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eMount Sinai Fertility, Mount Sinai Hospital, Toronto, ON, Canada; fLunenfeld-Tanenbaum Research Institute, Sinai Health System, Toronto,
ON, Canada

ABSTRACT
For patients with recurrent implantation failure in IVF, histologic or transcriptomic testing of the
endometrium during the mid-secretory phase is often considered. Histological dating of endo-
metrial biopsies (Noyes criteria) can determine if endometrial morphology is consistent with the
period of receptivity. Alternatively, endometrial tissue can be sent for a commercial Endometrial
Receptivity Array (ERA) test which characterizes the gene expression of the endometrium using
a panel of 238 genes that have been implicated in endometrial receptivity. This study aimed to
compare the two tests to assess their concordance and to examine the ability of the ERA to
successfully predict implantation and pregnancy in a subsequent personalized embryo transfer.
A retrospective review was done of 97 patients with a history of implantation failure who under-
went an ERA, 35 of whom had histologic dating on the same sample. ERA and histology were
classified as ‘concordant’ when samples were receptive by both tests or non-receptive by both
tests. The ERA result was then used to personalize the embryo transfer day, and pregnancy rates
from the first subsequent frozen transfer cycle were analyzed. The results indicated that there is
poor concordance between ERA and histological dating with only 40.0% agreement and a kappa
(95%CI) = −0.18 (−0.50, 0.14). According to the ERA, 48.5% of biopsies were receptive, 47.4% were
non-receptive and 2.01% were insufficient tissue for analysis. The clinical pregnancy rate in
patients shown to be receptive by ERA was 26.7% and non-receptive was 22.5% following the
subsequent personalized ET (p = 0.66). This study concludes that there is a high degree of
discordance between histological dating of the endometrium and molecular analysis by ERA.
There was no evidence of clinical benefit when embryo transfer was personalized according to
ERA in patients with a history of implantation failure.
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Introduction

While advancements in stimulation protocols and
laboratory techniques have steadily improved in vitro
fertilization (IVF) outcomes, implantation failure
remains a clinical challenge. A leading problem in
reproductive medicine is recurrent implantation failure
(RIF), which refers to patients who fail to conceive after
repeated transfers of high-quality embryos, although
a consensus definition is still lacking with respect to
the minimum number of failed transfers. An often-
quoted definition proposed by Coughlan and colleagues
defines RIF as the failure to achieve a clinical pregnancy
after transfer of at least four ‘good-quality’ embryos,
but proposed definitions have ranged from ≥3 failed
‘high-quality’ embryo transfers to ≥10 failed embryos
(Stern et al. 2003; Simon and Laufer 2012; Coughlan
et al. 2014). Successful implantation requires an

intricate dialogue between a competent embryo and
a receptive endometrium. While failed implantation is
often attributed to embryonic factors, after multiple
high-quality embryos have failed to implant, non-
embryonic factors such as defects in endometrial recep-
tivity must be considered (Revel 2012).

Our understanding of human endometrial receptiv-
ity is nascent, as is our ability to evaluate the endome-
trium for its readiness for implantation. It is known
that the endometrial environment is not conducive to
implantation throughout the menstrual cycle. Classic
studies have established that the endometrium is only
receptive during a narrow ‘window of implantation
(WOI)’ that coincides with the development of
a blastocyst. In physiologic cycles, this WOI starts in
the mid-secretory phase, approximately 7 days after the
LH surge and lasts for 4–5 days (Bergh and Navot 1992;
Wilcox et al. 1999). In assisted reproduction, this
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receptive state is recapitulated by the supraphysiologic
levels of estrogen and progesterone produced in fresh
embryo transfer cycles or by exogenous hormones
administered in the case of frozen embryo transfers.

