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Abstract
Purpose To evaluate the effect of medical or surgical treatment prior to embryo transfer in women with elevated endometrial
BCL6 expression and suspected endometriosis in a prospective, cohort study design at a university-associated infertility clinic.
Methods All subjects had at least 1 year of unexplained infertility (UI) and each prospectively underwent endometrial biopsy and
immunostaining for the oncogene BCL6, prior to embryo transfer during an assisted reproductive technology (ART) cycle. To be
included, subjects had to have an abnormal BCL6 result, defined by elevated HSCORE ≥ 1.4. Women that were pre-treated with
laparoscopy or medical suppression with GnRH agonist (depot leuprolide acetate; Lupron®, Abbvie, Inc., Chicago, IL) for
2 months were compared to a group that went untreated (controls). Endpoints included implantation rate (IR), clinical pregnancy
rate (CPR), and live birth rate (LBR), and as well as cycle characteristics. Miscarriage rate were also compared between treatment
and control group.
Results Women in each group had similar characteristics. Those treated by medical suppression and those undergoing laparos-
copy for endometriosis had a significantly higher LBR, (5/10; 50%; 95%CI 23.7 to 76.3%) and (11/21; 52.4%; 95%CI 32.4 to
71.7), respectively, compared to controls (4/54; 7.4%; 95%CI 2.9 to 17.6). An absolute benefit of 44.2% (16/31; 95%CI 24.6 to
61.2) and a number need to treat of 3 for those that received treatment (medical suppression and laparoscopy), compared to no
treatment. Miscarriages were significantly more common in the control group.
Conclusions Women with suspected endometriosis and aberrant endometrial BCL6 expression have worse reproductive out-
comes following embryo transfer, including a high miscarriage rate, poor IR, and low LBR and CPR compared to cycles pre-
treated with medical and surgical management.
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Introduction

Endometriosis is an inflammatory, estrogen-stimulated dis-
ease affecting 190 million women worldwide. It is estimated
that up to 60% to 80% of unexplained infertility is associated
with undiagnosed endometriosis [1–3]. While endometriosis
has been shown to negatively impact fertility and treatment
has been shown to improve pregnancy outcomes [1, 2, 4, 5],
the association with infertility, the role of endometriosis in the
setting of in vitro fertilization (IVF), remains controversial
[6–8].

Less than 10% of women in the SART database carry the
diagnosis of endometriosis (www.sart.org) [9], which is
unexpectedly close to the general population [10]. Indeed,
efforts to diagnose and treat endometriosis prior to IVF have
steadily decreased over the past 20 years, according to SART
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statistics (see Fig. 1). Further, women with a diagnosis of
endometriosis that undergo ART cycles have previously
undergone surgery to document and possibly treat this
condition. Surgery has been shown to improve subsequent
IVF outcomes [1, 2, 4]. Given this conundrum and the
dramatic under-reporting of endometriosis in the population
of women undertaking assisted reproductive technology
(ART) cycles, meta-analyses to ascertain an effect of endome-
triosis based on SART data are unlikely to provide accurate
predictions about pregnancy outcomes in women with this
disease [11].

The endometrium, like embryo quality, has been shown to
be a limiting factor for successful pregnancy in the setting of
ART [6]. On average, clinical pregnancy rates for women less
than 38 years old remain near or below 50% in most centers
(www.sart.org), even when normal PGS–defined euploid em-
bryos are transferred [12]. Endometriosis has been shown to
double the miscarriage rate in recent studies during IVF in
women with known endometriosis [13]. Given the declining
use of laparoscopy before IVF, most women with endometri-
osis entering ART programs do not know they have this dis-
ease. Clearly, more attention needs to be focused on the role of
defective endometrium and endometrial receptivity defects as
barriers to ART success, especially related to the effect of
undiagnosed endometriosis on implantation and pregnancy
loss.

