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Purpose: To analyze and discover the optimal gonadotrophin (Gn) starting point for luteal-phase stimulation (LPS) in in vitro
fertilization (IVF) Patients with normal ovarian response (NOR).

Patients and Methods: A total of 199 IVF or intracytoplasmic sperm injection (ICSI) cycles performed at the Reproductive Center
of the First Hospital of Jilin University from January 1, 2021, to December 31, 2023, were recruited in the study. Of these, 121 cycles
followed the follicular phase ovarian stimulation (FPS) (119 cases of adding antagonists), while 78 cycles adhered to the LPS protocol.
The LPS group was divided into three subgroups based on the timing of Gn initiation: early, mid-, and late LPS. Comparisons were
made between the LPS and FPS groups, as well as among the three subgroups, regarding Gn duration, total Gn dose, number of
oocytes retrieved, number of embryos, rate of good-quality embryos, blastocyst formation rate, clinical pregnancy rate, cumulative
pregnancy rate, live birth rate and cumulative live birth rate.

Results: The rate of high-quality embryos in the late luteal phase was significantly higher than that in the early luteal group and
slightly higher than that in the mid-luteal group. The clinical pregnancy rate and live birth rate of the late luteal group were slightly
higher than those of the early and mid-luteal group, and were not significantly different from those of the FPS group.

Conclusion: Initiating Gn stimulation during the late luteal-phase appears to be the optimal timing in NOR patients.

Keywords: luteal phase ovarian stimulation, follicular phase ovarian stimulation, normal ovarian response, timing of gonadotropin

initiation, pregnancy outcome

Introduction

Approximately one in six couples of reproductive age were diagnosed with infertility globally.! Intense societal pressures
have normalized late marriage and delayed childbearing. Factors such as advanced age, environmental pollution, and
unhealthy lifestyle habits jeopardize human reproductive health, leading to an increasing number of infertile couples
each year.? With the growing use of in vitro fertilization-embryo transfer (IVF-ET) and the ongoing refinement of
controlled ovarian stimulation (COS) protocols, luteal phase support strategies and laboratory techniques, the cumulative
live-birth rate (CLBR) following IVF has improved significantly.® Traditional COS protocols include the gonadotropin-
releasing hormone agonist (GnRH-a), microstimulation/mild stimulation, and gonadotropin-releasing hormone antagonist
(GnRH-A) protocols. Recent research has increasingly focused on progestin-primed ovarian stimulation (PPOS) proto-
cols, such as luteal phase ovarian stimulation (LPS) and its variants—follicular phase PPOS, flexible PPOS (fPPOS), and
double stimulation protocols.
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The conventional theory is follicles recruit from the late luteal phase of the preceding menstrual cycle to the early
follicular phase of the current Cycle.4 To promote the synchronized development of multiple follicles, supraphysiological
doses of gonadotropins (Gn) are typically administered during the early follicular phase. This approach aims to minimize
the need for repeated ovarian stimulation and surgical oocyte retrieval, resulting in a higher yield of usable oocytes.
Reproductive gynecologists have been refining ovulation protocols for nearly 50 years due to the risk that high estrogen
levels can trigger an early luteinizing hormone (LH) peak during ovarian stimulation, which can cause premature
ovulation or affect oocyte quality. The classic long protocol addresses this issue by using GnRH-a to prevent early LH
peaks, called controlled ovarian stimulation (COS). GnRH-a works by initially causing a brief “flare effect” before
desensitizing the pituitary gland.” However, this medication has a delayed onset and can lead to significant discomfort for
patients due to severe downregulation, increased initial doses, and prolonged ovulation duration, resulting in both
economic and emotional burdens. The GnRH-A protocol, which blocks the GnRH receptor on the pituitary gland to
rapidly inhibit LH release during the late stage of ovulation, is effective but costly. Therefore, there is a pressing need for
new ovulation protocols that better mimic physiological conditions and effectively prevent early LH peaks. In 2003,
Baerwald et al introduced the follicular wave theory, which discovered that 2-3 waves of follicle development can occur
within a single menstrual cycle in 50 women of reproductive age.® Based on this theory, the LPS protocol was first
successfully implemented for cancer patients who needed to preserve their fertility before undergoing chemotherapy.
There was no significant difference in the number of oocytes retrieved, oocyte viability, or fertilization rate between the
LPS protocol and follicular phase ovarian stimulation (FPS).”® In 2015, Kuang et al proposed the follicular phase PPOS
protocol, in which exogenous progesterone (P) was administered to inhibit LH secretion during the follicular phase, with
simultaneous Gn stimulation.” Exogenous progesterone administration during the follicular phase or high endogenous
progesterone levels during the luteal phase could inhibit the formation of early-onset LH peaks through negative
feedback regulation, and there were no significant differences in the numbers of oocytes retrieved and good-quality
embryos compared with those of the FPS group.'®!" While both PPOS and LPS protocols are effective in preventing
early-onset LH peaks in non-downregulated COS protocols, a drawback is that they necessitate frozen-thawed embryo
transfers (FET). This requirement arises because the endogenous or exogenous progesterone used in these protocols can
adversely affect the endometrium, causing it to develop out of sync with the embryos.

