
Contemporary Clinical Trials Communications 28 (2022) 100928

Available online 28 May 2022
2451-8654/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

The clinical efficiency of transcriptome-based endometrial receptivity 
assessment (Tb-ERA) in Chinese patients with recurrent implantation 
failure (RIF): A study protocol for a prospective randomized controlled trial 

Wen-bi Zhang a, He Li a, Xiang Lu a, Jun-ling Chen a, Lu Li a, Jiu-cheng Chen c, Han Wu c, 
Xiao-xi Sun a,b,* 

a Shanghai Ji Ai Genetics & IVF Institute, Obstetrics and Gynecology Hospital, Fudan University, Shanghai, 200011, China 
b Key Laboratory of Female Reproductive Endocrine Related Diseases, Obstetrics and Gynecology Hospital, Fudan University, Shanghai, 200011, China 
c Unimed Biotech (Shanghai) Co., Ltd., Shanghai, China   

A R T I C L E  I N F O   

Keywords: 
Endometrial receptivity assessment 
Recurrent implantation failure 
Endometrial receptivity 
Window of implantation 

A B S T R A C T   

Background: Today, approximately 10% of participants in assisted reproductive technology (ART) are defined as 
having recurrent implantation failure (RIF). Recent studies show that endometrial receptivity array can improve 
pregnancy and implantation rates by nearly 20% in women with RIF. However, these studies are limited, with 
little published data in the Chinese population. Recently, we have established a transcriptome-based endometrial 
receptivity assessment (Tb-ERA) method of predicting the endometrial window of implantation (WOI) using 
transcriptome-profiling data of different phases of the menstrual cycle from healthy fertile Chinese women by 
RNA-Seq. It is meaningful to conduct a randomized controlled trial (RCT) to assess the clinical efficiency of Tb- 
ERA in Chinese patients with RIF. 
Methods: In this RCT, a total of 200 RIF patients will be recruited and randomized into 2 groups. Patients in the 
Tb-ERA group will undergo a Tb-ERA test, after which embryo transfer time will be adjusted according to Tb-ERA 
results and embryo transfer will be performed again in the next cycle. Patients in the control group will not 
receive any interventions until the next transfer cycle. We will perform statistical analysis on both groups at the 
primary endpoint (clinical-pregnancy rate) and at secondary endpoints (rate of WOI displacement, embryo 
implantation, biochemical pregnancy, early abortion, and ectopic pregnancy). Implications: This study aims to 
evaluate the effectiveness of our Tb-ERA test in Chinese RIF patients and to determine that whether Tb-ERA 
could improve the clinical-pregnancy rate in these RIF patients. 
Trial registration: NCT04497558, registered August 4, 2020.   

1. Introduction 

Assisted reproductive technology (ART) is an important procedure to 
treat infertility. However, 10% of patients still fail to implant more than 
four high-quality embryos at least three times, which is defined as 
recurrent implantation failure (RIF) [1–3]. RIF brings tremendous eco-
nomic and mental pressure to patients, so it is very important to study 
the etiology of this condition and potential method for intervention [4, 
5]. Although embryonic aneuploidy is the major factor causing RIF 
[6–9], previous studies have revealed the importance of endometrial 
receptivity in RIF patients [10,11]. However, the relationship between 

the embryo and endometrial receptivity (ER) has not yet been suffi-
ciently addressed [12–15]. 

Endometrial receptivity refers to the endometrium’s ability to accept 
embryos, indicating that it is in a state that allows embryonic localiza-
tion, adhesion, and invasion [16–18]. This period is also known as the 
window of implantation (WOI) [19,20]. In 2011, Spanish scholars 
developed a genetic diagnostic tool for assessing endometrial receptivity 
based on gene expression microarray technology, called endometrial 
receptivity array [21]. Endometrial receptivity array is a customized 
deoxyribonucleic acid (DNA) microarray containing 238 genes that are 
differentially expressed at different stages of the endometrial cycle [22, 
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23]. This combined transcriptomic signature can help pinpoint the 
personalized WOI [24,25]. 

