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ABSTRACT

STUDY QUESTION: Can the use of progesterone luteal phase support (LPS) and timing of blastocyst transfer, at 6 versus 7 days fol-
lowing hCG-trigger, improve the live birth rate (LBR) in modified natural cycle (mNC) frozen-thawed embryo transfer (FET)?

SUMMARY ANSWER: Use of LPS and advanced timing of blastocyst transfer did not significantly improve the LBR in mNC-FET.

WHAT IS KNOWN ALREADY: Transfer of a frozen-thawed blastocyst in the mNC protocol is routinely conducted 7 days after the
ovulation trigger, and progesterone LPS is commonly used despite limited evidence.

STUDY DESIGN, SIZE, DURATION: This multicentre, single-blinded, randomized controlled superiority trial investigated the effect
of LPS and timing of blastocyst transfer on live birth rates following mNC-FET conducted from January 2019 to February 2024. Using
an online randomization programme, patients were randomized 1:1:1:1 to: (A) transfer day 6 following ovulation trigger (Day 0) with
LPS; (B) transfer day 7 with LPS; (C) transfer day 6 without LPS; (D) transfer day 7 without LPS. Use of LPS was masked from treating
clinicians. The sample size calculation required 604 women to participate to detect an increase in live birth rate from 21% in control
groups (LPS: C+ D, timing: B+ D) to 31% in intervention groups (LPS: A+ B, timing: A+ C). In total, 679 women were enrolled, and 610
women were randomized. Ultimately, 602 women (A: n=151; B: n=150; C: n=149; D: n=152) were included in the per-trans-
fer analyses.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Participants were women aged 18-41years undergoing mNC-FET with a single
autologous good-quality blastocyst, from eight public fertility clinics at tertiary care centres across Denmark.

MAIN RESULTS AND THE ROLE OF CHANCE: Our study found that use of LPS did not significantly affect the LBR compared with no
LPS: 34.9% (105/301) versus 31.9% (96/301) (adjusted risk difference (aRD) 3.18, 95% CI: —4.13 to 10.49; P =0.39). Comparing blastocyst
transfer on Day 6 versus Day 7, there was again no significant difference in LBR: 33.8% (99/300) versus 33.0% (99/302) (aRD —0.62, 95%
CI: —7.99 to0 6.75; P=0.87).

LIMITATIONS, REASONS FOR CAUTION: The sample size calculation was based on LBRs of studies using transfer of slow-frozen
and cleavage stage embryos, but today’s LBRs are higher. Consequently, the sample size might not have been sufficient to detect dis-
crete differences in reproductive outcomes under present conditions. Further, despite using liberal inclusion criteria, most women
participating were young (<35years) and lean, and had a good quality embryo available for transfer, giving them an a priori good
treatment prognosis. Hence, our findings might not apply to all women undergoing mNC-FET.

WIDER IMPLICATIONS OF THE FINDINGS: This RCT demonstrates that supplementary progesterone likely does not improve live
birth rates, and that flexibility in scheduling blastocyst transfers is possible for most women undergoing mNC-FET following their
first to third IVF/ICSI treatment. Our results pave the way for a less restricted approach to FET, hence reducing patient burden and
costs without compromising success rates.
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WHAT DOES THIS MEAN FOR PATIENTS?

This study investigates whether using vaginal progesterone suppositories and changing the day of embryo transfer in modified
natural cycle (mNC) protocols for frozen embryo transfer (FET) can increase a woman's chance of having a baby. Despite numer-
ous FET treatments being performed each year, the optimal timing of embryo transfer has not been established, and furthermore,
progesterone is commonly used despite limited proof of its effect. This research trial was conducted at multiple assisted reproduc-
tion centres and included random groups of women with similar fertility characteristics. We found that use of vaginal progester-
one in the mNC protocol for FET did not increase the chances of having a baby, and that having embryo transfer on either Day 6 or
Day 7 after ovulation trigger resulted in equally good treatment results. Our results open the door to fertility treatment with less
medication and more flexibility in planning.

Introduction endogenous progesterone production. For that reason, we hy-
pothesized that use of progesterone LPS in the mNC protocol for
FET would improve the overall live birth rate (LBR).

Strongly associated to treatment success in FET is synchronic-
ity between the developmental stage of the embryo and the
endometrium (Hertig et al., 1956; Psychoyos, 1974; Wilcox et al.,
1999). In the mNC protocol, ultrasonic assessment of follicular
growth is used to decide the optimal time to trigger ovulation
and to perform the blastocyst transfer; when a mature follicle

(>17 mm) is detected, the ovulation trigger is administered on the

The global landscape of ART is rapidly evolving, with frozen em-
bryo transfers (FETs) now comprising close to half of all ART
cycles performed worldwide (Adamson et al., 2025). This develop-
ment underscores an important need to identify the most effi-
cient FET protocol. Despite there being no consensus on the best
FET protocol in terms of reproductive outcomes, the natural cy-
cle (NC) protocols are gaining popularity. Recent studies have
shown that the risk of complications related to hypertensive dis-

orders of pregnancy is lower in NC-FET, including the modified
(m) NC protocol, compared to the historically preferred hormone
replacement therapy (HRT) protocol, encouraging clinicians to
consider a more natural approach (von Versen-Hoynck et al.,
2019; Zaat et al., 2023).

In all FET protocols, ensuring a favourable endocrine milieu
during implantation and early pregnancy is pivotal. Although
women undergoing NC-FET ovulate and produce a corpus lu-
teum (CL) and endogenous progesterone, additional luteal phase
support (LPS) with progesterone is routinely used. The rationale
of using progesterone LPS is to stabilize the endometrium, in-
crease the chance of implantation, support early pregnancy de-
velopment, and potentially rescue cycles with an inadequate

same day, and a blastocyst transfer is planned. However, relying
on findings from ultrasound alone when deciding on the optimal
time to trigger ovulation can be challenging. While the size of the
leading follicle, the oestradiol level, and the endogenous LH surge
are connected, some women may be on the plateau, or even at
the descent of their LH surge, by the time their leading follicle is
mature. Consequently, some women have entered the luteal
phase when the ovulation trigger is given, putting them at risk of
embryo—endometrial asynchrony. Further, cell loss from the
blastocyst during the vitrification-warming procedure could hy-
pothetically cause a developmental delay, corresponding to an
earlier developmental stage. Thus, we hypothesized that advanc-
ing the day of blastocyst transfer by one day, i.e. to Day 6 (novel
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approach) instead of Day 7 (routine) following the ovulation trig-
ger, would minimize the risk of embryo-endometrial asynchrony
and lead to a superior LBR. Hence, in this randomized controlled
trial (RCT), we compared LBRs in patients undergoing mNC-FET
with and without the use of progesterone LPS and with blastocyst
transfer on Day 6 versus Day 7 following the ovulation trigger,

Materials and methods

Study design

The study was a multicentre, single-blinded, randomized con-
trolled trial conducted at eight public fertility clinics across four
Danish regions between January 2019 and March 2024. Patients
were continuously included during the above period, except dur-
ing the COVID-19 pandemic of Spring 2020. Active recruitment
ended when 604 patients were randomized to the trial. Patient
follow-up was concluded in December 2024. Data were collected
by allocated staff at the participating sites. Data management
and analysis were conducted at the primary research centre:
Copenhagen University Hospital Rigshospitalet, Denmark. An
independent statistician overlooked all statistical analyses. The
protocol has previously been published (Saupstad et al., 2019).

