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STUDY QUESTION: How should ART/preimplantation genetic testing (PGT) centres manage the detection of chromosomal mosaicism
following PGT?

SUMMARY ANSWER: Thirty good practice recommendations were formulated that can be used by ART/PGT centres as a basis for
their own policy with regards to the management of ‘mosaic’ embryos.

WHAT IS KNOWN ALREADY: The use of comprehensive chromosome screening technologies has provided a variety of data on the
incidence of chromosomal mosaicism at the preimplantation stage of development and evidence is accumulating that clarifies the clinical
outcomes after transfer of embryos with putative mosaic results, with regards to implantation, miscarriage and live birth rates, and neonatal
outcomes.

STUDY DESIGN, SIZE, DURATION: This document was developed according to a predefined methodology for ESHRE good practice
recommendations. Recommendations are supported by data from the literature, a large survey evaluating current practice and published
guidance documents. The literature search was performed using PubMed and focused on studies published between 2010 and 2022. The
survey was performed through a web-based questionnaire distributed to members of the ESHRE special interest groups (SIG)
Reproductive Genetics and Embryology, and the ESHRE PGT Consortium members. It included questions on ART and PGT, reporting,
embryo transfer policy and follow-up of transfers. The final dataset represents 239 centres.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The working group (WG) included 16 members with expertise on the ART/
PGT process and chromosomal mosaicism. The recommendations for clinical practice were formulated based on the expert opinion of
the WG, while taking into consideration the published data and results of the survey.

MAIN RESULTS AND THE ROLE OF CHANCE: Eighty percent of centres that biopsy three or more cells report mosaicism, even
though only 66.9% of all centres have validated their technology and only 61.8% of these have validated specifically for the calling of chro-
mosomal mosaicism. The criteria for designating mosaicism, reporting and transfer policies vary significantly across the centres replying to
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the survey. The WG formulated recommendations on how to manage the detection of chromosomal mosaicism in clinical practice, consid-
ering validation, risk assessment, designating and reporting mosaicism, embryo transfer policies, prenatal testing and follow-up. Guidance is
also provided on the essential elements that should constitute the consent forms and the genetic report, and that should be covered in ge-
netic counselling. As there are several unknowns in chromosomal mosaicism, it is recommended that PGT centres monitor emerging data
on the topic and adapt or refine their policy whenever new insights are available from evidence.

LIMITATIONS, REASONS FOR CAUTION: Rather than providing instant standardized advice, the recommendations should help
ART/PGT centres in developing their own policy towards the management of putative mosaic embryos in clinical practice.

WIDER IMPLICATIONS OF THE FINDINGS: This document will help facilitate a more knowledge-based approach for dealing with
chromosomal mosaicism in different centres. In addition to recommendations for clinical practice, recommendations for future research
were formulated. Following up on these will direct research towards existing research gaps with direct translation to clinical practice.
Emerging data will help in improving guidance, and a more evidence-based approach of managing chromosomal mosaicism.

STUDY FUNDING/COMPETING INTEREST(S): The WG received technical support from ESHRE. M.D.R. participated in the EQA
special advisory group, outside the submitted work, and is the chair of the PGT WG of the Belgian society for human genetics. D.W. de-
clared receiving salary from Juno Genetics, UK. A.C. is an employee of Igenomix, Italy and C.R. is an employee of Igenomix, Spain. C.S. re-
ceived a research grant from FWO, Belgium, not related to the submitted work. I.S. declared being a Co-founder of IVFvision Ltd, UK.
J.R.V. declared patents related to ‘Methods for haplotyping single-cells’ and ‘Haplotyping and copy number typing using polymorphic variant
allelic frequencies’, and being a board member of Preimplantation Genetic Diagnosis International Society (PGDIS) and International
Society for Prenatal Diagnosis (ISPD). K.S. reported being Chair-elect of ESHRE. The other authors had nothing to disclose.

DISCLAIMER: This Good Practice Recommendations (GPR) document represents the views of ESHRE, which are the result of consensus between
the relevant ESHRE stakeholders and are based on the scientific evidence available at the time of preparation.

ESHRE GPRs should be used for information and educational purposes. They should not be interpreted as setting a standard of care or be deemed
inclusive of all proper methods of care, or be exclusive of other methods of care reasonably directed to obtaining the same results. They do not re-
place the need for application of clinical judgement to each individual presentation, or variations based on locality and facility type.

Furthermore, ESHRE GPRs do not constitute or imply the endorsement, or favouring, of any of the included technologies by ESHRE.
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WHAT DOES THIS MEAN FOR PATIENTS?

Preimplantation genetic testing (PGT) involves analysis of the DNA from oocytes or in vitro fertilized embryos. During PGT of embryos for
(familial) genetic diseases or for aneuploidy (the condition of having an abnormal number of chromosomes), two or more different results
may be identified for the number of chromosomes in a single embryo. This phenomenon is called chromosomal mosaicism. As this compli-
cates interpretation of the genetic test results, it is a challenge for clinics to handle embryos for which the genetic analysis indicated chro-
mosomal mosaicism. This document outlines what is known and unknown about chromosomal mosaicism and provides experts in PGT
centres and IVF clinics with information on how to manage the detection and the reporting of chromosomal mosaicism, how to handle em-
bryos with mosaic results and how to counsel patients accordingly.

Introduction

Preimplantation genetic testing (PGT) involves analysis of the DNA
from oocytes (polar bodies) or in vitro fertilized embryos (cleavage stage
or blastocyst) for determining genetic abnormalities or for HLA typing
(Zegers-Hochschild et al., 2017). This includes three modalities—PGT
for aneuploidy (PGT-A), PGT for monogenic/single gene defects (PGT-
M) and PGT for chromosomal structural rearrangements (PGT-SR).
Chromosomal mosaicism (defined as a state in which there is more
than one karyotypically distinct cell population arising from a single em-
bryo (Zegers-Hochschild et al., 2017)) is an inherent biological phe-
nomenon in human preimplantation embryos. Further details about
the nature of the aneuploidy implicated in mosaicism and the

mechanisms and incidence of chromosomal mosaicism have been
addressed in recent reviews (Viotti, 2020; Levy et al., 2021).

Embryos with a mosaic result have been observed for a long time,
for example when mosaicism involved the chromosome linked with a
monogenic disease and single cell multiplex PCR showed one or three
parental haplotypes. Following the implementation of high-resolution
genome-wide methods, usually based on next-generation sequencing
(NGS) of trophectoderm (TE) biopsies, the detection of intermediate
copy number on chromosomal analysis (indicating chromosomal mosa-
icism among the biopsied cells) has become more frequent. As a re-
sult, data interpretation has become more challenging and embryo
transfer policies more complicated.
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Good practice recommendations for chromosomal mosaicism

In the context of PGT-A, the most relevant type of mosaicism is the
mix of euploid and aneuploid cells (sometimes referred to as diploid—
aneuploid mosaics). Embryos with chromosomally mosaic results after
TE biopsy will be referred to as ‘mosaic’ in the remainder of this arti-
cle. Embryos with ‘segmental gain/loss’ showing intermediate test
results indicating aneuploid/diploid mosaicism are referred to as ‘seg-
mental imbalances’ in the remainder of this article.

After the first report showing that the transfer of embryos with a
chromosomal mosaic result on PGT-A can yield healthy babies (Greco
et al., 2015), a growing series of studies has been published on this
topic (compiled in Viotti, 2019), with the largest dataset of 1000 em-
bryos described in Viotti et al. (2021b). These data suggested that the
transfer of embryos with putative mosaic PGT-A results yielded lower
implantation rates and higher miscarriage rates when compared with
euploid embryo transfer.

There are several outstanding issues: the analytical validity of deter-
mining the presence of mosaicism is suboptimal, as the same interme-
diate copy number results can occur for biological and technical
reasons that are unrelated to mosaicism (i.e. technical noise or ploidy
abnormality in embryos with extra/missing chromosomes); the devel-
opmental potential of mosaic embryos as well as the clinical signifi-
cance of mosaicism detected at the preimplantation stage of
development remains unclear; the presence of mosaicism in a TE bi-
opsy may not reflect the chromosomal constitution of the whole em-
bryo; and information on the risks associated with specific types of
mosaicism (e.g. affecting specific whole chromosomes, different num-
bers of chromosomes or segmental imbalances) is still insufficient.
These issues make it difficult to guide clinicians and patients on the
management of embryos scored as ‘mosaic’ or come to a uniform em-
bryo ranking system.

So far, the PGD International Society (PGDIS) and Controversies in
Preconception, Preimplantation and Prenatal Genetic Diagnosis
(CoGEN) have issued position statements on the transfer of mosaic
embryos (COGEN, Cram et dl., 2019; Gleicher et al., 2020; Leigh
et al, 2022). In parallel, the Practice Committee and Genetic
Counseling Professional Group (GCPG) of the American Society for
Reproductive Medicine has published guidance on how to counsel
patients on the issue of embryo chromosomal mosaicism (Practice
Committee and Genetic Counseling Professional Group (GCPG) of
the ASRM, 2020).