In 2013, the Spanish group applied endometrial receptivity array to 
RIF patients [26]. That randomized control trial (RCT) study found that 
about 25.9% of RIF patients had WOI displacement, which is signifi-
cantly higher than the control group. After subsequent personalized 
embryo transfer (pET) guided by endometrial receptivity array, the 
pregnancy rate in nonreceptive RIF patients became similar to that of 
receptive RIF patients. In 2017, a retrospective study by Japanese 
scholars yielded the similar results as the Spanish group [27]. Indian 
scholars also retrospectively compared clinical outcomes in 248 RIF 
patients. The results showed that pET guided by endometrial receptivity 
array in patients of RIF with displaced WOI improved the embryo im-
plantation rate (IR) and ongoing pregnancy rate (OPR) [28]. A retro-
spective review conducted by Tan et al. was performed for 88 patients 
with a history of euploid blastocyst implantation failure, who underwent 
endometrial receptivity array testing between 2014 and 2017. Their 
results showed that IR and OPR after pET were higher (73.7 vs. 54.2% 
and 63.2 vs. 41.7%, respectively) compared to patients without pET 
[29]. 

Combined together, limited studies with small sample sizes have 
been published on endometrial receptivity array in RIF patients 
[26–29]. Nowadays, 15 million infertile women undergo ART in China. 
Unfortunately, there are limited studies on the clinical efficiency of 
endometrial receptivity array in the Chinese population [30]. It is 
largely unknown whether the endometrial receptivity analysis based 
genes expression test would be suitable for this population. Recently, 
our group and Unimed Biotech (Shanghai) company developed a 
transcriptome-based endometrial receptivity assessment method 
(Tb-ERA) based on RNA-seq technology that can be used to predict WOI 
in Chinese patients. The accuracy of endometrial assessment on days 
luteinizing hormone (LH)+3, LH+5, LH+7, and LH+9 was 100% in the 
training set and 85.19% in the validation set [31]. Our Tb-ERA is ac-
curate and sensitive in identifying gene expression signatures of the 
endometrium to pinpoint embryo transfer timing. Of the 238 genes in 
the Spanish endometrial receptivity array, only 133 (55.88%) are shared 
in common with our test, likely due to differences in ethnic back-
grounds, or in profiling methodologies and data analyses. 

The aim of this RCT is to evaluate the efficiency of the Tb-ERA 
developed by our group in Chinese RIF patients and to determine 

Fig. 1. Flow chart of the trial design Tb-ERA, transciptome based endometrial receptivity assessment.  
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whether our Tb-ERA could improve the clinical-pregnancy rate in these 
RIF patients. 

2. Hypothesis 

Our hypothesis is that our Tb-ERA could pinpoint the accurate WOI 
and can systematically survey the prevalence of WOI displacement in 
Chinese RIF patients. Guided by Tb-ERA result, pET will be performed 
and it could improve the clinical-pregnancy rate in these RIF patients. 

3. Methods 

3.1. Trial design 

This will be a two-arm, parallel-control RCT. RIF patients will be 
divided randomly into the Tb-ERA group or the control group at a 1:1 
ratio. Patients in the Tb-ERA group (n = 100) will undergo Tb-ERA, 
while those in the control group (n = 100) will not receive any treat-
ments until the next transfer cycle. In the Tb-ERA group, embryo transfer 
time point will be adjusted according to Tb-ERA results, and embryo 
transfer will be performed again. The flowchart of this protocol is shown 
in Fig. 1. The schedule of patient enrollment, intervention and assess-
ment is shown in Table 1. This study was approved by the Ethics Com-
mittee of Shanghai Ji Ai Genetics & In Vitro Fertilization (IVF) Institute, 
Obstetrics and Gynecology Hospital of Fudan University, Shanghai, 
China (approval number: JIAI E2020-015) and has been registered at 
Clinicaltrials.gov (Identifier NCT04497558). 

