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Learning Objectives

* Describe the benefits and limitations of companion diagnostic and
alternative tests

* Review ways to decipher laboratory reports and understand pitfalls
and limitations of genomic test results

* Describe how the tiered reporting systems can be used to prioritize
results

* Name web resources that can be used to obtain information about
complex variants
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Overview

* Types of tests
* Regulatory perspective
* Technology perspective

* Types of results
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Types of Tests: Regulatory Perspective

Laboratory medicine is subject
to regulation through CLIA ’88,
which has many stipulations
about testing

Testing developed by
manufacturers and distributed
to laboratories is additionally
subject to FDA approval

* These are treated as medical
devices (like a pacemaker)

Currently there is debate about
the role of FDA in regulation of
laboratory testing that is not
distributed by a manufacturer

42 CFR 493.1253 - Standard:

Establishment and verification of performance specifications
(2) Establishment of performance specifications. Each
laboratory that .... or introduces a test system ....must, before
reporting patient test results, establish .... the performance
specifications for the following performance characteristics, as
applicable:

(i) Accuracy.

(ii) Precision.

(iii) Analytical sensitivity.

(iv) Analytical specificity to include interfering substances.

(v) Reportable range of test results for the test system.

(vi) Reference intervals (normal values).

(vii) Any other performance characteristic required for test
performance
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Different ‘Dx” Assays — what does this mean?

Companion
Diagnostic
(CDx)

Complementary
Diagnostic

Laboratory
Developed Test
(LDT)

Specifically associated with
responsiveness in trial

FDA Approved for that specific indication
Considered mandatory for drug utilization
in indication

Applies to a class of assays and therefore
a single specific assay not needed, can
apply to a class of drug

Considered optional

Greatest degree of flexibility to update
testing

Optimized for specimen types typical to a
specific population

*Most oncology NGS today is LDT

Can be limited to specific variants, locked
in testing methodology

* Difficult to add new targets
May compromise ability to perform other
tests (e.g. tissue utilization)

Not many of them
Mostly in IHC space

Perception that they are unreliable (I
disagree!)

Thresholding at or near decision cut-
points may differ from CDx
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Different Viewpoints on LDTs

JAMA February 17,2015 Volume 313, Number 7

Genetic Testing and FDA Regulation
Overregulation Threatens the Emergence

of Genomic Medicine

Regulation of Laboratory-Developed Tests
A Clinical Laboratory Perspective

Jonathan R. Genzen, MD, PhD"?

From the 'Department of Pathology. University of Utah, Salt Lake City: and *ARUP Laboratories, Salt Lake City, UT.

A High-Level Overview of the Regulations
Surrounding a Clinical Laboratory and Upcoming
Regulatory Challenges for Laboratory Developed
Tests

Kevin C. Graden, MS, Shannon A. Bennett, MS, MBA, Sarah R. Delaney, PhD, Hillary E. Gill, BS,
Maria A. V. Willrich, PhD""

Laboratory Medicine 202152115228

JAMA February 17,2015 Volume 313, Number 7

FDA Regulation of Laboratory-Developed
Diagnostic Tests
Protect the Public, Advance the Science

EDITORIAL

Precision Medicine and Testing for Tumor Biomarkers—
Are All Tests Born Equal?

Daniel F. Hayes. MD

JAMA Oncology June 2018 Volume 4, Number 6

Removing FDA Oversight of Laboratory Developed Test
Approvals Threatens Safety of Cancer Care

Statement By Association for Clinical Oncology (ASCO) Chair Monica M.
Bertagnolli, MD, FACS, FASCO ASCO sz
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Overview

* Types of tests
* Regulatory perspective
* Technology perspective

* Types of results
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Technical Elements ALWAYS Underlie
Interpretation

* Interpretation of any test

without knowing something Major things to know about testing:
about the technology has risks
* The technology platform > What type of sample was tested?
selected for a test influences: » Was tumor enrichment utilized?
* The spectrum of results obtained » What testing methodology was
* The confidence for detection of utilized?
low level mutations » What are the major ‘gaps’ in that
* Which may be very meaningful if a method?

sample has low tumor content

* The ability to detect less common
events like fusions

» Are those gaps worth pursuing?
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The Most Important Thing...

No Test Is Pertect

* Every test has ‘holes’

* It’s important to know
what they are!

Pinterest.com
. e
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Methods for Mutation Testing: A Balancing Act

Clinical Sensitivity:
How many of the possible
changes does the test detect?

e Clinical sensitivity is inherent in test design —i.e.
what was the test designed to evaluate?

