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Abstract

Purpose The study aims to evaluate whether frozen embryo transfer can restore optimal receptivity leading to better assisted
reproductive technology outcomes in women with endometriosis.

Methods This systematic review and meta-analysis, conducted from January 10, 2021 to July 1, 2021, searched the Cochrane
Library, PubMed, Embase, Web of Science, OVID, and Clinicaltrials.gov databases from inception to January 10, 2021. The
search strategy combined search terms as follows: (“endometriosis” OR “deep endometriosis” OR “endometrioma”) AND
(“frozen-thawed embryo transfer” OR “frozen embryo transfer” OR “freeze-all strategy’’) AND (“pregnancy outcome” OR
“live birth rate” OR “clinical pregnancy rate” OR “miscarriage rate”). No publication time or language limits were set dur-
ing the searches. In addition, references of the related articles were searched by hand. Patients were included if they had a
history of endometriosis and had received fresh or frozen embryo transfer. Only the first transfer cycle was included. Odds
ratios (ORs) and 95% confidence intervals (Cls) were used to express outcomes, and data synthesis was conducted using
RevMan, version 5.4 software.

Results A total of six studies with moderate methodologic quality were retrieved in the meta-analysis. The studies included
3010 women with endometriosis who wanted to conceive; 1777 (5§9.0%) had frozen embryo transfer, and 1233 (41.0%) had
fresh embryo transfer. There was a significantly higher frequency of live births in the frozen embryo group than in the fresh
embryo group (OR, 1.53; 95% CI, 1.13-2.08; P=.007). Despite a similar clinical pregnancy rate in the two groups (OR,
1.26;95% CI, 0.95-1.69; P=.11), the difference in miscarriage rate was significant (OR, 0.70; 95% CI, 0.50-0.97; P =.03).
Evidence quality was considered moderate.

Conclusion Cryopreserved embryo transfer has resulted in preferable reproduction outcomes when compared with fresh
embryo transfer in patients with endometriosis, but the evidence is not yet abundant. More strictly designed research is needed
to evaluate whether frozen embryo transfer leads to better reproductive outcomes in women with endometriosis compared
with those receiving fresh embryo transfer.

Registration number PROSPERO CRD42021248313.
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Introduction

Endometriosis is a common condition found in 10 to 15%
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anatomy and pelvic organ adhesions found in the more
advanced severe stages of the disease. However, because
patients with a normal pelvis in minimal, mild, and mod-
erate stages of endometriosis may also have adverse fer-
tility outcomes, the pathogenesis remains unclear [4].
Recent research has suggested that infertility in endo-
metriosis may be related to both oocyte development and
embryo implantation. The endometrium must be receptive
for successful embryo implantation to take place [5, 6].

Currently, more women with endometriosis are achiev-
ing pregnancy through assisted reproductive technology
(ART) [7], and studies have suggested similar success
rates in women with an endometriosis diagnosis com-
pared with those with other diagnoses [8]. However, some
other studies showed that compared with women with
other causes of infertility (i.e., tubal factors), women with
endometriosis have pregnancy rates that are almost 50%
less [9]. Researchers have hypothesized that the endo-
metriosis potentially causes some detrimental effects on
reproduction [10]. In addition, despite great advance-
ments in ART, particularly the improvement in embryo
quality, implantation rate remains low [11]. Studies have
shown that controlled ovarian stimulation may alter endo-
metrial receptivity through the expansion of the implan-
tation window and higher levels of estrogen [12, 13]. As
endometriosis is an estrogen-dependent condition with
dysregulated steroid hormone pathways in the eutopic
endometrium [14], it is reasonable to hypothesize that a
supraphysiological concentration of estrogen may alter
endometrial receptivity and then contribute to a lower
rate of pregnancy.

