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NCCN Guidelines Panel: Esophageal/Gastric Cancers Panel

On behalf of Promega Corporation, we respectfully request the NCCN Esophageal/Gastric
Cancers Panel to review the enclosed information in support of making changes to the current
guidelines for Gastric and Esophageal cancer diagnosis using PCR-based Microsatellite Instability
(MSI) assays.

Specific Changes:

We ask the panel to equally emphasize any assay for the detection of microsatellite instability
(MSI) that has been validated in gastric and esophageal cancers be given equal weight and be
recommended as a parallel technology with mismatch repair deficiency (MMR) protein
expression analysis by immunohistochemistry (IHC) for Gastric and Esophageal cancer patients.

FDA Clearance:

The recommendation to assess MSI status is not associated with any specific FDA-cleared
product/s. Laboratory developed tests (LDT) and Site Specific IVDs to assess MSI status are
currently widely available for clinical use to inform patient treatment options.

Rationale:

Assays for MSI and MMR protein expression measure separate but related cellular events
(Richman 2015)%. Mutations or epigenetic silencing events at MMR genes result in inactivation
or loss of MMR proteins. The resulting loss of mismatch repair function then allows detectable
errors to accumulate at microsatellite regions in DNA. Immunohistochemistry testing for MMR
protein expression can miss up to 12% of dMMR cases, which is thought to be due to retained
expression and immunoreactivity in non-functional proteins or defects in MMR genes other than
the four major genes available for IHC testing (Funkhouser, 2012; Dudley, 2016; Shia, 2008).234,
Moreover in practice there is substantial interobserver variation due to nuanced techniques and
interpretation involved (Funkhouser, 2012; Klarskov, 2010; Engel, 2011)>¢. Current NCCN
guidelines for Genetic/Familial Assessment state that IHC testing for MMR has a 5-10% false
negative rate (page LS-A, 1 of 5 and 3 of 5). Contemporary MSI by PCR panels with 4 or more
mononucleotide repeat markers have a false negative rate of just 0.3-5% (Shia, 2005; Murphy
2006; Pagin 2013; Cicek, 2011; Goel, 2010; Southey, 2005; Suraweera, 2002)8910.11,12,13,14 Sayera|
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studies have noted discordant results between IHC and MSI by PCR (Cicek, 2011; Bartley, 2012;
Smyth, 2017; Martinez-Ciarpaglini, 2019)11>1617  |n clinical trial studies evaluating
immunotherapy in metastatic colorectal patients discrepancies between local assessment and
central laboratory results were observed (Cohen, 2018: Overman, 2017)'%1°, A recent report on
immunotherapy in metastatic colorectal cancer highlighted that almost 10% of patients who had
been enrolled in immunotherapy trials had experienced failure based on false positive dMMR or
MSI PCR results assessed by local laboratories (Cohen, 2018)8. This led a consensus panel of the
European Society of Medical Oncology to recommend use of both IHC and MSI PCR to assess
eligibility for treatment with immune checkpoint inhibitors of metastatic colorectal cancer and
other cancers of the Lynch Syndrome spectrum, including gastric-oesophageal tumors, in a recent
recommendation on MSI testing (Luchini, 2019 pg 5 Table 2)%°.

Approval of PD-1 checkpoint inhibitors nivolumab and pembrolizumab for treatment of MSI-
H/dMMR solid tumors indicates the impact of false negative or false positive results produced by
one test method can adversely affect treatment decisions. Due to the importance of DNA
mismatch repair status in hereditary cancer risk screening, adjuvant therapy decisions, and
immunotherapy eligibility there is growing recognition that these tests should be performed
together for maximal sensitivity (Funkhouser, 2012; Sepulveda, 2017; Cohen, 2018; Overman,
2017 Hedge, 2014; Luchini, 2019)%21,18,19,22,20,