This article aims to provide good practice recommendations on
how to manage the detection of chromosomal mosaicism in clinical
practice and, more specifically, provide guidance on the essential ele-
ments that should constitute the consent forms and the genetic report,
and that should be covered in genetic counselling. The recommenda-
tions are supported by published data and the outcomes of a survey
on practices in PGT laboratories and ART clinics with regards to de-
tection and management of chromosomal mosaicism in embryos.
Rather than providing instant standardized advice, the recommenda-
tions should help PGT centres in developing their own policy towards
the transfer and cryopreservation of ‘mosaic’ embryos. These recom-
mendations should be applied in consideration of previously published
recommendations for organization of PGT (ESHRE PGT Consortium
Steering Committee et al., 2020), polar body and embryo biopsy for
PGT (ESHRE PGT Consortium and SIG-Embryology Biopsy Working
Group et al., 2020), detection of structural and numerical chromo-
somal aberrations (ESHRE PGT-SR/PGT-A Working Group et dl.,

2020) and detection of monogenic disorders (ESHRE PGT-M Working
Group et al., 2020). In addition to the recommendations, we have
identified missing information and scientific questions, which should
guide further research in PGT and chromosomal mosaicism.

Methodology

The current good practice recommendations have been developed
according to the manual for development of ESHRE good practice rec-
ommendations (Vermeulen et al., 2019).

Data on current practice with regards to the detection and manage-
ment of chromosomal mosaicism discovered during any PGT practice
offering comprehensive screening (PGT-A, PGT-M + PGT-A and
PGT-SR + PGT-A) were collected through a web-based question-
naire. The questionnaire, with mostly multiple-choice answers, had a
separate ART (biopsy methods) and PGT (genetic testing methods)
section and common sections on reporting embryo transfer policy and
follow-up of transfers, pregnancies and children born (Supplementary
Data Sl). Identifying parameters (name of the unit, country, city, street
and email) were included to identify and remove duplicate replies.
Replies from members of special interest groups (SIG) (the ESHRE SIG
Reproductive Genetics and SIG Embryology) were collected between
20 February and 9 April 2020 (7 weeks) as well as from PGT
Consortium members.

Data on mosaicism and PGT published up to May 2022 were col-
lected from the literature in a PubMed/MEDLINE search. Search
terms included chromosomal mosaicism, mosaic embryo, mosaicism
and PGT. Animal studies were excluded as well as papers published
before 2010 and those not published in English. References retrieved
from the literature review were complemented with further key refer-
ences identified by the working group (WG) members.

The recommendations for clinical practice were formulated based
on the expert opinion of the WG while taking into consideration the
published data and results of the survey.

The final draft was published on the ESHRE website between |5
February and 16 March 2022 for stakeholder review. Eighty-four com-
ments were received and incorporated where relevant. The review re-
port is available on www.eshre.eu/guidelines.

Results

Current practice with regards to detection
and management of chromosomal
mosaicism

Three hundred and thirty-four replies were received. After exclusion
of replies with insufficient identifying parameters (n=22), duplicate
replies (n=26), blank submissions (n=16) and replies that did not
correspond to a centre offering PGT (either in-house or outsourced)
(n=31), the final dataset included 239 replies representing 239
centres (Supplementary Data SlI). In considering the survey results,
readers should be mindful that the replies were collected in 2020 and
may be different following recently published data relevant to
mosaicism.
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Characteristics of the centres

Of the 239 centres participating in the survey, 53.6% were located in
Europe, 24.3% in Asia and 8.7% and 10.0% in North and South
America, respectively. Only a small number of participants were lo-
cated in Africa and Oceania (1.25% and 2.1%, respectively). Within
Europe, the largest number of participating centres was from Spain
(n=30) (Fig. 1A). Overall, 73.2% of the centres were private centres
(Fig. IB). Of the centres, 60.3% were ART centres outsourcing PGT,
32.2% combined ART and PGT activities and the remaining 7.5% were
independent PGT centres not linked to a specific ART centre (i.e. per-
forming PGT for several ART centres) (Fig. 1C). Worldwide, 84.1%
(201/239) of participating ART/PGT centres are accredited/certified
according to international and/or national standards (Fig. | D).

The activity scale of the number of ART cycles varied from low
(<50 cycles/year) to very high (more than 10 000 cycles/year) (me-
dian 700.0). About half of the centres (50.7%) carried out between
250 and 1000 ART cycles/year. Based on data for 194 centres (those
reporting number of cycles for ART and at least PGT-A, PGT-M or
PGT-SR), the percentage of ART cycles with any genetic testing is
242% £ 1.71 (mean £ SEM). This calculation assumes that blank
fields are O, the highest value was considered when a range was
reported, and combined genetic testing was not taken into consider-
ation. Half of the centres (50.5%) offering PGT-A perform 51-250
PGT-A cycles/year. Of centres offering PGT-M, the majority (61.0%)
perform up to 100 cycles per year. For PGT-SR, 61.9% of centres per-
form 1-100 cycles/year (Fig. |E and F). About half of the centres
(47.7%) offer testing for all indication groups (PGT-A, PGT-M/PGT-A,
PGT-SR/PGT-A); 14.2% of centres apply only PGT-A while 10% offer
no PGT-A at all (Table I).

Biopsy and PGT

For all indication groups, biopsy was most frequently applied at the
blastocyst stage (on average 84.2%), followed by cleavage or blastocyst
stage biopsy (on average 10.0%), based on replies from 212 centres.
The biopsy stage hardly varied in relation to the PGT indication
(Supplementary Data SllIl). These figures are similar to the ones
reported in the ESHRE PGT Consortium data collection papers and
have stabilized at this level since 2017 (Coonen et al., 2020).

Laser-assisted drilling was the most commonly used method for
zona breaching (86.8%). Alternatives included combinations of laser
drilling and mechanical opening of the zona pellucida (8.0%) and laser
drilling with acidic Tyrode’s solution (2.8%). Other approaches were
used in < 1% of centres.

The majority of blastocyst/TE biopsies are carried out on Day 5
and/or Day 6 of in vitro development. In 33.3% of centres, Day 7 was
included as an additional option for blastocyst biopsy. In 56.7% of
centres, the optimal cell number aimed for in blastocyst biopsy is 5—
10, while 36.4% of centres aim for 3-5 cells. A minority of centres
aims for < 3 cells (3.7%) or more than |0 cells (3.2%). The latter
reported biopsy of 8-12 cells (n=1), 1015 cells (n=1) or >15 cells
(n=4).

PGT technologies
About half of the centres use shallow sequencing (i.e. very low depth

whole-genome sequencing) as a single test strategy to provide infor-
mation on PGT-SR and/or aneuploidy. For PGT-M, 35.2% of

respondents indicate they employ a combination of different techni-
ques, while for PGT-M/PGT-A, over 50% employ a combination of
techniques (Supplementary Data SIV).

Of the centres performing in-house PGT (either PGT centres or
ART/PGT centres), 88.1% (59/67) indicated that they had validated
the technology for PGT, independently from manufacturer validation
(Fig. 2A). In centres that outsource their genetic analysis, 45.5% (30/
66) indicated that a validation of the technology was performed. Of
those performing a validation of the technology (independent of the
type of centre), 61.8% (55/89) included the calling of chromosomal
mosaicism.

Ninety-two centres provided valid replies when asked about the
range of mosaicism (percentage of abnormal cells) that they consider
diagnostically indicative of an aneuploid embryo, euploid embryo or
mosaic embryo. Of these centres, 39.1% (36/92) use a cut-off level of
<20% abnormal cells to designate a euploid embryo and >80% ab-
normal cells for an aneuploid embryo; 19.6% (18/92) use cut-off levels
of <30% and >70%, respectively (Fig. 2B). The remaining 38 centres
use a variety of other cut-off levels. Interestingly, 58.7% (54/92) of the
centres specifying a range had not validated their technology for
detecting mosaicism. We have inferred the threshold for detecting
mosaicism based on these definitions, i.e. a centre giving a cut-off level
of 20% would report a sample with 20% of abnormal cells.

Reporting

About 40% of the centres (39.1%; 79/202 replies) include full informa-
tion on aneuploidy results in their PGT reports (including whole chro-
aneuploidy, (gain/loss)  and
intermediate copy number results) over all indication groups, while

mosome segmental  imbalances
most of the others report aneuploidy (but not mosaicism and segmen-
tal imbalances). When segmental imbalances are reported, roughly half
of the centres (53.9%, 82/152) specify the resolution of their technol-
ogy. Of the centres that report mosaicism, 71.0% (71/100) specify the
degree of mosaicism (Fig. 3A-C). Centres biopsying one or two cells
did not consider reporting of mosaicism as being useful; when three or
more cells are biopsied, 80% of centres report mosaicism.

The genetic report includes a recommendation or prioritization for
embryo transfer in 60.9% of centres. For one-third of centres (67/
202), there is a recommendation about which embryos are suitable
for transfer and in 19.3% (39/202), there is a ranking of the embryos
as well (Fig. 3D). Forty-nine percent of the centres (99/202) stated
that they take mosaicism in consideration when making a recommen-
dation for embryo transfer. With regards to specific criteria considered
for prioritization of mosaic embryos, 93 replies were received of which
9.7% (9/93) emphasized the need for genetic counselling for prioritiza-
tion, without providing any further details. The criteria mentioned in
the remaining 84 replies involved level of mosaicism (i.e. the percent-
age aneuploid cells (Viotti, 2020)), the type of mosaicism (i.e. involving
segmental, versus whole chromosome, versus complex abnormalities
(Viotti, 2020)), the type of chromosomes involved (e.g. association
with potential for uniparental disomy (UPD), severe intrauterine
growth retardation or liveborn syndromes (Cram et al., 2019)) and
the number of chromosomes involved, either as sole criterion or in
combination. The most commonly provided answer mentioned a com-
bination of level of mosaicism and type of chromosome involved
(32.1%; 27/84), followed by level of mosaicism as a sole criterion
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Characteristics of the 239 centres
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Figure |. Characteristics of the 239 ART/PGT centres included in the survey. (A) The location, (B) type and (C) set-up
of the centres are shown, together with (D) whether they are accredited, and the activity scales for ART (E) and PGT (F). PGT, preimplantation
genetic testing; PGT-A, PGT for aneuploidy; PGT-M, PGT for monogenic/single gene defects; PGT-SR, PGT for chromosomal structural
rearrangements.
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Table 1 Overview of the indications for which PGT was performed with respect to the centre set up (ART centre, PGT

centre or ART/PGT centre).

