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Outline

= Cancer — a condition of genetic mutations

= Knowing about these mutations Is important
= Testing for genetic mutations in a tumor

= Genetic mutations that are inherited

= Testing for inherited genetic mutations

= How this information is useful together

= Q&A
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Genetics Background

DNA Structure
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What is Cancer?
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Why know about tumor mutations?

= Explore what is “driving” a
tumor

Mechanisms of growth and
how mutations interact with
one another

Target for treatment or
therapies, can we exploit
genetic mutations?

Help in tissue identification

More complete picture
about an individual case

Pathogenic or Likely Pathogenic Somatic
Alterations

Variant CLASSIFICATION
ARID1A p.G276fs Pathogenic
ESR1 p.Y537N Pathogenic
JAK1 p.K860fs Pathogenic
KRAS p.G12V Pathogenic
PIK3CA p.E545G Pathogenic
PTEN p.S5229fs Pathogenic

NF1 c.7970+2T>A

Likely Pathogenic

SETD2 ¢.S51366fs

Likely Pathogenic

ZFHX3 p.G699fs

Likely Pathogenic
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Ways to do Tumor Genetic Testing

= Solid tumor biopsy or = Liquid biopsy (blood or
“tumor profiling” urine)
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Case Example

= Women in 50s presented with signs of advanced pancreatic
cancer, pathologists confirm

= Treated at UCSF, new ovarian mass found as cancer is
progressing

= Biopsy of the mass identified ovarian cancer instead due to
genetic mutations

- KRAS
= Chemo attempted with ovarian cancer-specific medication

= Completed reversed symptoms, and able to achieve
remission with chemotherapy and surgery

= Power of tumor genetic testing application
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Inherited Genetic Mutations

= Most cancerous genetic mutations are acquired during one’s
lifetime

= Some rare individuals have a genetic mutation present from
birth, in every cell of the body

- Typically inherited from one parent (in original egg and/or sperm)
= Easier to develop cancer during lifetime
- “Predisposition” to cancer

= Some cancer presentation is more likely to involve an
Inherited cancer risk factor than others

= Shared cancer risk between family members
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Inherited Mutations are (somewhat) rare

5% Sporadic (average risk)
Familial (moderate risk)
10-15% _ o
Hereditary (high risk)
5-10%

Ovarian cancer — 20% (Walsh et al., 2011)
Endometrial (uterine) cancer — 5-10% (Lu et al., 2007)
Uterine sarcoma — unknown

Cervical cancer — minimal inherited factors
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Why know about inherited mutations?

= More accurately prediction of lifetime cancer risks

= Similarities between an individual’s cells and their cancer
cells

= QOther cancer risk profiles

= Specific tumor pathologies more likely, used to drive care and
treatment

Impact on surgical decisions
Impact on treatment/medication

= Indicated genetic testing for family members
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Germline genetic testing options

Performed on healthy “normal” tissue

- Blood sample
- Liquid saliva or cheek cells (buccal)

White blood cell content
Can tailor amount of information, number of genes
Sequencing and deletion/duplication

(

= Ambry Genetics®
7y =7 ~myriad
(" Z
INVITAE - Clinical'CanCer
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Case Example

= Patient presents with ovarian

cancer

= BRCAL inherited gene mutation
= Family history of prostate

cancer
= Could now:

- Benefit from PARP inhibitor
- Qualify for clinical trials
- Be aware of other cancer risks

for herself

= Risk for family members,

regardless of sex

BRCA1 Mutation Lifetime Cancer Risk (%)

57-87

11-40

12

Increased
14
Increased Increased

01 1.5

Female Breast Ovarian
Cancer Cancer

Male Breast Prostate Pancreatic
Cancer Cancer Cancer

General
Population

BRCA1
Mutation
Carrier
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What does each kind of test tell us about the other?

Not much...