* False negatives attributable to clinical sensitivity
are related to mutations which fall outside of the
test design

*  Example: EGFR test which picks up only L858R
and Exon 19 deletions will not detect Exon 20
insertions

Analytic Sensitivity:

How sensitively can the test
detect a rare change in a
background of normal? [LOD]

Low analytic sensitivity can be overcome with tumor
enrichment methods (microdissection, laser capture
microdissection)

* False negatives attributable to analytic sensitivity are

related to too few tumor cells compared to non-tumor (or
rare sub-clone with mutation)

* Example: Pleural fluid cell block, with many more reactive

mesothelial cells than tumor cells, difficult to enrich
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In English...

Analytic Sensitivity:

How sensitively can the test
detect a rare change in a
background of normal? [LOD]

Clinical Sensitivity:
How many of the possible
changes does the test detect?
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Looking for a needle in a haystack Looking for a needle in a haystack
- The test can identify needles of many different - The test can identify only a couple of colors of needles, but
colors, but need to exist at a relatively high level can pick them out even when they are very rare
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Sanger Sequencing

Analytic
Sensitivity

roblematic LOD for many
pplications

gPCR

Analytic
Sensitivity
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Highly targeted — only asks
limited questions

NGS

Analytic
Sensitivity

Good middle ground on both
of these

NGS can be modulated to
have ultra-sensitive detection
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NGS: A Platform

* NGSis a platform not a test

* How the NGS test is designed will
dictate what it can and can’t tell
you

e Things to think about:

* What genes are on the panel?

* What kinds of alterations can the
assay detect?

* What are the known weak spots for
how the assay is designed?

Targeted
Mutation Assay

Exome

Transcriptome

Can be performed on FFPE or blood

Mutations in a set of genes

* Can be 3 to hundreds of genes
and will vary

* May not evaluate for
amplifications, fusions

Evaluates all coding genes (~20,000
genes)
Typically does not cover fusions

Evaluates all expressed genes
Typically covers fusions

Ability to detect rare events may be
compromised
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Types of Results: The Traditional View

* Classify by the type of genomic alteration, e.g.:
* Point mutations

In/del mutations

Copy number changes

Structural changes (e.g. rearrangements/fusions)

Mutational burden

Microsatellite instability

* Each one of these has a cognate cohort of therapies to choose from
* In the appropriate context of the specific alteration
* And specific disease
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Types of Alterations: The Traditional View

* Specific Alterations: Is the tumor type: There is an FDA
* BRAF p.V600E - e v ZE%r;‘i’ﬁg_a”d/ or
* EGFR p.L858R Melanoma recommended
* METex14 skip CRC therapy
* ERBB2 amplification
* NTRK1/2/3 fusion
* etc
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Types of Alterations: The Traditional View

J Specific Alterations: Is the tumor type: There is an FDA
* BRAF p.V600E - e v Zssjr;ivﬁg_a”d/ or
* EGFR p.L858R Melanoma recommended
* METex14 skip CRC therapy
* ERBB2 amplification
* NTRK1/2/3 fusion N
* etc !

There may be off-label
or investigational
therapy options specific
to this finding
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Types of Alterations: The Traditional View

Tier I: Variants of
Strong Clinical
Significance

Theropeutic, prognostic &
diagnostic

FDA-approved therapy

Included in professional
guidelines

Well-powered studies
with consensus from
experts in the field

Tier Il: Variants of
Potential Clinical
Significance

Theropeutic, prognostic &
diggnostic

FDA-approved therapies
for different tumor types
or investigational
therapies
Multiple small published
studies with some
CONSensus

Preclinical trials or a few
case reports without
Consensus

Tier Ill; Variants of
Unknown Clinical
Significance

Not observed ata
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer

or tumor-specific variant
databases

Na convincing published
evidence of cancer
association

Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the
general or specific
subpopulation databases
Mo existing published
evidence of cancer
association

Standards and Guidelines for the Interpretation  (J).
and Reporting of Sequence Variants in Cancer

A Joint Consensus Recommendation of the Association for
Molecular Pal , American Society of Clinical Oncology,
and College of American Pathologists

o 1 o B . o Bt i | U S By
i oo Codn . T e B 3. W o T s o K W
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Types of Alterations:
The Traditional View

SPECIAL ARTICLE

A framework to rank genomic alterations as targets
for cancer precision medicine: the ESMO Scale for
Clinical Actionability of molecular Targets (ESCAT)

1 Matea', D. Chakravarty’, R Dienstmann', 5. Jezdic’, A Gonzalez-Perez’, M. Lopez Bigas**,
C.K.Y.Ng® P. L Bedard’, G. Tortora®, 1. Douillard”, E. M. Van Allen™, N. Schuit’, C_ Swanton",
F. André™ & L. Pusztai®

