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Abstract

Background: The optimal pretreatment strategy for patients with ovarian endometrioma (OEM) undergoing in vitro fertilization (IVF)
remains controversial, particularly among those with a normal ovarian response. Letrozole (LE) has been proposed to modulate the
ovarian hormonal environment and improve ovarian stimulation outcomes. However, its clinical value in this patient population has not
been fully established. We assessed the clinical value of pretreatment with LE in combination with a gonadotropin-releasing hormone
agonist (GnRHa) in patients with OEM and normal ovarian response undergoing IVF. Methods: In this retrospective study, 71 patients
with OEM and normal ovarian response who underwent IVF-embryo transfer (IVF-ET) were initially enrolled and assigned to the GnRHa
+ LE group (n = 36) or the GnRHa group (n = 35). After one patient was excluded from each group, 35 patients in the GnRHa + LE
group and 34 patients in the GnRHa group were included in the final transfer-cycle analysis. During controlled ovarian stimulation,
patients received pretreatment with GnRHa (3.75 mg) either alone or in combination with LE (2.5 mg) and were accordingly allocated
to the GnRHa group or the GnRHa + LE group. Between-group differences were evaluated regarding baseline characteristics, ovarian
stimulation profiles, and reproductive outcomes. Results: The total gonadotropin dose was significantly lower in the GnRHa + LE group
and was accompanied by reduced serum estradiol levels on the trigger day (p < 0.01). This group also demonstrated increased numbers
of retrieved and metaphase II oocytes (all p < 0.01), as well as improved fertilization rates (p = 0.02) and day-3 high-quality embryo rates
(p <0.05). Stimulation duration, cleavage rate, progesterone levels, embryo transfer number, endometrial thickness, and fresh embryo
transfer cancellation rates did not differ significantly between groups (all p > 0.05). The clinical pregnancy rate was significantly higher
in the GnRHa + LE group (p = 0.04). The implantation rate was significantly higher in the GnRHa + LE group than in the GnRHa
group (p = 0.04), whereas the early miscarriage rate was comparable between the two groups (p = 0.82). Reduction in maximal ovarian-
endometriotic-cyst diameter was significantly greater in the GnRHa + LE group (p = 0.04). Conclusions: Combined pretreatment with
LE and GnRHa may enhance ovarian response efficiency and improve IVF-ET outcomes among women with OEM who exhibit a normal
ovarian response.
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1. Introduction versely affect fertility and reproductive outcomes in women
with endometriosis [2]. In addition, OEM has been reported
to adversely affect IVF outcomes by decreasing oocyte
quality, reducing fertilization rates, impairing embryo de-
velopment, and increasing the risk of implantation failure
and early pregnancy loss.

Gonadotropin-releasing hormone agonists (GnRHa)
remain a key medical therapy for endometriosis and are
widely integrated into IVF-ET protocols. Sallam et al. [3]
reported that 3—6 months of GnRHa pretreatment increased
clinical pregnancy rates in women with endometriosis by
nearly fourfold. Long-acting GnRHa before embryo trans-
fer has also been shown to lower early miscarriage rates [4].
However, evidence regarding GnRHa-induced reduction of
ovarian endometriotic cysts is inconsistent, likely due to in-
sufficient suppression of extragonadal estrogen production

Endometriosis is a chronic estrogen-dependent gyne-
cological disorder characterized by the ectopic presence of
functional endometrial-like tissue outside the uterine cav-
ity, and is commonly associated with dysmenorrhea, pelvic
pain, infertility, and impaired organ function. It affects
approximately 10%—-20% of women of reproductive age,
with up to 50% experiencing infertility [1]. Moreover, be-
yond its clinical manifestations, endometriosis is associated
with a compromised reproductive microenvironment, in-
cluding chronic inflammation, immune dysregulation, and
impaired endometrial receptivity, which may adversely af-
fect assisted reproductive technology outcomes.