Patients who have been diagnosed with RIF while undergoing in vitro 
fertilization (IVF) treatments at Shanghai Ji Ai Genetics & IVF Institute 
(Shanghai, China) will be informed of this trial. Before recruitment, we 
will provide them with the details and an explanation of this trial and 
give them enough time to decide whether to enroll in it. If they intend to 
enroll, and if they meet all of the inclusion criteria and none of the 
exclusion criteria, they will be recruited. After eligible participants sign 
the informed consent (IC) form, they will be randomly allocated to the 
Tb-ERA group or the control group. 

3.2. Study population: inclusion and exclusion criteria 

3.2.1. Inclusion criteria  

● Patients with unexplained RIF (≥3 attempts at embryo transfer, with 
≥4 high-quality embryos failing to implant) [2]. (High-quality em-
bryos were defined as either day-5 blastocysts of at least 4BB ac-
cording to Gardner’s classification or day-3 embryos of at least 7 cells 

grade B according to the Istanbul consensus criteria for cleavage 
stage embryos [32]).  

● Age: 20–40 years  
● Body mass index (BMI): 19–24 kg/m2.  
● Endometrial thickness: ≥7 mm. 

3.2.2. Exclusion criteria  

● Known causes of embryonic-implantation failure, such as infection, 
reproductive-tract malformation, uterine-cavity factors, immune 
factors, or hydrosalpinx.  

● Decreased ovarian function meeting at least two of the following 
criteria: ① basal follicle-stimulating hormone (FSH) 10–25 IU/L, 
and/or estradiol (E2) > 292.8 pmoL/l, and/or FSH/luteinizing hor-
mone (LH) > 3; ② < 5–7 antral follicles on the second to third day of 
menstruation; and/or antimullerian hormone (AMH) < 0.5–1.1 ng/ 
ml [33].  

● People without history of genetic disorders.  
● Patients who have experienced abortions with positive histogenetic 

analysis. 

3.3. Sample size estimation 

This is a two-arm study. According to our previous studies, the 
clinical-pregnancy rate in RIF was elevated by nearly 20% according to 
the endometrial receptivity array test [26–30]. The sample size required 
for a test of equivalence would be 90 in each arm to give a power of 0.8 
and type I error of 0.05. The maximum dropout rate during intervention 
is expected to be approximately 10%. Therefore, we will need a total of 
200 randomized patients (100 per group) in this study. 

3.4. Recruitment, consent and randomization 

Patients at our IVF center who meet the inclusion criteria of this 
study will be informed of overall procedures and given enough time to 
decide whether to enroll. If the patients agree to enroll in the study, they 
will sign a consent form after detailed counseling. During the study, they 
can withdraw at any time. 

Patients who are recruited into this study will be randomly divided 
into two groups by random assignment number. A randomization chart 
will be obtained by a web-based randomization program using random 
blocks (randomization.com). Patients will be assigned into the Tb-ERA 
or control group at a ratio of 1:1.  

1. Patients in the Tb-ERA group will undergo Tb-ERA tests. Embryo 
transfer time will be adjusted and embryo transfer will be performed 
again according to Tb-ERA results.  

2. Patients in the control group will not receive any treatment before 
the next cycle of transfer. 

3.5. Interventions 

3.5.1. Arm 1: Tb-ERA group 
Patients in this group will undergo a Tb-ERA test. From the second 

day of menstruation, estradiol valerate (Progynova; Bayer, Leverkusen, 
Germany) will be administered at 4 mg daily until endometrial thickness 
is ≥ 7 mm. We will test levels of serum hormones, including estradiol 
and progesterone, on that same day. If the progesterone level is ≤ 1.5 
ng/ml, 90 mg progesterone sustained-release vaginal gel (Crinone; 
Merck-Serono, Darmstadt, Germany) will be applied transvaginally per 
day. The day of first Crinone use is referred to as P+0. Endometrial bi-
opsy will be collected on day P+5 by a dedicated physician. 
Endometrial-biopsy samples will be obtained using a disposable uterine- 
cavity tissue suction tube (Yudu medical apparatus and instruments Co., 
Ltd., Suzhou City, China). All collected samples will be transported to 
the laboratory on ice packs and stored in Allprotect Tissue Reagent 

Table 1 
SPIRIT table of enrolment, interventions, and assessments Tb-ERA, tran-
scriptome based endometrial receptivity assessment.  