Table 2. The ESCAT

ESCAT tier level of Clinical value class Clinical implication
Ready for rou L Alteration-drug I-A: prospective, randomised clinical trials show Drug administered to patients  Access to the treatment
tine use match is associated the akeration-drug match in a specific tumour with the specific molecular should be considered
with improved out- type results in a dinically meaningful imprave- alteration has led to standard of care
come in clinical ment of a survival end point improved dlinical outcome
trials 1-B: prospective, non-randomised clinical trials in prospective clinical
show that the alteration-drug match in a spe- trial(s)
cific tumour type, results in dinically meaning-
ful benefit as defined by ESMO MCBS 1.1
1-C: clinical trials across tumour types or basket
clinical trials show clinical benefit associated
with the alteration-drug match, with similar
benefit observed across tumour types
Investigational Ik: alteration-drug lI-A: retrospective studies show patients with the  Drug administered to a mo- Treatment to be consid-
match is associated specific alteration in a specific tumour type ex- lecularly defined patient ered ‘preferable’ in
with antitumour ac- perience dlinically meaningful benefit with population i likely to result the context of evi
tivity, but magni matched drug compared with alteration-nega- in clinical benefitin a given dence collection ei-
tude of benefit is tive patients tumour type, but additional  ther as a prospective
unknown II-B: prospective clinical trial(s) show the alter- data are needed registry or as a pro-
ation-drug match in a specific tumour type spective clinical trial
results in increased responsiveness when
treated with a matched drug, however, no
data currently available on survival end points
Hypothetical IIi: alteration-drug Ii-A: clinical benefit demonstrated in patients Drug previously shown to Clinical trials to be dis-
target match suspected to with the specific alteration (as tiers | and I benefit the molecularly cussed with patients

Combination
development

improve outcome
based on clinical
trial data in other
tumour type(s) or
with similar mo-
lecular alteration

V: pre-clinical evi-
dence of
actionability

V: alteration-drug
match is associated
with objective re-
sponse, but without
clinically meaning:
ful benefit

X: lack of evidence for
actionability

above) but in a different tumour type. Limited/
absence of clinical evidence available for the
patient-specific cancer type or broadly across
cancer types

1ii-8: an alteration that has a similar predicted
functional impact as an already studied tier |
abnomality in the same gene or pathway, but
does not have associated supportive clinical
data

IV-A: evidence that the alteration or a functional
ly similar ahteration influences drug sensitivity
in preclinical in witro of in vivo models

IV-8: actionability predicted in silico

Prospective studies show that targeted therapy
is associated with objective responses, but this
does not lead to improved outcome

No evidence that the genomic alteration is thera:
peutically actionable

defined subset in another
tumour type (or with a dif-
ferent mutation in the
same gene), efficacy there-
fore is anticipated for but
not proved

Actionability is predicted
lbased on preclinical stud:
ies, no conclusive clinical
data available

Drug is active but does not
prolong PFS or 0, prob
ably in part due to mecha-
nisms of adaptation

There is no evidence, dlinical
or preciinical, that a gen-
omic alteration is a poten-
tial therapeutic target

Treatment should ‘only
be considered'in the
context of early clin-
ical trials. Lack of clin-
ical data should be
stressed to patients

Clinical trials assessing
drug combination
strategies could be
considered

The finding should not
be taken into ac-
count for clinical
decision
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What is NOT a Mutation?*

* from a clinical perspective for somatic changes

* Single Nucleotide

Polymorphism(s)

* Benign** changes in the
genome

* Everyone carries lots of SNPs

* In molecular genetics, we
define a SNP as any alteration
that has a prevalence of 2 1%

minor allele fraction in any
population™*

* How do we decide what is a
SNP?

*  We use databases — there are
lots of them!

** There are exceptions

TP53 ¢.215C>G; p.P72R gnomAD browser
Population Frequencies @
B a Allele Allele Number of Allele
opulation -
Count F Y9
European (non-
Finnish) 24389 128822 34940 0.7366
» European (Finnish) 18300 25100 6645 07291
» Ashkenazi Jewish 7414 10366 2641 07152
Latino/Admixed
DRIl 25286 35416 9030 0.7140
» Other 4999 7178 1753 0.6964
+ East Asian 11314 19918 3235 05680
» South Asian 15313 30614 3897  0.5002
African/African-
DA 9317 24432 1785 03813
XX 85910 128672 29624 06677
XY 100922 153174 34302 06589
Total 186832 281846 63926  0.6629

Some of these have debatable biologic function

Many studies about SNPs serving as modifiers

of disease

Currently, most labs filter these out...so you will

not see them...

Why should you care, then?

In tumor-only NGS
testing:
¢ Hundreds or thousands of

variants are identified per
person

* We use databases to filter
out anything that meets
criteria as a SNP

BUT...