Ethical approval

The study received initial approval by The Capital Region of
Denmark Centre for Ethics, H-18025839, 6 September 2018, The
Capital Region of Denmark, Research and Innovation, Legal
Department (data storage) P-2019-670, 6 November 2019, and the
Danish Medicines Agency, 63569, 8 August 2018.

Participants

Women eligible for study participation were 18-41years old with
regular menstrual cycles (23-35days), scheduled to undergo sin-
gle, autologous blastocyst transfer in an mNC endometrial prepa-
ration protocol following their first, second, or third oocyte
retrieval at one of the participating clinics. Only women with a
good-quality blastocyst (expansion score 3-6 on vitrification day
5 or expansion score 4-6 on vitrification day 6 after oocyte re-
trieval, inner cell mass/trophectoderm score A or B according to
the Gardner scoring system (Gardner and Schoolcraft, 1999))
were eligible for participation. Exclusion criteria were: previous
study participation, recipients of oocyte donation, preimplanta-
tion genetic testing (PGT) for heritable diseases, uterine malfor-
mations, severe uterine pathology (polyps or submucosal
myomas), blastocyst conceived with sperm from testicular sperm
aspiration, ongoing HIV or Hepatitis B or C infection, previous
treatment for suspected luteal phase insufficiency, and contrain-
dications to treatment with progesterone LPS provided by the
manufacturer (Lutinus, Ferring Pharmaceuticals, Kastrup,
Denmark and Cyclogest, Gedeon Ricter Nordics AB, Stockholm,
Sweden). PGT for aneuploidy was not performed and is restricted
by law in Denmark.

Patients eligible for study participation were invited to partici-
pate through oral and written patient information provided by
research staff. Patients accepting study participation were
booked for a baseline visit on cycle days 2-5 to confirm eligibility.
All women enrolled in the trial provided written informed con-
sent for trial participation and storage of blood samples in a bio-
bank. Both participating women and partners provided written
consent for follow-up on children conceived in the trial.

Randomization and masking
Women included in the RCT were monitored with continuous
measurements of follicular growth and assessment of the

endometrium by transvaginal ultrasound (TVUS) from the mid-
follicular phase (cycle days 8-12, depending on cycle length), un-
til the dominant follicle reached 15-17 mm. Ultrasound scans
were performed no more than 3 days apart, and often daily as
the leading follicle developed. Whenever feasible, women were
followed until the dominant follicle reached >17 mm and given
the ovulation trigger on the same evening (Day 0). If the clinic or
patient were unable to accommodate daily scans in the late fol-
licular phase, women with a follicle of 15-16 mm were instructed
to administer the ovulation trigger the following evening (Day 0).
On the day of hCG trigger, or the day before, women were allo-
cated to one of the four study groups (1:1:1:1) by randomization:
(A) progesterone LPS and blastocyst transfer on Day 6 following
ovulation trigger, (B) LPS and blastocyst transfer on Day 7, (C) no
LPS and blastocyst transfer on Day 6, and (D) no LPS and
blastocyst transfer on Day 7. Randomization was conducted by a
research staff member, using a computerized programme run-
ning a minimization algorithm (dOxos Clinical Data Services AB,
Gothenburg, Sweden). To ensure equal distribution of traits asso-
ciated with treatment outcomes, the following variables were
balanced by the randomization algorithm: study site (1 to 8), age
(years), number of IVF/ICSI treatments (1-3), number of FET
treatments (1, 2, or >3), and blastocyst expansion grade (Gardner
expansion score 3, 4, and 5/6). Treating clinicians were blinded to
the use of LPS, but patients and research staff members
were not.

Procedures

Before the FET cycle, ovarian stimulation (OS) and oocyte re-
trieval were conducted according to either the gonadotropin-
releasing hormone (GnRH) antagonist or agonist protocol at the
local trial site. Blastocysts were cultured for 5 or 6 days before as-
sessment of blastocyst score and vitrification. On the day of
transfer, blastocysts were warmed in the morning and trans-
ferred at midday. FET was conducted in the second or a subse-
quent cycle following OS and oocyte retrieval at all study sites.

During the FET cycle, when the dominant follicle reached
>17mm, the hCG trigger (250 pg human chorionic gonadotropin,
Ovitrelle, Merck A/S, Sgborg, Denmark) was administered at
10pm the same evening. Women randomized to LPS (study
groups A and B) were instructed by a research staff member to
administer vaginal suppositories (100mg * 3/daily, Lutinus,
Ferring Pharmaceuticals or 400mg * 2/daily Cyclogest, Gedeon
Richter Nordics AB.) starting the morning of Day 4 following the
ovulation trigger. All study medication was handed to the
patients free of charge. Individual medicine accounts were kept
by the clinic, and complete medicine accounts were kept by the
primary study site. Patients were instructed to inform the clinic
about deviations in medicine administration, adverse events
(sickness, admittance to hospital, etc.), and initiation of concomi-
tant prescription medication until gestational age (GA) 8 +0.

On Day 6 (study groups A and C) or 7 (study groups B and D)
following the hCG trigger, single blastocyst transfer was planned
according to the allocated study group. In case the appointed
blastocyst did not survive thawing, another blastocyst was
thawed if available. If not, the treatment cycle was cancelled.
Patients randomized to LPS (study groups A and B) were asked to
postpone the morning dose of progesterone until after blastocyst
transfer, to avoid unblinding of the treating doctor.

Following blastocyst transfer, patients were scheduled for
pregnancy testing (serum (s) hCG) 16 days after the administra-
tion of the ovulation trigger. An s-hCG level of >51U/1 was consid-
ered a positive test. Patients with an s-hCG level >501U/1 were
invited to a pregnancy scan during gestational week 8, while



4 | Saupstadetal.

an s-hCG level between 5 and 491U/] necessitated repeated s-
hCG testing until a sufficient rise or a decline <5IU/l was
detected. An s-hCG level <51U/l was considered a negative test,
and patients were discontinued from the trial. If pregnant,
patients receiving LPS (study groups A and B) continued treat-
ment until GA 8+ 0. Follow-up on pregnancy outcome, obstetric
complications, and perinatal outcomes was conducted on all
patients with an ultrasound-verified live pregnancy past
GA7+0.

Outcomes

The primary outcome was LBR per randomized patient. Key sec-
ondary outcomes were pregnancy rate (PR) defined as an s-hCG
>51U/1 16 days after administration of the ovulation trigger, and
rate of clinical pregnancies (CPR) defined here as an intrauterine
pregnancy with a foetal heartbeat visualized by TVUS at GA 7-
8 weeks. Other secondary outcomes included the total pregnancy
loss rate (PLR), including all cases of pregnancy loss following a
positive s-hCG, i.e. early miscarriage (pregnancy loss following a
positive pregnancy test, before verification of a clinical preg-
nancy), clinical miscarriage (pregnancy loss after verification of a
clinical pregnancy, before GA 22 +0), ectopic pregnancy, and in-
duced abortion. For singleton pregnancies that resulted in deliv-
ery after GA 22+0, obstetric complications, including
hypertensive disorders of pregnancy, gestational diabetes, post-
partum haemorrhage, and caesarean section, were reported.
Perinatal outcomes, including preterm birth, birth weight, con-
genital malformations, and perinatal mortality (foetal and neo-
natal death from GA 22+ 0 to 7 days after birth) were recorded.

