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Abstract

Purpose To compare the clinical and ongoing pregnancy rates between a protocol using oral dydrogesterone with human
menopausal gonadotropin (HMG) for progestin-primed ovarian stimulation (PPOS) and the typical gonadotropin-releasing
hormone (GnRH) antagonist regimen in women undergoing controlled ovarian hyperstimulation (COH).

Methods This was a prospective, controlled study of 251 women who underwent COH for in vitro fertilization between
October 2016 and July 2017. The patients were allocated alternately into two groups: a dydrogesterone protocol (study group)
and a GnRH antagonist protocol (control group). In study group, dydrogesterone (20 mg/day) plus HMG (150 or 225 IU)
were administered simultaneously beginning on days 2 or 3 of the menstrual cycle. In both groups, all high-quality embryos
were cryopreserved for later transfer. The primary outcome was the ongoing pregnancy rate at 12 weeks per frozen—thawed
embryo transfer (FET) and the secondary outcome was the clinical pregnancy rate.

Results None of the patients experienced a premature luteinizing hormone surge. During the follow-up period, 397 FET
cycles were completed. The ongoing pregnancy rates at 12 weeks were 40.0% in study group versus 38.1% in control group
(absolute difference 1.9%; 95% CI —6.83 to 17.2%). The clinical pregnancy rate in study group (52.8%) was also not inferior
to that in control group (49.5%; absolute difference 3.3%; 95% CI —4.02 to 20.2%).

Conclusions The clinical and ongoing pregnancy rates in study group were comparable to those in control group. Therefore,
PPOS with dydrogesterone is a reasonable option to provide COH.

Keywords Dydrogesterone - Progestin-primed ovarian stimulation - Premature LH surge - GnRH antagonist - Controlled
ovarian stimulation
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Introduction

During controlled ovarian hyperstimulation (COH), sup-
pressing the premature luteinizing hormone (LH) surge is
important for good outcomes in assisted reproductive tech-
nology (ART). The protocols for COH generally use gon-
adotropin-releasing hormone (GnRH) agonists and antago-
nists to prevent an endogenous LH surge from occurring
before follicular maturation [1]. The most recommended
protocols for COH are the use of a GnRH antagonist pro-
tocol, a GnRH agonist trigger, and freezing all embryos
with later transfer to prevent ovarian hyperstimulation
syndrome (OHSS) [2]. GnRH antagonists are effective
for rapid and reversible suppression of LH release. There-
fore, using a GnRH agonist trigger for the final oocyte
maturation can prevent severe OHSS [3]. However, the
conventional GnRH antagonist protocol is expensive and
some patients experience a premature LH surge, result-
ing in undesired ovulation [4]. If an LH surge occurs and
some follicles ovulate before oocyte retrieval, the cycle
cancellation rate rises. Therefore, new protocols need to
be established with improved efficacy and for the patients’
convenience to effectively prevent a premature LH surge.

The previous studies have demonstrated that the admin-
istration of several progestins during COH can effectively
suppress a premature LH surge [5—8]. Progesterone (P4),
which is secreted by the corpus luteum, strongly inhibits
pulsatile GnRH and LH secretion, and prevents estradiol
(E2)-induced positive feedback effects during the luteal
phase. High baseline P4 levels in COH have no negative
effect on oocyte/embryo quality [9, 10]. In the last dec-
ades, when IVF relied on fresh embryo transfer, high P4
levels on the day of trigger had a negative effect on endo-
metrial receptivity. Currently, superior quality of cryo-
preserved embryos and precise thawing are possible by
advanced vitrification techniques, and in vitro fertilization
(IVF) no longer requires the transfer of fresh embryos. The
“freeze-all” strategy can increase cumulative pregnancy
rates, and decrease multiple pregnancy rates, ectopic preg-
nancy rates, and the risk of OHSS [11, 12].

