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Background: Exogenous progestational agents have recently been introduced as an alternative pituitary
modulator for the prevention of premature luteinizing hormone (LH) surges during in vitro fertilization
(IVF)/intracytoplasmic sperm injection (ICSI) treatments. There is increasing evidence that frozen-embryo
transfer (FET) is associated with a lower risk of ovarian hyperstimulation syndrome (OHSS) in women with
polycystic ovary syndrome (PCOS). Herein, we compared the clinical outcomes of the progesterone protocol
with the gonadotropin releasing hormone antagonist (GnRH-ant) protocol in PCOS patients with a “freeze-
all” strategy.

Methods: In this prospective single-central randomized controlled trial, a total of 120 PCOS patients
undergoing their first IVE/ICSI treatment were randomly assigned to receive the progesterone protocol
(study group) or GnRH-ant protocol (control group). The main outcome was the number of oocytes
retrieved. Secondary outcomes included the incidence of premature LH rise/surge, the number of viable
embryos, and pregnancy outcomes.

Results: The number of retrieved oocytes (14.65+7.64 versus 12.8+8.57) and viable embryos (5.38+3.54
versus 5.03+£3.92) in the study group were comparable to those in the control group (P>0.05). Similarly, no
between-group differences were found in the number of mature oocytes, fertilized oocytes, cleaved embryos,
and the viable embryo rate per oocyte retrieved (P>0.05). However, the oocyte retrieval rate (66.02%x19.63 %
versus 54.38%x26.39%) and fertilization rate (78.12%=18.41% versus 62.76%+23.32%) in the study group
were significantly more than that in the control group (P<0.05). The mean serum LH value on day 6-7 was
lower in the study group than that in the control group (7.47£0.97 versus 3.98+0.52 TU/L, P<0.05), and
the incidence of premature LH rise was higher in the study group than in the control group, although no
patients experienced premature LH surge. The clinical pregnancy rate [58.82% wvs. 57.32%, RR 0.94 (95%
CI: 0.508, 1.738), P>0.05] and implantation rate [43.21% vs. 41.4%, RR 0.929 (95% CI: 0.595, 1.448),
P>0.05] were also similar between the two groups.

Conclusions: The progesterone protocol is comparable with the GnRH-ant protocol regarding oocyte/
embryo yields and the probability of clinical pregnancy in PCOS patients, but the two regimens were distinct
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in the regulation of pituitary LH secretion.
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Introduction

Patients with polycystic ovary syndrome (PCOS) are at high
risk of ovarian hyperstimulation syndrome (OHSS) during
in vitro fertilization (IVF)/intracytoplasmic sperm injection
(ICSI) treatment (1,2). Increasing evidence has confirmed
that frozen-embryo transfer (FET) is related to a lower
risk of OHSS (3). A recent large, multi-center randomized
trial performed by Chinese researchers demonstrated that
FET resulted in a lower risk of OHSS and a higher rate
of live birth than fresh embryo transfer in women with
PCOS (4). The “freeze-all” strategy is recommended for
PCOS patients to reduce the potential of moderate/severe
OHSS. Meanwhile, our team firstly introduced the usage of
exogenous progestational agents as an alternative pituitary
modulator for the prevention of premature luteinizing
hormone (LH) surges in ovarian stimulation (5-9). Until
now, limited data are available regarding the use of the
progesterone protocol in PCOS patients. Therefore,
we performed a prospective randomized controlled
trial to explore the differences between progestins and
gonadotropin-releasing hormone antagonists (GnRH-ant)
during ovarian stimulation in PCOS patients. The hormone
dynamics, ovarian response, embryological performance,
and pregnancy outcomes following FET of a progesterone
protocol and GnRH-ant protocol group treated with IVE/
ICSI were compared.

We present the following article in accordance with the
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1592).

Methods
Study design and participants

This randomized controlled study was performed in
the Department of Assisted Reproduction of the Ninth
People’s Hospital affiliated to the Shanghai Jiao Tong
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University School of Medicine, with the approval of the
Institutional Review Board of the Ninth People's Hospital
(number: 2015-54). The study was conducted according to
the Declaration of Helsinki (as revised in 2013). Patients
undergoing their first ovarian stimulation cycle between
July 2015 and December 2018 were recruited and signed
informed consent relevant to infertility treatment with IVE/
ICSI procedures was obtained.

