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SYSTEMATIC REVIEW

• Clinical Practice Guidelines: National Academy of Health and 
Medicine

• All expert panel members participated in the systematic review 
of the literature, extracted data and drafted recommendations.

• Draft recommendations were available for public commentary 
and were updated based on public commentary in July 2015.

• Systematic literature search: Initial dates from Jan 1, 2008 
through Aug 1, 2013 to 12, 2015)

• Title-Abstract Screen: 4,197 abstracts 

• Data Extraction: 123 articles for data extraction and 
qualitative analysis; Over 70+ systematic reviews and meta-
analyses

Clinical Practice Guidelines We Can Trust: IOM Report



KEY QUESTION: 

What biomarkers are useful for colorectal 
cancer (CRC) management (selection of 
patients for targeted and conventional 

therapies)?

Currently: and immunotherapy?



TARGETING THE EGFR PATHWAY IN CRC

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

•RAS mutations: up to 53%

•PIK3CA mut: up to 20%

•BRAF mutation:

•Up to 14% stage II/III

•Up to 8% stage IV

•Loss of PTEN: up to 36%



GUIDELINE STATEMENT 1

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).

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 (Sorich 

MJ et al. 2015)



Sorich MJ et al. 2015

PREVALENCE OF NEW RAS MUTATIONS ACROSS STUDIES

ALL RAS MUTANT CRC:

KRAS EXON 2 CODONS 12 
& 13 MUTATIONS 
AND EXTENDED RAS
MUTATIONS 



GUIDELINE STATEMENTS 4, 5, 6 

No Recommendation: There is insufficient evidence to 

recommend BRAF V600, PIK3CA mutational status and 

PTEN IHC as predictive molecular biomarkers for response to 

anti-EGFR inhibitors.



GUIDELINE STATEMENT 2A
TESTING FOR BRAF V600 MUTATIONS

Recommendation: BRAF V600 (BRAF c.1799 [p.V600]) position 

mutational analysis should be performed in CRC tissue in selected 

patients with colorectal carcinoma for prognostic stratification.

• CRC patients with BRAF mutation (usually V600E) have worse 

outcome relative to nm patients

• Patients with advanced/ mCRC with BRAF mutation show worse 

progression free survival (PFS), overall survival (OS), and a 

decreased response rate to anti-EGFR therapy

• Patients with BRAF mutation showed modest benefit with anti-EGFR 

therapy relative to patients with RAS mutation

• Clinical trials suggest that BRAF plus EGFR inhibitor appears to be 

effective in BRAF mutant CRC



BRAF AND DMMR/MSI:
PROGNOSTIC & PREDICTIVE MARKERS FOR STAGE II/III CRC

Prognostic: 
dMMR/MSI better OS survival (BRAF wt)

dMMR BRAFwt

pMMR BRAFmut

Gavin P et al. Clin Cancer Res 2012

Prognostic: BRAF mut
shorter survival time 
at recurrence

dMMR BRAFmut

pMMR BRAFwt



GUIDELINE STATEMENT 2B
TESTING FOR BRAF V600 MUTATIONS

Recommendation: BRAF p.V600 mutational analysis should be 

performed in dMMR tumors with loss of MLH1 to evaluate for Lynch 

Syndrome risk. Presence of a BRAF mutation strongly favors a sporadic 

pathogenesis. The absence of BRAF mutation does not exclude risk of 

Lynch syndrome.

Rationale: 

• Testing for BRAF mutations may help distinguish between germline 

from epigenetic sporadic dMMR

• Sporadic CRC where MLH1 results from epigenetic silencing        

50 to 70 % have BRAF mutations 

• MLH1 methylation status can be used to support a sporadic CRC



GUIDELINE STATEMENT 3
TESTING FOR DNA MMR / MICROSATELLITE 
INSTABILITY

Recommendation: Clinicians should order DNA mismatch repair (MMR) status 

testing in patients with CRC for the identification of patients at high risk for 

Lynch syndrome and/or prognostic stratification.

