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Objective: We evaluate whether next-generation sequencing (NGS)-based preimplantation genetic testing for aneuploidy (PGT-A)
improves the cumulative pregnancy outcomes of patients with unexplained recurrent implantation failure (uRIF) as compared to
conventional in vitro fertilization or intracytoplasmic sperm injection (IVF/ICSI).

Patients and Methods: This was a retrospective cohort study (2015-2022). A total of 705 couples diagnosed with uRIF were
included in the study. 229 women transferred blastocysts based on morphological grading (IVF/ICSI) and 476 couples opted for PGT-
A to screen blastocysts by NGS. Women were further stratified according to age at retrieval (<38 years and >38 years). The primary
outcome was the cumulative live-birth rate after all the embryos were transferred in a single oocyte retrieval or until achieving a live
birth. Confounders were adjusted using binary logistic regression models.

Results: Cumulative live-birth rate was similar between the IVF/ICSI group and the PGT-A group after stratified by age: IVF/ICSI vs
PGT-A in the <38 years subgroup (49.7% vs 57.7%, adjusted OR (95% CI) = 1.25 (0.84-1.84), P = 0.270) and in the >38 years
subgroup (14.0% vs 19.5%, adjusted OR (95% CI) = 1.09 (0.41-2.92), P = 0.866), respectively. Nonetheless, the PGT group had
a lower first-time biochemical pregnancy loss rate (17.0% vs 8.7%, P = 0.034) and a higher cumulative good birth outcome rate
(35.2% vs 46.4%, P = 0.014) than the IVF/ICSI group in the <38 years subgroup. Other pregnancy outcomes after the initial embryo
transfer and multiple transfers following a single oocyte retrieval were all similar between groups.

Conclusion: Our results showed no evidence of favorable effects of PGT-A treatment on improving the cumulative live birth rate in
uRIF couples regardless of maternal age. Use of PGT-A in the <38 years uRIF patients would help to decrease the first-time
biochemical pregnancy loss and increase the cumulative good birth outcome.

Keywords: preimplantation genetic testing for aneuploidy, unexplained recurrent implantation failure, cumulative live-birth rate,
cumulative good birth outcome

Introduction

In recent years, an increasing number of infertile couples have the opportunity to achieve fertility wishes through in vitro
fertilization and embryo transfer (IVF-ET) technology.' However, there are still 50%-60% of patients who are unable to
achieve pregnancy due to embryo implantation failure.” Recurrent implantation failure (RIF) is defined as the implantation
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failure after multiple embryo transfers with good quality.>* The etiology of RIF is complex and primarily involves gamete or
embryo quality and its development potential, endometrial microenvironment, immunological mechanism, prethrombotic
state, and other aspects.”® After ruling out the above common etiologies, there are still some patients undergoing RIF with
unknown reasons, defined as unexplained RIF (uRIF).

uRIF is considered as a great challenge for the advancement of assisted reproductive technologies. Studies have
demonstrated that embryo aneuploidy is the main reason for miscarriage or implantation failure,”* which is more common
in couples with advanced maternal age (AMA). It is evidenced that the embryo aneuploidy rate among RIF patients ranged
from 43% to 58%,”'' even as high as 79%.'? Considering the increased risk of embryo aneuploidy, RIF has been listed as one
of the most common indications for preimplantation genetic testing for aneuploidies (PGT-A) worldwide.'*'> Although PGT-
A is a potential technique for improving pregnancy outcomes by screening out euploid embryos, there is currently no
consensus on its application. According to the American Society of Reproductive Medicine (ASRM)), it is not recommended to
use PGT-A as a routine pregnancy aid for all infertile women.'® Recently, a large clinical trial found no difference in
cumulative live-birth rate between PGT-A and conventional IVF in good-prognosis population.'’

For RIF patients, there are currently limited studies evaluating the application values of PGT-A and the findings are
inconsistent. Two retrospective cohort studies by Greco et al in 2014 and Du et al in 2023 analyzed the pregnancy
outcomes with or without PGT-A among young RIF women, and both found that the clinical pregnancy rate after PGT-A
was significantly increased, without reporting live birth rate.'®'® Two small-size studies among RIF women, one was
retrospected by Pantou et al with young female age in 2022 and another was prospective multicentered by Sato et al with
advanced female age in 2019, both found that live birth rate per embryo transfer after PGT-A was significantly increased,
but the live birth rate per patient was not significantly improved.'"'* These studies only included a single embryo transfer
cycle, evaluated the efficacy of PGT-A in terms of pregnancy outcome per transfer with a small sample size, which is not
fully relevant in clinical practice.

Therefore, there is currently insufficient evidence to prove the effectiveness of PGT-A in uRIF patients. Researches
with a larger study population on cumulative live birth outcomes are still needed. In this study, our objective was to
compare the cumulative live birth rate and other cumulative pregnancy outcomes with or without PGT-A among uRIF
women, as well as pregnancy outcomes after the initial embryo transfer.