In recent years, with the pandemic of novel coronavirus pneumonia and poor patient mobility, PPOS protocols have
been used in many reproductive centers due to their convenient oral administration, low cost, and high flexibility.
However, compared with mainstream protocols, such as agonist and antagonist protocols, the PPOS protocol focused
more on the treatment of patients with poor ovarian responses and less on patients with normal ovarian responses.
Available evidence has shown that, in patients with normal ovarian reserve function, although the number of oocytes
retrieved was significantly lower with the follicular phase PPOS protocol than with the GnRH-a protocol, there was no
significant difference in clinical pregnancy or miscarriage rates between the two protocols.'? The rates of preterm births,
abnormal newborn birth weights, and congenital malformations were similar between the two protocols.'® Perinatal and
neonatal outcomes after the transplantation of euploid blastocysts obtained using the LPS protocol were not significantly
different from those obtained using FPS.'* Compared with the short and antagonist protocols, there were no statistically
significant differences in the rates of preterm births, low birth weights, neonatal mortalities, congenital anomalies, or
physical development and health at three years of life in the high P status ovulation protocol.'*'® Based on these studies,
the safety of the PPOS protocol is considered comparable to that of traditional protocols. However, larger prospective
clinical trials are needed to further validate its long-term safety and efficacy. Additionally, the PPOS protocol should be
optimized and tailored to specific patient characteristics and application strategies to enhance its clinical value and
effectiveness in assisted reproductive therapies.

In this study, we aimed to provide reliable evidence to guide the selection of an optimal COS protocol for patients
with NOR by comparing clinical and laboratory parameters and pregnancy outcomes after the application of FPS and
LPS protocols in a population with NOR. Although the LPS protocol has become a viable alternative to traditional FPS,
current research has only explored the optimal timing for Gn administration in the LPS protocol for patients with poor
ovarian response (POR).!” However, there is currently no clear definition of the optimal Gn administration strategy for
the LPS protocol in patients with NOR. This study is the first to compare three subgroups according to the different
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initiation times of Gn in the LPS protocol, in order to seeks to identify the most effective time window for Gn initiation
within the LPS protocol, with a view to improving the efficiency of ovulation induction and optimizing clinical

outcomes.

Materials and Methods

Study Design

Women who underwent IVF or ICSI at the Reproductive Center of the First Hospital of Jilin University from January 1,
2021, to December 31, 2023, were retrospectively analyzed. Patients were categorized into FPS group and LPS group Gn
initiation according to their menstrual cycle at the time of visit, with the LPS group further divided into three subgroups
based on Gn initiation timing: early, mid-, and late luteal.

Inclusion criteria for the study were: 1) couples undergoing their first IVF or ICSI cycle at the center during the
specified period; 2) ovulation induction using either the FPS (flexible antagonist protocol) or LPS protocol; 3) age
between 20 and 45 years; 4) transfer of 2 cleavage stage embryos or 1 blastocyst stage embryo.

Patients who meet any of the following criteria were excluded: 1) chromosomal abnormalities in one or both
spouses; 2) endocrine system disorders, including diabetes mellitus, pituitary microadenomas, thyroid dysfunction,
or hyperprolactinemia; 3) patients with tuberculosis of the reproductive system, tubal effusion/pus, or other
systemic underlying diseases; 4) patients with recurrent pregnancy loss;'® 5) abnormalities of the uterine cavity,
including congenital uterine abnormalities, uterine adhesions, submucous fibroids, thin endometrium, or chronic
endometritis; 6) diminished ovarian reserve (AFC <5, AMH< 1.2 ng/mL), <3 or> 20 oocytes retrieved in the COS
cycle (those not meeting these criteria are defined as having normal ovarian response); and 7) not the first FET
cycle.

Treatment Protocols

The luteal phase was confirmed by transvaginal ultrasound examination of the dominant follicle after ovulation or by
monitoring elevated serum P levels and initiation of ovulation stimulation with menotrophin (Ledebao, Livzon, China),
recombinant human follicle-stimulating hormone (Gonal-F, Merck, Italy), or urofollitropin (Lishenbao, Livzon, China) at
a dosage range of 150-300 IU/day. For those who underwent ovulation monitoring, the dominant follicle discharge was
regarded as DO; DO-D4 (or >11 days to the next menstrual period, with P levels of 1-3 ng/mL) was defined as the early
luteal group; D5-D9 (6-10 days to the next menstrual period, with P levels of 5-25 ng/mL) was defined as the mid-luteal
group; and D10-D16 (0-5 days to the next menstrual period, with P levels of <5 ng/mL) was defined as the late luteal
group. When LH levels reached basal values, 0.25 mg per day of cetrorelix acetate (Cetrotide, Fareva Pau, Germany) was
subcutaneously administered until the trigger day.

The FPS protocol was initiated using the same standards. Subcutaneous injection of cetrorelix acetate once per day
until the trigger day was initiated when ultrasound monitoring revealed a maximal follicle diameter of >12 mm, LH
levels were elevated to more than 1.5 times the baseline value, or E, level >600 pg/mL.

The dosage of Gn and the timing of the trigger were determined based on the patient’s hormone levels, follicle size,
and duration of Gn use. When one of the dominant follicles reached 18 mm or three reached 17 mm in diameter, 250 pg
recombinant human chorionic gonadotropin (r-HCG, Ovidrel, Merck Serono S.p.A, Italy) or 0.1 mg GnRH-a
(Diphereline, Ipsen Pharma Biotech, France) with 250 pg r-HCG was administered subcutaneously, and the oocytes
were retrieved under ultrasonographic guidance 35-37 h later.

