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Questions
 How Is cancer risk and treatment influenced by genetic
factors?

* When Is genetic testing appropriate for survivors with a
family history of cancer?

 How do | order testing for hereditary cancer risk
assessment?

 How should | advise patients choosing direct-access genetic
testing?

 What is“cell free DNA” testing?
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How Is cancer risk and treatment influenced by genetic factors?
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The Most Common Types
of Cancer in the U.S.

Projected share of new cancer diagnoses
in the U.S. in 2022, by gender

30.8% Breast

Lung 12.0%

12.7% Lung
4.6% Melanoma Colorectal 8.5%

of the skin Melanoma 5.8%
of the skin

\ o
8.2% Colorectal
Bladder 6.3%
8.6% Uterus Prostate 27.3%
Projected number of new diagnoses
934,870 983,160

Source: American Cancer Society
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The Human Genome and Cancer

o All cancers arise from genetic alterations
* Not all genetic changes are inherited!
* About 5-10% of cancer Is hereditary

« The Human Genome Project is catalyzing the discovery of cancer
genes and the development of :

- Predictive tests to identify genetic predisposition
- Diagnostic tests to detect cancer In its earliest stages
- Therapies that target gene abnormalities in cancer cells
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What Causes Genetic Changes?
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Graphic 2: a mutated gene can cause the production of a problematic protein

Correct codon (A codon isa group of 3 of the DNA nucleotides, A,T,C,G
Normal gene that

V code fora specific amino acid. In this case it codes for the amino glycine)
i G Normal code, via messenger RNA and
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What is the difference between Germline and Somatic
genetic mutations? When should we test for each?
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Clinical Applications of Genomic Sequencing
indication _____[Implications ______________[bxamples

Risk
(Classically Germline)
Diagnostic

Prognostication
(Classically Somatic)

Prediction

Predisposition to develop future cancers

Help with diagnosis of a given syndrome or
cancer

Favorable or unfavorable prognosis

Response to therapy

Testing for hereditary cancer syndrome
pathogenic mutations

Germline: PTEN mutations to diagnose

Cowden syndrome

Somatic: KRAS mutations in Cologuard
colon cancer screening kits

Gene expression profiles that anticipate
recurrence in early-stage, hormone-
receptor positive breast cancer

Germline: BRCA1/2 mutations and PARP

inhibitor therapy

Somatic: BCR-ABL fusion gene and Imatinib
therapy in chronic myelogenous leukemia
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When Is genetic testing appropriate for survivors with a
family history of cancer?
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Case

e 59 year old female who was diagnosed with right invasive breast
cancer at age 45.

e She was treated with a right mastectomy and prophylactic bilateral
salphingo oophorectomy for preventive purposes.

e She stated that she has begun the genetic counseling process
many times and “chickened out”

e She Is now Interested In genetic testing because she has a 25 yo
daughter and is concerned about her daughter’s risk.
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Case continued

Family History iIs significant as below:

e Ovarian Cancer Mother age 50
e Pancreatic Cancer Mother age 73
e Pancreatic Cancer Maternal Grandfather
* Lung Cancer Paternal Uncle
 Melanoma Paternal Uncle

How do you advise this patient?
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SPORADIC FAMILIAL HEREDITARY

5 & o

feutlres flentures flentures
Few affected family members Clusters of cancer in a family Cancer in more than 2
: - - — generations
Caused by an accumulation of Genetic predisposition is not ——
mutations throughout life evident in the family history Caused by mutations in genes
CLINICAL CANCER GENOMICS
Not hereditary Bilateral breast cancer R _ﬁ; ‘ =
oy
c X >
Multiple related cancers m, '
B Cityof Hope
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Hereditary Cancer: The Importance of Family
5-10% of cancer cases are caused by genetic mutations
inherited from a parent and run in families.

\hﬂther tat her

sister

Son Dayghiet

Parents, siblings and children have a 50% risk
to carry the same mutation.
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When to suspect hereditary cancer

* Earlier age at diagnosis than expected
* Multiple generations with cancer

* Multiple cancers in one generation
* Rare types of cancer

* Bilaterality
* Constellation of tumors characteristic of a specific syndrome
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When should genetic testing be offered?