Materials and Methods
Study Population

This study included 705 uRIF couples, who underwent one or more oocytes retrieval cycles from January 2015 to
January 2022 at the Reproductive center of Shandong University. uRIF was defined as recurrent implantation failure without
known etiologies of RIF after >3 times embryo transfers, or after transferred >4—6 good-quality cleavage-stage embryos or >3
good-quality blastocysts. Exclusion criteria included parental chromosomal abnormalities, uterine anatomical abnormalities,
endocrine dysfunction, autoimmune disorders, thrombosis, infection, use of donated oocytes or sperm, and use genetic testing
other than PGT-A. Patients were divided into the PGT-A group and the conventional IVF/ICSI group based on whether they
received PGT-A in the research cycle. The first oocyte retrieval cycle after uRIF diagnosis with frozen blastocyst transfers was
included in the study, with all the acquired embryos transferred or until a live birth was achieved.

Ovarian Stimulation and Embryo Culture
Appropriate ovarian stimulation regimens were applied to each patient based on female age, ovarian reserve function,
and previous responses to gonadotropins. The ovarian stimulation protocols including super-long, long, short gonado-
tropin-releasing hormone (GnRH) agonists, antagonists, and other protocols used in our center, which had been described
in detail in previous studies.'”'> When at least two follicles with a diameter of >18 mm were observed, human chorionic
gonadotropin (hCG) (Pregnyl, Livzon, Guangdong, China) was administered to trigger final maturation of oocytes. After
34 to 36 hr, oocytes were retrieved through ultrasound-guided transvaginal aspiration.

Patients in the PGT-A group were fertilized using ICSI. The IVF/ICSI group patients underwent IVF or ICSI based on
the semen quality of their male partners. Embryos were cultured in sequential culture media, with G1-PLUS (Vitrolife)
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from fertilization to Day 2 or Day 3 and then with G2-PLUS (Vitrolife) to Day 5/Day 6/Day 7. All embryos were
cultured to the blastocyst stage.

Preimplantation Genetic Testing for Aneuploidy

According to Gardner criteria,”® the blastocysts were morphologically scored based on three components: blastocyst
expansion, inner cell mass, and trophectoderm development. For blastocysts with score 4BC or better on Day 5 of
embryo culture, trophectoderm biopsy was performed with the laser method. 3—5 trophectoderm cells were aspirated and
detached from the blastocyst. Next, the aggregates of trophectoderm cells were placed intact into a PCR tube after several
washes through hypotonic solution. The operation procedure of NGS followed instructions by manufacturers. Euploid
embryos were selected for subsequent transfer.

Endometrial Preparation and Luteal-Phase Support

Single frozen embryo transfer was performed after at least two menstrual cycles after oocyte retrieval. Endometrial
preparation regimens included natural ovulation cycle, ovulation induction cycle, and programmed cycle, as previous
reported.’’ The luteal-phase supports including dydrogesterone and vaginal progesterone gel et al were given on the
endometrial transformation day and continued until 12 weeks of gestation. The level of serum hCG was measured 2
weeks after transfer to confirm conception. Transvaginal ultrasonography was performed 3 weeks later to confirm clinical
pregnancy, which was defined as the detection of an intrauterine gestational sac. Ultrasonography was repeated at 12

weeks of gestation to confirm ongoing pregnancy.

Outcomes and Definitions

The primary outcome was cumulative live birth rate following a single oocyte retrieval. Other pregnancy outcomes included
cumulative rates of good birth outcome, biochemical, clinical, and ongoing pregnancy, and pregnancy loss after all embryo
transfer cycles following a single oocyte retrieval, as well as rates of biochemical, clinical, and ongoing pregnancy, and
pregnancy loss after the initial embryo transfer. Live birth was defined as the delivery of a live-born infant at >28 weeks of
gestation after embryo transfer. The cumulative live birth rate was calculated by dividing the number of women who had a live
birth after 28 weeks of gestation by the total number of women in the PGT-A or IVF/ICSI group. A good birth outcome was
defined as a live birth at >37 weeks of gestation, with a birth weight between 2500 and 4000 g and without a major congenital
anomaly.” Time to reach live birth was evaluated by comparison of time length from oocyte retrieval to achieving live birth.
Definitions of other pregnancy outcomes were described previously.'

Statistical Analysis

Stratified analysis was performed according to female age (<38 years and >38 years) in this study, taking into account the
fact that maternal age has a significant effect on embryo euploidy.*** Continuous variables were described using mean
and standard deviation (SD) or median and interquartile range, according to their data distribution, with the difference
determined by Student’s ¢ test and Mann—Whitney U-test. Categorical variables were represented using counts and
percentages and compared with the chi-square test or Fisher's exact test.