Improvements in cryopreservation have made feasible
the deferment of frozen embryo transfer as an alternative
to the transfer of fresh embryos. Cryopreservation was
developed initially to prevent ovarian hyperstimulation
syndrome; however, its use has evolved to include the
improvement of endometrial implantation. One study [15]
found that frozen embryo transfer improved infertility
outcomes in women with endometriosis. Endometriosis
causes fluctuations in serum progesterone and estradiol
levels, which result in asynchrony between the endome-
trium and embryo; use of frozen-thawed embryo transfer
may alter this asynchrony [16]. Administration of both
progesterone and estradiol creates a natural endometrial
environment for the embryo. The use of frozen embryo
transfer is currently considered controversial by many
scholars and as such, is not accepted as an alternative
procedure to fresh embryo transfer in infertile women
with endometriosis [17].

Therefore, this study was conducted with the goal of
assessing the relationship between frozen embryo transfer
and fertility in women with endometriosis.
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Materials and methods

This study was a systematic review and meta-analysis; it
was conducted from January 10, 2021. This study followed
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines (PROSPERO:
CRD42021248313).

Search strategy

A literature search was conducted by two authors (Y.C.,
M.S.) using OVID, the Cochrane Library, Web of Science,
PubMed, Embase, and Clinicaltrials.gov databases from
inception to January 10, 2021. Search terms were com-
bined as follows: (“endometriosis” OR “deep endometrio-
sis” OR “endometrioma”) AND (“frozen-thawed embryo
transfer” OR “frozen embryo transfer” OR “freeze-all
strategy”) AND (“pregnancy outcome” OR “live birth
rate” OR “clinical pregnancy rate” OR “miscarriage
rate”). The related articles were searched by hand. Dur-
ing the searches, no limits were set for publication time
or language.

Study selection

Studies were included in this meta-analysis if they (1)
enrolled patients with endometriosis; (2) were randomized
clinical trials, case—control studies, or cohort trials; (3)
included patients who received transfer of frozen or fresh
embryos (and this was their first transfer cycle during the
time period); and (4) their outcomes included rates of mis-
carriage, live births, or clinical pregnancy. Studies were
excluded if they (1) were case reports; (2) did not include
the first transfer cycle; or (3) included animal subjects.
Studies were independently selected by two authors (Y.C.,
S.W.). From the searches, first the abstracts and titles were
scanned; next, the full text of the chosen articles was ana-
lyzed. In any disagreements arose, they were resolved via
discussion or consensus with a third author (H.D.).

Risk of bias

The risk of bias was independently assessed by two
authors (S.W., M.S.) using the Newcastle-Ottawa Scale
(http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp). Three items in the Newcastle-Ottawa Scale
totaled 9 points: case and control selection, case and con-
trol comparability, and exposure ascertainment.

Sensitivity analysis was conducted for the primary
outcome (live birth rate) to test the stability of the meta-
analysis result.
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In a table of findings summary, the evidence quality was
shown using the Grading of Recommendations, Assess-
ment, Development, and Evaluations (GRADE) criteria
(GRADEpro GDT software [McMaster University, Ham-
ilton, Ontario, Canada]). Two review authors (S.W., M..S.)
independently performed the evaluation. A resolution was
found for any disagreements through discussion or evalu-
ation by a third author (H.D.).

Data extraction and synthesis

Data were independently extracted by two authors (Y.C.,
M.S.) using a data extraction form containing patient char-
acteristics and outcome data. Patients were included in the
frozen embryo group if they received transfer of frozen
embryos, and patients were included in the control group if
they received transfer of fresh embryos. Reproductive out-
comes (i.e., rates for miscarriage, live births, and clinical
pregnancy) were compared between the groups. Data syn-
thesis was performed using RevMan software, version 5.4
(The Cochrane Collaboration). Data were synthesized and
analyzed from March 10, 2021 to May 1, 2021, using Rev-
Man software, version 5.4 (The Cochrane Collaboration).
For dichotomous data, the I? statistic was used to examine
odds ratio (OR) heterogeneity; I? statistic analysis (where
an I? value < 50% suggested no substantial heterogeneity)
was conducted using random-effect or fixed-effect models.

Significance level for all two-sided P values was set at less
than 0.05.

Result
Study selection

Using standard searching techniques, a total of 919 stud-
ies were found. The selection procedure is illustrated in the
flow diagram (Fig. 1). Of the 919 studies, 316 were dupli-
cates, 294 were excluded after review of the abstract and
title, and 304 were excluded because their control groups
included patients who did not have endometriosis. In addi-
tion, one article [15] was included from a manual search of
the references.

