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ABSTRACT

Research question: Chromosomal translocations are known genetic causes of premature
ovarian insufficiency syndrome. Are certain translocations associated with decreased capacity
of small antral follicles to respond to exogenous FSH? Does the prognostic of PGT-SR differ

in female translocation carriers?

Design: This is a monocentric retrospective observational study covering a 10-year period.
One hundred and thirty-nine females carrying a translocation were compared with 192
partners of male translocation carriers. To evaluate ovarian response to FSH, we used the
follicular output rate (FORT), defined by ratio between the pre ovulatory follicle count (PFC)
on day of hCG x 100 / antral follicle count (AFC). In an effort to determine a cut-off of
metaphase II oocytes and biopsied embryos as predictor of obtaining a balanced embryo

transfer, we performed ROC curves.

Result: We found a decreased capacity of small antral follicles to respond to exogenous FSH
in female translocation carriers. The number of metaphase II oocytes in both groups was
weakly informative as a predictor of obtaining an ET. On the contrary the number of biopsied
embryos had some clinical value and allowed to determine a cut-off of 6.5 for female
translocation carriers versus 5.5 for the partners of male translocation carriers.

Conclusions: Female translocation carriers may respond poorly to COH and present a higher
rate of unbalanced embryos, which means that a higher gonadotropins dose may be used

safely in an attempt to increase the number of biopsied embryos.

Keys words: chromosomal translocation, controlled ovarian stimulation, FORT, PGT-

outcomes.
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INTRODUCTION

Patients bearing a balanced translocation present an increased risk of recurrent
implantation failure and obstetrical complications, such as recurrent abortion, stillborn or live
born fetuses affected by a chromosomal syndrome (Jacobs et al., 1974; Simopoulou et al.,
2003). Preimplantation Genetic Testing for structural rearrangement (PGT-SR) provides the
opportunity to distinguish between normal/balanced and unbalanced embryos. In this
procedure, in vitro fertilization (IVF) with intra-cytoplasmic sperm injection (ICSI) is
performed and the embryos obtained are biopsied to determine their chromosomal status. On
the one hand, PGT-SR represents a real chance to minimize the risk of recurrent implantation
failure and miscarriage due to abnormal chromosomal segregation and offers couples the
chance to have an unaffected child, without facing prenatal diagnosis and termination of
pregnancy (Munné et al., 1998, 2000; Otani et al., 2006; Scriven et al., 2013). On the other
hand, PGT-SR is a complex procedure with several critical steps. A major issue is the need
for a large number of embryos to increase the chance to get a balanced embryo since the rate
of embryonic chromosomal unbalance varies from 67% to over 80% (Sermon et al., 2004; Ko

et al., 2010; Harper et al., 2012; Scriven et al., 2013; Moutou et al., 2014; Kato et al., 2016).

It is well known that autosomal translocations, particularly Robertsonian
translocations (ROBT) and some reciprocal translocations (RCT) are associated with an
increased risk of sperm quality alteration (Sasagawa et al., 1993; Penna Videau et al., 2001;
Rao et al., 2005; Mayeur et al., 2019). For women, cytogenetic studies are more often focused
on premature ovarian insufficiency (POI) with identifiable causes mainly related to X
chromosome disorders and more rarely to autosome-autosome translocations (Therman and
Susman, 1990; Schlessinger et al., 2002). However, autosomal translocations may also affect

the ovarian function less drastically. Some investigators addressed this issue by merely
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analyzing the strength of ovarian response to controlled ovarian stimulation (COS) in female
translocation carriers compared to controls and reported contradictory results (Chen et al.,
2005; Dechanet et al., 2011). To objectively evaluate antral follicle responsiveness to
exogenous FSH, the follicular output rate (FORT) may be helpful (Genro et al., 2011; Gallot
et al., 2012). The objectives of the present study, based on a 10-year period in practising
PGT-SR were: (i) to evaluate the possible relationship between the FORT and the female
chromosomal status, (ii) to evaluate if the number of metaphase II oocytes or biopsied

embryos could be predictive of the chance to reach an embryo transfer.