Adjusted analyses for the primary outcome of cumulative live birth rate and good birth outcome rate were performed
using a binary logistic regression model to estimate odds ratios (ORs) with corresponding 95% confidence intervals
(CIs), considering potential confounders that were not fully balanced and prespecified as P < 0.05 for baseline
comparisons between groups. These potential confounders included age, body mass index (BMI), anti-Mullerian
hormone (AMH), endometrial thickness, and previous embryo transfers. Forest maps were conducted using the website

www.bioinformatics.com.cn.

Overall, P < 0.05 was considered statistically significant. All the statistical analyses were performed with SPSS
version 26.0 software.
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Results

The Baseline Characteristics of uRIF Couples

A total of 705 couples diagnosed with uRIF were included in the study, of which, 476 underwent PGT-A (343 in <38
years subgroup, 133 in >38 years subgroup), and 229 who did not opt for PGT-A were considered as IVF/ICSI controls
(179 in <38 years subgroup, 50 in >38 years subgroup). Most of the baseline characteristics were comparable between
PGT-A and IVF/ICSI groups in two age subgroups (Table 1). In women <38 years old, the PGT-A group had less
previous embryo transfer cycles (4.10+1.41 vs 3.61£1.96, P = 0.001), and a higher level of AMH (1.32 (1.32, 3.36) vs
2.69 (1.45, 4.68), P < 0.001). In women >38 years old, the PGT-A group had a higher number of antral follicles in both
ovaries (7.0 (3.0, 10.0) vs 10.0 (6.0, 13.0), P = 0.016) and a thicker endometrium (0.69+0.20 vs 0.77+0.25, P = 0.029).

Results of Ovarian Stimulation and Embryo Culture

Information on oocyte retrieval and embryo development is shown in Table 2. Couples in the PGT-A group had more
good-quality embryos on day 5 or 6 in both <38 years subgroup (3.0 (2.0, 5.0) vs 4.0 (3.0, 7.0), P < 0.001) and >38 years
subgroup (2.0 (1.0, 2.0) vs 2.0 (1.0, 3.5), P = 0.002) compared with IVF/ICSI group. In the >38 years subgroup, the
number of large follicles above 14cm (4.0 (3.0, 7.0) vs 7.0 (5.0, 9.0), P = 0.001) and estradiol level (1590.00 (697.58,
2119.00) vs 2141.00 (1399.00, 2926.00), P = 0.001) on hCG trigger day were both lower in the IVF/ICSI group than in
the PGT-A group. The embryo euploidy rate was 51.2% in the <38 years subgroup and 30.5% in the >38 years subgroup.
17.5% (60/343) couples in the <38 years subgroup did not screen out euploid embryos, while it was as high as 59.4%
(79/133) in the >38 years subgroup. Notably, 19.8% (165/834) embryos in the <38 years and 9.9% (35/354) embryos in
the >38 years subgroup were tested to be chromosomal mosaic. According to safety factors, mosaicisms are not
recommended for transfer in our center. However, in this study, 44 women did not obtain euploid embryos, while they

Table | Characteristics of Patients at Baseline

Characteristics <38 Years OId P value | >38 Years Old P value
IVF/ICSI PGT-A IVF/ICSI PGT-A
(n=179) (n=343) (n =50) (n=133)
Age-yr 33.0 (30.0, 35.0) 33.0 (30.0, 35.0) 0.349 41.0 (39.0, 43.0) 40.0 (39.0, 42.0) 0.077
BMI 2291 £ 321 2330 £3.16 0.187 2444 + 3.04 2403 £ 3.13 0.435
Fertility history
Duration of attempt to conceive-yr 4.5 (3.0, 7.0 4.5 (2.5, 6.0) 0418 5.0 (3.0, 7.6) 4.0 (2.0, 6.8) 0.253
Previous embryo transfers-no. 4.10 £ 1 .41 3.61 £ 1.96 0.001 428 + 1.63 429 = 191 0.965
Previous embryos failed in implantation-no. 6.0 (4.0, 8.0) 5.0 (4.0, 8.0) 0.185 6.0 (4.0, 7.0) 5.0 (4.0 8.0) 0.844
Previous conception-no./total no. (%) 95/179 (53.1%) 198/343 (57.7%) 0.309 38/50 (76.0%) 106/133 (79.7%) 0.586
Previous miscarriage-no./total no. (%) 86/179 (48.0%) 175/343 (51.0%) 0519 35/50 (70.0%) 92/133 (69.2%) 0914
Previous live birth-no./total no. (%) 29/179 (16.2%) 44/343 (12.8%) 0.292 19/50 (38.0%) 64/133 (48.1%) 0.220
Ultrasonographic findings
Antral follicle count in both ovaries 13.0 (9.0, 18.0) 14.0 (10.0, 19.0) 0.445 7.0 (3.0, 10.0) 10.0 (6.0, 13.0) 0.016
Endometrial thickness-mm 0.75 (0.60, 0.90) 0.75 (0.60, 0.95) 0.694 0.69 + 0.20 0.77 £ 0.25 0.029
Laboratory testing®
Anti-Mullerian hormone-ng/mL 1.32 (1.32, 3.36) 2.69 (1.45, 4.68) < 0.001 1.32 (1.32, 3.36) 1.99 (1.15, 3.85) 0.266
Follicle-stimulating hormone-lU/L 6.52 (5.68, 8.32) 6.54 (5.56, 7.99) 0.550 7.03 (5.85, 9.58) 6.80 (6.10, 8.97) 0.684
Luteinizing hormone-IU/L 4.62 (3.52, 6.83) 4.63 (3.39, 6.27) 0.768 4.76 (3.47, 6.31) 4.29 (3.26, 5.66) 0.540
Estradiol-pg/mL 38.40 (27.60, 56.40) 37.40 (28.20, 48.40) | 0.492 45.10 (32.00, 64.75) | 43.10 (29.75, 61.85) | 0.782
Total testosterone-ng/dL 20.70 (15.08, 31.20) | 21.96 (14.53, 31.85) | 0.878 18.59 (10.77, 24.85) 17.72 (11.19, 23.90) | 0.862
Prolactin-ng/mL 16.00 (11.58, 21.81) 15.90 (11.92, 22.06) | 0.645 15.80 (10.83, 19.70) 14.43 (11.01, 20.56) | 0.782
TSH-plU/mL 2.17 (1.51, 2.97) 2.18 (1.59, 2.82) 0.646 1.93 + 0.94 2.08 + 091 0.324

