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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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Colonoscopy

» Fungating mass located in the ascending colon —
bled after biopsy

 No other mucosal lesions identified
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Case 1: Pathology — Biopsy

Diagnosis: Invasive
adenocarcinoma of the
colon arising from a
tubulovillous adenoma
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Polling Question

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

v
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MMR Immunohistochemistry

MLH1 PMS2
MLH1/PMS2
Mismatch Repair
(MMR) Deficient
Tumor

MSH2 MSH6
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Polling Question

What testing should be performed next?
o BRAF V600E

o P53
o HER2
o SDH1
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BRAF V600E Testing — WT
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Negative MLH1 Promoter Test

Sequence to analyze: YOCGATAGYGATTTTTAAYGYGTAAGYGTATA
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National

comprehensive NCCN Guidelines Version 3.2021

By Cancer Colon Cancer
Network
CLINICAL WORKUP FINDINGS PRIMARY TREATMENTP
PRESENTATION? R tabl
ngﬁ?c e, }_.Colec?omyh with en bloc removal -
obstructing of regional lymph nodes
One-stage colectomy! |
with en bloc removal of -
* Colonoscopy regional lymph nodes | See Pathologic
* Consider abb_dGmlnaU R tabl or Stage. Adjuvant
pelvic MRI _’l . esectable, _,|Resection with diversion - Therapy, and
* CBC, chemistry profile, obstructing o Surveillance (COL-3)
Colon cancer CEA Diversion - ho
appropriate * Chest/abdominal/pelvic or Colectomy™ with
for resection cT® Stent (in selected cases)———» en bloc removal
(non- ) * Enterostomal therapist Bulky nodal of regional
metastatic)' as indicated for disease Consider neoadjuvant lymph nodes
preoperative marking of or FOLFOX or CAPEOX
site, teaching Clinical Tdb
+* PET/CT scan is not See
indicated”® Surgery __ |Adjuvant
* Fertility risk discussion/ Locally | See Systemic Therapy (COL-D) Re-evaluate *|ORT Therapy
counseling in unresectable| |or for conversion or (COL-5)
appropriate patients or medically Infusional 5-FU + RTK! or to resectable Systemic
inoperable Capecitabine + RT¥/! diseaseh therapy
(COL-D)
Suspected or proven . See management of suspected or proven ~
metastatic adenocarcinoma ~  metastatic synchronous adenocarcinoma (COL-4) ? »
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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Mismatch Repair (MMR)

 MMR- proteins involved in DNA mismatch repair (MLH1, MSH2, MSH6,
PMS2 and EpCAM)

» Proteins form heterodimers in-vivo (MLH1/PMS2 & MSH2/MSHG6)

* 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 =
P ymphocytes) @2
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I(e{elvll Cancer
e Lynch Syndrome
PRINCIPLES OF dMMR TESTING FOR LYNCH SYNDROME
ros and Cons of Universal Tumor Screening with IHC andfor MSI for LS Using Colonoscopy-Based Biopsy Versus Surgical Resection
Specimen?®:2
Pre-Surgical Testing Considerations Post-Surgical Testing Considerations
* Pros * Pros
» Informs surgical decision-making (subtotal vs. segmental » Larger specimen allows for higher chance of informative dMMR
resection) testing
» For rectal tumors requiring neoadjuvant chemotherapy and » Ensures test is only done once
RT, IHC is more reliable when done on pre-radiation therapy * Cons

» Cannot inform surgical decision-making
» In rectal tumors exposed to neoadjuvant chemotherapy and RT,
IHC may be less reliable, with the potential for false-negative result

(particularly MSHB6)

specimens?1:22
» Allows for Lynch syndrome screening of patients with rectal
cancer who elect for necadjuvant therapy or nonoperative
management
* Cons
» Possibility of insufficient tissue for analysis
K Screening could be done twice (once on biopsy and once on j

surgical resection), thereby decreasing cost-effectiveness

Pros and Cons of Universal Tumor Screening with IHC and/or MSI for LS Using Endometrial Biopsy Versus Surgical Resection

Pre-surgical Testing Considerations Post-surgical Testing Considerations
* Pros *Pros
» Informs surgical decision-making (salpingo-cophorectomy » Larger specimen allows for higher chance of informative dMMR testing

vs. salpingectomy) *Cons
» For endometrial tumors treated with progestin therapy, » Possibility of insufficient tissue for diagnosis due to treatment response

there may not be residual tumor at hysterectomy or complete resection at endometrial sampling. In these cases, the ~
» Some patients may not undergo hysterectomy preoperative biopsy specimen may be tested for evidence of dMMR :
* Cons >
» Possibility of insufficient tissue for analysis
LS-A (5 of 8). © 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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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

v

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

C6: AGT/AGAAATCTC
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MLH1 Promoter Hypermethylation

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)
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I(e{elvll Cancer
Network® Lynch Syndrome

PRINCIPLES OF dMMR TESTING FOR LYNCH SYNDROME

* The panel recommends universal screening of all CRCs and endometrial cancers to maximize sensitivity for identifying individuals with
Lynch syndrome (LS) and to simplify care processes. The panel also recommends considering tumor screening for MMR deficiency for
sebacedus neoplasms as well as the following adenocarcinomas: small bowel,é]astrlc, pancreas, biliary tract, brain, bladder, urothelial, and
adrenocortical cancers regardless of age at diagnosis. Counseling by an individual with expertise in genetics is not required prior to routine

Gtumorltesting. An infrastructure needs to be in place to handle the screening results.
enera

*THT and MSI analyses are screening tests (either by themselves or in coniun-:tior:) that are typically ﬁlerformed on colorectal and endometrial
cancer tissue to identify individuals at higher risk for having LS. Greater than 90% of LS tumors are MSI-H and/or lack expression of at
least one of the MMR proteins b?:‘IHC. Ten percent to 15% ot sporadic colon cancers exhibit abnormal IHC and are MSI-H most often due to
abnormal methylation of the MLHT gene promoter, rather than due to LS. Mutant BRAF V600E is found in many sporadic MSI-H CRCs and
is rarely found in LS-related CRCs. There are some tumors that will have MLHT methylation but lack a BRAF pathogenic variant. Thus, the
presence of an abnormal MLH1 IHC test increases the possibility of LS but does not make a definitive diagnosis. Confirmed diagnosis of LS
is based on germline testing, when tumor-based testing scenarios or other factors raise suspicion for the diagnosis (see See LS A6 of 8],
Also, sporadic endometrial cancers may exhibit abnormal MSVIHC due to abnormal meth%lallon of the MLH1 promoter. Somatic MMR genetic
testing of the corresponding gene(s) (see “Plausible Etiologies” for possibilities on LS-A'6 of 8) could be performed on tumor DNA to assess
for paf O?EI‘IIC variants thaf might explain the abnormal IHC and/or MSI-H results. . ) .