MATERIALS AND METHODS

The present study is a monocentric retrospective observational study carried out from January
2006 through April 2017. Consent from all patients-couples was obtained at the time of PGT-
SR attempt for the use of their medical data for research. Our database was approved by the
National Data Protection Authority (Commission Nationale de 1’Informatique et des Libertés,
CNIL no. 1217921) on 21 February 2007. According to the “Jardé Law” (decree n°® 2016-
1537, 16 November 2016), Institutional Review Board approval was not required for this

retrospective study.

Subjects

All women referred to our PGT centre (PGT Centre of Antoine Béclére - Necker
hospitals), were tested for ovarian reserve with a blood sample for anti-Miillerian hormone

(AMH) level and Antral Follicles Count (AFC) determined by ultrasonography before
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inclusion in our PGT-SR program. Only patients aged <38 years with AMH>1ng/mL or AFC

>10 follicles were eligible for PGT-SR procedure.

As shown in Figure 1, three hundred and forty-three couples underwent PGT-SR to avoid
transmission of an unbalanced karyotype. Patients with a translocation involving sex
chromosomes have been excluded of the study (12 patients with 31 cycles). Three hundred

and thirty-one couples were finally included in this study in 760 COS cycles.

For the FORT calculation, we have selected the first cycle of a sub population of women (89
female translocation carriers and 145 partners of male translocation carriers) that met the
following inclusion criteria: (1) ovaries without morphological abnormalities (such as cysts,
endometriomas, etc.); (ii) regular menstrual cycles; (iii) total number of antral follicles
measuring 3-8 mm in diameter after pituitary desensitization (baseline) <25; (iv) BMI

ranging from 17 to 29 kg/m2.

For our second objective we studied the overall population constituted from 139 females
bearing a translocation (102 RCT and 37 ROBT) and 192 partners of male translocation

carriers (119 RCT and 73 ROBT).

Standard Karyotyping and FISH

Standard chromosomal analyses were performed on cultured peripheral lymphocytes
from the patient using standard procedures [G-banding with Trypsin using Giemsa (GTG); R-
banding after Heat denaturation and Giemsa (RHG)]. Fluorescence in situ hybridization
(FISH) analyses were performed on metaphase spreads of lymphocytes from the patient. In
accordance with breakpoints visualized on a standard Karyotype, specific DNA probes were
used, with the manufacturers’ recommendations, to identify chromosome segments involved

in translocation.
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Controlled ovarian hyperstimulation protocols

Controlled ovarian hyperstimulation (COH) was achieved using long agonist or
antagonist protocol. For long agonist protocol, patients received a single dose of GnRH
agonist, triptorelin (3mg, I.M, Decapeptyl®, Ipsen, France) on the first or 20" day of
menstrual cycle. Three weeks later, pituitary desensitization was confirmed by the detection
of low serum level of progesterone (P4), estradiol (E2), and LH; and follicle size <10mm.
Thereafter, recombinant FSH (recFSH) (Gonal-F®, Merck-Serono; Puregon ®, MSD, France)
was initiated for at least 6 days. Patients undergoing GnRH antagonist protocols received pre-
treatment with oral contraceptive pill or estradiol valerate (provames ®). Then, recFSH was
administered from day 3 for at least 5 days at initial dosage and 0,25 mg GnRH antagonist
(Ganirelix, Orgalutran ®, MSD France or Cetrorelix, Cetrotide ®, Merck-Serono, France)
was systematically started on day 6. From the sixth day of recFSH therapy onwards, daily
FSH doses were adjusted according to E2 levels and/or the number of growing follicles.
During the last days of COH, patients had daily visits at our institution for ultrasonographic
and hormonal examinations to define the proper timing for hCG administration.
Administration of hCG to trigger ovulation was performed as soon as > 4 pre-ovulatory
follicles (16-22mm in diameter) were observed and E2 levels per pre-ovulatory follicle were >
200 pg/mL. Oocytes were retrieved 36 hours after hCG administration by transvaginal

ultrasound-guided aspiration.

Gametes preparation, Embryo culture, biopsy procedure and genetic analysis

Retrieved Cumulus Oocyte Complexes (COCs) were preserved in 3 mL of IVF culture

medium (Origio, Lyon, France) until being denudated. Liquefied ejaculate was drop into a
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discontinuous Pure Sperm (Nidacom, JCD, France) preparation (45% and 90%) and the sperm
pellet was washed in Ferticult medium (FertiPro NV, JCD, France) by centrifugation at 600 g
for 10 min. All matured oocytes obtained were inseminated by ICSI. Fertilization was
checked 18h after sperm injection and zygotes were cultured in micro-drops of 40uL of
SAGE 1-Step™ (Origio, Lyon, France) at 37°C under an ambient atmosphere enriched to 5%
CO2.

