Utility of genetic testing In
a gynecological setting

T Alekhya Narravula MS MSc CGC
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Ob/GYN clinic - Genetic testing for the following indications

A Oncology testing
A Infertility testing
A Prenatal testing

WWWw.centogene.com 3



Cancer Syndromes
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Al'l cancer 1 s geneti cé€

A DNA changes seen in tumors
A Somatic changes

I Acquired

i Not heritable

A Germline mutation
i Present from birth
i Heritable
I Cancer predisposition

Germline mutationslone do not causeancer- PREDISPOSITION
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é but mo s t cancer s al e

(] Inherited
Inherited B Familial
5%- 10% B Sporadic

Familial
20%- 30%

Sporadic
60%- 75%
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Genetic contribution to gynecological cancers
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Holman LL, Lu KH. Genetic Risk and Gynecologic Catematology/oncology clinics of North Ameri2@1226(1):13-29. doi:10.1016j.hoc.2011.11.003
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Why you should care?

Increased risks when hereditary component present
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Changing paradigm in point of risk assessment

Previously¢ Assessegost-cancer diagnosis

Oncologists Geneticists Genetic Counselors

NOWCc¢ Assessed Prgand post) cancer suspicion/ diagnosis

ncreasing Need other medical
awareness ~ professionals
——> | More patients Primary care | | Obstetricians
tiEgnesEe physicians Gynecologist
ore affordable
tions

Gynecol ogi st s

best and
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ldentifying Hereditary Cancer Syndromes
Most important and easy tool =3 generational PEDIGREE analy

A Younger than expected age of cancerset Classic BRCA2 Pedigree

A Multiple generations affected

A x2first-degree relatives with tumors of the /

Prostate, dx 55

T e

Breast, dx 45 Ovarian, dx 58
Pancreatic, dx 55

same site, rare tumors, tumors of a known g b |

syndrome
A Cancer in not commonly affected sex
/ Breast, dx 52

A Associated with other geneticaits,

con g en |ta| d efe CtS y IeS | 0] I’(IS breast cancer anthacrocephaly;

Fanconianemia; polyps)

A Ancestrywith a known foundemutation

Family history suggestive of a cancer predisposition
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Consi der testinge

Ovarian and Uterine Cancer Breast Cancer

2 or more primary Personal/ family Hx of early onset breast
cancers in the same cancer (dx< 45y)

person Personal/family hx of ovarian/fallopian tube/

3 or more ovarian primary peritoneal cancer at any age
uterine, or other Family with > 3 breast cancers on same side of
cancers on the same the family

side of the family Breast cancer and 1 or more of the following
on the same side of the family:

_ A Thyroid cancer
Uterine cancer & Sarcoma
diagnosed <560y A Endometrial cancer
A Brain tumors
A Acute leukemia at < 45y
A Diffuse gastric cancer
A Childhood cancers
A Hx of Male breast cancer

Ovarian cancer at
any age

Ancestry with high risk

www.centogene.com



lereditary Breast & Ovarian Cancer syndrome

25-50% of all hereditary breast and ovarian cancer cases
BRCA/ 2 Mutations: Cancer Risks

BRCA BRCA
Breast cancer to age 80 50-85% 50-85%
Ovarian cancer to age 80 20-60% upto 27%
Male breast cancer Slight incr. ~6%
Prostate cancer Slight incr.  Slight incr.
Pancreatic cancer No incr. 1.5-5%
Melanoma No incr. Slight incr.

Daly MD: NCCN2002 genetic/familial high -risk assessment clinical practice guidelines in oncology.
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What goes with what??

Brief review on syndromes to consider in a gynecology setting

Ovarian Cancer
syndrome

Li-Fraumeni syndrome

Cowden Syndrome

Peutz-Jegers

Hereditary Diffuse

Gastric Cancer

Lynch syndrome

vy

Hereditary Breast &

BRCAL,

BRCA

TP53

PTEN X
STK11 X
CDHL x (LCIS)
MLHL, MSI,
MSHs, PMS2

ATM X
CHER X
PALR2 X

X (Hamartomas)

X

Melanoma, Prostate

Kidney, thyroid,
macrocepahly , f/h autism,
Oral papillomas, Facial
trichilemmomas

Diffuse gastric cancer

Gastric, ureteral, biliary,
glioblastoma

Prostate
Prostate

Male Breast cancer

CENT

ws

GENE
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Goal: Classification - Who needs what?

