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Abstract

Purpose Progestin-primed ovarian stimulation (PPOS) is a new ovarian stimulation protocol that has been used over the last
decade to enhance reproductive function. The purpose of this study is to evaluate whether PPOS is as effective as conventional
protocols (without GnRHa downregulation).

Method Search terms included “medroxyprogesterone”, “dydrogesterone”, “progestin-primed ovarian stimulation”, “PPOS”,
“oocyte retrieval”, “in vitro fertilization”, “IVF”, “ICSI”, “ART”, and “reproductive”. The selection criteria were nonran-
domized studies and randomized controlled studies. For data collection and analysis, the Review Manager software, New-
castle—Ottowa Quality Assessment Scale and GRADE approach were used.

Results The clinical pregnancy rates were not significantly different in either RCTs or NRCTs [RR 0.96, 95% CI (0.69-1.33),
P=71%, P=0.81]; [RR 0.99, 95% CI (0.83-1.17), I>=38%, P=0.88]. The live birth rates of RCTs and NRCTs did not
differ [RCT: RR 1.08, 95% CI (0.74, 1.57), I*=66%, P=0.69; NRCT: OR 1.03 95% CI 0.84-1.26), I*=50%, P=0.79]. The
PPOS protocol had a lower rate of OHSS [RR 0.52, 95% CI (0.36-0.75), P= 0%, P=0.0006]. The secondary results showed
that compared to the control protocol, the endometrium was thicker [95% CI (0.00-0.78), ?=0%, P=0.05], the number
of obtained embryos was higher [95% CI (0.04-0.65), I?=17%, P=0.03] and more hMG was needed [in NRCT: 95% CI
(307.44, 572.73), > =0%, P <0.00001] with the PPOS protocol.

Conclusion The PPOS protocol produces more obtained embryos and a thicker endometrium than the control protocol, with
a lower rate of OHSS and an equal live birth rate. The PPOS protocol could be a safe option as a personalized protocol for
infertile patients.

Trial registration Registration at PROSPERO: CRD42020176577.

Keywords Ovarian stimulation - Assisted reproductive technology - Controlled ovarian stimulation - Clinical pregnancy
rate - Live birth rate

Introduction

Progestin-primed ovarian stimulation (PPOS) was proposed
by the Yanping Kuang M.D. group in 2015 [1]. Oral admin-
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protocol with medroxyprogesterone acetate (MPA) produces
competent oocytes/embryos and achieves comparable preg-
nancy outcomes to those of GnRH antagonist protocols [3,
4, 7-11], as well as short-term protocols [12, 13] and mild
stimulation protocols [5] (see Table 1). Coupled with the
application of frozen-thawed embryo transfer (FET) and
the dual trigger of GnRH agonist with low-dose hCG, the
PPOS protocol also allows for nearly complete avoidance
of OHSS occurrence [14, 15], since all the embryo transfers
after PPOS are frozen. There are many clinical studies on
PPOS protocol use in infertile women, including women
who have normal ovarian function, PCOS [4, 15], poor ovar-
ian response [7, 9], who are of advanced maternal age [5],
having endometriosis [11] and donated oocytes [10]. The
reported findings are variable; some studies have shown bet-
ter live birth outcomes, while others showed no difference.
The crucial clinical aspects of IVF protocols are efficacy
and safety. Some studies have shown that the PPOS proto-
col may be cost-effective compared with the GnRH antago-
nist in planned freeze-only cycles, such as in preimplanta-
tion genetic testing or fertility preservation [11, 16]. These
results are very consistent with our clinical observations, but
we still need more solid evidence.

It is questionable whether PPOS has the same effect and
is safer than conventional IVF protocols. The purpose of this
systematic review was to investigate whether PPOS for the
treatment of infertile patients achieved pregnancy outcomes
that were the same as or better than those of conventional
protocols (any COS protocol without gonadotrophin-releas-
ing hormone agonist (GnRHa) downregulation). This work
will hopefully provide statistical evidence for clinicians on
PPOS use in the treatment of infertility.

Methods

Criteria for considering studies for this review

We performed a pairwise meta-analysis.

Types of studies

We included intervention studies in the form of randomized
controlled trials and nonrandomized controlled trials that
compared progestin-primed ovarian stimulation to other
protocols.

Types of participants

Participants suffering from infertility.

@ Springer

Types of interventions

One of the interventions for IVF was PPOS, and the control
interventions included the GnRH agonist protocol, as well
as the short-term protocol and mild stimulation protocol
(details of protocols are shown in Table 1).

Types of outcome measures
Primary outcomes:

1. Clinical pregnancy rate [6]
2. Live birth rate [6]
3. Incidence of OHSS [6]

Secondary outcomes:

Duration of stimulation

Dose of gonadotrophin for injection
Progestin values on trigger day (ng/ml)
Number of retrieved oocytes

Number of MII oocytes

Number of obtained embryos

Total cycle cancelation

Endometrial thickness

NN R L=

Data collection and analysis
Selection of studies

The titles and abstracts of articles were screened by two
independent researchers (LC, FW) to be included or
excluded. Any disagreement between the two as to which
studies to include was resolved by discussion. A third author
(YHL) would evaluate records when there was any unsolv-
able disagreement.

