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Preimplantation genetic testing

v' The analysis of the DNA from oocytes (polar bodies) or embryos (cleavage
stage or blastocyst) for determining genetic or chromosomal abnormailities.

- PGT for monogenic/single gene defects (PGT-M); s Ii:FS colaporaton win

GIERAF, ASPIRE, MEFS, REDLARA and
FIGO,
(Zegers-Hochschild et al. F&S, HR 2017)

« PGT for chromosomal structural rearrangements (PGT-SR);

« PGT for aneuploidies (PGT-A)

v PGT is an alternative to prenatal diagnosis: embryos obtained in vitro are
tested and only disease-free embryos are transferred to the mother, to avoid
the instauration of pregnancy with an affected embryo.



PGT-M and PGT-SR: State of the Art

v Safer than elective termination and more ethically
and psychologically acceptable for many couples.

v Established reproductive option for couples at

higher genetic risk. (ESHRE PGD consortium data, Moutou
et al, HR, 2014)

v'NO INcrease of obstetric and neonatal

complications following embryo biopsy (Sunkara et al.,
HR 2017; Desmyttere et al., HR 2009)



PGT-M, PGT-SR and PGT-A

Genetic testing vs IVF efficacy:
what is the origin of this debate?

PGT for PGT for chr. structural PGT for aneuploidies
monogenic/single rearrangements
gene defects PGT-M PGT-SR PGT-A
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No RCTs needed are RCTs needede? RCTs are needed
the benefit is or the benefit can be because the benefit is not
considered self evident* considered self evident? yet considered self evident

*when prevalence is >10% of the embryos and the accuracy of the test >90%

Thornhill, ESHRE best practice guidelines, Hum Reprod 2015



Female Age and Aneuploidy

v' Delayed childbearing and delayed marriage age have
increased in developed countries in the last 20 years.

v' Probability of having a baby decreases by 3-5% a year after 30
and even faster after 40 years.
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Female Age and Aneuploidy
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The prevalence of aneuploidy in
human blastocyst obtained in
vitro is between 30% and 85%
(Franasiak et al, Fertil Steril, 2014)

The risk of spontaneous
miscarriage is between 10% and
65% (Heffner, NEJM, 2004)

The risk of aneuploidy in human
foetus in pre-natal diagnosis is
between 0.2% and 3% (Hassold
&Hunt, Nat Rev Genet, 2001)



Incidence of aneuploidy in humans

50-60% in spontaneous abortions
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0.6% in live-births

(Machin et al., 1974; Nielsen et al., 1975; Boué et al., 1976)



Incidence of aneuploidy in miscarriages in ART

Histeroembryoscopy &~ 2 48.7 %
Ferro et al., 2003 ’ AbnOI‘mCI| POCS
. Spontaneous ' IVF Own Oocytes | | Ovum Donation
40.6 % Abnormal 62.7 % Abnormal 12.8 % Abnormal
| <5 Mill/mL - 25 Mill/mL
72.7 % 53.6 %

Campos-Galindo et al.,, JARG 2015



Morphology Selection and Aneuploidy

Morphology cannot be relied on to ensure the transfer of
chromosomally normal embryos

956 euploid blastocysts (mean female age 37.8)

Excellent
L 56.4%

Average
42.8%

Capalbo et al., Hum Reprod, 2014



Morphology Selection and Aneuploidy
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v" Only morphological criteria
fails selecting the best

embryo.
it . W A ‘— v The transfer of “good
;-&MW‘ : M m WW o i AW,
i i He T Sode v morphology” blastocyst not
i always means

“chromosomally normal”
embryos.

(Yang ef al., 2012)

TIME-LAPSE AND
ANEUPLOIDY

é"‘w'-’ haptyiining "“ Sl Type of chromosome abnormality
b _12_[% affects embryo morphology dynamics
(Nogales et al., 2017)
B
- — Similar kinetics in euploid
e e and frisomic emloryos

L embiryos befoee fresh transfer, normal chromosamal statun 800 was verfled




PGT-A: Evolution of the technology

NGS (lllumina)
e - s A s TSR S

aCGH (Illumina)

| P~

NGS (Life-Thermo)

1995 PGS 2.0

Blastocysts
Deferred transfer

PGS 3.0

Blastocyst and
deferred transfer

Fluorescence
In Situ Hybridization
(FISH)

_____

Array Single-nucleotide  Quantitative 2016-17

Comparative polymorphism polymerase
Dayp-gf)i}).gsies Genomic (SNP) chain reaction

2 blastomeres Hybridization microarray (gPCR) _ _
(aCGH) Next Generation Next Generation

Sequencing Sequencing

(NGS) (NGS) with
custom algorithm

<12 chromosomes 24 chromosomes

«®  Mitochondrial DNA
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Why to test embryos for aneuploidies ?