Statistical analysis

The RCT was designed as a superiority trial, using a 2 x 2 facto-
rial design, assessing if mNC-FET with LPS is superior to mNC-
FET without LPS (study groups A+B vs C+D) and if mNC-FET
with blastocyst transfer on Day 6 following ovulation trigger is
superior to blastocyst transfer on Day 7 following ovulation trig-
ger (study groups A+C vs B+D). The two interventions were
considered independent of each other. Sample size calculation
required 604 women to participate, equalling 151 patients in
each study group, to detect an increase in live birth rate from
21% in groups C+D to 31% in groups A+B (and similarly in
groups B+ D to A+ C) with 80% power and a 0.05% level of signifi-
cance. A 10% difference in live birth rate was considered clini-
cally significant. After initiation of the study, the number of
participants needed to meet the required sample size was ele-
vated to compensate for drop-outs (expected at 10-20%).

Baseline characteristics were reported for the per-transfer (PT)
population (all randomized, undergoing embryo transfer).
Primary and secondary reproductive outcomes were reported for
the PT, intention-to-treat (ITT) (all randomized), per-protocol (PP)
(all randomized, receiving allocated treatment), and as-treated
(AT) (all randomized, grouped according to the treatment re-
ceived) populations. Obstetric complications of pregnancy and
perinatal outcomes were reported per singleton delivery in the
PT, PP, and AT populations. Patients withdrawing from the trial
at any stage were removed from all analyses. In case of missing
data, it is disseminated in the associated tables.

For comparisons of primary and secondary reproductive out-
comes, we calculated adjusted risk differences (aRD) using logis-
tic regression followed by direct standardization, while adjusting
for the following covariates: use of LPS (yes/no), blastocyst trans-
fer (Day 6/Day 7), study site (1-8), age (20-29, 30-34, >35), number
of oocyte retrieval cycles (1, 2, 3), number of FET treatments (1, 2,
3 or more), expansion grade of best rated blastocyst (grade 3, 4,

and 5/6) in addition to parity (yes/no), and day of blastocyst vitri-
fication (Day 5/Day 6). For comparisons of binary obstetric com-
plications and perinatal outcomes, we used the Chi-squared test
(n events >10) or Fisher’s exact test (n events <10) due to the rar-
ity of these outcomes. A t-test was used to calculate the P-value
for continuous data. A two-tailed P-value of <0.05 was consid-
ered statistically significant. All analyses were made using
R Studio, version 2023.06.0, build 421 and the risks-package
(Stopsack and Gerke, 2023). The full statistical analysis plan is
found in Supplementary File S1.

The trial was monitored by the local Good Clinical Practice
units of the Capital Region of Denmark, Central Denmark Region,
and the North Denmark Region, ensuring proper conduct of re-
search. The trial was registered with ClinicalTrials.gov on
4 December 2018 (NCT03795220) and EudraCT 07 June 2018
(2018-002207-34).

Patient and public involvement

Development of this research project, implementation, recruit-
ment of patients, and interpretation of results were conducted
without patient involvement; however, experiences of the first
patients included in the study encouraged us to include a survey
on self-reported health and wellbeing (Colombo et al., 2023).

Results

From January 2019 to February 2024, 679 women were included
in the trial. Of these, 610 women (89.8%) were randomly assigned
to one of the four study groups (A: n=152, 24.9%, B: n=153,
25.1%, C: n =151, 24.8%, D: n =154, 25.3%), while 69 women were
not randomized, mostly due to spontaneous ovulation (n=31) or
lack of follicular development (n=19). Of the 610 women ran-
domized, two women withdrew consent and six women failed to
undergo transfer (A: n=1, 0.7%, B: n=3, 2.0%, C: n=2, 1.3%,
D:n=2, 1.3%). Ultimately, 602 women were included in the per-
transfer analysis (A: n=151, B: n=150, C: n=149, D: n=152).
Follow-up of study participants was concluded in December
2024. A CONSORT flowchart is depicted in Fig. 1.

The median (IQR) age of participating women was 33.0 (30-36)
years. Among the study participants, 86.2% (519/602) had a male
partner, 9.8% (24/602) were single women, and 4.0% (59/602)
were living in same-sex couples. The majority were of Caucasian
ethnicity (92.0%, 554/602), reflecting the general composition of
the Danish population. Most participants were enrolled following
their first oocyte retrieval cycle (70.6%, 425/602) and were partici-
pating in their first FET treatment (62.3%, 375/602). In all study
groups, approximately 3 in 4 women were nulliparous. See
Tables 1 and 2 for full baseline and treatment characteristics.

Luteal phase support

Comparing women with and without LPS, live birth occurred in
34.9% (105/301) versus 31.9% (96/301) of women (aRD 3.18, 95%
Cl: —4.13 to 10.49; P=0.39) (Table 3), thus the superiority of LPS
was not confirmed. For the secondary outcomes, we found no
significant difference in PRs, CPRs, and PLRs between the two
groups, with and without LPS. Pregnancy occurred in 50.8% (153/
301) of women receiving LPS versus 49.8% (150/301) of women
not receiving LPS (aRD 1.36, 95% CI: —6.35 to 9.08; P=0.73)
(Table 3). Clinical pregnancy with foetal heartbeat occurred in
38.2% (115/301) of women receiving LPS versus 33.2% (100/301) of
women not receiving LPS (aRD 5.29, 95% CI. —2.16 to 12.75;
P=0.16) (Table 3). Lastly, pregnancy loss occurred in 15.9% (48/
301) of women allocated to LPS versus in 17.9% (54/301) without
LPS (aRD —1.85, 95% CI: —7.76 to 4.05; P=0.54) (Table 3); of these
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Enrolled in study
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)\
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randomisation
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16 spontaneous ovulation,
treated as

15 spi ovulation,
cycle cancelled

7 screenfailure

19 no follicle development
2 logistic reasons

2 other, including Covid-19

Luteal phase progesterone (LPS)
Transfer day 6
n=152

Luteal phase progesterone
Transfer day 7
n=153

1 excluded
1 withdrew consent

1 did not complete transfer:
1 blastocyst atresia

» 5 discontinued intervention
1 had no LPS + transfer
day 7
4 had LPS + transfer day
7

¥ 2did not complete transfer:
2 blastocyst atresia

4 discontinued intervention
1 had no LPS + transfer
day 7
2 had no LPS + transfer
day 6
1 had LPS + transfer
LH+6

151 included in per-transfer (PT)
analysis

152 included in intention-to-treat
(ITT) analysis

147 included in per-protocol (PP)
analysis

146 included in as-treated (AT)
analysis

150 included in PT analysis
152 included in ITT analysis

1
e e e e

155 included in AS analysis

146 included in PP analysis <

e e e e s o e e

1 1

No luteal phase progesterone
Transfer day 6
n=151

No luteal phase progesterone
Transfer day 7
n=154

1 excluded:
1 withdrew consent

2 did not complete transfer:
2 blastocyst atreisa

» Sdiscontinued intervention
5 had LPS + transfer day
7

1 did not complete transfer:
1 medical reasons

- -

1 discontinued intervention
1 had LPS + transfer day
6

149 included in PT analysis
157 included in ITT analysis
144 included in PP analysis <
146 included in AS analysis

152 included in PT analysis
153 included in ITT analysis
151 included in PP analysis <
153 included in AS analysis

e e e e e e e
N e

Figure 1. Inclusion flowchart. Per-transfer analyses included women randomized, undergoing embryo transfer. Intention-to-treat analyses included
all women randomized. Per-protocol analyses included women randomized, undergoing allocated treatment. As-treated analyses included women
randomized, grouped according to treatment received. LPS, luteal phase support (progesterone); PT, per-transfer; ITT, intention-to-treat; PP, per-

protocol; AS, as-treated.