- Liquid biopsy testing
has NO information on
Inherited genes

- Solid tumor testing
MAY contain some
other information

- Inherited genetic
testing DOES NOT
report on tumor
mutations
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Combined testing (“Paired”) 1s also an option
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UCSF500 Gene Panel Final Report =

Tumor
Source: |IIEEEEE - =!lopian tube, Solid Tissue |
Diagnosis: Several small foci of high grade serous carcinoma
Surgical Pathologist: [ Nt
Resident/Fellow: Normal
g ] Source: Peripheral Blood
Electronically Signed-Out by: [ IINININIES Colfected:
Pathogenic or Likely Pathogenic SOMATIC ALTERATIONS
VARIANT TRANSCRIPT ID CLASSIFICATION READS MUTANT ALLELE
FREQUENCY
BRCA1 loss of wild-type allele N/A Pathogenic| N/A N/A
TERT c -124C>T NM_198253 2 Pathogenic 865 38%
TP53 p.1195T NM_000546.5 Pathogenic 513 61%
PBRM1 c.528+2T>G NM_018313.4 Likely Pathogenic 595 42%
SF3B1 p.G742D NM_012433.2 Possibly Pathogenic 503 29%

'Reads' indicates the number of unique DNA molecules sequenced. 'Mutant Allele Frequency’ indicates the percentage of the reads with the respective "Variant' and is affected by the degree of normal cell
centamination of the sample and whether the variant is fully clonal or subclonal. ‘Pathogenic’ and 'Likely Pathogenic® classifications are based on CCGL melecular pathologist/geneticist interpretation of data from
somatic and germline databases and published literature. Variants classified as 'Possibly Pathogenic' have unknown significance but occur in genes or molecular pathways known to be recurrently altered in the tumer
type.

Pathogenic or Likely Pathogenic ALTERATIONS IN THE NORMAL SAMPLE’

VARIANT TRANSCRIPTID CLASSIFICATION READS MUTANT ALLELE
{Normal/Tumor) FREQUENCY
(Normal/Tumor)

BRCA1 p.P1192fs (c.3575delC, p.Pro1192fs) NM_007294.3 Pathogenic 729/609 53%/92%

*Alterations in the normal sample are reported for cancer-related genes if classified as pathogenic or likely pathogenic in ClinVar and confirmed by a CCGL molecular pathologistigeneticist. For variants not classified
in Clinfar, truncating or spli ite variants in well i tumor suppressor genes are reported if present in <1% of 1000g or espB500 datasets. Alterations in the nomal samples are limited to single nuclectide
variants and small indels in gene coding regions. Carrier status is not reported for variants not strongly related to cancer.

45 of 1036 tested microsatellites (4.34%) were found to be unstable.

Assessment of microsatellite instability (MS1) by percentage of unstable sites:
<20%: MSI absent (MS5) | 20-30%: MSI equivocal | >30%: MSI present (MS1-High)

INTERPRETATION

Identified pathogenic/likely pathogenic somatic mutations include a recurrent missense mutation in TP33 (p 1195T) with loss of the remaining
wild-type allele a hotspot TERT promoter mutation (¢ -124C>T), and a splice site mutation in PBRM1 (c 528+2T>G) A hotspot SF3B1 mutation
(p.G742D) was also identified. Copy number analysis revealed numerous chromosomal gains and losses without pathogenic focal
amplifications or deep deletions.

A heterozygous truncating germline BRCAT mutation (¢.3575delC, p.P1192fs) was identified in the peripheral blood sample, which shows loss
of heterozygosity in the tumor sample, consistent with a driver function in this high grade serous carcinoma.

Ovarian high-grade serous carcinomas universally harbor TP53 mutations and are frequently associated with germline BRCA1 mutations (1, 2).
Among ovarian carcinomas, TERT promoter mutations are most characteristically associated with clear cell carcinomas and have only very
rarely been reported in serous carcinomas (3). PBRM1 encodes a component of the SWI/SNF chromatin remodeling pathway. SF3B1 encodes
a spliceosomal component that is frequently mutated in hematologic neoplasms and relatively infrequently mutated in solid tumors.
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UCSF500 Gene Panel Final Report =

Tumor

sex: |G Source | F2)cpian tuoe, solid Tissue| N

Dragnosrs. Several small foci of high grade serous carcinoma
Collected.

