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1  |  INTRODUC TION

Recurrent implantation failure (RIF) remains a challenging issue, al-
though assisted reproductive technology (ART) has improved out-
comes for struggling couples.1,2 Aneuploid embryos are the major 
cause of implantation failure, especially in cases of advanced ma-
ternal age (AMA); however, several studies have demonstrated that 

even euploid blastocysts fail to implant in approximately 40% of 
transfers.3– 5 The failure in implanting a euploid embryo suggests the 
synchronization between the embryo and the window of implanta-
tion (WOI) as another potential cause of RIF.6

Although transcriptomic diagnostic tools are popular, there re-
mains limited evidence of the optimal indication of endometrial re-
ceptivity tests as well as conflicting effects reported on obstetric 
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Abstract
Purpose: To assess the clinical efficacy of personalized embryo transfer (pET) guided 
by a new endometrial receptivity test, ERPeakSM, in patients with recurrent implanta-
tion failure (RIF).
Methods: Recurrent	implantation	failure	patients	of	all	ages	at	two	private	Japanese	
clinics	 from	April	2019	 to	 June	2020	were	 retrospectively	analyzed.	The	 interven-
tion group (n = 244) received pET in accordance with endometrial receptivity testing 
results and was compared to control group (n = 306) receiving standardized timing, 
non- personalized embryo transfer (npET). In propensity score matching analysis, the 
clinical pregnancy rate (CPR) and live birth rate (LBR) were compared between groups, 
and	a	subanalysis	of	advanced	maternal	age	(AMA)	(≥38	years	old)	versus	non-	AMA	
(<38	years	old)	patients	was	also	conducted.
Results: The CPR and LBR of the pET group were significantly higher than those of 
the	npET	group	(37.7%	vs.	20.0%,	adjusted	OR:	2.64;	95%CI,	1.70–	4.11,	p < 0.001 
and	29.9%	vs.	9.7%,	adjusted	OR:	4.13;	95%CI,	2.40–	7.13,	p < 0.001, respectively). 
Furthermore, in the subanalyses, the CPR and LBR of the pET group were significantly 
higher than those of the npET group in both the AMA non- AMA patients.
Conclusions: The new ERPeakSM endometrial receptivity test is a useful alternative 
diagnostic tool for poor- prognosis patients, regardless of age.
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outcomes.6– 14 A recent multicenter randomized controlled study 
investigated personalized embryo transfer (pET) guided by another 
widely used receptivity test found that the use of endometrial re-
ceptivity testing improved both cumulative live birth rates (per 
protocol) and cumulative pregnancy rates (intention- to- treat) after 
1 year compared to standard frozen ET (FET) and fresh ET in good- 
prognosis	patients	aged	≤37	years	without	RIF.15 Given the current 
situation	in	which	the	rate	of	AMA	patients	(aged	≥38	years)	under-
going	ART	is	up	to	59.5%	in	Japan,	and	egg	donation	is	not	allowed,	
evaluating the effect of pET guided by an endometrial receptivity 
test on poor- prognosis AMA patients with RIF is an essential and 
urgent issue.16,17

While	 the	 receptivity	 testing	 conducted	 by	 Simón	 et	 al	 uses	
next- generation sequencing to determine the transcriptomic profile 
of	248	genes,	 the	new	ERPeakSM endometrial receptivity test an-
alyzes	 48	originally	 selected	 genes	 that	 are	 vastly	 distinct	 (only	 7	
in common) using real- time quantitative polymerase chain reaction 
(RT- qPCR), a method reported to have the highest sensitivity, widest 
dynamic range, and least bias for gene expression analysis.

This is the first report to investigate the efficacy of pET guided 
by the newly developed receptivity test. Furthermore, we aimed to 
demonstrate whether poor- prognosis AMA patients with RIF can 
benefit from the endometrial receptivity test to determine its clini-
cal indication.

2  |  MATERIAL S AND METHODS

2.1  |  Patient characteristics

This retrospective cohort study examined obstetric outcomes from 
Japanese	RIF	patients	(N = 1000) of all ages who received in vitro 
fertilization	 (IVF)	 care	 at	 two	 private	 Japanese	 fertility	 clinics	 be-
tween	April	2019	and	June	2020.

A RIF classification was determined in patients who failed to 
achieve clinical pregnancy with three or more IVF cycles in which 
one or two morphologically good- quality blastocysts were trans-
ferred to the patient in each HRT or natural cycle.1,18 Blastocysts of 
grade	≥3BB	on	Day	5	or	6	according	to	the	Gardner	scoring	criteria	
were defined as good- quality embryos.