TO maximize LONG TERM treatment efficacy.
Healthy baby at home

v Improve implantation at the first attempt

v' Decrease miscarriage rates 43 3‘ ‘

v' Decrease risk of abnormal offspring

v' Decrease time to pregnancy, cost-efficiency and emotional
burden




Pro PGT Arguments

v Embryo aneuploidies are mostly meiotic in origin

v Trophoectoderm biopsy is safe and reliable (oocyte pick-up
example) and very soon will not be necessary

v Clinical outcomes are significantly superior per transfer
allowing to perform universal SET policy even in AMA patients



Human Embryo Aneuploidy

v Aneuploidy of human preimplantation embryos now represents the

most well established molecular biomarker of reproductive potential.
(Gardner et al.,2015).

v >98% of aneuploidies are meiotic in embryos and foetuses, present in

all cells and do not self correct!
(Oftini et al., Nature Genetics 2015)

Hassold & Hunt, Nature Reviews Genetics 2001
TO ERR (MEIOTICALLY) IS

HUMAN: THE GENESIS OF HUMAN
ANEUPLOIDY

Incidence of trisomy (% of clinically recognized pregnancies)
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‘The circle of desperation’

Research funding

difficult Poor knowledge of
cause
IVF seen as
‘an industry’

Patient demand

Studies showing
no effect

Empirical Treatment
Patient belief/risk of exploitation



Trophectoderm biopsy DOES NOT affect embryo
reproductive potential

Sustained implantation rate
60%

50% Equivalence

40%

Class | data from
paired randomized
study

30%
20%

10%

0%
biopsied blastocysts non-biopsied blastocysts

Scoftetal 2013



PGT-A should elicit the same efficacy but improved efficiency
compared to standard IVF
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EVIDENCES FROM CLINICAL
TRIALS AND OBSERVED

ADVANTAGES OF PGT-A IN IVF
TREATMENTS

21C




RCT- Good Prognosis patients (SET)

Blastocyst biopsy with aCGH and SET

Table 1 Characteristics of patients whose embryos were randomized to assessment by

Wo men < 3 5 yeq rs morphology with aCGH (Group A) and blastocyst morphology only (Group B)
Group A (n=755) Group B(n =48)
. Age (y15) 312225 315227
F"’Si. IVF qu1.emp Total oocytes retrieved 19.5+8.2 19.3=8.1
N ° ° o MII (mature) oocytes 16.6=7.8 16.3=7.6
O previous miscarriages Oocytes fertilized (2pn) 13.126.7 12.86.4
Day 3 embryos 129=+1.8 126=1.9
(Yang et al., 2012) Day 5 blastocysts 83+2.1 81+24

blastocyst morphology alone (Group B)

Table 3 Comparison of laboratory findings and clinical outcome among IVF patients
undergoing SET with embrvo assessment by aCGH + morphology (Group A) and

A B )2

Fresh blastocyst transfer according to morphology assessment:
Grade 5/6

Grade 4

Grade 3

Clinical pregnancy

Ongoing pregnancy (=20wks GA)

Missed abortion

55 (100) 48 (100)

31 (56.4) 28 (58.3)
21(38.2) 19 (39.6 )0.677
3(54) 1(2.1)

39 (70.9) 22 (45.8) 0.017°

38 (69.1) 20 (41.7) 0.009° |

1(2.6) 2(9.1) 0.597°

Notes: All data reported as n (%). SET = single embryo transfer: aCGH = array comparative
genomic hybridization: GA = gestational age * by Chi-squared test ° by Fisher’s exact test




RCT- All patients (SET)

Blastocyst biopsy with aCGH and SET

Women 21-42 years
First IVF attempt

No previous miscarriages
(Scott et al., FS 2013)
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Chemical Cliriics| Dieliverad ™

Outcome per ftreatment cycle: Delivery rates are statistically
significantly increased in treatment cyces in which embryos
undermo comprehensive chromosome screening (P=_03). The initial
chemical and clinical pregnancy rates were not different.

Scoft. RCT showing OC5 improves deliveny rates. Fertl Stenl 2013,

70%

50%

30%

20%
10%

Women <43 years
AMH 21.2 ng/ml

FSH <12 1U/L
(Forman et al., FS 2013)

Pregnancy Outcome Per Randomized Patient (Intention-to-Treat)
@ Single euploid blastocyst transfer (N=89) [0 Untested 2-blastocyst transfer (N=86)

81%

69%

65%

61%

Clinical Pregnancy Ongoing Pregnancy




Advanced Maternal Age Patients

SEMINAL CONTRIBUTION Fem“ty and ste""ty®

In vitro fertilization with
preimplantation genetic diagnosis for
aneuploidies in advanced maternal
age: a randomized, controlled study

Carmen Rubio, Ph.D.,? José Bellver, M.D.,>< Lorena Rodrigo, Ph.D.,> Gema Castillén, M.D.,°
Alfredo Guillén, M.D.,¢ Carmina Vidal, M.D.,® Juan Giles, M.D.,°> Marcos Ferrando, M.D.,f
Sergio Cabanillas, M.D.,® José Remohi, M.D., Ph.D.,>¢ Antonio Pellicer, M.D., Ph.D.,><9
and Carlos Simén, M.D., Ph.D. &b

®lgenomix Valencia/INCLIVA, Valencia; P Instituto Valenciano de Infertilidad, Valencia University, Valencia;  Department of
Pediatrics, Obstetrics and Gynecology, School of Medicine, Valencia University, Valencia; 4 Instituto Valenciano de
Infertilidad, Barcelona; ¢ Instituto Valenciano de Infertilidad, Madrid, Universidad Juan Carlos |, Madrid; f Instituto
Valenciano de Infertilidad, Bilbao; and 9 Instituto de Investigacion Sanitaria La Fe, Valencia, Spain



Flow-chart

105 patients
Blastocyst

326 patients

205 cycles

informed included

100 patients
PGT-A

v' 48 refused to participate

v 73 did not meet inclusion criteria: 35 in blastocyst and
38 in PGD-A group (mostly due to ovarian response)

Rubio F&S, 2017 ClinicalTrials.gov NCT01571076




Results

Clinical outcome after the first attempt: fresh transfer

ST Non PGTA e | ey

No. of cycles performed 100 105
% of cycles with transfer 68.0 90.5 0.0001  0.22 (0.10-0.48)