12.0% (36/301) versus 15.9% (48/301) were early miscarriages
(P=0.20) (Supplementary Table S1) in the LPS versus no LPS
groups, while 2.7% (8/301) versus 1.0% (3/301) (P=0.22)
(Supplementary Table S1) were clinical miscarriages in the LPS
versus no LPS groups. ITT, PP, and AT analyses confirmed the
above results. Lastly, no statistically significant differences were
found in obstetric complications and perinatal outcomes com-
paring the LPS versus the no LPS groups (Table 4).

Timing of blastocyst transfer

Comparing blastocyst transfer Day 6 versus Day 7, live birth oc-
curred in 33.8% (99/300) vs 33.0% (99/302) of women (aRD —0.62,
95% CI: 7.99-6.75; P=0.87) (Table 5). Further, there were no sta-
tistically significant differences in PR, CPR, or PLR when compar-
ing blastocyst transfer Day 6 versus Day 7 (Table 5). Statistically,
the occurrence of gestational diabetes was higher (6.1%, 6/99, vs
0%, 0/101) in women undergoing blastocyst transfer on Day 6 ver-
sus Day 7, otherwise, no differences were found in the rate of ob-
stetric complications and perinatal outcomes (Table 6).

Supplementary Table S2 shows the occurrence of pregnancy
loss, stratified by type, in the Day 6 versus Day 7 transfer groups.

Additionally, an overview of the primary and secondary repro-
ductive outcomes for each of the four overall study groups can
be found in Supplementary Table S3.

Adherence to study interventions

Luteal phase support

Individual medicine accounts were kept by study staff at all sites
and showed that no patients reported a delay in medicine admin-
istration or forgetting >2 vaginal suppositories. One patient
(study group B) had to discontinue LPS due to illness, while 13
patients (study group A:n=5,B:n=2, C:n=>5, D: n=1) random-
ized to blastocyst transfer on a clinic closing day had to discon-
tinue the allocated intervention and instead had standard
treatment, including routine use or not of LPS, according to local
guidelines. In total, four patients did not use LPS that were ran-
domized to use of LPS, while six patients had LPS that were not
randomized to LPS (see Fig. 1). Patients who swapped treatment
groups during the study were included in the PT and ITT analyses
(in their designated group) and in the AT analyses (in the group
in which they were treated), but not in the PP analyses.

Timing of blastocyst transfer

Due to logistic challenges (see above), 13 patients (study group A:
n=>5,B:n=2,C:n=5,D:n=1) randomized to blastocyst transfer
on a clinic closing day had to discontinue the allocated interven-
tion and instead had standard treatment with transfer the previ-
ous or following day, according to local guidelines. In total, nine
patients had blastocyst transfer on Day 7, though they were


https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoag003#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoag003#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoag003#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoag003#supplementary-data
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Table 1. Demographic, baseline, and cycle characteristics in the per-transfer population.

Luteal phase
progesterone
Transfer Day 62
(n=151)
Age, years 32 (30-37)
Age categories
Age >35years 58 (38.4)
Age >37 years 40 (26.5)
Ethnicity
Caucasian 142 (94.0)
Other 9 (6.0)
Civil status
Heterosexual couple 122 (80.8)
Homosexual couple 9 (6.0)
Solo 20 (18.2)
Body mass index, kg/m?, median (IQR) 23.5(21.6-25.8)
Data missing 1(0.7)
Smoking, daily 2(1.3)
Data missing 1(0.7)
Menstrual cycle length, days 28 (28-30)
Duration of infertility,” years, median (IQR) 2.5(2.0-3.3)
Data missing 1(1.9)
AMH, pmol/l, median (IQR) 17 (10-25)
Data missing 13 (8.6)
Antral follicle count 18 (13-25)
Data missing 1(0.7)
Cause of infertility?
Female factor 22 (14.6)
Male factor 69 (45.7)
Unexplained 39 (25.8)
Other 30(19.9)
Fertility treatment history
First IVF/ICSI 105 (69.5)
Second IVF/ICSI 34 (22.5)
Third IVF/ICSI 12 (8.0)
First FET 92 (60.9)
Second FET 36 (23.8)
Third or more FET 23(15.2)
Reproductive history
Previous birth 38 (25.2)
Previous pregnancy 86 (57.0)

Luteal phase No luteal phase No luteal phase
progesterone progesterone progesterone
Transfer Day 72 Transfer Day 6 Transfer Day 72
(n=150) (n=149) (n=152)
33 (29-36) 33 (30-36) 33 (30-37)
56 (37.3) 55 (36.9) 64 (42.1)
33 (22.0) 33(21.1) 39(25.7)
132 (88.0) 137 (91.9) 143 (94.1)
18 (12.0) 12 (8.1) 9(5.9)
133 (88.7) 131 (87.9) 133 (87.5)
5(3.3) 4(2.7) 6 (4.0)

12 (8.0) 14 (9.4) 13 (8.6)
23.7 (21.0-26.8) 23.5(21.0-27.1) 22.7 (20.6-26.4)
1(0.7) 0 1(0.7)
2(1.3) 6 (4.0) 6 (4.0

0 0 1(0.7)

28 (28-30) 29 (28-30) 28 (27-29)
2.0 (1.8-3.0) 2.8 (2.1-3.7) 2.5(2.0-3.0)
4(7.8) 0 3 (4.8)

17 (9-28) 21 (12-30) 17 (11-25)
12 (8.0) 12 (8.1) 13 (8.6)

16 (12-25) 19 (12-27) 19 (12-24)
4(2.7) 2(1.3) 4(2.6)
21(14.0) 28 (18.8) 27 (17.8)
68 (45.3) 79 (53.0) 79 (52.0)
52 (34.7) 42 (28.2) 39(25.7)
19 (12.7) 19 (12.8) 23(15.1)
106 (70.7) 108 (72.5) 106 (69.7)
32(21.3) 24 (16.1) 34 (22.4)
12 (8.0) 17 (11.4) 12 (7.9)

91 (60.7) 97 (65.1) 95 (62.5)
37(24.7) 34 (22.8) 33(21.7)
22 (14.7) 18 (12.1) 24 (15.8)
39 (26.0) 42 (28.2) 34 (22.4)
86 (57.3) 100 (67.1) 80 (52.6)

a

Data are n (%) unless otherwise stated. Data are presented as intention-to-treat, including all women randomized, not including women who withdrew

consent after randomization (n = 2). No significant differences between groups (P < 0.05) were present in any of the baseline characteristics.
Data only available for women in a heterosexual relationship without a previous pregnancy.

c

female partner.
AMH was not measured at study site 8.
IQR, interquartile range.

designated to transfer on Day 6, while three patients had transfer
on Day 6, though they were designated to transfer on Day 7.