Only a few studies have reported the efficacy of a com-
bination of dydrogesterone and human menopausal gon-
adotropin (HMG) for progestin-primed ovarian stimula-
tion (PPOS) in IVF cycles [8, 13]. Dydrogesterone is a
synthetic progestin that is closely related to endogenous
P4 in its molecular structure and its pharmacological
effects. Moreover, dydrogesterone does not interfere with
the measurement of endogenous P4 production. Dydro-
gesterone has less androgenic activity and enhanced oral
bioavailability (28%) compared with other progestins, with
a half-life of 8 h, and it is highly selective for the P4 recep-
tor and has fewer adverse effects than other progestins
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[14-16]. The oral route of administration of dydrogester-
one is thought to be a more patient-friendly regimen that
might improve compliance with treatment. Therefore, here
we compared the clinical and ongoing pregnancy rates for
a COH protocol using oral dydrogesterone plus HMG
(study group) with a standard GnRH antagonist protocol
(control group).

Materials and methods
Study setting and allocation of patients

This prospective, controlled study was conducted at a pri-
vate infertility clinic between October 2016 and July 2017,
and was performed in accordance with the Declaration
of Helsinki for medical research and Good Clinical Prac-
tice guidelines. The study protocol was also approved by
the Ethics Committee of the Institutional Review Board
of the clinic. Written informed consent was obtained
from all of the enrolled patients. This trial has been reg-
istered with the UMIN Clinical Trial Registry in Japan
(RO00033778UMIN000029564).

Inclusion criteria were as follows: age younger than
41 years, anti-Miillerian hormone (AMH) levels greater
than 1.00 ng/ml, and first or second cycle of IVF or intra-
cytoplasmic sperm injection (ICSI) at the Kamiya Ladies
Clinic. Patients who had endometriosis grade 3 or higher,
documented cycles with no oocyte retrieved, and any con-
traindications for COH were excluded.

Patients were allocated consecutively to one of two COH
groups in an alternating fashion. Odd-numbered patients
were allocated to study group and even-numbered patients
were assigned to control group in a non-blinded fashion. A
total of 251 women were enrolled in the study, comprising
125 in study group and 126 in control group.

Study protocol
Controlled ovarian hyperstimulation

In study group, patients were administered HMG (Teizo®,
150 or 225 TU; ASKA Pharmaceutical Co., Ltd., Tokyo,
Japan) and dydrogesterone (Duphaston®, 20 mg; Abbott
Healthcare, Tokyo, Japan) daily from days 2 or 3 of the
menstrual cycle onward, following ultrasound confirmation
of the absence of follicles larger than 10 mm. The initiat-
ing dose of 150 IU/day HMG was used for patients with
an AMH level greater than 3.00 ng/ml or an antral follicle
count > 15. A dose of 225 IU/day HMG was used for other
patients.
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In control group, patients were administered HMG (150
or 225 IU per day) on days 2 or 3 of the menstrual cycle.
The choice of the initial HMG dose was decided in the same
manner as for study group. When either the leading folli-
cle reached 14 mm or serum E2 levels exceeded 1000 pg/
ml, a GnRH antagonist (Ganirelix® 0.25 mg; MSD, Tokyo,
Japan or Cetrotide® 0.25 mg; EMD-Serono, Tokyo, Japan)
was administered by subcutaneous injection every 24 h to
suppress premature LH surges following a flexible protocol.

In both groups, follicular monitoring using ultrasonogra-
phy started on day 8 of the menstrual cycle. This monitor-
ing was performed every 2 or 3 days, and a blood sample
was taken at every visit to check serum follicle-stimulating
hormone, LH, E2, and P4 concentrations. The HMG dose
was increased by 75 IU when the speed of follicle growth
was assessed as slow. When the main dominant follicle size
was close to 20 mm in diameter, the final stage of oocyte
maturation was triggered using a nasal spray of GnRH ago-
nist (Buserecur®; Fuji Pharma, Tokyo, Japan). Patients were
given a low dose of human chorionic gonadotropin (hCG;
Gonatropin® 1000 IU; ASKA Pharmaceutical Co., Ltd. or
hCG F® 2500 IU; Fuji Pharma) added as a co-trigger for
ovulation only for those with hypothalamic—pituitary insuf-
ficiency or those with poor COH responses in the previ-
ous ART cycles. Patients who received the final trigger
underwent transvaginal ultrasound-guided oocyte retrieval
35-37 h later. All follicles with diameters larger than 10 mm
were aspirated.

