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Who We Are

2  

Rakesh Nagarajan, MD, PhD
Founder, Exec. Chairman

Keep cancer care in the community

By empowering local pathology and cancer 
centers to provide the same level of advanced 
testing and precision insights to their patients 
as major academic centers. 
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Wisdom in Every Report

3  

2011: PierianDx technology 
developed at Washington 
University in St. Louis

2015: PierianDx closes on $9.25 
million in funding

2014: PierianDx established; 
Moffitt Cancer Center 1st to go live

2019: PierianDx signs multi-year 
deal with Illumina to support 
cancer research and diagnostics

Today: 45+ health systems and 
laboratories in partner sharing 
network

The Network Effect
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Technology Enabled Services
PierianDx Solutions

Laboratory Services
Turnkey, validated assays and informatics

Validation & Interpretation Services
Experienced team to fast-track growth

Medically Powered 
Knowledgebase
The largest opt-in content sharing network

Clinical Genomics Workspace
All-in-one informatics and reporting software
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11:00 am - 12:00 pm CST
Agenda

1
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4

Co-occurring Variants

Gene Fusions

2 Splice Site, Exon Skipping
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Copy Number Variants

5 Tumor Mutational Burden & 
Microsatellite Instability
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Co-Occurring Variants
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Background
 
Bioinformatics/Quality Control
Bioinformatics and quality checks for co-occurring 
variants will match typical SNV and INDEL processes.

Interpretation
Many NGS users do not have an easy way to identify and 
then interpret variants in the context of co-occurrence.

1. How do you quickly identify co-occurring variants 
(beyond lookup tables)?

2. How do you report on these variants?

Co-occurring Variants 

Sources:
1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4114585/
2. https://www.mycancergenome.org/content/disease/lung-cancer/egfr/5    
3. https://www.mycancergenome.org/content/disease/lung-cancer/egfr/4/ 
   

Example: 
Non-small Cell Lung Cancer1  
EGFR L858R confers increased 
sensitivity and response to 
tyrosine-kinase inhibitors such as 
erlotinib.2  

EGFR T790M confers decreased 
sensitivity to tyrosine-kinase inhibitors 
such as erlotinib.3  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4114585/
https://www.mycancergenome.org/content/disease/lung-cancer/egfr/5
https://www.mycancergenome.org/content/disease/lung-cancer/egfr/4/
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Conflicting Results Create Challenges
Result Summary - Non Small Cell Lung Cancer

Variants 
Detected

Tier 1 Tier 2 Clinical Trial 
Opportunity

 EGFR
p.T790M

Responsive to 
Osimertinib

Non Responsive to 
Afatinib, Erlotinib, 
Gefitinib

 
 
No

 
 
Yes

 EGFR
p.L858R

Responsive to Afatinib + 
Cetuximab, Afatinib, 
Erlotinib, Dacomitinib, 
Osimertinib, Gefitinib

 
 
No

 
 
Yes

Co-occurring Variants

As a Clinician
What does this mean for the 
patient? 

As a Pathologist
Have a duty to explain what is 
known about these conflicting 
results.
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Identify Co-Occurring Variants
Co-occurring Variants

Figure 1. VCF File

Figure 2. PierianDx CGW Variant 
Filter

Filters: IF/AND
Do systems automatically call this out? 
Do you need them to have the same 
approximate variant allele frequency?

Easier
2 EGFR or 2 KRAS variants 

More Difficult
BRAF V600E and any TERT promoter
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Interpretation in Isolation
Co-occurring Variants

EGFR T790M

EGFR L858R

Gene Level 
Info

Variant Level 
Info

Evidence in 
Databases

Drug/Guideline 
Info



© 2019. All rights reserved by PierianDx 11  

Combined Interp.
Co-occurring Variants

Gene Level Info

Variant Level Info

Evidence in Databases

Drug/Guideline Info

Significance of this 
variant with other 
variants

Notice a lack of FDA 
approved therapies 
specific to the 
co-occurring variant, 
but a clear indication 
of clinical trials 
suggesting 
Osimertinib

EGFR L858R

EGFR T790M
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Variants Not in the Same Gene
Co-occurring Variants

Example: Thyroid Cancer | BRAF/TERT
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Establishing Interpretation Rules
Co-occurring Variants

IF thyroid cancer AND BRAF V600E AND TERT Promoter 
mutation (c.-124C>T) THEN adjust interpretation to explain 
prognosis. 