Data collection process

Data were extracted by one reviewer (LC), and checked by
a second (FW). For each included study, the information
collected included study design, methods, setting and time
period, information about the participants (eligibility crite-
ria), and drop-outs; interventions and outcomes, including
clinical pregnancy rate, live birth rate, incidence of OHSS,
duration of stimulation, dose of gonadotrophin for injection,
progestin values on trigger day (ng/ml), number of retrieved
oocytes, number of MII oocytes (mature oocytes), number of
obtained embryos, total cycle cancelation, and endometrial
thickness.
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Search methods for identification of studies

This study was based on the PRISMA guidelines for sys-
temic review and meta-analysis [17]. The electronic data-
bases used were MEDLINE, EMBASE, and the Cochrane
Library from 2010 to 13th March 2020 without limitation
of region, language, or publication type. Specific strategies
for electronic search at the database used a combination of
(MeSH): ((((((medroxyprogesterone) or Dydrogesterone))
or progestin-primed ovarian stimulation) or PPOS)) and
((((oocyte retrieval rate) or IVF) or ICSI) or ART). The
following keywords “medroxyprogesterone”, “dydroges-
terone”, “progestin-primed ovarian stimulation”, “PPOS”,
“oocyte retrieval”, “IVF”, “ICSI”, “ART”, and “reproduc-
tive” were used in the search. Intervention studies including
prospective controlled study, retrospective cohort study, non-
randomized studies with comparison groups (NRCTs), and
randomized controlled trial were included. The inventions
of the control group included short-term protocol, GnRH
antagonist protocol, and mild stimulation protocols (any cos
protocol without GnRHa downregulation). The strategies
for electronic search at the database used a combination of
(MeSH) ((((((medroxyprogesterone) or Dydrogesterone))
or progestin-primed ovarian stimulation) or PPOS)) and
((((oocyte retrieval rate) or IVF) or ICSI) or ART).

We excluded the following studies: (1) self-controlled
study; (2) books, conferences, review articles, editorial,
notes, thesis, case series, letters, posters, and case reports;
(3) unreliable extracted data, overlapped datasets, and para-
graphs of only abstract available.

Assessment of risk of bias in individual
studies

Quality of studies

The Cochrane collaboration tools were used to assess
the risk of bias in randomized controlled trials [18]. The
Cochrane Collaboration risk of bias tool includes random
sequence generation (selection bias), allocation sequence
concealment (selection bias), blinding of participants and
personnel performance bias (performance bias), blinding of
outcome assessment (detection bias), incomplete outcome
data (attrition bias), selective reporting (reporting bias), and
other bias. The reviewers rated the quality of the included
studies as low risk, unclear risk or high risk.
Newcastle—Ottawa Scale (NOS) was used to assess the
quality of nonrandomized controlled studies in meta-analy-
ses [19]. The NOS is useful, reliable, complementary tools
for appraising methodological quality of medical education
research [20]. The NOS contains eight items. The items
are categorized into three dimensions including selection,

comparability, and outcomes of studies. The NOS ranges
from zero to nine stars as follows: selection of the study
group (up to 4 stars/points), comparability of cohorts (up to
2 stars/points), and ascertainment of outcome (up to 3 stars/
points). High-quality studies achieve more than seven stars,
medium-quality studies between four and six stars, and poor-
quality studies less than four stars.

Data synthesis

All data were entered into the analysis system (Review Man-
ager, version 5.2). We used the risk ratio (RR) and 95% con-
fidence intervals (CIs) for variables with dichotomous data
for RCTs and odds ratios (ORs) for nonrandomized studies.
For these variables, the weighted summary RR was calcu-
lated using the Mantel-Haenszel method. For continuous
data, the mean difference (MD) was calculated and corrected
according to the sample bias.

We constructed ‘Summary of findings’ tables using
GRADE-pro [21]. We summarized and graded the certainty
of the evidence for critical outcomes (clinical pregnancy
rate, live birth rate, OHSS, duration of stimulation, dose of
gonadotrophin for injection, number of retrieved oocytes,
number of obtained embryos, and endometrial thickness).

Subgroup analysis and investigation
of heterogeneity

Higgins I? values [22] were used to assess statistical hetero-
geneity between studies and values of I* < 25% which were
indicative of low heterogeneity.

We used a fixed-effect model in the analysis, as our
results were all homogeneous according to the chi-squared
test and /” < 50%. The random-effect model was used in the
analysis, our results were all homogeneous according to the
chi-squared test, and 50% <I?<70% was taken to indicate
substantial statistical heterogeneity. If the chi-squared test
result and > were >70%, where the heterogeneity was too
large and not suitable for combined analysis, we performed a
subgroup analysis. The effectiveness of HMG versus recom-
binant FSH in women undergoing ovarian stimulation for
IVF/ICSI demonstrated a significant difference in the live
birth rate [23, 24]. We performed subgroup analysis for
clinical pregnancy rate (primary outcome), live birth rate
(primary outcome), and dose of sex hormones for injection
(secondary outcome) considering the different types of sex
hormones for injection (rfFSH or hMG) according to clinical
experience.

Sensitivity analysis

For outcomes such as the number of MII oocytes, we exam-
ined the sensitivity versus risk of bias (by excluding one

@ Springer
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study [12] with unclear risks of bias from the analysis of
selection bias, performance bias, detection bias, attri-
tion bias, selective reporting, and reporting bias). We also
assessed the outcome of gonadotrophin subgroup (hMG)
sensitivity to risk of bias (by excluding one study [12]
with unclear risks of bias from the analysis of selection
bias, performance bias, detection bias, attrition bias, selec-
tive reporting, and reporting bias and one study [15] with
a large difference in the mean +SD (2072.5 +467.86 vs.
1501.25+68.18).

Results
Results of the search

We identified a total of 117 records from the electronic
database searches. Deduplication and removal of all irrel-
evant records were performed. After the titles and abstracts
were screened, 86 irrelevant records were excluded. Of the
remaining 24 studies, we excluded 13 records. Details of the
selection process for studies are summarized in the PRISMA
flow diagram (Fig. 1). There were five RCTs, one nonrand-
omized study and five retrospective cohort studies (Table 1).

