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Abstract

Professional organizations

Two professional societies recently published opinions on the clinical management of “mosaic” results from
preimplantation genetic testing for aneuploidy (PGT-A) in human blastocyst-stage embryos in associations with

in vitro fertilization (IVF). We here point out three principal shortcomings: (i) Though a most recent societal opinion
states that it should not be understood as an endorsement of the use of PGT-A, any discussion of how PGT-A
should be clinically interpreted for all practical purposes does offer such an endorsement. (i) The same guideline
derived much of its opinion from a preceding guidance in favor of utilization of PGT-A that did not follow even
minimal professional requirements for establishment of practice guidelines. (iii) Published guidelines on so-called
“mosaic” embryos from both societies contradict basic biological characteristics of human preimplantation-stage
embryos. They, furthermore, are clinically unvalidated and interpret results of a test, increasingly seen as harmful to
IVF outcomes for many infertile women. Qualified professional organizations, therefore, should finally offer
transparent guidelines about the utilization of PGT-A in association with IVF in general.
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This is a commentary of the International Do No Harm
Group in IVF (IDNHG-IVF) on recently published prac-
tice guidelines issued by two professional societies on
only one specific aspect of what is now called preimplan-
tation genetic testing for aneuploidy (PGT-A), - the
management of so-called “mosaic” embryos. We previ-
ously commented in detail on a guideline issued by the
Preimplantation Genetic Diagnosis International Society
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(PGDIS) on the subject [1] and, therefore, will try not
being repetitive. The IDNHG-IVF is a spontaneously co-
alesced group of clinicians, embryologists, biologists, as
well as other scientists from all over the world associated
with the practice of IVF who are concerned about the
unvalidated addition of add-on practices to IVF, espe-
cially since 2010. These add-ons have been associated
with declining live birth rates after IVF around the
world, with PGT-A, likely, being the most consequential
cause [1]. A more recent joint statement of the Practice
Committee of the American Society for Reproductive
Medicine (ASRM) and the society’s Genetic Counseling
Professional Group (GCPG [2] (mostly made up of
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members of the PGDIS) is, however, a profoundly more
important opinion in the fertility field. That this ASRM
guidance in many aspects then relied on earlier, often in-
correct, PGDIS representations is disappointing.

We welcome that the ASRM statement specifically
pointed out that it “does not endorse, nor does it suggest
that PGT-A is appropriate in all cases of in vitro
fertilization.” At the same time, we, however, must con-
clude that offering advice on management of results of a
test does constitute an endorsement of this test in the
minds of most readers. This impression is further
strengthened by the ASRM’s document not including in-
creasingly serious concerns expressed in the field about
PGT-A being an unvalidated test, for many patients of-
fering no real benefit, and for at least some harmful in
adversely affecting IVF outcomes [2, 3].

The subject here is the over 20 years-old hypothesis
that determining whether an embryo is euploid or aneu-
ploid before embryo transfer, will beneficially affect
in vitro fertilization (IVF) outcomes by excluding
chromosomal-abnormal embryos from transfer, thereby
improving implantation, pregnancy and live birth
chances of remaining embryos. In over 20 years, and in
at least three different generations of the procedure now
given the acronym PGT-A, investigators have, however,
been unable to confirm the hypothesis either experimen-
tally and/or in clinical practice. To the contrary, increas-
ing evidence has been developed to suggest that, because
of biological characteristics of human preimplantation-
stage embryos, the hypothesis, simply, cannot work.
Why that is, has been recently in detail reviewed [3] and,
therefore, will here not be repeated. Consequently, the
utility of PGT-A in clinical IVF practice is continuously
challenged [4, 5]. Simply stated, if something does not
work in over 20 years, why are we continuing to use it?

This is, indeed, the first question that must be asked,
- and not whether ASRM specifically “endorses” PGT-A
or whether PGT-A “is appropriate for all cases of IVF”
(as the document states). The immediate question to fol-
low is, however, why does ASRM at this point issues a
policy statement on how to manage “mosaic” embryos
after diagnosis by PGT-A in the first place? Would not a
statement be more appropriate that, finally, after over
20 years of failed attempts in confirming the PGT-A hy-
pothesis, acknowledges that PGT-A simply, no longer
should be used in routine clinical IVF practice?