Insemination of the aspirated oocytes was carried out
in vitro, by either conventional insemination or ICSI,
depending on the partner’s semen parameters. Embryos were
examined for the number and regularity of blastomeres and
the degree of embryonic fragmentation to assess quality on
the 2nd or 3rd day of culture, according to published crite-
ria [17]. One or two good quality embryos were frozen by
vitrification on the 2nd or 3rd day after oocyte retrieval.
The other embryos were placed in extended culture until
they reached the blastocyst stage. At this point, only blas-
tocysts with good morphology were frozen on days 5-7.
Any instance of OHSS was defined according to a published
classification system [18].

Endometrial preparation and frozen-thawed
embryo transfer (FET)

The method of endometrial preparation was similar in both
groups. A hormone replacement therapy (HRT) cycle was
performed for all of the patients. They received dermal
patches of 1.44 mg estradiol every other day (Estrana®;
Hisamitsu Pharmaceutical Co., Ltd., Tokyo, Japan) and
oral estradiol valerate 2.00 mgx2 (Progynova®; Bayer,
NSW, Australia) from days 2 or 3 of the menstrual cycle.
The endometrial thickness was checked on cycle days

12-14 in patients undergoing a HRT cycle, and progestin
capsules (500 mg P4 vaginal suppositories) and oral proges-
tin (Duphaston®; 30 mg dydrogesterone) were administered
daily in patients with an endometrial thickness >7 mm. The
transfer of day 3 embryos or blastocyst was scheduled based
on embryo and endometrium synchronization. Once preg-
nancy was achieved (see below), the exogenous estrogen and
progestin supplementation were continued until 10 weeks
of gestation.

The primary outcome was defined as the ongoing preg-
nancy rate per FET cycle. The secondary outcomes were the
numbers of cumulus—oocyte complexes (COCs) retrieved
per COH cycle, the fertilization rate, the numbers of viable
embryos, the clinical pregnancy rate, and the early miscar-
riage rate. Clinical pregnancy was defined as the presence
of gestational sacs during an ultrasound examination up
to 7 weeks of gestation. Ongoing pregnancy was defined
as continuous fetal heartbeats as assessed by ultrasound at
12 weeks. The early miscarriage rate was defined as the pro-
portion of pregnancies arresting before 12 weeks of gesta-
tion. Cycle cancellation refers to patients who completed
oocyte retrieval without producing viable embryos.

Statistical analysis

According to the previous reports, the ongoing pregnancy
rate of GnRH antagonist protocol was assumed to be
27-30% [3]. Therefore, control group was assumed to have
a pregnancy rate of 30%. Study group was expected to have
a pregnancy rate of ~40%. One hundred two patients per
group were required to achieve at least 85% probability that
the lower limit of the Wald 95% confidence interval (CI) for
the difference of pregnancy rates exceeded — 10% (a non-
inferiority margin of 10%). Given the possibility of a 10%
dropout rate, we designed the study to include a total of 110
women in each group.