Rationale: 

•Diagnosis of Lynch Syndrome is important to manage cancer risk of 

patients and gene mutation carriers and tailor surgical approach

•Deficient DNA MMR / MSI CRC stages II/III have better outcomes vs. MSS

•MMR / MSI status may have predictive value in some settings, specifically 

in patients with advanced CRC being considered for anti-programmed cell 

death protein-1 (PD-1)/ programmed cell death ligand protein-1 (PD-L1) 

immune checkpoint inhibitor therapy
(Le DT et al. N Eng J Med 2015; 372: Le DT et al. Science June 2017) 



DEFICIENT DNA MISMATCH REPAIR: IMMUNOHISTOCHEMISTRY

A

B: MLH1

C: PMS2

D

E: MSH2

F: MSH6

Loss of Expression 
of Paired 
Heterodimer 
Proteins: 
MLH1/PMS2 or 
MSH2/MSH6

Molecular Pathology of  
Gastrointestinal
Neoplasia, Springer.
AR Sepulveda & JP 
Lynch (eds.). 2013.



DNA MISMATCH REPAIR DEFICIENCY TESTED BY 
MICROSATELLITE INSTABILITY - MSI TEST

N-BAT25

T-BAT25
T-BAT26

N-BAT266

MSI Assays and MSI Results 
- NCI panel: BAT25, BAT26, D2S123, D17S250, and D5S346
- Commercial quasimonomorphic panel: BAT25, BAT26,NR21, 

NR22, NR24, pentanucleotide controls
- 30% or more of the repeats are unstable: MSI-high (MSI-H)
- MSI-Low or MSS results do not predict Lynch syndrome



PEMBROLIZUMAB IN MSI CRC

Le DT at al, NEJM 2016

DNA MMR / MSI AS A THERAPY PREDICTIVE BIOMARKER



MUTATION BURDEN, MSI STATUS AND 
RESPONSE RATE

Le DT et al.,  NEJM 2016 



PD1 BLOCKADE IN MSI CANCERS

Le et al.,  Science  2017 



MICROSATELLITE 
INSTABILITY AND 
IMMUNOTHERAPY 

High levels of MSI 

correlate with increased 

neo-antigen burden, 

which may make the 

tumor more sensitive to 

immunotherapy



CRC GUIDELINE TESTING: KEY 
QUESTIONS

• How should tissue specimens be processed for biomarker 

testing for CRC management?

• How should biomarker testing for CRC management be 

performed?

• How should molecular testing of CRC be implemented and 

operationalized?



GUIDELINE STATEMENT 7
Expert Consensus Opinion: Metastatic or recurrent colorectal 
carcinoma tissues are the preferred specimens for treatment 
predictive biomarker testing and should be used if such 
specimens are available and adequate. In their absence, 
primary tumor tissue is an acceptable alternative.

Rationale: High concordance between the primary and metastatic or 
recurrent CRC but discordant mutational status occurs 

If metastatic or recurrent tissue

is unavailable, the primary tissue

may be used for testing 



CRC GUIDELINE: SPECIMENS & ASSAYS
•ECO 8: FFPE tissue is an acceptable specimen for molecular marker 
mutational testing in CRC. Use of other specimens (e.g. cytology 
specimens) will require additional adequate validation, as would any 
changes in tissue processing protocols.

•9, 10, 11, 12. Strong recommendations: Labs must use validated…testing 
methods with sufficient performance characteristics for the intended 
clinical use. 

• …Biomarker testing … must be validated in accordance with best lab 
practices. 

• Lab must provide clinically appropriate TATs & optimal utilization of 
tissue specimens by using appropriate techniques (e.g. multiplexed 
assays)…

ECO 17: Pathologists must evaluate specimens to ensure adequacy taking 
into account tissue quality, quantity, and malignant tumor cell fraction. 
Specimen adequacy findings should be documented in the patient report.



GUIDELINE STATEMENT 18
Expert Consensus Opinion: Laboratories should use colorectal 
carcinoma molecular biomarker testing methods that are able to detect 
mutations in specimens with at least 5% mutant allele frequency, taking 
into account the analytical sensitivity of the assay (limit of detection or 
LOD) and tumor enrichment (e.g. microdissection). 