All patients underwent the following infertility examinations: 
vaginal ultrasound, hysteroscopy, and endometrial biopsy for chronic 
endometritis. Pathology affecting the endometrial cavity, including 
hydrosalpinx, endometrial polyps, submucosal myomas, and chronic 
endometritis, was successfully treated prior to the period examined 
in this study. Patients were also examined for thyroid function and 
thrombophilia and were treated as required. All clinical data were 
retrieved from an electronic medical record system.

2.2  |  Endometrial preparation

All patients underwent HRT prior to endometrial biopsy (mock cycle, 
pET group only) or embryo transfer (transfer cycle, all patients). 

Estradiol (Premarin, transdermal patch, or both when necessary) 
was administered from Day 4 of menses. After identifying a trilami-
nar	 endometrium	measuring	 ≥7.0	mm	 using	 transvaginal	 sonogra-
phy within approximately 14 days following menses, we prescribed 
three	types	of	progesterone	(Utrogestan	vaginal	capsule	800	mg	bid,	
Lutoral tablet 6 mg tid, and Progeston depot intramuscular injection 
125 mg every 3 days) for all patients. We defined the first day of 
progesterone administration as “P + 0.”

2.3  |  Endometrial biopsy

Patients electing to pursue pET underwent a mock cycle of HRT as 
described	above	prior	(1.8	± 1.6 months; average ±	SD)	to	their	em-
bryo transfer cycle. An endometrial biopsy was performed using a 
catheter	 called	 “ENDOSUCTION®” (Hakko Company, Ltd.) on Day 
P + 5 (113 h after progesterone impregnation) in the HRT cycle. We 
inserted the pipelle as far as the cavity. The endometrial sample was 
transferred to a cryotube containing RNAlater® (Invitrogen) and 
shaken 10 times. It was then immediately stored at 4°C for at least 
4 hours and shipped at ambient temperature (from 15 to 25°C) for 
endometrial receptivity testing.

2.4  |  Endometrial receptivity testing

Endometrial receptivity testing was developed and performed by a 
commercial genomics service laboratory (ERPeakSM,	CooperSurgical,	
Inc). Initial development of the test has been described previ-
ously.19,20	Briefly,	184	candidate	genes	were	identified	through	tar-
geted literature review of topics such as implantation, window of 
implantation, embryo attachment, proliferation, differentiation, and 
decidualization. The putative gene panel was then tested in a two- 
arm study comparing the gene expression profiles of healthy donors 
(N =	96)	and	subfertile	patients	(N = 120) at LH + 2 and LH + 7. Of 
the	184	candidate	genes,	85	showed	significant	differences	in	fold	
change between the study groups. Discriminant functional analysis 
paired with principal component analysis then demonstrated that 
48	genes	were	found	to	explain	>99.5%	of	total	sample	variance	in	
estimating the receptivity status of the endometrium. After comple-
tion of panel selection, assay development (RNA isolation, reverse 
transcription, qRT- PCR), and optimization of statistical classifiers, 
the assay was validated in an independent 173 endometrial biopsies, 
demonstrating	robust	accuracy	(CooperSurgical,	internal	data).

2.5  |  Embryo transfer and retrospective analysis

Patients electing to undergo a standard npET underwent embryo 
transfer at P + 5 in an HRT cycle. Patients electing to undergo pET 
had their embryos transferred in accordance with the endometrial 
receptivity test results. Patients receiving a receptive classification 
received an embryo transfer that matched the timing of the biopsy in 
their previous mock HRT cycle (typically P + 5). Patients receiving a 
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pre- receptive or post- receptive classification received embryo trans-
fers 24 h after (typically P + 6) or in advance (typically P + 4), respec-
tively, of their mock HRT cycle biopsy timing. No preimplantation 
genetic testing for embryo aneuploidy was performed, and no patients 
received	oocyte	donations	due	to	Japanese	ethical	concerns.	When	
multiple embryos were selected for transfer, they were transferred 
simultaneously in the same day (the planned ET date). We chose poor- 
quality blastocyst as the second embryo in the pET and npET groups.

Retrospective assessment of clinical outcomes was then per-
formed. Certain exclusion criteria were assessed (Figure 1), including 
patients that: chose a natural hormone cycle rather than HRT, failed 
to produce good- quality blastocysts, decided to forgo embryo trans-
fer, elected standard npET timing rather than pET, or had previously 
received WOI testing only on an alternative platform.