+ The panel recommends a universal screening strategy be the primary approach to identify CRC patients with LS. However, in other lower
resource settings, other historic criteria for selecting patients for testing may be relevant. The Bethesda criteria (See Discussion) are
intended to help identify CRC patients whose tumors should be tested for MMR defects, by MSI andior IHC analysis, thereby identifying
patients with a greater chance of having LS.

]-t'ﬁc refers to staininlg tumor tissue for protein expression of the 4 MMR genes known to be mutated in LS: MLH1, MSH2, MSH6, and PMS2. A
normal IHC test implies all 4 MMR proteins are normally expressed, and thus it is unlikely that an underlying MM'R gene pathogenic variant
is present. An abnormal test means that at least one of the proteins is "not detected,” and an inherited pathogenic variant may be present
in the related gene. Loss of protein expression by IHC in any one of the MMR genes guides further genetic testing (pathogenic variant
detection) to the gene(s) where 1]_[)r-:)teln expression is not obiserved or to the corresponding protein dimer. Absent expression of one or more
of the 4 DNA MMR proteins is often reported as abnormal or “positive” IHC. When “positive” IHC is reported, caution should be taken in
making sure that ﬂosmve refers to absence of MMR protein expression, and not to presence of exﬂ'essmn.

* Abnormal MLHT IHC should be followed by either germline genetic testing or tumeor testing for MLHT methylation for colorectal or .
endometrial cancers. Alternatively for colorectal cancers with loss of MLAT on IHC, the tumor can be tested for a BRAF V600E {]athogemc
variant. Testing for BRAF pathogenic variants using IHC is not sufficiently sensitive in general but it may be an option for situations
with insufficient tumor material for molecular testing since it only requires one slide. Presence of MLHT hypermethylation, BRAF V600E

athogenic variant, or abnormal BRAF V600E protein by IHC js consistent with sporadic cancer. If MLH1 promoter methylation or BRAF
esting is normal, or negative, ;_;ermllne genetic testing s indicated ESee LS.A6 of B}I. Those with a fqenﬂllne pathoa_lenln: variant are then
identified as LS patients. BRAF V600E pathogenic variants are found in of methylated colorectal cancers, so the absence of a BRAF

E pathogenic variant does not rule out methylation. As a result, there may be a role for methylation testing to rule out LS in MSI-H

tumors in which no BRAF pathogenic variant is found either prior to genetic testing or in the event genetic testing is negative. If abnormal
IHC is followed by germline testing and no LS-causing pathogenic variants are identified, the -?anel strongly recommends proceeding with
MLHT methylation analysis of the tumor. Patients who have nprmal_?ermline testing and MLHT hypermethylation are likely to have sporadic
cancer and should be treated as such taking into account their family history. ) . )

+ If clinical suspicion for LS is high despite a normal IHC screening result, consider genetic evaluation and testing.

* There is a 5%~10% false-negative rate with IHC testing.

LS-A (1 of 8). © 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®.
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comprehensive NCCN Guidelines Version 1.2021

I(e{elvll Cancer
Network® Lynch Syndrome

PRINCIPLES OF dMMR TESTING FOR LYNCH SYNDROME

MSI

* MSI-H in tumors refers to the tumor having a proportion of alterations in a predetermined panel of microsatellite repeat markers that indicates
the loss of MMR activity. Its significance, use, and implications are similar to that of IHC, although the tests are slightly complementary.

» Laboratories vary in their approach in testing MSI. Dinucleotide markers may be less specific than menonucleotide markers of MSI.11

* There is a 5%—15% false-negative rate with MSI testing.

General Principles of MSI Detection by PCR12:13

* In this method, MSl is identified by PCR amplification of microsatellite repeats, followed by either electrophoresis or liquid chromatography.

* Various panels exist that range from testing five (Bethesda/NCI) to seven (Promega) unigue microsatellite loci.

* The Bethesda/NCI panel consists of two mononucleotide loci (BAT-25 and BAT-26) and three dinucleotide loci (D25123, D5S346, and
D17S250).

* The Promega panel consists of five mononucleotide loci (BAT-25, BAT-26, NR-21, NR-24, and MONO-27) as well as two pentanucleotide loci
(used for specimen identification).

* MSl is identified when a microsatellite in the tumor has changed in size compared to the patient’s normal control.

* Using the Bethesda/NCIl method, tumors are classified as microsatellite stable (MSS) (zero loci show a change in size/are unstable),
microsatellite instability-low (MSI-L) (one locus shows a change in size/are unstable), or MSI-H (two or greater loci show a change in size/
are unstable)

* Using the Promega method, tumors are classified as MSS (zero or one loci show a change in size/are unstable) or MSI-H (two or greater loci
show a change in size/are unstable).

* The estimated specificity of the detection of LS by PCR-based methods for MSl is 90.2% (95% CI, 87.7%—92.7%).

* The estimated sensitivity of the detection of LS by PCR-based methods for MSI is 85% (95% CI, 75%~92%).

LS-A (3 of 8). © 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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Microsatellite Instability (MSI)

MSI-High ( instability in 22 mononucleotides)

MSS (Stable)

v b o M
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Image courtesy of Dr. Jesse Cox, UNMC
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LS-A (4 of 8). © 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®.
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I(e{elvll Cancer
Network® Lynch Syndrome

PRINCIPLES OF dMMR TESTING FOR LYNCH SYNDROME

General Principles of Next-Generation Sequencing (NGS) Testing for msi13-18

* MSI can be detected through bioinformatic analysis of NGS.

* Rather than 5-8 microsatellite foci analyzed (as performed in MSI by PCR), NGS can analyze anywhere from dozens to hundreds of
microsatellites.

* MSl is determined by comparing the length distribution and variation of a selection of microsatellite loci within a tumor and determining a
differential as compared to the read counts of all normal alleles within a distribution.

* The size of microsatellite loci can include pentamers, tetramers, trimers, dimers, and monomers.

* Various comparative methods exist to identify MSI: tumeor vs. paired normal or tumor vs. baseline normal

* Sophisticated bioinformatics protocols are necessary to use NGS as a method for MSI.

* Depending on the biocinformatic program used, analysis may be of whole exome sequencing data, whole genome sequencing data, or targeted
genomic sequencing data.

* Tumor mutational burden (TMB) can be used as a surrogate to some degree for MSI, but there are causes of increased TMB other than dMMR.

* Further studies are needed to determine the sensitivity and specificity compared to MMR IHC and MSI by PCR.