By discussing the result of a test and claiming to offer
advice on how clinicians should interpret it, an impres-
sion of endorsement cannot be avoided. Why, otherwise,
bother, when so many important issues in infertility are
awaiting formal guidance from qualified professional or-
ganizations? Interestingly, the American College of Ob-
stetricians and Gynecologists (ACOG) has so-far also
chosen not to address this issue in a formal opinion.
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In three formal statements about PGT-A and its pre-
decessor formats between 2008 and 2020 [2, 6, 7],
ASRM has not publicly acknowledged that (i) PGT-A
was never clinically validated for any of its claims of clin-
ical utility in each of its three itinerations; (ii) Like any
other diagnostic test, PGT-A should never have been in-
troduced to the market place without prior validation
studies (appropriate RCTs); (iii) that because this tests
determines whether human embryos are disposed of or
not, special ethical considerations given to human em-
bryos mandate higher scrutiny for PGT-A than for al-
most any other diagnostic test [8]; (iv) indisputable
evidence as of this point demonstrates that PGT-A leads
to non-use or disposal of significant numbers of embryos
with at least normal pregnancy and live-birth potential
[9]. (v) Even excluding from consideration disputes over
the validity of many published clinical studies, it is diffi-
cult to conclude that PGT-A should be used outside of
investigational frameworks [1, 3, 5].

Why a correct definition of mosaicism is essential?
Appropriately, the ASRM document initiated the discus-
sion of “mosaic” results in PGT-A with a definition of
mosaicism. By appropriating, however, an incorrect def-
inition of mosaicism, presented by the PGDIS in 2016 in
a first guideline document [10], and ever since followed
by PGT-A laboratories worldwide, the ASRM only rein-
forced the confusion surrounding this subject: The rea-
son is that mosaicism is not, as PGDIS and now ASRM
suggest, “presence of more than one chromosomally dis-
tinct cell line in a single sample originating from one in-
dividual” but, by international consensus, ‘“presence
(anywhere) in an individual of normal and abnormal
cells that are genotypically distinct and are derived from
a single zygote” [11] and this definition is not restricted
to one, two or even more biopsy samples. The definition
always involves a whole organism and, in this case, a
complete embryo.

The difference between these two definitions lies at
the very core of why PGT-A has become such a contro-
versial procedure/test. As since 2016, the PGDIS’ first
guidance, clinically applied, PGT-A does not determine
whether an embryo is mosaic (i.e, exhibits anywhere
within the embryo two or more unique cell lineages).
PGT-A only determines whether a single random 5-6
cell biopsy of trophectoderm at blastocyst-stage contains
two or more distinct cell lineages. A current diagnosis of
mosaicism assigned to an embryo is, therefore, not only
based on an incorrect definition of mosaicism but on the
incorrect biological understanding what mosaicism at
preimplantation stages really represents. As has been
well documented [12], simply mathematically, a 5-6 cell
trophectoderm biopsy cannot represent the complete
embryo in all its cellular and chromosomal diversity.
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To avoid confusion going forward, we, therefore, will
in this manuscript use quotation marks when the term
“mosaicism” is used with only reference to a single
trophectoderm biopsy and will omit quotation marks
when the term mosaicism is correctly used in represen-
tation of a complete blastocyst-stage embryo, at that
stage containing an embryonic cell lineage (inner cell
mass) and an extraembryonic cell lineage (trophecto-
derm), with the former creating the fetus and the latter
the placenta. Incongruities between aneuploidy of troph-
ectoderm biopsies and inner cell mass were recently
again emphasized [13].

PGDIS guidelines since 2016 mandate Next Gener-
ation Sequencing (NGS) or similar technologies [10],
since older diagnostic platform did not have the ability
to detect more than one cell lineage in a biopsy speci-
men. To be able to diagnose more than one cell lineage
is, however, of course a precondition for any diagnosis
of mosaicism. To further understand the problems that
can arise when “mosaicism” is misconstrued as mosai-
cism, it is important to review the three diagnostic possi-
bilities a single trophectoderm biopsy can yield at
blastocyst-stage:

(i) The trophectoderm biopsy contains only one
euploid cell line.

This embryo may be 100% euploid; it, however, also
may be mosaic because it may have somewhere else
in trophectoderm or inner cell mass one or more
additional cell lineages. The only thing certain is
that this embryo is not 100% aneuploid. It,
however, may be fully euploid or mosaic.