1.3 (0.5) 1.8 (0.4) <0.0001  Cl:0.35-0.65
52.8 27 6 <0.0001  2.94 (1.72-5.0)
2.7 39.0* 0.0007  0.06 (0.008-0.48)

Ongoing IR 49 .4 14.9 <0.0001 5.57 (3.09-10.03)
Delivery rate/transfer 52.9 24.2 0.0002  3.52 (1.80-6.87)

Delivery rate/patient 36.0 21.9 0.0309  2.00 (1.08-3.71)

ClinicalTrials.gov NCT01571076; Two-side Fishers’ test; * One fetal loss with Down syndrome

Rubio F&S, 2017



Results

Cumulative clinical outcome after transfer of cryopreserved embryos

No. of cycles performed 100 105
No. of cryo-transfers 1 35

Total of transfers 69 130
Total embryos transferred 90 226

Cumulative PR/ patient 38.0 55.2 0.0172  0.50 (2.28-0.87)
Cumulative MR 2.6 36.2 <0.0001  0.05 (0.01-0.37)

Ectopics rate o) 3.5 NS NS
Cumulative delivery rate/

37.0 33.3 NS NS
patient
No. of livebirths/patient (%) 45 (45.0) 39 (37.1) NS NS

ClinicalTrials.gov NCT01571076; Two-side Fishers’ test; * One fetal loss with Down syndrome
Rubio F&S, 2017



RCT- Advanced Maternal Age

Time to pregnancy No. Transfers to a live birth

16
14
12

10

)]

D

N

Time to pregnancy (weeks) No. of fransfers

H PGS m Control

ClinicalTrials.gov NCT01571076 Igenomix-IVI Rubio et al. F&S, 2017



Results

Cost-effectiveness estimation per baby at home

I T T
5490x100 (549,000) 5490x105 (576,450)
1200100 (120,000) 1200105 (126,000)
1100x13 (14,300) 1100x55 (60,500)
19501 (1950) 195035 (68,250)

Cost of PGD-A + day-3 embryo
biopsy

Cost of D&C+POC 1023x1 (1023) 1023x21 (21,483)

Cost of medical treatment of ectopic 2040x2 (4080)

3890x100 (389,000) —

Mean cost/baby day-3 1075,273/45 babies (23,895) 856,763/39 babies (21,968)
Estimated cost (€)/baby blastocyst 19,250 21,968

Estimated cost (S)/baby USA 36,098 40,211

ClinicalTrials.gov NCT01571076 Igenomix-1VI Rubio et al. F&S, 2017



RCT- Advanced Maternal Age

Cost-effectiveness estimation per baby at home

45000
40000
35000
30000

25000

20000
15000
10000

5000

Day-3 biopsy Blastocyst (Spain) Blastocyst (USA)

o

H PGT-A H Control

ClinicalTrials.gov NCT01571076 Igenomix-IVI Rubio et al. F&S, 2017



Conclusions

Clinical Outcome

15t ET : significant increase in delivery rates, drastic decrease in
MR.

Cumulative cryo-transfers: similar results in both arms.

Time to pregnancy

Number of transfers: significant decrease in the number of
attempts in the PGT-A.

Theoretical model: lower number of transfers, miscarriages and
time needed for a live-birth.

Cost-efficiency ($/€ per baby)

Similar cost than blastocyst tfransfer



RCT- Severe Male Factor

Clinical outcome after the first attempt: fresh tfransfer

Control PGT-A P-value
No. of patients 50 S1 -
Female mean age *SD 32.8 3.4 33.2%2.9 NS
% Patients with fresh transfer 94.0 80.4 NS
Mean embryos/transfer +SD 1.720.4 1.5£0.5 NS
Pregnancy rate/ transfer 40.4 73.2 0.004
Pregnancy rate/ patient 38.0 58.8 0.059
Miscarriage rate 26.3 6.6 0.054

Ongoing pregnancy
rate/transfer

Ongoing pregnancy
rate/patient

Ongoing pregnancies >22 weeks. Two-side Fishers’ test
ClinicalTrials.gov NCT01571076 Igenomix-1VI

Rubio et al al. F&S
Sy bmitted



RCT- Severe Male Factor (Interim analysis)

Cumulative clinical outcome after cryotransfers

Control PGT-A P-value

No. of patients 50 51 -
Fresh+Frozen transfers 47+20 41+3 —
Mean embryos/transfer + SD 1.7+£0.4 1.5+0.5 0.029
Cumulative PR/transfer 411.8 72.7 0.003
Cumulative PR/patient 56.0 62.7 NS
Miscarriage rate 28.6 9.4 0.021

Ongoing cumulative PR rate/transfer

Ongoing cumulative PR rate/patient

Ongoing cumulative implantation
rate
Ongoing pregnancies >22 weeks. Two-side Fishers’ test

17.9 (21) | 52.9 (36) | <0.0001

ClinicalTrials.gov NCT01571076 Igenomix-1VI
Rubio et al al. F&S
Sy bmitted



Meta-Analysis on PGt-A for 24 chromosomes

@ PLOS | one

RESEARCH ARTICLE

Can Comprehensive Chromosome Screening
Technology Improve IVF/ICSI Outcomes? A

Meta-Analysis

Minghao Chen'*, Shiyou Wei**, Junyan Hu**, Song Quan'*

1232 articles were identified
through database searching

3 articles were identified
through other sources

1235 articles for title and abstract review

v

1212 articles were excluded after
initial assessment

23 articles for full-text review

12 full-text articles were excluded
with following reasons:

