Holly Snyder, MS, CGC
Certified Geneti€Counselor



Disclosure

Al am an employee of and hold stock in lllumina



Outline

AReview of Aneuploidy and Reproduction
APGS Flipbook Introduction

ASmall Group Breakout

ASummary and Challenges



Aneuploidy and
Reproduction




Karyotype

l‘ or ‘

XX (female) XY (male)

ll ) Ii

XX (female) XY (male)
Sex Chromosomes
Sex Chromosomes




Aneuploidy

ACommon in humans, and leads to:
A Lack of implantation
A Pregnancy loss
A Birth of affected offspring

AMost aneuploid pregnancies go unrecognized and lead to
early miscarriage

AExamples of aneuploidies compatible with live Hirth
A Trisomy 21 (1:800)
A Trisomy 18 (1:7,500)
A Trisomy 13 (1:15,0025,000)
A Sex chromosome abnormalities (1/400650)

1Tobias E, Connor M, Fergus8mith M.Essential MedicabGenetics. 6th eddoboken, NJ: WileRlackwell; 2011.24247.
2Nussbaum RL, McInnes RR, Willard HF, HamgdBhofpson & Thompson Genetics in Medicitte ed. Philadelphia, PA: Saunders/Elsevier; 2007



Abnormal Cell Division:
Nondisjunction During Meiosis

Nondisjunction in meiosis
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Aneuploidy and Reproduction

AApproximately 50% of first trimester miscarriages are
associated with aneuploidy

A Approximately 50% of embryos in IVF patients are aneubloid
A Rates increase with increasing maternal&ge
A ~80% in womep41 years of age

ABlastocyst culture does not eliminate aneupfid

A Aneuploidy of chromosomes 7, 15, 16, 21, 22, X seen most
frequently°

AMultiple aneuploidies reported in as high as 40% of abnormal
blastocysts*

1Simpson JL. Causes of fetal wastdgiai Obstet Gynecal 2007;50(1):1630.

2Liu J, Wang W, Sun X, et al. DNA Microarray Reveals That High Proportions of Human Blastocysts from Women of AdvancédeviateAreeuploidand MosaicBiol Reprod 2012 Dec 27;87(6):148.
3Harton GLMunné S, Surrey M, et al. Diminished effect of maternal age on implantation pftémplantation genetic diagnosis with array comparative genomic hybridizatieertil Steril 2013;100(6):1694.703.

4 4Franasiak JM, Forman EJ, Hong KH, Werner MD, UphafréfNR, Scott RT. The nature of aneuploidy with increasing age of the female partner: a review of 15,169 cortseghée®derm biopsies evaluated with comprehensive chromosomal screerfiedil Steril 2014
Mar;101(3):656663.

5G.LHarton, S. AFarawaty N-N. Goodall, STormasj D. Wells, Erragouli The types of chromosome abnormality in blastocysts generated by infertile patients. Fertility and Stsilit94,Issue 4S9-S10.
SYang Z, Liu J, Collins GS, et al. Selection of single blastocysts for fresh transfer via standard morphology assessmenvitdcaneay CGH for good prognosis IVF patients: results from a randomized pilotMai@ytogenet 2012; 5: 24.


http://www.biolreprod.org/content/87/6/148.long

Maternal Age, Aneuploidy, and Fertility
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1CDC 2013 ART National Summary Presentation, http://www.cdc.gov/art/reports/2013/natisnaimary.html; Figures 126
2FranasiakIM, Forman EJ, Hong KH, et al. The nature of aneuploidy with increasing age of the female partner: a review of 15,18@ctopbectoderm biopsies evaluated with comprehensive chromosomal screerfiegtil Steril 2014;101(3):65663.e1.



PrognosiDay 5

Euploid Embryos by Maternal Age

<35 >42
# Embryos Egg donors 35-39 years 40-42 years
years years
14 70.2% 66.0% 49.1% 34.2%
5-7 77.5% 69.9% 52.3% 31.0%
8-10 62.4% 56.7%6 48.3% 27.4%
>10 66.7% 53.3% 51.4% 40.9%

Increasing maternal age ‘ More aneuploid embryos

Source: Ata B, Kaplan BanzerH, et al. Array CGH analysis shows that aneuploidy is not related to the number of embryos geriReptediBiomed Online2012;24(6):614620.



What 1s Mosaicism?

