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Abstract:
Objective: To compare the ongoing pregnancy rates (OPRs) for subcutaneous progesterone
(SC-P) to intramuscular progesterone (IM-P) in hormone replacement therapy used frozen
embryo transfer (FET) cycles.
Design: Prospective non-randomized cohort study
Setting: Private fertility clinic
Patients: The study enrolled 224 patients scheduled for HRT-FET cycles with SC-P (n=133) or
IM-P (n=91). The route of P administration was decided according to the patient’s preference

transfers, female age ≤35 was included.
Main Outcome: Ongoing pregnancy (OP)
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and accessibility to the hospital. The first FET cycle of a freeze-all cycle using single blastocyst
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Results: The demographic, cycle, and embryologic characteristics were similar between
groups. The clinical pregnancy rates [86/133(64.7%) vs 57/91(62.6%); p=0.757], miscarriage
rates [21/86(24.4%) vs 10/57(17.5%); p=0.329], and OPR [65/133(48.9%) vs 47/91(51.6%);
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p=0.683] were comparable between the SC-P and IM-P groups. Binary logistic regression for
ongoing pregnancy as the dependent factor revealed that blastocyst morphology was found
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to be a significant independent prognosticator (for poor quality embryos Adjusted OR: 0.11,
95% CI for Adjusted OR: [0.029-0.427], p <0.001) and progesterone route (SC-P vs IM-P) was

0.694).
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an insignificant prognosticator (Adjusted OR: 0.694 95% CI for Adjusted OR: [0.354-1.358], p:

Conclusions: The OPR for SC-P administration was similar to that for IM-P in HRT-FET cycles.
The effect of ET day P levels may vary regarding the administration route. Randomized
controlled trials comparing different progesterone administration routes are needed and large
scale prospective trials are warranted to evaluate the ET day P levels on pregnancy outcome.

Key Words: luteal support, frozen embryo transfer, subcutaneous progesterone,
intramuscular progesterone

Introduction
With the increase in the use of frozen embryo transfer (FET) worldwide, clinicians have
focused on investigating for the best protocol for endometrial preparation. Treatment
protocols can be categorized as (i) natural or modified natural cycles, (ii) mild ovarian
stimulation (OS), or (iii) hormone replacement therapy (HRT). There is no consensus on which
protocol is the best for endometrial preparation (1, 2). In clinical practice, FET cycles using HRT
has the advantages of including the ability to schedule the day of embryo transfer (ET) and
decreased need for monitoring (3). In FET cycles using HRT, exogenous progesterone (P)
supplementation is essential for implantation and ongoing pregnancy. Debate regarding the
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best route of P administration, length of exposure before ET, ideal dosage, and duration is
ongoing.
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Different routes of P, including vaginal micronized progesterone (P), intramuscular (IM)-P and
recently available subcutaneous (SC) P, can be used in HRT-FET cycles. Although, vaginal P is
frequently preferred in Europe whereas IM-P in the USA, a recent randomized, three-armed
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study compared three administration routes used in vitrified-warmed blastocyst transfers
cycles: daily IM-P alone, twice-daily vaginal administration of 200 mg P, and twice-daily vaginal
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administration of P plus IM administration of 50 mg P every 3rd day. The pregnancy outcome
was significantly reduced in the vaginal P arm (4).
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Due to the enhancement of molecular hydro-solubility, absorption and distribution of the P
hormone with aqueous P, SC administration of P (SC-P) is now possible. SC-P was shown to
have similar bioavailability to that of IM-P (5). The noninferiority of SC-P for luteal phase
support in fresh ET was reported in large randomized controlled trials (6, 7) and the latest
ESHRE guideline confirmed that IM-P, SC-P and vaginal P are equal treatment choices after
fresh ETs (8). Although there is supportive data for SC-P administration for fresh ET, there is
scanty of data on HRT-FET cycles. Two retrospective studies reported the similar efficacy of
SC-P to that of vaginal P of IM-P in HRT-FET cycles (9, 10). In this non-randomized prospective
study, we aimed to compare the pregnancy outcomes of women receiving IM-P and SC-P in
freeze-all cycles utilizing a single blastocyst among women under 35 years old.
In addition to the route of P, the importance of monitoring luteal phase HRT-FET cycles have
been under investigation for a while. Most of the existing data about monitorization of luteal
phase are about P levels on the day or previous day of ET day based on vaginal P administration

(11-17). Although serum P levels do not reflect uterine P levels after vaginal P administration,
serum P levels on ET day or previous day and the clinical outcome are closely correlated, the
literature is not as extensive as it is for vaginal supplementation. However, there is agreement
on the relationship between both variables for IM-P administration (18-20). Together with
the comparison of IM-P and SC-P regarding the pregnancy outcomes we evaluated the serum
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P levels on the day of ET for patients receiving SC-P or IM-P.