Embryo Culture, Preservation, and Resuscitation

IVF or ICSI was selected based on the semen quality. The size, number, evenness and fragmentation rate of cleavage
balls were observed on days 1-6. FET was performed after whole-embryo freezing or >1 month following follicle
retrieving cycle. The embryos were thawed using a vitrification-thawing solution kit (Kato, Japan, VT102), and 2
cleavage stage embryos or one blastocysts were transferred per FET cycle.
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Embryo Transfer and Luteal Support

Patients with regular or irregular menstruation underwent a natural or hormone replacement cycle, respectively.
Progesterone (Huangtitong, Zhejiang Xianju, China) at 40 mg/day or progesterone sustained-release vaginal gel
(Crinone, Merck, Italy) was used for endometrial transformation. Human chorionic gonadotrophin test was performed
on the 14th day after transfer. If results were positive, the original dose of estrogen and progesterone was maintained, and
the dose was gradually reduced until 7-8 weeks of gestation and stopped at 11-12 weeks of gestation.

Statistical Analysis

The evaluation of the data utilized Student’s z-test for continuous variables that followed a normal distribution, while the
Mann—Whitney U-test was applied to those with a non-normal distribution. Results are reported as the mean with
standard deviation (SD). For categorical variables, Pearson’s chi-square test or Fisher’s exact test was employed as
appropriate, and these results are expressed as percentages. Statistical analyses were conducted using the Statistical
Package for the Social Sciences (version 27, SPSS Inc). A P-value of less than 0.05 was deemed statistically significant.

Results

Originally, based on the inclusion criteria, 357 cycles were enrolled (220 cycles were assigned to the FPS group, and 137
cycles were assigned to the LPS group). Following the exclusion criteria, 99 cycles were excluded from the FPS group
and 59 cycles were excluded from the LPS group. Ultimately, 199 cycles met the inclusion and exclusion criteria, with
121 cycles in the FPS group and 78 cycles in the LPS group (Figure 1).

Based on inclusion
criteria (n=357)

FPS group (n=220)

LPS group (n=137)

Exclude

Exclude
1. Female 1. endocrine system
chromosomal s S > | diseases (n=2)
abnormality (n=1) 2. abnormalities of the
2. abnormalities of the v v uterine cavity (n=1)
uterine cavity (n=2) FPS group (n=217)

LPS group (n=134)

Exclude g » | Exclude
Fresh embryo transfer Fresh embryo transfer
cycles (n=61) Y cycles (n=4)
Frozen embryo transfer Frozen embryo
(n=156) transfer (n=130)
v v
First frozen embryo First frozen embryo
transfer (n=127) transfer (n=80)
Exclude Exclude
ovarian hypoplasia, s [ I ovarian hypoplasia,
number of oocytes v number of oocytes
i = i < =
retrieveds3or>20 (=6) || rps group(n=121) LPS group(n=78) | "crieveds3or>20 (n=2)

Figure | Flow chart of the study.
Abbreviations: FPS, follicular phase ovarian stimulation; LPS, luteal-phase ovarian stimulation.
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LPS Group Shows Higher Gn Dose, Improved Embryo Quality, but Lower
High-Quality Blastocysts Ratio Compared to FPS Group

The age, body mass index (BMI), infertility factors, years of infertility, fertilization mode, and basal levels of FSH, LH,
E,, or P showed no significant differences between the FPS and LPS groups (P>0.05, Supplementary Table 1). The Gn

initiation dose was similar for both protocols, but the duration and total Gn dose were significantly higher in the LPS
group (P<0.001). Luteal atrophy can diminish the negative feedback regulation of LH by progesterone. In the LPS group,
45 of 78 patients received prophylactic antagonists to suppress early LH peaks during the late ovarian stimulation phase;
the antagonist dose and trigger day LH and E, levels were significantly lower compared to the FPS group (P<0.001), with
no early ovulation observed in either group. The retrieved oocytes, good-quality embryos, MII oocyte rate and the rate of
good-quality embryos was significantly higher in the LPS group (P<0.05). However, the FPS group had significantly
more follicles >14 mm, and a ratio of good-quality blastocysts (P<0.05) (Table 1). Subgroup analysis revealed that for
IVF cycles, the LPS group had a higher MII oocyte rate and the rates of good-quality embryos compared to the FPS
group (P<0.05), but, good-quality blastocyst ratios were similar (P>0.05). After ICSI, there were no significant
differences between the groups in terms of retrieved oocytes, MII oocytes, 2PN, and available embryos. However, the
FPS group had significantly more good-quality blastocysts and a higher rate of good-quality blastocysts, whereas the rate
of good-quality embryos in the LPS group was significantly higher than that in the FPS group (£<0.001) (Supplementary
Table 2). Thus, it is suggested that the differences in laboratory indicators between the two protocols are not related to the
fertilization method, and the LPS protocol shows advantages in several reproductive indicators, such as higher MII
oocyte and good-quality embryo rates, which provides a certain reference basis for clinically selecting the optimal
ovulation stimulation protocol.