The diagnosis of PCOS was made according to the
2003 Rotterdam criteria. Patients under 38-year of age,
with a BMI <28 kg/m’, and planning to be treated with
IVE/ICSI with the “freeze-all” strategy were eligible to
participate. Those with a previous IVF/ICSI history, severe
endometriosis (grade 3 or higher), significant systemic
disease, or other situations which rendered them unsuitable
for ovarian stimulation or the receipt of hormonal drugs in
the past three months were excluded from the study.

Study protocol

The study group received soft progesterone capsules
(brand name: Utrogestan, 100 mg, Laboratories Besins
International, France) 100 mg and 150 IU of human
menopausal gonadotropin (hMG) concomitantly from
the menstrual cycle (MC) day 3 until the trigger day. The
control group received the GnRH-ant protocol consisting
of HMG 150 IU’s daily injection from MC 3 until the
trigger day. GnRH-ant (Cetrotide, 0.25 mg, Merck-
Serono) was started when at least one of the following
criteria were met: LH >10 IU/L, the presence of at least
one follicle with mean diameter >14 mm, or serum E, level
>600 pg/mL. According to follicular development, follicle
size, and serum hormone levels, the dose of hMG remained
fixed for the first 5-6 days of ovarian stimulation and
could be adjusted after that. Once three dominant follicles
reached 18mm in diameter, 0.1 mg GnRH-a (Decapeptyl®;
Ferring Pharmaceuticals, Germany) was administered to
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induce oocyte maturation oocyte retrieval was performed
36-38 hours after trigger. In vitro fertilization, embryo
culture, and assessment were carried out based on routine
procedures in our clinic (5-9). Patients in both groups used
a similar protocol for endometrial preparation, consisting
of hormone replacement therapy or mild stimulation using
Letrozole with or without h(MG (10).

Randomization and sample size estimate

A previous study of ours showed that the mean number of
oocytes retrieved from PCOS patients undergoing ovarian
stimulation using the progesterone protocol was 13, with a
standard deviation of seven. Based on this, we concluded a
sample size of 59 in each group would yield 85% power and
establish non-inferiority at the 10.0% level of significance
to detect a significant difference of three in the number
of oocytes retrieved. Given the possibility of dropouts, we
designed the study to include a total of 60 women in each
group.

Patients who met the eligibility were randomly allocated
to the study group or the control group at a ratio of 1:1
using a computer-generated random number. While
patients were not blinded to the group assignment, the
physicians and embryologists involved in the procedures of
oocyte retrieval and embryo transfer were blinded to the
treatment assignments in the trial.

Hormone analysis

Serum follicle stimulating hormone (FSH), LH, estradiol
(E,), and progesterone (P) concentrations were measured
with the use of a Chemiluminescent method (Abbott
Biologicals B.V., the Netherlands). The upper limit for
E, measurement was 5,000 pg/mL, and the lower limits
of sensitivity for FSH, LH, E, and P were 0.06 IU/L,
0.09 IU/L, 10 pg/mL, and 0.1 ng/mL, respectively (5-8).

Outcome measures

The primary outcome measure was the number of oocytes
retrieved. Secondary outcome measures included the
occurrence of premature LH rise/surge, duration and
dosage of hM@G, the number of follicles with diameter
>10/14 mm on the trigger day, mature oocytes and viable
embryos, the moderate/severe OHSS rate, the clinical
pregnancy rate, implantation rate, miscarriage rate, and live
birth rate. A premature LH rise was defined as a serum LH
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>10 IU/L. A premature LH rise accompanied by a P rise
(>2 ng/mL) was defined as a premature LH surge in the
GnRH-ant protocol, while the definition of a premature
LH surge in the progesterone protocol was an LH
>10 IU/L on the trigger day.

Statistical analysis

An intention-to-treat approach was utilized in the statistical
analysis. Continuous variables were presented as mean +
standard deviation (SD), while categorical variables were
shown as number and percentage. The Student’s t-test was
used for normally or near-normally distributed data, while
the Mann-Whitney U test was employed for non-normally
distributed data to compare continuous variables. Categoric
variables adopted the Chi-square test and Fischer’s exact
test for comparisons. Two-sided P<0.05 was considered as
statistical significance. The Statistical Package for the Social
Sciences for Windows version 24.0 was used for analysis

(SPSS, Chicago, IL, USA).