Ovarian endometrioma (OEM) is the most common
subtype among infertile women, with approximately 17%—
44% of patients undergoing assisted reproductive treat-
ment, including in vitro fertilization and embryo transfer [5].
(IVF-ET), being affected. Ovarian endometriomas may ad-
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Mechanistically, GnRHa treatment initially induces a
transient flare-up effect followed by downregulation of pi-
tuitary gonadotropin secretion, leading to profound hypoe-
strogenism and suppression of endometriotic lesion activ-
ity. This hypoestrogenic state contributes to reduced lesion
proliferation, decreased inflammatory cytokine production,
and improved pelvic environment [1,5].

Letrozole (LE), a selective aromatase inhibitor, sup-
presses both intra- and extra-ovarian estrogen biosynthe-
sis, thereby inhibiting estrogen-dependent lesion growth.
In one study, three months of high-dose LE (5 mg/day)
combined with a progestin reduced mean cyst diameter by
about 50% and cyst volume by 75% [6]. At the molec-
ular level, LE inhibits the aromatase enzyme responsible
for the peripheral conversion of androgens to estrogens,
thereby reducing both systemic and local estrogen concen-
trations. This dual suppression is particularly relevant in
endometriosis, where ectopic lesions exhibit aberrant aro-
matase expression and local estrogen production [6].

Given the complementary mechanisms of GnRHa and
LE, we hypothesized that combined pretreatment would
enhance IVF outcomes in OEM patients. Specifically,
whereas GnRHa suppresses ovarian estrogen production
via pituitary downregulation, LE further inhibits peripheral
and local estrogen synthesis, potentially resulting in more
complete estrogen deprivation and improved control of en-
dometriotic activity. This study therefore evaluated the
clinical value of GnRHa plus LE pretreatment in normal-
responder women with OEM who were undergoing IVF-
ET.

2. Materials and Methods
2.1 Study Sample

A total of 125 patients with OEMs and normal ovarian
response who underwent IVF-ET at the Reproductive Cen-
ter of Xuzhou Central Hospital between March 2023 and
March 2025 were initially assessed for eligibility. OEM
was not considered the sole cause of infertility in all cases;
instead, all patients had a confirmed diagnosis of OEM, al-
though additional infertility factors (such as tubal or male
factors) could coexist. Of these, 54 patients were excluded
for the following reasons: age <23 or >35 years (n = 21),
failure to meet the predefined criteria for normal ovarian re-
sponse (n = 8), prior surgery for endometriosis (n =9), uter-
ine abnormalities, endometrial disorders, or hydrosalpinx
potentially affecting implantation (n = 11), and total motile
sperm count <5 x 10 in the male partner (n = 5).

Ultimately, 71 patients were enrolled and assigned to
either the GnRHa + LE group (n = 36) or the GnRHa group
(n = 35), according to whether LE pretreatment was used.
One patient in each group was subsequently excluded (due
to elevated progesterone level on trigger day in the GnRHa
+ LE group and personal reasons in the GnRHa group),
leaving 35 and 34 patients, respectively, for the final anal-

ysis (Fig. 1).

2.2 Inclusion Criteria

The inclusion criteria were: (1) age between 23 and
35 years; (2) diagnosed with OEMs only; other subtypes
of endometriosis (e.g., deep infiltrating endometriosis or
peritoneal endometriosis) were not included. (3) no previ-
ous surgical history related to endometriosis; OEMs were
diagnosed by experienced clinicians using transvaginal ul-
trasonography, according to the International Ovarian Tu-
mor Analysis (IOTA) consensus criteria [7], characterized
by cysts with regular margins and homogeneous low-level
“ground-glass” echogenicity; (4) normal ovarian response
meeting the following criteria [8]: (a) a basal follicle-
stimulating hormone (FSH) level below 10 IU/L; (b) bi-
lateral antral follicle count (AFC) between 7 and 14; (c)
anti-Miillerian hormone (AMH) between 1.0 ng/mL and 4.0
ng/mL; (d) no history of ovarian-stimulation-cycle cancel-
lation prior to oocyte retrieval due to poor or excessive ovar-
ian response.