* Any patient with a tumor that demonstrates MSI-H by NGS should be referred to a cancer geneticist for germline MMR testing.

* MSI by NGS does not require confirmation by more traditional measurement of MSI by PCR or IHC if the laboratory has validated the assay for
use in the cancer in which it is being used.

v
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Many Algorithms Exist for LS Workup

’ Algorithm for Screening Newly Diagnosed CRC for LS I

| IHC for MLH1, MSH2, MSH6, PMS2 |

¥ \ v
All present | | AbsentMLH1andPMS2 | Absent MSH2 and/or MSHE or
l PMS2

| BRAF analysis by PCR or IHC for VG0OE |

BRAF mutation or No BRAF mutation
positive IHC or negative IHC

A

Suspicious LS Not suspicious LS
age or history age or history

Gene testing of MLH1 methylation

MLH1/PMS2

[Not presenll I Present ]

Gene testing whichever

Stop? Stop Stop absent staining

If germline mutation, then LS; if no germline mutation,

* Consider referral to genetics and MSI testing if consider tumor testing for somatic MMR gene e
conceming family history and age. mutations/LOH or manage based on family history %

4

From Chen, Swanson and Frankel. "Molecular genetics of microsatellite-unstable colorectal cancer for pathologists."Diagn Pathol. 2017; 12: 24
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Lynch Syndrome

Network”
TUMOR TESTING RESULTS AND ADDITIONAL TESTING STRATEGIESI
Tumor Testing® NOTE: If th 50
HC - : If younger than age
Msit BRAF P::::::er Plausible Eticlogies ?:;;T;_:oggl regardless of LS test results,
MLHT MSH2 MSH6 PM52 VGDOE® . g consider genetic evaluation
Methylation
1) Sporadic cancer
HNL ML ML ML MSS MiA MIA 2) Other (not LS hereditary CRC 1} Noned
syndrome)
. 1} Germline MMR testing or paired germline MMR/somatic
1) Sporadic cancer MMR tumer testing;
ML ML ML ML MSI-H A M1 2) Gemmline pathogenic variant in any | 2) If germline testing negative and paired somatic MMR
of the LS genes genetic testing not done, consider somatic MMR genetic
testing
1) Consider IHC analysis and additional testing depending on
) IHC results
1) Speradic cancer 2} If IHC not performed, consider germline MMR testing or
MiA MIA MiA A MSI-H A MNIA 2) Gemmline pathogenic variant in any | paired germiline MMR/somatic MMR tumor testing
of the LS genes 3) If germline testing negative and paired somatic MMR
genstic testing not done, consider somatic MMR genstic
testing
1)} BRAF pathogenic variant tes:ingc.l'MLH‘! promoter
) methylation testing first
1) Sporadic cancer 2) If BRAF/MLH1 methylation testing normal, germline MMR
AB ML ML AB MIA MiA MrA 2) Gemmline MLH1 pathogenic variant | testing or paired germline MMR/somatic MMR. tumor testing:9
or rarely PMS2 3} If germline testing nagative and paired somatic MMR
genetic testing not done, consider somatic MMR genetic
testing
1) Sporadic cancer
a6 | nL | ML | aB N/A Positive nra | 2) Rarely germline MLH1 pathogenic
variant or constitutional MLH1
epimutation 1} Mone, unless young age of onset or significant family
- history; then consider constitutional MLHY epimutation testi ngh
;] gporlﬂdlﬁ carll'cerM'LHf - . and/or germline MMR testing® ~
AB | NL | NL | 2B NIA Negative | Positive |2 varcly gemiine MLA1 pathogenic
variant or constitutional MLH1
epimutation

NIA = Either testing was not done or results may not influence testing strategy: ML = Mormal presence of positive protein staining: AB = Abnormal/Absence (negative) protein staining

LS-A (6 of 8). © 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®.
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Lynch Syndrome

Network”
TUMOR TESTING RESULTS AND ADDITIONAL TESTING STRATEGIES!
Tumor Testing? - NOTE: If younger than age 50
IHC MSI1 BRAF :':::uter Plausible Eticlogies ?:;::uz;l regardless of LS test results, consider
MLH1 MSH2 MSHE PM52 VGOOE® Methylation a genetic evaluation
1) Germline MLH1 pathogenic varant
AB ML ML AB MNiA MNegative Megative | or rarely PM32
2} Sporadic cancer
1) Gemline MSH2/EPCAM pathogenic
wariant; or rarely germline MSHE
NL AB AB NL MiA NiA A pathogenic variant 1) Germline MMR testing or paired germline MMR/somatic MMR
2) Sporadic cancer tumor testing;
- - - 2) If germline testing negative and paired somatic MMR genetic
1) Germline PMS2 pathogenic vanant | testing not done, consider somatic MMR genetic testing'
ML ML ML AB MiA MNIA NiA 2) Germline MLH1 pathogenic vanant
3) Sporadic cancer
1) Germline MSHZ/EPCAM
ML AB ML ML MiA MIA MNiA pathogenic variant
2) Sporadic cancer
1) Germline MMR testing or paired germline MMR/somatic MMR.
1) Germline MSHE pathogenic variant f'—'"'f*”EST!ﬂiJ:Q ! ) . ) .
NL | NL | aB | ML MiA NIA MIA 2) Germline MSHZ pathogenic varant |21 9‘*"‘"'_";* lesting negative and ﬁ,";;d somatic MMR genetic
- di Mreatment efect testing not done, consider somatic MMR genetic testing’
3) Sporadic cancer. 3) If applicable, {Iinsu:ler M3 analysis or repeat |HC testing on
nontreated tumo:
1) Sporadic cancer; 2) Gemline MLHT 1 . . L Gy " -
E . . ) BRAF pathogenic variant testing /MLHY{ promoter methylation::
pathogenic variant; 3) Germline PMS2 | 2 f BRAFMLHYT methylation testing normal, germline MMR testing
AB NL NL NL NiA MNiA N/A pathogenic variant; or paired germline MMR/somatic MMR tumeor testing;
4) Somatic MLH1 or PMS2 pathogenic | 3) If germline testing negative and paired somatic MMR genetic
variant testing not done, consider somatic MMR genetic testi ng'
. i X i 1) BRAF pathogenic variant testing®MLH{ promoter methylation
1) Germling pathogenic variant in any | aND Germline MMR testing or paired germline MMR/somatic MMR
AB AB AB AB MiA MIA MNiA LS gene tumor testing (which often include MLH1 methylation testing):9 ~
2) Sporadic cancer 2) If germline testing negative and paired somatic MMR genetic -
testing not done, consider scmatic MMR genetic testing'

MiA = Either testing was not done or results may not influence testing strategy; ML = Mormal presence of positive protein staining: AB = Abnormal/Absence (negative) protein staining

LS-A (7 of 8). © 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®.
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Referral to

Genetic Counseling
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Paired Tumor/Germline Analysis

Pathogenic (P) or
Likely Pathogenic
(LP) variant in MLH1,
MSH2, MSH6, PMS2,
or EPCAM identified
Germline in germline
D]\\VAN

(multi-gene
panel)

Lynch
syndrome
(BS)

or
Sporadic CRC

Tumor DNA
(Lynch
syndrome
genes)

Biallelic P or LP
variants identified in
tumor but not in
germline
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Case 1: Genetic Test Result

Germline MLH1 pathogenic variant detected, consistent with
Lynch syndrome

[OVERALL SUMMARY |

This individual's germline results are consistent with a diagnosis of Lynch syndrome. See below for additional information.

