Non-invasive analysis of embryonic aneuploidies in cell free DNA
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How to perform human embryo aneuploidy testing
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Embryo cell-free DNA is released during embryo development

1

During in vitro embryo development, mostly from day
4 to day 6, embryo cell-free DNA is released to the
culture medium, with higher concentrations as the
number of cells increases at blastocyst stage.

2

The spent blastocyst medium containing the embryo cell-free DNA
can be analysed by next generation sequencing, representing a
non-invasive approach to estimate the chromosome copy number
of the blastocyst without the need of a trophectoderm biopsy.




Updated publications on embryo cfDNA analysis

@(

versus @ Embryo cfDNA

Shamonki et al., Fertil Steril 2016 === 3 5% concordance (N=55) (+D3 AH, D5 biopsy)
Feichtinger et al., RBMonline 2017 =y 27%  concordance (N=22) (D1 AH, PB biopsy)
Ho et al., Ferfil Steril 2018 -y 65.0% concordance (N=61) (with and without AH, D5 biopsy)
Xu et al., PNAS 20146 = 85.7% concordance (N=42) (D3 AH, + vitrification, whole blastocyst)

Yeung et al., 2019 JARG ==mmp £2.1.% concordance (N=167) (D3 AH, + vitrification, D5/6 biopsy)

Huang et al., 2019 PNAS = 82 0% concordance (N=52) (Biopsy +vitrification, concordance 93.8% whole blastocyst)
Kuznyetsov et al., PlosOne 2018 =y 87.5% concordance (N=47) (BF+SBM, concordance 96.4% whole blastocyst) 1

Jiao et al., Hum Reprod 2019 === 75.0% concordance (BF+SBM, D5 biopsy, concordance 96.8% whole blastocvst)

High variability between results
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Our experience in embryo cfDNA analysis: PROOF OF CONCEPT
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Our experience in embryo cfDNA analysis: PROOF OF CONCEPT
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Our experience in embryo cfDNA analysis: PILOT STUDY

Embryonic cell-free DNA versus AIMS:
trophectoderm hiopsy for aneuploidy
testing: concordance rate and

clinical implications 1) To improve IVF conditions and
NGS protocol
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Objective: To study whether embryonic cell-free DNA (cfDNA) in spent blastocyst media & representative of the chromosomal
constitution of a blastocyst.

Design: Filot prospective blinded study.

Setting: In vitro fertilization center and genetics laboratory.

Patient(s): A total of 115 trophectoderm [TE) biopsics and s Hastmm:d:aismfmmdﬁpanmsmmagﬁmgugfmmnm
46 years, whose indications for T preimplantation genetic testing of ploidy (PGT-A) were adh d matemal age, wourrent miscar-
riage, or recurrent implantation failure.

(] (] (]
L T ket e 2) To estimate the optimal time
Main Outcome Measure(s): Concordance mtes, sensitivity, and specificity between TE biopsies and SBM. Clinical outcomes in cases
with euploid TE biopsies and euploid SEM compared with cases with cuploid TE and ancuploid SEM.
Result(s): In general, the total concomlance rate for ploidy and sex was 78.7%, and sensitivity and specificity were 94.5% and 71.7%, f o o
mspectively. A significant increase for all parameters was observed for day 6/7 samples compared with day 5 samples, with day 6/7 or me Iq Co eC Ion
snm:pk: showing total concomance for ploidy and sex ufBM. and sensitivity and specificity of 95.2% and 82.1%, respectively.
(mgoing implantation Tates in euplmd ‘IE,feup shuwul a threefold increase compared with euploid Efmplmd SBM
(52.9% ws. 16.7%, ly], withous Interestingly, no miscarriages were observed when TE and
SBM wem h:ndyu:mmnlant_
Conclusion(s): These results offer a better understanding of the dynamics of cfDNA during embryo development and despite more
basic research being needed, they am reassuring to consider in the future this noninvasive approach as an alternative to TE biopsy
for PGT-A. (Fertil Steril® 201931 12:510-9, ©2019 by ican Society for Reproductive Medicine))
El resumen estd disponible en Espafiol al final del articulo.
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Our experience in embryo cfDNA analysis: PILOT STUDY