Ordering Provider(s):
Surgical Pathologist:

_ gist G Normal
Resident/Fellow: ||| NG Source: Periihera\ Blood NG

Collected:

Electronically Signed-Out by:_

Pathogenic or Likely Pathogenic SOMATIC ALTERATIONS

VARIANT TRANSCRIPT ID CLASSIFICATION READS MUTANT ALLELE
FREQUENCY

BRCA1 loss of wild-type allele N/A Pathogenic N/A N/A

TERT c.-124C>T NM_198253.2 Pathogenic 865 38%

TP53 p.I1195T NM_000546.5 Pathogenic 513 61%

PBRM1 ¢.528+2T>G NM_018313.4 Likely Pathogenic 595 42%

SF3B1 p.G742D NM_012433.2 Possibly Pathogenic 503 29%

'Reads' indicates the number of unique DNA molecules sequenced. 'Mutant Allele Frequency' indicates the percentage of the reads with the respective 'Variant' and is affected by the degree of normal cell
contamination of the sample and whether the variant is fully clonal or subclonal. 'Pathogenic’ and 'Likely Pathogenic' classifications are based on CCGL molecular pathologist/geneticist interpretation of data from
somatic and germline databases and published literature. Variants classified as 'Possibly Pathogenic' have unknown significance but occur in genes or molecular pathways known to be recurrently altered in the tumor

type.

Pathogenic or Likely Pathogenic ALTERATIONS IN THE[NORMAL SAMPLE

VARIANT TRANSCRIPT ID CLASSIFICATION READS MUTANT ALLELE
(Normal/Tumor) FREQUENCY
(Normal/Tumor)
BRCA1 p.P1192fs (c.3575delC, p.Pro1192fs) NM_007294.3 Pathogenic 729/609 53%/92%

*Alterations in the normal sample are reported for cancer-related genes if classified as pathogenic or likely pathogenic in ClinVar and confirmed by a CCGL molecular pathologist/geneticist. For variants not classified
in ClinVar, truncating or splice-site variants in well-established tumor suppressor genes are reported if present in <1% of 1000g or esp6500 datasets. Alterations in the normal samples are limited to single nucleotide
variants and small indels in gene coding regions. Carrier status is not reported for variants not strongly related to cancer.
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Summary

Inherited Genetic Testing
(“Germline”)

|dentify inherited risk
factors for cancers

Blood or saliva sample
Smaller number of genes

Impact on current cancer
treatment

Impact for family members

Tumor Genetic Testing
(“Somatic”)

|ldentify mutations that
drive growth of a cancer

Tumor tissue or blood
sample testing for
circulating tumor DNA

Larger number of genes

Impact on current cancer
treatment
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Thanks to the Cancer Genetics and
Prevention Program (CGPP)

Director Amie Blanco
Supervisor Julie Mak

Team of 17 Genetic
Counselor specializing in
Cancer Risk

Specialties in Gyn/Onc as
well as breast cancer,
colon cancer, childhood
cancers, etc.

Hereditary Cancer Clinic
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Oncogenes (Proto-oncogenes) vs Tumor Suppressor Genes

= Proto-oncogenes become Protective genes that

oncogenes with mutation control cell growth
= Altered products that = Mutations cause stops to
Increase/active cell normal cell cycle, leading
division to tumor development
- Activation causes cancer - Inactivation causes cancer
= Mostly occur in tumor = Can occur in tumor tissue
tissue (rarely in inherited or inherited DNA
DNA) (germline)
= Ras gene, HER-2, EGFR = BRCA1 and BRCA2, APC,

MMR gene mutations

22
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“Two-Hit” Hypothesis of Hereditary Cancer

a TSG mutation in a normal cell, leading to sporadic cancer

Deletion
Wild-type New —
TSGs mutation Progression®
-_— > » » tumour formation
First 'hit' Second 'hit'
(e.g. a mutation (e.g. a deletion

in one copy in the other copy

of the TSG) of the TSG)

b TSG mutation in a cell with a germline mutation, leading to familial cancer

Deletion
Inherited __| —
germline = -
mutation ; N rogression
in TSG tumour formation
First 'hit Second 'hit'
(the germline (e.g. a deletion
mutation) in the other copy
of the TSG)