A Chromosomal mosaicism is @& -
defined as the presence of ™
two or more chromosomally 0 &
different cell lines within an 0 ey
individual-2 : B

A
P Arnunnin
A Mosaicism can be found at Nl

any developmental stage e
after the first cell division TIIT
(e.g. embryo, fetus, or I

\ ([ RELIR LT /g,
adl.,llt)l'2 e

Cell missing a chromosome

1Kumar V, Fausto N, Abbas A. Robbins & Cotran Pathologic Basis of Disease, 7t ed. Philadelphia, PA: Saunders; 2004.
2US National Library of Medicine. Can changes in the number of chromosomes affect health and develo@merst/ghr.nim.nih.gov/primer/mutationsanddisorders/chromosomalconditions. May 31, 2016. Accessed June 01, 2016.
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Mosaicism in Embryos

Normal euploid

0RO®-O

Uniform aneuploid

enee-O

Mosaic aneuploid
Mitotic error

ODe®-O

A Mechanisms by which chromosomal mosaicism can arise in embryonic
development include errors durirgy:

A Normal cell division (mitotic) in the first few cell divisions
A Mitotic errors later in development can also lead to mosaicism

A Can be confined to certain fetal/placental tissues or organism
systems

A Production of sperm or egg cells (meiotic error) and the error is
corrected (rescued)

Meiotic
error

Y

1Bolton H, Graham SJL, Van der Aa N, et al. Mouse model of chromosome mosaicism revealspluifigedepletion ofineuploidcells and normal developmental potentialat Commun 2016;7:11165.
2Taylor THGitlin S a., Patrick JL, Crain JL, Wilson JM, Griffin DK. The origin, mechanisms, incidence and clinical consequences of cmasagsemah humans. HuReprodUpdate. 2014;20(4):57581



Segmental Aneuploidies

ASegmental aneuploidies (SA) - partial aneuploidies
mherlted from a parent who carries a balanced
translocation OR the result ofde novoevent-2

ASA areestimated to occur in approximately 6% of
miscarriages and 0.05% éwborng:3

AFrequency between stages of embryo development
varies®’
A Cleavage stage: 3-90%
A Blastocyst stage:-d%
A No known correlation with maternal age

VeraRo d riguez M, Michel IE Mercader A, et al. Distribution patterns of segmental aneuploi 'd' in human bla: t y sts 'd t'f' d bgereration seq cingd-ertil Steril 2016;(2). doi:10.1016/j.fertnstert.2015.12.022.
2Martinez MC, Mendez C, Fer J Nict I M, Sertanferas]. Cyto g netic anal Iy f arly n bI p g s after isted reproductive tr msr I2010;93:28992

Swells I ey DPolkH, Boyd PA et al. Rare chromosome abnormalitie p evalence and prel t I d agno t fom pdqmi do ongenital al oaIy egisters in EuropézurJ Hum Genet. 2012;20:581

4Fragouli EAlfarawati S,SpathK, et al. Th origin and impact of mb y C anel pI dy Hum Gen t2013 1321’8)01

SRodri g o L, Mateu E, Mercader A, et al. Newls for embryo selectio mpreh chromosome screening by array comparative genomic hybridization. BiomedOR42014:517125.

SVanneste EYo tT LeCaignecC, et al Chr omosoman stal blty common human cIeavagmgeembryos.NatMed 2009;15:57783.

7Jo h n DCinniogluC, Ross R, et al. Comprehen: nalygisgbtypic mosaicism betweerrophectoderm and inner cell mas$lol HumReprod2010;16:9449.



Key Discussion Points for PGS/PGD

Common discussion points across PGS and®GD
ARoutine IVF discussion

A Embryo biopsy proes

A At blastocyst stage, lower impact on embryo viability and reproductive
potentialP

ANumber of embryos to transfer

A Elective single embryo transfer increasingly recommefded

A Limitations of PGS/PGD

A Chance of misdiagnosis due to both biological and technical limitations
A FailedDNA amplification / noesults

1ESHRE PGD Consortium data collection XlII: cycles from January to December 2010 with pregnamgytddlioteber 2011. HurReprod 2015;30(8).

2Harton GBraudeP,LashwoodA, et al. ESHRE PGD Consortium best practice guidelines for organization ofen&Dr PGD/preimplantation genetic screening. Hum Repro. 2011; 26(2414
SASRM. Preimplantation Genetic Testing: A practice committee opiRetil Steril 2008; 90(Bupp):S13643.