Embryo biopsy was scheduled on day-3 using laser procedure (Fertilase; MTGMedical
Technology Vertriebs-GmbH, Altdorf, Germany). Two blastomeres were removed from
embryo with a minimum of 6 cells and < 30% fragmentation and spread on slides (Superfrost
Plus) according to Coonen et al. (1994). FISH was used with fluorescent DNA probes
specifically designed for the studied translocation. The slides were analysed by two operators
and the diagnosis was based on concordant results from two mononucleate cells. Only
blastomeres showing two signals per probe were defined as normal or balanced.

One or two balanced embryos were transferred at blastocyst stage and supernumerary

blastocysts were cryopreserved on day 5 or day 6 according embryo development.

Embryo transfer and luteal phase support

Embryo transfers were performed under ultrasound guidance (Voluson 730 Expert;
General Electric Medical Systems, Paris, France) using a classic Frydman catheter ® (CCD
Laboratories, Paris, France).

For fresh embryo transfers, luteal phase was supported with natural micronized
progesterone 600mg/day and oral oestrogen supplementation (4mg/day), starting the evening
of embryo transfer (ET) (Utrogestan® 200mg, Provames® 2mg, France) until the pregnancy

test. Treatment was continued up to 8 weeks of amenorrhea in case of pregnancy.



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

For frozen embryo transfers, endometrium was prepared with a programmed cycle
regimen using oestrogen priming at a dose of 4 mg daily (Provames® 2mg, France) on day 1-
3 of menstrual cycle. Progesterone treatment (micronized progesterone vaginally Progestan®
800mg, Besins, France) was added when endometrial thickness reached 7 mm or more.
Clinical pregnancy was defined as the presence of gestational sac observed at ultrasound

scans around 7 weeks of amenorrhea.

Follicular Output Rate calculation

The FORT was used to assess antral follicle responsiveness to recFSH independently
of the follicular cohort size before treatment, as previously described (Genro et al., 2011).
Ovarian ultrasound scans were performed using a 5.0-9.0 MHz multi-frequency transvaginal
probe (Voluson 730 Expert®, General Electric Medical Systems, and Paris, France). The
objective of ultrasound examination was to evaluate the number and sizes of small antral
follicles. All follicles measuring 3 to 22 mm in mean diameter (mean of two orthogonal
diameters) in each ovary were counted. Only antral follicles < 8 mm were considered for
antral follicle count (AFC) at baseline (dO) and follicles between 16 and 22 mm on dhCG
were considered for pre-ovulatory follicles count (PFC). To optimize the reliability of ovarian
follicular assessment, the ultrasound scanner was equipped with a tissue harmonic imaging
system, which allowed improved image resolution and adequate recognition of follicular
borders. The FORT was calculated by the ratio between the PFC on dhCG x 100/AFC at dO.
The choice of considering only 16-22 mm follicles for the calculation of FORT was validated

in previous investigation (Genro et al., 2011; Gallot et al., 2012).
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Statistical analysis

Statistical analyses were performed using Graph Pad Prism (ver. 5.02, Graphpad Softwazalnc,

San Diego, California, USA).

The measure of central tendency used was the mean and the measure of variability was the
standard error (SE). Differences between two groups were evaluated with Student's t-test or
Mann-Whitney-Wilcoxon, when appropriate. A P value <0.05 was considered statistically

significant.

By the use of a univariate linear regression, we confirmed that the number of metaphase 11
oocytes and the number of biopsied embryos were two factors significantly correlated with
the number of transferred embryos (P<0.001 and P<0.0001; respectively). We thus performed
ROC curves to determine a cut-off that would maximize the chance to reach an embryo
transfer according to the number of metaphase II oocytes and the number of biopsied
embryos. ROC curves were performed to determine a cut-off that would maximize the chance
to reach an embryo transfer according to the number of metaphase II oocytes and the number
of biopsied embryos. The area under the curve (AUC) was numerically calculated with the
use of trapezoids, and its 95% confidence interval (CI) was calculated based on the Wilcoxon
statistic (Hanley and McNeil, 1982). As usual, a calculated AUC equal to 0.5 was considered
as not informative and between 0.5 and 0.7 as weakly informative. When it was comprised
between 0.7 and 0.9, AUC was considered as moderately informative and between 0.9 and 1
as accurately informative. When AUC was > (0.7 an optimal cut off level was determined with

the corresponding sensitivity and specificity.
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RESULTS