(ii) The trophectoderm biopsy contains only one cell
line that is 100% aneuploid.

This embryo may be truly 100% aneuploid (likely
meiotic) or may be mosaic because elsewhere in the
embryo there may be euploid cells (in which case
the biopsied aneuploid cells would likely be of
mitotic origin).

(iii) The trophectoderm contains two (or more) cell
lineages, one of which is euploid. Under current
PGT-A reporting only this embryo is reported out
as “mosaic.”

This embryo is with certainty mosaic, though at
which percentage it is euploid and aneuploid,
cannot be reliably determined from a single
trophectoderm biopsy because there, of course, may
be aneuploid cells beyond the 5-6 cells obtained in
a trophectoderm biopsy.

These three scenarios, therefore, clearly demonstrate
that true embryo mosaicism may be present in an em-
bryo independent of any current PGT-A result. Current
PGT-A, however, only reports option (iii) as “mosaic”
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and, therefore, vastly underreports true mosaicism, while,
at the same time, greatly overvaluing the clinical import-
ance of the “mosaicism” PGT-A is reporting. This is also
the reason why even prominent investigators still falsely
claim that “mosaicism” in blastocyst-stage embryos repre-
sents only a rare phenomenon in low single numbers of
embryos [14], while in vivo as well as in vitro single cell
studies have conclusively demonstrated that mosaicism in
blastocyst-stage embryos (and in artificially from stem
cells produced human gastruloids) basically represents a
normal physiological phenomenon in mouse models [15]
and human embryos [16].

Considerations regarding transfer of “mosaic’
embryos

As correctly noted in the recent ASRM document, a sin-
gle trophectoderm biopsy will, likely, show a “mosaic”
result in only 3-20% of cases [2]; with increasing biopsy
numbers, percentages of detected “mosaicism” will, how-
ever, of course, increase. The ASRM document erred
when stating that a single “mosaic” embryo biopsy may
suggest a “fully euploid embryo.” This is, of course, tech-
nically impossible because presence of any second cell
lineage in an organism fulfills the generally accepted def-
inition of mosaicism [11] This, however, does not mean
that the ASRM opinion erred in suggesting that transfer
of “mosaic” embryos after PGT-A may result in a normal
euploid pregnancies. That this can and is happening
with similar outcomes to untested or PGT-A-tested em-
bryos has been widely reported and has led by now to
hundreds of healthy births [9]. These births, however, do
not mean that the blastocyst-stage embryos from which
these normal pregnancies arose were not mosaic at time
of biopsy. As Bolton et al. in the mouse [15] and Yang
et al. in humans demonstrated [16], embryos have a
highly efficient ability to self-correct within the embry-
onic cell lineage downstream from blastocyst-stage by
eliminating aneuploid cells through cell-death and apop-
tosis. Orvieto et al. recently in addition demonstrated
that aneuploid embryos may self-correct downstream by
expelling aneuploid cell fragments [17].

Following the same logic, the ASRM’s guidance is even
more confusing when suggesting that “an embryo with a
‘mosaic’ diagnosis may be fully aneuploid” [2]. Consider-
ing the correct definition of mosaicism, this, too, is, of
course, impossible: Even assuming only a minimal
amount of normal-euploid DNA in an 5-6-cell troph-
ectoderm biopsy that otherwise is aneuploid, such an
embryo is, by definition, mosaic. Downstream evolution
from euploid to aneuploid has, moreover, not been re-
ported and appears highly unlikely.

Single cell investigations further suggested that ultim-
ate embryo fate mostly depends on relative percentages
of euploid and aneuploid cells within the embryonic cell
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lineage (i.e., inner cell mass). Self-correction is highly ef-
fective within the embryonic cell lineage up to approxi-
mately 50% aneuploidy. Even at higher aneuploidy
percentages some embryos, however, still emerge as eu-
ploid newborns [15, 16]. Ploidy within the extraembry-
onic cell lineage (i.e., trophectoderm) appears of much
less relevance in determining ultimate embryo fate, not
the least because of discrepancies between trophecto-
derm and inner cell mass in percentages of aneuploid
cells [13] and differences in ability to self-correct be-
tween the two cell lineages [15, 16].