Results
Patient characteristics

Figure 1 shows the flowchart of the study. A total of 120
women meeting the eligibility criteria were randomly
allocated to undergo the progesterone protocol (the study
group) or GnRH-ant protocol (the control group). All
patients in the study group completed oocyte retrieval,
of which 58 obtained viable embryos. In contrast, one
participant in the control group canceled the oocyte
retrieval for personal reasons, and 53 obtained viable
embryos. During the follow-up period, 57 patients finished
85 FET cycles in the study group, whereas 82 FET cycles
were performed in 48 participants in the control group.

The general characteristics of the patients are presented
in Table 1. The age, BMI, duration of infertility, the
distribution of IVF indication, basal FSH, LH, and P were
similar in the two groups. The basal E, was significantly
higher in the GnRH antagonist group (P<0.05), with no
clinical significance.

Ovarian stimulation and embryo results

Tuble 2 shows the ovarian stimulation and embryo results of
the two groups. The GnRH-ant duration was 3.6+2.1 days
in the control group. The total h(MG dose (1,836.25+772.85
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214 women assessed for eligibility

94 were excluded
\4

Randomization (n=120)

v
| |

Progesterone protocol (n=60) GnRH-ant protocol (n=60)
60 complied with the protocol 60 complied with the protocol

Abandoned oocyte retrieval (n=1)
Failed ferlization (n=1) No oocytes retrieved (n=1)

Poor quality embryos (n=1) Failed ferlization (n=1)

Failed cleavage (n=1)

Poor quality embryos (n=3)

\ Y
58 with viable embryos 53 with viable embryos
1 discontinued treatment 5 discontinued treatment
\ J  J
57 performed 85 FET cycles 48 performed 82 FET cycles
50 clinical pregnancy 47 clinical pregnancy
40 live birth 31 live birth
0 lost follow-up v 0 lost follow-up
60 underwent analysis 60 underwent analysis

Figure 1 Flowchart of the study. GnRH-ant, gonadotropin-releasing hormone antagonist; FET, frozen-thawed embryo transfer.

Table 1 General patient information (x=s)

Characteristics Study group (progesterone protocol) Control group (GnRH-ant protocol) P
Cycle (n) 60 60
Age (years) 29.65+3.16 28.8+2.84 0.12
Infertility duration (y) 3.32+1.74 3.73+1.57 0.114
Body mass index (kg/m?) 22.31+3.01 22.92+2.45 0.197
b FSH (mIU/mL) 4.89+1.09 5.12+1.11 0.432
b LH (mlU/mL) 6.96+4.60 8.29+4.59 0.092
b E2 (pg/mL) 32.64+13.69 39.17+15.32 0.029
b P (ng/mL) 0.27+0.16 0.28+0.12 0.350
Indication of IVF, n (%) 0.571

PCOS only 16 14

PCOS + male factor 5 5

PCOS + tubal factor 27 34

PCOS + combined factors 12 7

E2, estradiol; FET, frozen-thawed embryo transfer; FSH, follicle stimulating hormone; LH, luteinizing hormone; P, progesterone.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(5):387 | http://dx.doi.org/10.21037/atm-20-1592



Annals of Translational Medicine, Vol 9, No 5 March 2021 Page 5 of 10

Table 2 Stimulation and embryological characteristics of the patients

Characteristics Study group (progesterone protocol)  Control group (GnRH-ant protocol) P
hMG dose (IU) 1,836.25+£772.85 2,050+1,262.39 0.996
hMG duration (days) 9.72+3.28 10.97+4.65 0.205
No. of >10-mm follicles on the trigger day 16.9+8.35 20.35+11.11 0.055
No. of >14-mm follicles on the trigger day 13.78+6.68 16.18+11.4 0.481
No. of follicles punctured 21.4+9.3 23+13.07 0.676
No. of oocytes retrieved 14.65+7.64 12.8+8.57 0.182
No. of MIl oocytes 12.7+6.4 11.6+8.06 0.319
No. of fertilized oocytes 10.22+5.68 9.25+6.76 0.246
No. of cleaved embryos 10+5.56 9.1+£6.74 0.263
No. of viable embryos 5.38+3.54 5.03+£3.92 0.446
Oocyte retrieval rate (%) 66.02+19.63 54.38+26.39 0.014
Mature oocyte rate (%) 88.7+10.91 89.26+14.17 0.187
Fertilization rate (%) 78.12+£18.41 62.76+23.32 <0.001
Cleavage rate (%) 98.29+4.53 98.12+4.83 0.899
Viable embryo rate per oocyte retrieved 36.75% (323/879) 39.32% (302/768) 0.286

hMG, human menopausal gonadotropin.