Clinical Pregnancy and Live Birth Rates Were Similar in LPS and FPS Groups

To investigate differences in pregnancy outcomes between the two protocols, we compared 121 cycles of the first frozen
embryo transfer performed using the FPS protocol and 78 cycles of the first frozen embryo transfer performed using the

Table | Demographic Characteristics and IVF Cycle-Related Variables of the FPS and LPS Groups

FPS Group (n=121) LPS Group (n=78) t/Z/X?* Value | P Value

Gn initiating dose (IU) 225.00(150.00, 225.00) 225.00(150.00, 225.00) —1.883 0.060
Gn total dose (IU) 1931.25(1500.00, 2475.00) | 2400.00(1875.00,2925.00) | —4.227 <0.001
Duration of Gn (days) 9(9,11) 119, 12) —3.283 0.001
Antagonist Usage Count 4(3,5) 2(1,3) —6.834 <0.001
Trigger day

LH (mlU/mL) 3.23(2.23,4.96) 2.18(1.31,3.66) -3.323 <0.001
E, (pg/mL) 2803.00(1680.50,3964.75) | 1697.00(1236.00,3580.50) | —2.932 0.003
P (ng/mL) 0.69(0.41,0.93) 0.63(0.41,0.96) —0.199 0.842
Number of follicles with diameter >14mm 11(6,15) 9(,11) —3.024 0.002
Number of oocytes retrieved 11(7, 15) 12(6, 18) —2.479 0.013
Number of MIl oocytes 9(6, 12) 9(6, 13) —1.594 0.111
Number of 2PN 5(3,9) 7(4, 10) —0.137 0.891
Number of available embryos 4(2,6) 4(3,8) —0.767 0.443
Number of high-quality embryos 3(2, 6) 53, 8) —2.096 0.036
Number of blastocyst formation 3(1, 5) 3(1,7) —1.410 0.158
Number of high-quality blastocysts formation | 2(0,3) 1(0,3) —1.957 0.050
Oocyte retrieval rate (%) 1500/1812(82.8) 866/1058(81.9) 0.398 0.528
MIl oocyte rate (%) 1228/1500(81.9) 745/866(86.0) 6.863 0.009
Rate of high-quality embryos (%) 548/752 (72.9) 444/524 (84.7) 25.106 <0.001
Rate of blastocyst formation (%) 410/609 (67.3) 260/422(61.6) 3.174 0.059
Ratio of high-quality blastocysts (%) 276/410(67.3) 147/260 (56.5) 7.942 0.005

Abbreviations: IVF, in vitro fertilization; LH, luteinizing hormone; E,, estradiol; P, progesterone; Mll, metaphase Il; 2PN, 2pronucleus; FPS, follicular phase
ovarian stimulation; LPS, luteal-phase ovarian stimulation; Gn, gonadotropin.
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Table 2 Comparison of Pregnancy Outcomes Between FPS and LPS Groups

FPS Group (n=121) LPS Group (n=78) t/ZIX* Value | P Value
Transplant cycles 121 78
D3 58 42
D5 63 36
Average transferred embryos 1.55+0.50 1.52+0.51 —0.812 0.418
Total transferred embryos 179 110
D3 116 84
D5 63 36
Average number of transplant cycles 1.21£0.50 1.27+0.57 —0.602 0.542
Endometrial thickness at date of transplantation (mm) | 9(8,9.5) 9(8.5,10.5) —1.069 0.285
Implantation rate (%) 93/179(52.0) 50/110(45.5) 1.152 0.283
Biochemical pregnancy rate (%) 15(12.4) 4(5.1) 2.901 0.089
Clinical pregnancy rate (%) 69(57.0) 40(51.3) 0.631 0.421
Ectopic pregnancy rate (%) 0/69(0) 2/40(5.0) 3.514 0.1332
Misscarrage rate (%) 10/69(14.5) I'1 /40 (27.5) 2.754 0.097
Twin pregnancy rate (%) 9/69(13.0) 6/40(15.0) 0.082 0.775
Cumulative pregnancy rate (%) 83(68.6) 50(64.1) 0.432 0.511
Ongoing pregnancy rate (%) 59/69(85.5) 27/40(67.5) 4.932 0.026
Preterm birth rate (%) 12/69(17.4) 7/40(17.5) 0.000 0.988
Live birth rate (%) 60(49.6) 28(35.9) 3.603 0.058
Cumulative live birth rate (%) 72(59.5) 37(47.4) 2.788 0.095
Birthweight (kg) 3325.00(2828.75,3592.50) | 3000.00(2800.00,3560.00) | —0.807 0.420

Notes: » indicates Fisher’s Precision Testing.
Abbreviations: FPS, follicular phase ovarian stimulation; LPS, luteal-phase ovarian stimulation.

LPS protocol. Although the ongoing pregnancy rate was lower in the LPS group than in the FPS group (P<0.05), there
were no significant differences in the biochemical pregnancy rate, clinical pregnancy rate, ectopic pregnancy rate,
miscarriage rate, cumulative pregnancy rate, preterm labor rate, live birth rate, cumulative live birth rate, and neonatal
birth weight between the two groups (£>0.05), and there was no deliveries of congenital malformations in either group
(Table 2). Therefore, the LPS protocol may offer advantages in certain reproductive indicators, such as the rates of MII
oocytes and high-quality embryos. However, its overall effect on important clinical indicators, such as clinical pregnancy
rate, cumulative pregnancy rate and live birth rate, did not show a significant difference compared with that of the
antagonist protocol.

One-way and multifactorial logistic regression analyses were performed for female age, BMI, years of infertility,
infertility factors, fertilization mode, basal hormone levels (FSH, LH, E,, and P), Gn initiation dose, total Gn dose, Gn
duration, number of antagonists, and ovarian stimulation protocols. Age (odds ratio [OR]=0.909, 95% confidence interval
[CI]: 0.849-0.973, P<0.001) and infertility (odds ratio [OR]=0.535, 95% confidence interval [CI]: 0.288-0.996, P<0.05)
were independent factors that influenced the live birth rate. After adjusting for confounding factors, there was no
significant difference in live birth rates between the FPS and LPS protocols. The results indicate that the LPS protocol
yields a higher rate of high-quality embryos than the FPS protocol and is comparable to the FPS protocol in terms of the
live birth rate. Whether the LPS protocol can be adopted as a standard ovarian stimulation regimen requires compre-
hensive assessment by clinicians based on the specific circumstances of each patient.