We recently reported that many women with UI and failed
IVF attempts highly express an endometrial oncogene, BCL6
[14]. BCL6 is a gene repressor that is regulated by progester-
one in the endometrium but dramatically over-expressed in
conditions associated with systemic inflammation such as en-
dometriosis [15]. BCL6 colocalizes with a histone
deacetylase, Sirtuin 1 (SIRT1); together, this complex targets
specific gene promoters and is capable of epigenetic modifi-
cation of gene expression. In the endometrium, BCL6 and
SIRT1 have been shown to target progesterone-regulated gene

pathways [16]. A diminished response to progesterone likely
directly relates to previously published findings that aberrant
endometrial BCL6 expression is associated with worse ART
outcomes [14]. The objective of this study was to extend those
findings in a second dataset and examine women with high
endometrial BCL6 expression who underwent surgical or
medical treatment for suspected endometriosis prior to em-
bryo transfer, compared to a control group who underwent
embryo transfer without intervention.

Materials and methods

Patients and controls

This prospective cohort study was conducted (recruitment,
exposure, follow-up, and data collection) between 2011 and
2018, at the Fertility Center of the Carolinas of the Greenville
Health System, Greenville, South Carolina, USA. The
Institutional Review Board approval was obtained from the
Committee for the Protection of Human Subjects (GHS
#00013885).

Women, aged 27 to 42 with unexplained infertility (UI),
were recruited to undergo LH-timed endometrial biopsy and
immunostaining for BCL6 between January 1, 2011, and
January 1, 2018. All subjects had elevated BCL6 expression
(HSCORE ≥ 1.4) and each underwent an embryo transfer
(fresh or frozen). To be included, each woman was required
to have regular cyclic menses (25 to 32 days apart), partners
with normal sperm parameters according to the World Health
Organization [17], and at least one patent fallopian tube. An
endometrial biopsy was performed 6 to 10 days after ovula-
tion in ovulatory cycles, at least 1 month prior to embryo
transfer. Exclusion included the discovery of significant fi-
broids (any submucosal or intramural ≥3 cm), male factor
infertility, endometritis on endometrial biopsy, or lack of ade-
quate tissue for analysis on the biopsy result. Patients were
excluded if complete cycle data was not available related to
the fresh or frozen embryo transfer cycle.

Control cycles included those in women with no prior sur-
gical or medical treatment for suspected endometriosis.
Decisions regarding treatment were based on physician and
patient preferences and subjects were not randomized into any
of the three groups. In all cases, embryo transfer occurred
immediately following medical suppression, while transfer
occurred 2 to 10 months after surgery (mean 6.3 months).

Endometrial biopsies

Endometrial biopsies were performed in all participants using
a Pipelle device (Cooper Surgical, Trumbull, CT), 6 to 10 days
after a positive urinary LH surge. Endometrial biopsies were
placed in 10% buffered formalin and transported to the
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Fig. 1 According to SARTstatistics, the prevalence of endometriosis as a
diagnosis in women undergoing IVF has steadily declined. This is likely
due to a decrease in laparoscopy and greater reliance on IVF as a primary
treatment for unexplained infertility. (Source: provided by ART
Surveillance and Research Team, CDC, Atlanta, GA)

http://www.sart.org


pathology laboratory of the Greenville Health System for par-
affin embedding, sectioning, and immunostaining. Menstrual
dating was determined histologically, according to Noyes
et al. [18].

Immunohistochemistry

All immunohistochemical staining was performed on an au-
tomated system using the Bond immunostainer platform
(Leica Biosystems, Buffalo Grove, IL) and read by a certified
pathologist (Pathology Associates, GHS, Greenville, South
Carolina). Sections of endometrium were stained for BCL6,
using an automated system, with clone LN22 as primary an-
tibody (Leica Biosystems), as previously described [15].
Lymph nodes served as positive external controls.