Note: It is recommended that the operational minimal neoplastic 
carcinoma cell content tested should be set at least 2 times the assay’s 
LOD.

Rationale:

•Laboratories should establish minimum acceptable tumor cell content

•Minimum tumor cell content should be at least 2X the lower limit of 
detection of the assay being utilized



NEXT GENERATION SEQUENCING (NGS) 
TARGETED GENE PANELS

 NGS targeted gene panels meet the 

sensitivity of detection used in CRC 

clinical trials (detecting at least 5% 

mutant alleles), with otherwise 

adequate performing characteristics

 Simultaneous testing of hundreds of 

mutations, including those in 

extended RAS, BRAF and PIK3CA 

mutation testing

KRAS mut BRAF n-mut PIK3CA mut

 Cancer Whole Exome analyses are not 

currently used in routine  clinical practice



LIQUID BIOPSIES: ADVANTAGES OVER 
TISSUE DURING MANAGEMENT OF CANCER 

PATIENTS?
• Determine tumor burden: Early detection of tumor relapse

• % of total cfDNA derived from tumor correlates with tumor mass

• Capture heterogeneity in metastatic cancer 
• Different lesions may have different molecular drivers and genomic 

features-Not represented in a single tumor biopsy

• Serial samples to monitor tumor genomic changes in real time 

with low risk: Lower risk to the patient – difficult access of metastatic foci

• Ensure that selected therapy remains appropriate and observe 

emergence of any resistance

• No waiting for information from scans- Stop unnecessary  treatment and 
toxicity-Take advantage of new molecular targets suitable for treatment



DETECTION OF CIRCULATING TUMOR DNA IN CANCERS

 Digital PCR – Mutation panel

 640 pts with various cancers

Bettegowda et al. Sci Transl Med 2014



HEAT MAP OF ACQUIRED 
RESISTANCE MUTATIONS 
TO EGFR BLOCKADE IN 
CTDNA FROM PTS WITH 

MCRC

Bettegowda et al. Sci Transl Med 2014



TRACKING TUMOR EVOLUTION WITH LIQ BX: 
ADAPTIVE THERAPY

 Approach: Re-challenge with targeted anti-EGFR therapy

 Intermittent pruning of the phylogenetic branches comprising resistant cells 

(through discontinuation of therapy)

• KRAS-mut population  

increases during EGFR blockade

• KRAS-mut population declines

when anti-EGFR is withdrawn

rendering the tumor sensitive to

rechallenge with anti-EGFR 

Turajlic et al. Nat Reviews 2015

Siravegna, G. et al. Nat Med 2015



Merker JD et al. JCO 36 and APLM 2018

LIQUID BIOPSY: CTDNA ASSAYS

• Use plasma in cell stabilization or EDTA tubes, 

process within 6 hours of collection

• Some ctDNA assays have clinical validity (eg. EGFR, 

KRAS mut in lung cancer and KRAS in CRC)

• No evidence of clinical utility / little evidence of 

clinical validity of ctDNA assays in early-stage 

cancer, therapy monitoring, residual disease detection

• No evidence of clinical validity or utility for cancer 

screening



Merker JD et al. JCO 36 and APLM 2018

 ctDNA assays are performed in 
the context of disease 
progression

 Discordance between the 
results of ctDNA assays and 
genotyping tumor specimens 
are common

 Tumor tissue genotyping 
should be performed to confirm 
undetected results from ctDNA
tests



LIQUID BIOPSY IN CRC

 PCR-based ctDNA assays for RAS genotyping in CRC demonstrate high 
specificity and moderate sensitivity

 Hao YX et al: ctDNA for detection of KRAS gene mutations in CRC: A meta-analysis. Onco Targets Ther
10:945, 2017

 Schmiegel W et al: RAS mutations to guide anti-EGFR therapy in CRC: Concordance of ctDNA and tissue-
based RAS testing. Mol Oncol 11:208, 2017

 Vidal J et al: Plasma ctDNA RAS mutation analysis for diagnosis and treatment monitoring of metastatic 
CRC. Ann Oncol 28:1325-1332, 2017



CRC GUIDELINE STATEMENTS:
OPERATIONAL ASPECTS 

• 13. ECO: Biomarker testing … should be initiated in a timely fashion 
based on the clinical scenario and in accordance with institutionally 
accepted practices.
Note: Test ordering can occur on a case-by-case basis or by policies 
established by the medical staff. 