Superior Laboratory Parameters in Late Luteal Group

To clarify whether differences in the timing of Gn initiation contributed to the differences between the LPS and FPS
protocol groups, the LPS protocol group was divided into the early, mid-, and late LPS subgroups based on the timing of
Gn initiation. The baseline information is shown in Supplementary Table 3. The clinical indicators were compared between

the groups, and the Gn initiation dose criteria were consistent. The duration of Gn was significantly higher in the mid-luteal
and late luteal groups than in the FPS group (P< 0.001). The total Gn dose was significantly higher in the mid-luteal and
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Figure 2 Comparison of hormone levels in Gn of different ovulation promotion programs.

Notes: (A) Median LH at different Gn times in early luteal, mid-luteal, late luteal and FPS groups; (B) Median E, at different Gn times among the four groups; (C) Median
P at different Gn times among the four groups. ** indicates P<0.01; *** indicates P<0.001.

Abbreviations: Gn, gonadotropin; FPS, follicular phase ovarian stimulation; LH, luteinizing hormone; E;, estradiol; P, progesterone.

late luteal groups than in the early luteal and FPS groups; it was higher in the early luteal group than in the FPS group (P<
0.001); and there was no statistically significant difference in the mid-luteal compared with the late luteal group.

To determine the most favorable luteal phase induction time for patients, we compared the LH, E,, and P levels at
various time points following Gn administration (Figure 2). Statistical analysis revealed that, although none of the four
groups experienced premature ovulation or cycle cancellation due to early-onset LH peaks, the use of antagonists was
significantly higher in the late luteal and FPS groups compared to the early and mid-luteal groups; the late luteal group
also had a significantly higher usage than the FPS group (P<0.001). On days 7-9 of Gn administration, dominant follicles
often had diameters >14 mm, necessitating the addition of antagonists in non-downregulated protocols. In this study,
antagonist addition ratios for the early, mid-, and late luteal groups, and the FPS group were 15/29, 11/27, 19/22, and 119/
121, respectively. We observed that LH levels on the day of HCG administration in the FPS group were significantly
higher than those in the early, mid-, and late luteal groups (P<0.01), with a statistically significant difference between the
FPS and mid-luteal phase groups in post-hoc comparisons. These results suggest that due to the feedback inhibitory effect
of the physiological corpus luteum on LH release, only minimal amounts of antagonists are required in LPS protocols to
prevent premature ovulation. Comparing E, levels among the four groups, the mid- and late luteal phase groups had
significantly lower E, levels throughout the stimulation cycle compared to the FPS group, with E, levels on the
trigger day also significantly lower in all three LPS subgroups than in the FPS group. This indicates that, under high
progesterone levels, such as during the luteal peak and post-peak periods, ovulation stimulation significantly reduces
serum E, levels throughout the stimulation cycle, potentially decreasing the incidence of OHSS and improving patients’
physiological tolerance, comfort, and compliance during the treatment.

Although laboratory indicators differed between the various luteal periods of ovulation and the FPS group, the late
LPS group demonstrated more favorable rates of MII oocytes and high-quality embryos (P<0.05). There was no
significant difference between the late LPS group and the FPS group in terms of blastocyst formation rate and the
ratio of high-quality blastocysts. Additionally, the timing of Gn administration, total Gn dose, and number of antagonists
required were not significantly increased compared to the other two groups. Shown in Table 3. These findings hold
substantial implications for the optimization of clinical ovulation induction protocols.

Late LPS Group Shows Similar Pregnancy Outcome Indicators Compared to FPS
Group

Given that there were no statistical differences in the baseline data, the clinical and laboratory indicators in the late luteal
group were slightly higher than those in the early and mid-luteal groups and comparable to those in the FPS group.
Regarding the primary outcome measures of pregnancy, the embryo implantation rate in the FPS group was not
significantly different from that in the late luteal group but was significantly higher than that in the early and mid-
luteal groups (P<0.01). Although the clinical pregnancy, cumulative pregnancy, live birth and cumulative live birth rates
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Table 3 Demographic Characteristics and IVF Cycle-Related Variables in Different Luteal Phase Stimulation and FPS Groups