Notes: *The baseline steroid hormones were measured mostly on day | to 3 of the menstrual cycle. Data were missing regarding anti-Mullerian hormone in | woman in the
<38 years-PGT-A subgroup; regarding total testosterone in 2 women in the <38 years-IVF/ICSI subgroup, | woman in the 238 years-IVF/ICS| subgroup, 3 women in the <38
years-PGT-A subgroup, and | woman in the 238 years-PGT-A subgroup, respectively; regarding prolactin in | woman in the <38 years-PGT-A subgroup; and regarding TSH in
| woman in the <38 years-PGT-A subgroup.

Abbreviations: BMI, body mass index; TSH, thyroid stimulating hormone.
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Table 2 Outcomes of Controlled Ovarian Hyperstimulation

Results on preimplantation genetic testing-no./total no. (%)
Balanced euploid
Monosomy
Trisomy
Subsegmental aneuploid
Chromosomal mosaic
Complex
Questionable

Absence of normal embryo

427/834 (51.2%)
60/834 (7.2%)
56/834 (6.7%)
40/834 (4.8%)
165/834 (19.8%)
83/834 (10.0%)
3/834 (0.4%)
60/343 (17.5%)

Characteristics <38 Years Old P value 238 Years Old P value
IVF/ICSI (n = 179) PGT-A (n = 343) IVF/ICSI (n = 50) PGT-A (n =133)
No. of days of ovarian stimulation 10.0 (8.0, 11.0) 9.0 (8.0, 11.0) 0.712 9.0 (8.0, 12.0) 10.0 (8.0, 11.0) 0.282
Gonadotropin dose-1U 1800.0 (1350.0, 2550.0) 1800.0 (1375.0, 2400.0) 0.926 2250.0 (1800.0, 3000.0) 2100.0 (1637.5, 2850.0) 0.493
No. of large follicles above 14cm on hCG trigger day 9.0 (6.0, 14.0) 10.0 (7.0, 13.0) 0.255 4.0 (3.0, 7.0) 7.0 (5.0, 9.0) 0.001
Luteinizing hormone level on hCG trigger day-lU/L* 2.61 (1.59, 4.35) 2.69 (1.69, 4.30) 0.929 4.72 (1.88, 6.94) 4.17 (2.35, 5.93) 0.368
Estradiol level on hCG trigger day-pg/mLt 2875.00 (1732.00, 4606.50) 2945.50 (2105.00, 4552.75) 0.301 1590.00 (697.58, 2119.00) 2141.00 (1399.00, 2926.00) 0.001
Endometrial thickness on hCG trigger day-mm 1.00 (0.90, 1.10) 1.00 (0.90, 1.20) 0.182 0.90 (0.80, 1.10) 0.95 (0.80, 1.10) 0.795
No. of oocytes retrieved 10.0 (6.0, 14.0) 10.0 (7.0, 15.0) 0.164 4.0 (2.75, 8.00) 7.0 (5.0, 10.0) 0.001
No. of good-quality embryos on day 5 or 6 3.0 (2.0, 5.0) 4.0 (3.0, 7.0) < 0.001 2.0 (1.0, 2.0) 2.0 (1.0, 3.5) 0.002

108/354 (30.5%)
51/354 (14.1%)
52/354 (14.7%)
16/354 (4.5%)
35/354 (9.9%)
91/354 (25.7%)
11354 (0.3%)
79/133 (59.4%)

Notes: *Data were missing regarding the luteinizing hormone level on hCG trigger day in | woman in the <38 years-IVF/ICSI subgroup and | woman in the 238 years-IVF/ICSI subgroup, respectively. tData were missing regarding the
estradiol level on hCG trigger day in 3 women in the <38 years-IVF/ICSI subgroup, 19 women in the <38 years-PGT-A subgroup, and 2 women in the 238 years-PGT-A subgroup, respectively.
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had mosaic embryos. Eighteen of them requested to transfer mosaic embryos and ended up with two preterm birth and
four full-term deliveries (all six live births were in the <38 years subgroup).