Although the temporal boundaries of the physiologic
WOI have been delineated during the natural men-
strual cycle, accurate diagnostic tools to assess endome-
trial receptivity are lacking for patients with infertility
or RIF. The standard of care for endometrial evaluation
in IVF is ultrasonographic measurement of endometrial
thickness during the proliferative phase. However,
ultrasound measurements are prone to observer varia-
bility, have poor predictive value for implantation, and
are often normal in the RIF population (Järvelä et al.
2005; Bonilla-Musoles et al. 2013). Since the 1950s,
histological dating of secretory phase endometrial biop-
sies using Noyes’ criteria has been used in ‘mock’ cycles
to assess whether the endometrium exhibits appropri-
ate histological response to the duration of progester-
one exposure (Noyes et al. 1950). However, the
functional relevance of histological dating has been
called into question, and its accuracy suffers from sig-
nificant intra- and inter-observer variability (Smith
et al. 1995; Murray et al. 2002).

More recently, the Endometrial Receptivity Assay or
ERA (Igenomix, Valencia, Spain) was developed as an
objective transcriptomic test of endometrial receptivity,
which characterizes the endometrium as ‘receptive’ or
‘non-receptive’ based on the expression of 238 genes
(Díaz-Gimeno et al. 2011). The developers of this test
have suggested that the window of implantation may be
displaced in some patients with RIF, leading to the
concept of personalized embryo transfer (pET) deter-
mined by an individual’s transcriptomic panel (Ruiz-
Alonso et al. 2013). Like histological dating, the ERA
requires an endometrial biopsy obtained in a mock
cycle, but it is significantly more costly. Although this
commercial test is purportedly superior to histological
dating in fertile populations (Díaz-Gimeno et al. 2013),
this has not been clearly demonstrated in the RIF
population. While most of the available literature on
ERA outcomes has been published by the ERA devel-
opers (Díaz-Gimeno et al. 2013; Ruiz-Alonso et al.
2013; 2014), several other independent research teams
have started to evaluate the outcomes of pET using the
ERA. These studies have been limited by small sample
sizes (Hashimoto et al. 2017; Tan et al. 2018; Bassil
et al. 2018), and skewed toward patients with more
favorable prognoses (Tan et al. 2018; Bassil et al.
2018; Neves et al. 2019)

The objectives of this study we twofold: a) to compare
the results of histological dating to ERA testing, and 2) to
assess the ability of the ERA to predict implantation and

pregnancy in a subsequent pET in patients with implan-
tation failure. To our knowledge, this is the largest report
of the validity of ERA as a diagnostic tool and of the
outcomes following pET, exclusively in patients with
a history of implantation failure.

Results

Results of the ERA were reported for 97 patients with
a history of implantation failure, with 35 undergoing
concurrent histological dating. There was a total of
151 personalized embryo transfer cycles from 97
patients included in the data set. Of these 97 patients,
65 (67%), 20 (20.6%), 7 (7.2%), 1(1%), 3 (3.1%) and 1
(1%) patients had 1,2,3,4,5 and 6 personalized embryo
transfer cycles following ERA, respectively. Initial ERA
results were R in 48.5% (47/97) of patients, NR in
47.4% (48/97) of patients and insufficient in 2.01% (2/
97). These numbers are reflected in Figure 1. Timing of
non-receptive results varied from 12 hours pre- or
post- WOI to 48 hours pre- or post-WOI. The patients
with insufficient endometrial biopsies and those with
missing personalized embryo transfers were excluded.
The remaining 93 patients (146 cycles) formed the
study population (NR = 46, R = 47).

Table 1 shows the baseline demographics of these
patients, with no significant differences identified
between the R and NR groups in terms of age, BMI,
or history of failed cycles. There was a statistical but not
clinical difference in ovarian reserve (AFC, AMH)
between the groups. Prior to ERA, the R group had
failed to conceive after the consecutive transfer of
a mean of 3.85 embryos and the NR group a mean of
3.78 embryos (p = 0.89). A similar proportion of
women in both groups had undergone pre-
implantation genetic testing – aneuploidy (PGT-A)
(36.4% R vs 28.6% NR, p = 0.45) or egg donation
(19.6% R vs 8.7% NR, p = 0.17). An average number
of 1.17 embryos were transferred in the R group and
1.25 in the NR group (p = 0.70).