versus 2,050+1,262.39 IU) was slightly less, and the mean
hMG duration (9.72+3.28 versus 10.97+4.65) was shorter in
the study group when compared to the control group, with
no significant difference (P>0.05). In the study group, the
number of follicles with a diameter >10 mm (16.9+8.35 versus
20.35+11.11) and >14 mm (13.78+6.68 versus 16.18+11.4)
were less than those in the control group but did not reach
significance (P>0.05). The number of retrieved oocytes
was 14.65£7.64 in the study group and 12.8+8.57 in the
control group (P>0.05). The two groups were comparable
regarding the number of mature oocytes, fertilized oocytes,
cleaved embryos, and viable embryos (P>0.05). Similarly, no
between-group difference was found in the viable embryo
rate per oocyte retrieved (P>0.05). However, the oocyte
retrieval rate (66.02%+19.63% versus 54.38%x26.39%) and
fertilization rate (78.12%=18.41% versus 62.76%+23.32%)
were significantly more in the study group when compared to
the control group (P>0.05). None of the patients experienced
moderate/severe OHSS during the study.

Pregnancy outcomes following frozen-thawed embryo

transfer

Table 3 illustrates pregnancy outcomes in the two groups.

© Annals of Translational Medicine. All rights reserved.

In this study, a total of 167 FET cycles were completed in
105 patients until August 2019. One patient in the study
group and six in the control group who had viable embryos
did not complete their FET cycles for personal reasons.
The clinical pregnancy rate per transfer in the study group
was comparable to that in the control group [58.82% versus
57.32%, RR 0.94 (95% CI: 0.508, 1.738), P>0.05], and
the implantation rate was similar between the two groups
[43.21% versus 41.4%, RR 0.929 (95% CI: 0.595, 1.448),
P>0.05]. The early miscarriage rate showed no significant
difference in both groups [12% versus 12.77%, RR 1.073
(95% CI: 0.32, 3.595), P>0.05], and the live birth rate per
transfer was slightly higher in the study group than that in
the control group [47.06% versus 37.8%, RR 0.684 (95%
CI: 0.369, 1.267), P>0.05], without significant differences.
There were no statistically significant differences in the
birthweights of singleton and twin new-borns.

Dynamic bormone profile during ovarian stimulation

Figure 2 shows the dynamic hormone profile during ovarian
stimulation in the two groups. The starting day of ovarian
stimulation was denoted as day 1 (D1). FSH levels on the
trigger day and the day after were higher in the study group
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Table 3 Pregnancy outcomes of frozen-thawed embryos originating from the two regimens

Outcome (progessttL:aC:ang%:gtocol) (GnCRcI)-Iritzzzl ?):ccjaltjc?col) P
No. of patients 57 48
No. of FET cycles 85 82
No. of thawed embryos 163 157
No. of viable embryos after thawed 162 157
No. of transferred embryos 1.85+0.36 1.84+0.37 0.870
Endometrial preparation 0.623
Mild stimulation 65 60
Hormone replacement therapy 20 22
Endometrial thickness (mm) 11.562+2.55 11.4+£2.5 0.501
Biochemical pregnancy rate per transfer 63.53% (54/85) 63.41% (52/82) 0.988
Clinical pregnancy rate per transfer 58.82% (50/85) 57.32% (47/82) 0.844
Clinical pregnancy rate per participant 87.72% (50/57) 97.92% (47/48) 0.068
Implantation rate 43.21% (70/162) 41.4% (65/157) 0.744
Ectopic pregnancy rate 0% (0/50) 0% (0/47)
Early miscarriage rate 12% (6/50) 12.77% (6/47) 0.909
Late miscarriage rate 4% (2/50) 10.64% (5/47) 0.259
Ongoing pregnancy rate 88% (44/50) 87.23% (41/47) 0.909
Live-birth rate per transfer 47.06% (40/85) 37.8% (31/82) 0.227
Live birth rate per participant 70.18% (40/57) 64.58% (31/48) 0.542
Live birth outcomes 0.376
Term delivery 32 22
Preterm delivery 8 9
Newborns
Single birth (n) 23 21
Single birthweight (g) 3,412.17+522.53 3,315.95+402.69 0.638
Twin birth (n) 34 20
Twin birthweight (g) 2,487.94+448.86 2,404.38+480.39 0.429

FET, frozen-thawed embryo transfer.

than those in the control group (P<0.05). On D6-7 and the
trigger day, the average E, was lower in the control group
(P<0.05), then it increased to be comparable with that of the
study group on the day after trigger (P>0.05). The serum P
level in the study group was higher than that in the control
group throughout the process of ovarian stimulation (P>0.05).