Clinical outcomes were then compared between npET and pET 
groups, with subanalyses done comparing the role of AMA. Clinical 
pregnancy rates (CPR), miscarriage rates, and live birth rates (LBR) 
were documented. CPR were calculated as the total number of clin-
ical pregnancies per ET cycles. Clinical pregnancies were defined 
by the presence of a gestational sac, including spontaneous abor-
tions, while biochemical pregnancies and ectopic pregnancies were 
excluded. Miscarriage rates were calculated as the total number of 
spontaneous abortions before 13 weeks of gestation per the total 
number of clinical pregnancies. LBR were calculated as the total 
number of live births at >22 weeks' gestation per ETs.

2.6  |  Statistical analysis

The statistical analyses were performed using the chi- square test 
or Fisher's exact test for comparisons of outcomes and the Mann– 
Whitney U- test for comparisons of patient characteristics, with sig-
nificance defined as p < 0.05.

Crude	and	adjusted	odds	ratios	(ORs)	and	95%	confidence	inter-
vals (CIs) were calculated. Crude OR was determined by univariate 
logistic	 regression.	 Propensity	 score	matching	 (PSM)	 was	 used	 to	
adjust for potential differences in characteristics between the preg-
nant and non- pregnant patients using multiple logistic modeling. 

Propensity scoring was conducted using maternal age at ovum re-
trieval, anti- Mullerian hormone (AMH) levels, maternal body mass 
index (BMI), gravidity, parity, infertility periods, the number of previ-
ous failed ET, and the number of transferred embryos in proportion 
of	 1:1.	 EZR	 software	 version	 4.1.1	 (Saitama	Medical	 Center,	 Jichi	
Medical	University,	Saitama,	Japan)	was	used	for	statistical	analysis.

3  |  RESULTS

3.1  |  Endometrial receptivity testing results

Of	1000	RIF	patients,	480	(48.0%)	underwent	receptivity	testing	and	
520 (52.0%) did not (Figure 1). The decision of whether to perform 
the receptivity test was made jointly by the patient and the physi-
cian. Within this pET group, 271 (55.4%) patients were found to be 
receptive,	 and	209	patients	 (44.6%)	 displayed	 a	 displaced	window.	
Of	the	patients	with	a	displaced	window,	62.2%	(130/209)	indicated	
a	 pre-	receptive	 state	 and	37.8%	 (79/209)	 showed	 a	 post-	receptive	
state.	A	total	of	four	patients	(0.83%)	required	a	second	biopsy	due	to	
insufficient endometrial tissue, and the results of these biopsies were 
receptive in two patients and pre- receptive in two patients. Eight 
patients wished to receive additional biopsies to confirm the precise 
WOI	and	repeated	the	receptivity	test	at	7,	9,	12,	15,	16,	19,	21,	and	
23 months later, respectively; 100% of the second biopsies showed 
the same receptivity status as their corresponding original biopsy.

3.2  |  Clinical outcomes of the pET and npET groups

Of 550 analyzed RIF patients who passed exclusion criteria (see 
Section	2)	and	underwent	ET,	244	 (average	age:	38.2	± 4.3 years, 
range: 20– 45) were in the pET group and 306 (average age: 
38.5	±	4.1	years,	range:	28–	49)	were	 in	the	npET	group	(Figure	1,	
Table 1). There were no significant differences in patient character-
istics between the pET and npET groups except gravidity and parity. 
Of 244 cases in pET group, 22 with a history of pregnancy or child-
birth with HRT (standard ET) were found to be a pre- receptive or 

F I G U R E  1 Distribution	of	included	
patients. AMA, advanced maternal 
age; ET, embryo transfer; npET, non- 
personalized embryo transfer; pET, 
personalized embryo transfer; RIF, 
recurrent implantation failure. †“Good 
embryo” means a blastocyst of grade 
≥3BB	according	to	the	Gardner	scoring	
criteria
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post- receptive. Among 22 patients, eight patients (36.4%) got preg-
nant after undergoing pET.

After	the	PSM	analysis,	reproductive	outcomes	(CPR	and	LBR)	in	
the pET group were found to be significantly higher than those in the 
npET	group	(37.7%	vs.	18.6%,	adjusted	OR:	2.64;	95%	CI,	1.70–	4.11,	
p <	0.001,	and	29.8%	vs.	9.3%,	adjusted	OR:	4.13;	95%	CI,	2.40–	7.13,	
p < 0.001, respectively). The miscarriage rate in the pET group was 
significantly lower than that in the npET group, whereas the chro-
mosomal abnormality rates of the products of conception (POC) 
were similar between the two groups (Table 2).