Assessment Risk Classification Intervention

Average . | Standard prevention
recommendations
Eamily H Moderate Personalized prevention
amity Ax (AFamil | 1 al precommendations

- Order genetic testing

High/Genetic [aamendlll - Referral for genetic evaluation

with personalized prevention
recommendations

www.centogene.com



Changing paradigm in Testing:
Sequential vs. Parallel (Panel testing)

Testing for single conditions at a time (sequentially)
‘genetic testing’

Test 1 negative Test 2 negative

Test1 Test 2 Test3

I

Test1
Test 2 “multi-gene testing”
Test3
Testing for multiple conditions simultaneously (in parallel)
‘genomic testing”

A Prevalence of BRCA and BRCA path A Prevalence of Lynch syndrome

-0ogenic variants in unselected pathogenic variants

population of breast cancer patients (MLHL, MSR2, EPCAMMSI2, MSHp,

=6.1% and PM&) in unselected population of
A Prevalence of pathogenic variants in endometrial cancer patients = 5.8%

other breast/ovarian cancer & A Prevalence of pathogenic variants in

predisposing genes =4.6% other actionable genes was 3.4%.

Tung N, Lin NU, Kidd J, et al.: Frequency of Germline Mutati@dJancer Susceptibility Genes in a Sequential Series of Patients With Breast Galim®ncbl34 (13): 14608, 2016
Ring KLBrueglAS, Allen BA, et al.: Germline migléne hereditary cancer panel testing in an unselected endometrial cancer cohort?MbdI29 (11): 1381-1389 2016
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Deciding on therighttest: Ce nt o g &gesise

BRCA/2 ABRCAL, BRCA2

panel

AAPC, ATM, BARLL, BLM,
BMPRLA, BRCAL, BRCA2,
BRIPL, CDH1, CDK4,
CentoCancer® panel CDKNA, CHER2,
. . EPCAM, FH, FLCN,
(Covers breast, ovarian, uterine MLHL MSH2, MSHS,
and other cancer genes) MUTYH, NBN, NTHLL,
PALR?, PMS2, POLD1,
POLE, PTEN, RAB1C,
RADG1D, SMADY, STK11,
TP53,

www.centogene.com 19



Results and Implications

Class1- Pathogenic — Medical management
Positive based on cancer risks
Class2- Likely Pathogenic specific to gene
mutation

Class 3- Variant of Uncertain

Significance (VUS) Unknown Medical management

: : based on personal

Class4- Likely Benign and/or family history of
Class5- Benign Negative cancer

Classified according to the recommendations of American College of Medical Genetics

www.centogene.com



Casel: Ms. R

Ms. R, a 35 year old woman, comes for a gynecology visit.
You inquire about family health history and find out the
following information:

I Maternal family history is negative for cancer

I Paternal family history is significant for:
A Sister with ovarian cancer 86y
APaternal aunt with ovarian cancer sy
APaternal grandmother with breast cancer4gy

www.centogene.com 22




Casel: Pedigree

. Dx 42 Q
82 yrs
555 58 605 5

d. 56 ‘ é Key
. Q ‘ -Breast CA

Dx 3 Ms. R 28
37yrs 35 @ -ovarian cA
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BRCAL/2 Genetic Testing

A Germline mutations iBRCA/2 genes implicated i25-50%of all
hereditary breastind ovariarcancer cases

A Affectedfamily member should be tested first, whe@ossible
A Nomutation detected (ord dzy” O S NI |-€ AdestingdthekéIhok wartanted

A Mutation detected:unaffectedrelatives can be offered testing for that specific
mutation

GeneReviewsitps://www.ncbi.nim.nih.gov/books/NBK247 Accessed/6/2017

www.centogene.com 24



https://www.ncbi.nlm.nih.gov/books/NBK1247/

Results of sister

Result summary

|BRCA2 (NM_000059.3; sequencing) |heterozygous pathogenic variant ¢.9097dup p.(Thr3033Asnfs*11) |
Please see below for a detailed description of the detected variants

A genetic diagnosis of familial breast-ovarian cancer is confirmed.