Tip #1
Establish rules for interpreting 
co-occurring variants. 

Tip #2
Create dynamic filters to quickly 
identify co-occurring variants.

BRAF
V600E

Interpretation Rule #1

TERT
c.-124C>T&BRAF

V600E

Curated Interpretation Rule

TERT
c.-124C>T&BRAF

V600E

Interpretation Rule #2

TERT
c.-124C>T&BRAF

V600E

Curated Interpretation Rule

TERT
c.-124C>T&BRAF

V600E

Interpretation Rule #3

TERT
c.-124C>T&

BRAF
V600E

Interpretation Rule #4

TERT
c.-124C>T&

Example: Thyroid Cancer | BRAF/TERT
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Exon Skipping
Splice Site Variants
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There are four important conserved cis-acting sequences 
necessary for the spliceosome to function: the 5′ splice site 
(SS) GU, the branching site A, the polypyrimidine tract, and 
the 3′ SS AG.
https://www.sciencedirect.com/science/article/pii/S1556086416304543

However, one of the challenges in establishing effective 
targeted treatments against cMET remains the accurate 
identification of biomarkers for the selection of responsive 
subsets of patients. Recently, splice site mutations have been 
discovered in cMET that lead to the skipping of exon 14, 
impairing the breakdown of the receptor. Patients with NSCLC 
who are carrying this splice variant typically overexpress the 
cMET receptor and show a response to small molecule 
inhibitors of cMET. Here, we review the main differences at 
the structural level between the wild-type and the splice 
variants of cMET and their influence on cMET signaling. We 
clarify the reason why this variant responds to small molecule 
inhibitors and their prognostic/predictive role. 
https://www.sciencedirect.com/science/article/pii/S1556086416304543

Clinical testing at MGH via our next-generation 
sequencing (NGS) and NGS-rearrangement panels 
showed an additional 16 cases of MET exon 14 
skipping, for an overall estimated frequency of 5.6%. 
A clinical case of a patient with MET exon 14 skipping 
treated with the MET inhibitor crizotinib is also 
described.
PUBMED:27022036

What is Exon Skipping?
 

Background

3

2

1

https://www.sciencedirect.com/topics/medicine-and-dentistry/spliceosome
https://www.sciencedirect.com/science/article/pii/S1556086416304543
https://www.sciencedirect.com/science/article/pii/S1556086416304543
https://www.ncbi.nlm.nih.gov/pubmed/27022036
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Bioinformatics and QC

1. Does your BED file cover splice 
variants, and to what degree?

2. Does your caller identify splice 
variants?

✓ Illumina (specific pairings)
✓ Thermo Fisher (specific pairings)
✓ ArcherDx 

(no pairs, all variants)

3. Reviewing the BAM file: Is the 
variant real?

4. Setting up filters

Detection of the MET ex14 skipping mutation. A summary view from Archer 
Analysis illustrating the skipping of MET ex14 in the FusionPlex assay data.

Detection of the MET ex14 skipping mutation. IGV showing the G>A point 
mutation (c.2942-1G>A) identified by DNA sequencing.

Source: 
http://www.imedpub.com/articles/met-exon-14-skipping-mutation-innonsmall-cell-lung-cancer-identifiedby-anchore
d-multiplex-pcr-and-nextgeneration-sequencing.php?aid=18004 

Exon Skipping

http://www.imedpub.com/articles/met-exon-14-skipping-mutation-innonsmall-cell-lung-cancer-identifiedby-anchored-multiplex-pcr-and-nextgeneration-sequencing.php?aid=18004
http://www.imedpub.com/articles/met-exon-14-skipping-mutation-innonsmall-cell-lung-cancer-identifiedby-anchored-multiplex-pcr-and-nextgeneration-sequencing.php?aid=18004
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Sequencer Bioinformatics and QC
Illumina ArcherDx Thermo Fisher

Additional 
Caller?