Among the participants in the pET group, we also compared the 
clinical outcomes (CPR and LBR) after performing pET (standard ET) 
for receptive patients and pET (arrangement) for displaced WOI pa-
tients. There were no differences in the CPR and LBR between the 
two	groups	(40.5%	vs.	45.2%;	adjusted	OR,	1.21;	95%CI,	0.66–	2.24;	
p =	0.53;	and	32.1%	vs.	33.3%;	adjusted	OR,	1.06;	95%CI,	0.55–	2.01;	
p =	0.87,	respectively).

3.3  |  Clinical outcomes of the AMA and non- 
AMA groups

Of	480	RIF	patients	who	underwent	receptivity	testing,	326	were	
aged	≥38	years	 (average	age:	41.8	±	2.6	years,	 range:	38–	49)	and	
154 were aged <38	 years	 (average	 age:	 34.0	± 2.7 years, range: 
20– 37; Table 3). Although there was no significant difference in the 
frequency of displaced window detected by the receptivity test be-
tween the two groups, the rate of pre- receptive status was higher 
in	patients	aged	≥38	years	than	in	those	aged	<38	years	(OR:	1.82;	
95%CI,	1.00–	3.31,	p = 0.064).

Of 550 analyzed RIF patients who underwent pET or npET 
with morphologically good- quality embryos, 334 (average age: 
41.2 ±	 2.1	 years,	 range:	 38–	49)	were	 in	 the	AMA	group	 and	 216	
(average age: 34.1 ±	2.6	years,	range:	20−37)	were	in	the	non-	AMA	
group.	After	PSM,	82	pET/non-	AMA	patients	were	matched	to	82	
npET/non-	AMA	patients	and	129	pET/AMA	patients	were	matched	
to	129	npET/AMA	patients.	Under	the	PSM	analysis,	 the	CPR	and	
LBR of the pET/non- AMA group were significantly higher than 
those of the npET/non- AMA group (42.7% vs. 24.4%, adjusted OR: 
2.31;	95%	CI,	1.18–	4.50,	p = 0.014, and 35.7% vs. 12.2%, adjusted 
OR:	 3.94;	 95%	 CI,	 1.77–	8.78,	 p < 0.001, respectively) (Table 4). 
Interestingly, the CPR and LBR of the pET/AMA group were also 
significantly higher than those of the npET/AMA group (34.1% vs. 
14.7%,	adjusted	OR:	3.00;	95%	CI,	1.63–	5.50,	p <	0.001,	and	24.8%	
vs.	4.7%,	adjusted	OR:	6.76;	95%	CI,	2.72–	16.8,	p < 0.001, respec-
tively) (Table 5, Figure 2).

4  |  DISCUSSION

To our knowledge, this is the first report on the clinical outcomes 
of pET using the new ERPeakSM endometrial receptivity test in 
RIF patients. pET guided by the receptivity test was effective for 

patients with RIF. Additionally, utilization of receptivity testing of-
fered improved reproductive outcomes in both the AMA and non- 
AMA groups.

This	test	analyzes	48	selected	genes	by	RT-	qPCR.	Due	to	its	abil-
ity to measure minute amounts of nucleic acid within a sample in a 
linear fashion over many orders of magnitude of difference in con-
centrations,21 RT- qPCR is widely considered the optimal method for 
gene expression quantification. One of the shortcomings of other 
widely utilized receptivity tests is a high retest rate. Previous stud-
ies report that 10.0%– 36.4% of patients who received such testing 
results needed a second biopsy to detect the WOI.11,13,22,23 In the 
current study, >99%	of	patients	were	given	their	results	after	just	a	
single biopsy using the ERPeakSM test. The robust nature and very 
high sensitivity of this platform is very important clinically, as it 
promotes taking smaller biopsies, minimizing any discomfort expe-
rienced by the patient. Additionally, very high success rates protect 
patients from needing to undergo an additional HRT cycle and bi-
opsy, saving resources, time, and discomfort.