Pregnancy Outcomes and Neonatal Complications Between Groups

Among <38 years subgroup, 283 women had 251 embryos transferred in 378 transfer cycles. The cumulative rates of live birth
(49.7% in the IVF/ICSI group vs 57.7% in the PGT-A group, P = 0.081) and clinical pregnancy loss (16.8% in the IVF/ICSI
group vs 11.1% in the PGT-A group, P = 0.133) were similar between the two groups. Nevertheless, the cumulative rate of
good birth outcome (35.2% vs 46.4%, P = 0.014) was higher in the PGT-A group compared with the IVF/ICSI group. The
first-time biochemical pregnancy loss rate (17.0% vs 8.7%, P = 0.034) was lower in the PGT-A group compared with the IVF/
ICSI group. In addition, there were no significant differences in pregnancy outcomes after the initial transfer between groups
(Table 3). Among >38 years subgroup, 54 women underwent 67 transfer cycles of single frozen embryo. There was no
significant difference between IVF/ICSI and PGT-A group in cumulative rates of live birth (14.0% in the IVF/ICSI group vs
19.5% in the PGT-A group, P = 0.384) or clinical pregnancy loss (38.9% in the IVF/ICSI group vs 22.2% in the PGT-A group,
P =0.197). Other pregnancy outcomes after the first embryo transfer or following a single oocyte retrieval were also similar
between IVF/ICSI and PGT-A groups (Table 3). We have plotted Figure 1 to show overall pregnancy outcomes and the
changing trends with pregnancy course across study groups. Pregnancy outcomes were universally better in the <38 years
subgroup. Biochemical pregnancy, clinical pregnancy, ongoing pregnancy, and live-birth rate decrease gradually with
pregnancy course. As shown by the yellow dotted lines, both the first-time live birth rate and the cumulative live birth rate
tend to be lower in the IVF/ICSI group and decrease with increasing age.

In addition, to clarify whether PGT-A application would reduce the time to achieve live birth, we compared the time
length from oocyte retrieval to live birth between IVF/ICSI and PGT-A. The results showed no significant difference
between groups no matter in the <38 years or >38 years subgroups. The number of embryos and transfer cycles needed
for achieving live birth were also similar between groups (Table 3). Regarding pregnancy and neonatal complications, the
incidence of gestational hypertension, diabetes and other obstetric or perinatal complications were all similar between the
two groups (Table 4).

Logistic Regression Analysis of Cumulative Live Birth Rate and Good Birth Outcome
To exclude the impact of confounding factors and interactions, we employed the binary logistic regression model, which
is widely used to calculate odds ratio and adjust risk factors.”” In women both aged <38 years and aged >38 years, after
adjusting for confounding factors, including maternal age, BMI, AMH, the number of previous transfer cycles, and
endometrial thickness, there was no association found by the logistic regression analysis between PGT-A treatment and
cumulative live birth rate or good birth outcome rate (Figures 2 and 3, Supplemental Tables 1 and 2). Higher AMH levels

and lower ages were associated with cumulative live birth rate and good birth outcome rate.

Discussion
This study included 705 uRIF couples across more than 7 years and for the first time comprehensively investigated the
efficacy of PGT-A on the cumulative live birth rate after frozen embryo transfer cycles following a single oocyte
retrieval. The female age ranged from 24 to 48 years. Our results showed no evidence of favorable effects of PGT-A
treatment on improving the cumulative live birth rate in uRIF couples regardless of maternal age (<38 years or >38
years). However, the cumulative rate of good birth outcome was higher after PGT-A among women aged <38 years old.
We chose cumulative live birth rate after a given oocyte-retrieval cycle as the primary outcome, which could fully
reflect the final treatment outcome of a treatment cycle and was considered as the most important patient-centered
outcome for evaluating IVF success.'? In most previous studies, clinical pregnancy rate or ongoing pregnancy rate or live
birth rate per embryo transfer were used as the primary outcome to demonstrate a beneficial effect of PGT-A for
RIE.'*!"-1%:26 However, these outcome measures have not taken into account patients who do not obtain transferable
euploid embryos after PGT-A and could not reflect the impact of discarding embryos that may have live-birth potential
but have been diagnosed with false aneuploidy or mosaicism.'” Note that our results showed that the cumulative live
birth rate of uRIF couples after PGT-A was comparable to that of IVF/ICSI.
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Table 3 Cumulative Live-Birth Rate and Secondary Outcomes