* SNP databases are only as
good as the populations that
are represented

* Means ethnically under-
represented groups could
have true SNPs overcalled
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SNP Filtering and VUS VUS

= Variant of Uncertain Significance

* F”t?ring of SNPs impacts what * Patient reports may have variants listed which are
variants show up here: benign/SNP

* If not in databases as a SNP/benign, will be called a VUS

Tier |: Variants of Tier II: Variants of . . .
Strong Clinical Potential Clinical e lEus i Tier IV: Banign o ¢ ‘Private’ polymorphism — benign change that does not
Significance Significance Unknown Clinica N i ; . ege .
Therapeutic, prognostic & Theropeutic, prognostic & Signiﬁcance LIkE|V BEI'IIng Vanants have Slgnlflca nt popUIatlon frequency
diagnostic diagnostic

* Don’t be misled by these — anything that is
FoA approved therapies classified as VUS implies insufficient evidence exists

for different tumor types
or investigational Not observed ata

FDA-approved therapy

Included in professional s . .
atdeines e e e Obsere s to make a data-based treatment decision
stl?dleswlthpsnme :;ts::;i;s;"rb::’f_ﬂ:':g: generea‘ll or sp:cillc - P . .
CaE ortumor-spec fic vaiant ST * Evenifit’sin agene that is known to impact therapy
databases No existing published
Nocanvincing publshed e selection
Well-powered studies = :““gil‘;“?n”“'
ety i s o * Example:
consensus
EGFR c.2170G>A; p.P848L
and Guldetines for the nterpretaton () . In between known activating mutations
and Reporting of Sequence Variants in Cancer
:1;'::":45;' Pathology, American Snn’z:‘;f:}ediniml ﬂnca!f:; A N Ot a n I n d I Catlon fO r fl rSt'I I n e TKI
and College of American Pathologists
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Tiering (in some fashion) is how you are likely
to see molecular results

Recommendations for designing genetic test reports to be
° M ay tie r ba Sed on understood by patients and non-specialists
. . . George D. Farmer(®'? « Harry Gray®'>* - Gemma Char 5+ F Lucy 7.
Y PUbIlShEd gUIdeIInes Alexandra L. J. Freeman ()

European Journal of Human Genetics (2020) 28:885-895
https.//dol.org/10.1038/s41431-020-0579-y

* CDx status

* Se pa rate st rategy ESMDpen Precision oncology: separating the
(Tc:;wpm wheat from the chaff
® = k n OW h OW to re a d th e re p O rt Jordi Remon,’ Rodrigo Dienstmann®

(regardless of the tiering structure)

Clinical Use of Precision Oncology
D ec i S i on S u p p 0 l't ascopubs.org/journal/po JCO™ Precision Oncology

The ins and outs of molecular pathology reporting

A Review of Precision Oncology TECHNICAL REPORT 8;11111& .
H https://doi.org/101038/543018-021-00243-3 ¢
Véronique Tack " - Kelly Dufraing" - Zandra C. Deans® - Han J. van Krieken® « qu_wledgepases_ f.Ol' Determ“:“ng the e —
Elisabeth M. C. Deaucker' Clinical Actionability of Genetic OPEN
DO T 0TSO0 Variants

Integrating molecular profiles into clinical
frameworks through the Molecular Oncology
Almanac to prospectively guide precision oncology
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Pitfalls and Landmines: VUS

= Variant of Uncertain Significance

Many labs have a separate section of the report for these variants
In general, these are NOT actionable
But that doesn’t mean you shouldn’t review them

Examples:
* Some things that truly *are* VUS are in the main part of the report
* Examples: ROS1 amplification, NTRK1/2/3 point mutations
* Some labs will put anything that *might* be biologically important into the ‘top’ part of the
report
* Other labs may put anything without *definitive* biological/therapeutic impact into the VUS
section

* Rarely, something important might get misclassified as VUS
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Pitfalls and Landmines:

Tumor Enrichment
(and methodology)

Macrodissection

Tumor enrichment approaches are variable
No enrichment vs. macrodissection vs. microdissection:

5. Does your laboratory use macrodissection or microdissection to enrich cell

populations before testing?
Laser capture microdissection (LCM)

Manual microdissection (H&E slide is examined and marked by a pathologist for subsequent

tumor dissection under the light microscope) B9
Macrodissection (H&E slide is examined and marked by a pathologist for subsequent tumor 89
dissection without microscope)

Do not use micro or macrodissection (whole tissue used for analysis) 18

CAP Proficiency testing participant summary (KRAS-B-2020)

Microdissection

Increasing
risk for FN
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Pitfalls and Landmines: Amplification

° Some NGS teStS donlt do a great JOb Sensitivity Study for ERBB2 Amplification Detection

of distinguishing a true amplification Diion (1) £R5B2 o change e
from a whole chromosome gain mremmemEr L o
* NGS tests best detect amplification o o
when it is based in a copy number >6 oo S
* This means that true amplifications with MBI EERaLY e e —_—
lower copy number won’t be detected v i

* Example: Breast carcinoma with FISH e e
defined amplification of: R e T AP called
* ERBB2/HER2 copies per cell: 5 - - o

« CEP17 copies per cell: 2 PO R

» Ratio=2.5 s

Ross et al. J Mol Diagn. 2017.
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Pitfalls and Landmines: Tiering Based on CDx

* Look for alterations in the non-CDx section!