Description of populations and interventions

Table 1 provides brief details of populations and inter-
ventions. Two RCTs [4, 15] included PCOS participants,
and the studies by Chen et al. [7] and Huang et al. [9]
included participants with poor responders. Wen et al.
[12] and Begueria et al. [8] included participants with a
maximum age of 35 years. Iwami et al. [3] and Mathieu
d’Argent et al. [11] included participants with maximum
ages of 41 and 40 years. Peng et al. [5] included participants
aged >40 years. Yildiz et al. [10] included participants with
donor oocytes.

Quality of studies

The quality of the studies included varied widely. Rand-
omized control trials (RCTs) were assessed for their meth-
odological quality using the Cochrane Risk of Bias Tool.
The full details of the risk of bias assessment for the rand-
omized studies are given below (Fig. 2). Three of five RCTs
had four or five out of seven domains with a low risk of
bias, but one study [12] had six unclear risks of bias. Three
of six nonrandomized studies achieved seven stars and were
judged as high quality. The other three achieved four to six
stars and were judged to be of medium quality. Full details
of the Newcastle—Ottawa Scale (NOS) scores for the non-
randomized studies are provided in Table 2.

@ Springer

Quality of the evidence

The GRADE approach aims to evaluate the quality of the
evidence for each major outcome. It also takes into consid-
eration the results from the trial sequential analyses (see
summary of findings for the main comparison, Table 3). For
the primary outcomes of the clinical pregnancy rate, the
quality of the RCT groups and subgroups was moderate,
while the nonrandomized studies were low. For the live birth
rate, the quality of the RCT groups and subgroups was high,
while the nonrandomized studies were low. For OHSS, the
quality was high. The quality of each secondary outcome is
described in detail in Table 3.

Primary outcomes

1. Clinical pregnancy rate

Five RCTs showed that the clinical pregnancy rate
with the PPOS protocol was not different from that
with the control group [RR 0.96, 95% CI (0.69-1.33),
F=71%, P=0.81].

For I? >70%, the heterogeneity was too large and not
suitable for combined analysis. Analysis of the effective-
ness of HMG versus recombinant FSH in women under-
going ovarian stimulation for IVF/ICSI demonstrated
a significant difference in live birth rates [23, 24]. We
performed subgroup analysis for the clinical pregnancy
rate (primary outcome). Two RCTs in the rFSH sub-
group showed that the PPOS protocol had a lower clini-
cal pregnancy rate than the control group [RR 0.64, 95%
CI (0.49-0.85), >=0%], and the result was statistically
significant (P=0.002). Three RCTs showed that in the
hMG subgroup, the PPOS protocol led to a higher clini-
cal pregnancy rate than the control group [RR 1.22 95%
CI (0.99-1.5), P=0%,P= 0.06], and the difference was
very close to being statistically significant.

The results of five NRCTs did not show any signifi-
cant difference in the clinical pregnancy rate between
the two groups [RR 0.99, 95% CI (0.83-1.17), P=38%,
P=0.88].

2. Live birth rate

The live birth rates were not different between groups
in three RCTs [RR 1.08, 95% CI (0.74, 1.57), > =66%,
P=0.69]. Additionally, the results of one NRCT showed
that there was no difference between the two groups [OR
1.03 95% CI 0.84-1.26), I*=50%, P=0.79] (Fig. 3).

3. OHSS

Only two RCTs described the incidence of OHSS, and
the results showed that the PPOS protocol had a lower
rate of OHSS [RR 0.52, 95% CI (0.36-0.75), I*=0%,
P=0.0006] (Fig. 3). The result was statistically signifi-
cant.
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Fig.1 PRISMA flow diagram
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Fig. 2 Risk of bias assessment
for the randomized studies

1 (RCT)Maryam et al, 2019

2 (RCT) Qivjuetal, 2019

3 (RC)Xiaowei et al, 2018

4 RCT Begueri 2019

. . - ‘ « | Blinding of paticipants and personnel (performance bias)

. . ) . « | Blinding of outcome assessment (detection bias)

. . ) . - | Selective reporting (reporting hias)

® O O S| ® | otherbias

. . B0) ‘ . Incomplete outcome data (attrition hias)

. ‘ ) ‘ ‘ Random sequence generation (selection hias)
® e . = | Allocation concealment (selection hias)

5 RCT-Yunwang 2016

Table 2 Newcastle-Ottawa risk

. - Author (year) Selection of Comparability ~ Out- Total NOS score  Risk of bias
of bias for included NRCTs study groups of groups score  come
score score
Iwami et al. (2018) [3] 3 1 1 5 stars Medium
Wang et al. (2018) [13] 3 1 3 7 stars Low
Huang et al. (2019) [9] 3 1 2 6 stars Medium
Peng et al. (2019) [5] 3 1 1 5 stars Medium
Yildiz et al. (2019) [10] 3 2 2 7 stars Low
Mathieu d’Argent E et al. 4 1 2 7 stars Low

(2020) [11]
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Table 3 Summary of findings
for the main comparison

outcomes of fertility

Patient or population: patients with outcomes of fertilty
Settings: hospitals
Intervention: PPOS protocol

Comparison: control protocol

lllustrative comparative risks* (95% Cl)

Assumed risk Corresponding risk
Control Clinical pregnancy rate
RCT-Clinical pregnancy rate Study population RR 0.96 964 EEEE
i
B e, (0.69-4.33) (5 studies) Moderate
(257— 496)
Moderate
419 per 1000 402 per 1000
(289—557)
Non-randomized-Clinical pregnacy rate Study population OR0.99 2900 X
681 per 1000 679 per 1000 (0.83—4.17) (5 studies) Low
(639—714)
Moderate
495 per 1000 492 per 1000
(449—534)
RCT- RR 0.64 400 R 2
Study population
(0.49-0.85) (2 studies) Moderate'
Clinical pregnancy rate of subgroup 41z "0 267 per 1000
rFSH (205—355)
Moderate
376 per 1000 241 per 1000
(184— 320)
RCT- Study population RR1.22 564 @000
1
340 por 1000 415 por 1000 (0.99-4.5) (3 studies) Moderate
Clinical pregnancy rate of subgrou
pregnancy aroup (337— 511)
hMG
Moderate
419 per 1000 511 per 1000
(415— 629)
RCT-Live birth rate Study population RR 1.08 805 OB
268 per 1000 289 per 1000 (0.74-4.57) (3 studies) High
(198— 420)
Moderate
275 per 1000 297 per 1000
(204—432)

Study population

comparison group and the relative effect of the intervention (and its 95% Cl).