ISEQUENGiNG AND DELETION/DUPLICATION RESULTS |

| GERMLINE ORIGIN |
[ Gene Variant Classification Effect

—-—P MLH1 p.G67E Pathogenic Mutation

Germline Genes Analyzed: MLH1, MSH2, MSH6, PMS2, APC, ATM, BARD1, BMPR1A, BRIP1, COH1, COKN2A, CHEK2, DICER1,
MUTYH, NBN, PALB2, PTEN, RAD51C, RAD51D, SMAD4, STK11, TP53, COK4, NF1, BRCA1, BRCA2, MSH3, NTHL1, RECQL, SMARCA4,
AXINZ2 (sequencing and deletion/duplication), POLD1, POLE, HOXB13 (sequencing only); EPCAM, GREM1 (deletion/duplication only) .

SOMATIC ORIGIN

Gene Variant Classification/Effect
MLH1 p.L292M Variant of Unknown Significance

Somatic Genes Analyzed: MLH1, MSH2, MSH6, PMS2 (sequencing and deletion/duplication); EPCAM (delation/duplication only) .

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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Genetic Counseling for Lynch Syndrome

* Increased risk for colon, uterine, ovarian, small bowel, renal
pelvis/ureter, and others
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NCCN Fiaivadhit Lynch Syndrome MLH1 Variant Cancer Risks

MLHT LYNCH SYNDROME: CANCER RISKS?

- Cumulative Risk for Cumulative Risk for
Site ES;' r;falt;,?giﬁ;?%i Diagnosis Through Age | Diagnosis Through Lifetime Crﬁn;frg?g;g :S"d
g 80yt for General Population®

d See footnote f
Colorectal 44 years 46%—61% 4.2% References 1, 2, 3
Endometrial 49 years 34%-54% 3.1% References 1, 4
Owvarian 46 years 4%—-20% 1.3% References 1,5
Renal pelvis See footnote g
andior ureter 59-60 years 0.2%—5% — References 1, 2, 5,6, 7
Bladder 59 years 2%—T% 2.4% References 2, 5,6, 7
Gastric 52 years 5%—T% 0.9% References 2,5, 8
Small bowel A7 years 0.4%-11% 0.3% References 1, 5
Pancreas No data 6.2% 1.6% Reference 2
Biliary tract 50 years 1.9%-3.7% 0.2% References 1, 2
Prostate 63 years 4.4%-13.8% 11.6% geg footnote h
Breast See footnote i
(female) No data 10.6%-18.6% 12.8% References 5, 9, 10, 11
Brain No data 0.7%-1.7% 0.6% References 6, 12
Skin See footnote j References 13, 14

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 NCC
To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org.
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Genetic Counseling for Lynch Syndrome

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

Increased surveillance
Risk reducing surgery
Possible treatment implications

Medical
Management
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Lynch Syndrome . 11 Medical Management Recommendations

Network®

MLH1 LYNCH SYNDROME: SURVEILLANCE/PREVENTION STRATEGIES®

Site
Colon » High-quality colonoscopy at age 20-25 y or 2-5 y prior to the earliest colen cancer if it is diagnosed before age 25 y™ and repeat every
cancer 1-2 y." See Follow-up of Surveillance Findings (LS-F)

* The panel recommends that all individuals with LS who have a risk for future colorectal cancer (ie, excluding those with prior total
proctocolectomy) consider using daily aspirin to reduce their future risk of colorectal cancer.® The decision to use aspirin for reduction
of colorectal cancer risk in LS and the dose chosen should be made on an individual basis, including discussion of individual risks,
benefits, adverse effects, and childbearing plans.p In determining whether an individual with LS should take aspirin and in deciding
on the appropriate dosing, the panel recommends that providers carefully review patient-specific factors that may increase the risk of
aspirin therapy—including but not limited to increased age, prior allergy, concurrent use of antiplatelets/anticoagulants, and untreated
H. pylori or unconfirmed H. pylori eradication—as well as patient-specific factors that indicate a comparably low future cumulative risk
of colorectal cancer (ie, increased age, PMS2-associated Lynch syndrome, history of prior colectomy) and who may thus be less likely to
experience significant benefit.

LS-B (3 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.

© 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®,




o ensive NCCN Guidelines Version 1.2021

I(e{elvll Cancer
Network® Lynch Syndrome

MLH1 Medical Management Recommendations

MLH1LYNCH SYNDROME: SURVEILLANCE/PREVENTION STRATEGIES*!

Site

Endometrial |+ Because endometrial cancer can often be detected early based on symptoms, women should be educated regarding the importance of

cancer prompt reporting and evaluation of any abnormal uterine bleeding or postmenopausal bleeding. The evaluation of these symptoms should
include endometrial biopsy.

= Total hysterectomy has not been shown to reduce endometrial cancer mortality, but can reduce the incidence of endometrial cancer.
Therefore, hysterectomy is a risk-reducing option that can be considered.

= Timing of total hysterectomy can be individualized based on whether childbearing is complete, comorbidities, family history, and LS gene,
as risks for endometrial cancer vary by pathogenic variant.

+ Endometrial cancer screening does not have proven benefit in women with LS. However, endometrial biopsy is both highly sensitive and
highly specific as a diagnostic procedure. Screening via endometrial biopsy every 1-2 y starting at age 30-35 y can be considered.

= Transvaginal ultrasound to screen for endometrial cancer in postmenopausal women has not been shown to be sufficiently sensitive or
specific as to support a positive recommendation, but may be considered at the clinician’s discretion. Transvaginal ultrasound is not
recommended as a screening tool in premenopausal women due to the wide range of endometrial stripe thickness throughout the normal
menstrual cycle.