There is no peer reviewed data generated in a statistically significant cohort of primary tumor
samples to suggest that NGS is impactfully superior to PCR for the detection of MSI in
gastroesophageal cancer samples. While it can be argued that surveying more loci could in theory
provide more sensitivity, in practice most microsatellite loci are minimally informative (Salipante,
2014)%°. MSI analysis by NGS requires more time to generate results due to the more complex
bioinformatics analysis required and exhibits similar sensitivity compared to standard capillary
electrophoresis procedures (Baudrin, 2018; Zhang, 2018)3%31, Additionally, cut offs between
MSI-H and MSS are difficult to determine and vary from assay to assay posing problems of
definitive calling of MSI status (Baudrin, 2018; Rodrigues, 2018; Latham, 2019)30:32:33,

MSI analysis by PCR using mononucleotide loci can be performed with less than a section of tissue
and is extremely cost effective, making it amenable to being performed alongside IHC as an initial
screening tool (Muller, 2004; Gould, 2014)2324, MSI by PCR is an established, reimbursable test
which should be considered for routine MSI analysis.

Promega’s MSI Analysis System has been used as the reagent basis for LDTs in clinical laboratories
and research organizations worldwide for over 15 years. This assay has been used as a gold
standard to determine MSI status in numerous clinical trials as well as drug and companion
diagnostic submissions for FDA approval (Le et al., 2017; Le et al., 2015)%>%6,
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We believe the evidence provided below supports our request for changes in the following areas
of the Esophageal and Gastric Cancer Guidelines and Evidence Blocks (proposed changes are
highlighted in bold):

NCCN Guidelines version 2.2019- May 29, 2019 (Esophageal and Esophagogastric Junction

Cancers)
Section | Page# | Current update Promega proposal Evidence/Publication
ESOPH- | 7 MSI-H/dMMR testing if | MSI by PCR and dMMR Funkhouser 2012;
1 metastatic disease is testing if metastatic Bartley, 2012; Gould,
documented/suspected | disease is 2014; Luchini, 2019
documented/suspected
ESOPH- | 25 Perform HER2, PD-L1, Perform HER2, PD-L1, Bartley, 2012; Bruegl,
19 MSI/MMR testing (if MSI by PCR and MMR 2017; Goodfellow
not done previously) if testing (if not done 2015; Luchini, 2019
metastatic previously) if
adenocarcinoma is metastatic
suspected adenocarcinoma is
suspected
ESOPH- | 34 MMR or MSI testing MSI by PCR and MMR Luchini, 2019;
B4 of5 should be considered

on locally advanced,
recurrent, or
metastatic esophageal
and EGJ cancers, in
patients who are
candidates for
treatment with PD-1
inhibitors. The testing
is performed on
formalin-fixed,
paraffin-embedded
(FFPE) tissue and
results are interpreted
as MSI-high (MSI-H) or
mismatch protein
repair-deficient
(dMMR) in accordance
with CAP DNA

testing should be
considered on locally
advanced, recurrent, or
metastatic esophageal and
EGJ cancers, in patients who
are candidates for
treatment with PD-1
inhibitors.

Sepulveda, 2017;
Cohen, 2018
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Mismatch Repair
Biomarker Reporting
Guidelines. MMR or
MSI testing should be
performed only in CLIA-
approved laboratories.