Cl confidence interval, RR risk ratio, OR odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

"One study with unclear risks of bias from selection bias, performance bias, detection bias, attrition bias, selective reporting and reporting bias
2Chi-square test and 12=61% was taken to indicate substantial statistical heterogeneity.

“Increased dosage is better

of gonadotrophin. Two RCTs in the rFSH subgroup
showed that the mean difference (MD) in dose for
PPOS in the rFSH subgroup was 55.1 higher [95% CI

Secondary outcomes

4. Duration of stimulation (day)

Data from both RCTs (MD 0.03 lower, 95% CI
(= 0.37-0.31), >=449%, P =0.85) and nonrand-
omized trials (MD 0.12 higher, 95% CI (- 0.51-0.75),
P=61%, P=0.71) showed that the duration of stimu-
lation between the two groups was nearly the same.
The slight difference was not statistically significant
(Fig. 4).

Dose of gonadotrophin for injection (IU)

We performed preplanned subgroup analysis of

the dose of gonadotrophin for two different kinds

(— 48.35-158.56), I*=0%, P=0.30]. Only one RCT
showed that the MD in dose of the PPOS protocol was
121.3 lower in the hMG subgroup [95% CI (— 258.76—
16.16), P=0.08]. These differences were not statisti-
cally significant. The results of NRCTs showed that
the MD in the subgroup of rFSH was 116.47 lower
[95% CI (— 480-247.24), P=0%, P=0.53]. NRCTs in
the hMG subgroup showed that the MD for the PPOS
protocol was 440.08 higher [95% CI (307.44, 572.73),
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Fig.3 Forest plot of studies of
primary outcomes
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_ Primary outcomes
1. Clinical pregnancy rate

PPOS Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H.Fixed. 95% Cl M-H. Random, 95% CI
1.1 RCT-clinical pregnancy rate
1 (RCT) Eftekhar 2019 6 41 15 51 10.0% 0.50(0.21,1.17] ]
2(RCT) Chen Q 2019 48 170 33 170 223% 1.23[0.85,1.77] =
3(RCT) Wen X 2018 17 34 13 31 17.0% 1.19[0.70, 2.03] =
4 (RCT) Begueri R 2019 47 153 71 155 247% 0.67 [0.50, 0.90] o]
5 (RCT) Wang Y 2016 49 75 45 84 259% 1.22[0.94,1.58] ol
Total (95% CI) 473 491 100.0% 0.96 [0.69, 1.33] *
Total events 167 183
;lelﬁ;ogenewl:lT:u‘:;._ﬂg;;hu;:fg;&, df=4 (P=0.008);F=71% Risk Ratio
est for overall effect: Z= 0.25 (P = 0.81) MM, Fixed. 95%Cl
1.2 RCT-rFSH subgroup
1 (RCT) Eftekhar 2019 6 41 15 51 15.9% 0.50(0.21,1.17]
4 (RCT) Begueri R 2019 47 153 71 155 B841% 0.67 [0.50, 0.90] ||
Total (95% Cl) 194 206 100.0%  0.64[0.49,0.85] ¢
Total events 53 86
Heterogeneity: Chi*= 0.43, df=1 (P =0.51); F= 0%
Test for overall effect: Z=3.11 (P = 0.002) Risk Ratio
1.3 RCT-hMG subgroup =
2(RCT) Chen Q 2019 48 170 33 170 41.0% 1.23[0.85,1.77)
3(RCT) Wen X 2018 17 34 13 31 143% 1.191[0.70, 2.03)
5 (RCT) Wang Y 2016 43 75 45 84 447%  1.22(0.94,1.58)
Total (95% Cl) 279 285 100.0% 1.22[0.99, 1.50]
Total events 114 97 I + } + ]
Heterogeneity: Chi*= 0.01, df= 2 (P =1.00); F= 0% 001 01 1 10 100
Test for overall effect: Z=1.91 (P = 0.06) Favours [control] Favours [PPOS]

1.4 NRCT-clinical pregnancy rate

PPOS Control 0Odds Ratio 0Odds Ratio
Study or Subgrouy Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
10 Yidiz S 2019 55 86 66 105 8.3% 1.05[0.58, 1.90]
B lwami N 2018 103 195 100 202 18.0% 1.14[0.77,1.69)
7Wang N 2018 872 1107 785 969 68.9% 0.87[0.70, 1.08]
8 Huang p 2019 19 50 25 112 3.7%  2.13[1.03, 4.40] e
9Peng Q2019 3 18 7 56  1.1% 1.40[0.32, 6.09] —
Total (95% Cl) 1456 1444 100.0% 0.99 [0.83, 1.17] {
Total events 1052 983
Heterogeneity, Chi*= 6.46, df= 4 (P=0.17); F= 38% :n 7 041 1:0 100:

Testfor overall effect: Z=0.16 (P = 0.88) Favours [control] Favours [PPOS]

Primary outcomes
2. Live birth rate

PPOS Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed, 95% CI
2.1 RCT-live birth rate

2(RCT) Chen Q 2019 37 170 31 170 306% 1.19(0.78,1.83]

4 (RCT) Begueri R 2019 31 153 42 153 31.8% 0.74[0.49,1.11]

5 (RCT) Wang Y 2016 4 75 36 84 376% 1.37[1.00,1.87)