Response to exogenous FSH assessed by FORT

Out of 139 female translocation carriers and 192 partners of male translocation carriers, 89
(25 ROBT and 64 RCT) and 145 met the inclusion criteria retained for the FORT calculation.
Population and COS characteristics in both groups are summarized in Table 1. As females
bearing a Robertsonian or reciprocal translocation were similar, they were combined together.
As shown, the two female groups were comparable in terms of women’s ages, BMIs, serum
AMH, AFC at baseline and total recFSH dose used for COS, duration of recFSH therapy and
serum E2 levels on dhCG. On the contrary, PFC values and FORT were significantly
decreased in female translocation carriers suggesting diminished antral follicle sensitivity to
FSH. As shown in figure 2, we sorted the population of female carriers in five FORT
categories according to whether FORT values were under the 20th percentile (<27.0%),
between the 20th and the 40th percentile [27.0%-35.3%], between the 40th and the 60th
percentile [35.4%-52.6%], between the 60th and the 80th percentile [52.7%-70.3%] and
above the 80th percentile [70.4%-100%]. Then, we compared the proportion of female
carriers and partners of male carriers in each defined FORT category. A significantly higher
proportion of women carrying balanced translocations had a FORT value under 35.3%
compared to women whose partner had a balanced translocation. Furthermore, a significantly
lower proportion of women carrying balanced translocations had a FORT value comprised

between 52.3% and 70.6% compared to partners of male translocation carriers.

The distribution of chromosomes involved in translocations in the female carriers for which
FORT value was under the 20th percentile (<27%) is summarized in the Table 2. Most of

them carried a reciprocal translocation (12 out of 15). Although, relatively short or short
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metacentric (chromosomes 16-18) and submetacentric (chromosomes 19-20) were involved in

6 translocations, no redundant breakpoint region was associated with a very low FORT.

PGT-SR outcomes between female and male according the type of translocation

Table 3 summarizes PGT-SR outcomes between females and males according the type of
translocation. The number of retrieved oocytes, metaphase II oocytes, obtained and biopsied
embryos were similar between females and males regardless the type of translocation.
Conversely, whether in the case of reciprocal or Robertsonian translocation the number of
balanced embryos and transferred embryos were significantly lower in female carriers.
However and interestingly, the clinical pregnancy and live birth rates per oocyte retrieval
(OR) and ET as such as the cumulative live birth rates per OR and ET were similar between

females and males in each type of translocation.

Parameters influencing the chance to reach an embryo transfer

Figure 3 and Table 4 present AUCs for the numbers of metaphase II oocytes or biopsied
embryos as predictor of obtaining an ET in female translocation carriers and partners of male
translocation carriers with the yielded estimated sensitivity and specificity for the used cut-
off. The AUCs calculated for the number of metaphase II oocytes in both groups were < 0.7
while for the number of biopsied embryos, AUCs were > 0.7. A cut-off of 6.5 biopsied
embryos in female translocation carriers yielded sensitivity estimates of 87% and specificity
of 37%. For partners of male translocation carriers, this cut-off was 5.5 led to sensitivity

estimates of 82% and specificity of 45%.
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DISCUSSION

To the best of our knowledge, this is the largest study investigating ovarian
responsiveness to COH as also PGT-SR outcomes in female translocation carriers compared
to partners of male translocation carriers. Its major advantage is the large number of PGT-SR
cycles analysed. Our investigation presents also some limitations. Some confounding factors
such as smoking, drinking and environmental toxic exposure are missing. We can probably
expect that due to the relative large size of the two groups some factors will be levelled out
but we cannot exclude this may be a potential bias. Due to French legal issue, blastomere
chromosomal analysis was performed by the use of fluorescent in situ hybridization with
DNA probes targeting the sole chromosomes involved in the translocation. Therefore, inter
chromosomal effect could not be assessed (Gianaroli et al., 2002; Pujol et al., 2006; Xie et al.,
2018).