Interpretation

We detected a heterozygous variant in the BRCAZ2 gene, ¢.9097dup p.(Thr3033Asnfs*11). It creates a shift in
the reading frame starting at codon 3033. The new reading frame ends in a stop codon 10 positions
downstream. According to HGMD professional 2016.4, this variant has previously been described as disease
causing for breast cancer by Serova-Sinilnikova ef al., 1997 (PMID: 9150172) and Kwong et al., 2012 (PMID:
22970155). ClinVar lists this variant as pathogenic (clinical testing, variation ID: 38208). It is classified as

pathogenic (class 1) according to the recommendations of Centogene and ACMG (please, see additional
information below).

In the BRCA1 gene, we have not detected any pathogenic variant by sequencing.

Detailed description of the detected variant

In silico Allele Variant

Gene Variant Coordinates Zygosity N ek Effect and
parameters Frequencies e

Classification**

BRCA2 | Chr13(GRCh37).9.32954030dup Het PolyPhen: N/A ExAc: 0.00010 Frameshift

NM_000059.3:¢.9097dup Align-GVGD: N/A ESP: - Pathogenic
p.(Thr3033Asnfs*11) SIFT: N/A 1000 G: - (class 1)

MutationTaster: N/A CentoMD: 0.000073

Variant description based on Alamut Batch 1.5.2 (latest database available). * AlignGVD: CO: least likely to interfere with function, C65:. most likely to interfere with function, splice

prediction tools: SSF, MaxEnt, HSF. ™ highest minor allele frequency (MAF) of representative population (Exome Aggregation Consortium database (ExAC), Exome Sequencing Project
(ESP), 1000Genome project (1000G) and CentoMD 3.3. *** based on ACMG recommendations

CENTs“GENE www.centogene.com



Test Ms. R for Familial mutation: Predictive Testin

. Dx 42 Q

82 yrs

’ 5 0 G

Dx 55 58 60

d. 56 ‘ é Key
. Q ‘ -Breast CA

37 Ms. R 28

+ve BRCA2 @ -ovarian ca
mutation

CENTsGENE  www.centogene.com



Management and Screening for Ms.R

Management of hereditary breast and/or Details

ovarian cancer syndrome

Breast screening Annual breast MRI screening or mammogram for age 25-29 years. Breast MRI screening and
mammogram for age >35-70 years. Individual consideration for age >70 years

Risk-reducing mastectomy Counselling may include a discussion regarding degree of protection, reconstruction options, and
risks

Risk-reducing salpingo-oophorectomy is Counselling may include a discussion of reproductive wishes, extent of cancer risk, degree of

recommended for those aged 35-40 years protection for breast and ovarian cancer, and management of menopausal symptoms
and upon completion of child bearing

Address the psychosocial, social, and For those who have not selected risk-reducing salpingo-oophorectomy, consider concurrent
quality-of-life aspects transvaginal ultrasound and CA-125 monitoring starting at 30 years or 5-10 years before the
earliest age of first diagnosis of ovarian cancer in the family

Consider chemoprevention for breast cancer -
and ovarian cancer

Consider investigational imaging and -
screening studies

Adapted from National Comprehensive Cancer Network (NCCN)guidelines

www.centogene.com 27




Case2: Ms. X

X Is a 40 year old patient who asks for information about
the obreast cancer gene testo

Family history

I Mother with breast cancer age58

I Maternal aunt with breast cancerage65

I Paternal grandmother with breast canaoeage /79
Ms. X has no other risk factors for breast cancer.

www.centogene.com 28




Case?. Pedigree

/‘Dx 79 Q
d.81
Dx 55 Dx 60
65 yr 71yr
O Key:
/!
Alison . -Breast CA
40 yr
15 yr
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Case?: Risk Assessment

Pedigree analysis:
I no indications of other breast cancer syndromes

Patent i s I n oModer at edtegoaymi |

Appropriate test:

NGS panel which includes all breast cancer

related genes including moderate and low risk
genes.

www.centogene.com 30




Deciding on the right test:

BRCA/2 ABRCAL, BRCA2

panel

AAPC, ATM, BARLL, BLM,
BMPRLA, BRCAL, BRCA2,
BRIPL, CDH1, CDK4,
CentoCancer® panel CDKNA, CHER2,
. . EPCAM, FH, FLCN,
(Covers breast, ovarian, uterine MLHL MSH2, MSHS,
and other cancer genes) MUTYH, NBN, NTHLL,
PALR?, PMS2, POLD1,
POLE, PTEN, RAB1C,
RADG1D, SMADY, STK11,
TP53,

www.centogene.com 31



Benefits of genetic testing - Positive result

A Clinical intervention may improve outcome
- Early interventions to reduce risk
- Clarify the risks of other cancers