Total (95% CI) 398 407 100.0% 1.08 [0.74, 1.57]

Total events 12

001 01 1 10 100
Favours [control] Favours [PPOS]

109
Heterogeneity: Tau®= 0.07; Chi*= 5.86, df= 2 (P = 0.05); F= 66%

Testfor overall effect: Z= 0.40 (P = 0.69)
2.2 NRCT-live birth rate

PPOS Control Odds Ratio 0dds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
10Yidiz S 2019 43 86 51 105 12.4% 1.06 [0.60, 1.87]
7Wang N 2018 659 872 599 785 83.1% 0.96 [0.77,1.20]
8 Huang p 2019 16 50 20 112 45% 2.16[1.01, 4.66]
Total (95% Cl) 1008 1002 100.0% 1.03 [0.84, 1.26]
Total events 718 670
Heterogeneity: Chi*= 3.99, df= 2 (P = 0.14); F= 50% n o1 ul'1 i 150 an'

Testfor overall effect. Z=0.26 (P = 0.79)

: Favours [control] Favours [PPOS]
Primary outcomes

3. OHSS
PPOS Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
1 (RCT) Eftekhar 2019 22 60 41 60 94.3% 0.54[0.37,0.78] .
5 (RCT) Wang Y 2016 0 60 2 B0 57% 0.20(0.01,408 ¥———T—
Total (95% CI) 120 120 100.0% 0.52[0.36, 0.75] <
Total events 22 43
Heterogeneity: Chi*= 0.42, df=1 (P = 0.52); F= 0% 5001 071 1=0 100=

Test for overall effect: Z= 3.44 (P = 0.0006) Favours [ppos] Favours [control]



Archives of Gynecology and Obstetrics (2021) 303:615-630 625

Fig.4 Forest plot of studies of Secondary outcomes
secondary outcomes 4. Duration of stimulation
PPOS Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
4.1 RCT-duration of stimulation
1 (RCT) Eftekhar 2019 10.24 239 60 953 2.01 60 18.2% 0.71(-0.08,1.50 T
2 (RCT) Chen @ 2019 83 22 170 87 27 170 415% -0.40[-0.92012) —
3 (RCT)Wen X 2018 0 0 0 0 0 0 Not estimable
4(RCT)BegueriR2019 112 18 86 112 24 87 285% 0.00[-063, 0.63] ——
5 (RCT) Wang Y 2016 9.52 2.01 60 9.48 333 60 11.7% 0.04(-0.94,1.02 e
Total (95% CI) 376 377 100.0% -0.03[-0.37,0.31] *
Heterogeneity: Chi*= 5.32, df= 3 (P = 0.15); F= 44% 12 _=1 3 + t

Test for overall effect: Z= 0.19 (P = 0.85) Favours [PPOS] Favours [control]

or Subgrou Mean SD Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% CI
4.2 NRCT-duration of stimulation
10Yidiz S 2019 11 815 87 11 815 87 57% 0.00[-2.42,2.42)
11Mathieu d'Argent E 2020 11.2 24 54 114 2 54 241% -0.20[-0.97,057) =
6 lwami N 2018 1474 199 125 1411 173 126 31.4% 0.63([0.17,1.09 ——
7Wang N 2018 1] 0 0 0 0 1] Not estimahble
8 Huang p 2019 10.83 5.02 63 9.9 418 123 127% 0.93[-0.51,2.37) — &
9Peng @ 2019 849 203 47 906 205 122 261% -0.57[1.250.11] T [
Total (95% Cl) 376 512 100.0% 0.12[-0.51,0.75] ?

4
+ T + 1

Heterogeneity: Tau®= 0.27; Chi*= 10.23, df = 4 (P = 0.04); F=51% T
Testfor overall effect: Z= 0.37 (P=0.71) Favours [PPOS] Favours [control
Secondary outcomes

5. Dose of gonadotropin

PPOS Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Tctal Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

5.1 RCT-rfFSH subgroup
1 (RCT) Eftekhar 2019 152845 41315 60 1,30 35445 60 56.4% 9€45[39.29,23619)
4 (RCT) Begueri R 2019 2132 4952 86 2,163 555 87 43.6% -1.00[-157.70,15570]

Total (95% Cl) 146 147 100.0% 55.10 [48.35, 158.56]
Heterogeneity: Chi*= 0.87,df= 1 iP = .3£); F=0%
Tes: foroverall 2ffedt Z= 104 (P =0.30)

5.2 RCT-hMG subgroup

2(RCT, Chen@ 2019 13362 3145 171 1,757.5 377.2 170 000% -121.30[-258.76,16.16)

Total (95% CI) 170 170 100.0% -121.30 [-258.76, 16.16]
Hetzrogeneity: Not apglicable e e e s
2 il = -500 -25) 0 25) 500
Test ‘or overall effect: Z= 1.73 (P = 0.08) Faveurs [PPOS] Favours [coniro]
PPOS Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% Cl

5.3 NRCT-rFSH subgroup

10 YidizS 2019 2475 18347 87 2400 1,8347 87 445%  75.00(-470.22,620.32)
11Nathieu dArgentE 2020 3586 1,247 54 3826 1340 54 555% -270.00(-758.22,218.22)
Total (95% CI) 141 141 100.0% -116.47 [-480.18,247.24)

Heteroceneity: Chi*= 0.85,df=1 2 = 0.36), F=0%
Test for overall effe;t: Z= 0.63 (P =0.53)

5.4 NRCT-hMG subgroup

6 hwam N 2018 1957.3 68286 125 151984 541.88 123 756% 437.4€ [264.88,500.04) -
8Huanyp2013 248571 138E74 63 2,140.93 103601 123 117% 344.78[-43.31,732.87)
9Pengw 2019 2,061.17 1,254.63 47 1,518.14 54725 122 12.7% 543.02[171.43,914.63] ¥