RNA Splice Variant Calling 
software Traditional SNV/Indel Traditional SNV/Indel

Inputs BAM files and SJ.out.tab files 
from STAR BAM BAM

Outputs VCF files ; additional tags for 
splice variants

VCF, additional tags for splice 
variants

VCF, additional tags for splice 
variants

QC Criteria Meets validated read depth, 
check BAMs for isoforms,

Meets validated read depth, 
check bams for isoforms

Meets validated read depth, 
check bams for isoforms

Example Assays TruSightTM Oncology 500*, 
TruSightTM Tumor 170

FusionPlex, VariantPlex Solid 
Tumor, and VariantPlex CTL

Ion Ampliseq RNA Fusion, RNA 
Exon Variant, Oncomine Focus

Exon Skipping

* PierianDx adding a tag in the VCF to differentiate splice variants from other fusions. 
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Reviewing the BAM Files & Filters

Sequencing data reads detecting a 
MET exon 14 skipping mutation.

Exon 13 Exon 15

Source: https://www.jto.org/article/S1556-0864(18)32745-X/fulltext 

Exon Skipping

https://www.jto.org/article/S1556-0864(18)32745-X/fulltext
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“Well Known” MET Exon 14 Skips

Source: https://dash.harvard.edu/bitstream/handle/1/32705575/jco.2015.63.4600.pdf  

Locations of MET exon 14 genomic 
alterations found in 28 patients with 
non–small-cell lung cancer. 

Exon Skipping

https://dash.harvard.edu/bitstream/handle/1/32705575/jco.2015.63.4600.pdf
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Interpretation

In 2015, interpretations 
were less robust.

Today, there are NCCN guidelines 
specifically dealing with MET Exon 
14 skipping in lung cancer and the 
use of Crizotinib.

Exon Skipping
OLD Published Clinical Genomics Workspace Interpretation

NEW Published Clinical Genomics Workspace Interpretation

Example: MET Exon 14 
Skipping Mutation
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Interpretation
Exon Skipping

MET  Exon 14 Skipping Mutation
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Gene Fusions
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Background 

Fusion Data can be absolutely critical to 
treatments:

1. Significant guidelines and FDA recommendations 
specific to NTRK fusions and larotrectinib 
treatments

2. ROS1 fusions and crizotinib

3. Long known EML4-ALK

Gene Fusions

Source: https://en.wikipedia.org/wiki/Fusion_gene#/media/File:Gene_Fusion_Types.png 

https://en.wikipedia.org/wiki/Fusion_gene#/media/File:Gene_Fusion_Types.png
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Fusion Types 
Gene Fusions

Example 1
Inframe

Example 2
Frameshift
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Fusion Types
Gene Fusions
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Bioinformatics and QC
Gene Fusions

Know your caller’s 
challenges 
(see Thermo Fisher recommendations 
for multiple fusions)

Check BAM
Some clients also run BLAST 
algorithms in NCBI to confirm

Filter
Note: Clinical Genomics Workspace 
new simplified syntax

Recommended Reading from your vendor: (helpful hint, use pdf word finders for)

Thermo Fisher: https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0017605_IonReporter5_10_UG.pdf
Illumina: https://support.illumina.com/help/BS_App_TruSightTumor170_OLH_1000000028435/Content/Source/Informatics/Apps/FusionCallling_appT170.htm#
Manta specific: https://www.biorxiv.org/content/biorxiv/suppl/2015/08/10/024232.DC1/024232-1.pdf
ArcherDx: https://archerdx.com/support/faqs/software/archer-analysis/archer-analysis-troubleshooting-faqs/how-do-i-know-if-my-fusion-is-real
ArcherDx: https://archerdx.com/assets/documents/PN-MKT-0008-Fusion-detection-in-Archer-Analysis-Software.pdf

Multiple fusions in the same gene

https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0017605_IonReporter5_10_UG.pdf
https://support.illumina.com/help/BS_App_TruSightTumor170_OLH_1000000028435/Content/Source/Informatics/Apps/FusionCallling_appT170.htm#
https://www.biorxiv.org/content/biorxiv/suppl/2015/08/10/024232.DC1/024232-1.pdf
https://archerdx.com/support/faqs/software/archer-analysis/archer-analysis-troubleshooting-faqs/how-do-i-know-if-my-fusion-is-real
https://archerdx.com/assets/documents/PN-MKT-0008-Fusion-detection-in-Archer-Analysis-Software.pdf
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Fusion Callers
 

Thermo Fisher | Ion Torrent
Notice the caller will return a data point 
(in the vcf) with a value of 
low/medium/high.