The ASRM document correctly noted that “mosaic”
blastocyst can, theoretically, give rise to a mosaic off-
spring, though also noted that such occurrences are ap-
parently rare and, if they occur, clinically mostly
irrelevant, though there is still a paucity of data on the
subject [2]. What represents paucity is, of course, debat-
able: Already in early 2019, over 400 healthy births were
reported worldwide after transfers of by PGT-A as “mo-
saic” or aneuploid tagged embryos [9]. Not even a single
abnormal newborn with significant clinical consequences
was delivered following such transfers. Numbers of de-
livered offspring must have significantly increased since,
and we are, so-far, unaware of any newborn with signifi-
cant handicap. Summarizing outcomes from transfer of
“abnormal” embryos in the literature, the ASRM Opin-
ion describes the so-far available experience of transfer-
ring chromosomal-abnormal embryos as, “somewhat
encouraging.” We fully concur.

We, however, consider ASRM’s deferral to guidances
from two other organizations surprising: the PGDIS [10]
and the Congress on Controversies in Preconception,
Preimplantation and Prenatal Genetic Diagnosis
(CoGEN) (https://www.cogeneurope.eu/events/annual-
conferences). Both groups and the publication partner of
the ASRM in the recent document, the GCPG, [2] are
closely intertwined in their respective memberships and
are conflicted in advising on clinical utilization of PGT-
A. This judgment is not made lightly and is, ultimately,
based on the uncontested observation that none of these
groups have followed what is considered standard cri-
teria for establishment and reporting of practice guide-
lines [18].

Yet, especially the PGDIS, since 2016, has been the
guiding force in determining worldwide PGT-A practice,
first by publishing an unreferenced anonymous guidance
without peer review on its website in 2016 [10], and,
more recently in 2019, by publishing in a peer-reviewed
journal yet another guidance on the transfer of mosaic
embryos [19]. We previously addressed this document
because of its significant scientific as well as procedural
shortcomings [1], by experts described as typically
flawed guideline processes [20]. The IDNHG-IVF, there-
fore, previously described the 2019 PGDIS guideline on
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“mosaic” PGT-A result interpretation as misleading [1],
and initially was comforted by the ASRM announcement
of an impending publication of independent guidance on
the subject.

Though a significant improvement over the 2019
PGDIS document, the ASRM guidelines, nevertheless,
were for several reasons disappointing: We were sur-
prised by the uncritical acceptance and, indeed inclusion
into the ASRM document, of clear misstatements from
the 2016 and 2019 PGDIS guidelines, starting with the
definition of “mosaicism.” Since we previously described
our criticism of the 2019 PGDIS guidance [1], we here
do not want to be repetitive. One crucially important
issue, in the ASRM document only glossed over, must,
however, be addressed: The PGDIS advises that, based
on percentages of aneuploid DNA in a biopsy sample,
“mosaicism” can be quantitated and that such quantita-
tion correlates with pregnancy chances after transfer
[10]. Inexplicitly, the ASRM guidance fully accepted this
incorrect statement and, indeed, even included it into its
recent guidance [2].

The threshold concept
The ASRM document notes that, as proposed by the
PGDIS, current PGT-A criteria offer a diagnosis of “mo-
saicism” based on detection of an intermediate chromo-
some copy numbers, between monosomy and disomy or
disomy and trisomy on an NGS profile [2]. To quantitate
embryo mosaicism, the PGDIS in 2016 added the so-
called “threshold concept” to the diagnostic armament-
arium of PGT-A [10], as just a few weeks earlier first
suggested by Scott Jr. and Galliano [21]. This concept
assumes that varying percentages of aneuploid DNA in a
single trophectoderm biopsy have diagnostic as well as
prognostic significance for IVF cycle outcomes. Both as-
sumptions are, however, unsubstantiated and incorrect.

As noted earlier, the assumption that a single troph-
ectoderm biopsy correctly reflects ploidy of the complete
blastocyst-stage embryo is mathematically unsustainable
[12]. Should a biopsy contain more than one cell lineage,
it, furthermore, incorrectly assumes that NGS can accur-
ately determine exact percentages of DNA for each cell
lineage and that, whatever this percentage is, reflects the
complete embryo and predicts its implantation, preg-
nancy and live birth potential [10, 22]. At least two stud-
ies have, however, quite categorically rejected such
associations [23, 24], a finding that should not surprise,
considering that percentages of DNA can never be ac-
curately determined (see below for further detail) and
that the degree of aneuploidy at blastocyst stage can
downstream still significantly change through self-
correction [15-17].