Outcomes following pET

Table 2 represents the clinical outcomes for women who
underwent a subsequent pET guided by their ERA
results. For the R group, the implantation rate from
pET was 25.0%, where 26.7% achieved clinical preg-
nancy. 10% of these women went on to have a live
birth. In comparison, the implantation rate from pET
for NR women was 35.5%, clinical pregnancy achieved
in 22.5% and 0 patients went on to have a live birth.

We conducted a multiple logistic regression analysis
to further compare the clinical pregnancy rate adjusted
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for the number of embryos transferred. For all first
cycles following the ERA test, of 93 patients, the odds
ratio (95%CI) of clinical pregnancy (receptive vs non-
receptive) was 1.22 (0.45, 3.30). No statistical signifi-
cance was observed.

Concordance

The endometrial receptivity results of 35 ERAbiopsies were
compared to histological dating of the same biopsies for
concordance. As shown in Table 3, the two tests were only

Figure 1. Pathway of ERA testing.The following infographic depicts the diagnostic workup for patients, beginning with initial ERA.
Patients who were receptive on the first ERA continued to embryo transfer without any further workup. Patients who were non-
receptive had the option to continue to embryo transfer or were offered a second ERA with an adjusted mock-cycle. 14/48 patients
chose to re-try their ERA with the results indicated above.

Table 1. Comparison of the characteristics for all patients in the study for their first ERA.
ERA

Non-receptive Receptive p-value

Subject (N) 46 47
Age (year), mean(sd) 36.1(4.0) 35.9(3.8) 0.77
AMH, median (IQ range) 19.0 (9.73, 29.9) 21.3 (14.0, 28.4) 0.030
AFC, median (IQ range) 15.0 (9, 24) 18.0 (12, 32) 0.042
BMI, mean (sd) 26.1 (6.92) 23.8(3.50) 0.07
Number of failed fresh embryo transfer cycles prior to ERA, mean(sd) 1.09 (1.04) 0.68 (0.93) 0.51
Number of frozen embryo transfer cycles prior to ERA, mean(sd) 2.28(1.56) 2.68(1.81) 0.26
Number of failed embryos transferred prior to ERA, mean(sd) 3.78 (2.58) 3.85 (2.62) 0.89
PGT-A, %(n/N) 36.4 (16/44) 28.9 (13/45) 0.45
Histology reported, %(n/N) 38.9 (7/18) 28.6 (6/21) 0.51
Egg donor cycle, %(n/N) 19.6 (9/46) 8.7 (4/46) 0.13
# Embryos transferred, %(n/N)

0.70
1 84.78 (39/46) 76.6 (36/47)
2 13.04 (6/46) 21.28 (10/47)
3 2.17 (1/46) 2.13 (1/47)

P-values reported were based on the comparison between two groups using Chi-square or Fisher exact test as appropriate for categorical variables and
student T-test or Wilcoxon Rank sum test as appropriate for continuous variables. Data for first cycle of each patient were included except 3 with
ERA1 = Insufficient and 2 with missing embryo transferred. AMH: Anti Mullerian Hormone. AFC: Antral Follicle Count. BMI: Body Mass Index. PGT-A: Pre-
implantation Genetic Testing for Aneuploidy.

Table 2. Comparison of outcomes for the first personalized embryo transfer cycle following ERA.
ERA

Outcomes Non-receptive Receptive p-value

Subject (N) 46 47
Clinical pregnancy, %(n/N) 22.5 (9/40) 26.67 (12/45) 0.66
Chemical pregnancy, %(n/N) 7.32 (3/41) 13.33 (6/45) 0.49
Miscarriage, %(n/N) 11.76 (4/34) 5.0 (2/40) 0.40
Implantation rate, % (n/N) 35.48 (11/31) 25.0 (9/36) 0.43
Live birth, %(n/N) 0.0 (0/23) 10.0 (3/30) 0.24

The results of the comparison in the outcomes on a patient level for the first embryo transfer cycle following their first ERA are shown above. The
implantation ‘rate’ for each patient was defined as the ‘total number of gestational sacs at all cycles/total number of embryos transferred at all cycles’. The
difference in denominators signifies missing information as not all patients pursued further treatment. P-values reported were based on the comparison
between two groups using Fisher exact test.
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concordant in 14 cases (40%). Analysis revealed a Kappa
score (95%CI) of −0.18 (−0.50, 0.14), indicating no
agreement.