N Only PGT-A PGT, including PGT-A PGT but not PGT-A
ART centre without PGT centre (PGT outsourced) 144 26 (18.1%) 105 (72.9%) 13 (9.0%)
ART/PGT centre (in-house PGT) 77 8 (10.4%) 58 (75.3%) I (14.3%)
PGT centre (not linked to ART centre) 18 18 (100%) 0

N Only PGT-M PGT, including PGT-M PGT but not PGT-M
ART centre without PGT centre (PGT outsourced) 144 1 (0.7%) 89 (61.8%) 54 (37.5%)
ART/PGT centre (in-house PGT) 77 I (1.3%) 53 (68.8%) 23 (29.9%)
PGT centre (not linked to ART centre) 18 17 (94.4%) I (5.6%)

N Only PGT-SR PGT, including PGT-SR PGT but not PGT-SR
ART centre without PGT centre (PGT outsourced) |44 1 (0.7%) 72 (50.0%) 71 (49.3%)
ART/PGT centre (in-house PGT) 77 I (1.3%) 48 (62.3%) 28 (36.4%)
PGT centre (not linked to ART centre) 18 15 (83.3%) 3 (16.7%)

PGT, preimplantation genetic testing; PGT-A, PGT for aneuploidy; PGT-M, PGT for monogenic/single gene defects; PGT-SR, PGT for chromosomal structural rearrangements.

(27.3%; 23/84), followed by type of chromosome as a sole criterion
(1'1.9%; 10/84) and type of mosaicism as a sole criterion (3.6%; 3/
84). A combination of level of mosaicism, type of chromosome and
type of mosaicism was reported in 4.8% (4/84) of answers, a combi-
nation of level of mosaicism, type of chromosome and number of
chromosomes in 5.9% (5/84), and a different combination of the
above criteria in 7.1% (6/84) of answers. Finally, 7.1% (6/84) referred
to the PGDIS recommendations.

Embryo transfer strategy

Of 187 respondents, |19 (63.6%) indicated that they do not have a
written embryo transfer strategy for all indications, or the strategy
does not include management of mosaic embryos. However, the im-
portance of genetic counselling was highlighted throughout. In some
cases, the available written strategy specifies either transfer of mosaic
only if no euploid embryo(s) are available, or transfer of euploid em-
bryo(s) only, with no transfer of mosaics.

The preferred embryo transfer strategy for all indication types is vit-
rification of embryos immediately after biopsy and warming/transfer in
a later frozen embryo transfer cycle (~ 90% of centres). The majority
of centres apply a single embryo transfer strategy (87.7%)
(Supplementary Data SV).

Transfer of mosaic embryos

When questioned on their experience with the transfer of mosaic em-
bryos, 52.9% (102/193) of respondents stated that they had trans-
ferred a putative mosaic embryo and would do it again, while 9.8%
(19/193) of respondents would never consider it (Supplementary
Data SVI).

In case of cycles where no euploid embryos and only mosaic em-
bryos are available for transfer, the preferred option is embryo trans-
fer/storing of a single embryo with ranking. Other options for the
mosaic embryo are discard/donation to research or rebiopsy.

When both euploid and mosaic embryos are available for transfer,
the preferred option is still to transfer/store a single embryo with
ranking. From the survey replies, it is unclear whether this decision is
taken in consultation with the patient or whether this is a decision
solely taken by the laboratory. Half of the centres store at least one
mosaic embryo, but an extra 30% consider that storing a second mo-
saic embryo with ranking is also an option (Fig. 4).

Patient counselling and informed consent

Patient counselling occurs at one timepoint, i.e. before the start of
the PGT cycle (46.7%; 77/165) or at two timepoints, before the
start of the PGT cycle and before embryo transfer (44.2%; 73/165)
and often includes discussion of the fate of mosaic embryos. The
transfer of mosaic embryos is often covered in the general informed
consent (52.7%; 87/165), but sometimes a separate/additional in-
formed consent is used (33.9%; 56/165) (Fig. 5).

Prenatal testing and children follow-up

Following the transfer of a mosaic embryo, prenatal diagnosis was rec-
ommended in 95% (151/159) of centres. In 62.9% (100/159) of all
centres, amniocentesis (alone or in combination with other tests) is rec-
ommended, while 32.1% (51/159) of centres recommend non-invasive
prenatal test (NIPT) and/or chorionic villus sampling (CVS) (but no am-
niocentesis) (Supplementary Data SVII). When requesting more details
through an open question, 106 replies were received of which 87.7%
(93/106) provided a strategy for prenatal diagnosis and 12.3% (13/106)
specified either that they do not provide any recommendation or that
the recommendation depends on the treating gynaecologist. Of those
centres providing a strategy, the 38.7% (36/93) indicated amniocentesis
and 32.2% (30/93) indicated NIPT as the strongest recommendation.
NIPT was most often (n=28) recommended on its own but also with
a recommendation of further testing if an abnormality is detected
(n=2). Nine centres (9.7%; 9/93) replied that they recommended
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Validation of the technology
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Validation specifically for the detection of chromosomal mosaicism
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The range of mosaicism (% of abnormal cells) considered diagnostically indicative of an aneuploid embryo, euploid

embryo or mosaic embryo
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Figure 2. Validation of the methods for detection of aneuploidy and mosaicism, and definition of the percentage of
abnormal cells considered indicative of a mosaic embryo. (A) Combination of the replies to the question (yes/no) on whether the
centres have validated the technology they are using and whether they have validated the technology specifically for mosaicism (yes/no) (data catego-
rized per centre set-up and presented as numbers and percentages). (B) The reported percentage of abnormal cells indicative for an euploid (blue),
mosaic (teal) and aneuploid result (yellow). The height of the bar reflects the number of centres stating the presented range. Merging of similar replies
is indicated by blended colours indicating the range in which replies varied. Out of a total number of | |4 replies, 92 are included in the figure. The
remaining 22 replies were considered irrelevant or incorrect, likely a result of misunderstanding the question.

NIPT in combination with CVS or amniocentesis, regardless of NIPT
findings.

Live births following transfer of mosaic embryos were reported in
64.2% (68/106) of the centres. Without further information on how
many mosaic embryos have been transferred and how many of these
resulted in a live birth, a live birth rate (LBR) following mosaic embryo
transfer could not be calculated.

Follow-up of pregnancies/children after transfer of a mosaic embryo
is performed in many centres (68.9%; 73/106), although 19.8%

(21/106) of centres indicate that information on many children is lost
during follow-up (Supplementary Data SVII).

Current data on chromosomal mosaicism

From the literature search, 7623 references were retrieved of which
6085 were excluded based on predefined criteria. An additional 1306
references did not focus on mosaicism and PGT. For the remaining
232 papers, full texts were retrieved, and the most significant papers
are summarized below.
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Information included in the PGT report, corresponding to the indication for which PGT is performed

PGT-A PGT-M PGT-SR PR PR

Information included in the report : i X PGT-M PGT-SR
185 75 99 117 99

Whole chromosome aneuploidy,
segmental imbalances (gain/loss) and 143 (77.3%) 42(56.0%) 68(68.7%) 83(70.9%) 77(77.8%)
intermediate copy number results
Only aneuploidies? 40(21.6%) 32(42.7%) 29(29.3%) 32(27.4%) 21 (21.2%)
Only mosaicism? 2 (1.1%) 1(1.3%) 2 (2.0%) 2 (1.7%) 1 (1.0%)

Imosaicism is not included in the report - Zdetails on aneuploidies detected are not included in the report

B
If segmental imbalances are reported: If mosaicism is reported:
The minimal size The report
of segmental does not
imbalances that include the
can be detected is degree of
not reported mosaicism
|
| 82/152 The minimal size of 71/100 The report
(53.9%) segmental imbalances (71.0%) includes the
that can be detected is degree of
specified in the report masaicism

D
Does the genetic report include a recommendation and/or prioritization of embryos for transfer?
Number of replies: 202
Recommendation Prioritisation Recomm.e.nda.tmn No Recommendation
R 5 & Prioritisation EIrE
provided provided ; or Prioritisation
provided
67 79
(33.2%) 2 9 (39.1%)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
E Consideration of mosaic embryos in making a

recommendation for embryo transfer:

Specific criteria considered for prioritization of mosaic embryos:
99/202 - #evel off r:osa\msm

(49.0%) - Type of chromosome

- Number of chromosomes

Figure 3. Information on chromosomal status included in the PGT report in different centres. (A) Overview of whether the
centres report aneuploidies, mosaicism or both. Replies were collected per indication for which PGT is performed. The data are merged for reporting
of whole chromosome and/or segmental imbalances. (B) Information on whether the minimal size of segmental imbalances that can be detected is
included in the report. This question specifically addressed those centres that report segmental imbalances. (€) Specification of whether the degree
of mosaicism is reported. This question specifically addressed those centres that report mosaicism. (D) Inclusion of a recommendation and/or priori-
tization for embryo transfer in the genetic report. Question was multiple choice, with the different answer combinations represented in the figure.
(E) Results on the question (yes/no) of whether mosaic embryos are considered in making a recommendation for embryo transfer, with indication
of the most relevant comments. All data are presented as numbers and percentages. PGT, preimplantation genetic testing; PGT-A, PGT for aneu-
ploidy; PGT-M, PGT for monogenic/single gene defects; PGT-SR, PGT for chromosomal structural rearrangements.