Characteristics <38 Years OId P value >38 Years OId P value
IVF/ICSI PGT-A IVF/ICSI PGT-A
(n=179) (n =343) (n =50) (n=133)
Number of transfer cycles 244 378%* 64 671
Number of transfer embryos 251 380 66 67
First-time biochemical pregnancy-no. (%) 103/179 (57.5%) 196/343 (57.1%) 0.930 15/50 (30.0%) 31/133 (23.3%) 0.352
First-time clinical pregnancy-no. (%) 86/179 (48.0%) 179/343 (52.2%) 0.369 12/50 (24.0%) 27/133 (20.3%) 0.586
First-time ongoing pregnancy-no. (%) 76/179 (42.5%) 163/343 (47.5%) 0.270 6/50 (12.0%) 21/133 (15.8%) 0.519
First-time live-birth rate-no. (%) 711179 (39.7%) 158/343 (46.1%) 0.162 6/50 (12.0%) 21/133 (15.8%) 0.519
First-time pregnancy loss-no./total no. (%)
Biochemical 17/100 (17.0%) 171196 (8.7%) 0.034 2/15 (13.3%) 3/31 (9.7%) > 0.999
Clinical 16/100 (16.0%) 22/196 (11.2%) 0.245 6/15 (40.0%) 7/31 (22.6%) 0.378
First trimester 10/100 (10.0%) 16/196 (8.2%) 0.597 5/15 (33.3%) 7/31 (22.6%) 0.674
Second trimester 6/100 (6.0%) 6/196 (3.1%) 0.368 1715 (6.7%) 0/31 (0.0%) -
First-time good birth outcome-no. (%) 52/179 (29.1%) 127/343 (37.0%) 0.068 5/50 (10.0%) 17/133 (12.8%) 0.606
Birth weight
Singleton
No. of observations 68 154 6 21
Mean weight-g 3300.0 (2985.0, 3650.0) 3300.0 (2950.0, 3600.0) 0.869 3140.0 (3087.5, 3475.0) 3250.0 (3000.0, 3300.0) 0.838
Twin
No. of observations 2 3 0 0
Mean weight-g 2525.0 (2412.5, 2750.0) 2805.0 (2685.0, 3127.5) 0.083 - - -
Cumulative biochemical pregnancy-no. (%) 119/179 (66.5%) 234/343 (68.2%) 0.687 18/50 (36.0%) 36/133 (27.1%) 0.238
Cumulative clinical pregnancy-no. (%) 107/179 (59.8%) 219/343 (63.8%) 0.362 13/50 (26.0%) 32/133 (24.1%) 0.786
Cumulative ongoing pregnancy-no. (%) 99/179 (55.3%) 201/343 (58.6%) 0.470 7/50 (14.0%) 26/133 (19.5%) 0.384
Cumulative live-birth rate-no. (%) 89/179 (49.7%) 198/343 (57.7%) 0.081 7/50 (14.0%) 26/133 (19.5%) 0.384
Cumulative pregnancy loss-no./total no. (%)
Biochemical 18/119 (15.1%) 24/234 (10.3%) 0.182 3/18 (16.7%) 3/36 (8.3%) 0.646
Clinical 20/119 (16.8%) 26/234 (11.1%) 0.133 7/18 (38.9%) 8/36 (22.2%) 0.197
First trimester 13/119 (10.9%) 19/234 (8.1%) 0.386 6/18 (33.3%) 8/36 (22.2%) 0.583
Second trimester 7/119 (5.9%) 7/234 (3.0%) 0.304 1/18 (5.6%) 0/36 (0.0%) -
(Continued)
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Table 3 (Continued).

Characteristics <38 Years Old P value >38 Years Old P value
IVF/ICSI PGT-A IVF/ICSI PGT-A
(n=179) (n = 343) (n =50) (n=133)
Cumulative good birth outcome-no. (%) 63/179 (35.2%) 159/343 (46.4%) 0.014 6/50 (12.0%) 22/133 (16.5%) 0.447
Birth weight
Singleton
No. of observations 86 195 7 26
Mean weight-g 3300.0 (2990.0, 3700.0) 3300.0 (3000.0, 3650.0) 0.856 3180.0 (3100.0, 3500.0) 3225.0 (3000.0, 3300.0) 0.842
Twin
No. of observations 3 3 0 0
Mean weight-g 2425.0 (1725.0, 2650.0) 2805.0 (2685.0, 3127.5) 0.033 - - -
Features of live births
Time length from oocyte retrieval to live birth -day 386 (342, 478) 383 (350, 456) 0.705 424 (336, 445) 394 (353, 450) 0.692
Duration of pregnancy-week 39.1 (37.9, 40.0) 39.1 (38.0, 39.9) 0.825 39.3 (383, 40.1) 38.6 (37.4, 39.4) 0.134
No. of embryos being transferred 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.998 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.813
No. of embryo transfer cycles 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.813 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.813