Data are shown as the mean =+ standard deviation (SD).
Statistical analysis was performed using StatFlex version 6.0
(Artech Co., Ltd., Osaka, Japan). The results were compared
between the two groups using the Chi squared test, unpaired
Student’s # test, or the Mann—Whitney nonparametric U test.
P <0.05 was considered statistically significant. The primary
outcome analysis used a one-sided 95% CI with a non-infe-
riority margin of 10% for the difference in pregnancy rates
between the two groups. The dydrogesterone protocol was
declared non-inferior if the lower boundary of the 95% CI
was less than 10% below that of the control. This margin was
defined based on historical evidence of the active compara-
tor (a well-established standard treatment). In clinical trials,
given patient and treatment variability, a new treatment that
performs within 10-20% of an old treatment is often the
margin that used to be called non-inferior [19-21].

@ Springer



666

Archives of Gynecology and Obstetrics (2018) 298:663-671

Results
Patients’ characteristics

Table 1 shows the patients’ characteristics, including
age, body mass index, basal hormone profile, duration of
infertility, and the indications for IVF/ICSI treatment. We
treated couples with tubal infertility, endometrial infer-
tility, male infertility, and idiopathic infertility. There
were no significant differences in the incidences of these
variables between the two groups. A total of 251 women

completed oocyte retrieval and 397 completed FET cycles.
Figure 1 shows an outline of this study.

Ovarian stimulation, follicular development, oocyte
performance, and hormonal profile

The mean numbers of retrieved COCs (10.71 +6.56) and
meiosis stage IT (MII) oocytes (8.53 +5.39) in study group
were similar to those of control group (8.71 +4.27 and
11.10+5.19, respectively). Six patients in study group and
five in control group had either unfertilized oocytes or
poor-quality embryos. Table 2 shows the clinical and cycle
outcomes of COH treatment in both groups. The duration

Table 1 Basic characteristics

Study group (dydrogester-
one protocol n=125)

Control group (GnRH antago- P value
nist protocol, n=126)

. . Characteristic
of the patients undergoing IVF/
ICSI treatment
Age (years)
AMH (ng/ml)
BMI (kg/m?)

Duration of infertility (months)
Primary infertility, n (%)
IVF count, n
AFC
Indication of ART, n (%)
Male factor
Tubal factor

Endometriosis

34.81+3.49 3421+3.73 0.1883
4.05+2.12 4.48+2.17 0.1140
21.75+2.64 21.60+2.46 0.6445
353242520 38.17+31.05 0.4261
101 (83.4) 103 (85.1) 0.8477
1.24+0.43 1.21+0.41 0.5239
9.50+5.24 9.54+5.59 0.9546
27 (18.6) 36 (23.4) 0.2028
13 (9.0) 18 (11.7) 0.3495
9(6.2) 16 (10.4) 0.2136

AMH Anti-Mullerian hormone, BMI body mass index, ART assisted reproductive technology, /VF in vitro
fertilization, /CSI intra-cytoplasmic sperm injection, AFC antral follicle counts, SD standard deviation,
GnRH gonadotropin-releasing hormone

Fig. 1 Flowchart of patient
selection and treatment

Assessed for eligibility (n=251)

Study Group (n=125)

ag
Control group(n=126)

Oocyte retrieval (n=125)

Excluded (n=6)
Failed fertilization
(n=3)

Poor embryos (n=3)

Oocyte retrieval (n=126)

Excluded (n=5)
Failed fertilization
(n=2)

Poor embryos (n=3)

Viable embryos (n=119)

Viable embryos (n=121)

Ongoing pregnancy (n=78)
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Ongoing pregnancy (n=77)
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Table 2_ Outcpmes of ovarian Characteristics Study group (dydro-  Control group (GnRH P value

hyperstunulat.lon and h9rmonal gesterone protocol) antagonist protocol)