Materials and Methods:
Design, setting and patient population:
The protocol of this non-randomized prospective study was approved by the Üsküdar
University Ethics Committee (Number: 61351342; date: 30 June 2020). The study was
conducted at Bahceci Fulya IVF Center between July 1 and October 31, 2020. Between July 1
and October 31, 2020, 444 patients who started endometrial preparation for FET were
assessed for eligibility (Fig. 1). Since, it is aimed to compare a homogeneous patient groups,
only the first FET cycle was included after freeze-all for each patient. The indications for freeze-
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all approach were ovarian hyperstimulation syndrome and high P level (>1.5 ng/ml) on a
trigger-day. The exclusion criteria were as follows: 1) women aged >35 years, 2) PGT-A cycles,
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3) cleavage-stage ET, 4) more than 1 ET, 5) patients with uterine pathology, 6) patients with
hydrosalpinx, 7) FET with surplus embryos, 8) P supplementation with the vaginal route or
vaginal route in combination with IM route 9) natural cycle FET, or 10) endometrial thickness
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<7 mm on the day of P administration.

Embryology laboratory
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The oocyte retrieval, denudation and intracytoplasmic sperm injection (ICSI) procedures were
performed as previously described (21). ICSI was used in all cases per the established policy in
our country. After microinjection, oocytes were cultured individually in a special, preequilibrated culture dish. All embryos were kept in benchtop incubators (MIRI, ESCO Medical,
Singapore) and cultured until day 6 of embryo development. Details on embryo development
were recorded daily. Blastocyst grading was performed at 114 hours (day 5) and 138 hours
(day 6) after ICSI as described by Gardner and Schoolcraft (22). Embryos that reached the
blastocyst stage were frozen by vitrification. All embryos in this study were vitrified and
warmed with commercial vitrification and warming kits (Vit Kit1-Freeze, 90133-SO, Irvine
Scientific; Vit Kit1-Thaw, 90137-SO, Irvine Scientific) utilizing an open carrier device (Cryotech,
Reprolife, Japan). The freezing and warming processes were performed according to the
manufacturer’s instructions as previously described. After warming, all embryos were
transferred to and maintained in an equilibrated culture dish before uterine replacement. To
perform proper grading, a blastocyst evaluation was performed 2–3 hours after warming was

completed.
Endometrial preparation and embryo transfer
Endometrial preparation for ET involved HRT. Oral estrogen (Estrofem, Novo Nordisk, Turkey)
administration was used according to a step-up regimen: 4 mg/day on days 1–4, 6 mg/day on
days 5–8, and 8 mg/day on days 9–12. Endometrial thickness was measured by TV-USG on
days 10-13, and if the endometrial thickness was <7 mm and serum P concentrations were
>1.5 ng/ml, the cycle was canceled. According to the patient’s accessibility to the hospital and
patient’s preference, P was initiated either with 50 mg IM-P injection (Progestan, Kocak
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Farma, Turkey) once per day or with 25 mg SC-P (Prolutex, IBSA, Switzerland) injections twice
daily. The first dose of IM-P was injected at 4 p.m., and subsequent doses were repeated every
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24 hours at the same time interval. For the SC-P injection, the first dose was injected at 4 pm
and continued twice daily at 8:00 am/8:00 pm. All transfers were performed between 3 pm
and 6 pm under ultrasonographic guidance. Serum β-hCG levels were measured 12 days after
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FET, and levels ≥5 IU were accepted as positive. Oral estrogen replacement was stopped at
the 6th week of pregnancy, whereas P was continued until 10 weeks in both arms.
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Serum analysis and hormone measurement