Semi-quantitative assessment of BCL6 expression was
assigned using a histological score (HSCORE), which ranged
from 0 to 4. HSCORE was calculated using the following
equation: HSCORE =∑ Pi (i + 1)/100, where i = intensity of
staining with a value of 1, 2, or 3, (weak, moderate or strong,
respectively) and Pi is the percentage of stained epithelial cells
at each intensity, varying from 0 to 100% as previously de-
scribed [19]. All HSCOREs were assigned in a blinded fash-
ion without knowledge of the clinical history or outcome. The
HSCORE was assigned by a gynecologic pathologist with
over 20 years of experience (DPS) who currently reports re-
sults for ReceptivaDx testing. The establishment of a cutoff of
≥ 1.4 HSCORE was based on prior validation using the same
pathologist [15]. To reduce any risk of bias, related to
HSCORE reading, the pathologist was unaware of any of
the clinical data related to the subjects ART cycles or
outcomes.

Variables

The following variables were analyzed: age, body mass index
(BMI), gonadotropin dose (IUs), number of oocytes retrieved,
fertilization rate, number of embryos transferred, clinical preg-
nancy rate (CPR), live birth rate (LBR), and implantation rate
(IR). CPR was defined as a pregnancy documented by ultra-
sound that shows a gestational sac in the uterus with a yolk sac
or fetal pole. A positive and rising hCG serum level, without
evidence of an intrauterine sac on ultrasound (biochemical
pregnancy), was not counted as a pregnancy, but designated
a biochemical pregnancy. Miscarriages were defined as the
complete loss of a pregnancy after visualization of a gestation-
al sac with fetal pole and/or yolk sac. Anti-Mullerian hormone
(AMH) was also compared between groups.

We used the HSCORE results with a threshold level of
BCL6 immunostaining ≥ 1.4, based on previous receiver op-
erating characteristic (ROC) analysis [15]. Errors in reading
HSCOREs, while of low probability, would be expected to be
equally distributed between treatment groups.

Treatment protocols

Treatment groups were not randomly selected and based on
discussions between physician and patient. Two treatment
strategies were compared, including depot leuprolide acetate
(Lupron®, Abbvie, Inc., Chicago, IL) for 2 months followed
by frozen embryo transfer, or fresh IVF initiated at the time of
next menses. Hormonal add-back therapy during medical sup-
pression consist of norethindrone acetate (Abbvie by
Glenmark Pharmaceuticals, Ltd., Goa, India). In the surgically
treated group, diagnostic laparoscopy with excision or abla-
tion of suspected endometriosis was performed followed by
expectant management or advancement to IVF or FET. The
majority of subjects in this study with high endometrial BCL6
expression remained untreated and served as the control
group.

Embryo transfer occurred 5 to 6 days following oocyte
retrieval (in fresh cycles) or during programmed estrogen/
progesterone uterine replacement cycles (in frozen embryo
transfer—FET cycles). The protocol used for FET cycles
was standardized and included downregulation with daily
subcutaneous leuprolide acetate followed by series of estrogen
patches and progesterone supplementation. The protocols
were similar for both fresh and frozen cycles between treat-
ment and control groups. Fresh cycles varied between long
luteal and antagonist protocols based on individual patient
characteristics. Women receiving 2 months of depot
leuprolide acetate all proceeded directly to IVF or FET, while
those women treated with laparoscopy underwent embryo
transfer within 2 to 10 months of surgery (mean 6.2 months).
A histogram showing the distribution of time from surgery to
transfer is shown in supplemental Fig. 1. Cycle characteristics
(Table 1) were based on the IVF cycle in which embryos were
created, in cases where FET cycles were included.

Data sources/measurement

Data were obtained from the SART database and institutional
medical records. Data were analyzed as mean (± standard
deviation) or as median (range), depending if they were nor-
mally distributed.