A Reduction of uncertainty

A Other family members at risk can be identified before
onset of cancer

A Positive health behavior can be reinforced

www.centogene.com 32




Changing with the ti1 me

Ob/Gynswill play an important role
A Participate in public health/clinical efforts for cascade screening

A Help identify and screen high risk individuals prior to development o
cancer

A Will allow more patients to access genetic testing

azNB | g NBySaa | yR SRdzO[l
A Recognizend use resources for hereditary cancer risk assessment
ANCCN website
A ACOG committee opinions
A Understand the various testing options available
A Cascade testing/ Family mutation testing
A Single gene testing
A Panel testing

www.centogene.com



Infertility Testing
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Infertility

A Inability to achieve pregnancy after 12 or more
months of regular unprotected sexual intercourse.

A Affects ~15% of couples.

Etiology of infertility

m Female causes m Male causes Both Unknown causes

ZorrillaM, YatsenkAN. The Genetics of Infertility: Current Status of the Fieldrent genetic medicine repor20131(4):10.1007s40142013-00271. doi:10.1007s40142013-0027-1.

www.centogene.com 36



Causes of male infertility

A Quantity problem -> Obstruction proble m
A Quality problem -> Production problem

e [P

S e N

Disorders of
Testicular Immunological
.!'Fﬂph]l'll-ﬂ disorders [ i causes
causes tract
* Pituitary Insufficien + Stenosis « Autcimmunity to
+ Hyperprolactinemia [e.g. Klinefelter + Retrograde Spenm
|F"':|'5-E-| h'llﬁ" induced 5':||'|'||:| rome} H i
by medication) + AZF microdeletions Ahstructive

+ Kallmann syndrome

+ Testicular atrophy
[also anosmia)

[e.g. with myotonic

azoospermia with
cystic fibrosis/

CBAVD (imngenital
aplasia of the ductus
deferens)

Human Genetics: From Molecules to Medicine
By Christian PatricBchaafJohanne€schockeLorrainePotocki(2012) LippincottWilliams &Wilkinspg 345352
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Major male infertility attributable to genetic causes

A Chromosomal Abnormalities

- 10-15% of azoospermia cases (more likely sex chromosome
abnormalities)

- 5-7% ofoligozoospermia cases (more likely autosomal chromosome
abnormalities)

- KI 1 nef gynhdiorme (475XXY)

A primary testicular failure
A high prevalence in infertile men, upto 5.0% in severeoligozoospermia and
10.0% in azoospermia.

A Y chromosome microdeletions (AZF)
- 5-20% of infertile men
- 10-15% of idiopathic azoospermia /severe oligozoospermia cases

A Congenital Bilateral Absence of the Vas Deferens (CFTR gene)
- 2% of male infertility
- 6% of obstructive azoospermia

Plasesk&Karanfilska 5 Sd Ff ® aDSySGAO /FdzaSa 27F al f:BIMGHSHMNIDKE 3AcBLRPME. Welll TFeb2918 W2 dzNy/ | £ 2F aSRAOFf DSy

38
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Factors contributing to female infertility

Psychosomatic
Female sterility/infertility -
Hypothalamic / \
hypophyseal Ovarian Tubal Cervical Extragenital
causes causas Causas causas Causas
« Hyperprolactinemia + Adnexitis + Abnomnal cervical / N\:\ »
+ Postpartum Polycystic + Tubal Mucus nals ntreat
hypopituitarism endometriosis | * Anatomical ﬂk diabetes
{Sheehan syndrome) changes + Congenital mellitus
+ Hypophyseal tumars Owvarian + Antisperm adrenal Drug,
tumors antibodies alcohol, and
: » Cushing nicotine abuse
Gonadal dysgenesis Owarian disease
+ Turner syndrome (45, X efglometnosts - Addison
+ Pure gonadal dysgenesis (46, Uterine disease
+ Swyer syndrome (46, XY) causes
Thyroid gland