ESOPH- | 34 KHC for MMR and KPolymerase chain reaction Bartley, 2012.
B4 of 5 polymerase chain (PCR) for MSI and IHC for MMR
reaction (PCR) for MS| | proteins measure different
are different assays biological effects caused by
measuring the same defici.ent mismatch repair
. . function.
biological effect
MS-14 | 87 MSI is assessed by MSI is assessed by Bartley, 2012;
polymerase chain polymerase chain reaction Richman, 2015
reaction (PCR) to (PCR) to measure changes in
measure gene length of microsatellite
expression levels of markers (ie, BAT25, BAT26,
microsatellite markers | MONO27, NR21, NR24)
(ie, BAT25, BAT26, caused by failure of the
MONO27, NR21, mismatch repair machinery.
NR24). It should be It should be noted that IHC
noted that IHC for for MMR and DNA analysis for
MMR and PCR for MSI MSI by PCR measure different
are different assays biological effects caused by
measuring the same defici.ent mismatch repair
biological effect. function
MS-38 | 111 HER2, MSI-H/dMMR, HER2, MSI by PCR, dMMR, Bartley, 2012; Bruegl,
and PD-L1 testing is and PD-L1 testing is 2017; Goodfellow
recommended at the recommended at the time 2015; Luchini, 2019
time of diagnosis if of diagnosis if metastatic
metastatic disease is disease is documented or
documented or suspected.
suspected.
MS-42 | 115 If not done previously, | If not done previously, Bartley, 2012; Bruegl,

HER2, MSI-H/dMMR,
and PD-L1 testing
should be performed in
patients with
suspected metastatic
disease.

HER2, MSI by PCR, dMMR,
and PD-L1 testing should be
performed in patients with
suspected metastatic
disease.

2017; Goodfellow
2015; Luchini, 2019
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NCCN Evidence Blocks version 2.2019-June 21, 2019 - Esophageal and Esophagogastric

Junction Cancers:

Section | Page# | current update Promega proposal Evidence/Publication

ESOPH- | 5 MSI-H/dMMR testing if MSI by PCR and dMMR | Funkhouser 2012;

1 metastatic disease is testing if metastatic Bartley, 2012; Gould,
documented/suspected disease is 2014; Luchini, 2019

documented/suspected

ESOPH- | 23 Perform HER2, PD-L1, Perform HER2, PD-L1, Bartley, 2012; Bruegl,

19 MSI/MMR testing (if not MSI by PCR, and MMR | 2017; Goodfellow
done previously) if testing (if not done 2015; Luchini, 2019
metastatic previously) if
adenocarcinoma is metastatic
suspected adenocarcinoma is

suspected

ESOPH- | 32 MMR or MSI testing MSI by PCR and MMR Luchini, 2019;

B4 of5 should be considered on testing should be Sepulveda, 2017;
locally advanced, considered on locally Cohen, 2018
recurrent, or metastatic advanced, recurrent, or
esophageal and EG)J metastatic esophageal
cancers, in patients who and EGJ cancers, in
are candidates for patients who are
treatment with PD-1 candidates for
inhibitors. The testing is treatment with PD-1
performed on formalin- inhibitors.
fixed, paraffin-embedded
(FFPE) tissue and results
are interpreted as MSI-
high (MSI-H) or mismatch
protein repair-deficient
(dMMR) in accordance
with CAP DNA Mismatch
Repair Biomarker
Reporting Guidelines.

MMR or MSI testing
should be performed only
in CLIA-approved
laboratories.

ESOPH- | 32 KIHC for MMR and kPolymerase chain Bartley, 2012.

B4 of5 polymerase chain reaction | reaction (PCR) for MSI
(PCR) for MSI are different | and IHC for MMR
assays measuring the proteins measure
same biological effect different biological
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effects caused by
deficient mismatch
repair function.

MS-14 | 89 MSI is assessed by MSI is assessed by Bartley, 2012;
polymerase chain reaction | polymerase chain Richman, 2015
(PCR) to measure gene reaction (PCR) to
expression levels of measure changes in
microsatellite markers (ie, | length of microsatellite
BAT25, BAT26, MONO27, | markers (ie, BAT25,
NR21, NR24). It should be | BAT26, MONO27,
noted that IHC for MMR NR21, NR24) caused by
and PCR for MSl are failure of the mismatch
different assays repair machinery. It
measuring the same should be noted that
biological effect. IHC for MMR and DNA
analysis for MSI by PCR
measure different
biological effects
caused by deficient
mismatch repair
function
MS-38 | 113 HER2, MSI-H/dMMR, and | HER2, MSI by PCR and | Bartley, 2012; Bruegl,
PD-L1 testing is dMMR, and PD-L1 2017; Goodfellow
recommended at the time | testing is 2015; Luchini, 2019
of diagnosis if metastatic | recommended at the
disease is documented or | time of diagnosis if
suspected. metastatic disease is
documented or
suspected.
MS-42 | 117 If not done previously, If not done previously, | Bartley, 2012; Bruegl,