data on the trigger day in two

regimens hMG doze (IU) 1957.30+682.86 1519.84 +541.86 >0.001
hMG duration (day) 1474 +1.99 14.11+1.73 0.0076
No. of > 10 mm follicles on the trigger day 14.01+7.17 13.76 +6.40 0.7744
No. of COCs 10.71+6.56 11.10+5.14 0.5993
No. of MIloocytes 8.53+5.39 8.71+4.27 0.3499
Mature oocyte rate (%) 79.6 (1066/1339) 78.2 (1080/1381) 0.3684
Fertilization rate (IVF) (%) 61.5 (198/322) 64.2 (183/285) 0.4891
Fertilization rate (ICSI) (%) 77.8 (579/744) 81.8 (650/795) 0.0542
Viable embryo rate (%) 65.5 (607/927) 68.1 (680/998) 0.2161
Cancellation rate (%) 2.5 (34/1339) 1.6 (22/1381) 0.1038
LH on the trigger day (mIU/ml, mean + SD) 1.85+1.37 2.74+2.28 0.0003

Data are mean + SD unless otherwise specified

SD Standard deviation, GnRH gonadotropin-releasing hormone, A/MG human menopausal gonadotropin,
OHSS ovarian hyperstimulation syndrome, IVF in vitro fertilization, /CSI intra-cytoplasmic sperm injec-
tion, LH luteinizing hormone, COCs cumulus—oocyte-complexes, MII meiosis stage 11

of HMG administration and HMG doses in study group
were significantly greater than those in control group
(both P <0.001). No significant difference were found
in the numbers of retrieved COCs, the oocyte maturation
rates, the fertilization rates, the cleavage rates, the viable
embryo production rates, or the cycle cancellation rates
between the two groups. The duration of restarting men-
struation after oocyte retrieval was significantly shorter in
study group than in control group (9.5 +2.2 days versus
12.2+2.7 days, respectively; P <0.001; Fig. 2). Restarting
menstruation after oocyte retrieval early is favorable for
preventing an early onset of OHSS. Although one patient

in each group experienced moderate OHSS during the
study period, both of them recovered within 7 days after
oocyte retrieval without any treatment. The rate of moder-
ate OHSS was similar between the groups. Thus, we could
control the incidence of OHSS using these COH protocols.

The mean LH value on the trigger day was significantly
lower in study group than in control group (P <0.001;
Table 2). No incidence of an LH surge was found in either
group. Although two patients in each group experienced
premature partial ovulation, oocyte retrieval was possible
for the remaining follicles.

Fig.2 Duration of restart- Days

ing menstruation after oocyte 20-

retrieval
18
16
14
12
10
8
6
4
2

Dydrogesterone
protocol

GnRH-antagonist
protocol

*The asterisk points to significant difference between the two groups. p<0.001
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Pregnancy outcomes in FET cycles

During the 10 months of observation, 240 women in
both groups completed a total of 397 FET cycles and 437
embryos were thawed. Among these FET cycles, single-
embryo transfer was performed in 90.8% patients in both
groups. The mean number of embryos per FET cycle was
similar. The clinical pregnancy rate per transfer in study
group was slightly higher than in control group, but this did
not reach significance. These results indicated that embryos
in study group shared better development potential than did
those in control group (Table 3).

The primary outcome of this study, the ongoing preg-
nancy rate at 12 weeks of gestation was met, with the dydro-
gesterone protocol demonstrating non-inferiority to the
GnRH antagonist protocol. The ongoing pregnancy rates at
12 weeks were 40.0% in study group versus 38.1% in control

group (absolute difference 1.9%; 95% CI — 6.83 to 17.2%).
The clinical pregnancy rate in study group (52.8%) was
also not inferior to that in control group (49.5%; absolute
difference 3.3%; 95% CI —4.02 to 20.2%). Therefore, non-
inferiority of the dydrogesterone protocol versus the GnRH
antagonist protocol was demonstrated, because the lower
boundary of the CI was closer to zero than — 10% (Fig. 3).