Interestingly, the selection and validation of the gene panel used 
in this endometrial receptivity test utilized samples from both fertile 
and subfertile women under both natural hormones and HRT, which 
contrasts with the development of other receptivity tests which 
utilize only fertile women during their natural menstrual cycle.11 
Considering the differences in gene expression between fertile and 
infertile women as well as the difficulty of reproducibility in the natu-
ral menstrual cycle, the method of gene panel selection in ERPeakSM 
may be reasonable.13,24 Additionally, one concern in endometrial re-
ceptivity testing is whether the technology can consistently identify 
an accurate WOI using a biopsy obtained in a mock cycle when the 
transfer will be performed in a separate, subsequent cycle. To this 
point, it was very reassuring to see that 100% of patients (N =	8)	
who underwent follow- up confirmatory testing with a second bi-
opsy obtained in a different cycle (15.3 ± 5.7 months; average ±	SD)	
had their original result confirmed, indicating a high degree of clas-
sification precision and physiological consistency. Moreover, 22 pa-
tients in the pET group had a history of pregnancy or childbirth with 
HRT (standard ET) that resulted in not- receptive status detected by 
ERPeakSM testing. The dynamic hormonal change during pregnancy 
or maternal aging might affect gene expression of the endometrium 
as it is a hormonally regulated organ.

In this study, pET guided by the ERPeakSM endometrial receptiv-
ity test led to significantly improved obstetric outcomes in patients 
with RIF compared to outcomes in patients in the control group 
who did not undergo ERPeakSM testing. Concerning the endometrial 
receptivity analysis (ERA) test, there have been limited studies re-
porting that pET guided by the test was superior to the standard ET 
without checking the receptivity statuses. Instead, several reports 
have shown similar clinical results after performing pET in displaced 
WOI patients and standard ET in receptive patients, concluding 
that the clinical outcomes of pET in those with non- receptive en-
dometrium increased to a level similar to that of the receptive pa-
tients.22,23,25	In	2020,	Simon	et	al.	published	an	RCT	evaluating	the	
reproductive outcomes of pET guided by the ERA tests. Interestingly, 
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they showed a significant improvement in the cumulative live birth 
rate in patients undergoing pETs compared with that of frozen ETs 
(71.2% and 55.4%, p = 0.04). However, they did not show any dif-
ferences in obstetric outcomes after the first ET.15 Besides, a single- 
center cohort study reported that the live birth rates for the ERA 
and non- ERA groups were not significantly different after perform-
ing propensity score matching.14 Another recent retrospective study 
concluded	that	the	use	of	the	ERA	test	in	488	women	with	RIF	who	
underwent preimplantation genetic testing for aneuploidy (PGT- A), 
ERA, or ERA+PGT- A did not show any advantage.26 Although our 
study could not evaluate euploid embryo transfers, using this new 
endometrial receptivity test can have several benefits in patients 
with RIF. However, further RCTs of euploid pET based on ERPeakSM 
testing are required.

To pursue the synchronization between an embryo and the WOI, 
the uniformity of patient characteristics and ET methods is of critical 
importance because several factors can influence endometrial gene 
expression, including chronic endometritis, BMI, and luteal support 
protocol.27–	29 To eliminate these biases, all RIF patients in this study 
underwent	endometrial	biopsies	for	CD138	immunohistochemistry	
to detect chronic endometritis and, if diagnosed, were treated before 
receptivity testing. Additionally, no significant difference was found 
in BMI between the compared groups as shown in Table 1, although 
almost	all	patients	were	 in	 the	normal	 range	 (BMI	19–	24.9	kg/m2). 
Furthermore, our standard programmed HRT cycle was conducted 
for all patients in both the mock cycle to obtain a biopsy and in the 
embryo transfer cycle, ensuring consistent endocrinology and gene 
network activation. We focused on FET with our unified programmed 
HRT with the same medications and excluded natural cycles in the 
current study to more precisely synchronize implantation timing of 
the blastocyst with the WOI, whereas many studies utilizing other 
receptivity tests included ET with natural cycles. In natural cycles, it 
is more difficult to control the precise time when progesterone starts 

to rise compared to HRT cycles. A premature rise in progesterone 
and shifted endometrial secretory transformation can occur in the 
natural cycle and result in a shifted WOI, leading to dyssynchrony 
between an embryo and the endometrium.24 Electing to forgo these 
added measures might be one of the reasons why the efficacy of 
other receptivity tests is still controversial in recent studies.9,14

We also compared the data of patients in the pET (standard ET) 
and pET (arrangement) groups and found that there were no differ-
ences in clinical outcomes (CPR and LBR), in line with the findings 
of previous studies that used the ERA test.22,23 That the receptive 
patients can also benefit from ERPeakSM testing might be attributed 
to endometrial scratching which is a technique proposed to facilitate 
embryo implantation. A previous large RCT showed the same LBRs 
in the scratch and control groups and failed to find a positive effect 
in	a	subgroup	analysis	of	women	with	≥2	 IVF	 failures.30 However, 
another RCT reported that women with three or more previous im-
plantation failures presented a significant increase in clinical preg-
nancy rate after scratching.31 As we defined RIF as having three or 
more implantation failures, scratching by endometrial biopsy might 
have affected the clinical outcome in this study.