* CDx sections of an NGS report are a regulatory designation

* It means that the test is FDA-approved for the specific alteration in a specific
tumor type

e But it is not everything that could have a clinical implication
Example from a real report:
In the ‘CDx’ section of the report: ‘No reportable alterations with Companion Diagnostic Claims’
This is a regulatory

In the ‘Other Biomarkers’ section of ‘CD74-R0OS1 Fusion identified’ distinction
the report: Not a biologic distinction
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Pitfalls and Landmines: Drugs Based on CDx

» Assays with FDA approved CDx indication may list a drug for an
identified target
e But it will only list the drug with which the CDx is associated

* Example:
* NTRK3 fusion detected
* Which drug is listed in the report will depend on which test it is!
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Pitfalls and Landmines: Targeted CDx Assays

* Example: PIK3CA mutation testing in breast cancer

A Cohort with PIKGCA-Mutated Cancer

10

 Targeted CDx (real-time PCR) for this mutation- N

drug combo detects: 5 D
* p.CA20R I
* p.E542K/A/D
* p.E545G/K/E
* p.Q546R
* p.H1047L/R/Y

Alpelisib for PIK3CA-Mutated, Hormone

o lysis of Progression-free Survival.
Receptor-Positive Advanced Breast Cancer

utated cancer, the median progression.free
ind 5.7 months in the placebo—fulvestrant group (Panel

IKICA the 74 it
group and 5.6 months in the placebo-fulvestrant group (Panel B). The gene PIKICA encades for the alpha isoform
of phosphatidylinositol 3-kinase (P13Ka).
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Pitfalls and Landmines: Targeted CDX Assays

744

# PIK3CA Mutations

.
] . » @ee wiht - . L) " el we o e » co@n -e e . - -
o 200 400 &0 800 106

* The variants detected in the CDx assay =~ Brj=reew uu
are the only ones with proven
association with therapy response

Fold Change
&
—
—

4 )
* But that doesn’t mean others won’t . l
respond  —— .
T I e
F¢2 3330 3PSc332233333-35333293333333
5 g uu; x ,_Gixzﬂw&xzwcacuuzwzwmgz
COSMIC Frequency PIK3CA Variants >-
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Pitfalls and Landmines: Fusion Detection

* Fusion detection efficacy varies based on:

* DNA vs RNA NGS
* Sample type tested

 This is an important hole to fill — when appropriate!

ke, SPACE NETDLE

& g WoRLDS
-l kj{ﬂ‘[‘[‘l_{ o ONLY CORN PRLACE
Fri ! 1 ey doge | wou
o BN ;:;:*é
N o
1?

- /

5 | o NEW
}.:_{{,‘-‘—-I'_'_"_“mﬁf
® 1 WaSHINGTON,
gl JANGTOD

& OITON

Los EELDENVERS - bl
NGHE X"l AR

o VA Gt i;p;

DNA NGS (=driving):

* See lots of beautiful countryside
* Comparatively long, challenging

RNA NGS (=flying):

* More efficient
* Butonly if you have well timed
layovers (= specimen quality)
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Types of Results: A Different View

* Informative and actionable (on label)
 Informative and *maybe* actionable
* Informative but not actionable

* Not informative (stop)

* Not informative (keep pursuing)
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Types of Results: A Different View

e Informative and actionable (on |abe|) » Will be listed in top tier for reporting
» Defined target in a defined tumor

* Informative and *maybe™* actionable type with FDA approval for that

indication
* Informative but not actionable > ** the test itself might not be
. . FDA approved
* Not informative (stop) > ** opinion: that should not
matter

* Not informative (keep pursuing)
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Types of Results: A Different View

* Informative and actionable (on label)
 Informative and *maybe* actionable
* Informative but not actionable

* Not informative (stop)

* Not informative (keep pursuing)

» Tiering may be variable
» Typically this is a target that has FDA-
approved therapy in a different
indication
» Example: BRAF p.V600E
detected in an ovarian serous
carcinoma
» Rare!
» What does this mean for
therapy???
» Response to BRAFi is tumor-
type specific
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Types of Results: A Different View

* Informative and actionable (on label) > Tiering may be variable
» Typically this is a known driver event
* Informative and *maybe* actionable that is not associated with therapy
» Example: KRAS p.G12V in NSCLC
* Informative but not actionable > Common finding
. . » Is most likely the driver event for
* Not informative (stop) this tumor

» Additional driver events are
unlikely, even if undetected
by testing platform

» This might be something that
could go into *maybe*
actionable depending on clinical
trial availability + patient PS +
patient interest

Not informative (keep pursuing)

© 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®.