Discussion

This study showed that the PPOS protocol with dydroges-
terone was not inferior to the GnRH antagonist protocol for
the primary outcome: the ongoing pregnancy rate. Similarly,
the results of the PPOS protocol with dydrogesterone for
one secondary outcome—the clinical pregnancy rate—also
showed non-inferiority compared with those of the GnRH

Table 3 Pregnancy outcomes
of frozen—thawed embryos
originating from two protocols

Outcomes

FET cycles (n)

Thawed embryos (n)

Transferred embryos (n)

Endometrial thickness (mm)

Pregnancy outcome of FET (%)
Biochemical pregnancy rate
Clinical pregnancy rate
Early miscarriage rate
Multiple pregnancy rate
Ectopic pregnancy rate
Ongoing pregnancy rate

The study group (dydroges- Control group (GnRH P value
terone protocol) antagonist protocol)

195 202

217 220

1.11 1.08 0.3303
9.54+1.65 9.38+1.69 0.3404
19.0 (37/195) 13.9 (28/202)) 0.1687
52.8 (103/195) 49.5 (100/202) 0.5088
24.3 (25/103) 23.0 (102/100) 0.8312
2.9 (3/103) 2.0 (2/100) 0.9733
0(0/122) 0 (0/140) 1.000
40.0 (78/195) 38.1 (77/202) 0.7001

Data are mean + SD unless otherwise specified

SD Standard deviation, GnRH gonadotropin-releasing hormone, FET frozen—thawed embryo transfer

Fig. 3 Pregnancy status in both Absolute
groups. A non-inferiority mar- difference
gin of 10% was used, whereby in pregnancy rate
the dydrogesterone protocol (DYD-GnRH
(study group) was judged to be antagonist)
non-inferior if the lower bound- -652 13.15
ary of the 95% CI showed a dif- < <> i s "
ference of < 10% compared with Clinical pregnancy rate 335
that for the GnRH antagonist -2.17 12.39
protocol (control group) & ¢ Biochemical pregnancy rate 5.1%
-1.72 11.48 ;
< < Ongoing pregnancy rate 1.9%

-10.0% -5.0% 0.0%

5.0% 10.0% 15.0%

95% confidence interval for the difference in pregnancy rate
(DYD-GnRH antagonist protocol)

DYD;dydrogesterone GnRH:gonadotropin-releasing hormone
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control group protocol. Several studies have already com-
pared the PPOS protocol with the typical short GnRH ago-
nist protocol and demonstrated that they are equivalent in
efficacy and safety [5—7]. In this study, single-embryo FET
was performed in most (90.8%) patients and the clinical
and ongoing pregnancy rates were similar to the previous
reports [5—8, 22]. Therefore, this study was considered a
high-quality comparative study.

A premature LH surge can compromise the yield of
oocytes and reduce the pregnancy rate [23]. The previous
studies have shown that P4 when administered during the
normal follicular phase reduces the LH pulse frequency,
amplifies LH pulse amplitude, and reduces mean plasma
LH levels compared with those in untreated women [24].
The previous studies in animal models have shown that P4
can block the E2-induced GnRH/LH surge-generating sig-
nal soon after the onset of signal transmission (immediately
after E2 removal), but not during the later stages of signal
transmission (at the time of onset of the surge) [25-29]. In
addition, exogenous P4 administration timing is critical in
determining whether it will stimulate or block the LH surge
[25, 27, 28]. Zhu et al. reported that LH surge blockade
failed if Utrogestan administration was started when the
diameter of multiple follicles was > 10 mm [22]. Kuang
et al. also showed that the medroxyprogesterone acetate and
HMG protocol should be used when basal E2 levels are no
greater than 50-70 pg/ml in cycles for avoiding a premature
LH surge [5]. Therefore, we modified the regimen using
dydrogesterone from days 2 to 3 of the menstrual cycle. We
decided on a dosage of dydrogesterone at 20 mg per day, as
reported by Kuang et al. [5, 30].

In the current study, pituitary LH levels on the trigger
day were more strongly suppressed by daily oral dydroges-
terone than by injection of a GnRH antagonist. This find-
ing suggests that the hypothalamus and pituitary were more
strongly suppressed in study group than in control group.
This suppression might have resulted in a higher total HMG
dose required, and earlier restarting of menstruation in study
group than in control group.