You can pull your filter requirements 
directly from these caller information 
guides.

Gene Fusions

29
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n 
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Reviewing BAM Files
KIF5B, RET Fusion

Gene Fusions

KIF5B RET
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Reviewing BAM Files
RET-CCDC6 Fusion 

Gene Fusions

RET CCDC6
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Check BLASTn 

Step 1 
Copy read 
sequence

EML4-ALK Fusion

Gene Fusions
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Check BLASTn

Step 2 
Blast (Compare)

Gene Fusions
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BLASTn 

Step 3 
Review Results

Gene Fusions
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Setting Up Filters
Gene Fusions
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Interpretations 
Gene Fusions

Nomenclature Difference
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Interpretations
Gene Fusions

EML4-ALK Fusion: Therapy Information

EML4-ALK Fusion: NO Therapy Information
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NTRK Fusion, “Tissue Agnostic”
Gene Fusions
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Interpretation
Gene Fusions

NTRK1 Fusion
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Interpretation

Interpretation: A CD74-ROS1 fusion is detected in this squamous cell carcinoma specimen.  Targeted DNA and mRNA 
sequencing demonstrated that CD74 exon 6 is fused in-frame with ROS1 exon 34 with retention of the ROS1 kinase domain.  
CD74 is a commonly observed fusion partner (MyCancerGenome, 12/2018), and the major fusion transcript is the same as 
has been previously described (PMID: 23724914).  ROS1 encodes a transmembrane protein with intracellular tyrosine kinase 
activity (PMID: 18778756).  ROS1 rearrangements where the kinase domain is retained are implicated in a range of human 
epithelial cancers, most commonly non-small cell lung cancer (PMID: 22215748). Such ROS1 rearrangements are believed to 
be oncogenic through dysregulated kinase expression and activation (PMID: 18083107), but are infrequent in lung squamous 
cell carcinoma (PMID: 27635639, 26973202). ROS1 fusions in NSCLC predict response to crizotinib or ceritinib and portend 
improved outcomes (PMID: 25264305, NCCN guidelines NSCLC v2.2019).  If progression due to development of resistance 
occurs, loratinib is recommended by NCCN guidelines (NSCLC v2.2019).  A patient with biphasic pulmonary blastoma 
harboring a CD74-ROS1 fusion responded to crizotinib (PMID: 29343973). In one series, a higher rate of brain metastases, 
and a shorter progression-free survival on crizotinib (of borderline significance), were observed among patients with 
CD74-ROS1 fusions compared with ROS1-fusions with other genes (PMID: 29704675); others have reported no independent 
prognostic significance of a ROS1 fusion in non-adenocarcinoma NSCLC patients (PMID: 27635639).

Gene Fusions

CD74-ROS1
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Copy Number Variants
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Background
 

Copy Number Variants

Bioinformatics/Quality Control
■ Different callers, different visualizations
■ Relative copy number (min/max)

Interpretation
Copy number variant interpretations

■ A CNV result is not the same as expression result
■ Filters: set for MinMax
■ How do you report on these variants?
■ As with co-occurring variants, you may need a table 

to demonstrate copy min/max values

Example 
Non-small Cell Lung Cancer  
CD274 Amplification (PDL-1)
CCND1 Amplification
MYC Amplification 
EGFR Amplification (Level 2)
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Bioinformatics and Quality Control

What does your 
system provide? 
Copy number?
Copy number fold change?
Copy number min/max?

Copy Number Variants
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Filters and Rules

Tip #1
Create dynamic filters to quickly 
identify copy number variants 

Tip #2
Establish rules for interpreting 
copy number variants

ERBB2

Interpretation Rule #5

Copy 
Number <3&

Rather than identifying an interpretation for ALL copy 
number variants (which would capture copies of 0,1,2), 
we identify variants within a range or above a specific 
number.