* When there is a reasonable likelihood of identifying a cancer
predisposing mutation

* When there is a genetic test available that can be adequately

interpreted | >
* When the results will influence the patient (fENLEATéCS ’P’R',N’T/
. . ouT
and/or their family’s healthcare
* Patient wants information (empowerment) i’
2]
3 ERCAESERIN
ASCO, 2003; NCCN, 2021 l(' lope
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How do | order testing for hereditary cancer risk assessment?
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Key Components of Genetic Cancer Risk Assessment

While models vary based on practice setting and resources,
comprehensive GCRA will entail one or more consultative sessions:

Pre-test consultation Results disclosure
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Key Components of the Pre-Test Consultation

* Engage patient & assess concerns/motivations

* Document patient and family cancer history

* Explain principles of heredity and cancer genetics
* Facilitate informed consent; initiate testing
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Key Components of Results Disclosure

* Interpret/communicate genetic test results

* Provide personalized risk management recommendations and
resources

* Facilitate adaptation and coping with impact of result

* Assist patient with plan for communication of
results/recommendations with at-risk family members
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Single-Gene vs Multigene (Panel) Testing

Single-Gene Testing Panel Testing

Tests mutation status of
multiple genes with
one sample

Tests for mutation-specific
gene

PCR and direct sequencing Most commonly using NGS

Can be used in place of single-gene
testing; should be considered when
negative for single-gene test, but FH
suggests an inherited susceptibility

Traditionally used when there is a known
familial mutation in a cancer
susceptibility gene

NCCN Guidelines®. Genetic/familial high-risk assessment: breast and ovarian. Version 2.2017.
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Germline Testing Panels

Testing Option

Single Site

Single Gene(s)

Founder Mutation Panel

Multi-gene Panel

Whole-exome sequencing /
Whole-genome sequencing

Tests for specific mutation previously identified in
family

Test 1-2 genes for mutations
Tests for a single hereditary cancer syndrome

Tests for specific sites commonly mutated in certain
high risk populations (ex. Ashkenazi Jewish 3-site
BRCA1/2 panel)

Test multiple genes at the same time for mutations
(typically ~20 for cancer-specific, 80-100 genes for pan-
cancer)

Tests for multiple hereditary cancer syndromes

Broadest testing available

Whentovse e

PRO: Definitive Y/N answer for family
CON: Misses potential additional mutations in family
members

CON: Inefficient given NGS

CON: Can be exome-based and not capture splice
variants depending on testing company

CON: Misses potential additional mutations in family

PRO: Population-level screening possible with fewer
resources

CON: Cannot confirm true negatives w/o additional
testing

PRQO: Efficient + limit retesting given NGS

CON: Panels can include/exclude genes based on their
assays + the literature + ?7? -> need to actually review
what is included

PRO/CON: Variants of uncertain significance (VUS) and
off-syndrome results

PRO: Most comprehensive, best for challenging cases
CON: Comparatively more expensive, long time delay,
difficult to interpret results

MEDICAL
COLLEGE.
OF WISCONSIN

knowledge changing life



I‘ﬁllyriad genetics Patients Providers  OurTests  About  Contact Us

MyRisk™ Hereditary
Cancer Testing

Myriad Genetics MyRisk™ hereditary cancer testing is a scientific
advancement revolutionizing hereditary cancer testing. Blending both genetic
test status and personal cancer family history, Myriad MyRisk hereditary
cancer panel represents the next generation of hereditary cancer risk testing.

I“
Order MyRisk =

Myriad publications Documents and forms Regisiries Gene tanle Crder now

Why Hereditary Cancer Testing with Myriad?

i A
/7 COD

Reduces false negatives Earlier intervention Saves time & money 1 new notification (Focus assist ol
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jzg INVITAE

Your health starts
In your genes.

Invitae (“in-VEEtay") makes it easy to access your unique
genetic information, so you can take control of your health.

Individuals Providers Search E

Register a kit

5

i{ \\ \\ i

Build your blueprint for better health.