Prospective pilot study by Igenomix-Genera (November 2017 - March 2018)
in 115 blastocysts to define optimum time for media collection with the new protocol

_____________________________________________________________________________________________________________________
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D1-D4 embryos D4 Washings New drop D5/Dé biopsy

sea °—=— B XO=

Opftfimization to minimize
maternal DNA contamination Cell-free DNA

O

Rubio & Rienzi et al., Fertil Steril 2019



Our experience in embryo cfDNA analysis: PILOT STUDY

Prepate Run TM
W iy lon Torrent™ Technology (S5)

Modified Reproseq protocol <15 h
lon Reporter 5.4

WGA with conventional and modified protocol

Time in culture:

Rubio & Rienzi et al., Fertil Steril 2019



Our experience in embryo cfDNA analysis: PILOT STUDY

Concordance rates of TE biopsies versus cfDNA
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Our experience in embryo cfDNA analysis: PILOT STUDY

Discordant results between TE biopsies and cfDNA
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Rubio & Rienzi et al., Fertil Steril 2019



Our experience in embryo cfDNA analysis: PILOT STUDY

Clinical outcome after SET of euploid versus aneuploid SBM

Clinical Outcome Ei"pﬁ;‘;:jdsfl{ﬂ A::"j’;‘l’l‘i" dTE/B " TOTAL
Number of transfers 17 12 29

Mean maternal age (SD) 37.5 (2.5) 37.4 (2.3) 37.5 (2.4)
Positive pregnancy test 11 (64.7) 4 (33.3) 15 (51.7)
Biochemical pregnancy loss 2(18.2) 0 2(13.3)
Clinical pregnancy rate (%) 9 (52.9) 4 (33.3) 13 (44.8)
Clinical miscarriage (%) 0 2 (50.0) 2(15.4)
Ong implantation rate (%) 9 (52.9) 2(16.7) 11 (37.9)

Lower miscarriage rates with
euploid cfDNA

Rubio & Rienzi et al., Fertil Steril 2019



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

Original Research ajog.org

OBSTETRICS

Multicenter prospective study of concordance between
embryonic cell-free DNA and trophectoderm biopsies
from 1301 human blastocysts

Carmen Rubio, PhD'; Luis Navarro-Sanchez, PhD'; Carmen M. Garcia-Pascual, PhD; Olcay Ocali, BS;

Danilo Cimadomo, PhD; William Venier, MSc; Gerardo Barroso, MD; Laura Kopcow, MD; Mustafa Bahceci, MD;
Marcos luri Roos Kulmann, BSc; Lourdes Lopez, MD; Emilio De la Fuente, MSc; Roser Navarro, MSc;

Diana Valbuena, MD, PhD; Denny Sakkas, PhD; Laura Rienzi, MSc; Carlos Simén, MD, PhD

The study was designed .
with two main objectives: ——> Trophectoderm DNA
To evaluate the concordance and
Valencia reproducibility of testing embryo cell-free
il R o Bt DNA versus trophectoderm DNA obtained
San Diedo Madrid 4 ] n from the same embryo in a large sample of
.u%; SPAIN !;t:‘r:‘?ul Spent blastocyst media 1,301 day 6 and day 7 human blastocysts,
; This is the largest stud
Mexico Ci i) Y L
MEXICO iy to date assessing ploidy A
concordance per embryo :
between invasive and AR
mﬁ.ﬂ'g" mon-imvasim. el -A. Embryo cell-free DNA -
3 Inner cell mass DNA

B Al
u-nn:"ln: and to assess the conc

with the inner cell mass off| - -9
in a subset of 81 aneuploi
donated for research.



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

Concordance rates of 1,301 embryo cell-free
DNA and trophectoderm DNA

10;% g e
H 75 2% '

Center 1 Center 2 Center 3 Center 4 Center & Center & Center 7 Center 2 TOTAL
Concordance  76.6 171 B1.8 B6.3 84.2 B5.0 12.6 71.0 78.2

Sensitivity BO.B 84.8 8a.2 86.7 91.3 16.7 76.6 78.9 81.7

Specifity 69.9 T2.7 86.2 87.5 B0.0 933 64.7

Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and
frophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.