Subgroup analyses

Patients who were initially NR were given the option to
repeat their ERA, adjusting the mock-cycle in accor-
dance with their ERA result (i.e., if results indicated
24 hours pre-receptive then repeat biopsy was done
24 hours later). Alternatively, patients could continue
to pET with the same adjustments. In Table 4, we
compared NR ERA patients who did and did not repeat
their ERA prior to embryo transfer. Within the NR
category, 95.8% of patients were pre-receptive and
4.2% were post-receptive on initial ERA. 30.4% (14/
46) of NR patients underwent a second confirmatory
ERA. Of these women, 64.3% (9/14) of patients were
R on the second cycle while 35.7% (5/14) were still NR
on their second ERA (3 pre-receptive; 2 post-receptive).

Of patients with repeat biopsy, only 10 pursued further
embryo transfer cycles (8 receptive, 2 post-receptive).

Clinical pregnancy rates were 33.3% for those who
chose to repeat their ERA and 38.7% for those who did
not (Table 4). The miscarriage rate was 5.0% for
receptive and 11.76% for all non-receptive patients.

Although the results of histological dating were not
used to inform embryo transfers, a subgroup analysis
of outcomes was done for comparison (Table 5). Of
the 35 biopsies, 27 women underwent further embryo
transfers. In the histologically receptive patients, the
mean implantation rate was 18.2%, clinical pregnancy
was 27.3% and the live birth rate was 0%. For histo-
logically non-receptive patients, the rates were 13.3%,
25.0%, and 7.14%, respectively. The miscarriage rate
was 27.3% for receptive and 6.67% for non-receptive.
There was also no statistical difference between
groups.

Discussion

We have presented the largest available series that
compares ERA testing to histological dating in patients
with implantation failure that follows the outcomes of
their embryo transfers personalized to the transcrip-
tomic result. We demonstrated poor concordance
between the commercially available transcriptomic test
and traditional histological dating by Noyes criteria
performed by an expert gynecologic pathologist. Our
study did not demonstrate significant differences in

Table 3. Comparison of ERA and histology reports for their first
ERA.

ERA Non-receptive ERA Receptive Total

Histology Non-receptive 850% 1368.42% 21
Histology Receptive 850% 631.58% 14
Total 16 19 35

The agreement between two tests was assessed using kappa statistics for
these 35 available patients in their first ERA cycle. Results were analyzed
by an expert gynecology pathologist who was blinded to the time of
transfer.

Table 4. Comparison of outcomes between those patients with repeated and without repeated ERA for all embryo transfer cycles.
Non-receptive

Outcomes with repeat ERA without repeat ERA Receptive

Subject (N) 10 36 47
Clinical pregnancy, %(n/N) 33.33 (3/9) 38.71 (12/31) 37.78 (17/47)
Chemical pregnancy, %(n/N) 0 (0/9) 12.5 (4/32) 13.33 (6/45)
Miscarriage, %(n/N) 22.22 (2/9) 16 (4/25) 10.0 (4/40)
Live birth, %(n/N) 0 (0/8) 0 (0/15) 13.33 (4/30)

The outcomes for all embryo transfer cycles are divided by repeat and no repeat ERA. Receptive patients did not have repeat ERA. The implantation ‘rate’ for
each patient was defined as the ‘total number of gestational sacs at all cycles/total number of embryos transferred at all cycles’. The difference in
denominators signifies missing information as not all patients pursued further treatment.

