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Contemporary Goals of IVF

 Reduce number of embryos transferred

* Maintain high live birth rate per transfer

.

Need for Optimal Embryo Selection



How we define objectivity in medical science?

Assessment Validated Measurable Repeatable Unbiased Consensus Conclusion




Sperm viability assessment — none is

validated today

Real-Time Fine Sperm Morphology
Assessment (IMSI)

DNA Integrity
Mitochondrial function
Chromosomal complement
Activation capacity
Epigenetic




Oocyte morphology assessment: not
validated

Oocyte Shape

Periviteline space

1. Rienzi, et al. Human Reproduction update, 2011.
2. Alpha Eshre Consensus document, 2011.



Embryo morphological assessment: low accuracy

Pronuclear Position
PronuclearbSize Early Blastocoel Cavity
NPB Number .
Pronuclear Cell Number - Blastomere Size Inner Cell Mass

NPB Distribution
Fragmentation — Multinucleation - Compaction Trophectoderm

; Breakdown
Cytoplasmic Halo

Early Cleavage

1. Guerif, et al. 2007.
2. Racowsky, et al. 2009.




Blastocyst culture to enhance selection

1. Blake, et al. 2007.

2. Papanikolaou, et al. 2008.



Blastocyst morphology can not be relied on to ensure

the transfer of the chromosomally normal embryo
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Capalbo et al., Human Reproduction, 2014



Why test for aneuploidy?

"= Embryo selection
= Morphology is a poor predictor of embryo viability

= Aneuploidy is the principal cause of
= Failed implantation
= Miscarriage
= Down syndrome etc



Percent of Embryos Which are Aneuploid

Contemporary Understanding of Maternal Age and Human Embryonic Aneuploidy
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Why test for aneuploidy?

Standard embryo evaluations do not reveal embryos with
the wrong number of chromosomes

IVF treatment usually
results in the production
of several embryos

Ideally, one embryo is after chromosome
transferred to the uterus screening

. L
3 5

Munne et al., 1993




s aneuploidy testing beneficial”?



Is transferring

Copy Number

an aneuploid embryo acceptable?
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PGS: Back or Forward to meet the

challenge?

“If the facts don't fit the theory, change the facts.”

b |
=
* Male and mitotic errors not detected
* Amplification efficiency of both PBs
low
* Higher rate of mis-diagnosis

1. Geraedts, et al. 2011.
2. Scott, et al. 2012.

Full chromosomal
complement
analysis

Meiotic and mitotic aneuploidies

* More robust genetic diagnosis

* Reduced biopsy damage to the embryo
1. Schoolcraft, et al. 2010, 2011.

2. Fragouli, et al. 2010.
2 Canalbo et al 2012



Minimum requirements..



Appropriate culture conditions should be maintained

Temperature: 37°C +0.2°C

ol

pH ROS production
and REDOX state

Bontekoe et al., Cochrane Database Syst Rev. 2012



We must not forget solid foundation in our labs

Funnel type well Reservoir for

h/g;;%lu;?;c \ culture jmedia
1. Optimized and standardized culture system an /
2. Efficient Biopsy technology il /

3. Efficient vitrification program Outletport




Pros and cons of different preimplantation
aneuploidy testing platforms

Methaod Cost Speed Segmental Mosaic
detection detection
aCGH SS -t 4 e
gPCR SS —ttd - +
NGS $ | @ v

SNP array 558 ++ = ++



Does aneuploidy testing work?

High accuracy (>98%) testing of 24 chromosomes

5 RCTs
All report significant advantages of aneuploidy testing

None have presented any negative findings



Does Embryo Biopsy Impact the Development Potential?

Routine IVF
Care through Retrieval \
Identnfy mature oocytes ICSI, culture, and select 2
best embryos for transfer
Transfer the

embryos

¢ Cell submitted for eventual

aneuploidy screening and
fingerprinting One embryo
randomized to
undergo biopsy
Implantation, Maternal serum sampling

for free fetal DNA and Fingerprinting N=113 pairs; 226 embryos ‘

Scott et al. Fertil Steril 2013



Overall Implantation Rates

Implantation
=
=

54%
50%

39% reduction

Cleavage Blastocyst
Developmental Stage

O Non-biopsied
@ Biopsied

Day-3 Bx will soon be
of historic interest only




Aneuploidy Testing Improves Outcome-RCT 1

= Women <35 yr-old (good prognosis patients)
= D-5Bx; a-CGH; fresh D-6 ET
"= Ongoing pregnancy rate (>20 weeks) per cycle

started

= Control: 41.7% (morphology only)
= 3a-CGH: 69.1% (p=0.009)

Yang et al. Molecular Cytogenetics 2012



Aneuploidy Testing Improves Outcome-RCT 2

= Women >35 yr-old (mean 39 yr)
= Blastocyst Bx; SNP array; vitrification; transfer in later

cycle
| Implantation rate
Control 38.7 %2 17.4 % "
After testing 56.7 % 2 0%P"
a, b: P<0.05

Schoolcraft et al-2012



Aneuploidy Testing Improves Outcome-RCT 3

= Women <43 yr-old (BEST Trial)
= D-5 Bx; gPCR; fresh D-6 transfer

Can

Forman et al. Fertil Steril 2013




RCT 3-Same delivery rate.. (RCT)

Delivery Rate Per Patient (n=175)

W Single euploid blastocyst transfer (N=89)

O Untested 2-blastocyst transfer (N=86)
80%

70%
60%

P=0.5

65%

50%
40%
30%
20%
10%

0%

Forman EJ et al. Fertil Steril 2013



RCT 3-Eliminates multiples..

