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Case 1
42 year-old male who is referred for a colonoscopy to 
evaluate iron deficiency anemia
• No past medical history
• Family history: maternal aunt with uterine cancer at age 55
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• Fungating mass located in the ascending colon –
bled after biopsy

• No other mucosal lesions identified

Colonoscopy
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Case 1: Pathology – Biopsy

Diagnosis: Invasive 
adenocarcinoma of the 
colon arising from a 
tubulovillous adenoma 
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What biomarker(s) are recommended to perform on this 
patient sample?
o Estrogen receptor immunohistochemistry
o APC mutation status
o Mismatch repair protein/Microsatellite Instability
o PD-L1 immunohistochemistry

Polling Question
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MMR Immunohistochemistry
MLH1 PMS2

MSH2 MSH6

MLH1/PMS2 
Mismatch Repair 
(MMR) Deficient 
Tumor
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What testing should be performed next?
o BRAF V600E
o P53
o HER2
o SDH1

Polling Question
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BRAF V600E Testing → WT

Image courtesy of Dr. Jesse Cox, UNMC



© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or 
transmitted in any other form or by any means, electronic or mechanical, without first obtaining written permission from NCCN®.

Image courtesy of Dr. Jesse Cox, UNMC

Negative MLH1 Promoter Test
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COL-2. © 2021 National Comprehensive Cancer Network, Inc. All rights reserved. These guidelines and this illustration may not be reproduced in any form without the express written permission of NCCN®. 
To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.
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• MMR- proteins involved in DNA mismatch repair (MLH1, MSH2, MSH6, 
PMS2 and EpCAM) 
• Proteins form heterodimers in-vivo (MLH1/PMS2 & MSH2/MSH6) 
• Immunostaining is used on biopsy or resection specimens to look 

for loss/absence of proteins 
• Should not be reported as positive/negative
• Common causes of protein expression loss: 

• MLH1 promoter hypermethylation
• Germline genetic mutation of MMR genes

• Confirm internal positive controls are present (background normal  
epithelium or lymphocytes)

Mismatch Repair (MMR)
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BRAF V600E Testing

• 69% of MLH1 methylated colorectal cancers (CRCs) have substitution of the 
valine with glutamic acid at amino acid position 600 of BRAF

• BRAF V600E almost never found in Lynch syndrome
• Testing for BRAF V600E is a cost effective way to distinguish sporadic CRC 

from LS when MLH1/PMS2 loss/absent

Grasso et al. “ACS Chem Biol.” 2016 Oct 21;11(10):2876-2888
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BRAF PCR

WT

Mutant

Image courtesy of Dr. Jesse Cox, UNMC
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If BRAF testing is done by itself and is normal → consider MLH1 
promoter methylation next prior to germline testing or move straight to 
paired germline MMR/somatic tumor testing (which often includes 
MLH1 methylation testing)

###The goal is to decrease referral to genetic counseling

Adar et al. "A tailored approach to BRAF and MLH1 methylation 
testing in a universal screening program for Lynch syndrome." Modern 
Pathology Volume 30, pages 440–447 (2017)

MLH1 Promoter Hypermethylation
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Microsatellite Instability (MSI)

MSI-High ( instability in ≥2 mononucleotides)

MSS (Stable)

N

T

N

T

Image courtesy of Dr. Jesse Cox, UNMC
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Many Algorithms Exist for LS Workup

From Chen, Swanson and Frankel. "Molecular genetics of microsatellite-unstable colorectal cancer for pathologists."Diagn Pathol. 2017; 12: 24
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Referral to
Genetic Counseling
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Paired Tumor/Germline Analysis

Germline 
DNA

(multi-gene 
panel)

Tumor DNA
(Lynch 

syndrome 
genes)

Lynch 
syndrome 

(LS) 
or 

Sporadic CRC

Pathogenic (P) or 
Likely Pathogenic 

(LP) variant in MLH1, 
MSH2, MSH6, PMS2, 
or EPCAM identified 

in germline

Biallelic P or LP 
variants identified in 

tumor but not in 
germline
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Germline MLH1 pathogenic variant detected, consistent with       
Lynch syndrome

Case 1: Genetic Test Result
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Cancer Risk

• Increased risk for colon, uterine, ovarian, small bowel, renal 
pelvis/ureter, and others

Medical 
Management

• Increased surveillance
• Risk reducing surgery
• Possible treatment implications

Implications for 
Family Members

• 50% risk to siblings, children, parents
• Increased risk for distant relatives
• Reproductive risk for CMMRD
• Cascade testing

Genetic Counseling for Lynch Syndrome
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MLH1 Variant Cancer Risks

LS-B (1 of 5). © 2021 National Comprehensive Cancer Network, Inc. All rights reserved. These guidelines and this illustration may not be reproduced in any form without the express written permission of NCCN®. 
To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.
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Cancer Risk

• Increased risk for colon, uterine, ovarian, small 
bowel, renal pelvis/ureter, and others

Medical 
Management

• Increased surveillance
• Risk reducing surgery
• Possible treatment implications

Genetic Counseling for Lynch Syndrome
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MLH1 Medical Management Recommendations
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MLH1 Medical Management Recommendations
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MLH1 Medical Management Recommendations
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Cancer Risk

• Increased risk for colon, uterine, ovarian, small bowel, renal pelvis/ureter, 
and others

Medical 
Management

• Increased surveillance
• Risk reducing surgery
• Possible treatment implications

Implications for 
Family Members

• 50% risk to siblings, children, parents
• Increased risk for distant relatives
• Reproductive risk for constitutional mismatch repair deficiency (CMMRD)
• Cascade testing

Genetic Counseling for Lynch Syndrome
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CT chest/abdomen/pelvis with IV and 
oral contrast
• Circumferential bowel wall 

thickening in ascending colon 
consistent with known colon cancer

• No evidence of metastatic disease

Consistent with early-stage colon 
cancer – plan for resection

Case 1: Staging Scans 
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Clinical Management of Colon Cancer in Lynch Syndrome



© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or 
transmitted in any other form or by any means, electronic or mechanical, without first obtaining written permission from NCCN®.