“Brezina PRKutteh WH, Bailey ARKeRW. Preimplantation genetic screening (PGS) is an excellent tool, but not perfect: a guide to counseling patients cdPSBEent Steril 2016; 105(1):4%0.

5 CimadomoD, CapalboA, Ubaldi FM, et al. The impact of biopsy dbnmanembryo developmental potential during preimplantation Genetic diagnosis(ReviBigmed Res InR016;2016. doi:10.1155/2016/7193075
6ASRM. Elective singignbryo transfer Fertil Steril 2012;97(4):83842.

7"ESHRE Guideline Group on Good Practice in IVF Labs. Revised guidelines for good practice in IVF |atonaRej@nd 2016;31(4):685%586.



Key Discussion Points Specific to PGS

ADifferences in technologie.g, FISH v&@CGH/s. NGS)

AReview published benefits
Alncreasesmplantation success raté$
AReduces rates afpontaneous abortioh?
Alncreasengoing pregnanckatest3

Alncreases confidence in pursuing an elective single
embryo transfer

A Reduced rates of highisk multiple pregnanciés

AMosaicism

ADiscussion regarding benefits and risks of transferring mosaic
aneuploidy embryo in the absence&iploidembryos

1Grifo JA,HodesWertz B, Lee HL, et al. Single thaveegbloid e Scott RT Jr, Upham KM, Forman EJ, et al. Blastocyst biopsy with comprehensive chromosome screening and fresh embsigntfieastlyr increases in vitro fertilization implantation and delivery rates: a randomized controlled trial.

Gri .

Fertil Steril 2013;100(3):697703.0 transfer improves IVF pregnancy, miscarriage, and multiple gestation outcomes and has similar implantation rates asiegg JésaisReprodGenet. 2013;30(2):25264.

FormanEJ, Hong KH, Ferry KM, et al. In vitro fertilization with sigidoid blastocyst transfer: a randomized controlled trigkrtil Steril 2013;100(1):10€4.07.

angZ, Liu J, Collins GS, et al. Selection of single blastocysts for fresh transfer via standard morphology assessmentvitlorserapdCGH for good prognosis |VF patients: results from a randomized pilot tldyytogenet 2012;5(1):24.
“Scott R. T. et al. Blastocyst biopsy with comprehensive chromosome screening and fresh embryo transfer significantly invieadestilization implantation and delivery rates: a randomized controlled tfaitil Steril 07920, 697703 (2013).
5Greco E, Minasi MG, Fiorentino F. Healthy Babies after Intrauterine Transfer of Mosaic Aneuploid Blast@&ygisvied 2015. 373;21 DOI: 10.1056/NEJMc1500421
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PGS Flipbook Introduction




RapidEvolution of Preimplantation Genetic Testing

1990: First infants born after PGD and cleavage stage biblasd{/sidest al. 1992)

1990-2000:

A FISH used for PG8uynneet al. 1993Delhantyet al. 1993 Verlinskyet al. 1995)
A PCRbased testing and FISH used for PE&v{diet al. 1991 Munneet al. 1996)

2000-2010: CGH and microarray CGH techniques developed for PGS/PGD (Well
al.1999 Vollaireet al. 2000, Hu et al. 2004, Wells et al. 2004Chmneet al. 2006)

2013/14: NGS introduced for PGD/PG&fet al. 2013 Fiorentinoet al. 2014)



AlternativeService Delivery Models



PG 3-lipbook

illumina

Improving IV success
rates with preimplantation
genetic screening (PGS).
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ACase 1

A 32y.0. Nulligravida

A Unexplained infertility
A1 prior IVF failure (SET)
A Nondonor cycle

ACase 2
A42y.0. G3P1011
APOC on SAB c/w trisomy 16

A One prior IVF failure at 41
y.0. (DET)

A Non-donor cycle

A. Your patient asks you to

explain “aneup

Impact on her ability to get
pregnant.

B. Explain to your patient how
PGS works and how it could
Improve their chances of
successk

C. Could you review the
rocess of PGS and when the
lopsy would be performed?

ol dy”



Challenges?

AHow does your clinic provide P@Sated information to patients?
A PGS information sessions?
A Written information (e.g. brochures, booklets)?
A Refer internally/externally for genetic counseling?

A Other sources?

AWhat are some of the challenges you face when discussing options for PGS with your
patients?

AWhen patients come in for their initial IVF consultation, how often do they inquire on
their own about PGD or PGS?