Have @ health question? We have a test for you.
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Germline Testing Results

Pathogenic mutation identified

Positive Increased cancer risk

No mutations identified

. benign variants/polymorphisms typically not reported) Cancer risk based
Negative (benign variants/polymorphisms typically not reported)

on personal/family

history
80-90% will be re-classified as benign
N ] k .
Labs continue follow-up and re-contact providers known
-> reach out to patients cunen o sooucs
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& O (1 https://www.ncen.org/guidelines/guidelines-detail ?category =2&id=1503 A ':—e 18 SE :

-
View Upcoming and Recorded Patient Webinars
National Comprehensive i
Cancer Network® About Donate News Store Search Q Login v

Guidelines Compendia & Templates Education & Research Patient Resources Business & Policy  Global

Home > Guidelines > Guidelines Detail

NCCN Guidelines

COVID-19 Resources Genetic/Familial High-Risk Assessment: Breast, Ovarian,
Treatment by Cancer Type and Pancreatic

Detection, Prevention,
and Risk Reduction

e Guidelines

NCCN Guidelines version 2.2022

Supportive Care

Specific Populations
- Additional Genetic Mutations

Guidelines for Patients - BRCA-Related Breast and/or Ovarian Cancer Syndrome
- Breast and/or Ovarian Genetic Assessment
- Cowden Syndrome/PHTS

Guidelines With Evidence

Blocks . o . .

- Genetic/Familial High-Risk Assessment: Breast and Ovarian
Framework for Resource - Hereditary Breast and/or Ovarian Cancer Syndrome
Stratification - Li-Fraumeni Syndrome

. o - Multi-Gene Testing
Harmonized Guidelines

International Adaptations
and Translations
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Printed by Ann Maguire on 4/2002022 2:30:44 AM. For personal use only. Not approved for distribution. Copyright & 2022 Mational Comprehensive Cancer Network, Inc., All Rights Resered.
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Commehensive NCCN Guidelines Version 2.2022 NCCN Guidelines Index
NCCN Bl Genetic Testing Process Discussion

CANCER RISK MANAGEMENT BASED ON GENETIC TEST RESULTS*1:2
The inclusion of a gene in this table below does not imply the endorsement either for or against multi-gene testing for moderate-penetrance genes.

— Management Managementt " and Oter Gancar Risks
+ Absolute risk: >60%2 2° « Absolute risk: 39%-58%°° P ic cancer
= Management: See BRCA Pathogenic Variant-Positive | = Management: See BRCA Pathogenic = Absolute risk: =5%
Management Variant-Positive Management « Management: Screening mutation carriers
= Strength of evidence: Very strong (with predisposition | = Strength of evidence: Very strong with a family history of pancreatic cancer, see_
to triple-negative disease) PAMC-A.
BRCAT = Strength of evidence: Strong
Prostate cancer

= See BRCA Pathogenic Variant-Positive
Management
Comment: There have been a few case reports of Fanconi-like conditions in individuals with two BRCA 1 pathogenic variants.27.28

- Absolute risk: >60%° % - Absolute risk: 13%—29%° Pancreatic cancer
* Management: See BRCA Pathogenic Variant-Positive |+ Management: See BRCA Pathogenic « Absolute risk: 5%—10%
Management Variant-Positive Management = Management: Screening mutation carriers
+ Strength of evidence: \ery strong (with predisposition | + Strength of evidence: Very strong with a family history of pancreatic cancer, see_
to ER+ disease) BANC-A.
BRCA2 « Strength of evidence: \ery strong
Prostate cancer and melanoma
« See BRCA Pathogenic Variant-Positive
Management
Comment: Counsel for risk of autosomal recessive condition in offspring.
« Absolute risk: Insufficient data to define « Absolute risk: >10%>7 Other cancers
= Management: Insufficient data; managed based on = Management: = Unknown or insufficient evidence
family history » Risk reduction: Consider RRSO at
« Strength of evidence: Limited; potential increase in 4550y
BRIP1 female breast cancer (including triple negative}m « Strength of evidence: Strong

Comments: Counsel for risk of autosomal recessive condition in offspring. Based on estimates from available studies, the lifetime risk of ovarian
cancer in carriers of pathogenic/likely pathogenic variants in BRIF1 appears to be sufficient to justify consideration of nsk-reducing salpingo-
oophorectomy. The current evidence is insufficient to make a firm recommendation as to the optimal age for this procedure. Based on the current,
Iimitetd ?vider]ce base, a discussion about surgery should be held around age 45-50 y or earlier based on a specific family history of an earlier
onset of ovarian cancer.