One of the central findings of the present investigation is the diminished capacity of
small antral follicles to respond to exogenous FSH, assessed by the FORT index, in female
translocation carriers. The influence of chromosomal abnormalities on ovarian response to
stimulation was not yet well established. So far, only two contradictory studies evaluating
ovarian response in female translocation carriers have been published (Chen et al., 2005;
Dechanet et al., 2011). The first one compared 61 cycles in 46 women with balanced
translocations to 42 cycles in 32 women whose male partner had a balanced translocation. A
significantly higher proportion of women carrying balanced translocations responded very
poorly (E2 on the day of hCG <1,000 pg/mL) to ovarian stimulation compared to women
whose partner had a balanced translocation. Conversely, the second study reported that the
ovarian response to COS was not impaired by balanced translocation status, considering 79

cycles in 33 female translocation carriers and 116 cycles in 55 partners of male translocation
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carriers. To better quantify follicle responsiveness to exogenous FSH, we used the FORT
known yet to be a qualitative indicator of ovarian follicular competence (Genro et al., 2011)
in infertile patients. FORT has the advantage of being independent of the AFC before FSH
administration allowing a better understanding of the capacity of these follicles to respond to
ovarian stimulation. As FORT was found to be positively related to IVF-ET outcome in
normo-cycling women devoid of polycystic ovaries (Gallot et al., 2012), we excluded women
endowed with AFC>25 from both studied groups. We found that female translocation carriers
had a significant lower FORT than partners of male translocation carriers. Furthermore, by
sorting both groups according FORT categories, we show that the proportion of female
translocation carriers with a low FORT value (<35.3%) was higher than in the partners of
male carriers. This suggests that in addition to cases of obvious ovarian insufficiency; female
translocation carriers may present a functional ovarian impairment. Although, no redundant
breakpoint region was evidenced in female translocation carriers with a very low FORT, 2
female carriers share the same reciprocal translocation [46,XX,t(6;20) and 46,XX,t(9;11)] as
already described in Chen et al. (2005). We hope that the present study will allow information
to be shared with other researchers. Indeed, if we could obtain several patients with this
phenotype and with the same break points, we could hypothesize that a gene of interest for
follicular function has been disrupted.

In line with Tur Kaspa et al., (2012), we show that despite the mild functional ovarian
impairment in female translocation carriers once the patients had an ET, PGT-SR outcomes
were similar. Albeit, in the population of female translocation carriers with a FORT value
fewer than 27%, none pregnancy was obtained. Since aging greatly influences the number of
small antral follicles available before treatment, female aging could progressively be an

additional negative factor.
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Our second finding was that the embryo-unbalanced rate was significantly higher in

female translocation carriers as compared to male translocation carriers. Several hypotheses
may be raised to explain this result. First, is the progressive removal of abnormal spermatozoa
during spermatogenesis, which reduces sperm counts but allows the selection of balanced
spermatozoa. The defect of spermatogenesis originated from a mechanical mechanism during
meiosis (reviewed by Van Assche et al., 1996). Meiotic arrest may occur by a gradual
association of the asynaptic region of trivalent or tetravalent with the transcriptional inactive
XY body, thus disturbing the meiotic sex chromosomes inactivation (Sciurano et al., 2007).
Or only for the fact that asynaptic regions of trivalent or tetravalent might result in autosome
meiotic silencing (Naumova et al., 2013).
Second, sperm preparation was performed by the use of a discontinuous gradient
centrifugation. This technic could improve the selection of spermatozoa with a greater nuclear
integrity (Centola et al, 1998; Larson et al., 1999) and decrease the proportion of
chromosomally unbalanced spermatozoa used during ICSI procedure (Perrin et al., 2011;
Rouen et al., 2013). Third, the higher unbalanced embryo rate observed in female compared
to male carriers may be explained by meiotic segregation pattern. Indeed, some studies
reported that male meiosis was different from female with an increased incidence of 3:1 and
4:0 segregation in females carriers compared to males carriers (Mackie Ogilvie and Scriven,
2002; Tease et al., 2002; Ko et al., 2010).