Study characteristics

All six articles retrieved from the search were retrospective
cohort studies. There were no available randomized clini-
cal trials on this topic. A total of six studies with moderate
methodologic quality were retrieved in the meta-analysis.
The studies included 3010 women with endometriosis
who wanted to conceive; 1777 (59.0%) had frozen embryo
transfer, and 1233 (41.0%) had fresh embryo transfer. Five
studies [15, 18-21] reported live birth rate and miscarriage,

{ Identification of studies via other methods }

{ Identification of studies via databases and registers
—
919 Records identified
_g 18 Cochrane Library
’5 86 PubMed 316 Records removed before 21 Records identified
B 99 Embase screening: 21 Citation searches
E 360 OVID 316 Duplicate records
= 343 Web of Science
13 ClinicalTrials.gov
)
— !
603 Records screencd 294 Records excluded after title and
abstract
- 309 Reports sought for retrieval 0 ports not retrieved 16 Reports sought for retrieval
=
g - .
: | |
e 304 Reports excluded:
o 204 Control group did not
309 Reports assessed for eligibility include endometriosis patients 16 Reports assessed for eligibility
16 Outcomes of studies were
obstetric outcomes
12 The embryo transfer was not
the first cycle
72 Study types were review,
case report/series, or single arm

6 Studies included in review

study

\4

0 Reports not retrieved

15 Reports excluded:
12 Control group did not include
endometriosis patients
3 Study types were reviews, case
report/series, or single arm study

Fig.1 Flow diagram
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and all six studies [15, 18-22] reported clinical pregnancy
rate. Two studies [19, 21] clarified the endometriosis phe-
notypes, and three [15, 18, 20] clarified stages. Five studies
[18-22] described the stimulation protocol and the frozen
embryo transfer protocol. Three studies [19, 21, 22] clari-
fied prior endometriosis surgery. Four studies [15, 18, 19,
21] described concomitant infertility factors. Only one study
[18] used a subgroup analysis according to the age of the
participants; another study [15] performed a subgroup analy-
sis by the number of oocytes retrieved, and one study [18]
performed a subgroup analysis by preimplantation genetic
testing (PGT-A). Characteristics of the retrieved articles are
displayed in Table 1.

Meta-analysis

A random-effect model revealed an /* statistic of 55% for
live birth rate and 68% for clinical pregnancy rate, which
was interpreted as obvious heterogeneity. A fixed-effect
model revealed no significant heterogeneity for miscar-
riage rate (I>=22%). Analysis of ORs was conducted via
the Mantel-Haenszel technique. The frozen embryo trans-
fer group had better reproductive outcomes in patients with
endometriosis than in the control group (OR, 1.53; 95% CI,
1.13-2.08; P=0.007) (Fig. 2a). The two groups had a simi-
lar clinical pregnancy rate (OR, 1.26; 95% CI, 0.95-1.69;
P=0.11) (Fig. 3), but the difference in the rate of miscar-
riage between the two groups was significant (OR, 0.70; 95%
CI, 0.50-0.97; P=0.03) (Fig. 4).

We did not test for funnel plot asymmetry because of the
possibility of achieving a false-positive result (< 10 included
studies according to Cochrane Handbook for Systematic
Reviews of Interventions) (https://training.cochrane.org/
handbook). Because there were only six studies included
in this analysis, we chose not to assess for publication bias.
Quality assessment scores were in the range of 8 to 9 scores
(Table 2).

Using the GRADE approach, evidence quality was clas-
sified as moderate (Table 3). There were not enough data
to conduct a subgroup analysis according to endometriosis
phenotypes, stages, age of participants, stimulation protocol,
or frozen embryo transfer protocol.

Sensitivity analysis

A sensitivity analysis was conducted, and it suggested
that the results were not stable. Even with removal of the
study by Wu et al. [15] or Asoglu et al. [21], there was no
significant difference in the live birth rate (OR, 1.46; 95%
CI, 0.96-2.23; P=0.08 and OR, 1.45; 95% CI, 0.99-2.14;
P=0.06, respectively) (Fig. 2b and c).
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Discussion
Main finding

This study aimed to evaluate the relationship between the
transfer of frozen embryos and fertility in patients with
endometriosis.