Footnotes on GENE-A 7 of 9 References on GENE-A 8 of 9 and GENE-A 9 of 9

Continued

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.

GENE-A
20F9

Vearsion 22022, 0309722 © 2022 Mational Comprehensive Cancer Neatwork® (NCCN#), All ights reserved. NCCN Guideline=® and this illustraSon may nol bs reproduced in any form withoul the express written permission of NCCN.
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Case continued - Test results

o Our patient was tested using a multi gene panel that included all
high and moderate risk Breast cancer genes.

e The patient tested positive for a CHEK?2 mutation.

« CHEK2 Is a Tumor Suppressor gene which regulates cell growth
by controlling cell mitosis/ division.

 Mutations in CHEK?2 lead to loss of control of cell division and
ultimately can lead to cancer.

« CHEK?2 is considered a “moderate risk” Breast cancer gene that
also predisposes patients to other cancers.
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Case continued - Surveillance

Cancer screening recommendations for this patient include:

* High risk Breast Cancer screening with mammography and Breast MRI
(Strong Evidence — CHEK?2)

« Colorectal Cancer screening with colonoscopy(Evidence not well
established — CHEK?2)

e Thyroid Cancer screening with ultrasound (CHEK2 related increased
risk).

e Pancreatic Cancer screening with MRI/MRCP and Endoscopic
Ultrasound based on 2 relatives with Pancreatic Cancer (15t degree and
2hd degree)

e
=o=
=g=

viocar,  knowledge changing life

COLLEGE.
OF WISCONSIN



How should | advise patients choosing direct-
access genetic testing?
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Case

48 yo African American woman presents to establish care

Family history includes:
- Breast cancer in her sister, age 38.
- Her father died of Prostate Cancer
- Her paternal grandmother was diagnosed with Ovarian Cancer

- Her Paternal great aunt died of Pancreatic cancer after being treated for Breast
Cancer.

- None of her relatives pursued genetic testing.
She received a 23&Me test kit for Christmas and was relieved to learn that she
tested negative for breast cancer genes.

What do you say to this patient?
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¥23m1{lme SHOP ¥ LEARN v SIGN IN REGISTER KIT HELP m

Welcome to vou Welcome to you Welcome to you

Wiee i Hitg i Wits i

Ancestry + Traits Service Health + Ancestry Service 23andMe+ Membership

G

$99 $199 $‘I69 $29

one year prepaid

membership
If you want the most comprehensive If you want to get a more complete If you want our Health + Ancestry
ancestry breakdown on the market. picture of your health with insights from Service plus access to new premium
your genetic data. reports and features throughout the year.
* 2008+ Geographic regions « Everything in Basic, plus... +« Everything in Essential, plus...
* Automatic Family Tree Builder * 65+ health reports and features including: = Instant access to exclusive reports and
* 30+ Trait reports * Health Predisposition reports* features, including:
« DNA Relative Finder * Wellness reports * Heart Health reports
* Learn more  Carrier Status reports2 * Pharmacogenetics reports (how you

) process certain medications)2*
* Includes FDA-authorized reports

. i » Migraine report (Powered by 23andMe
* Family Health History Tree h)
research

* | earn more
» Skin Cancer (Basal and Squamous Cell

Carcinomas) and Skin Cancer
(Melanoma) reports (Powered by
23andMe research)

* Plus new reports and features as mare
discoveries are made
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Direct Access Genetic Testing

e Customers send a sample and receive results directly from a secure
website or in a written report

 May not involve a healthcare provider or insurance company.
o Patients can opt-in or opt-out of pre and post test genetic counseling.

* “Polygenic risk scores” allow companies to use participant data and
self-reported medical history to predict risk.