Table 5. Comparison of outcomes controlling for initial histology result for all patient embryo transfer cycles.
Histology

Outcomes Non-receptive Receptive p-value

Subject (N) 16 11
Clinical pregnancy, %(n/N) 25.0 (4/16) 27.3 (3/11) 0.99
Implantation rate, %(n/N) 13.3 (2/15) 18.18 (2/11) 0.99
Chemical pregnancy, %(n/N) 6.25 (1/16) 18.18 (2/11) 0.54
Miscarriage, %(n/N) 6.67 (1/15) 27.27 (3/11) 0.27
Live birth, %(n/N) 7.14 (1/14) 0.0 (0/10) 0.99

The results of the comparison in the outcomes for all embryo transfer cycles are highlighted above. The clinical pregnancy for a patient was defined as any
clinical pregnancy at any of the cycles. The implantation ‘rate’ for each patient was defined as the ‘total number of gestational sacs at all cycles/total
number of embryos transferred at all cycles’.
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pregnancy outcomes in the subsequent frozen ET for
patients who were receptive versus non-receptive by
either ERA or histological assessment.

The first study to propose that ERA was superior to
histology compared the ability of each test to predict
the timing of biopsy from LH surge (Díaz-Gimeno
et al. 2013). However, this study was performed on
a population of healthy ovum donors. A study by
Hashimoto et al. (2017) on patients with RIF (defined
as failure of ≥3 embryo transfers) demonstrated 80%
concordance between ERA determination of receptivity
and histological dating, but the pathologists were not
blinded to the timing of biopsy therefore limiting the
reliability of the results. In our larger series, with
a blinded expert gynecologic pathologist,
a significantly lower concordance (40%) between the
two tests than previously reported.

Further complicating concordance, the proportion
of receptive vs non-receptive ERA results in patients
with RIF has also varied significantly in the litera-
ture. The reported rate of NR in RIF patients has
ranged from 24% to 44% in previous studies (Ruiz-
Alonso et al. 2013; Hashimoto et al. 2017; Tan et al.
2018; Neves et al. 2019). Our study reported an even
higher rate of non-receptivity on ERA (49%) in our
patient population than previously reported.
A challenge with cross-study comparison is the het-
erogeneity of the patient population in different
studies. As there is no consensus definition for
RIF, each study selected its own unique definition
of the condition.

The inclusion criteria to have ERA at our clinic and
be part of this study was the failure of ≥2 consecutive
embryo transfers with morphologically high-quality
blastocysts. However, the mean number of failed
embryos transferred in our study population was 3.8
embryos. Therefore, our study findings represent
a population quite likely to have a true endometrial
receptivity dysfunction. What remains fairly consistent
in our study and others is that majority of ERA-tested
NR samples are displaced toward a pre-receptive sig-
nature rather than a post-receptive one. Our study
indicated that 96% of NR samples are pre-receptive in
the RIF population, and this figure has ranged from
67% to 84% in previous studies (Ruiz-Alonso et al.
2013; Hashimoto et al. 2017; Tan et al. 2018). This
finding is interesting as historic histological studies of
stimulated IVF cycles have identified the opposite trend
of advanced rather than delayed endometrial matura-
tion, yet most RIF patients in hormone-replaced mock
cycles are found to be pre-receptive by ERA. This
phenomenon certainly warrants further mechanistic
investigation.

Our study also highlights a potential issue with ERA
test reproducibility. Of the 14 patients with an initial
NR ERA who chose to have a second ‘confirmatory’
ERA on the day recommended by the test result, 5/14
(36%) still had an NR signature on the repeat biopsy.
This finding either reflects poor reproducibility of the
ERA test or suggests that the NR signature may not
always be ‘fixed’ by more exposure to progesterone.
This finding is divergent from a previous report from
the ERA test developers that showed a 100% reprodu-
cibility of the ERA result when repeated on the same
cycle day within 29–40 months from the initial biopsy
(Díaz-Gimeno et al. 2013). However, this report was
limited in sample size as only seven healthy fertile
control patients were studied. In general, it should be
acknowledged that the gene expression of any subse-
quent endometrial biopsy may be altered by previous
sampling, as demonstrated by a previous paper by
Kalma et al. (2009).

Previous observational studies have reported a wide
range of pregnancy outcomes after pET in patients with
RIF. Ruiz-Alonso et al. (2013) demonstrated an implan-
tation rate of 33.9% in a subsequent pET in patients
who were R on initial ERA, and 38.5% in patients who
were NR (Ruiz-Alonso et al. 2013). However, this study
consisted of low numbers, with only 37 patients ana-
lyzed (29 in the R group and eight in the NR group).