5 no suitable control group

4 with polar body biopsy

1 included chromosome abnormal
patients

1 did not report implantation rate

1 used clinical outcomes reported

A4

11 articles were included in meta-analysis previously

Y

4 articles were RCTs

A4

7 articles were cohort studies

Chen et al., PLoS One, 2015



Meta-Analysis on PGT-A for 24 chromosomes

G PLOS |one
RESEARCH ARTICLE b f' f G _
Can Comprehensive Chromosome Screening N O ene IT O P T A
Technology Improve IVF/ICSI Outcomes? A
Meta-Analysis O ﬂ C I_ B
Minghao Chen'*, Shiyou Wei®*, Junyan Hu®*, Song Quan'*
a CCS group Control group Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

ScottJr. 2013 61 72 56 83 100.0% 1.26 [1.05, 1.50)

Total (95% CI) 72 83 100.0%  1.26 [1.05, 1.50] —i—

Total events 61 56

Heterogeneity: Not applicable 055 05? 3 1*5 é

Testfor overall effect. 2= 2.50 (P = 0.01) Favours [CCS group] Favours [control group)

b CCS group Control group Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI

Forman 2012 49 140 63 182 37.0% 1.01 [0.75,1.37]

Greco 2014 59 88 T 33 226% 3.16 [1.61, 6.20] —_—

Schoolcraft 2010 34 45 78 113 404% 1.09 [0.89, 1.35]

Total (95% CI) 273 328 100.0% 1.35[0.85, 2.13]

Total events 142 148

Heterogeneity: Tau®= 0.12; Chi*= 10.67, df= 2 (P = 0.005); F=81% 0=1 042 0=5 3 2 5 1=0

Test for overall effect. Z=1.28 (P=0.20)

Fig 5. Forest plots showing the results of meta-analysis on live birth comparing the effect of CCS-based PGS and traditional morphological
method after IVF/ICSI. (a) Forest plot of pooled RR on live birth of RCTs; (b) Forest plot of pooled RR on live birth of cohort studies.

Favours [CCS group] Favours [control group)

Chen et al., PLoS One, 2015



Meta-Analysis on PGT-A for 24 chromosomes

@ PLOS | one

Decreased

Can Comprehensive Chromosome Screening

Technology Improve IVF/ICSI Outcomes? A m |SC a I’I’I e g e WI-I- h F) GT_A

Meta-Analysis
Minghao Chen'*, Shiyou Wei®*, Junyan Hu®*, Song Quan'*
a CCSgroup  Control group Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Forman 2013 7 61 14 70 836%  0.57[0.25 1.33 B BE
Yang 2012 1 39 2 22 16.4% 0.28[0.03, 2.94) -
Total (95% CI) 100 92 100.0% 0.53[0.24, 1.15] e
Total events 8 16
Heterogeneity: Chi*= 0.31, df=1 (P = 0.58); F= 0% = = = i
ey % 0.01 0.1 1 10 100
Test for overall effect: Z=1.60 (P=0.11) Favours [CCS group] Favours [control group]
b CCS group Control group Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed. 95% CI
Forman 2012 9 86 25 101 22.8% 0.42[0.21, 0.86) —
Keltz 2013 3 27 45 173 12.0% 0.43([0.14,1.28) B
Lukaszuk 2015 1 38 1 22 1.3% 0.58 [0.04, 8.80)
Schoolcraft 2013 16 226 56 201 58.7% 0.25([0.15,0.43) ——
Wang 2014 1 15 5 13 5.3% 0.17[0.02,1.30)
Total (95% CI) 392 510 100.0%  0.31[0.21, 0.46] -
Total events 30 132
Heterogeneity: Chi*= 2.15, df= 4 (P = 0.71); F= 0% t t t {
o 0.01 0.1 1 10 100
Test for overall effect. Z=6.02 (P < 0.00001) Favours [CCS group] Favours [control group]
Fig 6. Forest plots showing the results of meta-analysis on miscarriage comparing the effect of CCS-based PGS and traditional morphological
method after IVF/ICSI. (a) Forest plot of pooled RR on miscarriage of RCTs; (b) Forest plot of pooled RR on miscarriage of cohort studies.

Chen et al., PLoS One, 2015



Meta-Analysis on PGT-A for 24 chromosomes

@ PLOS | one

R(;S;::tC:IAZg;E;)rehensive Chromosome Screening D ecrease d mu | Tl p | &

Technology Improve IVF/ICSI Outcomes? A

Meta-Analysis preg Nndad ﬂCY W|Th PGT‘A

Minghao Chen'*, Shiyou Wei®*, Junyan Hu®*, Song Quan'*

a CCS group Control group Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed, 95% CI
Forman 2013 0 5 31 58 100.0%  0.02(0.00,0.26] ]
Total (95% CI) 57 58 100.0%  0.02[0.00,0.26] e R E——
Total events 0 N
Heterogeneity; Not applicable F f f {
i _ 0.001 0.1 1 10 1000
Test for overall effect. Z=2.92 (P = 0.004) Favours [CCS group] Favours [control group]
b CCS group Control group Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Keltz 2013 2 24 44 128 54.9% 0.24 [0.06, 0.93] ——
Lukaszuk 2015 2 38 9 22 451% 0.13[0.03, 0.54] o
Total (95% CI) 62 150 100.0%  0.19[0.07,0.51] e~
Total events 4 53
H g - - - = R - : : } :
N B
o il ctZ=3.28 (£ =0.001) Favours [CCS group] Favours [control group]
Fig 7. Forest plots showing the results of meta-analysis on multiple pregnancy comparing the effect of CCS-based PGS and traditional
morphological method after IVF/ICSI. (a) Forest plot of pooled RR on multiple pregnancy of RCTs; (b) Forest plot of pooled RR on multiple pregnancy of
cohort studies.