2202 J9quanoN 60 U0 1sanb Aq GE886/9/¥709B0U/F/ZZ0Z/2101e/usdouy /W00 dno olWapede/:Sdiy Woly papeojumod



Good practice recommendations for chromosomal mosaicism

A

How do you deal with mosaic embryos in a cycle where no euploid embryos are available for transfer?

0%

Transfer/store of a single embryo (with ranking)
Discard/ Give to research

Rebiopsy

Transfer/store of 2 embryos (with ranking)
Transfer/store of a single embryo [without ranking)

Transfer/store of 2 embryos (without ranking)

W Preferred option

20% 30% 40% 50% 60% 70% 80% 90% 100%

M Option M Never an option

How do you deal with mosaic embryos in a cycle where euploid embryos are available for transfer?

0

ES

Transfer/store a single embryo (with ranking)

Transfer/store 2 (both mosaic) embryos (with ranking)
Transfer/store 2 (both euploid) embryos (with ranking)

Discard/ Give to research

Transfer/store a single embryo (without ranking)

Transfer/store 2 (both mosaic) embryos (without ranking)
Transfer/store 2 (euploid plus mosaic) embryos (with ranking)
Rebiopsy

Transfer/stare 2 (both euploid) embryas (without ranking)
Transfer/store 2 (euploid plus mosaic) embryos (without ranking)

® Preferred option W Option

20% 30% 40% 50% 60% 70% 80% 90% 100%

W Never an option

Figure 4. Ranking of different options in reply to two presented scenarios. Graphs indicate the percentage of centres that
indicated the option as their preferred option (green), an option (blue) or never an option (teal). The scenario asked about the management of
mosaic embryos in a cycle where no euploid embryos are available for transfer (A) or where euploid embryos are available (B).

Outcomes of ‘mosaic’ embryo transfer following TE biopsy

A prospective multicentre study and combined meta-analysis reported
consistently lower LBRs and higher miscarriage rates with mosaic em-
bryo transfer, but also commented that transfer of mosaic embryos
could still be an option for couples with no euploid embryos after
PGT-A (Zhang et al., 2020). Another large retrospective study
reported statistically significant lower ongoing pregnancy rate (OPR)/
LBRs following transfer of mosaic embryos as compared to euploid
embryos (37.0% versus 52.3%), with higher miscarriage rates (20.4%
versus 8.6%) (Viotti et al., 2021b). Similar results were reported from

a subanalysis of 164 mosaic embryos used without apparent selection
bias, i.e. those used at the first transfer (Viotti et al., 2021b). Most re-
cently, a prospective and double-blinded non-selection trial found that
putative mosaic embryos in the low (20-30%) to moderate-range
(30-50%) resulted in LBRs similar to euploid ones, and showed no in-
crease in miscarriage risk and no cases of mosaicism or UPD in the
subset of newborns for which follow-up testing could be performed
(Capalbo et al., 2021).

On the safety side, a mosaic PGT-A result (based on an interme-
diate copy number value in the clinical TE biopsy) has a very low
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A
Timing of patient counselling
e _\_ﬁ‘—ﬁ__
without discussion 19 without discussion
of mosaic embryos Before the cycle - ) (24.7%) of mosaic embryos
AND between el R
PGT diagnosis cycle
and ET
with discussion of with discussion of
mosaic embryos mosaic embryos
Between PGT
diagnosis and ET
B
Informed consent for transfer of mosaic embryos
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

87 (52.7%)

56 (33.9%)

Mosaic ET is included in general Informed Consent

Mosaic ET not
included in IC

¥

(not applicable, n=8; no transfer of mosaic

Mosaic ET is included in separate
Informed Consent

embryos, n=2; no reporting of mosaicism, n=2,
genetic counselling, n=4; other comments, n=6)

Figure 5. Current practice with regards to patient counselling and informed consent. (A) Data on the timing of patient
counselling, and whether it is performed before the cycle, between PGT diagnosis and ET, or at both timepoints. For each timepoint, the results
were linked with the question whether or not mosaicism was discussed in counselling. (B) Data on whether IC on transfer of mosaic is separate, or
included in the general informed consent (single choice question). All data are represented as numbers and percentages. IC, informed consent; ET,

embryo transfer; PGT, preimplantation genetic testing.

predictive value with respect to the detection of true mosaicism in
the corresponding foetus or newborn. There is currently no evi-
dence suggesting that offspring from low-range mosaic embryo
transfer are at greater risk for this outcome compared to those
conceived from euploid/untested embryos. There are only two
published case reports describing the confirmation of the TE mosaic
findings at a later stage of the pregnancy and postnatally (Kahraman
et al., 2020) or postnatally only (Schlade-Bartusiak et al., 2022). In
contrast, studies have reported that the transfer of embryos with a
purely euploid TE biopsy result does not prevent mosaicism in the
forthcoming pregnancy (Friedenthal et al., 2020; Capalbo et dl.,
2021).

There are relatively few data on the outcomes after transfer of pu-
tative mosaic embryos with regards to the health of pregnancies and
children, but available data seem to be reassuring. Putative mosaic

embryos seem either to lead to implantation failure/pregnancy loss, or
to result in a live birth with no apparent abnormality.

Clinical validity of detecting mosaicism at TE biopsy

Studies have suggested that high-range mosaicism may represent a
technical variation from the uniform aneuploidy range (Capalbo et al.,
2021; Handyside et al., 2021; Wu et al., 2021), but also that TE bi-
opsy—inner cell mass (ICM) concordance rates are poor for TE biop-
sies showing mosaicism, and decrease with the use of more dynamic
ranges for mosaicism classification, such as reporting mosaicism from
20% to 80% (Chuang et dl., 2018; Popovic et al., 2018; Fragouli et al.,
2019; Navratil et al, 2020). Only a few studies have evaluated the
concordance of a mosaic TE result with the rest of the embryo and
with the ICM, but they are illustrative for this poorer performance.
The studies with quantified results are summarized in Table Il. A study
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Table Il Concordance of mosaic results at TE biopsy with the rest of the embryo/ICM.

Study Putative mo- Mosaic embryos Concordance with rest of the Concordance with ICM Comments
saic range embryo
Mosaic  Aneuploid Euploid Mosaic Aneuploid Euploid
Kim et al. (2022) Whole chromosome mosaic Confirmation rate: 2.1%
Segmental mosaic Confirmation rate: 2.2%
Segmental aneuploid Confirmation rate: 42.1%
Capalbo et al. (2021) 20-30% 37 low-grade (4 TE biopsies per embryo) 0 148

ICM results were classified
as normal (<50%) or

30-50% Medium-grade mosaic (4 TE biopsies per embryo) | 45 abnormal (>50%)
50-70% 5 high-grade mosaic (4 TE biopsies per embryo) 13 7
Wau et al. (2021) 101: 22 (22.9%)  9(9.4%) 65 (67.7%) 25 (27.5%) 8(8.8%) 58 (63.7%)
— 96 results for TE

— 91 results for ICM

Navratil et al. (2020) 30-80% 26 7 | 18

Sachdev et al. (2020) 18 mosaic embryos —19 biopsies from 4/19 (21.1%) Data difficult to extract
13 ICM samples available

Fragouli et al. (2019) 16 mosaic whole chromosome errors 8 (50%) 8 (50%) Data from Munné and

Wells, 2017

|5 mosaic segmental chromosome errors 7 (47%) 8 (53%)
12 mosaic complex chromosome errors 10 (83%) 2 (17%)

Chuang et al. (2018) 20-80% 5 2 2 |

Popovic et al. (2018) 16 3 7 6 Pretested embryos only

TE, trophectoderm; ICM, inner cell mass.
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on embryonic outgrowth on Day 12 has consistently found poor posi-
tive predictive value (PPV) for putative mosaic findings between TE bi-
opsy and the outgrowth (Popovic et al., 2019).

Another aspect in the accuracy of detecting mosaicism at TE biopsy
is the reproducibility, which can be assessed through performing
rebiopsy of embryos designated as mosaic. In a recent review, the
retest concordance analysis was performed for euploid, aneuploid and
mosaic TE biopsy results (Marin et al, 2021). Based on 26 included
studies, the review included rebiopsy data for 289 mosaic embryos, of
which 123 were mosaic at retest, 84 euploid and 82 full aneuploid,
resulting in a concordance rate of 42.6%. For euploidy and full aneu-
ploidy, concordance rates were 93.7 and 81.4%, respectively. The
study of Wu et al. additionally reported that the concordance rate of
segmental chromosome mosaicism was significantly lower than whole
chromosome mosaicism, and that the concordance rate was associ-
ated with the level of mosaicism (Wu et al., 2021).