Knudson's two-hit hypothesis for tumourigenesis involving a tumour
suppressor gene (TSG)

Expert Reviews in Molecular Medicine ©2001 Cambridge University Press

Figure 1. lllustration of Knudson’s two-hit hypothesis of tumor suppressor inactivation in familial (hereditable) cancer. 10 Knudson, A.G. (1971) Mutation and

cancer: statistical study of retinoblastoma. Proc Natl Acad Sci U S A 68, 820-823,PubMed.

Reference

1. Knudson AG Jr,, 1971, Mutation and cancer: statistical study of retinoblastoma. Proc Natl Acad Sci U S A. Apr;68(4):820-3.
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Microsatellites

= Short repetitive sequences in the
DNA

= Biomarker for DNA stability
- Microsatellite instability (MSI)

= Functioning genes keep these
microsatellite regions in order

through DNA mismatch repair
(MMR)

= “Mismatch repair deficiency” = “MSI-
high” = "MMR absent”

= MMR gene mutations can be
Inherited

- MLH1, PMS2, MSH2, MSH6, EPCAM

24
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U INVITAE () INVITAE DIAGNOSTIC TESTING RESULTS

Patient name:  John Doe Sample type: Blood Report date:
DOB: Sample collection date: Invitae #:
Sex: Sample accession date: Clinical team:
MRN:
Reason for testing Test performed

Diagnostic test for a personal and family history of disease Sequence analysis and deletion/duplication testing of the 83 genes listed
in the results section below.

= Invitae Multi-Cancer Panel

@ RESULT: POSITIVE

One Pathogenic variant identified in BRCA2. BRCA2 is associated with autosomal dominant hereditary
breast and ovarian cancer syndrome and autosomal recessive Fanconi anemia.
Additional Variant(s) of Uncertain Significance identified.

GENE VARIANT ZYGOSITY VARIANT CLASSIFICATION

BRCAZ c4638del (p.Phel S46Leufs*22) heterozygous PATHOGENIC

PALB2 €.2482T>C (p.CysB28Arg) heterozygous Uncertain Significance
About this test

This diagnostic test evaluates 83 gene(s) for variants (genetic changes) that are associated with genetic disorders. Diagnostic genetic
testing, when combined with family history and other medical results, may provide information to clarify individual risk, support a
clinical diagnosis, and assist with the development of a personalized treatment and management strategy.

Sample Invitae cancer panel report.

Genetic Result - Integrated BRACAnalysis® BRACAnaIys;s

s

BRCA1 and BRCA2 Analysis P — i
RECEMING HEALTHCARE PROVIDER. SPECIWEN PATIENT
Test HCP, MD Specimen Type: Blood Mame: Pt Last Mame,
Test Medcal Center Draw Date: Jun 03, 2016 Pt First Name:
123 Main R Accession Date: Jun 08, 2016 Date of Birth:
Testville, TX 55555 Report Date: Jun 14, 2016 Patient 10- Patient id
Gender: Female

Acteasion #  0T001268-BLD
Requistion & 7001268

RF_:;IILT PUSITI\!E CLINICALLY SIGNIFICANT MUTATION IDENTIFIED

= defined in this report, is & genefic change that is assocsted with the

klllh.nilul 1(| J|1|

GENE MUTATION INTERPRETATION
" BRCAZ [ —— High Cancer Risk
Heterozygous This paient has Hereditary Breas! and Ovarian Cancer syndrome
[HEOC).