Total (95% CI) 235 371 100.0% 440.08[307.44,572.73] <&
Hetarogeneity: Chi*= (.53, df= 2 (P = 0.77); F= 0% e t d
Test ‘or overall effect: Z= 6.50 (P = 0.00001) 100; 500 3007 ;1600

Favours [PPOS] “avcurs [contral]
Secondary outcomes
6. Progestin , values on trigger day(ng/ml)

PPOS Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% CI

6.1 RCT-P-value

1 (RCT) Eftekhar 2019 072 125 60 081 092 60 18% -0.09(-0.48030
2(RCT) Chen @ 2019 04 019 170 043 03 170 982% -0.03[-0.08 0.02)
3 (RCT)WenX 2018 0 0 0 0 0 0 Not estimable

Total (95% CI) 230 230 100.0% -0.03 [-0.08, 0.02]
Heterogeneity: Chi*= 0.08, df=1 (P=0.77); F= 0%
Testfor overall effect: Z=1.15 (P = 0.25)

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random.95% Cl IV, Random, 95% CI
6.2 NRCT-P-value

11Mathieu dArgent E 2020 16 15 54 14 12 54 182% 0.20(-0.31,0.71] Pl

8 Huang p 2019 073 059 63 063 068 123 442% 0.10[-0.09,0.29 T
9Peng Q2019 0.58 081 47 082 056 122 37.6% -0.24[-0.49,0.01] e |

Total (95% Cl) 164 299 100.0%  -0.01[-0.27,0.26] ?

Heterogeneity: Tau?= 0.03; Chi*=5.14, df= 2 (P = 0.08); F=61% g e e
Test for overall effect: Z= 0.07 (P = 0.94) 06025 0 02505

Favours [PPOS] Favours [control]
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Fig.5 Forest plot of studies of
secondary outcomes

Secondary outcomes
7. Number of retrieved oocytes

PPOS Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
7.1 RCT-Number of retrieved oocytes
1 (RCT) Eftekhar 2019 1574 988 60 1865 787 60 26% -291[611,029) L
2(RCT)Chen @ 2019 3.7 26 170 34 24 170 940% 0.30[0.23 083 .‘
3(RCT)Wen X 2018 14.6 2641 34 115 95 M 03% 310[-6.20,1249) ¢ >
5(RCT)Wang Y 2016 15.28 7.89 60 158 8.49 60 31% -052[-3.45 2.41) S
Total (95% CI) 324 321 100.0% 0.20[-0.32,0.72] >
Heterogeneity: Chi*= 4.37, df=3 (P=0.22),F=31%
Testfor overall effect: Z= 0.76 (P = 0.45)
7.2 NRCT-Number of retrieved oocytes
10Yidiz S 2019 30 293 87 28 29.7 87 01% 2.00[6.77,10.77] * g
11Mathieu dArgentE2020 82 56 §4 7.9 74 54 14% 030[218 279 & i
B lwami N 2018 10.71 656 125 111 514 126 3.9% -0.39[-1.85,1.07) O
8 Huangp 2019 181 09 63 1.87 126 123 850% -0.06[0.37 029
9Peng @ 2019 372 276 47 387 240 32 97% 015[-0.78,1.08)
Total (95% CI) 376 512 100.0% -0.05[-0.33,0.24] +
Heterogeneity: Chi*= 0.68, df= 4 (P=0.95); F=0% _14 .2 0 i i
Testfor overall effect: Z=0.31 (P = 0.76) Favours [PPOS] Favours [control]
Secondary outcomes
8. Number of M Il oocytes

PPOS Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95% ClI

8.1 RCT-Number of MIl oocytes

1 (RCT) Eftekhar 2019 125 8.88 60 16.03 6.99 60 4.2% -353(6.39,-087) ¥

2(RCT) Chen Q 2019 32 24 170 28 22 170 406% 0.40[-0.09, 0.89]

4 (RCT) Begueri R 2019 67 12 1583 66 1.2 155 49.7% 010[0.17,0.37]

5 (RCT) Wang Y 2016 139 6.71 60 14.23 7 60 55% -0.33[2.78,212)

Total (95% Cl) 443 445 100.0% 0.05[-0.56, 0.65]

Heterogeneity: Tau®= 0.18; Chi*= 7.64, df= 3 (P = 0.05);, F= 61% LT TR R
Test for overall effect: Z=0.15 (P = 0.88) Favours [control] Favours [PPOS]

i Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

8.2 NRCT-Number of Ml oocytes

10Yidiz S 2019 24 249 87 23 215 87 09% 1.00[(591,791] ¢ *
6 lwami N 2018 853 539 125 871 427 126 282% -0.18[1.38,1.02) .

9 Peng @ 2019 287 22 47 3.08 239 122 71.0% -0.21[-0.97, 055]

Total (95% CI) 259 335 100.0% -0.19[-0.83, 0.45]

Heterogeneity: Chi*=0.12, df= 2 (P = 0.94); F= 0% ?2 11 3 1: é

Test for overall effect: Z= 0.59 (P = 0.56) Favours [control] Favours [PPOS]
Secondary outcomes

9. Number of obtained embryos

PPOS Control Mean Difference Mean Difference
“Study or Subgrou Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

1 (RCT) Eftekhar 2019 791 6.63 60 9.48 462 60 2.2% -157[3.61,047) ¥

2(RCT) ChenQ 2019 27 22 170 22 189 170 483% 0.50(0.06, 0.94] ——
3(RCT)WenX 2018 4 33 3 32, 25 3 43% 0.80[-0.66,2.26) = -
4 (RCT) Begueri R 2019 51 14 8 48 17 87 428% 0.20[0.26,0.66) —1—

5 (RCT) Wang Y 2016 1062 595 60 978 525 60 23% 084[1.17, 285 —l—
Total {95% Cl) 407 408 100.0% 0.35[0.04, 0.65] L 2
Heterogeneity: Chi® = 4.84, df= 4 (P = 0.30); F= 17% T S T 25

Testfor overall effect Z= 2.24 (P = 0.03)

P=0%, P< 0.00001]. The difference was statistically
significant (Fig. 4).