 May not be generalizable to all populations

 Many vendors have “commercial partners” including pharmaceutical
Industry and companies that recruit for clinical trials.
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Single Nucleotide Polymorphism

Gene (coding region)

DNA molecule 1
Common genotype

= (YETEER,
X VN

_l_
| —

Chromosome

% SNP site
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Problems with Direct Access testing

False positives
- Significance of VUS may be overstated

False negatives
- Many companies only test for common SNPs NOT representative of all

cancer causing mutations.
eg. Some Breast Cancer tests only screen for the 3 BRCA mutations found

In Ashkenazi women
Lack of proper pre and post test counseling

Many patients do not discuss results with their physicians.
Testing may not change screening behaviors or outcomes.
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What is “cell free DNA" testing?
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Case

* 54y0 university professor sends a Mychart message requesting
that PCP order a “blood test for breast cancer screening’.

e Multiple prior mammograms describe dense breasts and patient is
concerned about the sensitivity of mammography to detect cancer

 Her Google search came up with a paper published as a “poster
abstract” in a minor clinical journal recommending a commercial
test for breast cancer screening.

What do you say to your patient?
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Sources of circulating DNA
Clonal hematopoiesis and ctDNA/metastatic disease

REC P

phagocyte & - .y

tONA x| (g .

normal cfDNA  xoix
circulatingtumorcell ~ # ® o

healthy cell &
tumorcell @& /

plasma

leukocytes

» ‘ RBCs
-

i —,

& = apoptosis
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_—
» £
L] .~ 2
&. secretion

https://upload.wikimedia.org/wikipedia/commons/0/0f/CtDNA in circulation.png
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Circulating Tumor DNA: Definition

* Circulating tumor DNA (ctDNA):
Fragmented cell-free DNA derived from
tumor cells in the bloodstream

* Released material from
apoptosis/necrosis of tumor cells

* Incidental capture depends on Wl

availability of tumor genome DNA
* Most likely with large burden of
metastatic disease
* Higher sensitivity from germline
testing platform

Sizeof clone %7

(] Ll L] L L] L b b Cruantitative analysis
Ay s, = Disease staging
L | * Response manitoring
- L L= = Frognastication
Cancer detection:  Maolecular Dietection N e i -.-'| I“
SErEening ar profiling or of residual M""":""‘-* M;";ml L { !
earlier disgnosis prognastication  disease L8ROI K15 e F R mm
LT | ===sp=-e
[ WAk | Iy oy
® Clone 1 AeEy iR "L‘j" Yy
Clane 2 7l W
& Clone 3 . . . ) q.-\' rl | gl fi
! 1 1 ] _||. | Genomic analysis ]
: : [ + Mutation profiling
! v = Treatment selection
' N II | = Monitaring clonal
- : i i i L evalition
Tims Surgery (or other) - | Traatmen tl Traatmen 12

Treatment selection

Nature Reviews | Cancer

CLINICAL CAMCER GENORIC
COMMUNITY OF PRACTICE

'?‘;‘_d.
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Wan et al. Nature Reviews Cancer 2017 B CityeiHope
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Home Qur Story Syantra DX | Breast Cancer ~ News & Information ~ Getin Touch

Information for patients

With a cancer diagnosis, early detection means better outcomes. It
means hope. But when it comes to breast cancer, a significant portion
of women have reduced opportunity for an early, life-saving diagnosis.

That's why we developed Syantra DX | Breast Cancer.
A screening blood test for breast cancer that's easy,
convenient, and accurate.
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What is Syantra DX | Breast Cancer?

Syantra DX | Breast Cancer is an advanced, innovative precision medicine test. It measures a suite of breast
cancer gene expression biomarkers from whaole blood and uses algorithms developed with machine

learning. It can identify invasive breast cancer at early stages, before it spreads.

Syantra DX | Breast Cancer is a screening blood test for the detection of the presence of breast cancer. The
test's efficacy is rooted in three primary, innavative elements: the novel biomarker signature, unique PCR

reagents and protocols, and a proprietary artificial intelligence-informed software platform.

@

L

LY 4

tain Extract Return results

blood sample samples

Learn about the Syantra DX | Breast
Cancer clinical studies
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Summary

 All cancers arise from genetic alterations, BUT not all of these
mutations are inherited.

 Have a low threshold for referring cancer survivors who are interested
In testing to a genetic counselor.

» Genetic counselors can help identify the most appropriate testing for
your patient.

 Be wary of results from commercial direct access genetic testing labs.

e Use caution when ordering cell-free DNA testing — this exciting
technology may not be appropriate for screening in common cancers.
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