Bias

Two researches (BAL, LJC) collectively verified the electron-
ic records (SART database) to reduce bias. The biopsy
HSCOREs were read by a blinded experienced pathologist
without knowledge of patient characteristics or ARToutcome.
The HSCORE consistency was previously validated by two
independent readers (unpublished validation results). The
pregnancy tests and pregnancy ultrasound results were per-
formed without direct knowledge of BCL6 results, although
a history of prior treatment was not intentionally blinded.
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Study size

Calculation of sample size was performed as a superior trial
for binary outcome according to the literature [20]. All calcu-
lations considered an alpha error of 5% and a power of 80%.
Based on similar studies in the literature, we expect a 20%
pregnancy rate for those without treatment and a 76% in those
who underwent treatment [4]. With these assumptions, we
would need at least 9 cases in each group.

Quantitative variables

Age, BMI, and gonadotropin use were counted as continuous
variables. Parity and number of embryos transferred were an-
alyzed as nominal variables. Prior IVF failure was compared
between groups. The cycle type (fresh or FET) was analyzed
as categorical variables. Treatment was analyzed as a categor-
ical variable and was compared to the outcome of CPR (preg-
nant, non-pregnant), live birth rate (LBR), implantation rate
(IR), fertilization rate (FR), and miscarriage rate (MR). Three
groups were compared: medical suppression (depot leuprolide
acetate for 2 months; GnRHa), laparoscopy (L/S), or no-
treatment (control group) categories.

Statistical methods

Chi-square for trend, chi-square, Fisher’s exact test, relative
risk, and 95% confidence intervals were used for comparisons
of categorical data. Parametric data were compared between
groups using ANOVA if data had a Gaussian distribution.
Gaussian distribution was verified by D’Agostino and
Pearson omnibus normality test. A Kruskal-Wallis test was
used if a Gaussian distribution was not present. Statistical
analysis was performed with GraphPad Prism version 6.00
for Mac, (GraphPad Software, La Jolla California, USA).

Results

Participants and descriptive data

A total of 85 cycles met the inclusion criteria and were ana-
lyzed. As shown in Table 1, there were 10 cycles in women
who completed 2 months of medical suppression with GnRH
agonist (GnRHa), 21 cycles followed laparoscopic surgery
(L/S), and 54 cycles with no additional treatment before em-
bryo transfer (controls). The proportion of fresh versus frozen
transfer was unequally distributed between groups; one cycle
in the surgical group was an FET (5%), compared to 3 of 10
(30%) of the GnRHa group and 10 of 54 (18.5%) of controls.
Overall, success rates in our program for IVF and FET cycles
are similar (~ 50%); therefore, a difference in cycle typewould
not be expected to impact pregnancy outcomes. Age, BMI,
parity, number of oocytes obtained, gonadotropin use, number
of embryos transferred fertilization rate, and AMH were sim-
ilar between each treatment groups (Tables 1 and 2). While
there were more subjects with prior IVF failure in the GnRHa
treatment group, this difference did not reach significance
(Table 1). Fertilization rates, CPR, LBR, and IR as well as
miscarriage rate were significantly different between treat-
ment and no-treatment groups (Table 2).

Outcome data and main results

All of the subjects that underwent surgery were found to have
endometriosis, consistent with previous reports in similar pop-
ulations with UI [15]. The cycle characteristics were similar
between groups including number of oocytes retrieved, go-
nadotropin use, fertilization rates, and numbers of embryos
transferred (Table 2). Based on treatment data, women who
underwent medical suppression or surgery had a significantly
higher CPR (6/10; 60%; 95%CI 31.3 to 83.2) and (13/21;

Table 1 Patient characteristics of the sample population based on treatment

Characteristics GnRHa Laparoscopy No treatment p
n = 10 n = 21 n = 54

Age—years (mean ± SD) 34.3 ± 3.2 34.3 ± 4.3 34.4 ± 3.7 0.9a

BMI—median (range) 24.3 (18.5–32.4) 22.8 (19.2–38.4) 23.3 (17.9–44.6) 0.9b

Anti-Müllerian hormone (AMH)—mean (range) 2.5 (1.5–4.8) 2.2 (0.3–5.4) 1.9 (0.3–8.6) 0.4b