No significant difference was found in the incidence of
partial ovulation between study group (2/125) and control
group (2/126). In all four cases of partial ovulation, the LH
level on the triggering day did not rise, but leading follicle
sizes were actually > 25 mm at retrieval. Partial ovulation
can be caused by the sensitivity of ovaries and follicles to
mechanical stimulation, such as puncturing, suggesting that
partial ovulation was not associated with the protocol used.

Dydrogesterone is an established oral retroprogesterone
that is approved for treatment of threatened and recurrent
miscarriage, and infertility caused by luteal phase insuffi-
ciency. It has been used extensively for a variety of indica-
tions worldwide for an estimated 113 million women since
1960 (based on sales data). Approximately 20 million fetuses

have been exposed to it in the uterus [14, 16, 31, 32]. This
compound is structurally and pharmacologically similar to
the natural endogenous P4. Moreover, it has greater affinity
for P4 receptors than P4 itself. Therefore, it can be used in
lower doses than P4 to promote endometrial proliferation
thanks to its better bioavailability and to the P4-like activ-
ity of its metabolites [14]. Dydrogesterone also appears to
have no affinity for androgen, estrogen, glucocorticoid, or
mineralocorticoid receptors [15]. In Japan, dydrogesterone
is popular as an oral medicine for luteal support. However,
some reports have shown the efficacy of Utorogestan for
preventing a premature LH surge during COH [6, 22, 33].
Utorogestan is approved only as a vaginal agent in Japan.
This is why we chose oral dydrogesterone, which is a more
convenient form than vaginal Utorogestan, for this PPOS
protocol of COH.

Based on the limited available data, high P4 levels have
no negative effect on follicular maturation, fertilization, and
blastocyst formation [9, 10, 34]. Kuang et al. also reported
that more than 500 children born from luteal-phase ovar-
ian stimulation with high P4 levels in COH did not have an
increased risk of congenital malformations compared with
early-phase stimulation [9]. We need to confirm the long-
term safety of ovarian stimulation using the dydrogesterone
plus HMG protocol for the offspring of these women.

Using a GnRH agonist trigger for final maturation of
oocytes is effective for preventing OHSS. In addition, the
incidence of immature oocytes is reduced as a result of a
GnRH agonist trigger [35]. This approach might enhance
maturity of the oocyte nucleus and eventually increase the
number of MII oocytes [36—38]. Therefore, we used a GnRH
agonist trigger as our basic protocol.

Cost analysis for the medicines used in this study showed
markedly lower costs for suppressing the premature LH
surge in study group compared with control group. In study
group, the overall cost of the LH surge suppression was
around 13.1 United States Dollars (USD) compared with
189.6 USD in control group. Thus, study group achieved a
93.0% cost reduction compared with control group.

The dydrogesterone plus HMG protocol has the advan-
tage of oral administration and user convenience; it is less
painful and cheaper than GnRH antagonist protocols. How-
ever, a major limitation of this study is that the patients were
not assigned to groups using randomization. We used alter-
nating allocation to the two groups for this study, and this
could not completely control for possible interfering factors.
Therefore, fully validating this protocol for COH will need a
randomized, controlled trial. In addition, a larger sample is
required to confirm the feasibility of this new regimen and
to evaluate the outcomes for children arising from it.

In conclusion, this prospective, controlled study showed
that the dydrogesterone plus HMG protocol was not inferior
to the GnRH antagonist protocol in terms of the ongoing
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pregnancy rate. The PPOS protocol using dydrogesterone
may help to avoid a premature LH surge and decrease the
incidence of OHSS while maintaining good pregnancy out-
comes. Further research is required to confirm the feasibility
of this regimen, such as the optimal dose of dydrogesterone,
the method of triggering ovulation, and the long-term safety
of progestin used for ART.
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