Early Luteal Mid-Luteal Late Luteal FPS (n=121) FIZIX* | P Value
Phase (n=29) Phase (n=27) Phase (n=22) Value
Gn initiating dose (IU) 225.00 225.00 187.50 225.00 6.007 0.111
(200.00,225.00) (150.00,300.00) (150.00,225.00) (150.00, 225.00)
Gn total dose (IU) 2250.00 3000.00 2700.00 1931.25 19.944 | <0.00]2P<ef
(1800.00,2925.00) | (1987.50,4425.00) | (1931.25,2868.75) | (1500.00, 2475.00)
Duration of Gn (days) 10(8,11) 12(10,16) 11(10,12) 9(9,11) 23.606 | <0.001°f
Antagonist Usage Count 1(0,5) 1(0,1) 3(24) 4(3,5) 54286 | <0.001<¢f
Trigger day
LH (mlU/mL) 2.52(1.52,4.21) 2.00(0.99,2.39) 2.22(1.38,3.71) 3.23(2.23,4.96) 12.922 | 0.005°¢
E, (pg/mL) 2689.00 1502.00 1556.00 2803.00 14.432 | 0.0027f
(1361.00,3952.00) | (1091.00,2284.00) | (1087.75,3784.00) | (1680.50,3964.75)
P (ng/mL) 0.86(0.48,1.70) 0.45(0.34,0.68) 0.69(0.44,0.91) 0.69(0.41,0.93) 7.602 0.055
Number of follicles with diameter 10(5,16) 8(6.75,9.25) 9.5(8.25,11.5) 11(6,15) 13.136 | 0.004%
>14mm
Number of oocytes retrieved 7(5,18) 9.5(8,16.75) 13.5(6.75,18.25) 11(7,15) 7436 0.059
Number of MIl oocytes 7(5,13) 9(5.75,11.25) 11(6.75,16.25) 9(6,12) 4.546 0.208
Number of 2PN 5(3,12) 6.5(4.25,9.25) 7(4.5,11.25) 53,9) 0.372 0.946
Number of available embryos 3(29) 4(2.75,6) 4(2.75,8.5) 4(2,6) 1.340 0.720
Number of high-quality embryos 5(2,8) 6.5(2,9.25) 5(4,7.5) 3(2,6) 4.400 0.221
Number of blastocyst formation 3(0,7) 2.5(0.75,4) 3(0.75,8.25) 3 (1,5) 2.723 0.436
Number of high-quality blastocyst 1(0,3) 1(0,2.25) 1.5(0.75,5.75) 2(0,3) 5.245 0.155
formation
Oocyte retrieval rate (%) 336/425(79.1) 263/312(84.3) 267/321(83.2) 1500/1812(82.8) 4.364 0.225
MIl oocyte rate (%) 302/336(89.9) 212/263 (80.6) 231/267 (86.5) 1228/1500(81.9) 16.087 | 0.0012<
Rate of high-quality embryos (%) 173/222 (77.9) 136/153 (88.9) 135/149(90.6) 548/752 (72.9) 35.543 | <0.0012P<f
Rate of blastocyst formation (%) 110/179 (61.5) 68/110 (61.8) 82/133(61.7) 410/609 (67.3) 3.579 0.311
Ratio of high-quality blastocysts (%) | 60/110 (54.5) 37/68 (54.4) 50/82 (61.0) 276/410(67.3) 8.955 0.030°¢

Notes: a. Statistically significant difference between early luteal and mid-LPS groups, b. statistically significant difference between early luteal and late LPS groups,
c. statistically significant difference between early and FPS groups, d. statistically significant difference between mid-and late groups, e. statistically significant difference
between mid-and FPS groups, f. statistically significant difference between late and FPS groups.

Abbreviations: IVF, in vitro fertilization; LH, luteinizing hormone; E,, estradiol; P, progesterone; MIl, metaphase ll; 2PN, 2pronucleus; FPS, follicular phase ovarian
stimulation; LPS, luteal-phase ovarian stimulation; Gn, gonadotropin.

in the late luteal group were slightly higher than those in the early and mid-luteal groups, the differences were not
statistically significant (P>0.05). The biochemical pregnancy rates of the late luteal group were higher than those of the
early and mid-luteal groups, and the miscarriage rate was higher in the mid-luteal group than in the other two groups,
however, the differences were not statistically significant (P>0.05). There was no significant difference in the birth
weight of the newborns in each group, and no neonatal developmental malformations occurred in any of the groups
(Table 4). Furthermore, the initiation of Gn in the late LPS protocol is closer to the menstrual period and has a median Gn
duration that is 2 days longer than that of the FPS protocol, along with lower E, levels. This likely contributed to the
successful pregnancies observed in 3 of the 4 patients undergoing late LPS fresh-cycle transfers in this study. In women
with normal ovarian reserve, initiating Gn in the late luteal phase of the LPS protocol may achieve similar clinical
pregnancy and live birth rates as the FPS protocol, with the additional benefits of enabling fresh embryo transfers and
reducing cycle waiting time.

Discussion

Females with NOR constitute the primary population undergoing IVF treatment; therefore, a more rational ovarian
stimulation protocol is crucial. In our study, the LPS group had a longer Gn duration and a higher total Gn dose than the
FPS group with the same Gn initiation dose criteria. To prevent the weakening of the negative feedback inhibition of
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Table 4 Comparison of Pregnancy Outcomes in Different Luteal Phase Stimulation and FPS Groups

Early Luteal Mid-Luteal Late Luteal FPS (n=121) FIZIX? P Value
Phase (n=29) Phase (n=27) Phase (n=22) Value
Transplant cycles 29 27 22 121
D3 14 16 12 58
D5 15 I 10 63
Total number of transferred 43 43 34 179
embryos
Average number of embryos 1.36+0.50 1.67+0.52 1.60+0.52 1.55+0.50 1.337 0.720
transferred
Average number of transplant 1.24+0.58 1.37£0.63 1.18+0.50 1.21£0.50 2.589 0.459
cycles

Endometrial thickness at date of 9.00(9.00,11.50) 9.25(8.50,10.00) 9.00(8.00,10.25) 9.00(8.00,9.50) 6.172 0.104

transplantation (mm)