Blood samples were obtained to determine serum P on the sixth day of P administration, at 3
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pm, which was the 119th hour after P initiation. Embryo transfer day was preferred to
maximize the patient compliance for the study. Serum P concentrations were measured by an
electrochemiluminescence immunoassay (Cobas® Elecsys Progesterone III, Roche Diagnostics
GmbH, Germany). The intra-assay coefficient of variation was 2.4%, and the interassay
coefficient of variation was 3.9%. The sensitivity of the assay was 0.03 μg/l.
Pregnancy outcome measurements
Clinical pregnancy was defined as the detection of an intrauterine gestational sac by TV-USG,
and ongoing pregnancy was defined as a viable pregnancy detected by ultrasound
examination at 12 weeks of gestation. Miscarriage was defined as loss of clinical pregnancy
before gestational week 12.
Data collection and analyses

To calculate sample size required for this study, R software program version 4.1.1 is used with
SampleSize4ClinicalTrials package version 0.2.3. The aim of the study is to look at the
difference in proportion of ongoing pregnancy rates between the two treatment groups
namely; IM-P and SC-P. Therefore, the design of the study is used as parallel, non-inferiority
trial. Alpha level is used as 5%, power of the study is used as 90%, the positive response (having
ongoing pregnancy) rate is used as 50% in both IM-P and SC-P groups and non-inferiority limit
is used as 20%. Results of this power analysis suggests that if there is truly no difference
between IM and SC groups (50% in both groups), then 216 patients are required to be 90%
sure that the upper limit of a one-sided 95% confidence interval will exclude a difference in
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favor of the IM group of more than 20%. As well as this, if around 3.5% loss of follow-up is
taken into account, extra 8 patients can be taken which increases the total sample size to 224

re
-p
r

patients in total.
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A total of 224 patients were taken into consideration in this non-randomized prospective
study. The route of P administration was decided by the patient according to their preference
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and accessibility to the hospital. In the SC-P group consisting of 133 patients, the SC route for
P is used in the HRT-FET cycles, whereas in the IM-P group consisting of 91 patients, the IM
route for P was used in the HRT-FET cycles. Kolmogorov-Smirnov tests and Shapiro-Wilk tests
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were used to determine the continuous quantitative parameters measured in the study, and
it was concluded that none of the continuous quantitative parameters investigated in the
study followed a normal distribution. all tables, median and corresponding Q1 (25th
percentile) and Q3 (75th percentile) values are reported for each specific quantitative
measurement. The independent median test was used to compare those characteristics
measured as quantitative measurements between the IM-P- and SC-P-treated groups, and
Pearson’s 𝜒2 test was used to demonstrate the differences in the proportion of those
characteristics given as qualitative variables. The pregnancy rate, ongoing pregnancy rate
(OPR) and miscarriage rate per patient in the SC-P and IM-P groups were further compared
according to quartiles of serum P concentrations on the ET day using Pearson’s 𝜒2 test. The
range of serum P levels on the day of ET was narrowed by examining quartiles, namely, the
25th, 50th, and 75th percentiles (Q1, Q2, Q3 and Q4); 0–25% was Q1, 26–50% was Q2, 51–75%
was Q3, and 76–100% was Q4. Statistical analysis was carried out using the SPSS 25.0 statistical

package (IBM, 2016). A p-value p≤0.05 was considered to indicate statistical significance for
all statistical tests.
Binary logistic regression models were computed to model the outcome of having an ongoing
pregnancy in the entire study group, SC-treated group and IM-treated group. Three models
were performed separately for all patients, the SC-treated group and the IM-treated group to
establish the effects of female age, BMI, number of previous live births, number of previous
miscarriages, number of previous attempts, embryo quality, endometrial thickness, day of ET
and whether the patient was in the ET P Q1 group on the likelihood that having an ongoing
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pregnancy among patients in each treatment group. In both models, the enter procedure was
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used to calculate the adjusted odds ratios (ORs) and corresponding p-values for each variable.