Chen et al., PLoS One, 2015



Meta-Analysis on PGT-A for 24 chromosomes

RCTs

Sustained implantation rate (> 20 weeks gestation)

Improved sustained
Implantation with PGT-A

PGS-CCS Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Yang et al. 2012 38 55 20 48 145%  1.66[1.14,2.42] S——
Forman et al. 2013 54 87 83 172 37.8% 1.29[1.03, 1.61] s
Scott et al. 2013 89 134 78 163 47.7% 1.39[1.14, 1.70] —i—
Total (95% CI) 276 383 100.0%  1.39[1.21, 1.60] -
Total events 181 181
Heterogeneity: Chi? = 1.29, df = 2 (P = 0.53); 12 = 0% 0*5 047 1 1*5 2
Test for overall effect: Z = 4.61 (P < 0.00001) F;BVOI,II‘.S p ontrol Favours. PGS-CCS
Observational
Sustained implantation rate (> 20 weeks gestation)
PGS-CCS Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI|
Sher et al. 2009 34 94 39 311 14.9% 2.88 [1.94, 4.29] R
Forman et al. 2012 77 140 76 182 54.6% 1.32[1.05, 1.65] ——
Lee et al. 2015 25 55 12 63 9.2% 2.39 [1.33, 4.29] = = -
Feichtinger et al. 2015 29 110 60 403 21.2% 1.77 [1.20, 2.62] —
Total (95% Cl) 399 959 100.0%  1.75[1.48, 2.07] g
Total events 165 187
Heterogeneity: Chi = 13.10, df = 3 (P = 0.004); B =77% 0 2 0’5 3 é

Test for overall effect: Z = 6.48 (P < 0.00001)

Favours Control  Favours PGS-CCS

Dahdouh et al, F&S, 2015



PGT-A: the NGS era

x Blastocyst biopsies and NGS cycles performed in 2017
>100.000 frophoectoderm biopsies analysed worldwide

Ongoing pregnancy rate per embryo transfer

100

90

80

70

60 6% e 61.1% 60.2%
50
o
30
20
10
0

<35 35-37 38-40 41-42 >42

BB IVF with | PGT-A B IVF without PGT-A

*Internal IGENOMIX data based
on outcomes and 2015 SART data.
** Biopsy in blastocyst stage.



What are the evidences against PGT-A?

v No RCTs or clinical studies showing lack of effect or
detrimental impact of PGT-A performed on blastocysts
with 24-chr testing platforms

v Many reviews and opinion papers against the
application of PGT-A

v Only 1 descripﬁve siudy (Gleicher et al Reprod Biol Endocrinol. 2016)

11 blastocysts with multiple TE biopsies and inconsistent results
10 ET of “aneuploid” blastocysts with 5 live births

Table 2 Characteristics of aneuploid embryos transferred that
led to implantation

Patient n Embryos Embryos transferred Outcome
transferred

43, XY, -13, -15, -18 Normal birth, 46, XY
45, XY, -21 Mormal birth, 46, XY

45, XY, -21 Normal birth, 46, XY
46, XX

Partial 47, XX,17p11.2-pter Normal ongoing 46, XX
45, XY, -22

47, XY, 422 Normal ongaoing 46, XY
Partial 45, XY,-1plar-p36, 12

45, XY, -21 Chernical pregnancy




Non-selection design to determine the positive and
negative clinical predictive value

Fertility and Sterility® Vol. 97, No. 4, April 2012 (0-31 Monday, October 19, 2015 11:15 AM
i A PROSPECTIVE, BLINDED, NON-SELECTION STUDY TO

Comprgher!swg chromos_on]e DETERMINE THE PREDICTIVE VALUE OF PLOIDY RESULTS
screening is highly predictive of the USING A NOVEL METHOD OF TARGETED AMPLIFICATION

i : BASED NEXT GENERATION SEQUENCING (NGS) FOR COMPRE-
reproductive potentlgl of h!"“a" HENSIVE CHROMOSOME SCREENING (CCS). M. D. Werner,
embryos: a prospective, blinded, J. M. Franasiak, K. H. Hong, C.R. Juncau, X. Tao, J. Landis,
I‘IOI‘ISElectIOI‘I Study K. M. Upham, N. R. Treff, R. T. Scott. RMA, NI, NJ.
Rlchard T Scoft r, M.D.> Kathieen Fenry, 8.5, fing Su, M.5. Xin Tac, M5, Katherine Scott, M. ASRM Abstracts Vol. 104, No. 3, Supplement, September 2015
SNP array: of the 99 embryos assigned Targeted-NGS: of the 41 embryos assigned

aneuploid, 4 (4%) sustained implantation aneuploid, 0 sustained implantation

70 -

60 - Total

50 -

40

30

20

10 2.8%

0 _ _—'
POSITIVE PREDICTIVE VALUE NEGATIVE PREDICTIVE VALUE

(EUPLOID EMBRYOS RESULTING IN  (ANUPLOID EMBRYOS RESULTING IN

SUSTAINED IMPLANTATION) SUSTAINED IMPLANTATION)

Scottetal., F&S 2012



Comparison PGT-A vs Prenatal Diagnosis

v" Mosaicism and imperfect clinical predictive value have to be discussed
based on up-to-date data and included in consent forms as for any
diagnostic method

v Requires experienced IVF and PGT laboratory and careful
implementation in the clinical practice