Harms

Congenital malformations were reported in 10 pregnancies: four
in group A, three in group B, one in group C, and two in group D.
One child in group B died two days following preterm birth at GA
29 + 0 due to preeclampsia and placental abruption. An overview
of adverse obstetric and perinatal outcomes in the per-transfer
population can be found in Supplementary Table S4.

Discussion

In this RCT, we investigated two aspects of mNC-FET treatment:
(i) the use of progesterone LPS and (ii) the timing of blastocyst
transfer. Regarding the clinical effect of progesterone LPS, we
found comparable LBRs, PRs, CPRs, and PLRs between groups us-
ing and not using LPS. As for the timing of blastocyst transfer, we
did not see a statistically significant effect of performing blasto-
cyst transfer on Day 6 compared to Day 7 on the LBRs, PRs, CPRs,

Several patients have more than one registered cause of infertility. The category “Other” includes women without a partner and women with a

or PLRs. Lastly, the use of LPS did not seem to impact the risk of
obstetric complications and adverse perinatal outcomes.

The strengths of this study are the randomized controlled de-
sign, the multicentre set-up, and the substantial study popula-
tion, making this the largest RCT investigating the effect of
progesterone LPS and the timing of blastocyst transfer in mNC-
FET to date. Further, we presented a low rate of protocol devia-
tions, and no patient was lost to follow-up. Still, the trial has
certain limitations. The most significant limitation is the possible
lack of power. Our statistical assumptions were based on studies
that included both slow-freeze and vitrification methods as well
as cleavage-stage and blastocyst transfers. Given that current
live birth rates are higher owing to exclusive use of vitrified blas-
tocyst transfers, the final sample size in our study may not have
been sufficient to detect small differences in reproductive out-
comes under current clinical conditions. Further, no placebo was
used in the no LPS group, and remnants of medication might
have been present in the vagina at the time of embryo transfer in
some patients. This may potentially have caused bias; still, we do
not believe that remnants of progesterone or not in the vagina


https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoag003#supplementary-data
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Table 2. Day of ovulation trigger, blastocyst, and blastocyst transfer characteristics in the per-transfer population.

Luteal phase Luteal phase No luteal phase No luteal phase
progesterone progesterone progesterone progesterone
Transfer Day 6 Transfer Day 72 Transfer Day 6 Transfer Day 72
(n=151) (n=150) (n=149) (n=152)
Trigger day characteristics
Cycle day of ovulation trigger (days), median (IQR) 12 (11-14) 12 (11-14) 13 (11-15) 12 (11-15)
Size of leading follicle at trigger (mm),® median (IQR) 17.0 (17-18) 17.5 (17-19) 17.0 (17-18) 17.5 (17-18)
Data missing 0 0 0 1(0.9)
Endometrial thickness (mm), median (IQR) 8.1(7.1-9.5) 8.2 (7.2-9.3) 8.2 (7.3-10.0) 8.1(7.4-10.0)
Data missing 1(0.9) 0 0 0
Blastocyst characteristics®
Method of fertilization
IVF 74 (49.0) 75 (50.0) 68 (45.6) 66 (43.4)
ICSI 77 (51.0) 75 (50.0) 81 (54.4) 86 (56.6)
Blastocyst Gardner score
5/6 AA, AB, BA, BB 41(27.2) 39 (26.0) 37 (24.8) 39 (25.7)
4 AA, AB, BA, BB 77 (51.0) 79 (52.7) 79 (53.0) 80 (52.6)
3 AA, AB, BA, BB 33(21.9) 32 (21.3) 33(22.1) 33(21.7)
Day of blastocyst vitrification
Day 5 107 (70.9) 112 (74.7) 117 (78.5) 112 (73.7)
Day 6 44 (29.1) 38 (25.3) 32(21.5) 40 (26.3)

@ Data are n (%) unless otherwise stated. Trigger day and blastocyst characteristics data are presented as per-transfer, including all women undergoing embryo

transfer. No significant differences between groups (P < 0.05) were present in any of the baseline characteristics.

®  Data shown for patients that underwent transvaginal ultrasound on the day of ovulation trigger: N=447. Group A, n=113. Group B, n=117. Group C, n = 106.
Group D, n=107. The remaining patients were scanned the day prior to the ovulation trigger, subject to clinic opening hours, etc.

¢ Describes blastocyst rated best at time of inclusion. Three patients were included, with a blastocyst not fitting the inclusion criteria. n =33 patients were
transferred with a blastocyst other than the one rated best at inclusion. Only 10 patients had a blastocyst transferred that did not meet the inclusion criteria.

Table 3. Reproductive outcomes for women randomized to luteal phase progesterone support versus no luteal phase
progesterone support.

Luteal phase  Noluteal phase Unadjustedrisk = Unadjusted Adjusted risk Adjusted

progesterone progesterone difference, % P-value* difference®, % P-value*

Groups A+B, Groups C+D, n (%) (95% CI) (95% CI)

n (%)

Per-transfer®
Live birth 105 (34.9) 96 (31.9) 2.99 (4.54-10.52) 0.44 3.18 (—4.13-10.49) 0.39
Clinical pregnancy with fetal heartbeat 115 (38.2) 100 (33.2) 4.98 (—2.66-12.63) 0.20 5.29 (-2.16-12.75) 0.16
Pregnancy 153 (50.8) 150 (49.8) 1.00 (—6.99-8.98) 0.81 1.36 (—6.35-9.08) 0.73
Pregnancy loss 48 (15.9) 54 (17.9) —1.99 (-7.99-4.00) 0.51 —1.85 (-7.76-4.05) 0.54
Intention-to-treat®
Live birth 105 (34.5) 96 (31.6) 2.96 (—4.51-10.43) 0.44 3.39 (—3.86-10.64) 0.36
Clinical pregnancy with fetal heartbeat =~ 115 (37.8) 100 (32.9) 4.93 (—2.66-12.53) 0.20 5.48 (-1.92-12.88) 0.15
Pregnancy 153 (50.3) 150 (49.3) 1.00 (—6.96-8.93) 0.81 1.72 (-5.96-9.40) 0.66
Pregnancy loss 48 (15.8) 54(17.8)  —1.97 (-7.91-3.96) 0.52 —1.73(=7.58-4.12) 0.56
Per-protocol®
Live birth 102 (34.9) 96 (32.5) 2.39 (=5.26-10.04) 0.54 2.66 (—4.79-10.10) 0.48
Clinical pregnancy with fetal heartbeat 112 (38.4) 100 (33.9) 4.46 (—3.31-12.22) 0.26 4.86 (—2.72-12.45) 0.21
Pregnancy 148 (50.7) 149 (50.5) 0.18 (-7.91-8.27) 0.97 0.46 (—7.37-8.28) 0.91
Pregnancy loss 46 (15.8) 53(18.0)  —2.21(—8.27-3.84) 0.47 —2.18(=8.13-3.77) 0.47
As-treated®
Live birth 103 (34.1) 98 (32.8) 1.33 (—6.21-8.87) 0.73 1.85 (—5.49-9.20) 0.62
Clinical pregnancy with fetal heartbeat 113 (37.4) 102 (34.1) 3.30 (—4.36-10.96) 0.40 4.07 (—3.41-11.56) 0.29
Pregnancy 152 (50.3) 151 (50.5) —-0.17 (-8.17-7.82) 0.97 0.36 (—7.40-8.11) 0.93
Pregnancy loss 49 (16.2) 53(17.7) —1.50 (-7.50-4.50) 0.62 —1.49 (-7.43-4.45) 0.62

#  Adjusted risk differences were calculated using logistic regression, followed by direct standardization, adjusting for the following covariates: use of luteal
phase support (LPS), time of blastocyst transfer, study site, age, number of oocyte pick-ups, number of frozen embryo transfers, expansion grade of best rated
blastocyst, parity, and day of blastocyst vitrification.