Owvarian = Bilateral salpingo-cophorectomy (BS0) may reduce the incidence of ovarian cancer. The decision to have a BSO as a risk-reducing

cancer option should be individualized. Timing of BSO should be individualized based on whether childbearing is complete, menopause
status, comorbidities, family history, and LS gene, as risks for ovarian cancer vary by pathogenic variant. Estrogen replacement after
premenopausal cophorectomy may be considered.

= Since there is no effective screening for ovarian cancer, women should be educated on the symptoms that might be associated with the
development of ovarian cancer, such as pelvic or abdominal pain, bloating, increased abdominal girth, difficulty eating, early satiety,
or urinary frequency or urgency. Symptoms that persist for several weeks and are a change from a woman's baseline should prompt
evaluation by her physician.

= Data do not support routine ovarian cancer screening for LS. Transvaginal ultragound for ovarian cancer screening has not been shown to
be sufficiently sensitive or specific to support a routine recommendation, but may be considered at the clinician's discretion. Serum CA-
125 is an additional ovarian screening test with caveats similar to transvaginal ultrasound.

= Consider risk-reduction agents for endometrial and ovarian cancers, including discussing risks and benefits (See Dizcussion for details).

Urathelial = There iz no clear evidence to support surveillance for urothelial cancers in LS. Surveillance may be considered in selected individuals
cancer such as those with a family history of urothelial cancer. Surveillance options may include annual urinalysis starting at age 30-35 y.
(Renal pelvis, However, there is insufficient evidence to recommend a particular surveillance strategy.

ureter, and/or
bladder)

Gastric and = No clear data exist to support surveillance for gastric, duodenal, and more distal small bowel cancer for LS. Individuals with a family

small bowel history of these tumors may have increased risk but the benefit of surveillance is unknown. Regarding gastric cancer, risk factors

cancer include male sex, older age, MLHT or M5H2 pathogenic variants, a first-degree relative with gastric cancer, Asian ethnicity, residing in or
immigrant from countries with high background incidence of gastric cancer, chronic autoimmune gastritis, gastric intestinal metaplasia,
and gastric adenomas. Consider baseline EGD with random biopsy of the proximal and distal stomach to evaluate for H. pylori,
autoimmune gastritis, and intestinal metaplasia beginning at age 40 y and surveillance EGD every 3-5 y in those with above risk factors.
(Vasen HF, et al. Gut 2013;62:812-823; Kim J, et al. Clin Gastroenterol Hepatol 2020:18:830-837.)

= Consider H. pylori testing. Treat H. pylori, if detected.

LS-B (4 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®.
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NCCN Je:Ule:ls
Lynch Syndrome . 11 Medical Management Recommendations

Network®
MLH1 LYNCH SYNDROME: SURVEILLANCE/PREVENTION STRATEGIES!

Site
Pancreatic + Consider pancreatic cancer screening beginning at age 50 years (or 10 years younger than the earliest exocrine pancreatic cancer
cancer diagnosis in the family, whichever is earlier) for individuals with exocrine pancreatic cancer in 21 first- or second-degree relatives from

the same side of (or presumed to be from the same side of) the family as the identified pathogenic/likely pathogenic germline variant
{Abe T, et al. J Clin Oncol 2019;37:1070-1080).

+ For individuals considering pancreatic cancer screening, the panel recommends that screening be performed in experienced high-
volume centers, ideally under research conditions. The panel recommends that such screening only take place after an in-depth
discussion about the potential limitations to screening, including cost, the high incidence of benign or indeterminate pancreatic
abnormalities, and uncertainties about the potential benefits of pancreatic cancer screening.

+ The panel recommends that screening be considered using annual contrast-enhanced MRI/MRCP andior EUS, with consideration of
shorter screening intervals for individuals found to have potentially concerning abnormalities on screening. The panel emphasizes
that most small cystic lesions found on screening will not warrant biopsy, surgical resection, or any other intervention. See NCCHN
Guidelines for Genetic/Familial High-Risk Assessment: Breast, Ovarian. and Pancreatic for additional details on pancreatic cancer
screening.

Prostate cancer | » Men with LS should consider their risk based on the LS gene and family history of prostate cancer. The

Cancer Early Detection recommend that it is reasonable for men with LS to consider beginning shared decision-making about prostate

cancer screening at age 40 years and to consider screening at annual intervals rather than every other year.

Breast cancer |« There have been suggestions that there is an increased risk for breast cancer in LS patients; however, there is not enough evidence to

support increased screening above average-risk breast cancer screening recommendations or those based on personal/family history

of breast cancer. See NCCHN Guidelines for Breast Cancer Screening and Diagnosis.

Brain cancer + Patients should be educated regarding signs and symptoms of neurclogic cancer and the importance of prompt reporting of abnormal

symptoms to their physicians.

Skin + Frequency of malignant and benign skin tumors such as sebaceous adenocarcinomas, sebaceous adenomas, and keratoacanthomas

manifestations has been reported to be increased among patients with Lynch syndrome, but cumulative lifetime risk and median age of presentation

are uncertain.
+ Consider skin exam every 1-2 years with a health care provider skilled in identifying Lynch syndrome-associated skin manifestations.

Age to start surveillance is uncertain and can be individualized.

Reproductive + For patients of reproductive age, advise about options for prenatal diagnosis and assisted reproduction including pre-implantation

options genetic testing. Discussion should include known risks, limitations, and benefits of these technologies.

+ For patients of reproductive age, advise about the risk of a rare recessive syndrome called constitutional MMR deficiency (CMMRD)
syndrome (Wimmer K, et al. J Med Genet 2014;51:355-365). If both partners are a carrier of a pathogenic variant/s in the same MMR
gene, then their future offspring will be at risk of having CMMRD syndrome.

Risk to + Advise patients to tell their relatives about possible inherited cancer risk, options for risk assessment, and management,

relatives + Recommend genetic counseling and congideration of genetic testing for at-risk relatives.

LS-B (5 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®.
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Genetic Counseling for Lynch Syndrome

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

Medical » Possible treatment implications
Management

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

Implications for .
EAVEES » Cascade testing

* |Increased surveillance
* Risk reducing surgery

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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Case 1: Staging Scans

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

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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NCCN R Colon Cancer
Network® Clinical Management of Colon Cancer in Lynch Syndrome
PRINCIPLES OF SURGERY
Colectomy

* Lymphadenectomy
» Lymph nodes at the origin of feeding vessel(s) should be identified for pathologic exam.
» Clinically positive lymph nodes outside the field of resection that are considered suspicious should be biopsied or removed, if possible.
» Positive nodes left behind indicate an incomplete (R2) resection.
» A minimum of 12 lymph nodes need to be examined to establish N stage.1
» Minimally invasive approaches may be considered based on the following criteria:2
» The surgeon has experience performing laparoscopically assisted colorectal op.er’a:ﬂi{:ns'..:"’4
» Minimally invasive approaches are generally not indicated for locally advanced cancer or acute bowel obstruction or perforation from
cancer.
» Thorough abdominal exploration is rae:quirv.'al::l.5
» Consider preoperative marking of lesion(s).
Management of patients with carrier status of known or clinically suspected LS.
d Consider more extensive colectomy for patients with a strong family history of colon cancer or young age (<50 y).
See NCCN Guidelines for Genetic/Familial High-Risk Assessment: Colorectal
* Resection needs to be complete to be considered curative.