Gk, dia + gnosis, knowledge

PRENATAL DIAGNOSIS ;%3{!;

Invasiveness: none or extremenly low v invasiveness 0.2-1% Abortion risk
Prevalence (Chromosomal risk) 20-90% v~ Chromosomal risk (prevalence) 0.1-4%
No result rate: 1% v Noresultrate: 1%

Mosaicism: present 6% v" Mosaicism: present 1-2% CVS

Accuracy: 98-99% v Accuracy: 98-99%

NN N N NN

Alfirevic et al., 2009



niPGT-A: previous experience

v Non-invasive studies based on spent culture medium
in comparison to tfrophectoderm

Shamonki et al., F&S 2016 > 3.5% concordance (N=57)
Feichtinger et al., RBMonline 2017 > 27% concordan ce (N=22)
Xuetal, PNAS2016 > 85.7% concordance (N=42)

Low number of | High variability
concordance studies | | between results

_____________________________________________________________________________________

Embryo Maternal DNA

mosdaicism

contamination

Hammond et al., FS 2017



niPGT-A: our previous results

Human Reproduction, pp. 1-12,2018
doi:10.1093/humrep/dey028

| EOER R SR R R AT vz |
v v v v
Spent 17 Control 11 Control Spent
Media Media Media / Media
S S E [ o [
Y
DNA quantification Whole Genom.e Amplification
(non-amplified) v
DNA guantification
(amplified)
\ o~
Saif 4:\,
- o~ A
538} » =
\23 " ‘\23/'
Spent b Spent . 56 Spent
Media Media Media
+ + +
TE TE @ TE
Biopsies Biopsies Biopsies
+ + !
Whole Follicular Aneuplolidy stud\é .
Blastocysts Fluids (Spent cu tur.e media
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Origin and composition of cell-free
DNA in spent medium from human
embryo culture during preimplantation

development
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Vera-Rodriguez et al., Hum Reprod 2017



niPGT-A: our previous results

Day-5 blastocyst
e —————

Trophectoderm biopsy Spent culture media 4
(4-6 cells) (20 pl) N
N=56 N=56 2 (G

WGA WGA

& 0. 6. o

Partial maternal
contamination Full maternal
Concordant 30.4% contamination
30.4% 30.4% 8.9%

Non-
informative



niPGT-A: optimization of the protocol |genom|xx

Summary Pilot Study ni PGT-A (Igenomix-Genera)

Conventional Incubator NO Hatching on D3
Drop volume: 10yl Media from D4 to D6/7
~ Trophectoderm biopsy Spent culture medium
> (4-6 cells) (10ul)
N=115 N=115
; !
WGA WGA

NGS

Trophectoderm DNA versus embryo-free DNA

Partial maternal Full maternal . .
Concordances . L. Non-informative
contamination contamination

Rubio et al., ESHRE 2018



niPGT-A: Igenomix/Genera Pilot Study

NGS profiles of trophectoderm biopsies and spent culture media

Medium: 47, XY, -7+14+17

1 2 3 4 3 5 7 ] 9 10 1 12 13 14 15 16 17 18 19202122 X Y



niPGT-A: Igenomix/Genera Pilot Study

NGS profiles of frophectoderm biopsies and spent culture media

Medium: 46, XX

MAPD=0.203 Confidence filter=1.0

Trophectoderm biopsy: 46, XX

WAPC=0.125 Canfidende fiter=1.0

45
ER]
2.3
13

03




niPGT-A: optimization of the protocol

igenomixY

Summary Pilot Study ni PGT-A (Igenomix-Genera)

RESULTS Day 5 Day 6/7 Total
% Trophectoderm 0.0 3.7 2.6
Non-Informative results
% Spent Culture Media 18.2 0.0 5.2
% Tropho and media results 81.8 96.3 92.2
Embryo concordance 63.0 83.5 78.3
Embryo concordances
Autosome concordance 66.7 87.3 82.1
Total chromosome concordance 40.7 72.2 64.2
False positive 29.6 8.9 14.2
Embryo discordances
False positive (chaotic profile media) 14.8 5.1 7.5
False negative 3.7 E 2.8
Only sex discordance euploid 3.7 3.8 3.8

ESHRE 2018 SELECTED ORAL PRESENTATION




niPGT-A: Multicenter study igenomixY

Study flowchart

Recruitment Selection criteria
Informed consent signature
Biopsy and Spent Culture Media collection
I

] [
1S analysisof the . |JEE————
samples | |

. Blinded analysis of the
SET fresh or deferred ET of euploid embryos Spent Culture Media
I I
| | |

|
. . _ Ongoing Miscarriage Concordant Discordant
Clinical follow-up (POC analysis) with PGT-A |l with PGT-A*

*In discordant results, blastocyst reanalysis in some centres.

Study population

Embryos from IVF patients undergoing PGT-A with SET for any medical indication between 20 and 44 years old
with own or donated oocytes.

Estimated sample size: N=3245 samples



Pro PGT Argument

IVF should aim at maximizing LONG TERM freatment efficacy.
Healthy baby at home

v Embryo aneuploidies are mostly meiotic in origin

v Trophoectoderm biopsy is safe and reliable (oocyte pick-up example)
and very soon will not be necessary

v' Clinical outcomes are significantly superior per tfransfer allowing to
perform universal SET policy even in AMA patients where is more needed

From Standard IVF to Preimplantation Genetic Testing IVF.

* Increase implantation and pregnancy rates at the first cycle
* Reduce time to pregnancy

* Reduce multiple pregnancies

* Reduce miscarriages

* Reduce chromosomal abnormal newborns.