Previous IVF failure n (%) 4 (40) 6 (28.6) 13 (23.2) 0.6

Parity

0 10 15 48

1 0 4 5 0.1c

2 + 0 2 1

aANOVA test
b Kruskal-Wallis test
c Chi-square for trend test
d Number of sacs/number of embryo transferred
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61.9%; 95%CI 40.9 to 79.2), respectively, compared to cycles
in untreated women (8/54; 14.8; 95%CI 7.7 to 26.6). Life birth
rate was similarly better in both GnRHa and surgery treatment
groups (50% and 52%, respectively) (Table 2); pooled treat-
ment group data on LBR compared to controls was strikingly
better as well (GnRHa and L/S—16/31; 51.6%; 95%CI 34.8
to 68), compared to controls (4/54; 7.4%; 95%CI 2.9 to 17.6).
These results yield a relative risk of achieving a live birth rate
of 6.9 (95%CI = 2.5 to 18.9; i.e., 16 out of 31 in both treatment
groups vs. 4 out of 54 in the no treatment (control group). An
absolute benefit of 44.2% (95%CI 24.6 to 61.2) and a number
need to treat of 3.

A highmiscarriage rate was seen in the control cycles com-
pared to pre-treated cycles. Based on overall clinical pregnan-
cies, the miscarriage rate for untreated cycles was 50% (4/8;
95%CI 21.5 to 78.5), compared to 16.7% (1/6; 95%CI 3 to
56.4) and 15.4% (2/13; 95%CI 4.3 to 42.2) in the GnRHa and
L/S groups, respectively. When treated groups are combined
(3/19; 15.8% - 95%CI 5.5 to 37.6) compared to untreated
cycles combined, the relative risk reduction of miscarriage is
68.4% (95%CI − 10 to 90.9).

These findings raise serious questions related to the role of
undiagnosed endometriosis on ARToutcomes following fresh
or frozen embryo transfer. One reason this effect of endome-
triosis on ART success may have been ignored or underappre-
ciated in the past is our dependence on previously diagnosed

endometriosis. Large contemporaneous studies of women pre-
viously diagnosed with endometriosis show little effect of this
diagnosis on ART outcomes [24]. It should be remembered
that most women who carry the diagnosis of endometriosis
have likely already been surgically treated and therefore may
not be the same as women that have not yet been diagnosed or
treated. Our data, and the data from Linda Giudice (6) support
this concern regarding prior surgical treatment.

Recent studies have documented an increased risk for mis-
carriage in women with endometriosis, especiallymild disease
[8, 21, 22], though not all studies agree [23]. In the current
analysis of our data, we demonstrate that miscarriages are
common in the control group and that treatment can increase
pregnancy rates and reduce the risk of miscarriage. No study,
to date, has performed this type of investigation where endo-
metriosis is detected using endometrial biomarker expression.
When subjects with suspected endometriosis are untreated,
pregnancy rates are low and miscarriage rates are high. LBR
and CPR and miscarriage rate were each improved by treat-
ment prior to the next transfer. Recently, Mohmed and col-
leagues reported that pretreatment with GnRH agonist therapy
in women with known endometriosis resulted in significantly
higher LBR and CPR, in the next embryo transfer [5, 22]. Our
results were of a greater magnitude, possibly because our
GnRHa subjects were not preselected using surgical
intervention.

Table 2 Cycle characteristics in the sample population by treatment type

Cycle type (n) GnRHa
n = 10

Laparoscopy
n = 21

No treatment
n = 54

p

In vitro fertilization (IVF) 7 20 44 0.9a

Frozen embryo transfer (FET) 3 1 10

Gonadotropin used (IU) median (range) 2006 (750–3375) 2400 (1163–4875) 2100 (750–6300) 0.1b

Number of oocytes median (range) 13 (5–56) 10 (2–23) 13 (2–48) 0.5b

PGD (n; %) 0(0) 0 (0) 2 (3.9) n.a.