Data on a cut-off for designating mosaicism

Studies have mostly evaluated cut-offs of 40% and 50% to define low-
range and high-range mosaicism. A cut-off of 40% divides the ‘putative
mosaic embryos’ into low-range mosaic (abnormal cells between 20
and 39%) and high-range mosaic embryos (abnormal cells between
40% and 80%). A recent meta-analysis evaluated the relevance of such
a cut-off in predicting the outcomes (OPR, LBR and miscarriage rate)
(Mourad et al., 2021). When a 40% cut-off value was used, the meta-
analysis showed no difference in the outcomes after low- or high-
range mosaic embryo transfer. When a cut-off of 50% was employed,
the low-range mosaic embryos showed a higher OPR, and lower mis-
carriage rate, at least for the studies using the NGS technique. A simi-
lar observation, supporting a cut-off of 50%, was made in the
retrospective study of Viotti et al. (2021b).

A recent non-selection trial reported no difference between the
outcomes (LBR, OPR; clinical pregnancy rate, multiple pregnancy rate,
miscarriage rate) after transfer of a low-range mosaic embryo (20—
30% abnormal cells) and a moderate-range mosaic embryo (30-50%)
(Capalbo et al., 2021).

A rebiopsy study showed that increasing levels of mosaicism were
linked to increasing rates of full aneuploidy; for a mosaic level >60%,
the full aneuploidy rate was >37.5% (Wu et dl., 2021).

Currently, experience on higher range mosaic embryo transfers is
limited (Leigh et al., 2022), but studies have suggested that high-range
mosaicism detection (c. >50% aneuploid cells) in the original TE bi-
opsy is associated with whole chromosome aneuploidy in a significant
proportion of cases (Capalbo et al., 202 |; Handyside et al., 2021; Wu
et al., 2021), suggesting that high-range mosaic TE biopsies might actu-
ally represent technical variation from the uniform aneuploidy range.

Other aspects of chromosomal mosaicism were not extensively
covered in the literature (e.g. association with embryo quality and pre-
natal diagnostic findings), and hence were explored and described as
recommendations for future research.

Discussion

Chromosomal mosaicism is a secondary phenomenon to PGT, and
therefore always linked to genetic testing. The discussion of the appli-
cation, clinical benefit and utility of PGT (and specifically of PGT-A) is

outside the scope of the current article. The article is restricted to
providing guidance on the management of embryos with a mosaic test
result after TE biopsy and PGT, without making any reference to the
reasons or indications for the genetic test.

Still, the PGT modality is important when considering mosaicism. In
clinical practice, PGT-A is widely performed with the goal of detecting
aneuploidies in embryos and withholding them from transfer under the
hypothesis that embryos with a chromosomally abnormal test result
would lead to implantation failure, miscarriage or an ongoing aneuploid
pregnancy/birth. As PGT-A is the most commonly performed PGT
modality (Patrizio et al., 2019; Theobald et al., 2020; van Montfoort
et al.,, 2021), there is an imbalance in the published data available with
regards to chromosomal mosaicism, which may lead to the incorrect
perception that it is a phenomenon unique to PGT-A, while it is also
detected in PGT-M/PGT-A and PGT-SR; with regards to the latter
PGT modalities, the technologies used and the goals are not the same.
Patients opting for PGT-M have a genetic problem (high risk of trans-
mitting a gene defect to the next generation) but not necessarily an in-
fertility problem. Similarly, PGT-SR is performed upon indication, for
example in patients with a balanced translocation, and aims to withhold
from transfer those embryos that reveal unbalanced translocations
leading to miscarriage, stillbirth or severe disabilities of children born.

For general discussion, we have summarized published data on the
accuracy, analytical validity, clinical validity and clinical utility of chromo-
somal mosaicism detection. Both biological factors and technical arte-
facts may significantly limit the accuracy with which such chromosomal
mosaicism and segmental imbalances can be detected (ESHRE PGT-
SR/PGT-A Working Group et al., 2020).

With regards to the analytical validity of using intermediate copy
number to determine the presence of mosaic chromosome abnormali-
ties in TE biopsy specimens, technical/experimental noise, such as an-
euploid TE biopsies with DNA contamination, as well as biological
factors, such as polyploid embryos with extra/missing chromosomes,
have been documented to complicate the designation of a mosaic re-
sult. Still, performing recommended validation experiments using mix-
tures of different ratios of normal and aneuploid cells to mimic
mosaicism seems to provide an acceptable evaluation of technical ac-
curacy (ESHRE PGT-SR/PGT-A Working Group et al, 2020; Viotti
et al, 2021a). In a clinical setting, variability arises owing to the charac-
teristics of TE biopsies of different cellularity/quality, changing reagent
batches and shipping conditions.

With regards to clinical validity, one should consider the extent to
which the TE biopsy accurately reflects the genetic status of the re-
mainder of the embryo, especially the ICM, but also factors and tech-
nical limitations that may impact the analysis (technical artefacts, the
biopsy technique, sample quality or contamination), and the validity of
designating mosaicism and its range (Gleicher et al., 2017). It is clear
that more studies are needed to determine concordance rates be-
tween TE with a mosaic result and ICM to confirm any clinical validity
of detecting mosaicism.

Clinical utility can be defined as the likelihood of improved decision-
making and enhanced clinical outcomes from considering mosaicism as
a diagnostic criterion as compared to, or combined with, previous em-
bryo selection criteria. With regards to the impact of transferring mo-
saic embryos on pregnancy outcomes (LBR, miscarriage rate),
conclusions are difficult to draw as studies have used different inclusion
criteria for patients, and different thresholds for designating mosaicism.
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It should also be considered that stringent measures for determining
mosaicism and handling mosaic embryos may result in potential wast-
age of perfectly viable and healthy embryos and therefore have limited
clinical utility and impact.

Some researchers have attempted to create embryo prioritization
strategies based upon published data on outcome of mosaic embryo
transfers (LBR, OPR, miscarriage rate), for example, prioritizing lower
range mosaicism embryos over higher-range (with a cut-off of 50%),
prioritizing segmental mosaics over whole chromosome mosaics, and
single and double mosaics over complex mosaics (Mourad et dl.,
2021). However, given the paucity of well designed, prospective stud-
ies assessing the potential of mosaic embryos, it is unclear whether
such strategies have any validity.

It is helpful to reiterate that chromosomal mosaicism can be
detected for all three PGT modalities (PGT-A, PGT-SR and PGT-M).
PGT centres should develop their own policy towards designating and
reporting of mosaicism taking into consideration not only the PGT mo-
dality but also other factors, such as the biopsy method and proce-
dure, results of validation experiments and the genetic testing
platform, including its specific resolution and detection limits. In doing
so, the multidisciplinary context of PGT and the patient’s needs are to
be considered as well.

Recommendations

Recommendations for good practice in detecting, reporting and han-
dling embryos with a TE result indicating chromosomal mosaicism
have been formulated taking into consideration published data, data
on practice derived from the survey, currently available good practice
documents on PGT (ESHRE PGT Consortium Steering Committee
et al, 2020; ESHRE PGT Consortium and SIG-Embryology Biopsy
Working Group et al., 2020; ESHRE PGT-M Working Group et dl.,
2020; ESHRE PGT-SR/PGT-A Working Group et al., 2020) and/or
accreditation requirements. Knowledge gaps are highlighted with ac-
companying recommendations for future research.

Owing to the variation in PGT modalities, biopsy methods and tech-
nologies, it is not possible to provide a standardized decision approach
for managing chromosomal mosaicism. The recommendations formu-
lated below aim to provide guidance to and be a basis for the centres’
own policy with regards to the management of ‘mosaic’ embryos.
Upon considering the recommendation to develop the centre’s policy,
one should ensure compliance with statutory requirements and/or
clinical practice guidelines in the respective countries (Table Ill).

Recommendations for future research

While shaping the recommendations, it became clear that many
knowledge gaps remain and more research is warranted to leverage
evidence-based medicine and decision-making. Here, we identify those
gaps and provide directions on the way forward.

Questions remain with regards to the accuracy of mosaicism

detection and the detection of mosaic segmental imbalances

Mosaicism detection is based on validation studies with cell mixtures,
and while these provide a reasonably good model, they do not reflect
the full extent and range of variation in biopsies containing only a lim-
ited number of cells. Larger datasets and application of different meth-
odologies will help to resolve this uncertainty. Moreover, the accuracy

of detection of specific subtypes of mosaicism (e.g. mosaic segmental
imbalances) needs to be improved to be able to further assess the
clinical validity. Such studies would complement validation studies mea-
suring whole chromosome aneuploidies.

What is the value of novel genome amplification methods to
improve mosaicism detection?

All clinically implemented PGT-A methods require genome amplifica-
tion to provide sufficient DNA for the analysis. Current clinically used
amplification methods are characterized by amplification artefacts,
resulting in technical noise hampering interpretation and accurate de-
tection of mosaicism as well as segmental (mosaic) imbalances (see
also ESHRE PGT-SR/PGT-A Working Group et al, 2020). Novel
methods that can generate genomic analysis without preamplification,
which can address some of those issues, are being developed and pio-
neered (Zahn et al., 2017), but the potential for PGT remains to be
determined.

What is the relevance of mosaicism with regards to embryo ranking
and embryo transfer in PGT-A cycles?