@ Singletons 1 Multiples

P<0.001

[48%]
Lo}
Single euploid blastocyst transfer Untested 2-blastocyst transfer

Forman EI et al, Fertil Steril 2013



Better obstetric outcome..
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Singie
euploid
blastocyst
transfer

Untested

2-blastocyst
transfer

*Mean Birthweight:
3408 562g - Single euploid

2745 743g - 2-Blastocyst
(P<0.001)

*Low birthweight (<2,500g):

4.4% (2/45) — Single Euploid
31.9% (22/69) — 2-Blastocyst
(P<0.001)

*Very low birthweight (<1,500g):
0% (0/45) — Single Euploid
7.2% (5/69) — 2-Blastocyst (P=0.06)



Aneuploidy Testing Improves Outcome-RCT 4

= Women 20-42 yr-old (mean 32 yr)
= D-5 Bx; gPCR; fresh D-6 transfer

Sustained Delivery rate/cycle
Implantation rate

Control 47.9 % 67.5%"
After testing 66.4 % 2 84.7 % b
a, b= p<0.01

Scott et al. Fertil Steril 2013



Aneuploidy Testing Improves Outcome-Conclusions..

" One third to two third increase in implantation rate
= Remarkably similar results despite different clinics



Aneuploidy Testing Improves Outcome
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*SART, ** Harton et al. (2013) Fertil Steril, and unpublished data



Aneuploidy Testing Improves Outcome
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PGS results stratified according to maternal age at OPU (GENERA; 630 cycles)

Blastocyst aneuploidy rate

Embryo cancellation rate

69 5% 79.9% 62,8%
52, 5% 39,7%
37.1% 24,4%
. 9,5%
<35 yr 36-38 yr 39-41 yr 42-45 yr <35 yr 36-38 yr 39-41 yr 42-45 yr
Life birth rate / ET Abortion rate
493%  47,4%  458%  50.0%
‘B B N RNy
, , , . |  eeemm O N0 -
<35 yr 36-38 yr 39-41 yr 42-45 yr <35 yr 36-38yr  39-41yr  42-45yr



Our Results-Blastocyst Bx (a-CGH)

Start COS Blast Bx 21 Euploid embryo Pregnancy/ET
75 patients 47 patients (63%) 32 patients (43%) 12/17 °
(88 cycles) (52 cycles; 60%) (31 cycles; 35%)

a: All SET; 1 biochemical, 1 miscarriage.

Ongoing PR= 10/17= 59% ANATCDLIA
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Clinical Experience
Misdiagnoses

e 4974 embryos

e 2976 gestations (62.1%)

* 10 errors
— 1 tetraploid
— 2 monosomies
— 7 trisomies

Clinical Error Rate
Per embryo 0.2%
Per transfer 0.3%
Per ongoing pregnancy 0.1%

3168 transfers

2354 ongoing / delivered
(72.1%)

Mean age 38.4 years

10 errors
— 7 found in losses
— 3 found in ongoing preg.

Mosaicism evaluated in 4 samples — 100% mosaic




Should all patients be offered aneuploidy testing?

= Traditional aneuploidy testing are:

= Advanced maternal age: >34 ?; >36 ?; >38 ?

= Recurrent miscarriage- 2 or more ?; 3 or more ?

= Recurrent implantation failure; 2 or more ?; 3 or more ?
= Good evidence that good prognosis patients benefit



Should all patients be offered aneuploidy testing?

<35 35-37 3840 41-42
" OPR/ transfer ™ no transfer

Harton et al, {2013) Fertil Steril, and unpublished data



Should all patients be offered aneuploidy testing?

<35 35-37 38-40 41-42
* OPR/ transfer @ no transfer » OPR/ cycle

Harton et al, (2013) Fertil Steril, and unpublished data



EFFICACY = in IVF refers to the number of baby born per stimulation cycle

2 X

A

same number of newborns per cycle

EFFICIENCY = it describes the extent to which time, effort or cost is well used for
intended task or purpose

Lower abnormal Less time to Single embryo More
pregnancies pregnancy transfer and Cost-effective
less multiple

pregnancy *

Lower aborption rate

S I X BRAb IR EE

5 Al &% 5800 40 €& B s
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Aneuploidy Testing-Conclusions

Avoids multiples (very efficient eSET strategy)
Avoids aneuploid transfers and pregnancies

= Miscarriage; Down syndrome etc
Avoids cryopreservation of aneuploid embryos
Faster time to pregnancy
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