2.3 Exclusion Criteria

The exclusion criteria were: (1) either partner pre-
senting with chromosomal abnormalities; (2) uterine ab-
normalities (e.g., congenital malformations, adenomyosis,
or leiomyoma), endometrial lesions (e.g., endometritis,
polyps, or intrauterine adhesions), or hydrosalpinx that may
affect embryo implantation; (3) endocrine, immunologic, or
metabolic disorders such as thyroid disease, diabetes melli-
tus, hyperprolactinemia, or polycystic ovary syndrome; (4)
male factor infertility, particularly severe male factor de-
fined as total motile sperm count <5 x 10° in the male part-
ner [9], thereby minimizing the potential confounding ef-
fect of male-related factors on IVF outcomes; (5) severe
systemic diseases, including major organ dysfunction, ma-
lignancy, or a history of thromboembolic events; (6) poor
ovarian responders and high ovarian responders, were ex-
cluded to ensure a homogeneous population of normal ovar-
ian responders.

This retrospective study was approved by the Ethics
Committee of our hospital. The requirement for written
informed consent was waived due to the retrospective na-
ture of the study. Ethical approval was obtained after com-
pletion of patient follow-up, and all data were anonymized
prior to analysis.

2.4 Controlled Ovarian Stimulation Protocols

Patients were not randomly assigned in this retrospec-
tive study; instead, the allocation to each treatment group
was based on clinical decision-making, considering physi-
cian preference and patient-specific conditions at the time
of treatment. Two different controlled ovarian stimulation
protocols were implemented as described below:

GnRHa group (n =35): On menstrual cycle days 1-3,
patients received an injection of triptorelin acetate 3.75 mg,
s.c. (Decapeptyl, Ferring Pharmaceuticals SA, Saint-Prex,
Switzerland). The injection was repeated after 30 days for
a total of two doses.
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Patients diagnosed with ovarian endometriomas (OEMs) who underwent
in vitro fertilization—embryo transfer (IVF-ET) (n=125)

Excluded (n=54)
@ age <23 years or >35 years (n=21)
@ failure to meet the predefined criteria for normal ovarian response (n = 8)
@ previous history of surgery for endometriosis (n = 9)
@ uterine abnormalities, endometrial disorders, or hydrosalpinx that may
impair embryo implantation (n = 11)
@ total motile sperm count <5 x 10%mL in the male partner (n = 5)

Patients enrolled in the study

@=71)

14—‘ whether letrozole pretreatment was used |

l

GnRHa+LE group (n=36) ‘———P‘ Analysis | 4——‘ GnRHa group (n=35) |
Excluded (n=1) - 1 Excluded (n=1)
® serum progesterone level >1.5 i whether fresh embryo transfer was conducted I @ personal reasons (n= 1)
ng/mL on the trigger day (n= 1)

| GnRHa+LE group (n=35) ‘—>‘

Analysis |<—| GnRHa group (n=34)

Fig. 1. Flow diagram of the study. GnRHa, gonadotropin-releasing hormone agonist; LE, letrozole.

GnRHa + LE group (n = 36): On menstrual cycle
days 1-3, patients underwent the same GnRHa pretreatment
as described above and received 2.5 mg LE (Jiangsu Hen-
grui Pharmaceuticals Co., Ltd., 231205KL, Lianyungang,
Jiangsu, China)orally once daily for five consecutive days.

Thirty days after the last GnRHa injection, vaginal ul-
trasonography was performed to assess antral follicle num-
ber and size. Serum concentrations of fFSH, luteinizing
hormone (LH), and estradiol (E,) were assessed. Pituitary
downregulation [10] was defined as the presence of folli-
cles with a diameter <10 mm, accompanied by serum FSH
and LH levels below 5 mIU/mL and an E, level <50 pg/mL.