Implantation rate (%) 19/43(44.2) 11/43(25.6) 20/34(58.8) 93/179 (52.0) 11.627 0.009°¢
Biochemical pregnancy rate (%) 2(6.9) 0(0) 2(9.1) 15(12.4) 4.229 0.238
Clinical pregnancy rate (%) 15(51.7) 10(37.0) 15(68.2) 69(57.0) 5.382 0.146
Ectopic pregnancy rate (%) 1/15(6.7) 0/10(0) 1/15(6.7) 0/69(0) 5.804 0.133"
Misscarage rate (%) 3/15(20.0) 4/10(40.0) 4/15(26.7) 10/69 (14.5) 4.308 0.230
Twin pregnancy rate (%) 2/15(13.0) 1/10(10.0) 3/15(20.0) 9/69 (13.0) 0.643 0.886
Cumulative pregnancy rate (%) 17(58.6) 16(59.3) 17(77.3) 83 (68.6) 2.832 0418
Ongoing pregnancy rate (%) 11/15(73.3) 6/10(60.0) 10/15(66.7) 59/69 (85.5) 5.582 0.134
Preterm birth rate (%) 3/15(20.0) 1/10(10.0) 3/15(20.0) 12/69(17.4) 0.521 0914
Live birth rate (%) 12(41.4) 6(22.2) 10(45.5) 60(49.6) 6.818 0.078
Cumulative live birth rate (%) 12(41.4) 12(44.4) 13(59.1) 72(59.5) 4.522 0.210
Birthweight (kg) 3000.00 3275.00 2987.50 3325.00 1.777 0.620

(2800.00,3900.00) | (2788.75,3645.00) | (2600.00,3162.50) | (2828.75,3592.50)

Notes: c. Statistically significant difference between early and FPS groups, e. statistically significant difference between mid-and FPS groups. # indicates Fisher’s Precision
Testing. FPS, follicular phase ovarian stimulation.

early LH peak formation by progesterone after luteal atrophy, antagonists were added prophylactically late in the
ovulation induction period in 45 of 78 ovulation induction cycles in the LPS group. Nonetheless, the number of
antagonists used in the LPS group was significantly lower than that in the antagonist group. LH levels on trigger day
were significantly lower in the LPS group than in the FPS group, and no early ovulation occurred in either group. This
suggests that the LPS protocol requires a longer duration of ovulation and more ovulation-stimulating medicine but fewer
doses of antagonists to achieve the same result as the FPS protocol in a population with NOR. Thus, from an economic
perspective, there was no significant difference in overall medication costs between the two protocols. In line with our
findings, a meta-analysis suggested that the LPS protocol requires a longer duration of Gn use and higher doses than both
the antagonist and short stimulation protocols in populations with both poor and normal ovarian responses.'’
Traditionally, ovarian stimulation initiates Gn during the menstrual phase. The introduction of the LPS protocol has
expanded the options for the timing of ovarian stimulation, typically initiating luteal-phase stimulation within 0 to 5 days
post-ovulation.'”%?' To reflect real-world clinical practice, differing from previous grouping approaches, in the present
study, for the first time, we subdivided the ovarian responders with normal ovarian response who received the LPS
protocol into three subgroups based on the actual luteal phase at the time of Gn initiation. This approach allows for
a comparison of pregnancy outcomes among subgroups with different initiation times, aiming to identify the optimal
window for Gn initiation. The standard starting doses were consistent across the three groups, with no significant
differences in Gn starting doses between groups. The Gn duration in the mid-luteal phase group was significantly longer
than in the early phase group (P = 0.002), and the total Gn dose in the mid-luteal phase group was slightly higher than in
the early and late luteal phase groups, but the differences were not statistically significant. On one hand, during the early
luteal phase (days 1—4 post-ovulation), the corpus Iuteum is forming, and the mid-luteal phase (days 5-9 post-ovulation)
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is a relatively stable and mature stage of corpus luteum development. During these two phases, serum E, and P levels
gradually increase or are already at high levels, at which point the pituitary gland is inhibited, thus requiring a longer
ovulation induction period. On the other hand, previous studies have found that the average number of healthy follicles
per ovary in the early and late luteal phase groups was higher than in the mid-luteal phase group (1.6 vs 3.0 vs 0.3), The
ratio of the sum of testosterone and androstenedione to estrogen was lower in the early and late luteal phase groups
compared to the mid-luteal phase group. This suggests that granulosa cell sensitivity may be lower in the mid-luteal
phase compared to the early and late luteal phases, resulting in lower sensitivity of follicles to Gn stimulation during the
mid-luteal phase and thus requiring a longer duration of Gn stimulation.”® Whether ovulation promotion and physiologic
hyperprogesterone during ovulation affects egg recruitment and embryo development has also been a hot issue in recent
years. In in vitro experiments, the addition of progesterone to the bovine oocyte-ovocyte complex reduced the rate of
blastocyst formation although it did not decrease the rate of cleavage. It may be related to the fact that progesterone
inhibits the expression of the alpha subunit of ovarian thalamus cell inhibin, and inhibin-related peptides affect the final
maturation of the oocyte, thus adversely impacting blastocyst formation.?? In addition, synthetic progesterone exhibits
a unique affinity for the progesterone receptor and acts on other steroid receptors and exerts effects that are different from

those of natural.>®

Some studies have found that exposure to high progesterone levels during the follicular phase in mice
decreases the number of sinus follicles and reduces ovulation.** Although patients with elevated P levels on trigger days
obtain significantly more oocytes, they have not only fewer high-quality embryos but also exhibit low cumulative live
birth rates.”>’ This study was conducted post-ovulation, thereby excluding any interference from exogenous progester-
one. In this study, the early luteal group was exposed to progesterone throughout the entire stimulation cycle, whereas the
mid- and late Iuteal groups were exposed to progesterone only during the early follicular phase. The trigger day P levels
were significantly higher in the early than in the mid-luteal group, and there was no statistically significant difference in
the trigger day P levels between the mid-, late luteal and FPS groups. The MII oocyte rate in the early luteal group was
significantly higher than those in the mid-luteal group, and the rate of good-quality embryos in the mid- and late luteal
group was significantly higher than those in the early luteal group, but the rate of blastocyst formation, and the ratio of
good-quality blastocysts were not significantly different among the three groups. The results suggest that exposure to
high levels of progesterone during follicular development may not affect oocyte and embryo quality and that high levels
of progesterone on trigger day do not adversely affect embryo quality.