Types of Results: A Different View

* Informative and actionable (on label) > Many alterations may be in VUS
section
* Informative and *maybe* actionable > Typically lots of passenger mutations
] ] » Example: No driver mutations
* Informative but not actionable identified in a squamous NSCLC,
] . patient with poor PS, DNA-NGS
* Not informative (stop) performed
. . . » OK to stop testing at this point
* Not informative (keep pursumg) » (Also OK to pursue fusion by RNA-

NGS, but low pre-test probability)
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Types of Results: A Different View

* Informative and actionable (on label) > This is about knowing the ‘holes’ in
. ) the assay(s)
* Informative and *maybe* actionable > Is there a high pre-test probability for
. . an actionable alteration?
* Informative but not actionable > Example: DNA-NGS in never-smoker
. . with adenocarcinoma is negative for
* Not informative (StOp) driver alterations.
* Not informative (keep pursuing) » Thisis an example where RNA-
PP g NGS fusion testing is likely to be
of highest yield
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Look at the Methods Section!

* Was tumor enrichment applied?

* What technology was used for testing?
* What is the stated LOD?

* What types of alterations are detected?
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Resources to Use

* NCCN Biomarker Compendium

Prntas by Dara Asner on 11/82021 2
gggggr',;g:g;;s"mm NCCN Biomarkers Compendium® s

About the NCCN Biomarkers Compendium

Use the drop-down menus to search the database: Fields to display/hide:
Guideline: - Select a NCCN Guideline — v
] Specific Indication ] When to Test
Disease: — Select a Disease Setting - v C it CIiukoé teon
[[] Test Detects [] Notes
Gene Symbol: — Select a Gene Symbol — v [] Methodology ] Specimen Type
] Chromosome [C] Display All
Gene Alias: — Select a Gene Alias — v [T] Test Purpose
Molecular Abnormality: - Select a Molecular Abnormality -- v

Reset Filters ¥ Print | 0 Ready to Print

* This is a rapid way to find a specific GL for a specific marker

The NCCN Drugs & Biologics Compendium (NCCN Compendium®) © 2021 National Comprehensive Cancer Network, Inc. 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 Compendium®, go online to NCCN.org.
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Resources to Use

* MyCancerGenome.org

MY CANCER GENOME .

& GENETICALLY INFORMED CANCER MEDICINE

= )

Clinical Implications of Molecular Biomarkers

My Cancer Genome contains assertions on the ciinical impact of 16,871 molecular biomarkers on the use of 2,861 drugs in 955 cancer types. This information is derived from
FDAlabels, NCCN and other professional society guidelines, 9,809 clinical trials, peer-reviewed publications, and more. Biomarker prevalence is llustrated using data from
96,324 tumor samples and 89,356 patients in the AACR Project GENIE database.

© 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®.




Resources to Use

Part of OncoKB's content is now FDA-recognized. For more details, please see our FDA Recognition page.

oncKB Levels of Evidence Actionable Genes Cancer Genes API/ License About News FAQ Q 8 Account~ @

* OncoKB
Welcome to OncoKB

MSK's Precision Oncology Knowledge Base
An FDA-Recognized Human Genetic Variant Database*

682 5685 127 104

Genes Alterations Cancer Types Drugs

Search Gene / Alteration / Drug

Therapeutic Levels Diagnostic Levels Prognostic Levels FDA Levels

© Level 1 O Level 2 © Level 3 O Level 4 @ Level R1/R2
FDA-approved drugs Standard care Clinical evidence Biological evidence Resistance
43 Genes 23 Genes 25 Genes 23 Genes 11 Genes

Powered by the clinical expertise of Memorial Sloan Kettering Cancer Center
When using OncoKB, please cite: Chakravarty et al., JCO PO 2017.
*FDA recognition of OncoKB is for the content that is clearly marked

x

Memorial Sloan Kettering
Caneer Center
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OncoKB example

* NSCLC with ERBB2 p.D769H

Part of OncoKB's content is now FDA-recognized. For more details, please see our FDA Recognition page.

OncKB Levels of Evidence Actionable Genes Cancer Genes API/License About News FAQ Q & Account ~ @ :—ht‘.[m:gl::':m Kettering

= Therapeutic

© Level1 O Level 2 © Level 3 © Level 4 @ Level R1
FDA-approved drugs Standard care Clinical evidence Biological evidence Standard care Clinical evidence
43 Genes 23 Genes 25 Genes 23 Genes 8 Genes

+ Diagnostic (for hematologic malignancies only)

N aVigate to ERBBZ + Prognostic (for hematologic malignancies only)

+ FDA-Recognized Content

43 actionable genes Select a cancer type 69 drugs
Showing 140 clinical implications (43 genes, 28 cancer types, 1level of evidence) Reset filters