In the current study, the miscarriage rate in RIF patients was sig-
nificantly reduced by pET when compared to npET. A previous ret-
rospective cohort study reported that pregnancies by ET with Day 2 
donated embryos were achieved following 2– 5 days of progesterone 
administration, with the optimal WOI being after 3– 4 days of proges-
terone.32 The idea of an optimal WOI is supported by a subsequent 
study that demonstrated that delayed implantation on the edge of 
the WOI can lead to an increased risk of early pregnancy loss due 
to abnormal placentation.33,34 In our study, the rates of abnormal 
chromosomal detection in the POC were similar between the pET 
and npET groups. If the endometrial receptivity test could reduce 
the miscarriage rate rather than chromosomal abnormality, the chro-
mosomal abnormality rate would have been higher in the pET group 

TA B L E  1 RIF	patients’	profiles	and	reproductive	outcomes	before	propensity	score	matching	of	the	personalized	embryo	transfer	(pET)	
and non- personalized embryo transfer (npET) groups

pET npET Crude odds ratio (95%CI) p- value

Patients: N 244 306 – – 

Age (years), mean ±	SD 38.2	± 4.3 38.5	± 4.1 – 0.37

AMH (ng/ml), mean ±	SD 3.00 ± 2.7 3.19	± 3.1 – 0.44

BMI (kg/m2), mean ±	SD 21.2 ± 2.4 20.9	± 2.4 – 0.31

Gravida: N (%) 139	(57.0) 268	(87.6) – <0.001

Parity: N (%) 32 (13.1) 66 (21.6) – 0.015

Infertility periods (months), mean ±	SD 44.8	± 22.6 42.3±23.0 – 0.21

No. of previous failed ET, mean ±	SD 5.64 ± 2.7 5.83	± 3.3 – 0.46

No. of transferred embryos per ET, mean ±	SD 1.39	± 0.5 1.41 ± 0.5 – 0.50

Clinical pregnancy rate: N (%) 92/244	(37.7) 59/306	(19.3) 2.53	(1.73−3.72) <0.001

Miscarriage rate: N (%) 19/92	(20.7) 30/59	(50.8) 0.25	(0.12−0.52) <0.001

Abnormal chromosomal rate of POC: N (%) 5/6	(83.3) 11/14	(78.6) 1.36	(0.11−16.6) 1.00

Live birth rate: N (%) 73/244	(29.9) 29/306	(9.5) 4.08	(2.55−6.53) <0.001

Abbreviations:	POC,	products	of	conception;	RIF,	recurrent	implantation	failure;	SD,	standard	deviation.
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than in the npET group. However, we could not find any differences 
on the chromosomal abnormality rate between the two groups. This 
could be attributed to the limited number of the cases receiving POC. 
A recent randomized control study also suggested that inadequate 

progesterone supplementation exposure time can cause early preg-
nancy loss because of the insufficient decidualization of the endome-
trium.35 Thus, performing pET at the optimal WOI may be important 
to prevent early pregnancy loss and improve obstetric outcomes.

TA B L E  2 RIF	patient	outcomes	in	the	personalized	embryo	transfer	(pET)	and	non-	personalized	embryo	transfer	(npET)	groups	after	
propensity score matching

pET npET Adjusted odds ratio (95%CI) p- value

Propensity- matched patients: N 215 215 – – 

Age (years), mean ±	SD 38.5	± 4.1 38.2	± 4.3 – 0.45

AMH (ng/ml), mean ±	SD 2.89	± 2.7 3.18	± 3.2 – 0.30

BMI (kg/m2), mean ±	SD 21.1 ± 2.4 21.1 ± 2.4 – 0.92

Gravida: N (%) 132 (61.4) 131	(60.9) – 0.87

Parity: N (%) 30 (14.0) 26 (12.1) – 0.65

Infertility periods (months), mean ±	SD 44.4 ± 23.3 44.2 ± 23.6 – 0.99

No. of previous failed ET, mean ±	SD 5.64 ± 2.7 5.79	± 3.4 – 0.55

No. of transferred embryos per ET, mean ±	SD 1.41 ± 0.5 1.41 ± 0.5 – 0.87

Clinical pregnancy rate of: N (%) 81/215	(37.7) 40/215	(18.6) 2.64	(1.70−4.11) <0.001

