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▪ 3rd most common cancer in both men/women in the world

▪ >145,000 in 2019 & 2nd cause of cancer mortality in the US

▪ Overall 5 y survival 64.4%; 14.2% if distant metastases

▪ Approximately 50-60% of patients diagnosed with CRC 

develop metastases (mCRC) mostly in liver; 80-90% of 

these are unresectable disease

▪ Biomarker testing is needed for systemic therapy 

selection for advanced or metastatic disease that is not 

amenable to resection

Colorectal Cancer 
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Noone AM et al. SEER Cancer 

Statistics Review, 1975-2015, 

National Cancer Institute. 

https://seer.cancer.gov/csr/197

https://seer.cancer.gov/csr/1975_2015/
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21 guideline statements
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Recommendation:  Patients with CRC being considered for anti-

EGFR therapy must receive RAS mutational testing. Mutational 

analysis should include KRAS and NRAS codons 12, 13 of exon 2,  

59, 61 of exon 3, and 117 and 146 of exon 4 ("expanded" or 

"extended" RAS). (Sepulveda AR et al. 2017)

Rationale: 311 primary studies with 74,546 patients that reported treatment 

outcomes in metastatic CRC: RAS mutations in KRAS and NRAS are 

associated to nonresponse of metastatic CRC to anti-EGFR monoclonal 

antibody therapy (cetuximab/panitumumab) (Sorich MJ et al. 2015)

NCCN recommends RAS (KRAS/NRAS) genotyping of tumor tissue 

(either primary tumor or metastasis) in all patients with mCRC.

Al B. Benson III et al. J Natl Compr Canc Netw 2021;19(3):329–359

2017 ASCP/CAP/AMP/ASCO Guideline 

Recommendation 1
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Bardelli, A. et al. J Clin Oncol; 28:1254-1261 2010

Targeting the EGFR Pathway in CRC

•RAS mutation: up to 53%

•BRAF mutation:

•Up to 14% stage II/III

•Up to 8% stage IV
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Sorich MJ et al. 2015

Prevalence of RAS mutations across studies

RAS MUTANT CRC

KRAS EXON 2 CODONS 
12 & 13 MUTATIONS 
AND EXTENDED RAS
MUTATIONS 
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Expert Consensus Opinion: Laboratories must provide clinically 

appropriate TATs & optimal utilization of tissue specimens by using 

appropriate techniques (e.g. multiplexed assays)…

NGS targeted gene panels: Meet the sensitivity of detection used in 

CRC clinical trials (detecting at least 5% mutant alleles) 

KRAS mut BRAF no mut PIK3CA mut

Sepulveda AR et al. The JMD, Vol. 19, No.2, 2017 
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• Clinicians should order mismatch repair status 

testing in patients with colorectal cancers for the 

identification of patients at high risk for Lynch 

syndrome or prognostic stratification (MSI can inform 

adjuvant therapy decisions for patients with stage II 

disease).

2017 ASCP/CAP/AMP/ASCO Guideline 

Recommendation 3

Sepulveda AR et al.

The Journal of Molecular Diagnostics, Vol 19, 2, 2017 
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PD1 Blockade in MSI Cancers

Le et al.,  Science  2017 
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NCCN CLINICAL PRACTICE GUIDELINES IN 

ONCOLOGY: Colon Cancer, Version 2.2021

• MSI/dMMR is a predictive marker for immunotherapy use 

in advanced mCRCs

• Percentage of stage IV CRC MSI-H (dMMR): 3.5% to 6.5%

• Checkpoint inhibitors used in CRC: Pembrolizumab, 

Ipilimumab, Nivolumab

• Currently, some checkpoint inhibitors are approved for 

first-line therapy in mCRC with deficient mismatch 

repair/microsatellite instability-high.

Al B. Benson III et al. J Natl Compr Canc

Netw 2021;19(3):329–359
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A

B: MLH1

C: PMS2 F: MSH6

E: MSH2

D

Deficient DNA Mismatch Repair/MSI

Molecular Pathology of

Gastrointestinal

Neoplasia, Springer.

AR Sepulveda & JP

Lynch (eds.). 2013.

IHC: Loss of expression MMR proteins MSI test: microsatellite instability

NGS
microsatellite instability
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Tumor Mutation Burden

• Based on the limited data in the CRC population, 

the NCCN Panel does not currently recommend 

TMB biomarker testing for CRC, unless measured 

as part of a clinical trial.

Al B. Benson III et al. J Natl Compr Canc

Netw 2021;19(3):329–359
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BRAF V600E as Predictive Biomarker

• BRAF V600E mut makes response to panitumumab or 

cetuximab highly unlikely

• NCCN panel recommends BRAF V600E mut testing as a 

predictive biomarker at diagnosis of stage IV CRC. 

Testing: PCR amplification and direct DNA sequence 

analysis; Allele specific PCR; NGS; or IHC

• Patients with BRAF V600E mCRC may be treated with 

Encorafenib Plus Cetuximab or Panitumumab. (Non–

First-Line Setting)

Al B. Benson III et al. J Natl Compr Canc

Netw 2021;19(3):329–359
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HER2 Amplification/Overexpression as Predictive 

Biomarker of CRC

• HER2 is rarely amplified/overexpressed in CRC (app 3%)

• Prevalence is higher in RAS/BRAF wild type tumors (5-

14%)

• HER2-targeted therapies are now recommended as 

therapy options in mCRC that are both RAS and BRAF 

wild-type and have HER2 overexpression

• Testing can be done by NGS or IHC/FISH/CISH

• Three regimens: modified trastuzumab (T-DXd) 

monotherapy; or trastuzumab plus pertuzumab or 

lapatinib (dual HER2/EGFR inhibitor)
Al B. Benson III et al. J Natl Compr Canc

Netw 2021;19(3):329–359 16



NTRK Gene Fusions in CRC as Predictive Biomarkers

A B
t(12:15) NTRK3-

ETV6(ETV6 break

apart probe/FISH)

Nuclear expression

of NTRK detected

by pan-TRK IHC

Penault-Lorca F, Rudzinski ER, Sepulveda AR, J Clin Pathol 2019

• NTRK fusions in up to 1.0% CRC

• Common NTRK fusions: NTRK3/ETV6; NTRK1/LMNA, TMP3, SCYL3

• Exclusive with other oncogenic mutations: limited to cancers that 

are wild-type for KRAS, NRAS, and BRAF and are MSI-H

• TRK inhibitors (Larotrectinib or Entrectinib) are FDA approved 

treatment options for patients with mCRC that is NTRK gene fusion-

positive (in the Non–First-Line Setting)

• Testing: Pan-TRK IHC and NGS (DNA/RNA)
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Molecular Testing and New Practice Guidelines in 

mCRC: What’s new

 MSI testing: Biomarker for immune blockade therapy

 May be tested by NGS as well as IHC and MSI PCR panels 

 Tumor mutation burden (TMB)-Insufficient data in CRC

 NTRK fusion testing: Biomarker for TRK inhibitor 

therapies

 May be tested by  IHC, NGS (RNA, DNA)

 HER2 Amplification/Overexpression as predictive 

biomarker of mCRC

 May be tested by NGS, IHC, FISH/CISH

 BRAF V600E: Biomarker for combination targeted 

therapy (BRAF inhibitor+anti-EGFR mAB)
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