DETAILS ABOUT: BRCAZ caonooo: NM_D00058.3; jaka: ooo)

Functional Significance: Delcterious - Abnormal Protein Production andior Function

The helerarygous germine BRCAZ mubslion ¢ oooo is predicled 1o resull in the premsture funcation of the BRCAZ prolein al aming acid posiion
3000 (P00

Climical Significance: High Cancer Risk
This mutation is associzled wilh increased cancer risk and showld be regarded as clinically significant

ADDITIONAL FINDINGS: NO VARIANT(S) OF UNCERTAIN SIGNIFICANCE [VUS) IDENTIFIED

Details About Non-Clinically Significant Variants: All individuals cany DNA changes (i, variants). and most variants do nof increase an
inciicual s risk of cancer or oiher diseases. When idenlified, variants of uncertain sipnificance (VLIS) are reporied. Likely benign wariants (Favar
Polymarphisms) and benign vaiiants (Folymorphisme) are nol teporied and availsble data incicale thal hess varisnls most kel 6o pol cause
incre ased cancer risk. Fressnl evidence does nol suggest y significant variant be used lo mody patiend medical

m il beyord whal i indicale onal 2nd Falriy hisdury and any olher clinically signiicant findings

Warlant Clags fication: Myriad's myWision™ Variani Classification Program parormns ongoing evalualions of variant classifications. In certain
cases, healihcare providers may be contacted for more clinical imformation of 1o armange family testing to aid in variant classification. \Wihean new
evidance about a variant is identified and cetermined to resull in clinical significance and managament change. that information vl automatically be
made availabie to the heslihcans provicer thiough an amanded report.

ADDITIONAL INFORMATION

Indlication for Testing: i is our understancing that this mndividual was idenified for
testing due fo 2 persanal or family history suggestive af a heredikary predispesiion for
cances.

Associated Cancer Risks and Clinical Management: If a cinically signiScant mutafion
is ienfified, please see e management fool associated vith his report far a summeary
of cancer risk and society guidelines thal may be
uzefid in developing a plan Tor thig oalienL Teglmq of ciher mnﬂy mermbers may sl in
the inlerpretalion of Ihis palients lest

Analysis iption: The Technical ions summary (hitps M\menadpu
comidocLments-an rl-iunsﬂe:l‘mca] specificaionsi) desciibes the analysss, method

a of this best. Curent

GENES ANALYZED

Unless othervwise noted sequencing and large
reamangeEment analyses wers performed on the
fallowing genes:

BRCAT, BRCAZ

are unable to i whelher a variand is germiline or somalic
in orfigin, which may significantly impact risk eslimales and medical management,
tharafore, thesa results should be comelatad with this patients personal and family
history. The inerpretation of this lest may also be impactad I the patient has a
hematologic mallgnancy of an allogenaic bone mamow ransplamt.

Pathogenic or Likely Pathogenic ALTERATIONS IN THE NORMAL SAMPLE’

VARIANT TRANSCRIPT ID CLASSIFICATION

READS MUTANT ALLELE
(NormaliTumor) FREQUENCY
(Normal/Tumor)

No pathogenic or likely pathogenic alterations identified.

*Alterations in the normal sample are reported for cancer-related genes if classified as pathogenic or likely pathogenic in Clinar and confirmed by a CCGL molecular pathologist/geneticist. For vanants not classified
in ClinVar, truncating or splice-site variants in well-established tumor suppressor genes are reported if present in <1% of 10009 or esp6500 datasets. Alterations in the normal samples are limited to single nucleotide

variants and small indels in gene coding regions. Carrier stafus is not reported for variants not sfrongly related to cancer.
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BRCAT1 Cancer Risks

BRCA1 Mutation Lifetime Cancer Risk (%)

57-E7

= Profile of cancer risks with
each tested gene

1140 « Ex. BRCA1 has “primary”
cancer risks, as well as
r—1 “secondary” cancer risks

Increased Increasad

: = Possible that presentation in a
Female Breast Orvarian Male Breast Prostate Pancregtic SpeCifIC famlly IS SpeCIfIC to
s Geer s S o only one type of cancer and/or

multiple

*The above mancer risk represents the bypical
remge for individuals with s mutation in this
pere.

General
Population

BRCAL
Mutation
Carmer
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