Results suggest that the transfer of frozen embryos
was associated with improved rates of live birth and fer-
tility among women with endometriosis, whereas the rate
of clinical pregnancy between both groups was similar.
Further, there was a significantly lower rate of miscar-
riage in the group with frozen embryo transfer. However,
results of a sensitivity analysis suggested that our results
were unstable. This may have been the result of the small
number of retrieved studies. All of these studies were retro-
spective cohort trials, and their allocation was not entirely
random. Whether the study participants received frozen or
fresh embryo transfer was based on discussion rather than
randomization.

Strengths and limitations

This was the first systematic review and meta-analysis, to
our knowledge, of frozen embryo transfer in women with
endometriosis. We screened the references manually and
performed a systematic search of the literature. The inclu-
sion and exclusion criteria were strict, and the methodology
was rigorous. Live birth rate, the ideal outcome variable,
was the primary outcome for this study. In addition, all the
included participants underwent their first transfer cycle.

This study had several limitations. First, this analysis
lacked the inclusion of randomized clinical trials, as there
were none available on this subject. Moreover, there were
some factors contributing to the heterogeneity of the meta-
analysis, including maternal age, phenotype, and stage of
endometriosis, and concomitant infertility factors including
adenomyosis, prior endometriosis surgery, stimulation pro-
tocol, number of retrieved oocytes, frozen embryo trans-
fer protocol, and number of embryo transfers, which were
inconsistent across the included studies. Meanwhile, there
were not enough data to conduct a subgroup analysis accord-
ing to these factors.

Implications for clinical practice

Endometriosis is the etiology of infertility in millions of
women worldwide. Assisted reproductive technology has
allowed for the improved management of endometriosis-
related infertility. After controlled ovarian stimulation, the
transfer of fresh embryos is typically performed; this process
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Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed. 95% CI
Asoglu 2020 15 113 12 65 15.8% 0.68 [0.29, 1.55] s i
Bourdon 2018 1 58 16 40 18.4% 0.35(0.14,0.87) T = B
Tan 2021 34 159 29 139 291% 1.03[0.59,1.80] —_—
Wang 2018 12 180 7 48 12.3% 0.42[0.16,1.13]
Wu 2019 32 262 16 99 24.4% 0.72[0.38,1.39] =S
Total (95% ClI) 772 391 100.0%  0.70[0.50, 0.97] -
Total events 104 80
N P ) " S I ' \ ) \ )
Heterogeneity: Chi*=5.11, df= 4 (P = 0.28), F= 22% 1 02 05 3 : 10

Testfor overall effect: Z=2.14 (P = 0.03)

Fig.4 Forest plot of miscarriage rate
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Table 2 Study quality
assessment

Table 3 Summary of findings
(GRADE)

Authors Year Selection comparability outcome assessment  Score
1 2 3 4 5 6 7 8
Asoglu 2020 Y * Y Y Yo * R * 9
Bourdon 2018 Y * 4 Y Y Y * * 8
Mohamed 2011 Y Y 4 Y Y * * * 8
Tan 2021 Y Y 4 Y Yook * ¥ Y 9
Wang 2018 Y Y Yo Y Y * ¥ Y 8
Wu 2019 e Y Y ¥ Y * * Y 8
Summary of findings:

Frozen embryo transfer compared to fresh embryo transfer for endometriosis

Patient or population: endometriosis
Setting: no setting
Intervention: Frozen embryo transfer

Comparison: Fresh embryo transfer

Anticipated absolute effects

(95% ClI)
. Ne of Certainty of the
i i i i Relative effect
Outcomes RERet Regeit) (05% C)) participants evidence Comments
(]
Fresh embryo Frozen (studies) (GRADE)
transfer embryo
transfer
296 per 1446
live birth 1,000 OR1.16 6]
266 per 1,000 66@0
rate (24810 348) (0.91t01.47)  observational MODERATE
studies)
. 373 per 2174
Clinical
1,000 OR1.10 ¢} Y1 1@)
pregnancy 351 per 1,000 .
(333t0415) (0.92t01.31)  observational ~ MODERATE
rate
studies)
198 per 838
Miscarriage 1,000 OR1.24 (4 a0
166 per 1,000
rate (117t0311) (0.67t02.27) observational ~ MODERATE
studies)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the
relative effect of the intervention (and its 95% Cl).