Per-transfer analyses: Included women randomized, undergoing embryo transfer, N =602. Groups A + B, n=301. Groups C + D, n =301.
Intention-to-treat analyses: Included women randomized, N =608. Groups A + B, n =304, Groups C + D, n =304.
Per-protocol analyses: Included women randomized, undergoing allocated treatment, N =587. Groups A+ B, n=292. Groups C+ D, n=295.

¢ As-treated analyses: Included women randomized, grouped according to treatment received (a total of n =6 women had LPS, although they should not have
according to group allocation), N=601. Groups A 4+ B, n =302. Groups C+D, n=299.

* A P-value of <0.05 was considered statistically significant.

Definitions: Live birth is defined as the birth of a live child following 22 weeks of gestation. Clinical pregnancy with fetal heartbeat is defined as an ultrasound-
verified intrauterine live pregnancy after 7 weeks of gestation. Pregnancy is defined as serum hCG > 51U/ml measured 16 days following the ovulation trigger.
CI, confidence interval.

c

would have affected the way the clinicians performed the em- young (<35 years of age), lean, and had a good quality Day 5 blas-
bryo transfer. Lastly, despite the liberal inclusion criteria, we tocyst from their first IVF/ICSI cycle for transfer in their first FET
acknowledge that most of the included patients were relatively cycle, giving our study population an a priori good treatment
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Table 4. Obstetric and perinatal outcomes for singleton® livebirths from women randomized to luteal phase progesterone support
versus no luteal phase progesterone support.

Luteal phase progesterone No luteal phase progesterone P-value™®
Groups A + C° Groups B + D

Per-transfer?

Obstetric complications

Hypertensive disorders of pregnancy 14 (13.3) 8 (8.4) 0.38

Gestational diabetes 1(1.0) 5(5.3) 0.10

Postpartum haemorrhage 7 (6.7) 10 (10.5) 0.47

Caesarean section 29 (27.6) 20 (21.1) 0.36

Perinatal outcomes

Preterm birth 6(5.8) 4(4.2) 0.75
Data missing 1(0.5) 0

Birthweight (g), mean (SD) 3515 (610) 3563 (569) 0.58
Data missing 4(3.8) 2(2.1)

Low birth weight (<2500 g) 3(3.0) 3(3.2) 1.00

Very low birth weight (<1500 g) 1(1.0) 0 1.00

High birth weight (>4000 g) 19 (18.8) 21(22.6) 0.64

Very high birth weight (>4500 g) 3(3.0) 5(5.4) 0.48

Small for gestational age 7 (6.9) 4 (4.3) 0.63

Large for gestational age 2(2.0) 3(3.2) 0.67

Congenital malformation 6 (5.8) 2(2.1) 0.28
Data missing 1(0.9) 0

Perinatal death 1(1.0) 0 1.00
Data missing 1(1.0) 0

Per-protocol®

Obstetric complications

Hypertensive disorders of pregnancy 14 (13.7) 8(8.4) 0.34

Gestational diabetes 1(1.0) 5(5.3) 0.11

Postpartum haemorrhage 7 (6.9) 10 (10.5) 0.51

Caesarean section 27 (26.5) 20 (21.1) 0.47

Perinatal outcomes

Preterm birth 6(5.9) 4(4.2) 0.75
Data missing 1(1.0) 0

Birthweight (g), mean (SD) 3501 (607) 3563 (569) 0.47
Data missing 3(2.9) 2(2.1)

Low birth weight (<2500 g) 3(3.0) 2(2.2) 1.00

Very low birth weight (<1500 g) 1(1.0) 0 1.00

High birth weight (>4000 g) 18 (18.2) 21 (22.6) 0.56

Very high birth weight (>4500 g) 3(3.0) 5(5.4) 0.49

Small for gestational age 7(7.1) 4(4.3) 0.61

Large for gestational age 1(1.0) 3(3.2) 0.36

Congenital malformation 6(5.9) 2(2.1) 0.28
Data missing 1(1.0) 0

Perinatal death 1(1.0) 0 1.00
Data missing 1(1.0) 0

As-treated’

Obstetric complications

Hypertensive disorders of pregnancy 14 (13.6) 8(8.3) 0.33

Gestational diabetes 1(1.0) 5(5.2) 0.11

Postpartum haemorrhage 7 (6.8) 10 (10.3) 0.41

Caesarean section 27 (26.2) 22 (22.7) 0.68

Perinatal outcomes

Preterm birth 6(5.9) 4 (4.1) 0.75

Birthweight (g), mean (SD) 3501 (607) 3576 (571) 0.38
Data missing 4(3.9) 2 (2.0

Low birth weight (<2500 g) 3(3.0) 2(2.1) 1.00

Very low birth weight (<1500 g) 1(1.0) 0 1.00

High birth weight (>4000 g) 18 (18.2) 22(23.2) 0.50

Very high birth weight (>4500 g) 3(3.0) 5(5.3) 0.49

Small for gestational age 7(7.1) 4(4.2) 0.58

Large for gestational age 1(1.0) 4(4.2) 0.21

Congenital malformation 6(5.9) 2(2.1) 0.28
Data missing 1(1.0) 0

Perinatal death 1(1.0) 0 1.00
Data missing 1(1.0) 0

a

Only one study participant gave birth to twins. Data on obstetric complications and perinatal outcomes are not reported but can be accessed by contacting
the corresponding author.

® Data are n (%) unless otherwise stated.

¢ For comparisons of binary obstetric complications and perinatal outcomes, we used the Chi-squared test (n event >10) or Fisher's exact test (n events <10)
due to the rarity of these outcomes. A t-test was used to calculate the P-value for continuous data.

4 per-transfer analyses: Included women randomized, undergoing embryo transfer, who gave birth: N = 200. Groups A + B, n = 105. Groups C+D, n=95.

¢ Per-protocol analyses: Included women randomized, undergoing allocated treatment, who gave birth: N=197. Groups A + B, n=102. Groups C + D, n=95.

f As-treated analyses: Included women randomized, grouped according to treatment received (a total of n =6 women had LPS although they should not have
according to group allocation), who gave birth: N =200. Groups A+ B, n=103. Groups C+D, n=97.