Finally, we tried to determine the minimal number of metaphase II oocytes or embryos
biopsied to maximize the chance of achieving an embryo transfer. We analysed ROC curves
widely used to predict an outcome according to a specific indicator. The AUCs level for the
number of metaphase II oocytes was <0.7 in both groups suggesting that this indicator is
weakly informative for evaluating the chance to reach embryo transfer. Some confounding

factors such as sperm/egg genetic integrity, in vitro procedures and environment should be
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more deeply analyzed to understand this result. Interestingly, the number of biopsied embryo
seems to be more informative. In consistency with the increased unbalanced embryos rate
observed in female translocation carriers, the cut-off value for biopsied embryos was higher in
this group. Despite a low specificity calculated with these cut-offs, the sensitivity was more
than 0.8 meaning that if we succeed to biopsy a sufficient number of embryos, the chance to
reach ET is fairly good. In practice this suggests that if the number of embryos suitable for
biopsy does not reach the calculated cut-off, an accumulation of vitrified embryos may be
recommended and should increase patient's chances to obtain normal/balanced embryo
(Chatziparasidou et al., 2013; Van Landuyt et al., 2013; Chi et al., 2015). This also suggests
that we will need more oocytes in female translocation carriers than in partners of male

translocation carriers.

In conclusion, female translocation carriers may respond poorly to COH and present a
higher rate of unbalanced embryos, which means that a higher gonadotropins dose may be
used safely in an attempt to increase the number of biopsied embryos. At the same time, while

the ovarian response to COH may be decreased, the outcome of PGT-SR is not affected.
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Legends

Figure 1: Study design

Three hundred and forty-three couples were referred to our PGT center for either male or
female chromosomal translocation. For the FORT calculation, we select the first cycle of a
sub population of women that met inclusion criteria described in materials and methods. To
answer to our second aim, we studied the PGT-SR outcomes of 456 OR from reciprocal
translocations (102 females and 119 males) and of 225 OR from Robertsonian translocations
(37 females and 73 males).

OR: oocyte retrieval. RCT: Reciprocal translocation. ROBT: Robertsonian translocation.

Figure 2: Proportion of female carriers and partners of male carriers in each FORT category

We sort the population of female carriers in five FORT categories according to whether
FORT values were under the 20th percentile (<27.0%), between the 20th and the 40th
percentile [27.0%-35.3%], between the 40th and the 60th percentile [35.4%-52.6%], between
the 60th and the 80th percentile [52.7%-70.3%] and above the 80th percentile [70.4%-100%].
Hence we compare the proportion of female carriers and partners of male carriers in each

defined FORT value (**P<0.01).

Figure 3: Receiver operating characteristic curves for the relationship between the number of
biopsied embryos and the outcome of obtaining a PGT-ET in female translocation carriers

(dashed line) and partners of male translocation carriers (solid line).
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Table 1: Female characteristics and COS outcomes in female carriers or partners of male
carriers.

Females carriers Male carriers
P value
(n=89) (n=145)

Age (years)" 32.6+0.4 33.3+0.3 NS
BMI (kg/m’)" 23.5+0.6 23.5£0.4 NS
AMH (ng/mL)" 3.1+0.2 3.7+0.2 NS
AFC (3-8 mm)" 17.540.5 15.2+0.4 NS
Agonist protocol (%) 50 (56.2) 68 (46.9) NS
Antagonist protocol (%) 39 (43.8) 77 (53.1) NS
Duration of COS (days)" 10.9+0.2 10.9+0.1 NS
Total dose of FSH (IU)" 2883.0+£110.2 2754.0+68.3 NS
Estradiol level on dhCG (pg/mL)a 2501+102.1 2956.0£297.0 NS
PFC (16-22 mm)" 9.9+0.4 11.8+0.3 <0.0001
FORT (%) 48.1£2.6 59.4+1. <0.001

*PData are expressed as mean+SEM. COS: Controlled Ovarian Stimulation; BMI: Body Mass Index; AMH:
Antimullerian Hormone, AFC: Antral Follicle Count at baseline (just before the start of FSH treatment); PFC:
Preovulatory Follicles Count on dhCG, FORT: Follicular Output RaTe.