Levelv Gene “* Alterations * Cancer Types “ Drugs -
(1] ABL1 BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Dasatinib -
[1] ABL1 BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Imatinib
(] ABL1 BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Ponatinib
© ABL BCR-ABL1 Fusion Chronic Myelogenous Leukemia Bosutinib
[1] ABL1 BCR-ABL1 Fusion Chronic Myelogenous Leukemia Dasatinib

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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[#) ERBB2 Amplification
(1] ERBB2 Amplification
© ERBB2 Amplification
© ERBB2 Amplification
© ERBB2 Ampilification
© ERBB2 Amplification
© ERBB2 Amplification
© ERBB2 Amplification
& ERBB2 Amplification
© ERBB2 Amplification
© ERBB2 Amplification

You can click on any of these...

Breast Cancer
Breast Cancer
Breast Cancer
Breast Cancer
Breast Cancer
Breast Cancer
Breast Cancer
Breast Cancer

Esophagogastric Cancer

Esophagogastric Cancer

Esophagogastric Cancer

Ado-Trastuzumab Emtansine

Lapatinib + Capecitabine, Lapatinib + Letrozole
Margetuximab + Chemotherapy

Neratinib, Neratinib + Capecitabine
Trastuzumab + Pertuzumab + Chemotherapy
Trastuzumab + Tucatinib + Capecitabine
Trastuzumab Deruxtecan

Trastuzumab, Trastuzumab + Chemotherapy

Pembrolizumab + Trastuzumab +
Chemotherapy

Trastuzumab + Chemotherapy

Trastuzumab Deruxtecan

© National Comprehensive Cancer Network, Inc. 2021, All Rights Reserved. No part of this publication may be reproduced or
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oncKB Levels of Evidence Actionable Genes Cancer Genes API/ License About News FAQ Q & Account ~ @

ERBB2 = Cancer Types with ERBB2 Mutations @

Oncogene

Highest level of evidence: Level 1@ - FDA Level 2@
Also known as CD340, NGL, HER2, HER-2

Gene |D: 2064

GRCh37 Isoform: ENSTO0000269571 RefSeq: NM_004448.2
GRCh38 Isoform: ENSTOO000269571 RefSeq: NM_004448.2

% altered

; . ‘ . oy 55,6 5 £,
ERBB2, a receptor tyrosine kinase, is altered by mutation, amplification and/or %‘%&og‘%gof%;é}ef@%sf%‘f ;D%'e;&o‘.,
- N N N D,
overexpression in various cancer types, most frequently in breast, esophagogastric and ’t‘s,?/';:p"‘;f’o%u}%'Q’?";(s?‘%‘;fé%%"“c
endometrial cancers. o G 0,0 [0 0 T (e, 0 I,
R e Oy 2, Ty, 0,0
Show ERBB2 background ® 0,,6::,{:%: %”% - 6,
W Y %
A tated Mutation Distrit in MSK-IMPACT Clinical Sequencing Cohort (Zehir et al., Nature Medicine, 2017)
Y-Axis Max: (I ) | 59 Legend ® o m Oncogenic
50 23‘3: i B Neutral

5

: PEY Inconclusive

=

=

o S

2 .

2

u . .

. o 0 e tnm, P, -~ .. *

B . s 13% . s
o 200 400 800 800 1000 125583

A A i Tl i FDA-| i Content

A list of the cancer type-specific ERBB2 alterations that may predict response to a targeted drug and the corresponding
OncoKB level of evidence assigning their level of clinical actionability.
If you notice any mistakes or omissions, please reach out to us. 8 Search ..

This will take you to a more detailed list
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onCKB Levels of Evidence Actionable Genes Cancer Genes APl / License About News FAQ

Q & Account~ @

Memorial Sloan Kettering
Cancer Center

Alteration “ Oncogenic
L/55M Likely Neutral
L755P Oncogenic
L755S Oncogenic

L755_E757delinsS Likely Oncogenic

L755_T759del Oncogenic
S760A Likely Neutral
1767M Oncogenic
D769A Likely Neutral
D769H Oncogenic
769N Likely Neutral
D769Y Oncogenic
E770_A77linsAYVM Oncogenic

Exon 20 deletions Likely Oncogenic

Exon 20 insertions Likely Oncogenic

Y772_A775dup Oncogenic

Mutation Effect
Likely Neutral

Gain-of-function
Gain-of-function

Likely Gain-of-function
Gain-of-function

Likely Neutral
Gain-of-function

Likely Loss-of-function
Gain-of-function

Likely Neutral
Gain-of-function
Gain-of-function
Likely Gain-of-function
Likely Gain-of-function

Gain-of-function

Citations
2

3

6
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ERBB2 D769H =
Oncogenic @ - Gain-of-function @ - Level 2@ -FDA Level 2@

ERBB2, a receptor tyrosine kinase, is altered by mutation, amplification and/or overexpression in various cancer types, most frequently in breast,
esophagogastric and endometrial cancers.