Our experience in embryo cfDNA analysis: MULTICENTER STUDY

Higher concordance with higher female age: significant linear trend
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Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and
frophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.




Our experience in embryo cfDNA analysis: MULTICENTER STUDY

No significant differences according to the culture media
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Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and
frophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.




Our experience in embryo cfDNA analysis: MULTICENTER STUDY

No significant differences according to the incubator model
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Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and
frophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.




Our experience in embryo cfDNA analysis: MULTICENTER STUDY

In addition, in a subgroup of 81aneuploid blastocysts donated for research, the comparison of the
inner cell mass with the embryo cell-free DNA and the trophectoderm biopsies has shown similar
concordance rates, 84.4% and 87.5% respectively (64 informative for the three sample types).

SBM TE SBM ICM TE
/ \ il , ) )
Q) G= Q) ‘= =
\%:y e
GLOBAL
0, 0, 0,
CONCORDANCE 87.5% 84.4% 87.5%
False positives 0% 6.3% 10.9%
False negatives 12.5% 9.4% 1.6%

WC: Whole Chromosome; LM: Low Mosaic; SC: Segmental Chromosome

Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and
frophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.
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Our experience in embryo cfDNA analysis: MULTICENTER STUDY

If only whole chromosome aneuploidies of meiotic origin are considered, the comparison
of the inner cell mass with the embryo cell-free DNA and the trophectoderm biopsies has
shown concordance rates of 85.9% and 93.7% respectively.

SBM TE SBM ICM TE ICM
///\ ~ 7 7, N e
Q) C= Q) Q= -
\\:/// \\\_—/// vvvvv
Only WC Aneuploidies
92.2% 85.9% 93.7%
False positives 0% 4.7% 4.7%
False negatives 7.8% 9.4% 1.6%

WC: Whole Chromosome; LM: Low Mosaic; SC: Segmental Chromosome

Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and
frophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.




Open questions? Work in progress

BASIC RESEARCH (Plachta Lab)

Origin of the DNA? From inner cell mass and trophectoderm cells?
Mechanism? Different embryonic DNA replicationg Tubulin bridges?

RCT STUDY on Clinical Outcome

Could be applied with the aim of improving implantation for all IVF patient?

If this is the case, could transfer prioritization be an acceptable alternative?e







RCT (15 centers involved, n=1108 SETs)

Aim: To investigate if niPGT-A can improve ongoing pregnancy rate (212 gestational weeks) in
the first SET compared to embryo selection based on morphology (10% improvement).

Selection criteria
COS and Recruitment Informed consent signature
|
| |
.. INTERVENTION GROUP CONTROL GROUP

Randomization (spent culture media analysis) (morphology criteria)

|

1

At least one Dé/7 blastocyst WIZH U.5. Mational Library of Medicine

— ClinicalTrials.gov

NO NO
IVF procedure YES (protocol deviation) iz R e
Transfer based Trophectoderm No Trophectoderm No
on morphology biopsy * fransfer biopsy transfer
One euploid blastocyst One euploid blastocyst
(Standard PGT-A) (Standard PGT-A)

Deferred ET &

Clinical Follow Up SET - Ongoing pregnancy (>12 wks)

COS: Controlled ovarian stimulation
SET: Single embryo transfer
ET: Embryo transfer

*Free PGT-A by request, if trophectoderm biopsy performed




RCT (15 centers involved, n=1108 SETs)

pllsky U.S5. National Library of Medicine

— agrr_?.—@vv?"“wﬁ% o ClinicalTrials.gov

NCT04000152
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Conclusions o

The cfDNA can be amplified and analysed by NGS and it
is representative of embryo chromosomal content.

Concordance rates with TE biopsies and ICM have been
found as high as 84-85% at D6 of development.

High concordance rates of the cell-free DNA in the culture
media with inner cell mass.

This approach shows robust results with different culture
conditions and incubator systems, therefore can be applied
in any IVF lab without the need of additional equipment.

This new strategy would avoid embryo biopsy and

the conflict of discarding potentially euploid
embryos in PGT-A.
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