The effect of serum E, levels on embryonic developmental potential on trigger day has also been one of the topics of
long-standing controversy. Previous studies have suggested that estrogen levels exceeding 2500pg/mL on trigger day

may be negatively correlated with pregnancy outcomes,**>°

while others confirmed that estrogen levels do not affect the
oocyte or embryo quality or reduce the rate of sustained pregnancies.’*>? In this study, the trigger day E, levels were
significantly higher in the FPS group than in the mid- and late luteal groups, E, levels were similar in the mid- and late
luteal groups. Clinical pregnancy and live birth rates in the late luteal group were similar to those of the FPS group and
higher than those of the early and mid-luteal group, although the differences were not significant. Therefore, these results
suggest that E, levels on trigger day may not be the primary factor affecting pregnancy outcomes in the LPS protocol;
however, this conclusion requires confirmation in a large-sample study.

The development of FET has provided more options for fertility preservation in infertile patients and the use of
ovulation promotion protocols in high-progesterone states. FET does not adversely affect pregnancy outcomes and long-
term fetal growth and developmental outcomes and is now a valid alternative to fresh embryo transfer.** ¢ A multicenter
retrospective study with a large sample size showed that the cryopreservation duration is negatively associated with
pregnancy and live birth and is particularly important to rationalize the timing of the first FET.>” High levels of E, can
desynchronize embryo and endometrium development, reducing endometrial receptivity. Consequently, pregnancy rates
are higher in FET cycles following the antagonist protocol compared to fresh embryo transfer cycles.”® However, the
inability to perform fresh embryo transfer remains a disadvantage of the LPS protocol. This study only compared the
pregnancy outcomes of the first FET between the two protocols. There were no significant differences in pregnancy
outcomes such as clinical pregnancy rate, live birth rate, and cumulative live birth rate between the 121 FPS group and
the 78 LPS group NOR patients who underwent their first FET in this study. Unlike previous literature that advocated
early luteal ovulation and starting ovulation within 4 days, we found that ovulation at any time is feasible and the rate of
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good quality embryos, blastocyst formation, and the ratio of good quality blastocysts in the late luteal group was
favorable. The number of follicles >14 mm was significantly higher in the late luteal phase group and the FPS group than
in the mid-luteal phase group. The rate of high-quality embryos was significantly higher in the mid-luteal phase group
and the late Iuteal phase group than in the early luteal phase group and the FPS group, with statistically significant
differences (P < 0.001). The rate of high-quality blastocysts in the late luteal phase group was not significantly different
from that in the FPS group, but the rates in the early and mid-luteal phase groups were significantly lower than that in the
FPS group (P < 0.05). Although the clinical pregnancy rate, cumulative pregnancy rate, live birth rate, and cumulative
live birth rate in the late luteal group were slightly higher than those in the early and mid-luteal group, the differences
were not statistically significant. The biochemical pregnancy rate of the late luteal group was higher than that of the early
and mid-luteal group, and the miscarriage rate of the mid-luteal group was higher than that of the other two groups, but
the differences were not statistically significant. Due to the limited sample size in each subgroup, some laboratory
parameters and pregnancy outcomes did not show statistically significant differences among the four groups. For
example, the number of MII oocytes and 2PNs in the late luteal phase group was higher than in the other groups, but
the differences were not statistically significant. In terms of clinical pregnancy rate, miscarriage rate, and live birth rate,
the mid-luteal phase group showed a clear disadvantage, but the differences did not reach statistical significance. The
potential clinical significance of these differences warrants further exploration, and future studies should be designed
with more robust, prospective designs and larger sample sizes to specifically validate the advantages and disadvantages
of different LPS initiation strategies. Perinatal outcomes such as gestational hypertension, diabetes mellitus, placenta
praevia and premature rupture of membranes were not addressed in this study, but there were no congenital malforma-
tions and no significant difference in the birth weight of newborns between the LPS and the FPS protocols in this study.
A previous multicenter study of the DuoStim protocol showed no differences in neonatal outcomes between FPS- and
LPS-protocol-derived good-quality aneuploid blastocysts in the first transfer cycle for low birth weight, high birth
weight, small-for-gestational-age, and large-for-gestational-age infants.'* This suggests that the LPS protocol is safe and
feasible. Therefore, whether it can be used as a routine ovulation induction program requires evaluation by the clinician
after considering the specific conditions of the patient.

Conclusion

In summary, in women with NOR, the LPS and the FPS protocol had similar clinical, laboratory, and pregnancy outcome
indicators. Among them, the late LPS protocol was closer to the FPS protocol. These findings highlight the increased
options for ovarian stimulation protocols available to patients who do not wish to undergo fresh embryo transfer, such as
those undergoing preimplantation genetic testing. However, the small sample size and single-center design highlight the
need for larger, multicenter trials to confirm these results and refine clinical practices, ensuring more effective and
tailored approaches in reproductive medicine.
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