Copy Number Variants
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Interpretation

FDA guideline for 
expression levels

Request IHC 
confirmation of 
expression levels to 
corroborate CNV

NCCN guidelines for 
sub-division of 
disease, requires 
review)

Copy Number Variants

CD274 (PDL-1) Amplification
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Interpretation
Interpretation:
 
MYC amplification is classified to Tier 2 based on level C evidence [AMP classification]. 
 
MYC is a proto-oncogene and encodes a nuclear phosphoprotein that plays a role in cell-cycle progression, apoptosis, and cellular 
transformation (RefSeq, Aug 2017). 
 
A whole gene amplification of the MYC gene (7 copies) is identified in this case. MYC copy-number gains showed elevated average 
expression in vitro (PMID- 25407018). High c-Myc expression is expected to result in aberrant expression of target genes leading to 
tumor cell growth and proliferation (PMID- 23021215, 2012; 29313490, 28466200).
 
MYC amplification has been reported in lung adenocarcinoma (ADCs) (COSMIC, February 2019). 
 
In patients with lung ADCs, c-MYC amplification was reported as an independent poor prognostic factor for overall survival in univariate 
analysis; and was associated with lymphatic invasion and recurrence (PMID- 24809777). A study in patients with early-stage lung ADCs, 
MYC amplification was associated with poor prognosis in terms of relapse-free survival (RFS) (PMID-21148746, 2011). In retrospective 
analysis of NSCLC patients, increased MYC gene copy number was reported to be a strong predictor of worse survival (PMID- 
25806711). 
 
A checkpoint kinase inhibitor prexasertib (LY2606368) is in phase II clinical trial in patients with advanced solid tumors exhibiting MYC 
amplification (NCT02873975). ATR kinase inhibitor M6620 (VX-970) is also in phase II clinical trial in patients with solid tumors harboring 
MYC amplification (NCT03718091)

Copy Number Variants

MYC Amplification
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Interpretation
Interpretation:EGFR amplification is classified to Tier 2 based on level C evidence [AMP classification].
 
EGFR encodes a receptor tyrosine kinase activated by members of the epidermal growth factor family and is involved in cell proliferation, metastasis, and migration 
while preventing apoptosis (PMID- 27843613). 
 
A whole gene amplification of the EGFR gene (16 copies) is identified in this case. EGFR amplification is reported to result in overexpression of EGFR (PMID- 
25053711). EGFR amplifications have been associated with EGFR expression and activation leading to tumor invasion and growth (PMID- 23429996, 2013).
 
EGFR amplification has been reported in lung adenocarcinoma (ADCs) and squamous cell carcinoma (COSMIC, February 2019).
 
EGFR copy number gain is a commonly observed alteration and has been reported in up to 50% cases of NSCLC (PMID- 22263017, 2010). 
 
EGFR gene amplification in NSCLC patients was related to lymphatic metastasis and TNM stage (PMID- 26400330). Lung ADCs patients with EGFR amplification had 
a significantly worse outcome in univariate analysis (PMID- 19826035, 2010).
 
A recent meta-analysis of patients treated with EGFR-tyrosine kinase inhibitor (EGFR-TKI) has found that increase in EGFR gene copy number was associated with 
higher overall response rate (ORR), overall survival (OS) and progression-free survival (PFS) compared with patients without a high EGFR gene copy number (PMID- 
27664271). A similar analysis among EGFR-TKI treated patients reported that increased EGFR gene copy number appears to be associated with improved survival 
outcomes; the effect on OS appears to be limited to patients of non-Asian descent(PMID- 20826716, 2011). 
 
Results of SQUIRE trial state that, NSCLC patients harboring EGFR amplifications treated with necitumumab (monoclonal EGFR antibody) showed an improved 
overall survival (PMID- 29158193). Data from phase III clinical trials indicated that patients with advanced NSCLC, whose tumors express high levels of EGFR protein 
and/or gene copy numbers of EGFR (≥4 EGFR copies) derive greater therapeutic benefits from EGFR-directed mAbs used in combination with immunotherapy and are 
absent when used in combination with antiangiogenic agents (PMID- 29905778). 
 