+ Cost-effective



Conclusion

ART should not aim at maximizing SHORT TERM treatment

“efficacy” irrespective of adverse events, such as
miscarriage, multiples, or chromosomal abnormal newborns.

This is against all ethical and medical basic principles.

ART should aim at maximizing LONG TERM treatment efficacy.

Healthy baby at home




Acknowledgements - PGT-A Team

Montreal, CANADA: Los Angeles, USA: N ' \ Miami, USA: New York, USA:
Gahazal Haghi, Vi Nguyen, Derek Shaibi, Gurkan Sen, Tristan Darvin, Quang Pham, Kenney Annai Santi, Nicole Layne, Doyin Akinwole,

: : Martin Ciskanik, Christina Faltas, Milena
Anca Bojinescu Tuyen, Refik Kayali, Abelard Bautista, Sue Robles Dayrema Pefia, Inalvis Alvarez

Jakubowska, Kathy Cui, Francisco Duenas

Antonio Capalbo

| B . Carmen Rubio

- ] e . 2] ) - :
Tokyo, JAPAN: London, UK: PGS research team, Valencia, SPAIN: Marostica, ITALY:
Toshiki Matsuoka, Hanhsiu Hsu ~ Araz Raberi, Roy Naja, Aylin Mutlu Carmen Garcia, Luis Navarro, Lucia Martinez Adriano Giancani, Martina Moretto, Laura Girardi, Valeria Romanielli,

Cristina Patassini, Alessandra Carlotto

( ) luu-quumy k Clinical Innovation W ‘5‘;H.Igl

o kj = B \\ti s o

Ciudad de México, MEXICO: Valencia, SPAIN: Scientific advisor: Nasser Al-Asmar
Maria Eugenia Péo, Maritza Orozco, Azarina Ferro, Vanessa Peinado, Lorena Rodrigo, Inmaculada Campos, Tantra Martinez, Jessica Nieto, Embryologist: Almudena Polo
Cristina Coyotecatl, Karla Morales Asuncion Martinez, Sandra Garcia, Lucia Marin

Tl

Sao Paulo, BRAZIL: Buenos Asres,ARGENTINA Dubai, UAE: Delhi, INDIA:
Mariane Uehara, Camila Ayala, Gabriel do Carmo, Marcia Riboldi, Pilar Lopez, Shweta Sharma, Haya Samir Alnims, Rupali Chopra, Brinderjit singh,

Priscila Motta, Keitty Pereira, Juliana Cuzzi, Bruno Coprerski, Thiago Gloria  Andrea Rivadeneira Sruthi Warrier E, Sajala Salim Nassera Rajni Khajuria



Our Team

SPAIN
Scientists

AL-ASMAR, NASSER

ALONSO VALERO, ROBERTO

BLESA JARQUE, DAVID

BOVER CATALA, ANA

CAMPOS GALINDO, INMACULADA
CERVERO SANZ, ANA CRISTINA
CLEMENTE CISCAR, MONICA

DIEZ JUAN, ANTONIO

GARCIA HERRERO, SANDRA

GIL SANCHIS, CLAUDIA

GOMEZ DE LA CRUZ, CARLOS ALFONSO
GOMEZ SANCHEZ, EVA MARIA
HERVAS LORENTE, ARANTXA
JIMENEZ ALMAZAN, JORGE

LOPEZ IGLESIAS, PILAR

MARTIN RODRIGUEZ, JULIO CESAR
MARTINEZ CONEJERO, JOSE ANTONIO
MARIN LOPEZ DE CARVAJAL, LUCIA
MARIN VALLEJO, CARLOS

MATEU BRULL, EMILIA

MILAN SANCHEZ, MIGUEL

MIR PARDO, PERE

MIRAVET VALENCIANO, JOSE ALBERTO
MORENO GIMENO, INMACULADA
NAVARRO GAYA, ROSER

PEINADO CERVERA, MARIA VANESSA
POO LLANILLO, MARIA EUGENIA
RINCON BERTOLIN, ALEJANDRO
RODRIGO VIVO, LORENA
RODRIGUEZ IGLESIAS, BEATRIZ
RUBIO LLUESA, CARMEN

RUIZ ALONSO, MARIA

SANCHEZ PIRIS, MARIA ISABEL
SANTAMARIA COSTA, JAVIER

SANZ SALVADOR, LUCIA

SIMON VALLES, CARLOS

VALBUENA PERILLA, DIANA

VERA RODRIGUEZ, MARIA

SPAIN
Technicians

AGUILA CLARES, BEGONA

AYALA ALVAREZ, GUSTAVO LEONARDO
BERMELL JUNCOS, SOLEDAD
BOSCH IBANEZ, ALVARO

BURGOS LUJAN, INES

CENTELLES PASTOR, VICENTE
COLOMA MARCO, MARIA DOLORES
ESCOBEDO LUCEA, MILAGROS
ESCORCIA MORA, PATRICIA
FERRO BARBERO, AZARINA
GALVEZ VIEDMA, MARTA