6. Progestin values on trigger day (ng/ml)

Data from both RCTs [MD 0.03 lower, 95% CI

(- 0.08-0.02), ’=0%, P=0.25] and NRCTs [MD
0.01 lower 95% CI (- 0.27-0.26), ?=61%, P=0.94]
(Fig. 4) showed that the progestin values on the trigger
day between the two groups were nearly the same. The
slight difference was not statistically significant.

7. Number of retrieved oocytes

@ Springer

Favours [control] Favours [PPOS]

Data from both RCTs [MD 0.2 higher, 95% CI
(= 0.32-0.72), *=31%, P=0.45] and NRCTs [MD
0.05 lower 95% CI (= 0.33-0.24), I*=0%, P=0.76]
(Fig. 5) showed that the number of retrieved oocytes
between the two groups was nearly the same.
Number of MII oocytes

Data from either RCTs [MD 0.05 higher, 95% CI
(= 0.56-0.65), P=61%, P=0.88] or NRCTs [MD 0.19
lower 95% CI (- 0.83-0.45), I’=0%, P=0.56] (Fig. 5)
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Fig.6 Forest plot of studies of
secondary outcomes

10.

11.

Secondary outcomes
10. Total cycle cancelation

PPOS
Stu Events Total
10.1 RCT-Total cycle cancelation
1 (RCT) Eftekhar 2019 4 B0
Total (95% CI) 60

Total events 4
Heterogeneity: Not applicable
Test for overall effect. Z=1.48{P=0.14)

Risk Ratie

Contrel Risk Ratie
) M-H. Fixed, 95% ClI

Events Total Weight M-H.Fixed.95% Cl

0 60 100.0% 9.00([0.50,163.58)

60 100.0% 9.00[0.50, 163.58]

0001 01 1 10 1000
Favours [PPOS] Favours [cantrol)

M-H. Random, 95% CI

10.2 NRCT-Total cycle cancelation

6 wamiMN 2018 34 13389
8 Huang p 2019 5 63
9 Peng G 2019 7 47
Total (95% Cl) 1449
Total events 46

Heterogeneity: Tau®= 0.00; Chi*= 4.186,

Testfor overall effect Z= 0.44 (P = 0.66)

Secondary outcomes
11. Endometrial thickness

22 1381 58.9% 0.01 [-0.00, 0.02]
11 123 262% -0.01 [0.08, 0.07]
3122 149% -0.11 [-0.23, 0.02]

1626 100.0% -0.01[-0.07,0.04]
64

gl ol 2 05 -025 0 025 05

Favours [PPOS] Favours [control)

PPOS Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
11.1 RCT-Endometrial thickness
1 (RCT) Eftekhar 2019 92 134 60 883 114 60 76.4% 0.37(-0.08 082 i
5(RCTH)WangY 2016 1152 225 60 11.07 223 60 236% 045[-0.351.29) T
Total (95% Cl) 120 120 100.0% 0.39[-0.00, 0.78] »

Heterogeneity: Chi*= 0.03, df=1 (P = 0.86);
Test for overall effect: Z=1.96 (P = 0.05)

Study or Subgrou Mean
*11.2 NRCT-Endometrial thickness

" B lwamiN 2018 954 165 125
8 Huang p 2019 1053 278 63
9Peng @ 2019 9 1.97 47
Total (95% Cl) 235

Heterogeneity: Tau*= 0.21; Chi*= 5.97, df=
Test for overall effect: Z= 0.44 (P = 0.66)

showed that the number of MII oocytes between the
two groups was nearly the same.
Number of obtained embryos

Only the five RCTs (Fig. 5) had the date of the num-
ber of obtained embryos, and the result showed that the
PPOS protocol had more obtained embryos [MD 0.35
higher 95% CI (0.04-0.65), I°=17%, P=0.03]. The
result was statistically significant.

Total cycle cancelation

Data from both RCTs [95% CI (0.50-163.58),
P=0.14] and NRCTs [95% CI (- 0.07-0.04), I*=52%,
P=0.66] (Fig. 6) showed that there were no significant
differences in the total cycle cancelation rates between
the two groups.

Endometrial thickness (millimeter, mm)

Data from RCTs showed that the endometrium was
thicker with the PPOS protocol than with the control
protocol [MD 0.39 mm, higher 95% CI (0.00-0.78),
I’=0%, P=0.05], and difference was statistically sig-
nificant. Data from NRCTs (Fig. 6) showed that the

SD Total Mean

2 -1 0 1 2
Favours [control] Favours [PPOS])

F=0%

SD Total Weight IV, Random,95% CI IV. Random, 95% CI

o

9.38 169 126 41.9% 0.16 [-0.25, 0.57)
1034 325 123 253% 0.19[-0.71,1.09] N\
9.78 193 122 328% -0.78[1.44,-012) ——
371 100.0%  -0.14[-0.78, 0.49] *

2(P=005),F=67% _i + T t +

Favours [control) Favours [PPOS]

endometrium was thinner with the PPOS protocol than
with the control group [MD 0.14 mm lower 95% CI
(- 0.78-0.49), P=67%, P =0.66], though the differ-
ence was not statistically significant.

Discussion

The results of this meta-analysis showed that the PPOS pro-
tocol had more obtained embryos and a thicker endometrium
than the control protocol, with a lower rate of OHSS. There
were no significant differences in the live birth rate, dura-
tion of stimulation, progestin values on trigger day (ng/ml),
number of retrieved oocytes, number of MII oocytes, or total
cycle cancelation rates between the two groups.