Clinical management of Colon Cancer in 
Lynch Syndrome

Operation
Total abdominal 

colectomy with ileorectal 
anastomosis

Segmental Colectomy

Who

• Younger patients (<50)
• Unable/unlikely to comply 

with frequent 
colonoscopy

• Older patients (>60-65)
• Underlying sphincter 

dysfunction
• Likely to comply with 

frequent colonoscopy

Pro

• Risk-reducing procedure 
– reduces risk of 
metachronous cancer

• Annual surveillance of 
retained rectum

• Less impact on frequency 
of bowel movements, 
continence

Con

• QOL – continence, 
frequency of bowel 
movements

• Unknown survival benefit

• Surveillance: colonoscopy 
1-2 years

• Risk of metachronous 
cancer, adenoma
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• Final pathology T4N0, surgical resection margins negative

• Medical oncologist recommends surveillance, no adjuvant 
chemotherapy

Case 1: Final Pathology and 
Adjuvant Therapy
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The presence of dMMR/MSI-H 
can influence the decision to 
offer adjuvant therapy.

Clinical Management 
of dMMR/MSI-H Colon Cancer
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Immunotherapy with 
checkpoint inhibitor(s) is 
an important option to 
consider in patients with 
advanced colorectal 
cancer which is 
dMMR/MSI-H

Clinical Management 
of dMMR/MSI-H Colon Cancer
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• 58 year-old woman with a history of stage 3 sigmoid colon 
adenocarcinoma (MMR proficient)

• Now presents with right upper quadrant pain, CT scan 
shows multiple liver masses (largest: 4cm)

• Undergoes ultrasound-guided percutaneous biopsy

Case 2
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Liver Mass Biopsy

Diagnosis: Metastatic 
adenocarcinoma consistent with 
colorectal primary

H&E

CDX2
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Next-generation sequencing is performed on the liver biopsy, 
which of the following biomarkers should not be tested?
o HER2
o KRAS
o NRAS
o VHL

Polling Question
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NGS Results

KRAS G12D 
mutation detected
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RAS Testing in Metastatic Colorectal Cancer
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• Stage IV colon adenocarcinoma with biopsy proven liver metastases –
mutation in KRAS G12D detected

• Starts first-line therapy with FOLFOX-bevacizumab

Case 2: Treatment
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RAS Testing in Metastatic Colorectal 
Cancer

The presence of RAS 
alterations predicts lack 
of benefit from 
cetuximab, panitumumab

KRAS is a potential 
therapeutic target
• Sotorasib - G12C; 

FDA approved in 
NSCLC
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• 65 y/o with a history of stage III colon cancer treated with adjuvant 
FOLFOX

• Surveillance scans show multiple new and enlarging pulmonary nodules
• Interventional radiology (IR) biopsy performed on lung nodule

Case 3 
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Lung Biopsy

H&E

CDX2

CK20

Diagnosis: Metastatic 
adenocarcinoma 
consistent with 
colorectal primary
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Her2 Immunohistochemistry
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Which immunohistochemical scoring system should be used 
to assess HER2 overamplification?
o Tumor proportion score
o HERACLES
o Manual semi quantitation
o Combined positive score

Polling Question
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Heracles-Greek (Hercules-Roman)
Key Reference: Sartore-Bianchi et al. Sartore-Bianchi 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 Jun;17(6):738-746. 
doi: 10.1016/S1470-2045(16)00150-9.
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Treatment of HER2 Amplified Metastatic 
CRC
HER2 directed therapies are recommend in the following settings:
• First line therapy for metastatic disease in patients not appropriate 

for intensive therapy
• 2nd line and later

Options:
• Trastuzumab + pertuzumab
• Trastuzumab + lapatinib
• Fam-trastuzumab deruxtecan-nxki

The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) Colon Cancer (Version 3.2021). © 2021 National Comprehensive Cancer 
Network, Inc. Available at: NCCN.org. Accessed October 27, 2021.
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Case 3 

• Stage IV colon cancer with biopsy-proven lung metastases
• 1st line treatment: FOLFIRI-bevacizumab x 4 months followed by 

5FU+bevacizumab maintenance
• After 10 months, she presents with dyspnea

• Scans show significant increase in pulmonary nodules

• Starts 2nd line therapy with trastuzumab-pertuzumab (mAb's targeting 
HER2) with rapid decrease in size of lung nodules and improvement 
in dyspnea
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Summary

• Universal screening for MMR/MSI/NGS should be performed on all 
colorectal cancers as well as subsequent algorithmic testing when 
appropriate

• Identification of a patient with Lynch syndrome informs genetic counseling

• Lynch syndrome/MSI CRC have tailored oncologic treatments

• Metastatic CRC should be tested for mutations in RAS, BRAF and 
amplification of Her2

• HERACLES scoring should be used for interpretation of IHC results
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