* A P-value of <0.05 was considered statistically significant.
Definitions: Preterm birth was defined as a live birth before 37 weeks of gestation. Low birth weight was defined as a birth weight of less than 2500 g. Small and
large for gestational age are defined as two standard deviation units below or above the expected birth weight. Perinatal mortality was defined as stillbirth or live
birth followed by death within the first week following birth, from at least 22 completed gestational weeks.
CI, confidence interval.
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Table 5. Reproductive outcomes for women randomized to blastocyst transfer Day 6 versus Day 7 following ovulation trigger.

Transfer Day 6
Groups A+ G, n (%)

Transfer Day 7
Groups B+ D, n (%)

Unadjusted risk Unadjusted  Adjusted risk Adjusted
difference, % P-value* difference®, % P-value*
(95% CI) (95% CI)

Per-transfer®

Live birth 99 (33.8) 99 (33.0) -0.78 (-8.31-6.76)  0.84  —0.62(-7.99-6.75)  0.87
Clinical pregnancy with fetal heartbeat 109 (36.3) 106 (35.1) 1.23 (-6.42-8.89) 0.75 1.38 (—6.13-8.89) 0.72
Pregnancy 152 (50.7) 151 (50.0) 0.67 (-7.32-8.66)  0.87 0.79 (-6.99-8.56)  0.84
Pregnancy loss 53(17.7) 49 (16.2) 1.44 (—455-7.43)  0.64 1.29 (-4.68-7.25)  0.67
Intention-to-treat®

Live birth 99 (32.7) 102 (33.4) —0.77 (-8.25-6.71)  0.84  —0.70(~8.02-6.63)  0.85
Clinical pregnancy with fetal heartbeat 109 (36.0) 106 (34.8) 1.22 (—6.28-8.82) 0.75 1.29 (—6.18-8.76) 0.74
Pregnancy 152 (50.2) 151 (49.5) 0.66 (—7.29-8.61)  0.87 0.62 (-7.12-8.37)  0.88
Pregnancy loss 53 (17.5) 49 (16.1) 1.43 (—4.51-7.37) 0.64 1.18 (—4.73-7.10) 0.70
Per-protocol?

Live birth 97 (33.4) 101 (34.0) —0.56 (—8.21-7.09) 0.87 —0.26 (—7.77-7.25) 0.95
Clinical pregnancy with fetal heartbeat 107 (37.0) 105 (35.4) 1.54 (-6.23-9.32) 0.70 1.74 (=5.92-9.40) 0.66
Pregnancy 147 (50.7) 150 (50.5) 0.19 (-7.91-827)  0.96 0.42 (—7.47-831) 092
Pregnancy loss 50 (17.2) 49 (16.5) 0.74 (-5.32-6.80)  0.81 0.51(~5.50-6.53)  8.87
As-treated®

Live birth 98 (33.4) 103 (33.4) 0.01(~7.54-7.55)  1.00 0.43 (—6.98-7.83)  0.91
Clinical pregnancy with fetal heartbeat 108 (36.9) 107 (34.7) 2.12 (-5.55-9.79) 0.59 2.38 (=5.17-9.93) 0.54
Pregnancy 148 (50.5) 155 (50.3) 0.19 (-7.81-8.18)  0.96 0.63 (—7.18-8.43)  0.88
Pregnancy loss 50 (17.1) 52 (16.9) 0.18 (5.82-6.19)  0.95 0.08 (=5.91-6.07)  0.98

a

Adjusted risk differences were calculated using logistic regression, followed by direct standardization, adjusting for the following covariates: use of LPS, time

of blastocyst transfer, study site, age, number of oocyte pick-ups, number of frozen embryo transfers, expansion grade of best rated blastocyst, parity, and day of

blabstocyst vitrification.

Per-transfer analyses: Included women randomized, undergoing embryo transfer, N =602. Groups A + C, n=300. Groups B+ C, n=302.

A n

e

* A P-value of <0.05 was considered statistically significant.

Intention-to-treat analyses: Included women randomized, N = 608. Groups A+ C, n =303. Groups B+ C, n=305.
Per-protocol analyses: Included women randomized, undergoing allocated treatment, N =587. Groups A + C, n=290. Groups B+D, n=297.
As-treated analyses: Included women randomized, grouped according to treatment received, N =601. Groups A +C, n=293. Groups B+ D, n=308.

Definitions: Live birth is defined as the birth of a live child following 22 weeks of gestation. Clinical pregnancy with fetal heartbeat is defined as an ultrasound-
verified intrauterine live pregnancy after 7 weeks of gestation. Pregnancy is defined as serum hCG > 5 IU/ml measured 16 days following ovulation trigger.

CI, confidence interval.

prognosis. Consequently, the results might not be applicable to
all patients.

The use of progesterone LPS in mNC-FET did not significantly
improve the treatment outcomes for our patients. While the ab-
solute value of CPR was higher with the use of LPS, the risk differ-
ence in LBR between the groups was less pronounced and
statistically insignificant, being lowest in the as-treated analysis
with an aRD in LBR of <2%. Results from previous studies investi-
gating the effect of LPS in mNC-FET are contradictory. Two
smaller RCTs (N =102 and N =59, respectively) reported no bene-
fit of using LPS on CPR or LBR (Eftekhar et al., 2013; Horowitz
et al., 2021), while retrospective cohort studies reported inconsis-
tent results. Two retrospective studies found no effect of LPS on
ongoing pregnancy rate (N=425) and LBR (N=2216), and two
studies found a positive effect of LPS on LBR (N = 228) and on CPR
(N=231) (Kyrou et al., 2010; Kim et al., 2014; Schwartz et al., 2019;
Ozmen and Ozer, 2025). Consequently, meta-analyses on the
effect of LPS in mNC-FET, including sub-analyses on route and
duration of progesterone administration, are much warranted.

Despite several studies indicating a beneficial effect of LPS
in true (t) NC-FET conducted without an ovulation trigger
(Bjuresten et al.,, 2011; Gaggiotti-Marre et al,, 2020; Wanggren
et al., 2022), a definitive positive effect of LPS in mNC-FET has not
been detected. The key might be the hCG trigger used in mNC-
FET. A potential enhanced granulosa cell progesterone output
elicited by hCG could strengthen the luteal phase (Bildik et al,
2020), and thus, the need for exogenous progesterone in the early
luteal phase of the mNC might be mitigated.

Our study is the first RCT to investigate the timing of blasto-
cyst transfer and reproductive outcomes in mNC-FET, but a few
retrospective studies have previously been published. In 2022, An
et al. published a multicentre retrospective study on 1170 NC-FET

cycles, finding that blastocyst transfers performed 7 days (160 +
4-12h) after ovulation trigger in mNC-FET resulted in a higher
LBR compared to blastocyst transfers after 6 or 8 days (An et al,,
2022). While these results are in contrast with ours, our findings
are in line with recent studies introducing new or modified NC/
mNC-FET protocols supporting a notion of more temporal flexi-
bility in the timing of blastocyst transfers (Weiss et al., 2021;
Alonso-Mayo et al., 2023; Kornilov et al., 2024; Mendes Godinho
et al., 2024). In 2023, Alonso-Mayo et al. proposed that a mature
follicle might not be needed for treatment success in mNC-FET
with progesterone LPS. The study assessed success rates based
on the size of the dominant follicle at the time of the ovulation
trigger, with endometrial thickness >7 mm and serum progester-
one <1.5ng/ml and found comparable reproductive outcomes
across follicle diameters from 13 to 22mm (Alonso-Mayo et al.,
2023). A year later, Mendes Godinho et al. (2024) introduced the
natural proliferative phase protocol (NPP) for FET, in which pro-
gesterone LPS is initiated in the late follicular phase, before ovu-
lation, followed by blastocyst transfer on the fifth day of
progesterone. When compared to HRT-FET, the NPP protocol
proved superior in terms of LBR. Although retrospective, these
studies serve as original proof-of-concept, indicating that treat-
ment success might not be as dependent on the natural LH peak
and ovulation as previously suspected.