There is evidence that low- to moderate-range mosaicism may not neg-
atively affect LBRs. However, the consequences of high-range mosaicism
(>50%) remain less well studied, but it can be hypothesized that the
majority of high-range mosaic embryo(s) would be aneuploid and result
in non-implantation or miscarriage. Still, high-range mosaic embryos
could result in vital pregnancy and a healthy baby, and could therefore
provide chances of a pregnancy in couples with no other options. With
the modest PPV of low-range mosaicism, it is currently recommended
to co-evaluate mosaicism with morphology. Aneuploid cells have a ten-
dency to grow more slowly and, as a consequence of the different ge-
netic constitution, they could have different cellular shapes (Martin et al.,
2021; Zhang et al., 2022). However, much is still unknown on the link
between morphology and genetic constitution, as well on the morphoki-
netic features. Further studies exploring the morphology of mosaic and
non-mosaic embryos at different stages of development could provide
some further clarity on the link between them, the relevance of mosai-
cism and morphology, and their interdependence.

What is the outcome with regards to pregnancy and offspring of

embryo transfer with mosaic aneuploidies detected during PGT?

The level of mosaicism in TE biopsy has previously been related to the
chance of live birth following embryo transfer, but still more studies
would be relevant to confirm that the conclusions can be generalized
to other settings (Spinella et al., 2018). Preferably, the topic should be
investigated through prospective blinded non-selection trials that in-
clude low-range and/or high-range mosaic aneuploid embryos. Most
of the currently available studies have focused on implantation and
pregnancy, but not live birth and the health of the newborn. Another
aspect to be included in research is the genetic analysis of pregnancy
tissue (i.e. the product of conception) after pregnancy loss. Real-world
data could provide more information on the pre- and postnatal out-
comes of mosaic embryo transfer. Prenatal follow-up is largely imple-
mented in clinical practice, but these data are not systematically
recorded or shared with the scientific community. Only through the
large-scale systematic registration of the degree and type of mosaicism
in the transferred embryo, prenatal follow-up data and birth out-
comes, will the full clinical consequences of mosaic embryo transfer be
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Table Il Recommendations for managing mosaicism in a PGT workflow.

GENERAL RECOMMENDATIONS

It is recommended that ART/PGT centres develop and document their approach for managing chromosomal mosaicism, in-
cluding technical assessment, the transfer/cryopreservation strategy and the reporting policy.

It is recommended that ART/PGT centres monitor data on chromosomal mosaicism and adapt or refine their policy when-
ever new insights are available from emerging evidence.

If the PGT technique used will not assess chromosomal mosaicism, this should be discussed with the patients during genetic
counselling and/or clearly mentioned in the preclinical work-up.'

If chromosomal mosaicism can be assessed, the strategy for designating mosaicism, the reporting policy and the limitations
should be discussed with the patients during genetic counselling and/or clearly mentioned in the preclinical work-up.'

It is acceptable for a PGT centre not to report mosaicism provided the centre has a strategy for classifying embryos and acts
on it. It is not acceptable to consider a ‘mosaic’ embryo per definition as aneuploid.

Specific recommendations for genetic counselling

Counselling related to the genetic analysis should include the discussion of chromosomal mosaicism as an inherent biological

phenomenon in human preimplantation embryos and, when appropriate, how this may affect diagnosis, embryo transfer and
cycle outcomes.'

It is recommended that laboratories state their approach towards the management of mosaicism in the consent form for ge-

netic testing and that it is discussed during counselling sessions prior to initiating PGT.

Genetic counselling should include the technical and biological limitations associated with the detection of mosaicism, and the
centre’s policy on transfer and cryopreservation of mosaic embryos.

Further genetic counselling may be required prior to embryo transfer.

Specific recommendations for validation

Validation of all methods used for PGT is recommended.'

It is recommended that PGT centres participate on a regular basis in EQA schemes.
As the presence of chromosomal mosaicism is an issue when analysing multicell TE biopsy samples, it is recommended to in-
clude mosaic samples (i.e. a mixture of cells with known aneuploidies and euploid cells) in the validation study.'

If mosaicism is reported, it is recommended that validation experiments are performed, and validation data and specific crite-
ria (e.g. quality control, cut-off) employed for the classification of mosaicism are clearly documented and available to the ART
centre.

With regards to the limitations of the test, defining the threshold of mosaicism detection is recommended.'

Specific recommendations for risk assessment

Risk assessment should cover:
— the risk of inconclusive or false-positive/negative results due to technical and biological reasons. Detection of chromo-
somal mosaicism in a TE biopsy may not reflect the constitution of the entire embryo nor embryo viability.'
— the patient’s risk of miscarriage, stillbirth, (viable) unbalanced offspring, mosaic offspring or offspring with a chromosomal

imbalance that is below the resolution of the test.'
In case of PGT-M or PGT-SR, assessment of the risk of misdiagnosis related to the PGT-M or PGT-SR indication is an inher-
ent part of the workflow.

Specific recommendations for designating and reporting mosaicism

If mosaicism is reported, it is recommended that stringent criteria are used for designating the range of mosaicism to avoid the
risk of overcalling mosaicism.

As the exact level of mosaicism cannot be reliably determined and in order to account for technical/experimental variability,
it is recommended that findings consistent with mosaicism are reported as ‘low-range’ or ‘high-range’. Based on current pub-
lished data, a cut off of 50% can be used to discriminate between low-range and high-range. Exact values (e.g. 60%, 65%)
should be avoided.

The PGT report terminology should reflect the fact that a TE biopsy cannot provide an absolute determination of mosaicism
in the remainder of the embryo. Therefore, genetic findings consistent with the detection of mosaicism should be designated
in wording such as ‘putative mosaic’, ‘indicating mosaicism’ or ‘suggestive of mosaicism’.

It is recommended that all technical and biological limitations associated with the detection of mosaicism are clearly stated in
the PGT report.

(continued)
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® |n addition, the PGT report should contain technical information to allow careful interpretation of the data. In cases when em-
bryos are transported between different centres, detailed technical information should be available upon request.

Specific recommendations for embryo transfer

® When selecting embryos for transfer among euploid and low-range mosaics, the TE biopsy PGT-A result should be co-evalu-
ated with embryo morphology and preferably not be assessed on its own.
® A new stimulation cycle is not recommended when embryos with ‘low-range’ mosaicism in their associated TE biopsy speci-

men are available for transfer.
® |tis not acceptable to discard low-range mosaic embryos.

® Re-biopsy of embryos with a mosaic TE biopsy result for the purpose of confirming chromosomal/ploidy status is not recom-
mended since there is no evidence that this has diagnostic value, and it may have a possible negative impact on further embry-

onic development and implantation.

® Specific recommendations relevant to the potential transfer of high-range mosaic embryos could not be formulated, due to in-
sufficient data from currently available studies. In the absence of conclusive data, thorough genetic counselling is a prerequisite
for transfer of a high-range mosaic embryo, whether in a research setting or routine clinical practice.

In case of PGT-M or PGT-SR:

® Chromosomal mosaic results should be considered with respect to their impact on the accuracy of the PGT-M/PGT-SR diag-

nostic results.

® A new stimulation cycle can be performed to allow for the transfer of embryos with an accurate PGT-M/PGT-SR diagnosis.

Specific recommendations for prenatal testing and follow-up

® Genetic counselling on prenatal diagnosis should be offered to all women who become pregnant following PGT, even if no
recommendations can be made at present with regards to the preferred prenatal follow-up for pregnancies achieved follow-
ing low-range mosaic embryo transfer. A finding consistent with low-range mosaicism in a clinical TE biopsy does not repre-

sent an indication for invasive prenatal diagnosis.

® ART/PGT centres should be encouraged to obtain follow-up data on babies born after treatment.'

'Recommendation included in previous good practice recommendations for PGT (ESHRE PGT Consortium Steering Committee et al., 2020; ESHRE PGT Consortium and
SIG-Embryology Biopsy Working Group et al., 2020; ESHRE PGT-M Working Group et al., 2020; ESHRE PGT-SR/PGT-A Working Group et al., 2020).
PGT, preimplantation genetic testing; PGT-A, PGT for aneuploidy; PGT-M, PGT for monogenic/single gene defects; PGT-SR, PGT for chromosomal structural rearrangements;

TE, trophectoderm.

revealed. In such large-scale systematic registration, embryos diag-
nosed with (mosaic) segmental imbalances should also be included to
clarify the fate of these embryos and could guide future decision-
making with regards to their transfer.

To what extent does the TE biopsy reflect accurately the genetic
status of the remainder of the embryo?

It is currently unknown to what extent the aneuploidy in a TE biopsy
reflects the status of the ICM or the remainder of the TE. More stud-
ies are needed to investigate the concordance/discordance of the mo-
saicism status between TE/ICM as well as the fate of mosaic cells
during pregnancy, while concurrently paying attention to potential dif-
ferences between chromosomes. Data from model systems have indi-
cated that aneuploid cells in TE and ICM may have a different fate and
persistence during embryogenesis (Bolton et al., 2016; Yang et dl.,
2021), and that different chromosomal aneuploidies may have distinct
developmental potential among different tissues (Shahbazi et al., 2020).

Would the use of comprehensive PGT, currently applied for PGT-M,
influence the current best practice recommendations and observa-
tions with regards to mosaicism?

The current PGT-A standard of care relies on low-pass sequencing
methods to determine the ploidy status of the different chromosomes.