An elevated basal LH level (LH >10 TU/L) was detected
in sixteen patients of the study group (26.67%), with

© Annals of Translational Medicine. All rights reserved.

a range between 10.01 and 18.96 TU/L, and eighteen
patients of the control group (30%), ranging from 10.05 to
21.51 IU/L. The mean serum LH value was higher on D6-7
in the control group than in the study group (7.47+0.97
versus 3.98+0.52 IU/L, P<0.05). No between-group
differences were found in the two groups in the LH level
on the trigger day and the day after (P>0.05). Premature
LH surges were not detected in any patient. A suboptimal
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Figure 2 Serum hormone profiles during ovarian stimulation in the two groups. The green lines represent the control group (GnRH-ant

protocol group), and the red lines represent the study group (progesterone protocol group). *Time point at which P<0.05. The starting day

of ovarian stimulation is denoted as day 1 (D1). FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; P, progesterone.

pituitary response after trigger (LH <15 IU/L) was found in
one study group case (12.35 IU/L) and control group case
(11.48 TU/L), although both obtained component oocytes
and embryos and successfully conceived with FET.

Before the first GnRH-ant administration, 27 women
(45%) had an LH value >10 TU/L on D6-7 in the control
group, of which 13 patients were found with elevated
basal LH levels (LH value >10 IU/L). Concomitant rises
of serum progesterone value >2 ng/mL on D6-7 were
not found in any control group patient. After GnRH-ant
initiation, endogenous LH levels were effectively cut down
in 26 women, with the LH value ranging from 0.92 to
7.13 TU/L on the trigger day. However, in one case, the
LH value was not suppressed by GnRH-ant administration.
The LH values in this patient were 13.97 IU/L on DI,
17.06 IU/L on D7, and 16.09 IU/L on the trigger day, and
the serum progesterone did not rise (>2 ng/mL). In the
study group, LH >10 IU/L on D6-7 was observed in eight
patients (13.33%), of which elevated basal LH levels were
seen in five. Nevertheless, the LH level in those patients
with premature LH rise was gradually reduced, with a value
ranging from 1.65 to 7.27 IU/L on the trigger day.

Discussion

The definition of a premature LH surge has been based

© Annals of Translational Medicine. All rights reserved.

primarily on the incidence of early LH rise and serum
progesterone levels. The threshold level of LH rise was
reported to be 10 IU/L (11), 12.4 IU/L (12), or 15 TU/L (13),
while the cut-off level of progesterone ranged between 1 and
2.25 ng/mL (11-14). In our study, a premature LH surge
was defined as a premature LH rise >10 IU/L accompanied
by P rise (>2 ng/mL) in the GnRH-ant protocol. Serum
progesterone level could not be considered as an indicator
for a premature LH surge in the progesterone protocol
since oral delivery of soft progesterone capsules (Utrogestan)
may interfere with the measurement of endogenous P
production.

The mechanism of LH suppression using GnRH-
ant or progestin is distinct. GnRH-ant administration
could lead to rapid suppression of pituitary LH secretion
by competitively blocking the GnRH receptor, with an
obvious dose-dependent suppression effect. In contrast,
the inhibition of LH levels with progestin is indirect by
regulating the hypothalamus GnRH secretion and requires
sufficient duration before estrogen priming (5). The
variable absorption ability of progestin differs between
individuals, and serum E, concentration may exert a
synergistic effect with progestin in LH suppression (6-9). A
dose-finding study of the Utrogestan showed there was no
direct relation between Utrogestan dosages and different
endogenous LH levels (7). Taken together, progestin could

Ann Transl Med 2021;9(5):387 | http://dx.doi.org/10.21037/atm-20-1592



Page 8 of 10

not induce an immediate LH suppression in the mode of
GnRH-ant. A recent retrospective cohort study by Japanese
researchers showed progestin applied in the method of a
flexible GnRH-ant protocol obtained a similar number of
metaphase II oocytes and pregnancy rates compared to a
flexible GnRH-ant protocol, and no premature ovulations
were detected (15). Nevertheless, a major limitation of that
study was that serum LH levels were not monitored during
ovarian stimulation, so whether there were premature LH
rises or surges could not be distinguished.