HER2, MSI-H/dMMR, and
PD-L1 testing should be
performed in patients
with suspected metastatic
disease.

HER2, MSI by PCR,
dMMR, and PD-L1
testing should be
performed in patients
with suspected
metastatic disease.

2017; Goodfellow
2015; Luchini, 2019
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NCCN Guidelines version 2.2019-June 3, 2019 — Gastric Cancer:

Section | Page# | current update Promega proposal Evidence/Publication

GAST-1 | 6 MSI-H/dMMR testing if | MSI by PCR and dMMR | Funkhouser 2012;
metastatic disease is testing if metastatic Bartley, 2012; Gould,
documented/suspected | disease is 2014; Luchini, 2019

documented/suspected

GAST-9 | 14 Perform HER2, PD-L1, Perform HER2, PD-L1, Bartley, 2012; Bruegl,
MSI/MMR testing (if MSI by PCR and MMR | 2017; Goodfellow
not done previously) if | testing (if not done 2015; Luchini, 2019
metastatic previously) if
adenocarcinoma is metastatic
documented or adenocarcinoma is
suspected suspected

GAST-B | 21 MMR or MSI testing MSI by PCR and MMR Luchini, 2019;

4 of 5 should be considered testing should be Sepulveda, 2017;
on locally advanced, considered on locally Cohen, 2018
recurrent, or advanced, recurrent, or
metastatic gastric metastatic esophageal
carcinoma, in patients and EGJ cancers, in
who are candidates for | patients who are
treatment with PD-1 candidates for
inhibitors. The testing | treatment with PD-1
is performed on inhibitors.
formalin-fixed,
paraffin-embedded
(FFPE) tissue and
results are interpreted
as MSI-high (MSI-H) or
mismatch protein
repair-deficient
(dMMR) in accordance
with CAP DNA
Mismatch Repair
Biomarker Reporting
Guidelines. MMR or
MSI testing should be
performed only in CLIA-
approved laboratories.

GAST-B | 21 4HC for MMR and dPolymerase chain Bartley, 2012.

4 of 5 polymerase chain reaction (PCR) for MSI

reaction (PCR) for MSI

and IHC for MMR
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are different assays
measuring the same
biological effect

proteins measure
different biological
effects caused by
deficient mismatch
repair function.

MS-10 | 69 MSI is assessed by MSI is assessed by Bartley, 2012;
polymerase chain polymerase chain Richman, 2015
reaction (PCR) to reaction (PCR) to
measure gene measure changes in
expression levels of length of microsatellite
microsatellite markers | markers (ie, BAT25,

(ie, BAT25, BAT26, BAT26, MONO27,

MONO27, NR21, NR21, NR24) caused by

NR24). It should be failure of the

noted that IHC for mismatch repair

MMR and PCR for MSI | machinery. It should be

are different assays noted that IHC for

measuring the same MMR and DNA analysis

biological effect. for MSI by PCR
measure different
biological effects
caused by deficient
mismatch repair
function

MS-29 | 88 HER2, MSI-H/dMMR, HER2, MSI by PCR and | Bartley, 2012; Bruegl,
and PD-L1 testing is dMMR, and PD-L1 2017; Goodfellow
recommended at the testing is 2015; Luchini, 2019
time of diagnosis if recommended at the
metastatic disease is time of diagnosis if
documented or metastatic disease is
suspected. documented or

suspected.
MS-32 | 91 If not done previously, | If not done previously, | Bartley, 2012; Bruegl,

HER2, MSI-H/dMMR,
and PD-L1 testing
should be performed in
patients with
suspected metastatic
adenocarcinoma.