Algorithms and “reflex” testing may help with the efficient test 
ordering of appropriate molecular biomarker testing for CRC

• 14. ECO: Laboratories should establish policies to ensure efficient 
allocation and utilization of tissue for molecular testing, particularly 
in small specimens.

• 15. ECO:  Members of the patient’s medical team, including 
pathologists, may initiate colorectal carcinoma molecular marker test 
orders in accordance with institutionally accepted practices.



TAT: GUIDELINE
Expert Consensus Opinion 16: Laboratories that require send out of tests 
for treatment predictive markers should process and send colorectal 
carcinoma specimens to reference molecular laboratories in a timely 
manner. 

It is suggested that a benchmark of 90% of specimens should be sent out within 3 
working days.

Expert Consensus Opinion 19: Colorectal carcinoma molecular 
biomarker results should be made available as promptly as feasible in 
order to inform therapeutic decision-making, both prognostic and 
predictive.

It is suggested that a benchmark of 90% of reports available within 10 working days from 
date of receipt in the molecular diagnostics laboratory.



CRC GUIDELINE STATEMENTS

• 20. ECO: … reports should include results & interpretation sections 
readily understandable by oncologists and pathologists. Appropriate 
… nomenclature 

• 21. ECO: Labs must incorporate CRC molecular biomarker testing 
methods into their…quality improvement program…must participate 
in formal proficiency testing programs, if available, or an 
alternative…  



CONSIDERATIONS FOR IMPLEMENTATION OF 
CRC MOLECULAR TESTING GUIDELINES

• Setting: Academic vs Non-Academic

• Biomarker panel for CRC at CUMC:

•All colorectal biopsies with diagnosis of adenocarcinoma (including at least 

intramucosal).

•If enough tissue with tumor is available order CRC panel “reflex” by 

pathologist/standard order per clinical team

•Perform testing on colorectal resection specimen/or metastatic specimen if not 

done in a prior biopsy

• IHC for DNA mismatch repair proteins (MLH1, MSH2, PMS2, MSH6).

• MSI test should be ordered for all cases showing retained/preserved 
expression of all MMR proteins.

• NGS panel for 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, BRAF, PIK3CA.



CONCLUSIONS

• Evidence supports mutational testing of specific genes 
in the EGFR signaling pathway, since they provide 
clinically actionable information for targeted therapy 
of CRC with anti-EGFR monoclonal antibodies

• There is strong evidence of negative predictors of 
benefit (KRAS, NRAS) to anti-EGFR therapies

• There is prognostic value in testing for MMR / MSI and 
BRAF

• BRAF is associated with poor outcomes for patients 
with advanced CRC



CONCLUSIONS, CONTINUED
• Laboratories must operationalize testing for molecular 

biomarkers (eg. assay selection, specimen selection, test 
ordering, turnaround times, external quality assurance) to ensure 
accuracy and timeliness of the diagnosis and therapy selection

• Liquid biopsies have clinical utility during disease progression to 
monitor RAS mutational status for anti-EGFR therapy 

• MSI / MMR test results are predictive of response to therapy

• FDA approval (2017) Immunotherapy blockade for MSI-H 
CRC that has progressed following treatment with a 
fluoropyrimidine, oxaliplatin, and irinotecan

• MSI / MMR test results also useful for workup of LS

• MLH1 loss tumors may be tested for BRAF V600E and/or 
MLH1 CpG methylation

• Guidelines will be updated regularly to stay current



THANK YOU