Notes: *In the <38 years-PGT-A group, 283 patients underwent 378 embryo transfer cycles, 60 patients had no embryo transferred. TIn the 238 years-PGT-A group, 54 patients underwent 67 embryo transfer cycles, 79 patients had no
embryo transferred. Data were missing regarding fetal birth weight in | woman in the <38 years-IVF/ICSI subgroup and | woman in the <38 years-PGT-A subgroup.
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Figure | Overall pregnancy outcomes and the changing trends with pregnancy course across study groups.
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The main possible explanations for the ineffectiveness of PGT-A were the high mosaicism proportion and the

unavoidable false-positive results from trophectoderm biopsies, which led to much waste of viable embryos.?” It is

reported that the incidence of embryo mosaicism is estimated to be 3-20% by trophectoderm biopsy.*® Some previous

studies indicated that mosaic embryos may have the potential to develop into chromosomally normal newborns, resulting

Table 4 Adverse Events

Characteristics <38 Years Old P value =38 Years Old P value
IVF/ICSI PGT-A IVF/ICSI PGT-A
(n=179) (n =343) (n =50) (n=133)
Maternal
Ectopic pregnancy* 0/119 (0.0%) 2/234 (0.9%) - 1/18 (5.6%) 0/36 (0.0%) -
Gestational diabetes mellitus* 14/107 (13.1%) 33/219 (15.1%) 0.632 1113 (7.7%) 9/32 (28.1%) 0.272
Preeclampsia or eclampsia* 17107 (0.9%) 4/219 (1.8%) 0.892 0/13 (0.0%) 0/32 (0.0%) -
Gestational hypertension* 9/107 (8.4%) 22/219 (10.0%) 0.637 1113 (7.7%) 2/32 (6.3%) 1.000
Premature rupture of membranes* 0/107 (0.0%) 1/219 (0.5%) - 0/13 (0.0%) 0/32 (0.0%) -
Preterm delivery* 15/107 (14.0%) 24/219 (11.0%) 0.424 0/13 (0.0%) 4/32 (12.5%) -
Placenta previa* 0/107 (0.0%) 2/219 (0.9%) - 0/13 (0.0%) 1/32 (3.1%) -
Cervical incompetence* 1/107 (0.9%) 0/219 (0.0%) - 0/13 (0.0%) 0/32 (0.0%) -
Postpartum hemorrhaget 0/89 (0.0%) 1/199 (0.5%) - 0/7 (0.0%) 0/26 (0.0%) -
(Continued)
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Table 4 (Continued).

Characteristics <38 Years OIld P value >38 Years Old P value
IVF/ICSI PGT-A IVF/ICSI PGT-A
(n=179) (n =343) (n =50) (n=133)
Fetal, after 12 wk through neonatal period
Congenital anomalyf 3/89 (3.4%) 7/198 (3.5%) 1.000 0/7 (0.0%) 0/26 (0.0%) -
Low birth weightf 9/89 (10.1%) 15/198 (7.6%) 0.473 0/7 (0.0%) 2/26 (7.7%) -
Macrosomiaf 10/89 (11.2%) 12/198 (6.1%) 0.127 117 (14.3%) 0/26 (0.0%) -

Notes: *Evaluation was performed in all clinical pregnancies. TEvaluation was performed during or after all deliveries. *Evaluation was performed in all live newborns. Low
birth weight was defined as a value of less than 2500 g. Macrosomia was defined as a birth weight of more than 4000 g.

in a live-birth rate of 30% to 47%.7°>" As shown in our results, there were 18 women request for transfer of mosaic
embryos and 6 women achieved live births after transfer of mosaic embryos. However, mosaic embryos were not
recommended to transfer for safety concern in our center. Furthermore, possible harm for embryo development and
implantation potential caused by trophectoderm biopsies was another important reason.*>

Due to lack of euploid embryos, there were totally 60/343 (17.5%) of women aged <38 years who had no embryos
transferred, while the proportion was as high as 79/133 (59.4%) among women aged >38 years in this study. The
condition that a proportion of PGT-A patients having no euploid embryos to transfer was also the reason for the
discrepancy between the increased live birth rate per transfer and the unimproved live birth rate per patient reported by
the retrospective study by Pantou et al and the multicenter, prospective study by Sato et al'''* Consistently, our study

A Characteristics Pvalue Adjusted OR (95%Cl) <38 years old
PGT-A group 0.270 1.250(0.840-1.840) : - -
Age-yr 0.002 0.910(0.860-0.970) - i
BMI 0.487 0.980(0.930-1.040) H 5-4
Anti-Mullerian hormone-ng/mL 0.017 1.090(1.020-1.170) E-—.—«
Previous embryo transfers-no. 0.948 1.000(0.910-1.110) — : —_
'
Endometrial thickness-mm 0.399 0.730(0.350-1.530) I ] i I
0.0 0.5 1.0 1.5
Adjusted OR (95%Cl)
B Characteristics Pvalue Adjusted OR (95%Cl) 238 years old
PGT-A group 0.866 1.090(0.410-2.920) -
Age-yr 0.001 0.610(0.470-0.810) o= é
BMI 0.497 1.040(0.920-1.180) »Ilq
Anti-Mullerian hormone-ng/mL 0.003 1.320(1.100-1.570) E ——
Previous embryo transfers-no. 0.314 1.120(0.900-1.380) o—i—.—c
1
Endometrial thickness-mm 0.955 0.950(0.180-5.190) : ; | : | |
0 1 2 3 4 5