A premature LH rise (10 IU/L), which precedes an LH
surge, is usually used as a predictor for pituitary modulators'
administration. Our data showed the incidence of premature
LH rise in the two groups was significantly different
(13.33% versus 45%, P<0.05), which may be attributed to
different patterns of LH suppression with progestin and
GnRH-ant. In our previously published retrospective study
on PCOS patients using the progesterone protocol, eight
patients out of 123 experienced premature LH rises (6),
which was in line with the present study results. However,
the percentage of patients with premature LH rise in the
GnRH-ant protocol was relatively higher than previously
reported (1.4-38.8%) (11,12,15). All of the premature LH
rises occurred before GnRH-ant administration in our
study, which was following literature reporting that around
80% of these surges occurred before the start of GnRH-
ant treatment (11,12,15,16). Some researchers deem that
GnRH-ant's fixed initiation on day 6 for the prevention
of earlier LH rises is likely to be too late (16). We started
GnRH-ant from the sixth day of ovarian stimulation or
later, which was one reason for the high rate of premature
LH rises. Also, rapid follicular growth in PCOS patients
may also account for the abrupt increase of LH; as
previously described earlier, LH rises were often seen in
high responders (11,12,15,16).

Moreover, an elevated basal LH level was detected in
48.15% of patients, which was closely related to the high
rate of premature LH rise. Some data suggests that high
basal LH levels are associated with impaired fertilization
and pregnancy rates and higher miscarriage rates (17).
Our retrospective data analysis, including 1011 PCOS
patients, has shown that 105 patients with LH levels
>10 mIU/mL obtained a higher number of oocytes
retrieved, mature oocytes, and top-quality embryos than
those with lower basal LH levels (18). We routinely initiate
ovarian stimulation without controlling the high basal LH
level of PCOS patients in our clinic, which may contribute
to the high rate of basal LH value >10 IU/L (28.33%) seen

© Annals of Translational Medicine. All rights reserved.
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in this trial.

The gradual suppression of pituitary LH secretion
with progestins causes serum LH values during ovarian
stimulation to decline slowly and maintain relatively steady.
This differs from the rapid decline of LH values using
GnRH-ant. In a dose-finding study of GnRH-ant, authors
demonstrated that large changes in LH levels (either an
increase or decrease from basal levels) are associated with
a decreased chance of clinical pregnancy (12). One of the
possible reasons presented by the authors was that violent
fluctuation in LH levels may interfere with the incorrect
sequence of maturational changes and synchronization
between nuclear and cytoplasmic maturation, along with
advanced endometrium maturation (12). In our study, all
patients underwent FET, which could avoid the effect
of LH changes on the endometrium. Our data showed
no between-group differences in clinical pregnancy and
implantation rates.

In contrast, the number of oocytes retrieved, MII
oocytes, fertilized oocytes, cleaved embryos, and viable
embryos in the progesterone protocol were greater than
those of the GnRH-ant protocol, despite there being no
statistical significances. Moreover, the oocyte retrieval
and fertilization rates were significantly higher in the
progesterone protocol. Additionally, no moderate/severe
OHSS was observed in our study. Except for the “freeze-
all" strategy, other prevention strategies, including
vaginal delivery, use of the dopamine agonist cabergoline,
and the application of GnRH agonist instead of human
chorionic gonadotropin for the trigger, also play a role in
the prevention of OHSS (6). These results confirmed that
the progesterone protocol could be provided as a feasible
alternative regimen in PCOS patients during IVF/ICSI
treatments with embryo cryopreservation.

The results of this should be interpreted with caution
due to its limited sample size and because the physiological
basis for the association between the different patterns of
LH suppression with GnRH-ant or progestin and clinical
outcomes requires further exploration in basic experimental
studies. This study also used a freeze-all strategy that does
not reflect real-world status because fresh embryo transfer
is an option for patients with GnRH-ant in practical
procedures. The progesterone protocol in PCOS patients
should also take the increased economic burden of embryo
cryopreservation into account, and cost-effective analysis to
evaluate all options for patients is needed.

In conclusion, our data show that the progesterone
protocol is comparable with the GnRH-ant protocol
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regarding oocytes/embryo yields and the probability of
clinical pregnancy, but the two regimens are distinct in the
regulation of pituitary LH secretion.
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