%
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Clinical management of Colon Cancer in
Lynch Syndrome

Total abdominal

Operation colectomy with ileorectal Segmental Colectomy
anastomosis

Older patients (>60-65)

© MELTER PRI (Sl Underlying sphincter

* Unable/unlikely to comply

Who . dysfunction
with frequent . .
+ Likely to comply with
colonoscopy
frequent colonoscopy
* Risk-reducing procedure
— reduces risk of * Less impact on frequency
Pro metachronous cancer of bowel movements,
* Annual surveillance of continence
retained rectum
* QOL - continence, + Surveillance: colonoscopy
frequency of bowel 1-2 years
Con .
movements * Risk of metachronous

* Unknown survival benefit cancer, adenoma ﬁ %
|
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Case 1: Final Pathology and
Adjuvant Therapy

* Final pathology T4NO, surgical resection margins negative

» Medical oncologist recommends surveillance, no adjuvant
chemotherapy

%
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Clinical Management
of dMMR/MSI-H Colon Cancer

The presence of AMMR/MSI-H

can influence the decision to
offer adjuvant therapy.

National

[ol8l’l Cancer
Network®

Comprehensive NCCN Guidelines Version 3.2021
Colon Cancer

NCCN Guidelines Index
Table of Contents
Discussion

[

Tis; T1, NO, MO; T2, NO, MO;

PATHOLOGIC STAGE™
T3-4, NO, MO" (MSI-H/dMMR)

|

T3, NO, M0"™® (MSS/pMMR and
no high-risk features)

T3, NO, MO at high risk for
systemic recurrence®P
or

T4, N0, MO (MSS/pMMR)

‘

—_—

T1-3, N1
(low-risk stage Ill)

T4,N1-2; T Any, N2
(high-risk stage Ill)

bSae Princinles of Imanina (COI -A)

ADJUVANT TREATMENTDY

Observation

Observation
or

Consider capecitabine (6 mo)9 or 5-FU/leucovorin (6 mo)d —|
Capecitabine (6 mo)% or 5-FUIl in (6 mo)%"

or
FOLFOX (6 mo)37S:t or CAPEOX (3 mo)d"st — ]

or
Observation
Preferred:

[——————> See Surveillance (COL-8)

+ CAPEOX (3 mo)%t
or
+ FOLFOX (3-6 mo)at

or
Other options include: Capecitabine (6 mo)9 or 5-FU (6 mo)d
Preferred:

« CAPEOX (3—6 mo)a:~t

or
« FOLFOX (6 mo)3-t

or

Other opti include: C Hakhi

P

(6 mo)% or 5-FU (6 mo)%"

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

COL-3

Version 32021, 09/10°21 © 2021 Naional Comprehensive Cancer Network® (NCCN®), All ights reserved. NCCN Guidelines® and this illustraion may nol be reproduced in any form withoul the express writien permission of NCCN
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Clinical Management
of dMMR/MSI-H Colon Cancer

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

National )
Comprehensive NCCN Guidelines Version 3.2021 BCCN Sudelines Index
s able of Contents
SEEN ﬁ:?\zg:k’ COIO“ cancer Discussion
CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASED
INITIAL THERAPY®
FOLFOX # bevacizumab
or o
,c?Pon * P i See COL-D (2 of 13)
FOLFOX + (cetuximab or panitumumab)®f
(KRAS/NRAS/BRAF WT and left-sided tumors only)
Patient o ¥ o
appropriate :IrJLFIRA t bevacizumab® —M————————»
:::,‘.:;Ml“ FOLFIRI? + (cetuximab or panitumumab)®’ Progressi See COL-D (3 of 13)
(KRAS/NRAS/BRAF WT and left-sided tumors only)
or
FOLFOXIRIS" £ bevacizumab® P i See COL-D (4 of 13)
([Nivolumab % b
[preferred]*) “?:dmnmum H anny;- ] Prog See COL-D (5 of 13)
5-FU  leucovorin 1 bevacizumab®
or
Capecitabine * bevacizumab® _&".’::Lﬁ ;“:‘;:L o
or Improvement in or
(Cetuximab or panltumnmahl‘-" —_—
(category 2B) (KRAS/NRAS/BRAF WT and Fiisedio ) statiy glf:;;;‘:""“ -
Patient not left-sided tumors only) see COL-D (5 of s
appropriate i
for intensive Nivolumab or pembrolizumab [preferred])ti-k! P
therapy AMMR/MSI-H only)® i
or supportive care
Mivolumab + ipilimumab'd! No improvement in__ |3 PACTAIT
KMMR/MSI-H only)* (cetegory 28) functional status Guidelines for
Palliative Care
l 1ab™ + || 1ab or |
ar fa b o ki (HER2-
amplified and RAS and BRAF WT)®
* Patients should be followed closely for 10 weeks to assess for response. See footnotes on COL-D (7 of 13)

Mote: All recammendations are category 28 unless otheraiss indicatsd
Clinieal Triaks: NCCN baliaves that the best managemant of any patient with cancer is in a linical trial, Participation In clinical trials is aspecially ancouraged.

COL-D
10F13

Veruion 32521, S0 © 2021 hasonal Comprshantses Canos Netwon® (NGEHFL e o~ P————
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Case 2

« 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

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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Liver Mass Biopsy

H&E

CDX2

Diagnosis: Metastatic
adenocarcinoma consistent with
colorectal primary

%
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Polling Question

Next-generation sequencing is performed on the liver biopsy,
which of the following biomarkers should not be tested?

o HERZ2
o KRAS
o NRAS
o VHL

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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NGS Results
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KRAS G12D
mutation detected

Wt
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Colon Cancer

Network®
CLINICAL WORKUP FINDINGS
PRESENTATION
See Treatment
* Colonoscopy Resectablen—— |and Adjuvant
+ Chest/abdominal/pelvic CT? Synchronous Therapy (COL-5)
* CBC, chemistry profile liver only and/or
A lung only
* Determination of tumor gene status metastases
for RAS and BRAF mutations and Unresectable
HER2 amplifications (individually or (potentially See Treatment.
as part of next-generation sequencing convertible" or and Adjuvant
[NGS panel])¥'W unconvertible) Therapy (COL-6)
Suspected or
proven metastatic status® (if not previously done) Synchronous

synchronous —

adenocarcinoma
{any T, any N, M1)