Results:
During the study period, 444 cycles of FET with HRT were performed. Of these, 224 patients
were eligible for study, with 133 in the SC-P group and 91 in the IM-P group included (Fig. 1).
Table 1 presents the demographic, cycle and embryologic characteristics of the groups. The
baseline characteristics were similar between groups. The percentages for quality and
vitrification day (day 5 to day 6) of transferred blastocysts were comparable between the two
groups. The median circulating P levels on the day of ET were 19.92 (15.19-27.23) ng/ml and
21 (16.5-27.23) ng/ml in the SC-P and IM-P groups, respectively (p=0.786). The clinical
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pregnancy rates (CPRs) (86/133 (64.7%) vs 57/91 (62.6%); p= 0.757), miscarriage rates (MRs)
(21/86 (24.4%) vs 10/57 (17.5%); p= 0.328), and OPRs (65/133 (48.9%) vs 47/91 (51.6%); p=
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0.683) were comparable between the SC-P and IM-P groups (Table 2). Binary logistic
regression was performed for ongoing pregnancy as the dependent factor, and female age,
BMI, previous live births, previous attempts, previous miscarriages, day of vitrification (day 5
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or 6), ET day P levels, embryo quality and P administration route (SC-P and IM-P) were chosen
as independent factors. The embryo quality was found to be a significant independent
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prognosticator (for poor quality embryos Adjusted OR: 0.11, 95% CI for Adjusted OR: [0.0290.427], p=0.001), (Table 3). Binary logistic regression revealed that P route (SC-P vs IM-P) was
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not a significant factor for ongoing pregnancy (p=0.286).
In the SC-P and IM-P groups, ET- day P levels were divided into quartiles (Q) to evaluate the
effect on pregnancy outcome (Supplementary Table 1). The serum P intervals for each quartile
for SC-P, they were; <15.2 ng/ml in Q1; 15.2–20.31 ng/ml in Q2; 20.32–27.23 ng/ml in Q3; and
>27.23 ng/ml in Q4. The OPRs were 33.3% (11/33) in Q1; 50% (17/34) in Q2; 60.6% (20/33) in
Q3; and 51.5% (17/33) in Q4 (p=0.163). The MRs were 26.7% (4/15), 26.1% (6/23), 20% (5/25)
and 26.1% (6/23) for Q1, Q2, Q3, and Q4, respectively (p=0.945). The serum P intervals for each
quartile were determined as follows for IM-P; <16.5 ng/ml in Q1; 16.1–21 ng/ml in Q2; 21.1–
27.23 ng/ml in Q3; and >27.23 ng/ml in Q4. In contrast to that of SC-P, the OPR of Q1 was
significantly reduced compared with that of Q2, Q3, and Q4 (26.1% (6/23), 65.2% (15/23),
54.5% (12/22) and 60.9% (14/23), respectively, p=0.031). The MR was significantly higher in
Q1 than in Q2, Q3, and Q4 (50% (6/12), 16.7% (3/18), 0% (0/12), and 6.7% (1/15), respectively,
p=0.03) (Supplementary Table 1). In the SC-P group, when ongoing pregnancy was chosen as
the dependent factor and when female age, BMI, previous live births, previous attempts,

previous miscarriages, embryo quality, day of vitrification (day 5 or 6), endometrial thickness,
and ET-day P levels were chosen as independent factors, embryo quality was found to be a
significant independent factor for ongoing pregnancy (Adjusted OR for poor quality:0.099,
95% CI for Adjusted OR: [0.019-0.507], p=0.006) (Supplementary Table 2).Logistic regression
analysis revealed that in addition to embryo quality (p=0.048), the ET-day P level was an
independent factor for ongoing pregnancy in the IM-P group (Q1 vs Q2+Q3+Q4; OR: 8.178, 95%
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CI: [1.387-48.223] p=0.02) (Supplementary Table 3).

Discussion:
This non-randomized prospective study demonstrated that patients with SC-P administration
had similar pregnancy outcomes to those of patients with IM-P in HRT-FET cycles. In the SC-P
group, ET day serum P level does not effect OPR whereas in the IM-P group, the OPR was
found to be significantly lower in the low ET day serum P level.
The efficacy of SC-P for luteal phase support after fresh ETs was evaluated in two randomized
control trials, and there was no significant difference in pregnancy outcomes (6, 7). Both
randomized control trials compared SC-P with vaginal-P. There is little agreement on the best
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route of P administration for P replacement in HRT-FET cycles (1). In a recent three-armed
randomized control trial, only the vaginal P arm had a significantly reduced pregnancy
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outcome compared to daily IM-P and vaginal P plus IM administration every 3 days (4).
However, IM-P administration causes side effects and severe discomfort. Moreover, in our
country IM-P administration is allowed to be done under medical professional observation.
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There are only two retrospective studies evaluating the efficacy of SC-P in HRT-FET cycles.
Turkgeldi et al. compared SC-P with vaginal P in frozen-thawed blastocyst transfers and
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reported that pregnancy outcomes were similar (39.3% for SC-P versus 35.5% for vaginal P; p
= 0.57)(10). However, in this study, multivariate regression analysis was not performed. A
previous retrospective analysis by our group showed that the live birth rate of SC-P was similar