GARCIA BAYARRI, VANESSA
GARCIA MORENO, MIRIAM

GOMEZ LOPEZ, MARIA

HERRERO BAENA, MARIA

INIGUEZ QUILES, LAURA
MARTINEZ BENITO, TANTRA
MARTINEZ ESCRIBANO, SEBASTIAN
MARTINEZ FERNANDEZ, MARIA
ASUNCION

MARTINEZ MERINO, LUCIA
MATEOS GREGORIO, PABLO
MOLES SELMA, SARA

MORATA GARCIA, MARIA JESUS
NIETO ALFANI, JESSICA

PERIS PARDO, LAURA

POZO CRUZ, ANA MARIA

SANCHEZ GONZALEZ, ESTELA

USA & CANADA
Scientists

AKINWOLE, ADEDOYIN
CINNIOGLU, CENGIZ
DARVIN, TRISTAN
HARTON, GARY
JAKUBOW SKA MILENA
KAYALI, REFIK

MAE HOOVER, LARISSA
PHILLIPS, KIMBER
SNEIDER, ALYSSA
STANKEWICZ, TIFFANY
YEH, CHRISTINE

Technicians

ALVAREZ, INALVIS
BAUTISTA, ABELARD
BOJI NESCU, ANCA
DUENAS, FRANCISCO
CUI, KATHY

GRIFFIN, MARISA
HAGHI, GHAZAL
LAYNE, NICOLE

LOANIDIS, ALEXANDROS

NGUYEN, VI
PENA, DAYTERNA
PHAM, QUON
SANTI, ANNAI
SEN, GURKAN
SHAIBI, DEREK
TUYEN, KENNY

BRASIL

Scientists

COPRERSKI, BRUNO

ESTEVES MORAES, CAMILA

RIBOLDI, MARCIA

UEHARA DE SOUZA, MARIANE
Technicians

DE GODOI IGLESIAS LIMA, GABRIELLE
SANTANA, LEILA

MEXICO
Scientists

BALLESCA ESTRADA, ADRIANA
GARCIA PASCUAL, CARMEN MARIA

Technicians

CRISTINA COYOTECATL

Montreal
CANADA

New York
U

SA \‘
Los Angeles_g
gUSA
\ Miami
usa

Mexico D.F. /
MEXICO

Valencia ____,
SPAIN o

Sdo Paulo
- ERazi

DUBAI

Scientists

CHOPRA, RUPALI

Technicians

ALNIMS, HAYA

ROY CHOWDGHURY, SHEWETA

SHARMA, SHEWETA
WARRIER EDAKUNNY, SHRUTI

INDIA
Scientists

KHAJURIA, RAINI
SINGH BUTTAR, BRINDERJIT

Technicians

UPADHYAY, DIVYESH

Dubai  Delhi
UAE INDIA

z) 2
Setat i Unién Europea B " >
Collaborators: BN Fondo Eropeo de : £2INCLIVA Eﬁ.g Sovmo PR o .
LGt : e = < WEEE o e mesticion saiars Instituto de Salud Carlos Ill
* Una manera de hacer Europs’ eu rost ars MARIE CURIE
VNIVERSITAT Stanford Bavlor
DEVALENCI tanod Ivl) BCM &k,



Summary of up-to-date data from preclinical and clinical
studies on PGT-A

v Demonstrated advantages

Increase implantation rate per ET
Decrease miscarriage rate
Decrease abnormal pregnancies
Decrease in the use of invasive and
non-invasive prenatal diagnosis
Decrease time to pregnancy

Potential for being cost-effective

v Potential disadvantages

Potential for minimal loss of embryos

Needs expertise

120 -
100 - W aneuploid
30 - B euploid

Miscarriage

Live
births births

Standard care PGS

No improvement of CLBR because all
what you have is what you get, but
demonstrated advantages are clear



Best Ethical Practice for Clinicians

Medical providers offering genetic test should:

)

v/ Offer all women the opportunity to receive reliable, medically relevant prenatal
tests that have demonstrated safety and effectiveness in their demographic.

v Work with third-party to help all patients access, if medically appropriate.
Structure the informed consent process so that it is comprehensive (...).

v Ensure that patients are offered genetic counselling both before and after
testing.

v Give patients clear opportunities to decline testing.

v Encourage patients to make clear choices about which results they wish to
receive before testing is undergone.

Minear et al., Annu. Rev. Genomics Hum. Genet. 2015
(adapted Allyse et al., Prenat. Diagn. 2013)



Desperation is expensive: one patients bill

Prontogest £760.00
Intralipids  £300.00

Full Blood Count (FBC) £40.00
Progesterone (Prog) £30.00
HCG & Prog £70.00

NK Assay £310.00

HCG & Prog £70.00

HCG & Prog £70.00

HCG & Prog £70.00

HCG & Prog & FBC £110.00
HCG & Prog £70.00

HCG & Prog £70.00

Prog £30.00

Prog & FBC £70.00

Prog £30.00

NK Assay £310.00

Prog £30.00

Prog £30.00

5+6 Scan £110.00

6+4 Scan £110.00

7+1 Scan £110.00

8+0 Scan £0.00

9+0 Scan £110.00

10+0 Scan £110.00

12+4 Scan (FMC) £230.00

Blood Tests (HIV & Hep) £200.00
Hormone Profile £90.00
Rubella £45.00

Full Immune Blood Test  £805.00
E2 £30.00

Progesterone (Prog) £30.00
E2 & LH £60.00

E2 & LH £60.00

E2, LH, FSH & Prog £120.00

E2 & LH £60.00

E2, LH & FSH £90.00

E2 (x2), LH, FSH & Prog £150.00
E2 (x2), LH, FSH & Prog £150.00
E2 (x2), LH, FSH & Prog £150.00
E2, LH, FSH & Prog £120.00

E2 (x2), LH, FSH & Prog £150.00
E2 (x2), LH, FSH & Prog £150.00
E2 (x2), LH, FSH & Prog £150.00
Prog (x2), FBC, HCG £140.00
NK Assay £310.00

IVIG £1400.00

TOTAL £13,271

Slide from Nick Macklon