Fertilization rate (%)
Fert oocytes/oocytes retrieved

77/172
(44.7)

113/250
(45.2)

207/840
(24.6)

< 0.0001a

Embryos transferred median (range) 2 (1–3) 2 (1–3) 2 (1–3) 0.7b

Implantation rate (IR; %) 42.9(9/21) 40(18/45) 11.7(12/103) < 0.0001a

Clinical pregnancy rate (%)c

Viable pregnancies/transfer
6/10
(60)

13/21
(61.9)

8/54
(14.8)

0.002a

Live birth rate, n (%)
Live births/transfer

5/10
(50)

11/21
(52.4)

4/54
(7.4)

0.1a

Relative risk (95%CI) 16/31 4/54
6.9 (2.5 to 18.9)

Singleton (n) 3 9 6 0.5a

Twins (n) 3 3 2

Triplets (n) 0 1 0

Miscarriage rate (%) 3/19 (15.7%) 4/8 (50%) 0.001d

a Chi-square for trend
bKruskal-Wallis test
c No. intrauterine pregnancy/no. transferred
d Fisher’s exact test
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Conclusions

Abnormal expression of endometrial BCL6 (> 1.4 HSCORE)
was associated with poor reproductive outcomes in IVF cycles
similar to previously reports [14]. High BCL6 expression is a
validated biomarker for detection of endometrial inflamma-
tion and it is commonly associated with the finding of endo-
metriosis in women with UI [15] and associated with inflam-
matory proteins including STAT3, IL-6, Kras, and SIRT1 [16].

This is the first paper to examine the effect of treatment on
ARToutcomes based on abnormal endometrial BCL6 expres-
sion. Studies are underway to perform RCTstudies to validate
these findings at independent sites. While preliminary, these
data provide a proof of concept, and suggest that an
endometriosis-associated phenotype (high BCL6 expression)
is associated with reduced ART success after both fresh and
frozen transfers. These studies also show that endometrial
receptivity defects can be rescued using both medical and
surgical treatment prior to embryo transfer in the setting of
ART. The benefit of both medical and surgical approaches
appears similar. Others have shown that unexplained IVF fail-
ure is associated with endometriosis and that surgical therapy
improves outcomes in both IVF and natural cycles after treat-
ment [4, 5]. The use of BCL6 to identify suspected endome-
trial receptivity defects is similar to prior studies finding aro-
matase overexpression in women who fail in IVF, by Brosens
et al. [25]. Analogous to our current study using GnRHa, we
previously demonstrated the usefulness of aromatase inhibi-
tors in women with endometrial receptivity defects related to
abnormal integrin expression [26]. Since BCL6 is associated
with the same inflammatory pathways as aromase expression
[27], we now suggest that elevated BCL6 and aromatase are
common defects related to progesterone resistance and estro-
gen dominance that exist in women with endometriosis.

Inflammation is associated with progesterone (P)-resis-
tance that has an immune-regulated impact on endometrial
function [28–30]. Abnormal endometrial BCL6 expression
appears to participate in the development of P-resistance in
the endometrium, which might account for poor reproductive
outcomes reported in this and prior studies [14]. As progester-
one is essential for pregnancy, P-resistance would logically be
associated with downstream changes in gene expression in the
endometrium, as previously shown [31]. BCL6 pairs with the
histone deacetylase SIRT1, which is stimulated by the onco-
gene, Kras. Both are intimately associated with epigenetic
alterations in endometrial gene expression associated with P-
regulated pathways [16]. This phenomenon of P-resistance
might account for the unexpectedly high miscarriage rate that
we observed in the untreated women suspected endometriosis
in this study (Table 2). An appreciation of endometriosis and
its effect on miscarriage is limited and deserves more attention
[13]. This inflammatory pathway may also account for the
poor fertilization rate seen in the untreated controls, compared

to the two other treatment groups. The results of improved
pregnancy outcomes were observed in subjects with occult
(hithertofore undiagnosed) endometriosis. Whether similar re-
sults would apply to known cases of endometriosis remains to
be tested.