While the efforts to improve the success rates of fertility treat-
ment are important, so are the considerations of patient well-
being during treatment. In a recently published study, based on a
subpopulation of women from the RCT described in this article,
Colombo et al. (2023) found that use of progesterone LPS in mNC-
FET is associated with increased physical discomfort compared
to mNC-FET without LPS. Further, using LPS adds extra costs to
an already expensive treatment. Conclusively, clinicians are
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Table 6. Obstetric and perinatal outcomes for singleton® livebirths from women randomized to blastocyst transfer Day 6 versus Day 7

following ovulation trigger.

Transfer Day 6
Groups A + C°

Transfer Day 7 P-value*®
Groups B + D

Per-transfer?
Obstetric complications
Hypertensive disorders of pregnancy
Gestational diabetes
Postpartum haemorrhage
Caesarean section
Perinatal outcomes
Preterm birth
Data missing
Birthweight (g), mean (SD)
Data missing
Low birth weight (<2500 g)
Very low birth weight (<1500 g)
High birth weight (>4000g)
Very high birth weight (>4500 g)
Small for gestational age
Large for gestational age
Congenital malformation
Data missing
Perinatal death
Data missing

Per-protocol®
Obstetric complications
Hypertensive disorders of pregnancy
Gestational diabetes
Postpartum haemorrhage
Caesarean section
Perinatal outcomes
Preterm birth
Data missing
Birthweight (g), mean (SD)
Data missing
Low birth weight (<2500 g)
Very low birth weight (<1500 g)
High birth weight (>4000 g)
Very high birth weight (>4500 g)
Small for gestational age
Large for gestational age
Congenital malformation
Data missing
Perinatal death
Data missing
As-treatedf
Obstetric complications
Hypertensive disorders of pregnancy
Gestational diabetes
Postpartum haemorrhage
Caesarean section
Perinatal outcomes
Preterm birth
Data missing
Birthweight (g), mean (SD)
Data missing
Low birth weight (<2500 g)
Very low birth weight (<1500 g)
High birth weight (>4000 g)
Very high birth weight (>4500 g)
Small for gestational age
Large for gestational age
Congenital malformation
Data missing
Perinatal death
Data missing

11 (11.1)
6.1)
10.1
26.3

1
6
0(10.1)
6 (26.3)

N =
e~~~

3(3.0)

0
3539 (538)
1(1.0)
2(2.0)

N
BN oYW
e~~~ e~

CoOORNIIWN o
=

oo~~~
Leee

3534 (539)

N
—

coo R N aAWNoN o
[y

N

BN oYW

AAA/\A
=

[ =
Zerke g

3543 (544)

N
—

cCooRWIWNoN o
=)

N

B W o w N

AAA/\A
Nass

[
seee

11 (10.9) 1.00
0 0.01%
7(6.9) 0.58
23 (22.8) 0.68
7(7.0) 033
1(1.0)
3537 (641) 0.99
5 (5.0)
4(4.1) 0.68
1(1.1) 0.50
19 (19.8) 0.92
5(5.2) 0.50
5(5.2) 1.00
3(3.1) 0.68
4 (4.0) 1.00
1(1.0)
1 1.00
1(1.0)
1(11.0) 1.00
0 0.01%
7(7.0) 0.57
22 (22.0) 0.65
7(7.9) 035
1(1.0)
3528 (638) 0.94
5 (5.0)
3(3.2) 0.68
1(1.0) 0.50
18 (18.9) 078
5(5.3) 0.50
5(5.3) 1.00
2(2.1) 1.00
4 (4.0) 1.00
1(1.0)
1(1.0) 1.00
1(1.0)
11 (10.8) 1.00
0 0.01*
7(6.9) 0.55
23 (22.5) 0.62
7(6.9) 033
1(1.0)
3533 (636) 0.90
6 (5.9)
3(3.9) 0.68
1(1.0) 0.50
18 (18.8) 0.65
5(5.2) 0.50
5(5.2) 1.00
2(2.1) 1.00
4(4.0) 1.00
1(1.0)
1(1.0) 1.00
1(1.0)

#  Only one study participant gave birth to twins. Data on obstetric complications and perinatal outcomes are not reported but can be accessed by contacting

thg corresponding author.

c

Data are n (%) unless otherwise stated.
For comparisons of binary obstetric complications and perinatal outcomes, we used the Chi-squared test (n event >10) or Fisher’s exact test (n events <10)
due to the rarity of these outcomes. A t-test was used to calculate the P-value for continuous data.

Per-transfer analyses: Included women randomized, undergoing embryo transfer, who gave birth: N=200. Groups A+ C, n=99. Groups B+D, n=101.
¢ Per-protocol analyses: Included women randomized, undergoing allocated treatment, who gave birth: N=197. Groups A + C, n=97. Groups B+D, n =100.
f As-treated analyses: Included women randomized, grouped according to treatment received (a total of n =6 women had LPS although they should not have

according to group allocation), who gave birth: N=200. Groups A+ C, n=98. Groups B+ D, n=102.
* A P-value of <0.05 was considered statistically significant.

Definitions: Preterm birth was defined as a live birth before 37 weeks of gestation. Low birth weight was defined as a birth weight of less than 2500 g. Small and
large for gestational age are defined as two standard deviation units below or above the expected birth weight. Perinatal mortality was defined as stillbirth or live

birth followed by death within the first week following birth, from at least 22 completed gestational weeks.

CI, confidence interval.
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urged to exert caution when deciding whether to use LPS in
mNC-FET.

In conclusion, this study found that use of LPS did not signifi-
cantly increase pregnancy and live birth rates in mNC-FET.
Additionally, the study was not able to show an increase in LBR
with blastocyst transfer on Day 6 compared to Day 7 after ovula-
tion trigger in mNC-FET cycles. Despite not finding evidence to
support our pre-study hypotheses, we believe our results are of
great importance. Routine progesterone supplementation is
likely unnecessary for most women undergoing FET in an mNC
protocol, and more temporal flexibility in timing of blastocyst
transfer can be allowed, ultimately paving the way for a simpler,
more affordable, and patient-centred approach to FET.

Supplementary data

Supplementary data are available at Human Reproduction
Open online.

Data availability

De-identified individual data, including the data dictionary defin-
ing each variable in our dataset, as well as code used to analyze
data, will be available to researchers upon reasonable request if
the research perspectives do not compete with our own plans of
publication. We ask that all data-sharing requests be mailed to
the lead investigator, A.P. Requests to share data require a de-
tailed description of the study, with objectives and a statistical
analysis plan. Data sharing will need approval by the Danish
Ethics Committee and the Capital Region of Denmark legal de-
partment to ensure compliance in conduct with the General Data
Protection Regulation. A data-sharing contract will need to be
signed if data sharing is approved.
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