+ Biopsy, if clinically indicated
* Consider PET/CT scan (skull base
to mid-thigh) if potentially surgically
curable M1 disease in selected cases®)
» Consider MRI of liver for liver
metastases that are potentially
resectableP
* If potentially resectable, then
multidisciplinary team evaluation,
including a surgeon experienced in
the resection of hepatobiliary or lung
metastases

metastases

Synchronous

of other sites*

abdominal/peritoneal

unresectable metastases >

See Primary
Treatment (COL-7)

| o

See Systemic
Therapy (COL-D)

COL-4. © 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®.
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Network® ColonCancer  RAS Testing in Metastatic Colorectal Cancer

PRINCIPLES OF PATHOLOGIC REVIEW

KRAS. NRAS, and BRAF Mutation Testing

* All patients with metastatic colorectal cancer should have tumor tissue genotyped for RAS (KRAS and NRAS) and BRAF mutations
individually or as part of an NGS panel. Patients with any known KRAS mutation (exon 2, 3, 4) or NRAS mutation (exon 2, 3, 4) should not
be treated with either cetuximab or E»anitumumab.sc”'ﬁ"5 BRAF V600E mutation makes response to panitumumab or cetuximab highly unlikely
unless given with a BRAF inhibitor. 6-58

* BRAF V600E mutation testing via immunohistochemistry is also an option.

* Testing for KRAS, NRAS, and BRAF mutations should be performed only in laboratories that are certified under the clinical laboratory
improvement amendments of 1988 (CLIA-88) as qualified to perform high-complexity clinical laboratory (melecular pathology) testing. No
specific methodology is recommended (eg, sequencing, hybridization).

* The testing can be performed on formalin-fixed paraffin-embedded tissue. The testing can be performed on the primary colorectal cancers
and/or the metastasis, as literature has shown that the KRAS, NRAS, and BRAF mutations are similar in both specimen types.

COL-B (4 of 8). © 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
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Case 2: Treatment

« Stage IV colon adenocarcinoma with biopsy proven liver metastases —
mutation in KRAS G12D detected

« Starts first-line therapy with FOLFOX-bevacizumab

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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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

. o ensive NCCN Guidelines Version 3.2021
h

(el Cancer

el Colon Cancer

Table of Contents
Discussion

CONTINUUM OF CARE - SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE®®

INITIAL THERAPY®
FOLFOX  bevacizumabd ——————————————*

or
CAPEOX # bevacizumabd ——M

See COL-D (2 of 13)

See COL-D (3 of 13)

See COL-D (4 of 13)

or rrog
FOLFOX + (cetuximab or panitumumab)®'
(KRAS/NRAS/BRAF WT and left-sided tumors only)
or
pceci: TR FOLFIRI® £ bevacizumabd
or o
ey FOLFIRIY + (cetuximab or pant by Prog
(KRAS/NRAS/BRAF WT and left-sided tumors only)
or
FOLFOXIRIZ" + bevacizumab® Prog
or
([Nivolumab + Iﬁ:lllmumab] or pembrolizumab P
[preferred]*)"*! (AMMR/MSI-H only)® e
5-FU | in 1 bevaci b¢

or
Capecitabine + bevacizumabd

or

(Cetuximab or panitumumab)®f

(category 2B) (KRAS/NRAS/BRAF WT and
Patient not left-sided tumors only)

appropriate or

for intensive (Nivolumab or pembrolizumab [preferred])lk.!
therapy (dMMR/MSI-H only)®

or

Nivnl b + ipili ikl

(dMMR/MSI-H only)® (category 2B)

or

(Trastuzumab™ + [pertuzumab or lapatinib])”
or fam-trastuzumab deruxtecan-nxki® (HER2-
amplified and RAS and BRAF WT)®

" Patients should be followed closely for 10 weeks to assess for response.

Improvement in
functional status

[ Progression

No improvement in
functional status

See COL-D (5 of 13)

Consider initial
therapy as aboveP
or

If previous
fluoropyrimidine,
see COL-D (50f13)

Best
supportive care
—|See NCCN
Guidelines for
Palliative Care

See footnotes on COL-D (7 of 13)

Note: All recommendations are category 2A unless otherwise Indicated.

Clinical Trials: NCCN believes that the bast management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged. |

COL-D

10F13
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Case 3

* 65 y/o with a history of stage lll colon cancer treated with adjuvant
FOLFOX

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

© 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®,



CK20

Lung Biopsy

H&E

CDX2

Diagnosis: Metastatic
adenocarcinoma
consistent with
colorectal primary

Y
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Her2 Immunohistochemistry

%
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Polling Question

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

© 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®,



National

Comprehensive

Iv[e{evl Cancer

NCCN Guidelines Version 3.2021
Colon Cancer

Network®
CLINICAL WORKUP FINDINGS
PRESENTATION
See Treatment
* Colonoscopy Resectablen—— |and Adjuvant
+ Chest/abdominal/pelvic CT? Synchronous Therapy (COL-5)
* CBC, chemistry profile liver only and/or
A lung only
* Determination of tumor gene status metastases
for RAS and BRAF mutations and Unresectable
HER2 amplifications (individually or (potentially See Treatment.
as part of next-generation sequencing convertible" or and Adjuvant
[NGS panel])¥'W unconvertible) Therapy (COL-6)
Suspected or
proven metastatic status® (if not previously done) Synchronous

synchronous —

adenocarcinoma
{any T, any N, M1)

+ Biopsy, if clinically indicated
* Consider PET/CT scan (skull base
to mid-thigh) if potentially surgically
curable M1 disease in selected cases®)
» Consider MRI of liver for liver
metastases that are potentially
resectableP
* If potentially resectable, then
multidisciplinary team evaluation,
including a surgeon experienced in
the resection of hepatobiliary or lung
metastases

metastases

Synchronous

of other sites*

abdominal/peritoneal

unresectable metastases >

See Primary
Treatment (COL-7)

| o

See Systemic
Therapy (COL-D)

COL-4. © 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.

v
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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.

GIPS at ASCP:
Pathologic
ASCP Considerations for

2821 ]

OCTOBER 27-29 HER2 TESting in
'\:/ Colon Cancer

University of lowa Hospitals and Clinics

¢

P
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o ensive NCCN Guidelines Version 3.2021

NCCN ﬁa”ce’ . Colon Cancer
etwork

PRINCIPLES OF PATHOLOGIC REVIEW

HER2 Testing
* Diagnostic testing is via immunohistochemistry, fluorescence in situ hybridization (FISH), or NGS.