ClI: Confidence interval; OR: Odds ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate

of effect
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generates high levels of estrogen. Because endometriosis is
considered to be an estrogen-dependent disease, the high
levels of estrogen generated from fresh embryo transfer are
speculated to interfere with endometrial receptivity. This
results in fewer occurrences of pregnancy. Several studies
have shown that ovarian stimulation can cause a decrease in
endometrial and subendometrial blood flow and can induce
histopathological changes in the endometrium [23-25]. In
addition, researchers have found that during fresh embryo
transfer cycles, the gene transcription involved in endo-
metrial receptivity is disrupted [26-29]. Deferred frozen-
thawed embryo transfer permits the embryo transfer to be
carried out in a subsequent, separate cycle, which results in
several potential advantages compared with fresh embryo
transfer. These advantages include (1) the restoration of syn-
chrony between endometrium and embryo and (2) the abil-
ity to reset the natural physiologic milieu of the uterus for
optimal implantation. Several studies have shown a higher
rate of live births and pregnancy with the use of frozen
embryo transfer [15, 30]. The main question was whether
frozen embryo transfer could restore optimal receptivity and
improve fertility in women with endometriosis, which would
lead to an increased frequency of pregnancy.

Because of the dysfunction of eutopic endometrium
of endometriosis, including progesterone-resistance and
decidualization defects, endometrial receptivity is thought
to be the key factor in a successful pregnancy [10]. Mean-
while, numerous biomarkers have been proposed to identify
the optimal endometrial receptivity [31, 32]. However, the
known evidence of endometrial receptivity defects in endo-
metriosis was based on the physiologic mechanism; none of
the markers were used in clinical practice because of poor
pregnancy prediction accuracy. Studies should focus on the
improvement of in vitro fertilization, including the protocols
of stimulation and transfer, timing of transplantation, and
fertilization mode.

Our study results suggest that the transfer of cryopre-
served embryos was associated with better reproduction
outcomes than the transfer of fresh embryos in patients with
endometriosis. However, evidence for this is not yet abun-
dant. In addition, a cryopreservation strategy may result in
the following disadvantages: increased time to pregnancy,
unnecessary interventions, increased patient expense, and
high concentrations of cryoprotectants, which may be toxic
to embryos. Therefore, proceeding with frozen embryo
transfer as a routine management strategy for endometrio-
sis should be done cautiously. Individualized treatment of
patients is necessary owing to the high level of heterogene-
ity with endometriosis. It should note that cryopreserved
embryo transfers have been shown to provide better out-
comes than fresh embryo transfers in a general population of
ovulatory women [33]. Thus, the advantages of cryopreser-
vation strategies may not be limited to endometriosis.

@ Springer

Implications for further research

All of the study objectives were not addressed owing to
the limited evidence retrieved from the six retrospective
cohort trials. In particular, we were unable to perform sub-
group analysis based on concomitant infertility factors,
prior endometriosis surgery, stimulation protocol, number
of retrieved oocytes, transfer of frozen embryo protocol,
and embryo transfer number. In the future, more research
in the form of randomized clinical trials should be per-
formed to establish the efficacy of frozen embryo transfer
in the reproduction prognosis of endometriosis.

Conclusions

The results suggest that the transfer of frozen embryos
may improve the rate of live births and decrease the rate
of miscarriages in patients with endometriosis. However,
the benefit of frozen embryo transfer in the improvement
of fertility outcomes remains uncertain. Evidence quality
was considered moderate. More strictly designed research
is needed to evaluate whether frozen embryo transfer leads
to better outcomes in women with endometriosis compared
with fresh embryo transfer using assisted reproductive
technology. Using frozen embryo transfer as a routine
management strategy for endometriosis should be per-
formed cautiously.
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