Controlled ovarian stimulation was then initiated with
recombinant FSH (r-FSH, Gonal-F, Merck Serono GmbH,
BA089041/BA096091, Darmstadt, Germany) at 150-225
IU combined with recombinant LH (r-LH, Luveris, Merck
Serono GmbH, AU035478/AU043747, Darmstadt, Ger-
many) at 75 IU daily. Dosages were adjusted accord-
ing to individual ovarian response. When at least one
follicle reached =18 mm or two follicles reached =17
mm, ovulation was triggered using recombinant human
chorionic gonadotropin (r-hCG, Ovitrelle, Merck Serono,
BA091066/BA096099, Modugno, Bari, Italy) 0.25 mg, s.c.
Oocyte collection was carried out 3637 hours after trigger
administration, guided by transvaginal ultrasonography.

2.5 Fertilization, Embryo Transfer, and Luteal Support

Semen samples were produced from the male part-
ners by masturbation on the day of oocyte retrieval and col-
lected. All cycles in this study were performed using con-
ventional IVF, as patients with severe male-factor infertil-
ity were excluded. Fertilization was assessed by the pres-
ence of two pronuclei (2PN) at 16—18 h after insemination.
Embryo morphology was assessed according to the Istanbul
consensus [11].
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Patients in the downregulation group received proges-
terone (Zhejiang Xianju Pharmaceutical Co., Ltd., FB2439,
Xianju County, Taizhou, Zhejiang, China), 60 mg/day i.m.,
and oral estradiol-dydrogesterone tablets (Femoston, Ab-
bott Biologicals B.V., 370364/374233, Olst, Netherlands;
containing 2 mg estradiol and 10 mg dydrogesterone, twice
daily) for luteal-phase support.

On day 3 post-fertilization, embryo transfer (ET) was
performed under ultrasound guidance, with the number of
embryos (one or two) determined according to endometrial
thickness, serum hormone profiles, and embryo quality.
Remaining viable embryos were cryopreserved for frozen-
thawed embryo transfer (FET) if fresh transfer was not car-
ried out.

2.6 Pregnancy Assessment and Follow-Up

Serum B-human chorionic gonadotropin (B-hCG) con-
centrations were assessed 14 days following ET. Levels <5
mlU/mL indicated implantation failure. Clinical pregnancy
was diagnosed when transvaginal ultrasonography at 28-35
days after ET demonstrated both a gestational sac and fetal
cardiac activity.

2.7 Outcome Measures

Baseline characteristics were: age; duration of infer-
tility; body mass index (BMI); AFC; AMH; basal hormone
levels (FSH, E,); and mean maximum diameter of OEMs.

Stimulation and laboratory parameters were: dura-
tion and total dose of gonadotropin; number of retrieved
oocytes; number of metaphase 11 (MII) oocytes; fertiliza-
tion rate; cleavage rate; day-3 high-quality embryo rate;
serum E, and progesterone levels on trigger day; endome-
trial thickness; number of embryos transferred; and fresh
embryo-transfer-cancellation rate.
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Pregnancy outcomes were: mean maximum diameter
of OEMs on trigger day; implantation rate; clinical preg-
nancy rate; and early miscarriage rate.

2.8 Definitions of Indicators

The indicators were defined according to previously
published studies [11,12,13].

@ The total number of oocytes retrieved referred to all
oocytes collected during the oocyte retrieval procedure.

® MII oocytes were defined as mature oocytes char-
acterized by the extrusion of the first polar body.

® The fertilization rate was calculated as the pro-
portion of oocytes successfully fertilized among all MII
oocytes.

® The cleavage rate represented the percentage of em-
bryos that underwent cleavage relative to the number of nor-
mally fertilized oocytes.