Yet, 2016 PGDIS guidelines fixed threshold of percent-
ages of aneuploid DNA in defining euploid, “mosaic,”
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and aneuploid ranges of embryos, with 0-20% aneuploid
DNA defining euploid embryos, 21-80% “mosaic” em-
bryos,” and with 81-100% defining aneuploid embryos
[10]. What these cut-offs were based on was initially left
to imagination, except for the fact that 20% represented
(and still does) the sensitivity threshold of NGS plat-
forms in detecting a second cell lineage in a single bi-
opsy specimen. Embryos currently under PGDIS
guidelines signed out as normal-euploid, therefore, may
very well be mosaic if a trophectoderm biopsy contains
less than 20% aneuploid DNA.

Neither the 20% threshold between euploid and “mo-
saic”, nor the 80% cut-off between “mosaic” and aneu-
ploid have any evidentiary basis in biology, have ever
been tested experimentally and/or have ever been clinic-
ally validated. They were simply, as later acknowledged
[25], based on biologically and technically incredibly
naive assumptions, including: (i) Every trophectoderm
biopsy contains five cells. (ii) These five cells, therefore,
represent 100% of DNA; 1/5 aneuploid cells will, conse-
quently, produce 20% aneuploid DNA in a single troph-
ectoderm biopsy, 2/5 cells 40%, etc. (iii) 2—4 aneuploid
cells, therefore, define “mosaicism,” while 5/5 cells define
an aneuploid embryo.

These assumptions are, however, unsustainable: As
any embryologist can attest to, it is simply impossible to
determine how many intact cells a trophectoderm biopsy
contains. It, therefore, is impossible to determine the de-
nominator that defines 100% DNA. Even if cell number-
dependent diagnostic criteria, however, were feasible and
correct, accurate percentages can never really be deter-
mined because every embryo biopsy is a traumatic event,
resulting in cell rupture and DNA spillage, both, of
course, further potentially complicating establishment of
percentages of aneuploid DNA. The 2016 PGDIS guid-
ance on how to diagnose embryos in PGT-A [10], is,
therefore, without realistic biological underpinnings.

The increasing confusion generated by PGDIS and now
also ASRM guidelines is acknowledged even by propo-
nents of PGT-A. A recently published opinion by Paulson
and Treff [26] proposes that, “because of questions of its
clinical significance,” the term “mosaicism” be abandoned
in PGT-A reports and replaced by the phrase “embryos
with intermediate copy-numbers.” The authors, thus, ac-
knowledge the lack of purposes of the threshold concept,
currently universally applied in PGT-A; their recommen-
dation to change terminology, however, does nothing to
the basic flaws of PGT-A which, even using this new diag-
nostic designation, still, remains without biological, math-
ematical or procedural underpinnings.

Conclusions
The ASRM document also concluded that (regarding
transfer of “mosaic” embryos), “it may be premature to
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apply any for purposes of embryo-transfer decisions or for
providing clinical recommendations to patients [2]. Con-
sidering rapidly accumulating data, the ASRM guidance
on this subject also appears incorrect. With at least
hundreds of so-far reported perfectly normal births fol-
lowing transfers of selected chromosomal-abnormal em-
bryos [9], one could have expected a more supportive
guidance for such embryo transfers, especially since IVF
centers have become hesitant about dispositions of “ab-
normal” embryos in view of the growing controversy on
the subject. Consequently, thousands of “abnormal” em-
bryos with significant pregnancy and live birth potential
are accumulating in IVF centers around the world,
caught in limbo, since centers do not transfer but also
do not discard them.

It appears that current diagnostic criteria used by
PGT-A laboratories worldwide are not based on vali-
dated well designed studies. Unless better and truly vali-
dated technologies are developed, PGT-A should not be
utilized in routine IVF cycles [1, 5]. We also wish to re-
emphasize that we do not believe that reputable profes-
sional organizations should leave formal guidance for a
crucially important add-on to IVF to professional soci-
eties with obvious conflicts of interests. Instead, reput-
able unconflicted professional societies should develop
their own clearly understandable and transparent guid-
ance before government organizations start intervening
and assume responsibilities for guidance. ACOG and/or
ASRM in the U.S., and ESHRE in Europe should lead
the way without undue influence.
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