The mean CPR published by SART in women with un-
known factors, for all ages, is 27.1% [32], similar to the over-
all CPR of 35.9% (95%CI 27.3 to 45.5%) found in our study.
Thus, a majority of untreated subjects will not achieve preg-
nancy based on community standards. Even as overall IVF
success rates improved in the past 10 years, they remain below
50% per cycle for most centers. The use of laparoscopy in the
diagnostic workup for infertile women has dramatically de-
creased [33], and the proportion of women in the SART data-
base with endometriosis as their diagnosis has steadily de-
clined (Fig. 1). Based on our findings, one can ponder whether
most unexplained cycle failures in the setting of ARTcould be
due to unrecognized or untreated endometriosis.

Medical suppression using GnRH agonist therapy has been
studied in the context of ART cycles [34]. Long, but not short
suppression protocols were found to be associated with some
improvements in pregnancy rates [35]. The choice of 2months
of GnRH agonist was arbitrary and deserves further study. In
addition, the use of new generation, orally active GnRH an-
tagonists, including elagolix, may prove useful for suppres-
sion of endometriosis in the setting of IVF as well. One ques-
tion to be addressed in future studies is whether surgical or
medical treatment of elevated endometrial BCL6 would re-
duce these levels to normal BCL6 on repeat biopsy. The use
of biomarkers such as BCL6 could be useful for comparisons
between treatments, such as oral contraceptives, aromatase
inhibitors, or newer generation GnRH antagonists, and for
evaluation of length of medical suppression.

This study has some limitations. The subjects were neither
randomized nor was their treatment blinded to the physicians
involved in their embryo transfers. The effect of endometrial
scratchingmay have had a benefit on implantation rates before
IVF, although data on this topic are controversial and still
being investigated [36, 37]. Since biopsy was done closer to
the time of embryo transfer in the non-treatment group, this
seems unlikely to be a confounding factor. More FET cycles
were performed in the non-treatment group. When analyzed
separately, the effect of surgical or medical therapy persisted
even when only fresh IVF cycles were compared. Finally, we
had low power to study the effect of treatment on miscarriage
prevention.

There are clear strengths in this study. In this cohort study,
subjects were prospectively biopsied and evaluated at a com-
mon point in their infertility evaluation. We used clinically
relevant outcomes, including IR, CPR, and LBR. The
follow-up for all patients was uniform and complete, using
non-biased assessment for pregnancy outcome. The pregnan-
cy tests and ultrasound results were performed without
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knowledge of the biopsy results. All treatment cycles for each
group were included (not selectively omitted). The biopsies
were read by a single blinded pathologist without knowledge
of IVF outcome. The pathologist and primary researcher
(BAL) had independently verified the HSCORE concordance
in 30 test cases (data not shown). The number of subjects with
elevated BCL6 in our study was large enough and allowed us
to perform a post hoc power analysis for the association of
treatment category and pregnancy outcome (> 99% power),
showing we had adequate power to show benefit. We expect
our data will have external validity since our results are similar
to those published in the SART database.

In conclusion, the aberrant expression of endometrial
BCL6 is associated with worse reproductive outcomes after
embryo transfer, compared to cycles pre-treated with GnRH
agonist or surgery for endometriosis. Women with suspected
endometrial receptivity defects based on BCL6 testing may
benefit from medical or surgical therapy, prior to embryo
transfer, compared to traditional ART protocols. Elevated ex-
pression of BCL6 expression was associated with the finding
of endometriosis at laparoscopy, and endometriosis should be
considered as the most likely confounding diagnosis prior to
undergoing embryo transfer in this set t ing [14].
Downregulation with GnRH agonist can be helpful in restor-
ing near-normal implantation rates. In addition, a new, non-
peptide, orally active GnRH antagonists, now available [38],
may provide further treatment options for women with IVF
failure and suspected defects in endometrial receptivity.
Randomized controlled trials (RCT) are needed to confirm
the benefit of directed therapy for suspected endometrial re-
ceptivity defects in women undergoing ART cycles.
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