@® The proportion of high-quality embryos on day 3
was defined as the number of good-quality embryos divided
by the total number of cleaved embryos derived from nor-
mally fertilized (2PN) zygotes.

® The cancellation rate of fresh embryo transfer cy-
cles was calculated based on the proportion of cycles in
which embryo transfer was not performed among all oocyte
retrieval cycles.

® The implantation rate was defined as the ratio of
successfully implanted embryos to the total number of em-
bryos transferred.

® The clinical pregnancy rate was calculated as the
proportion of cycles resulting in clinical pregnancy among
all embryo transfer cycles.

@ Early miscarriage rate = (number of early miscar-
riages + number of clinical pregnancies) x 100%.

2.9 Statistical Analysis

All statistical analyses were carried out with SPSS
19.0 (IBM Corp., Armonk, NY, USA). Continuous vari-
ables were summarized as mean + SD and analyzed using
the independent samples #-test for between-group compar-
isons. Before applying the #-test, the normality of continu-
ous variables was assessed using the Shapiro—Wilk test, and
homogeneity of variances was evaluated using Levene’s
test. If the assumptions for the #-test were not met, non-
parametric tests (Mann—Whitney U, Chi-square, Fisher’s
exact) were used, as appropriate. With the actual analyzed
sample sizes of 35 and 34, the post hoc statistical power
to detect differences in embryos transferred and endome-
trial thickness was approximately 12.8% and 5.7%, respec-
tively, using a two-tailed, two-sample #-test with unequal
variances at a significance level of 0.05. A p-value < 0.05
was considered statistically significant.

3. Results
3.1 Baseline Characteristics of the Study Population

Baseline demographic and clinical parameters were
comparable between the two groups. No significant dif-

ferences were observed in age, duration of infertility, BMI,
AFC, AMH, basal FSH, basal E, levels, or the mean maxi-
mal diameter of OEMs (all p > 0.05) (Table 1).

3.2 Ovarian Stimulation Outcomes and Embryological
Characteristics

Compared with the GnRHa protocol alone, patients
receiving the combined GnRHa + LE regimen required a
lower total dose of gonadotropin and exhibited reduced
serum E; concentrations on the day of trigger (both p
< 0.05). In contrast, the GnRHa + LE group yielded a
greater number of retrieved and MII oocytes, along with
improved fertilization outcomes and a higher proportion of
high-quality embryos on day 3 (p < 0.05 for all compar-
isons). However, no significant differences were identi-
fied between the two groups in the duration of stimulation,
cleavage rate, or progesterone level on the trigger day (p >
0.05) (Table 2).

3.3 Comparison of Treatment Outcomes and Pregnancy
Results

Fresh embryo transfer was carried out in 35 cycles in
the GnRHa + LE group and in 34 cycles in the GnRHa
group. Baseline transfer characteristics, including the num-
ber of embryos transferred, endometrial thickness on the
transfer day, and the rate of ET cancellation, were compa-
rable between the two groups (all p > 0.05). Compared with
the GnRHa group, the GnRHa + LE group demonstrated a
significantly higher clinical pregnancy rate, along with an
increased implantation rate (all p < 0.05) and a compara-
ble incidence of early miscarriage (p = 0.82). In addition,
the mean maximum diameter of OEMs was significantly
smaller in the GnRHa + LE group than in the GnRHa group
after pretreatment (p < 0.05) (Table 3).

4. Discussion

Endometriosis is an estrogen-dependent disease in
which increased estrogen sensitivity and progesterone re-
sistance play critical roles in onset and progression. The
disease has an insidious onset and begins to impair fertility
even at its early stage, with an average diagnostic delay of
approximately 10 years [14]. A study has shown that 22—
63% of women with unexplained infertility who undergo
laparoscopy are found to have endometriosis [15]. As the
disease progresses, ectopic endometrial tissue may invade
the pelvic cavity, ovaries, or peritoneum, leading to infer-
tility through multiple mechanisms, including altered coital
frequency, ovulatory dysfunction, impaired tubal function,
reduced embryo quality, and decreased endometrial recep-
tivity [16]. In addition, endometriosis-associated peritoneal
fluid may negatively affect sperm function [17]. An ex-
perimental study showed that peritoneal fluid from women
with moderate to severe endometriosis can impair sperm
motility, potentially due to elevated levels of reactive oxy-
gen species and inflammatory cytokines (e.g., tumor necro-
sis factor-alpha [TNF-a], interleukin-6 [IL-6], interleukin-
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Table 1.