Miscarriage rate: N (%) 17/81	(21.0) 20/40 (50.0) 0.27	(0.12−0.60) 0.002

Abnormal chromosomal rate of POC: N (%) 4/6 (66.7) 8/10	(80.0) 0.50	(0.05−4.98) 0.60

Live birth rate: N (%) 64/215	(29.8) 20/215	(9.3) 4.13	(2.40−7.13) <0.001

Abbreviations:	POC,	products	of	conception;	RIF,	recurrent	implantation	failure;	SD,	standard	deviation.

TA B L E  3 Receptivity	statuses	according	to	the	receptivity	testing	of	RIF	patients	aged	≥38	years	and	those	aged	<38	years

Age ≥38 years Age <38 years Odds ratio (95%CI) p- value

Patients: N 326 154 – – 

No. of R/total analyzed 182/326	(55.8) 89/154	(57.8) 0.92	(0.63–	1.36) 0.69

No. of NR/total analyzed 144/326 (44.2) 65/154 (42.2) 1.08	(0.74–	1.60) 0.69

No. of pre- receptive/NR 96/144	(66.7) 34/65 (52.3) 1.82	(1.00–	3.31) 0.064

No. of post- receptive/NR 48/144	(37.8) 31/65 (47.7) 0.55	(0.29–	1.04) 0.064

Abbreviations: NR, not- receptive; R, receptive; RIF, recurrent implantation failure.

TA B L E  4 RIF	patient	profiles	and	outcomes	of	the	pET/non-	AMA	and	npET/non-	AMA	groups	after	propensity	score	matching

pET/non- AMA npET/non- AMA Adjusted odds ratio (95%CI) p- value

Propensity- matched patients: N 82 82 – – 

Age (years), mean ±	SD 34.4 ±	2.8 34.1 ± 2.4 – 0.44

AMH (ng/ml), mean ±	SD 4.15 ± 3.0 4.10 ±	3.9 – 0.46

BMI (kg/m2), mean ±	SD 20.9	± 2.5 20.6 ± 2.2 – 0.57

Gravida: N (%) 38	(46.3) 34 (41.5) – 0.75

Parity: N (%) 5 (6.1) 5 (6.1) – 1.00

Infertility periods (months), mean ±	SD 43.9	± 21.4 42.9	± 22.4 – 0.58

No. of previous failed ET, mean ±	SD 5.41 ± 2.4 5.09	± 3.1 – 0.053

No. of transferred embryos per ET, mean ±	SD 1.37 ± 0.5 1.35 ± 0.5 – 0.87

Clinical pregnancy rate: N (%) 35/82	(42.7) 20/82	(24.4) 2.31	(1.18−4.50) 0.014

Miscarriage rate: N (%) 6/35 (17.1) 10/20 (50.0) 0.21	(0.05−0.84) 0.015

Abnormal chromosomal rate of POC: N (%) 1/2 (50.0) 3/6 (50.0) – 1.00

Live birth rate: N (%) 29/82	(35.4) 10/82	(12.2) 3.94	(1.77−8.78) <0.001

Abbreviations: AMA, advanced maternal age; npET, non- personalized embryo transfer; pET, personalized embryo transfer; POC, products of 
conception; RIF, recurrent implantation failure.
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To the best of our knowledge, there have been no other reports 
on the clinical characteristics and outcomes of pET focused on AMA 
patients. According to the ERPeakSM endometrial receptivity test, 
approximately 40% of RIF patients had a displaced WOI in both 
patients	 aged	 ≥38	 years	 and	 those	<38	 years,	 which	 is	 relatively	
consistent with the findings of previous studies that reported not- 
receptive rates of 40.0% and 45.7%, respectively, after using other 
receptivity tests.7,14 Interestingly, in the pET patients found to have 
a displaced window, a higher percentage of pre- receptive state was 
observed	in	patients	aged	≥38	years	than	in	those	aged	<38	years,	
suggesting that the WOI could be displaced backwards in older pa-
tients (Table 3). On the contrary, post- receptive patients were more 
frequently observed in ERPeakSM test compared to the ERA test. The 

misalignment of receptivity status between the two tests might be 
caused by differences of used platforms and gene panels.