Enrolment Allocation Post allocation Close-out 

ENROLMENT: 
Eligibility screen ×
Inclusion criteria ×
Exclusion criteria ×
Informed consent ×
INTERVENTION: 
Contro group 
Tb-ERA group ×

ASSESSMENTS: 
Clinical pregnancy rate ×
WOI displacement rate ×
Embryo Implantation rate ×
Biochemical pregnancy ×
Early miscarriage rate ×
Ectopic pregnancy rate ×
Embryo transfer pregnancy rate ×
Adverse events ×
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(76405; QIAGEN, Hilden, Germany) at − 80 ◦C before processing. 
We will extract total RNA from 10 to 20 mg endometrial tissue using 

an RNAprep Pure Tissue Kit (DP341; TIANGEN Biotech Co., Ltd., 
Shanghai, China) per manufacturer’s instructions. RNAs with an RNA 
Integrity Number ≥8.0 will be used for sequencing. In general, poly (A) 
messenger RNA will be enriched from 1 μg total RNA by using VAHTS 
mRNA Capture Beads (N401-02; Vazyme Biotech Co., Ltd., Nanjing, 
China). All poly (A) mRNA will then be used to generate sequencing 
libraries by using a Kapa Stranded RNA-Seq Library Preparation Kit 
(KR0934; Kapa Biosystems Inc., Wilmington, MA, USA) per manufac-
turer’s instructions. Finally, complementary-DNA libraries will be sub-
jected to paired-end 150 bp sequencing on an Illumina NovaSeq 6000 
System (Illumina, Inc., San Diego, CA, USA). Each sample will generate 
approximately 8 GB raw data for data analysis. Transcripts per million of 
gene expression will be calculated based on GENCODE version 19 (https 
://gencodegenes.org) annotations [34,35]. Group-level differ-
ential-expression analysis will be performed by using the R software 
(Ihaka and Gentleman, 1996) package edgeR. Thresholds for differen-
tially expressed genes will be 0.05 for false-discovery rate and 2 for fold 
change. 

According to the Tb-ERA results, embryo transfer time point will be 
adjusted and will be carried out in the following cycle. The protocol of 
the endometrial-preparation method will be artificial replacement, the 
same as in the Tb-ERA test cycle. 

3.5.2. Arm 2: control group 
Patients in the control group will not receive any treatments or other 

interventions before the next cycle of transfer. The protocol of the 
endometrial-preparation method will be artificial replacement, the same 
as for the Tb-ERA group. 

A maximum of 1–2 day-3 embryos or day-5 blastocysts will be 
transferred in each group. We will test serum β-human chorionic 
gonadotropin (HCG) levels 14 days after transfer. If the patient is HCG 
negative, she will stop hormone treatment; if she is HCG positive, she 
will continue hormone treatment until 11 weeks of gestation. 

3.6. Follow-up 

We will collect participants’ demographic and medical information 
during recruitment, including age, BMI (body mass index), time of im-
plantation failure, endometrial thickness during transfer, baseline hor-
mone levels, causes of infertility, duration of infertility, and 
reproductive history. During intervention in the Tb-ERA group, we will 
collect information including levels of serum estradiol and progesterone 
when Crinone is used, endometrial thickness, day of endometrial biopsy, 
and WOI evaluation. After transfer, we will collect information from 
pregnant participants in both groups that will include serum levels at 14, 
21, and 28 days after embryo transfer, as well as ultrasound results at the 
6th, 8th, 10th, and 12th gestational weeks. All adverse events (AEs) and 
treatments during the study should be collected. All of this information 
should be recorded on the common reporting format (CRF) form. 

3.7. Data collection 

Researchers will collect patient information and record it in detail on 
the CRF form. One staff member not involved in data collection will 
check the data and input it into the computer for electronic filing. 
During the study, the data supervisor will check the data weekly. All of 
the data must be saved in paper and electronic format and be kept for 5 
years after the study is completed. Data will be encrypted and stored on 
a server that can be accessed only through a local-area network, and the 
access process is password protected. 