Baseline characteristics of the study groups.

Variable GnRHa + LE group GnRHa group p Value
Cycles (n) 36 35
Age (years) 30.42 +£3.55(23-34) 29.03+£2.95(25-35) 0.08
Type of Infertility, n (%) 0.73
Primary 22 (61.11%) 20 (57.14%)
Secondary 14 (38.89%) 15 (42.86%)
Duration of Infertility (years) 3.38+£1.00 3.11+1.13 0.31
BMI (kg/m?) 22.54+1.99 21.90 +1.79 0.16
AFC (n) 10.36 £2.67 10.71£2.52 0.57
AMH (ng/mL) 2.69+0.70 2.63 +0.62 0.70
Basal FSH (mIU/mL) 7.74 £1.36 7.34+1.78 0.29
Basal E; (pg/mL) 41.00 (32.00, 65.00)  40.00 (33.00, 60.95)  0.74
Max diameter (mm) 33.67 £5.86 32.13+£5.07 0.24

Note: BMI, body mass index; AMH, anti-Miillerian hormone; AFC, antral follicle count; Basal FSH, basal
follicle-stimulating hormone; Basal E,, basal estradiol; Max diameter, mean maximum diameter of ovarian

endometriomas. Data are presented as mean + SD, median (IQR), or n (%), as appropriate.

Table 2. Ovarian stimulation outcomes and embryological variables in the two groups [(mean £ SD), %].

Variable GnRHa + LE group GnRHa group  p Value
Cycles (n) 36 35

Stimulation Days 9.97+1.70 9.83+£1.62 0.72
Total Gonadotropin Dose (IU) 2182 +406.6 2705 +£416.6 <0.01
Oocytes Retrieved 9.11+£2.52 6.97+1.86 <0.01
MII Oocytes 6.75+2.37 480+ 1.55 <0.01
Fertilization Rate (%) 87.24 (212/243)  77.38 (130/168)  0.01
Cleavage Rate (%) 90.09 (191/212)  87.69 (114/130)  0.12
Day 3 high-quality embryo rate (%)  60.73 (116/191) 49.12 (56/114)  <0.05
E; (pg/mL) 1981 + 556.10 2924 +730.50  <0.01
P (ng/mL) 0.83+0.34 091+0.18 0.20

Note: MII, metaphase 1I; E,, estradiol; P, progesterone.

Table 3. Treatment and pregnancy outcomes in the two groups [(mean + SD), %].

Variable GnRHa +LE group GnRHa group p Value
Total cycles (n) 36 35

Fresh embryo transfer cycles (n) 35 34

Max diameter (mm) 27.14 £5.65 29.72 +4.68 0.04
Embryos Transferred 1.51+0.51 1.41+0.50 0.40
Endometrial Thickness (mm) 10.86 £4.33 10.66 £ 2.01 0.81
Fresh embryo transfer cancellation rate (%) 2.78 (1/36) 2.86 (1/35) 1.00
Implantation Rate (%) 41.51 (22/53) 2292 (11/48)  0.04
Clinical Pregnancy Rate (%) 57.14 (20/35) 32.35(11/34)  0.04
Early Miscarriage Rate (%) 15.00 (3/20) 18.18 (2/11) 1.00

Note: Embryos transferred and endometrial thickness were analyzed among fresh embryo
transfer cycles (n =35 in the GnRHa + LE group and n = 34 in the GnRHa group). The fresh
embryo transfer cancellation rate was calculated based on all initiated cycles (n =36 and n

= 35, respectively).

