications SA; 
Alchemia Limited; Amgen Inc.; Astellas 
US LLC; AVEO Pharmaceuticals, Inc.; Bayer 
HealthCare; EMD Serono; Genentech, Inc.; 
Gilead Sciences, Inc.;  
Infinity Pharmaceuticals; Merck & Co., Inc.; 
and Novartis Pharmaceuticals Corporation

Boehringer Ingelheim GmbH; Bristol-
Myers Squibb Company; Celgene 
Corporation; Eli Lilly and Company; EMD 
Serono; Exelixis Inc.; Genentech, Inc.; 
Genomic Health, Inc.; ImClone Systems 
Incorporated; Merck & Co., Inc.; NCI; 
OncoSil Medical Ltd.; sanofi-aventis U.S.; 
Spectrum Pharmaceutics; and Taiho 
Parmaceuticals Co., Ltd.

None 1/27/17

Lynette Cederquist, MD None None None 08/25/16
Emily Chan, MD, PhD Aduro BioTech, Inc.; Advaxis, Inc.; 

Boehringer Ingelheim GmbH; Bristol-Myers 
Squibb Company;  
Dekkun Corporation; Genentech, Inc.; and  
Merrimack Pharmaceuticals, Inc.

Advaxis, Inc.; Bayer HealthCare; EMD 
Serono; Merrimack Pharmaceuticals, Inc.; 
and Taiho Parmaceuticals Co., Ltd.

None 12/16/16

Yi-Jen Chen, MD, PhD None None None 12/14/16
Harry S. Cooper, MD None None None 2/12/17
Dustin Deming, MD Abbott Laboratories; and Merck & Co., Inc. None None 7/14/16
Paul F. Engstrom, MD None None None 10/20/16
Peter C. Enzinger, MD None Five Prime Therapeutics, Inc.; Merck & Co., 

Inc.; and Sirtex Medical Inc.
None 10/24/16

Alessandro Fichera, MD None None None 2/5/17
Jean L. Grem, MD MedImmune Inc. None None 12/16/16
Axel Grothey, MD Bayer HealthCare; Boehringer Ingelheim 

GmbH; Boston Biomedicals Inc.; Eisai Inc.; Eli 
Lilly and Company; and Genentech, Inc.

Bayer HealthCare; Boehringer Ingelheim 
GmbH; Bristol-Myers Squibb Company; 
and Genentech, Inc.

None 10/21/16

Howard S. Hochster, MD Bayer HealthCare; Bristol-Myers Squibb 
Company; Genentech, Inc.; and Genomic 
Health, Inc.

AstraZeneca Pharmaceuticals LP; Bayer 
HealthCare; Eleison Pharma; Genentech, 
Inc.; Genomic Health, Inc.; and Sirtex 
Medical Inc.

Genomic Health, Inc. 6/28/16

Sarah Hoffe, MD None None None 12/4/16
Steven Hunt, MD None None None 10/17/16
Ahmed Kamel, MD Bard Peripheral Vascular; Biosphere Medical, 

Inc. Boston Scientific; and BTG International 
Ltd.

None Bard Peripheral Vascular; Baxter 
Healthcare Corporation; and St 
Jude Medical

2/2/17

Natalie Kirilcuk, MD Intuitive Surgical, Inc. None None 10/18/16
Smitha Krishnamurthi, MD Celgene Corporation; CytomX Therapeutics, 

Inc.; Nektar Therapeutics; Regeneron 
Pharmaceuticals, Inc.; and Taiho 
Parmaceuticals Co., Ltd.

None None 12/16/16

Wells A. Messersmith, MD Genentech, Inc.; Gilead Sciences, Inc.; 
Immunomedics, Inc.; Millennium 
Pharmaceuticals, Inc.; OncoMed 
Pharmaceuticals; Onconova Therapeutics, 
Inc.; and Pfizer Inc.

None None 6/8/16

Mary F. Mulcahy, MD BTG International Ltd. None None 12/2/16
James D. Murphy, MD, MS None None None 12/14/16
Steven Nurkin, MD, MS Bitwise Analytics Sirtex Medical Inc. None 10/20/16
Leonard Saltz, MD Taiho Parmaceuticals Co., Ltd. None None 12/14/16
Sunil Sharma, MDa Amgen Inc.; Bayer HealthCare; Blueprint 

Medicines; Celgene Corporation; Gilead 
Sciences, Inc.; GlaxoSmithKline; Huntsman 
Cancer Institute; Incyte Corporation; 
Janssen Pharmaceutica Products, LP; LSK 
BioPartners; MedImmune Inc.; Merck & 
Co., Inc.; Merrimack Pharmaceuticals, Inc.; 
Millennium Pharmaceuticals, Inc.; Mirati 
Therapeutics, Inc.; Novartis Pharmaceuticals 
Corporation; Onyx Pharmaceuticals, Inc.; 
Plexxikon Inc.; sanofi-aventis U.S.; Spectrum 
Pharmaceuticals; VBL Therapeutics; and 
XuanZhu

Array BioPharma Inc.; Arrien 
Pharmaceuticals; and Novartis 
Pharmaceuticals Corporation

ARIAD Pharmaceuticals, Inc.; 
Blend Therapeutics; Clovis 
Oncology; Foundation Medicine; 
Guardant Health; and Novartis 
Pharmaceuticals Corporation

10/24/16

David Shibata, MD None None None 12/14/16
John M. Skibber, MD None None None 12/15/16
Constantinos T. Sofocleous, MD, PhDa Ablation Of Liver Tumors Sirtex Medical Inc. Siemens Medical Solutions 

Diagnostics; and Sirtex Medical Inc.
12/16/16

Elena M. Stoffel,  MD, MPH Cancer Prevention Pharmaceuticals None None 12/14/16
Eden Stotsky-Himelfarb, BSN, RN None None None 12/21/16
Alan P. Venook, MD Bristol-Myers Squibb Company; Genentech, 

Inc.; and Novartis Pharmaceuticals 
Corporation

Bayer HealthCare; Bristol-Myers Squibb 
Company; Genentech, Inc.; Merrimack 
Pharmaceuticals, Inc.; Novartis 
Pharmaceuticals Corporation; and Taiho 
Parmaceuticals Co., Ltd.

None 11/3/16

Christopher G. Willett, MD None None None 6/16/16
Christina S. Wu, MD Amgen Inc.; Bayer HealthCare; and 

Boehringer Ingelheim GmbH
bioTheranostics None 7/27/16

 The NCCN Guidelines Staff have no conflicts to disclose. 
aThe following individuals have disclosed that they have an Employment/ Governing Board, Patent, Equity, or Royalty conflict:

Sunil Sharma, MD: Beta Cat Pharmaceuticals; ConverGene; and Salarius Pharmaceuticals
Constantinos Sofocleous, MD, PhD: Johnson & Johnson, and Sirtex Medical Inc.