The ERBB2 D769H mutation is known to be oncogenic.

Select a cancer type ®

Therapeutic FDA-Recognized Content

A list of the cancer type-specific ERBB2 alterations that may predict response to a targeted drug and the corresponding
OncoKB level of evidence assigning their level of clinical actionability.

If you notice any mistakes or omissions, please reach out to us. &4 Search ...
Levelv Alterations “ Level-associated cancer types @ “ Drugs “ Citations
2] Oncogenic Mutations Non-Small Cell Lung Cancer Ado-Trastuzumab Emtansine 3
(2] Oncogenic Mutations Non-Small Cell Lung Cancer Trastuzumab Deruxtecan 1
@  Oncogenic Mutations Breast Cancer Neratinib 3
@  Oncogenic Mutations n-Sr}Qall Cell Lung Cancer Neratinib 2
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onCKB Levels of Evidence Actionable Genes Cancer Genes API/ License About News FAQ Q & Account~ @ Memorial Sloan Kettering

Cancer Center

ERBB2 D769H =
Oncogenic @ - Gain-of-function@ - Level 2@ -FDA Level 2@

ERBB2, a receptor tyrosine kinase, is altered by mutation, amplification and/or overexpression in various cancer types, most frequently in breast,
esophagogastric and endometrial cancers.

The ERBB2 D769H mutation is known to be oncogenic.

Non-Small Cell Lung Cancer @

Therapeutic Summary
The anti-HER2 antibody ado-trastuzumab emtansine (T-DM1) and the antibody-drug conjugate trastuzumab deruxtecan are NCCN-compendium listed for the
treatment of patients with ERBB2-mutant non-small cell lung cancer.

T Tt FOAR ized-Content

A list of the cancer type-specific ERBB2 alterations that may predict response to a targeted drug and the corresponding
OncoKB level of evidence assigning their level of clinical actionability.

If you notice any mistakes or omissions, please reach out to us. =8 Search ...
Levelw Alterations * Level-associated cancer types © “ Drugs “ Citations

© Oncogenic Mutations Non-Small Cell Lung Cancer Ado-Trastuzumab Emtansine 3

2] Oncogenic Mutations Non-Small Cell Lung Cancer Trastuzumab Deruxtecan 1

@ Oncogenic Mutations Non-Small Cell Lung Cancer Neratinib 2
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- = NCCN Compendium®. © 2021 National
— e e ol Comprehensive Cancer Network, Inc.
Available at NCCN.org.

Non-Small Cell Lung Cancer ERBB2 (HER2) mutation ERBB2 2B Emerging biomarkers to identify novel therapies for pati with i NSCL-H
O NSCLC
Genetic alteration (ie, Driver event): ERBB2 (HER2) mutations

T

National . . . -

comprehensive NCCN Guidelines Version 7.2021 NCLN Guideiines Index

o P Table of Contents
NCCN Ietelineis Non-Small Cell Lung Cancer Discussion

EMERGING BIOMARKERS TO IDENTIFY NOVEL THERAPIES FOR PATIENTS WITH METASTATIC NSCLC

Genetic Alteration (ie, Driver event) Available Targeted Agents with Activity
Against Driver Event in Lung Cancer

Crizotinib!-2

High-level MET amplification Capm atinib3

Ado-trastuzumab emtansine4

ERB82 (HER2) mutations Fam-trastuzumab deruxtecan-nxki5

The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) Non-Small Cell Lung Cancer (Version 7.2021). © 2021 National Comprehensive Cancer Network, Inc. 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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summary

* Know enough about the testing methodology to know what the
‘holes’ are

* Use this to decide whether additional exploration is warranted given clinical
considerations

* Learn the nuances of how results are reported by the lab(s) most
frequently used for testing

* Sometimes, being able to dig for information on variants separately
can be illuminating!
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* Who We Are
An alliance of leading cancer
centers devoted to patient : Rovuafet
care, research, and education e B\ | i

Humtsman Cancer Institute Cancor
Sy o y - o-::.dm-d

Cancer Center

UCSF Helen Diller Family * Fox Chase Cancer Center
prehensive

Con Clinic Taussig * Abramson Cancer Center
Cancer Cemter | LICDavis Cancer Institute . ot the University of Pennsybvania
Our Mission e e - oo ; e ey it Coneh e
University of Colorada Cancer Centor 31 Johrs Hophing
Stanford Cances Institute c & Campr -

To improve and facilitate
quality, effective, efficient, and & : . e
accessible cancer care so '
patients can live better lives

Our Vision

To define and advance high-
quality, high-value, patient-
centered cancer care globally

*  Mayo Clinic Cancer Center

NCCN.org — For Clinicians | NCCN.org/patients — For Patients
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