8 [IL-8]), which may interfere with sperm capacitation and
acrosome reaction [18]. However, the application of as-
sisted reproductive technology enables the majority of pa-
tients to attain favorable reproductive outcomes.

OEM s represent an advanced stage of the disease. The
cysts can impair ovarian function through mechanical com-
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pression and the secretion of inflammatory cytokines, reac-
tive oxygen species, and free iron, thereby reducing ovarian
responsiveness, impairing oocyte development, and com-
promising embryo quality, which ultimately affects I[VF-
ET outcomes [2]. An in vitro study has demonstrated that
exposure of parthenogenetically activated oocytes to follic-
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ular fluid from patients with OEMs significantly increases
oocyte fragmentation and cell death, thereby impairing em-
bryonic development [19].

GnRHa is among the most widely used classes of med-
ications for the treatment of endometriosis. A GnRHa binds
to gonadotropin-releasing hormone receptors on the ante-
rior pituitary with high affinity, initially producing a “flare-
up effect” that transiently elevates FSH and LH levels and
promotes follicular development. With prolonged adminis-
tration, however, receptor desensitization and downregula-
tion occur, leading to suppression of gonadotropin secretion
and reduced estrogen levels. As a result, ectopic endome-
trial tissue undergoes atrophy due to estrogen deprivation,
thereby relieving symptoms and improving fertility in pa-
tients with endometriosis [20].

Most studies have demonstrated that pretreatment
with GnRHa for 3—6 months before Assisted Reproductive
Technology (ART) improves clinical outcomes in patients
with advanced endometriosis (stage III-IV), although its
benefit in mild disease remains controversial [21,22]. The
mechanisms by which GnRHa enhances IVF outcomes are
multifactorial. GnRHa reduces the expression of vascu-
lar endothelial growth factor, tissue factor, and protease-
activated receptor 2 in ectopic endometrium, thereby in-
hibiting angiogenesis and reducing cell adhesion and inva-
sion [23]. In addition, GnRHa decreases the production of
cytotoxic factors in follicular fluid, reduces oxidative stress,
and improves oocyte quality. After three months of GnRHa
treatment, the concentrations of TNF-a and 8-hydroxy-2'-
deoxyguanosine in follicular fluid are significantly reduced,
whereas melatonin levels and fertilization rates are higher
[24].

GnRHa also improves endometrial receptivity by pro-
moting the development of pinopodes. Li et al. [25]
reported that GnRHa pretreatment downregulated miR-
124-3p expression and upregulated IL-6, IL-11, Leukemia
Inhibitory Factor (LIF), and integrin oavB3 in the en-
dometrium, which favored early embryo implantation. Fur-
thermore, GnRHa enhanced subendometrial blood perfu-
sion and improved the pelvic inflammatory environment
[26]. However, whether GnRHa reduces the size of en-
dometriotic lesions remains unclear. GnRHa primarily sup-
presses ovarian estrogen production but does not affect es-
trogen derived from ectopic endometrial tissue, adrenal cor-
tex, or peripheral aromatization, which may explain why
some cases are resistant to ovarian suppression [5].

As a third-generation aromatase inhibitor, LE sup-
presses estrogen production at both central and peripheral
levels, thereby establishing a hormonal milieu that more
closely resembles physiological conditions. A study has
shown that LE effectively reduces serum E; levels on the
day of trigger and lowers E; production per mature folli-
cle without compromising ovulation-induction outcomes,
thereby reducing estrogen exposure and potentially limiting
disease progression. It is widely considered a relatively safe
option for ovulation induction when fertility preservation is

required in individuals with hormone-sensitive gynecologic
malignancies [27].