* Positive by immunohistochemistry is defined as: 3+ staining in more than 50% of tumor cells. 3+ staining is defined as an intense membrane
staining that can be circumferential, basolateral, or lateral. Those that have a HER2 score of 2+ should be reflexed to FISH testing.sz'“
HER2 amplification by FISH is considered positive when the HER2:CEP17 ratio is 22 in more than 50% of the cells.2-%4 NGS is another
methodology for testing for HER2 amplification.®3

* Anti-HER2 therapy is only indicated in HER2-amplified tumors that are also RAS and BRAF wild type.

NTRK Fusions

* NTRK fusions are extremely rare in colorectal carcinomas.®® The overall incidence is approximately 0.35% in a cohort of 2314 colorectal
carcinomas, with NTRK fusions confined to those tumors that are pan-wild type KRAS, NRAS, and BRAF. In one study of 8 colorectal
cancers harboring NTRK fusions, 7 were found in the small subset that were dMMR |{IWu'ILH-1);‘l5.~'ISI-H.""?r These data support limiting the
subpopulation of colorectal cancers that should be tested for NTRK fusions to those with wild type KRAS, NRAS, BRAF, and arguably to
those that are MMR deficient (dMMR)/MSI-H.57

* NTRK inhibitors have been shown to have activity ONLY in those cases with NTRK fusions, and NOT with NTRK point mutations.

* Methodologies for detecting NTRK fusions are IHC,%8 FISH, DNA-based NGS, and RNA-based NGS.%8-6% |n one study, DNA-based sequencing
showed an overall sensitivity and specificity of 81.1% and 99.9%, respectively, for detection of NTRK fusions when compared to RNA-based
sequencing and immunohistochemistry showed an overall sensitivity of 87.9% and specificity of 81.1%. Since approximately 1 in 5 tumors
identified as having an NTRK fusion by IHC will be a false positive, tumors that test positive by IHC should be confirmed by RNA NGS.
That same study commented that RNA-based sequencing appears to be the optimal way to approach NTRK fusions, because the splicing
out of introns simplifies the technical requirements of adequate coverage and because detection of RNA-level fusions provides direct
evidence of functional 1ranscription.59 However, selection of the appropriate assay for NTRK fusion detection depends on tumor type and
genes involved, as well as consideration of other factors such as available material, accessibility of various clinical assays, and whether
comprehensive genomic testing is needed c:om:urrentlg,'.e’9

COL-B (5 of 8). © 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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Table 1. Comparison of CAP/ASCP/ASCO gastroesophageal adenocarcinoma and
HERACLES colorectal cancer HER2 immunohistochemistry criteria

HERACLES Diagnostic

HER2 IHC Result

| Faintbarely pecceptible reactiv- | Negative (1+)

Strong complete, basolateral, or | Positive (3+)

Criteria Interpretation
No reactivity or membranous Negative (0) No further testing Negative No further testing required; not
reactivity in <10% of tumor required: not eligidle eligible for therapy

celis for therapy

Nofurther testing | Nogative

Consequence

No further testing required; not

ity in 210% of tumor cells required; not eligible eligible for therapy
for therapy

Weak to moderate complete, | Equivocal (2+) | Perform ISH testing | Negative No further testing required; not
basolateral, or lateral mem- eligible for therapy
branous reactivity in >10%
but <50% of tumor celis | | | |
Weak to moderate complete, | Equivocal (2+) Perform ISH testing | Equivocal Mandatory IHC retesting to con-
basolateral, or lateral mem- firm staining in >50% of cells;
branous reactivity in > 50% ISH testing required; elighle for
of tumor celis | | | .Wﬁmm
Strong complete, basolateral, | Positive (3+) Eligible for thetapy; | Conditionally positive | Mandatory IHC retesting to con-
or lateral membrane staining | no further testing | firm staining in >10% of cells;
in 10-50% of tumor celis required EISHMI'W;OWM

| therapy ff ISH positive

Eligible for thetapy; | Positive

Elgible for therapy: no further test-

Iateral membrane staining o further testing ing required
[ in >50% of tumer cells | required
Reference: :%

www.captodayonline.com/ga-column-0220/
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Table 2. Comparison of CAP/ASCP/ASCO gastroesophageal
adenocarcinoma and HERACLES colorectal cancer HER2 in situ
hybridization criteria for a positive result

CAP/ASCP/ASCO HERACLES

i m HER2:CEP17 ratio 22.0 in >10% of cells | HER2:CEP17 ratio 22.0

| m HER2 count >6 per cell in >10% of cells | in 250% of cells
(if HER2:CEP17 ratio is <2.0 and HER2
| count is 4-6, count another 20 cells)

Reference:
www.captodayonline.com/ga-column-0220/
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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
SFU+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
HER?2) with rapid decrease in size of lung nodules and improvement
In dyspnea

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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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

 |dentification 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

v
b
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S Natmeflensive NCCN Member Institutions

Fred Hutchinson Cancer
Research Center/
Seattle Cancer Care Alliance

Who We Are
An alliance of leading cancer tmee oo
centers devoted to patient i RoswetPa

Hospital Cancer Center
= Comprehensive
Mo clinkcacerceniegil e B Ncabone + Cancer Center Yale Cancer Center/
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i i .« M ial Sloan Ketteri
Huntsman Cancer Institute Cancer Center/University e :':'c'::lgem:?" tering
at the University of Utah Robert H.Lurie Hospitals Seidman Cancer

UCSF Helen Diller Family i * Center and Cleveland * Fox Chase Cancer Center
Fred & Pamela Buffett Comprehensive .
Comprehensive ] o8 Pamae ettt Clinic Taussig Abramson Cancer Center
Cancer Center , UC Davis . il Cancer Institute « | atthe University of Pennsylvania
Comprehensive Cancer Center University s The Sidney Kimmel Comprehensive

I University of Colorado The Ohio State University Cancer Center at Johns Hopkins

o u r M i s s i o n Comprehensive Cancer Center -
To improve and facilitate R e e
quality, effective, efficient, and &

School of Medicine
Cancer Center ~ \éandedglt- I‘ngram
i + + City of Hope National Medical Center . Jude Children AncerCenter
accessible cancer care so S
. . . The University of  «
patients can live better lives .
UC San Diego * Mayo Clinic Cancer Center Science Center . O'Neal Comprehensive
Moores Cancer Center Cancer Center at UAB

* Duke Cancer Institute

UT Southwestern Simmons
Comprehensive Cancer Center

Our Vision
To define and advance high- W A S G

quality, high-value, patient- A o
centered cancer care globally

* Mayo Clinic Cancer Center
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