. Myumas_, + Hypothyroidism
+ Congenital + Hyperthyroidism

uterine anomalies

Human Genetics: From Molecules to Medicine
By Christian PatricBchaafJohanne€schockeLorrainePotocki(2012) LippincottWilliams &Wilkinspg 345352

40
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Genetic causes of female infertility

A Chromosomal abnormalities
- 50% of cases of infertility in women who experience delayed
puberty and primary amenorrhea - Most frequent is 45,X (Turner
syndrome)
- Less likely in secondary amenorrhea but a chromosome analysis is
still indicated

A Single gene disorders

- Premature Ovarian Insufficiency
A <1% of infertile women

A Fragile X syndrome, Galactosemia, NR5A1-disorders (POF and 46XY sex
reversal 3)

A Most genes remain unidentified

- PCOS

A Approximately 25-30% of infertility in women, who are mainly
anovulatory.

A Some candidate genes/ loci

Soave |, Lo Monte G, Marci R. POI: Premature Ovarian Insufficiency/Pregnancy or InféditityRmerican Journal of Medical Scien@8435(1):71. doi:10.41031947-2714.106217
Qin Y, Jiao X, Simpson JL, ChénGenetics of primary ovarian insufficiency: new developments and opportunities. Human Retjmod)pdate 201521(6):787-808. doi:10.1093humupddmv036.

www.centogene.com



Currently should at | east off

Male Female

Genetic counseling

Mumerical alteration, Chromosome analysis Mumerical alterations,
e.g- 47, XXY: Klinefelter e.g. 45, X: Tumor syndrome
syndrome
Positive Positive
findings findings
Structural alterations, Structural alterations, e.g.
e.g. translocation: translocation: abortions
abortions optional: optional: FISH analysis
FISH analysis Negative findings

Molecular analysis

Wegner RD & M.Bloechle Genetic testing igouples with infertility.GynakolGeburtsmedGynakol
Endokrinol20095(3): 168181 published30.11.09www.akademos.de/gyn
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Currently should at | east off

Molecular analysis

MNon-obstructive azoospermia, Premature ovarian failure

severe to moderate oligozoospermia Hypergonadotropic ovarian insufficiency,
@:r&ening pr@ premature menopause:
—FMR1 gene analysis

Obstructive azzospermia, congenital bilateral

aplasia of the vas deferens or severe

oligozoospermia i as deferens:
—+CFTR analysis

Search for other gene
mutations or
syndromal causes:

— Late onset andregenital
syndrome, meiosis genes

Wegner RD & M.Bloechle Genetic testing igouples with infertility.GynakolGeburtsmedGynakol
Endokrinol20095(3): 168181 published30.11.09www.akademos.de/gyn
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How genetic testing can help

Personal risk
for other To test ART
medical embryo/ fetus

conditions
A PGD for known

Risk of passing condition in embryo
A Prenatal testing in

early pregnancy

Individuals with mixed

Treatment Gonadal Dysgenesis _
might depend (45X/46XY) are at it to future

on cause increased risk for generations

gonadaltumors A Y microdeletions passed
onto future male children
A Carrier daughters for X
Successful iIMZEc linked conditions who can
deletions have affected sons with

ICSI for CBAVD patients other phenotypes

Unsuccessful sperm
retrieval in AZFaand
AZFbY chr deletions

Genetic counseling:

ATo communicate the risks to future offspring

ATo help the couple choose the right treatment to conceive
ATo present embryo and fetal testing options

WwWw.centogene.com L




Centogene tests for infertility

Y chromosome
microdeletions

Chromosomal

NOTITEL Microarray

syndrome
Panel genes

PraderWill . Kg”ma”” .
Syndrome ynarome an

testing HH genes

CFTR gene Pituitary
hormone
deficiency genes

Spermatogenic
failure genes

Fragile X
testing

PCO%gene

Ovarian
dysgenesis
genes

Premature
ovarian failure
genes

Lipodystrophy
panel genes




Carrier Screening

A Most individuals are carriers for recessive genetic diseases without
knowing it

A Screening for recessive severe childhood-onset conditions to determine
risk of affected children.

Can be offered to couples
- considering a pregnancy, or

- are pregnant and would like to know the
risk of passing on a genetic condition to
their child

- proceeding to IVF/ART

- with previous history of pregnancy losses/
family history of genetic disease

www.centogene.com 46