LE has also been shown to improve ovarian re-
sponse and endometrial receptivity. Among women with
poor ovarian response, co-administration of LE with go-
nadotropins was associated with increased yields of re-
trieved oocytes, MII oocytes, and high-quality embryos
compared with gonadotropin stimulation alone [28]. In hor-
mone replacement embryo-transfer cycles, the addition of
LE was linked to increased pregnancy rates, likely due to
enhanced endometrial receptivity through molecular mech-
anisms [29]. An animal study has demonstrated that LE
increased the expression of avp3 integrin and Homeobox
A10 (HOXA10), two markers of endometrial receptivity,
in rat endometrium [30].

Combined treatment with GnRHa and LE provided
maximal suppression of estrogen production and reduced
inflammatory mediators in endometrial tissue. This com-
bined approach has been shown to enhance both the like-
lihood of achieving a clinical pregnancy and the chance of
live birth among women experiencing repeated implanta-
tion failure or unexplained endometriosis [31]. Cozzolino
et al. [32] reported that GnRHa monotherapy may be in-
sufficient to suppress estrogen secretion in severe adeno-
myosis, whereas combination therapy with LE was both
safe and effective. Similarly, previous studies [33,34] sug-
gest that combining an aromatase inhibitor with GnRHa
may improve reproductive outcomes in women with en-
dometriosis. Moreover, since endometriotic epithelial cells
harbor oncogenic mutations and endometriosis is linked to
a higher risk of ovarian cancer in ART patients [35], the
combination of GnRHa and LE may also reduce estrogen
exposure and help prevent malignant transformation.

In the present study, GnRHa combined with LE sig-
nificantly reduced E, level on the day of trigger and led to
a greater reduction in the mean diameter of OEMs than did
GnRHa alone. Notably, patients in the combination group
achieved superior reproductive outcomes, including greater
oocyte yield, increased numbers of MII oocytes, improved
fertilization rates, a higher proportion of good-quality em-
bryos on day 3, as well as enhanced clinical pregnancy rates.

We selected individuals diagnosed with OEM who ex-
hibited a normal ovarian response to minimize the influ-
ence of hyper- or hypo-response on the study outcomes.
The half-life of LE is 30—60 h, and its optimal dose in
ART remains uncertain [36]. Given that higher doses of LE
may promote multifollicular development and potentially
increase the risk of ovarian hyperstimulation and multiple
pregnancy, we adopted a commonly used low-dose regimen
of 2.5 mg/day for five days [37]. Although some patients
in the combination group experienced mild hypoestrogenic
symptoms, no severe adverse reactions were observed.

Limitations

This study had several limitations that should be ac-
knowledged. First, preimplantation genetic testing was not
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performed, which may have limited a comprehensive eval-
uation of embryo quality. Second, the relatively small sam-
ple size may have limited the statistical power to detect dif-
ferences in certain outcomes. As indicated by the post hoc
power analysis, the power for several nonsignificant vari-
ables, including the number of embryos transferred and en-
dometrial thickness, was less than 20%, indicating a high
risk of type II error. Therefore, due to sample size limi-
tations, it is not possible to conclude that there is no dif-
ference between the two groups for these outcomes. The
absence of statistically significant differences should be in-
terpreted with caution, as true differences may have been
missed. Third, the optimal dose and duration of LE in this
population remain unclear and require further investigation.
Fourth, only patients with OEM were included, which may
have restricted the generalizability of the findings. Consid-
ering the heterogeneous nature of endometriosis, our results
may not be directly applicable to other subtypes, such as
deep infiltrating or peritoneal endometriosis. Finally, given
the retrospective design and the lack of randomization, po-
tential selection bias cannot be entirely excluded.

5. Conclusions

For patients with OEMs and normal ovarian response,
pretreatment with a combination of GnRHa and LE ap-
peared to be more beneficial for reducing cyst size and
improving IVF-ET pregnancy outcomes than did pretreat-
ment with GnRHa alone. Large-scale randomized con-
trolled studies are needed in order to validate these findings.
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