Notably, obstetric outcomes in both the AMA group and the 
non- AMA group were significantly improved by pET guided by these 
receptivity results. This would indicate that pET is beneficial, even 
for AMA patients with RIF. Interestingly, the pET/AMA group had 
better clinical results (i.e., CPR and LBR) compared to the npET/Non- 
AMA group, suggesting that chromosomal abnormalities due to an 
age factor and an endometrial factor might have been major causes 
of IVF failures. Besides, we assumed that non- AMA patients with 
RIF would have other unsolvable factors, such as an immune fac-
tor, other than the embryo or endometrial factor, resulting in poor 
outcomes.2 These might be the reasons why the pET/AMA group 

TA B L E  5 RIF	patient	profiles	and	outcomes	of	the	pET/AMA	and	npET/AMA	groups	after	propensity	score	matching

pET/AMA npET/AMA Adjusted odds ratio (95%CI) p- value

Propensity- matched patients: N 129 129 – – 

Age (years), mean ±	SD 41.4 ±	1.9 41.0 ± 2.2 – 0.13

AMH (ng/ml), mean ±	SD 2.18	±	1.9 2.43 ± 2.2 – 0.43

BMI (kg/m2), mean ±	SD 21.4 ± 2.2 21.4 ± 2.6 – 0.55

Gravida: N (%) 96	(74.4) 96	(74.4) – 0.51

Parity: N (%) 24	(18.6) 28	(21.7) – 0.53

Infertility periods (months), mean ±	SD 45.1 ± 23.4 44.3 ± 21.1 – 0.86

No. of previous failed ET, mean ±	SD 5.83	±	2.8 5.93	± 3.3 – 0.94

No. of transferred embryos per ET, mean ±	SD 1.43 ± 0.5 1.38	± 0.5 – 0.42

Clinical pregnancy rate: N (%) 44/129	(34.1) 19/129	(14.7) 3.00	(1.63−5.50) <0.001

Miscarriage rate: N (%) 12/44 (27.3) 13/19	(68.4) 0.17	(0.05−0.56) 0.0043

Abnormal chromosomal rate of POC: N (%) 4/4 (100.0) 6/6 (100.0) – 1.00

Live birth rate: N (%) 32/129	(24.8) 6/129	(4.7) 6.76	(2.72−16.8) <0.001

Abbreviations: AMA, advanced maternal age; npET, non- personalized embryo transfer; pET, personalized embryo transfer; POC, products of 
conception; RIF, recurrent implantation failure.

F I G U R E  2 Odds	ratio	(95%	confidence	interval)	for	clinical	pregnancy	rates	and	live	birth	rates	of	matched	subgroup	patients.	AMA,	
advanced maternal age; npET, non- personalized embryo transfer; pET, personalized embryo transfer
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presented better reproductive outcomes compared to the npET/
Non-	AMA	group.	While	a	randomized	control	trial	by	Simon.	et	al	in	
2020 was well designed, they only selected good- prognosis patients 
aged	≤37	years	without	RIF.15 Although chromosomal abnormality is 
thought to be the major cause of implantation failure for AMA pa-
tients, we should reconsider the synchronization between the em-
bryo and the WOI in AMA patients as possible major cause of RIF. 
A further randomized control study of euploid pET in AMA patients 
with RIF is required.

This	is	the	first	cohort	using	a	PSM	analysis	to	compare	RIF	pa-
tients undergoing the new endometrial receptivity test, ERPeakSM, 
after failed ETs with RIF patients whose endometrial receptivity 
was not assessed. Other strengths of this study include the large 
sample size and the unified luteal support protocol in an HRT cycle, 
which can lead to stable endometrial gene expression.13,29 There 
are several limitations, including the retrospective nature of the 
study.	Some	hypothesize	that	minor	endometrial	trauma	(e.g.,	en-
dometrial scratching) may impact embryo implantation, and this 
phenomena was not tested here with a patient group that under-
went biopsy but did not receive testing. Embryos were selected for 
transfer by morphology alone, rather than by chromosomal screen-
ing, which may have affected clinical outcomes. Further investiga-
tions using euploid embryos are needed to confirm the efficacy of 
this improved endometrial receptivity test. pET guided by an endo-
metrial receptivity test can be a useful protocol to compensate for 
the failed implantation of euploid embryos, even in AMA patients.

Our data support the clinical use of a new endometrial recep-
tivity test in patients with RIF. For the first time, we show clinical 
evidence that pET guided by the ERPeak test can be useful in the 
treatment of RIF patients, including those with AMA, whereas fur-
ther consideration will be needed to determine whether the same 
result is obtained in pET using euploid embryos.
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