For PGT-M purposes, laboratories are gradually opting for techniques
that combine genome-wide haplotyping and aneuploidy detection (i.e.
comprehensive PGT) (Handyside et al., 2010; Vermeesch et al., 2016).
As a consequence, aneuploidies can be classified as being meiotic or
mitotic in origin (Vermeesch et al., 2016). Since a meiotic error is
passed from the gametes to the embryo, it is more likely to be pre-
sent in a majority of cells as compared to a mitotic error. As a conse-
quence, the viability of mosaic meiotic aneuploidy might be different as
compared to mosaic mitotic aneuploidy. With growing number of
comprehensive PGT being performed on blastocysts biopsies and
equally a growing number of mosaic aneuploidy embryos transferred,
these data may become available (Verdyck et al., 2022). Similarly, it
might be valuable to start large-scale clinical trials to evaluate the
added value of haplotype-based mosaicism detection.

What is the value of NIPT in the prenatal follow-up after mosaic
embryo transfer?

Standard NIPT testing and CVS are probably not the best options for
prenatal testing after transfer of a mosaic embryo (Spinella et al., 2018;
Victor et al., 2019). Genome-wide NIPT (24 chromosome NIPT
methodology) allows accurate detection of placental mosaicism for
rare autosomal trisomies (Brison et al., 2018). Genome-wide NIPT
may therefore be a first monitoring system to identify potentially
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affected foetuses. Broadscale analyses might provide unbiased views of
the viability of different types of mosaicism.

What is the value of reporting low-range mosaicism?

Genetic findings should not be reported simply because they are ob-
served but because they have demonstrable clinical utility. On the
other hand, there is also the duty to report clinically and biologically
relevant results to patients. The tension between providing information
and limited clinical relevance raises question on the benefit for both
the couples and the professionals, which can be explored in qualitative
studies and further corroborated in ethical discussion and professional
guidance.

Supplementary data

Supplementary data are available at Human Reproduction Open online

Data availability

The data underlying this article are available in the article and in its on-
line supplementary material.

Acknowledgements

The authors would like to thank the 239 respondents who completed
the survey for their time and effort, and the |6 experts who contrib-
uted to the stakeholder review for their helpful comments and sugges-
tions; the list of these reviewers is available in Supplementary Data
SVIIL.

Authors’ roles

M.D.R. and G.K. were responsible for the design of the survey and the
paper and for managing the working group. N.V. and S.M. provided
methodological support. All other authors contributed equally in writ-
ing the paper, and all approved the final version for publication.

Funding

The meetings and technical support for this project were funded by
the European Society of Human Reproduction and Embryology.

Conflict of interest

M.D.R. participated in the EQA special advisory group, outside the
submitted work and is the chair of the PGT working group of the
Belgian society for human genetics. D.W. declared receiving salary
from Juno Genetics, UK. A.C. is an employee of Igenomix, Italy and
C.R. is an employee of Igenomix, Spain. C.S. received a research grant
from FWO, Belgium, not related to the submitted work. |.S. declared
being a Co-founder of IVFvision Ltd, UK. J.R.V. declared patents re-
lated to ‘Methods for haplotyping single-cells’ and ‘Haplotyping and
copy number typing using polymorphic variant allelic frequencies’, and
being a board member of Preimplantation Genetic Diagnosis
International Society (PGDIS) and International Society for Prenatal

Diagnosis (ISPD). K.S. reported being Chair-elect of ESHRE. The other
authors had nothing to disclose.

References

Bolton H, Graham SJL, Van der Aa N, Kumar P, Theunis K,
Fernandez Gallardo E, Voet T, Zernicka-Goetz M. Mouse model
of chromosome mosaicism reveals lineage-specific depletion of an-
euploid cells and normal developmental potential. Nat Commun
2016;7:11165.

Brison N, Neofytou M, Dehaspe L, Bayindir B, Van Den Bogaert K,
Dardour L, Peeters H, Van Esch H, Van Buggenhout G, Vogels A
et al. Predicting fetoplacental chromosomal mosaicism during non-
invasive prenatal testing. Prenat Diagn 2018;38:258-266.

Capalbo A, Poli M, Rienzi L, Girardi L, Patassini C, Fabiani M,
Cimadomo D, Benini F, Farcomeni A, Cuzzi | et al. Mosaic human
preimplantation embryos and their developmental potential in a
prospective, non-selection clinical trial. Am | Hum Genet 2021;108:
2238-2247.

Chuang TH, Hsieh ]Y, Lee M), Lai HH, Hsieh CL, Wang HL, Chang
Y], Chen SU. Concordance between different trophectoderm bi-
opsy sites and the inner cell mass of chromosomal composition
measured with a next-generation sequencing platform. Mol Hum
Reprod 2018;24:593-601.

COGEN. COGEN Position Statement on Chromosomal Mosaicism
Detected in Preimplantation Blastocyst Biopsies. 2016. https://ivf-
worldwide.com/cogen/oep/publications/ cogen-position-statement-
on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-
biopsies.html (18 October 2022, date last accessed).

Coonen E, van Montfoort A, Carvalho F, Kokkali G, Moutou C,
Rubio C, De Rycke M, Goossens V. ESHRE PGT Consortium data
collection XVI-XVIII: cycles from 2013 to 2015. Hum Reprod Open
2020;2020:h0aa043.

Cram DS, Leigh D, Handyside A, Rechitsky L, Xu K, Harton G, Grifo
J, Rubio C, Fragouli E, Kahraman S et al. PGDIS position statement
on the transfer of mosaic embryos 2019. Reprod Biomed Online
2019;39(Supp! I):el—e4.

ESHRE PGT Consortium and SIG-Embryology Biopsy Working
Group, Kokkali G, Coticchio G, Bronet F, Celebi C, Cimadomo D,
Goossens V, Liss ], Nunes S, Sfontouris | et al. ESHRE PGT
Consortium and SIG Embryology good practice recommendations
for polar body and embryo biopsy for PGT. Human Reprod Open
2020;2020:h02a020.

ESHRE PGT Consortium Steering Committee, Carvalho F, Coonen
E, Goossens V, Kokkali G, Rubio C, Meijer-Hoogeveen M, Moutou
C, Vermeulen N, De Rycke M. ESHRE PGT Consortium good
practice recommendations for the organisation of PGT. Human
Reprod Open 2020;2020:h0aa021.

ESHRE PGT-M Working Group, Carvalho F, Moutou C, Dimitriadou
E, Dreesen ], Giménez C, Goossens V, Kakourou G, Vermeulen
N, Zuccarello D et al. ESHRE PGT Consortium good practice rec-
ommendations for the detection of monogenic disorders. Human
Reprod Open 2020;2020:hoaa0l8.

ESHRE PGT-SR/PGT-A Working Group, Coonen E, Rubio C,
Christopikou D, Dimitriadou E, Gontar ), Goossens V, Maurer M,
Spinella F, Vermeulen N et al. ESHRE PGT Consortium good prac-
tice recommendations for the detection of structural and

2202 J9quanoN 60 U0 1sanb Aq GE886/9/¥709B0U/F/ZZ0Z/2101e/usdouy /W00 dno olWapede/:Sdiy Woly papeojumod


https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoac044#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoac044#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoac044#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoac044#supplementary-data
https://ivf-worldwide.com/cogen/oep/publications/cogen-position-statement-on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-biopsies.html
https://ivf-worldwide.com/cogen/oep/publications/cogen-position-statement-on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-biopsies.html
https://ivf-worldwide.com/cogen/oep/publications/cogen-position-statement-on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-biopsies.html
https://ivf-worldwide.com/cogen/oep/publications/cogen-position-statement-on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-biopsies.html

Good practice recommendations for chromosomal mosaicism

17

numerical chromosomal aberrations. Human Reprod Open 2020;
2020:hoaall7.

Fragouli E, Munne S, Wells D. The cytogenetic constitution of human
blastocysts: insights from comprehensive chromosome screening
strategies. Hum Reprod Update 2019;25:15-33.

Friedenthal J, Maxwell SM, Tiegs AW, Besser AG, McCaffrey C,
Munné S, Noyes N, Grifo JA. Clinical error rates of next genera-
tion sequencing and array comparative genomic hybridization with
single thawed euploid embryo transfer. Eur | Med Genet 2020;63:
103852.

Gleicher N, Albertini DF, Barad DH, Homer H, Modi D, Murtinger
M, Patrizio P, Orvieto R, Takahashi S, Weghofer A et dl;
International Do No Harm Group in IVF (IDNHG-IVF). The 2019
PGDIS position statement on transfer of mosaic embryos within a
context of new information on PGT-A. Reprod Biol Endocrinol
2020;18:57.

Gleicher N, Metzger ], Croft G, Kushnir VA, Albertini DF, Barad
DH. A single trophectoderm biopsy at blastocyst stage is mathe-
matically unable to determine embryo ploidy accurately enough for
clinical use. Reprod Biol Endocrinol 2017;15:33.

Greco E, Minasi MG, Fiorentino F. Healthy babies after intrauterine
transfer of mosaic aneuploid blastocysts. N Engl | Med 2015;373:
2089-2090.

Handyside AH, Harton GL, Mariani B, Thornhill AR, Affara N, Shaw
MA, Griffin DK. Karyomapping: a universal method for genome
wide analysis of genetic disease based on mapping crossovers be-
tween parental haplotypes. | Med Genet 2010;47:651—-658.