In the rFSH subgroup, the clinical pregnancy rate was
lower in the PPOS group than in the control group, and the
result was statistically significant. Three RCTs showed that
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in the hMG subgroup, the clinical pregnancy rate of the
PPOS protocol was higher than that of the control group, and
the difference was near statistical significance (P =0.06).
The quality of the evidence (GRADE) was moderate. The
results of the RCT of the rtFSH/hMG subgroups showed
that there was no significant difference in the dose of rFSH/
hMG between the two groups, and the quality of the evi-
dence (GRADE) was high. Only NRCTs in the hMG sub-
group showed that the dose of hMG in the PPOS protocol
was higher. Data from RCTs showed that the PPOS protocol
had a thicker endometrium, and the quality of evidence was
high with a significant difference. While NRCTs showed that
the endometrium was thinner with the PPOS protocol, there
was no significant difference, and the quality of evidence
(GRADE) was low.

The prevalence of infertility is high around the world, and
it is estimated that 1 out of 4 couples are infertile [25]. ART
has developed quite rapidly over recent years, and there is
still an unmet need for ovarian stimulation protocols with
improved efficacy, safety, and convenience. New protocols,
such as GnRH antagonist protocols and mild stimulation
protocols, have been proposed over the last decade. Proges-
tin-primed ovarian stimulation (PPOS) is also one of these
new ovarian stimulation protocols. Some studies [26, 27]
have suggested that compared with conventional ovarian
stimulation methods, the PPOS protocol neither compro-
mises neonatal outcomes of IVF newborns nor increases
the prevalence of congenital malformations. This is the first
meta-analysis to examine the effect of the PPOS protocol in
ART. According to our review, the safety and effectiveness
of PPOS are confirmed.

Poor ovarian response (POR) to ovarian hyperstimula-
tion is one of the greatest challenges in assisted reproduc-
tion technology. According to the report from the Society
for Assisted Reproductive Technology (SART) in 2018 in
the USA, in women considered to be poor responders, there
is fair evidence to support the recommendation that mild
ovarian stimulation is cost-effective, although live birth rates
are extremely low among both women undergoing the mild
ovarian stimulation and those undergoing conventional IVF
[28]. A retrospective study (Peng et al.) [5] showed no sig-
nificant difference in the clinical pregnancy rates between
the mild stimulation (12.5%) and PPOS groups (16.7%). The
average numbers of oocytes and viable embryos and the live
birth rates were comparable to those in the GnRH antago-
nist group. Although the PPOS protocol did not improve
the clinical pregnancy rates of POR patients, it might be an
option for personalized protocols.

In 2015, Dr. Kuang et al. [1] proposed the PPOS pro-
tocol such as medroxyprogesterone acetate (MPA) cotreat-
ment with gonadotropin hMG during COS in IVF treat-
ment. Several studies have suggested that progesterone
in PPOS protocols may offer a variety of options such as

@ Springer

medroxyprogesterone acetate (MPA), dydrogesterone [2-5,
28], or utrogestan [13, 29, 30]. In PPOS protocols, all of
these options are sufficient to prevent an untimely LH rise.
As DYG has been extensively used worldwide for the treat-
ment of threatened miscarriage and recurrent miscarriage,
DYG administration in PPOS protocols produces a compara-
ble number of top-quality embryos and pregnancy outcomes
compared with MPA [28]. However, further randomized
controlled trials are needed to confirm this conclusion.

Recombinant follicle-stimulating hormone (rFSH) and
human menopausal gonadotropin (UuHMG) are widely used
for controlled ovarian stimulation (COS). rFSH treatment
results in a higher oocyte yield per cycle than human meno-
pausal gonadotropin treatment [31, 32]. Different clinics
choose different GN doses in PPOS protocols. From this
meta-analysis, we conclude that there is no difference in the
live birth rate. In the subgroup analysis, the hMG subgroup
had a better clinical pregnancy rate, while the rFSH group
had a lower clinical pregnancy rate than the control group.
It may be suggested to choose hMG for COS in the PPOS
protocol. A cost-effectiveness study [16] showed that PPOS
protocols were cost-effective when freeze-only was planned
for preimplantation genetic testing or fertility-preservation
cycles, where a GnRH antagonist protocol would otherwise
be used. In addition, this study cannot accurately specify
drugs for PPOS protocols. More RCTs should be performed
to evaluate the best drug candidates for individual infertile
patients.

The strength of this meta-analysis lies in the strict meth-
odology guided by PRISMA guidelines.

Additionally, the quality of the RCTs was evaluated using
the Cochrane Handbook method as a way to enhance exter-
nal validity. The quality of NRCTs was evaluated using the
Newcastle-Ottawa Scale. Furthermore, we graded the cer-
tainty of the evidence for critical outcomes by GRADE-pro.

Limitations of the review

Only five RCTs were included in our meta-analysis. The
outcomes of NRCT by GRADE-pro were quite low. Fur-
thermore, 6 of the 11 records included were from China.
Progestin-primed ovarian stimulation (PPOS) was first pro-
posed by the Yanping Kuang M.D. group in 2015. Over the
last two years, many centers around the world have begun
to choose PPOS.

Conclusion

The PPOS protocol produces more obtained embryos and
a thicker endometrium than the control group, with a lower
rate of OHSS and equal clinical pregnancy rate, live birth
rate, duration of stimulation, progestin value on trigger
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day (ng/ml), number of retrieved oocytes, number of MII
oocytes, and total cycle cancelation rate. In the subgroup
analysis, the hMG subgroup had a better clinical pregnancy
rate, while the rFSH group had a lower clinical pregnancy
rate than the control group. It may be suggested to choose
hMG for COS in the PPOS protocol. More RCTs should be
performed to evaluate the best ones for respective infertile
patients.
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