HER2, MSI by PCR,
dMMR, and PD-L1
testing should be
performed in patients
with suspected
metastatic disease.

2017; Goodfellow
2015; Luchini, 2019
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NCCN Evidence Blocks version 2.2019-June 4, 2019 - Gastric Cancer:

Section | Page# current update Promega proposal Evidence/Publication

GAST-1 |5 MSI-H/dMMR testing if | MSI by PCR and dMMR | Funkhouser 2012;
metastatic disease is testing if metastatic Bartley, 2012; Gould,
documented/suspected disease is 2014; Luchini, 2019

documented/suspected

GAST-9 |13 Perform HER2, PD-L1, Perform HER2, PD-L1, Bartley, 2012; Bruegl,
MSI/MMR testing (if MSI by PCR and MMR | 2017; Goodfellow
not done previously) if | testing (if not done 2015; Luchini, 2019
metastatic previously) if metastatic
adenocarcinoma is adenocarcinoma is
documented or suspected
suspected

GAST-B | 20 MMR or MSI testing MSI by PCR and MMR Luchini, 2019;

4 of 5 should be considered testing should be Sepulveda, 2017;

on locally advanced,
recurrent, or
metastatic gastric
carcinoma, in patients
who are candidates for
treatment with PD-1
inhibitors. The testing
is performed on
formalin-fixed,
paraffin-embedded
(FFPE) tissue and
results are interpreted
as MSI-high (MSI-H) or
mismatch protein
repair-deficient
(dMMR) in accordance
with CAP DNA
Mismatch Repair
Biomarker Reporting
Guidelines. MMR or
MSI testing should be
performed only in CLIA-
approved laboratories.

considered on locally
advanced, recurrent, or
metastatic esophageal
and EGJ cancers, in
patients who are
candidates for
treatment with PD-1
inhibitors.

Cohen, 2018
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GAST-B | 20 dHC for MMR and Polymerase chain Bartley, 2012.

4 of 5 polymerase chain reaction (PCR) for MSI
reaction (PCR) for Ms| | and IHC for MMR
are different assays proteins measure
measuring the same different biological
biological effect eff?c.ts caus:ed by

deficient mismatch
repair function.

MS-10 71 MSI is assessed by MSI is assessed by Bartley, 2012;
polymerase chain polymerase chain Richman, 2015
reaction (PCR) to reaction (PCR) to
measure gene measure changes in
expression levels of length of
microsatellite markers | microsatellite markers
(ie, BAT25, BAT26, (ie, BAT25, BAT26,

MONO27, NR21, MONO27, NR21,
NR24). It should be NR24) caused by
noted that IHC for failure of the
MMR and PCR for MSI | mismatch repair
are different assays machinery. It should
measuring the same be noted that IHC for
biological effect. MMR and DNA
analysis for MSI by
PCR measure
different biological
effects caused by
deficient mismatch
repair function

MS-29 90 HER2, MSI-H/dMMR, HER2, MSI by PCR and | Bartley, 2012; Bruegl,
and PD-L1 testing is dMMR, and PD-L1 2017; Goodfellow
recommended at the testing is 2015; Luchini, 2019
time of diagnosis if recommended at the
metastatic disease is time of diagnosis if
documented or metastatic disease is
suspected. documented or

suspected.
MS-32 93 If not done previously, | If not done previously, | Bartley, 2012; Bruegl,

HER2, MSI-H/dMMR,
and PD-L1 testing
should be performed in
patients with
suspected metastatic
adenocarcinoma.

HER2, MSI by PCR,
dMMR, and PD-L1
testing should be
performed in patients
with suspected
metastatic disease.

2017; Goodfellow
2015; Luchini, 2019
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