Table 2: Listing of karyotypes for female translocation carriers according FORT under the 20th

percentile <27.0 %)

Metaphas

Translocation AFC F((‘);)T R(f(tlc'i;t‘;d ell E:;’E:;‘:: Outcome
oocytes

46,XX,t(17;18)(p13;p31) 23 13.0 8 5 2 No ET
46,XX,t(6;20)(p21;q13) 21 14.2 17 13 3 No PR
46,XX,t(1;17)(q42;q25) 21 14.2 21 13 4 No ET
46,XX,t(8;16)(q11;q12) 13 15.3 2 1 1 No ET
46,XX,t(6;10)(q15;p10) 19 15.7 15 10 6 No PR
46,XX,t(3.1)(q21;q32) 24 16.6 11 8 5 No ET
45,XX,der(13;14)(q10;q10) 22 18.1 4 3 1 No ET
46,XX,t(2;16)(q14;q24) 20 20.0 7 7 0 No ET
45,XX,der(13;14)(q10;q10) 24 20.8 7 7 4 No PR
45,XX,der(14;21)(q10;q10) 9 22.2 8 7 2 No PR
46,XX,t(4;21)(q32;921) 22 22.7 9 8 3 No ET
46,XX,t(11;22)(q23;q11) 21 23.8 2 2 1 No ET
46,XX,t(6;20;13)(p12;p12;q33) 24 25.0 6 6 5 No ET
46,XX,t(4;8)(p16;p23) 23 26.0 16 10 4 No ET
46,XX,t(9;11)(q22;q22) 23 26.1 12 11 7 No ET
Mean£SEM 20.6%1.1 19.6+1.2 9.7+1.4 7.4%0.9 3.240.5 NA

ET: embryo transfer; PR: pregnancy



Table 3: PGT-SR outcomes according the type of translocation in female or male carriers

Female Male Female Male
carriers carriers P carriers carriers P
RCT RCT ROBT ROBT
n=102 n=119 n=37 n=73

Cycles (n) 254 257 / 82 167 /
OR (n) 223 233 / 74 151 /
Oocytes retrieved’ 11.5£0.3  11.9+0.3 NS 12.2+0.6  12.5£0.4 NS
Metaphase II oocytes” 9.6+0.3 9.8+0.3 NS 9.9+0.5 10.240.3 NS
Embryos obtained (n) 1481 1492 / 496 957 /
Good embryos obtained (%) 354 (23.9) 313 (21.0) NS 96 (19.3) 193 (20.2) NS
Embryos biopsied” 5.240.2 4.7£0.2 NS 4.8+0.3 4.7£0.2 NS
Balanced embryos” 1.0+0.1 1.240.1 <0.05 1.7+0.2 2.1+0.1 <0.05
Unbalanced embryo rate (%) 79.8 71.9 <0.01 63.2 51.8 <0.001
Embryo transfers (% per OR) 122 (54.7) 134(57.5) NS 54 (73.00 126 (834) NS
Embryos transferred’ 0.78+£0.05 1.02+0.05 <0.05 1.03+0.11 1.36+0.06 <0.05
Embryos cryopreserved 9 23 13 12
Pregnancies (n) 43 34 / 14 41 /
Implantation rate (%) 26.3 18.8 NS 17.7 19.9 NS
Clinical pregnancy per OR (%) 19.3 14.6 NS 18.9 27.1 NS
Clinical pregnancy per ET (%) 35.2 254 NS 25.9 32.5 NS
Live Births (n) 37 27 NS 13 30 NS
Live Birth Rate per OR (%) 16.6 12.0 NS 17.6 19.9 NS
Live Birth Rate per ET (%) 30.3 20.1 NS 24.1 23.8 NS
Frozen embryo transfer (n) 6 16 10 7
Frozen live births (n) 3 5 1 0
Cumulative LB rate per OR (%) 17.9 13.7 NS 18.9 19.9 NS
Cumulative LB rate per ET (%) 31.0 21.3 NS 21.9 22.5 NS

* Data are expressed as mean+SEM. Unbalanced embryo rate (number of unbalanced embryos/number of diagnosed
embryos) x 100. OR: oocyte retrieval; ET: embryo transfer; LB: live birth



Table 4: Receiver Operating Curves results

AUC Cl Sensitivity Specificity Cutoff level
(%) (%)
Males 0.724 0.668-0.708 82 45 5.5
Number of
biopsied
embryos
Females 0.707 0.646-0.767 87 37 6.5
Males 0.595 0.535-0.655 NA NA NA
Number of
metaphase I1
oocytes
Females 0.627 0.563-0.691 NA NA NA

AUC: Area Under the Curve; CI: 95% Confidence Interval; NA: Not Applicable