Neratinib, a pan -ERBB2 inhibitor alone or in combination with palbociclib, trametinib or everolimus is also currently being investigated in clinical trials in advanced or 
metastatic solid tumors patients with EGFR amplification (NCT03065387-phase I; NCT01953926-phase II). FATE-NK100 (allogeneic CD3- CD19- CD57+ NKG2C+ NK 
cells) in combination with cetuximab are being studied in phase I clinical trial in EGFR+ solid tumor patients (NCT03319459).

Copy Number Variants
EGFR Amplification
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TMB/MSI
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Background 

TMB and MSI are not Variants
■ They don’t show up in VCF.
■ They are calculated by algorithms.
■ They don’t follow classification rules (Tier 1, 

pathogenic, for example).
■ There are drugs and clinical trials that are 

approved and applicable.
■ Determine candidacy for immunotherapy

Tumor Mutational Burden and Microsatellite Instability

Mutational load by cancer type
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Background
 Abstract

Immunotherapy has shown promising results in various types of cancers. 
Checkpoint inhibitor drugs developed for cancer immunotherapy have been 
approved by the US Food and Drug Administration (FDA) for patients with 
advanced melanoma, non-small cell lung cancer, renal cell carcinoma, bladder 
cancers, and refractory Hodgkin lymphoma. In the latest announcement, the 
FDA has granted accelerated approval to pembrolizumab for pediatric and adult 
patients with microsatellite instability-high (MSI-H) or mismatch repair-deficient 
solid tumors. This is the first time the agency has approved a cancer treatment 
based on a common biomarker rather than organ-based approach. MSI-H, 
either due to inherited germline mutations of mismatch repair genes or 
epigenetic inactivation of these genes, is found in a subset of colorectal and 
noncolorectal carcinomas. It is known that MSI-H causes a build up of somatic 
mutations in tumor cells and leads to a spectrum of molecular and biological 
changes including high tumor mutational burden, increased expression of 
neoantigens and abundant tumor-infiltrating lymphocytes. These changes have 
been linked to increased sensitivity to checkpoint inhibitor drugs. In this mini 
review, we provide an update on MSI-related solid tumors with special focus on 
the predictive role of MSI for checkpoint immunotherapy.

https://www.ncbi.nlm.nih.gov/pubmed/28877075

TMB/MSI

https://www.ncbi.nlm.nih.gov/pubmed/28877075
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More Recent Interpretations
TMB Qualitative: High; TMB Quantitative: 41.24 per Mb    TMB-High is classified to Tier 2 based on level C evidence.

Interpretation:The Cancer Genome Atlas (TCGA) showed that 16% of colorectal cancers (CRCs) display high TMB (PMID29184690). In a 
recent study of colorectal cancer (CRC) patients, tumors with high TMB occurred in younger patients (≤45 years old) (PMID- 30018131). 

In CRC patients, patients with high TMB had a longer overall survival (OS) than those with low TMB (Ref- 
http://ascopubs.org/doi/abs/10.1200/JCO.2018.36.4_suppl.572). 

In a study of stage II/III CRC patients treated with adjuvant chemotherapy, high TMB was identified as an independent marker of good prognosis 
(PMID- 30042065). However, in another study of chemotherapy-treated CRC patients, patients with high TMB tended to have worse outcomes, 
with decreased progression-free survival (PFS), although statistically not significant. In the same study, no difference in time to recurrence was 
observed in the TMBLow and TMB-Intermediate/High arms in patients treated with oxaliplatin-based therapy in perioperative setting (PMID- 
29184690). 

In metastatic CRC patients treated with bevacizumab (anti-VEGF monoclonal antibody), patients with mutation load >5 had longer overall survival 
than patients with mutation load ≤5 (Ref-http://ascopubs.org/doi/abs/10.1200/JCO. 2017.35.15_suppl.3504). In a study of diverse cancers 
(including patients with colon adenocarcinoma) treated with immunotherapy, higher TMB (≥20 mutations/mb) was independently associated with 
better response rate and better PFS (PMID- 28835386). 