More recently, two other groups have contrasted the
outcomes of pET in RIF patients with R versus NR ERA
results. Hashimoto et al. (2017) reviewed 50 patients
with RIF (defined as failure of ≥3 embryo transfers)
who had endometrial sampling for ERA and found no
significant difference between pET outcomes (implan-
tation rate 32.8% in R group vs. 31.6% in NR group,
p = 0.92). A study by Tan et al. (2018) of 30 patients
undergoing pET with PGT-A screened euploid
embryos also showed no significant difference in
implantation rates (44.4% in R group vs. 66.7% in NR
group, p = 0.28). This study included patients that
chose to have an ERA prior to euploid embryo transfer,
some of whom had a history of RIF defined as failure of
≥2 embryo transfers, and some of whom did not have
a history of implantation failure at all. A related study
by Neves et al. (2019) on PGT-A and donor oocyte
cycles compared post-ERA transfer rates to embryo
transfers in the same period without performing an
ERA. The patients in this study had failed ≥1 previous
euploid embryo transfer or ≥2 previous donor oocyte-
embryo transfers. They found no difference in implan-
tation rates in the PGT-A euploid embryo transfer arm
whether or not ERA was performed (55.6% post-ERA
vs. 65.0% control). However, there was an unexpected
finding of a significant reduction in implantation rate
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in the donor oocyte-embryo transfer arm when ERA
was performed (26.8% post-ERA vs. 57.2% control).
The pregnancy rates in the latter two studies were
higher than our study because the patients selected
were of more favorable prognosis than those in pre-
vious studies. They had failed fewer previous transfers
on average (some with no history of RIF) and had
chosen to do PGT-A to screen for euploid embryos or
use donor oocytes.

Our study builds on the existing research as it looks
more closely at a larger series of patients with a history of
implantation failure. As with previous studies, we found
that pregnancy outcomes are still relatively poor for these
patients, despite ERA sampling and personalized ET. We
demonstrated an implantation rate of 25.0% in the R group
vs. 35.5% in the NR group, p = 0.43. Interestingly, Bassil
et al. (2018) found similarly low clinical pregnancy rates in
their study following ERA in a normal, non-RIF popula-
tion (Bassil et al. 2018). The study concluded that there was
no improvement in ongoing pregnancy rates after per-
forming ERA testing and very little concordance between
histology and ERA. These results call into question the
validity of the ERA as a prognostic indicator and the
effectiveness of personalizing embryo transfer decisions
based on the results of ERA testing.

There are a few limitations to this study and its retro-
spective design.We lacked a control group of RIF patients
who did not undergo ERA but rather had standard FET
on P + 5. The ideal RIF control group would have had
a sham endometrial biopsy in a mock cycle to control for
possible effects of the biopsy itself, but it was not possible
to find such a group retrospectively. Additionally, our RIF
patients were heterogeneous in their decision to do PGT-
A, so our pET outcomes were not optimized for embryo-
nic factors. Moreover, the timing of pET in our clinic was
based exclusively on the ERA result rather than histolo-
gical dating. To our knowledge, there are no studies that
personalize the day of embryo transfer based on histolo-
gical analysis alone. It is important to recognize that ERA
is a relatively new commercial test. As such, we are cur-
rently underpowered to detect significant differences in
pregnancy outcomes between groups due to sample size
limitations. To rigorously compare the predictive value of
ERA testing to histological dating, further prospective
studies comparing personalization of ET by ERA versus
personalization by histological dating are necessary.

Materials and methods

Design and study population

In this retrospective cohort study, data were reviewed
from 97 women aged 29–42 years old who underwent

endometrial sampling for ERA and histological dating
at Mount Sinai Fertility, Toronto, Canada, from
May 2014-March 2019. The inclusion criteria for ERA
testing at our clinic were the failure of at least two
consecutive embryo transfers with morphologically
high-quality blastocysts. The decision to have ERA
testing was made by the patient in consultation with
her physician. Patients were excluded if they did not
have a structurally normal uterine cavity, as assessed by
sonohysterogram or hysteroscopy, a BMI > 40, or were
not considered RIF by our clinic's definition.