Handyside AH, McCollin A, Summers MC, Ottolini CS. Copy num-
ber analysis of meiotic and postzygotic mitotic aneuploidies in tro-
phectoderm cells biopsied at the blastocyst stage and arrested
embryos. Prenat Diagn 2021;41:525-535.

Kahraman S, Cetinkaya M, Yuksel B, Yesil M, Pirkevi Cetinkaya C.
The birth of a baby with mosaicism resulting from a known mosaic
embryo transfer: a case report. Hum Reprod 2020;35:727-733.

Kim ], Tao X, Cheng M, Steward A, Guo V, Zhan Y, Scott RT Jr,
Jalas C. The concordance rates of an initial trophectoderm biopsy
with the rest of the embryo using PGTseq, a targeted next-
generation sequencing platform for preimplantation genetic testing-
aneuploidy. Fertil Steril 2022;117:315-323.

Leigh D, Cram DS, Rechitsky S, Handyside A, Wells D, Munne S,
Kahraman S, Grifo ], Katz-Jaffe M, Rubio C et al. PGDIS position
statement on the transfer of mosaic embryos 202 1. Reprod Biomed
Online 2022;45:19-25.

Levy B, Hoffmann ER, McCoy RC, Grati FR. Chromosomal mosai-
cism: origins and clinical implications in preimplantation and prena-
tal diagnosis. Prenat Diagn 2021;41:631-641.

Marin D, Xu ], Treff NR. Preimplantation genetic testing for aneu-
ploidy: a review of published blastocyst reanalysis concordance
data. Prenat Diagn 2021;41:545-553.

Martin A Rodrigo L, Beltran D, Meseguer M, Rubio C, Mercader A,
de Los Santos MJ. The morphokinetic signature of mosaic em-
bryos: evidence in support of their own genetic identity. Fertil Steril
2021;116:165-173.

Mourad A, Antaki R, Bissonnette F, Al Baini O, Saadeh B, Jamal W.
Evidence-based clinical prioritization of embryos with mosaic
results: a systematic review and meta-analysis. | Assist Reprod Genet
2021;38:2849-2860.

Munné S, Wells D. Detection of mosaicism at blastocyst stage with
the use of high-resolution next-generation sequencing. Fertil Steril
2017;107:1085-1091.

Navratil R, Horak ], Hornak M, Kubicek D, Balcova M, Tauwinklova
G, Travnik P, Vesela K. Concordance of various chromosomal
errors among different parts of the embryo and the value of re-
biopsy in embryos with segmental aneuploidies. Mol Hum Reprod
2020;26:269-276.

Patrizio P, Shoham G, Shoham Z, Leong M, Barad DH, Gleicher N.
Worldwide live births following the transfer of chromosomally
“Abnormal” embryos after PGT/A: results of a worldwide web-
based survey. | Assist Reprod Genet 2019;36:1599—1607.

Popovic M, Dhaenens L, Taelman |, Dheedene A, Bialecka M, De
Sutter P, Chuva de Sousa Lopes SM, Menten B, Heindryckx B.
Extended in vitro culture of human embryos demonstrates the
complex nature of diagnosing chromosomal mosaicism from a sin-
gle trophectoderm biopsy. Hum Reprod 2019;34:758-769.

Popovic M, Dheedene A, Christodoulou C, Taelman |, Dhaenens L,
Van Nieuwerburgh F, Deforce D, Van den Abbeel E, De Sutter P,
Menten B et al. Chromosomal mosaicism in human blastocysts:
the ultimate challenge of preimplantation genetic testing? Hum
Reprod 2018;33:1342—1354.

Practice Committee and Genetic Counseling Professional Group
(GCPG) of the ASRM. Clinical management of mosaic results from
preimplantation genetic testing for aneuploidy (PGT-A) of blasto-
cysts: a committee opinion. Fertil Steril 2020; 1 14:246-254.

Sachdev NM, McCulloh DH, Kramer Y, Keefe D, Grifo JA. The re-
producibility of trophectoderm biopsies in euploid, aneuploid, and
mosaic embryos using independently verified next-generation se-
quencing (NGS): a pilot study. | Assist Reprod Genet 2020;37:
559-571.

Schlade-Bartusiak K, Strong E, Zhu O, Mackie ], Salema D,
Volodarsky M, Roberts ], Steinraths M. Mosaic embryo transfer—
first report of a live born with non-mosaic partial aneuploidy and
uniparental disomy 15. F&S Rep 2022;3:192-197.

Shahbazi MN, Wang T, Tao X, Weatherbee BAT, Sun L, Zhan Y,
Keller L, Smith GD, Pellicer A, Scott RT Jr et al. Developmental
potential of aneuploid human embryos cultured beyond implanta-
tion. Nat Commun 2020;11:3987.

Spinella F, Fiorentino F, Biricik A, Bono S, Ruberti A, Cotroneo E,
Baldi M, Cursio E, Minasi MG, Greco E. Extent of chromosomal
mosaicism influences the clinical outcome of in vitro fertilization
treatments. Fertil Steril 2018;109:77-83.

Theobald R, SenGupta S, Harper ). The status of preimplantation
genetic testing in the UK and USA. Hum Reprod 2020;35:
986-998.

van Montfoort A, Carvalho F, Coonen E, Kokkali G, Moutou C,
Rubio C, Goossens V, De Rycke M. ESHRE PGT Consortium data
collection XIX-XX: PGT analyses from 2016 to 2017. Hum Reprod
Open 2021;2021:hoab024.

Verdyck P, Berckmoes V, Van Laere S, Keymolen K, Olsen C, De
Rycke M. Analysis of parental contribution for aneuploidy detec-
tion (APCAD): a novel method to detect aneuploidy and mosai-
cism in preimplantation embryos. Reprod Biomed Online 2022;44:
459-468.

Vermeesch JR, Voet T, Devriendt K. Prenatal and pre-implantation
genetic diagnosis. Nat Rev Genet 2016;17:643-656.

2202 J9quanoN 60 U0 1sanb Aq GE886/9/¥709B0U/F/ZZ0Z/2101e/usdouy /W00 dno olWapede/:Sdiy Woly papeojumod



18

ESHRE Working Group on Chromosomal Mosaicism et al.

Vermeulen N, Le Clef N, Veleva Z, D’Angelo A, Tilleman K.
European recommendations for good practice in addition to an
evidence-based guidelines programme: rationale and method of
development. BMJ Evid Based Med 2019;24:30-34.

Victor AR, Tyndall JC, Brake AJ, Lepkowsky LT, Murphy AE, Griffin
DK, McCoy RC, Barnes FL, Zouves CG, Viotti M. One hundred
mosaic embryos transferred prospectively in a single clinic: explor-
ing when and why they result in healthy pregnancies. Fertil Steril
2019;111:280-293.

Viotti M. 14. Mosaic embryo transfers—a compiled analysis of pub-
lished data. Reprod Biomed Online 2019;39:e23.

Viotti M. Preimplantation genetic testing for chromosomal abnormali-
ties: aneuploidy, mosaicism, and structural rearrangements. Genes
2020;11:602.

Viotti M, McCoy RC, Griffin DK, Spinella F, Greco E, Madjunkov M,
Madjunkova S, Librach CL, Victor AR, Barnes FL et al. Let the data
do the talking: the need to consider mosaicism during embryo se-
lection. Fertil Steril 2021a;116:1212—1219.

Viotti M, Victor AR, Barnes FL, Zouves CG, Besser AG, Grifo A,
Cheng EH, Lee MS, Horcajadas JA, Corti L et al. Using outcome
data from one thousand mosaic embryo transfers to formulate an
embryo ranking system for clinical use. Fertil Steril 2021b;115:
1212-1224.

Wu L, Jin L, Chen W, Liu JM, Hu J, Yu Q, Ren XL, Huang B, He H.
The true incidence of chromosomal mosaicism after preimplanta-
tion genetic testing is much lower than that indicated by trophec-
toderm biopsy. Hum Reprod 2021;36:1691-1701.

Yang M, Rito T, Metzger ], Naftaly ], Soman R, Hu J, Albertini DF,
Barad DH, Brivanlou AH, Gleicher N. Depletion of aneuploid
cells in human embryos and gastruloids. Nat Cell Biol 2021;23:
314-321.

Zahn H, Steif A, Laks E, Eirew P, Vanlnsberghe M, Shah SP, Aparicio
S, Hansen CL. Scalable whole-genome single-cell library
preparation without preamplification. Nat Methods 2017;14:
167-173.

Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon
J, Sokol R, Rienzi L, Sunde A, Schmidt L, Cooke ID et al. The inter-
national glossary on infertility and fertility care, 2017. Hum Reprod
2017;32: 17861801 and Fertil Steril 2017;1108: 1393—1406.

Zhang X, Yang J, Han W, Li C, Huang G. Blastomere movement
correlates with ploidy and mosaicism in early-stage human em-
bryos after in vitro fertilization. Zygote 2022;30:25-39.

Zhang YX, Chen JJ, Nabu S, Yeung QSY, Li Y, Tan JH, Suksalak W,
Chanchamroen S, Quangkananurug W, Wong PS et al. The preg-
nancy outcome of mosaic embryo transfer: a prospective multicen-
ter study and meta-analysis. Genes 2020; 1 1:973.

2202 J9quanoN 60 U0 1sanb Aq GE886/9/¥709B0U/F/ZZ0Z/2101e/usdouy /W00 dno olWapede/:Sdiy Woly papeojumod



	tblfn1
	tblfn2
	tblfn3
	tblfn4