Adjusted OR (95%Cl)

Figure 2 Logistic regression models showing variables independently associated with in cumulative live-birth rate. The forest map represents the odd ratios of logistic
regression analysis for cumulative live-birth rate in <38 years old group (A) and 238 years old group (B). Adjusted ORs were assessed by binary logistic regression adjusting
for age, BMI, AMH, endometrial thickness, and previous embryo transfers. The squares and horizontal lines indicate the adjusted ORs and 95% Cls.
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A Characteristics Pvalue Adjusted OR (95%Cl) <38 years old
PGT-A group 0.083 1.430(0.960-2.130) : L
Age-yr 0.031 0.940(0.880-0.990) H 45
BMI 0.184 0.960(0.910-1.020) H %.
'
Anti-Mullerian hormone-ng/ml 0.012 1.090(1.020-1.170) 5»—'—4
Previous embryo transfers-no. 0.461 0.960(0.870-1.070) — i—«
'
Endometrial thickness-mm 0.596 0.820(0.390-1.730) | | i | |
0.0 0.5 1.0 1.5 2.0

Adjusted OR (95%Cl)

B Characteristics Pvalue Adjusted OR (95%Cl) 238 years old

PGT-A group 0.951 0.970(0.340-2.770) ——
Age-yr 0.002 0.620(0.460-0.830) [ 4§
BMI 0.904 1.010(0.890-1.150) l-

!
Anti-Mullerian hormone-ng/ml 0.002 1.340(1.110-1.610) Er.-t
Previous embryo transfers—no. 0.238 1.150(0.920-1.430) ol.-<

!
Endometrial thickness-mm 0.539 1.770(0.290-10.860) [ : Il ; ; ; l

0 2 4 6 8 10

Adjusted OR (95%Cl)

Figure 3 Logistic regression models showing variables independently associated with cumulative good birth outcome. The forest map represents the odd ratios of logistic
regression analysis for cumulative good birth outcome in <38 years old group (A) and 238 years old group (B). Adjusted ORs were assessed by binary logistic regression
adjusting for age, BMI, AMH, endometrial thickness, and previous embryo transfers. The squares and horizontal lines indicate the adjusted ORs and 95% Cls.

also showed that the live birth rate after the first embryo transfer per patient was comparable with or without PGT-A
regardless of maternal age (<38 years or >38 years).

Nonetheless, the PGT-A group had a lower first-time biochemical pregnancy loss rate and a higher cumulative good
birth outcome rate among women aged <38 years. First-time biochemical pregnancy loss and good birth outcome have
not been reported by previous studies as indicators for the assessment of PGT-A for RIF. This means that PGT-A
technology might do a better job of selecting embryos with the viability of successfully getting through the whole
pregnancy procedure and achieving a good birth outcome. Moreover, blank skipped transfer cycles due to screening out
aneuploid embryos would reduce the physical and psychological harm on women from possible pregnancy failure, which
are important factors for later obtaining of a good birth outcome.

The effectiveness of PGT-A in the >38 years group is significantly undermined due to low oocyte acquisition, high
aneuploidy and mosaicism rate, and consequently a lot of women have no embryos available for transfer. Consistent with our
findings, two trials targeting AMA couples also found no improvement in the cumulative live birth rate after PGT-A.****

The strengths of the present study are as follows: First, the sample size is large, including 476 couples with PGT-A
and 229 with conventional IVF/ICSI. Second, we performed stratified analysis according to female age and chose the
appropriate outcome measures-the live birth rate and good birth outcome following a single oocyte retrieval cycle as well
as those following the first embryo transfer cycle, which were more clinically relevant. Moreover, we established strict
inclusion and exclusion criteria. For example, we included the first oocyte retrieval cycle after diagnosis of uRIF to
eliminate confounding effects. The limitation of this study was its retrospective nature; therefore, not all variables were
under control. The administration of PGT-A was optional and not randomized.
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Conclusions

The cumulative live birth rate of uRIF patients is comparable between IVF/ICSI and PGT-A regardless of maternal age.
PGT-A benefitted younger uRIF patients (aged <38 years) with a higher cumulative good birth outcome rate than IVF/
ICSI in this study. Our findings would give recommendations for genetic counseling practice in clinics for RIF couples.
PGT-A should be applied with caution. High-quality randomized clinical trials are needed to find patients with
indications that may benefit from PGT-A.
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