Endometrial biopsy

Each patient underwent a mock endometrial prepara-
tion cycle based on our typical endometrial preparation
for frozen embryo transfer. This consisted of micro-
nized 17 beta-estradiol (Estrace, Acerus
Pharmaceuticals, Canada) 4 mg twice daily per vagina
starting on day 2 of the menstrual cycle and continued
for a minimum of 12 days until the endometrial lining
measured ≥8 mm by transvaginal ultrasound.
Micronized progesterone (Prometrium, Merk,
Canada) 200 mg three times daily per vagina was then
started. After five full days of progesterone treatment
(P + 5), an endometrial biopsy was performed at the
time a frozen-thawed embryo transfer would normally
occur. An ‘ENDOCELL’ pipelle (Wallach Surgical
Devices, Connecticut, USA) was used to perform the
endometrial biopsy in standard aseptic fashion. The
main portion of each biopsy was processed and sent
for ERA testing according to the manufacturer’s proto-
col. In 35 women who had sufficient tissue collected
and who consented, a portion of the biopsy was also
sent to the Mount Sinai Hospital pathology lab in
Toronto, Canada, for histological dating based on
Noyes’ criteria (Noyes et al. 1950). The samples were
analyzed by an expert gynecologic pathologist blinded
to the ERA result or the day of biopsy.

The ERA designation of ‘receptive’ (R) vs. ‘non-
receptive’ (NR) was provided by Igenomix, based on
their proprietary analysis of expression of 238 genes.
R samples expressed a transcriptomic signature on
P + 5 that was deemed by the algorithm to be receptive
to implantation. NR samples were further divided into
‘pre-receptive’ and ‘post-receptive,’ both expressing
a transcriptomic signature deemed to be non-receptive
to implantation on P + 5. Insufficient samples were
characterized by a lack of or too little endometrial
tissue sample to be analyzed by histopathological
means or by RNA analysis for ERA.

In keeping consistence with previous studies, we
defined receptive (R) histologic samples as those that

352 A. M. COHEN ET AL.



exhibited the expected histological appearance of post-
ovulatory day 5 (POD 5), consistent with the number of
days (P + 5) of progesterone exposure at the time of
endometrial biopsy (Hashimoto et al. 2017). Non-
receptive (NR) histology samples were defined as
those histologically dated earlier or later than POD 5.
An insufficient result for both ERA and histological
dating was given when there was not enough sample
tissue to be analyzed.

Personalized embryo transfer

Patients with an R ERA result would undergo a pET in
a subsequent cycle using the same protocol and on the
same cycle day as their initial ERA. Patients with an NR
ERA result chose either to undergo another mock cycle
with repeat ERA testing on the altered day recom-
mended by their ERA result, or to proceed with pET
on the recommended day without a second confirma-
tory biopsy (Figure 1). All personalized embryo transfer
decisions were based on the ERA result, not histological
testing. All embryos were transferred at the blastocyst
stage.

Statistical analysis

The study population was summarized using descrip-
tive statistical methods. Patient characteristics were
compared between two groups: first ERA receptive
and non-receptive using Chi-square test for categori-
cal variables and Student T-test or Wilcoxon rank-
sum test, as appropriate, for continuous variables. To
examine the impact of the first ERA on the primary
outcome of clinical pregnancy, the primary outcomes
were compared using Fisher exact test. We further
conducted a multiple logistic regression to determine
the impact of ERA on the primary outcome adjusted
for the number of embryos transferred. Similar meth-
ods were used to examine the association between the
first ERA and the other secondary outcomes. We used
kappa statistics to assess the degree of the agreement
between the ERA and histologic dating samples. The
concordance and disconcordance between the two
tests were also reported. Due to a smaller sample
size in the histology group, the association between
the histologic dating and outcomes of embryo transfer
were examined descriptively. The data management
and all statistical analyses were performed using SAS
9.4 (SAS institute Inc., Cary, NC). A two-sided
p-value of <0.05 was considered to be statistically
significant.
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