Anti-PD1 monoclonal antibody pembrolizumab is in phase II clinical trials for CRC patients with hypermutated MSI negative cancer 
(NCT01876511). Nivolumab alone or in combination with ipilimumab (anti-PD1 monoclonal antibodies) are in phase II clinical trials in solid tumor 
patients with high mutation load (NCT03668119; NCT02693535). Anti-PDCD1 monoclonal antibody IBI308 is in phase I/II trials for metastatic 
cancers (including colorectal cancer) with TMB level >20 mut/Mb (NCT03568539).

 

 

TMB/MSI

Example: Colon Cancer
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More Recent Interpretations
MSI Qualitative: High; MSI Quantitative: High       MSI-H is classified to tier 1 based on level A evidence.

Interpretation: In colon cancer, tumor specimens characterized as MSI-H are more common in stage II disease (22%) than in stage III disease (12%) whereas the percentage of 
stage IV colorectal tumors characterized as MSI-H ranges from 3.5% to 5.0% in clinical trials and was 6.5% in the Nurses' Health Study and Health Professionals Follow-up Study 
(NCCN, Colon Cancer v4.2018, NCCN, Rectal Cancer v3.2018). NCCN panel recommends MSI testing of all patients with a personal history of colon or rectal cancer to identify 
individuals with Lynch syndrome, to inform use of immunotherapy in patients with metastatic disease, and to inform decisions for patients with stage II disease (NCCN, Colon 
v4.2018, NCCN, Rectal Cancer, v3.2018). In colon cancer, MSI (MSI-H) and wild-type KRAS/BRAF have been associated with both improved prognosis and increased lymph node 
retrieval (NCCN, Colon v4.2018). In colon cancer, stage II MSI-H patients may have a good prognosis and do not benefit from 5-FU adjuvant therapy, and adjuvant therapy should not 
be given to patients with low-risk stage II MSI-H tumors (NCCN, Colon v4.2018). Also, in colon cancer, poorly differentiated histology is not considered a high-risk feature for patients 
with stage II disease whose tumors are MSI-H (NCCN, Colon v4.2018). 

Substantial evidence shows that in patients with stage II disease, a deficiency in MMR protein expression or MSI-H tumor status is a prognostic marker of a more favorable outcome 
(NCCN, Colon Cancer, v4.2018). In rectal cancer, stage II MSI-H patients may have a good prognosis and do not benefit from 5-FU adjuvant therapy (NCCN, Rectal v3.2018). 
MMR/MSI status may be a prognostic marker for rectal cancer, with 5-year rectal cancer specific survival rates of 100% reported for patients with stage I/II mismatch repair-deficient 
tumors (NCCN, Rectal v3.2018). In a recent study, in a cohort of stage II/III resected rectal cancer patients, the MSI status was not reported to be associated with survival outcome 
(PMID- 30077598). 

NCCN recommends pembrolizumab (FDA approved PD-1 blocking antibody for MSI-H or dMMR metastatic colorectal cancer), nivolumab (FDA approved PD-1 blocking antibody for 
MSI-H or dMMR metastatic colorectal cancer), or nivolumab plus ipilimumab as subsequent-line treatment options in patients with metastatic MMR deficient or microsatellite 
instability-high (dMMR/MSI-H) colorectal cancer who have not previously received a checkpoint inhibitor (NCCN, Colon v4.2018, NCCN, Rectal Cancer, v3.2018). 

Nivolumab and ipilimumab (FDA approved anti-CTLA4 antibody) with radiation therapy is under phase II trial for MSI High colorectal cancer (NCT03104439). Pexa-Vec in 
combination with durvalumab, and tremelimumab (anti-CTLA4) is in phase I/II clinical trial for MSI-H colorectal cancer (NCT03206073). M7824, anti PD-L1/TGF-β antibody, is under 
phase I/II trial for MSI-H metastatic colorectal cancer or solid tumors (NCT03436563). TSR-042 (anti-PD-1 monoclonal antibody) is currently in phase I clinical trial recruiting MSI-H 
solid tumors (NCT02715284). LY3300054 (anti-PD-L1 checkpoint antibody) alone or in combination with LY3321367 (anti-TIM2 monoclonal antibody) is  currently in phase I clinical 
trial in patients with MSI-H/ MSI-H and PD-1/PD-L1 Naïve solid tumors (NCT02791334).
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