3.8. Outcome measurements 

3.8.1. Primary outcome 
The clinical-pregnancy rate (CPR) will be used as the primary 

outcome. This rate will be calculated after the first transfer cycle of 
recruitment. Clinical pregnancy will be defined as ultrasonographic 
evidence of an intrauterine sac with or without a fetal heart at the 6th 
gestational week. 

3.8.2. Secondary outcomes  

● WOI will be diagnosed by the Tb-ERA computational predictor. This 
will provide us with a recommendation for an estimated personal-
ized WOI in a particular patient. The WOI displacement rate will be 
calculated as the number of WOI displacement/total Tb-ERA test 
number.  

● The embryo implantation rate (IR) will be calculated as the number 
of gestational sacs per embryo transferred.  

● Biochemical pregnancy will be defined by a serum HCG level ≥5.0 
mIU/ml approximately 14 days after embryo transfer.  

● Early miscarriage will be considered pregnancy loss occurring after 
detection of a clinical pregnancy up to the 12th week of pregnancy.  

● The rate of embryo transfer pregnancy (pregnancy/transfer) in both 
groups will be calculated. 

Rates of biochemical pregnancy (BPR), early miscarriage (MR), and 
ectopic pregnancy (EPR) will be measured at 3 months after transfer. 

3.9. Statistical analyses 

Intention-to-treat (ITT) and per-protocol (PP) analyses principles 
will be applied in this study. ITT will include all subjects who participate 
in the treatment, including those who drop out. The PP principle will 
only include all subjects who conform to the study protocol. 

Professional statisticians will analyze the data using SPSS version 
21.0 (IBM Corp., Armonk, NY, USA). Continuous variables will be 
described as mean ± standard deviation (SD). If they conform to normal 
distribution, they will be analyzed using Student’s t-test; if not, they will 
be analyzed using the rank-sum test. Categorical variables will be pre-
sented as the composition ratio and rate and will be analyzed using the 
chi-square (χ2) test or Fisher’s exact test. The confidence interval (CI) 
will be estimated at 95%. P < 0.05 will be considered statistically 
significant. 

4. Discussion 

Nowadays, there are still 10% of IVF patients experiencing RIF, 
which brings emotional, physical, and financial distress to these pa-
tients. Displacement of the WOI and aneuploid embryos are two major 
factors causing RIF [6–11]. Endometrial receptivity array based on 
genes expression profiling is a step forward in improving IVF results 
through identification of the accurate WOI and personalizing embryo 
transfer. The clinical application of the test has been applied in some 
Chinese clinics; however larger studies are still required to validate its 
efficacy. 

Some studies showed improved results, however most of the studies 
are retrospective and the numbers in these studies are not high enough 
to draw definite conclusions [26–30]. Recently, a retrospective multi-
center cohort study was conducted in 2110 RIF patients. Their conclu-
sion showed that endometrial receptivity array does not appear to be 
clinically useful for RIF patients [36]. An RCT study including 86 women 
with a history of RIF and 37 women starting their first fertility treatment 
demonstrated that there were no differences between the groups in the 
overall incidence of displaced ERA test result [37]. The result different 
from previous studies might be related with the different inclusion 
criteria or the limited participants. 
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The number of infertile women undergoing IVF is still large in China, 
but there is no data on ERA in Chinese RIF patients. So it is of value to 
develop an endometrial receptivity analysis method suitable for the 
Chinese population. Therefore, it is vital to identify possible WOI dis-
placements in Chinese RIF patients with our Tb-ERA test and to deter-
mine whether Tb-ERA could improve the clinical-pregnancy rate in 
these RIF patients. Although it is possible that endometrial biopsy may 
affect the results, we could not investigate this further due to ethical 
concerns, which is a limitation in our study. This study aims to evaluate 
the efficacy of our Tb-ERA test in Chinese RIF patients, which may 
significantly improve the success rates in RIF patients undergoing IVF. If 
positive results are obtained, we will expand the study to a multicenter 
study with larger sample size in the near future. 
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