Jo

to that of IM-P for blastocyst frozen-thawed blastocyst transfers (9). Live birth rates were
equivalent between the two treatments (62.7% vs. 58.7% in the SC-P and IM groups,
respectively p=0.404). The P route was found to be a nonsignificant factor after binary logistic
regression. To our knowledge, this is the first non-randomized prospective study to evaluate
the efficacy of SC-P compared to IM-P in HRT-FET cycles, and the finding was that there was
no significant difference between SC-P and IM-P in terms of pregnancy outcomes (CPR; 64.7%
vs 62.6%, p= 0.757, MR; 24.4% vs 17.5%, p= 0.329 OPR; 48.9% vs 51.6%, p= 0.683). The P route
was a nonsignificant factor for ongoing pregnancy after binary logistic regression. Our study
shows that SC-P is effective for supporting the luteal phase in HRT-FET cycles.
Since there is no corpus luteum formation in an HRT-FET cycle, exogenous administration P is
warranted. There is no agreement in the literature on the optimal dose of progesterone for
luteal phase support. It is reported that both 25 and 50 mg daily doses of SC-P led to

decidualization in reproductive-aged women who were down-regulated with GnRH agonist
and treated with estradiol to develop the endometrium (23). The serum P levels observed in
this study were low compared to observed midluteal levels in a spontaneous menstrual cycle
in the 25 mg arm (5.77 ng/ml) (25). There is no data on the optimal dosage of P in various
forms of P routes. Although the clinical effectiveness of 25 mg SC-P is demonstrated in two
RCTs for fresh embryo transfers where multiple corpus luteum exist, the clinical effectiveness
of 25 mg SC-P in HRT-FET cycles is not reported in any clinical study. All retrospective studies
compared the effectiveness of SC-P to vaginal P and IM-P used 50 mg SC-P (25 mg bid). For
the reasons mentioned above, administering 50 mg SC-P seems to be more convenient to
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achieve sufficient luteal support. Along with that, it could be speculated that smaller injection
volume may provide fewer side effects at the site of injection by splitting 50 mg dosage twice

re
-p
r

daily and may alleviate patient’s compliance. However, there is no data on the effect of
splitting dosage on the pharmacokinetic and pharmacodynamic parameters.
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HRT-FET cycles are more frequently preferred due to the advantages of being able to schedule
the day of ET and having less monitoring. After the administration of estrogen starting from
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the second day of the menstrual cycle for 10-13 days, P supplementation, which mimics the
mid-cycle shift to the secretory phase of the cycle and prepares the endometrium for
implantation is started; at this point, there is no corpus luteum, and a luteal phase must be
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created. The monitoring of the luteal phase in HRT-FET cycles has been investigated over the
last seven years. In the natural cycle, P levels secreted from the corpus luteum fluctuate (24).
Although this fluctuation makes it hard to assess a threshold in spontaneous conceptions, the
estimated threshold was found to be approximately 9.4 ng/mL (25). Previous studies of HRTFET demonstrated the correlation between serum P and pregnancy outcomes with vaginal P
(11-15, 17, 26). The most recent large-scale prospective study using vaginal P reported that
serum P levels <8.8 ng/ml on the day of ET lowered the OPR in both own and donated oocyte
cycles for HRT endometrial preparation (15). The serum P concentrations achieved after
vaginal P are lower than those achieved with systemic P administration, whereas endometrial
tissue P concentrations are higher after vaginal P administration (26). Although serum P levels
do not reflect tissue concentrations, studies have reported that lower values are correlated
with worse pregnancy outcomes. Pharmacodynamic and pharmacokinetic studies reported
that after six doses of P by vaginal administration, steady levels are reached and that the levels

of vaginal P are more stable (27). Even though serum P level fluctuations are observed after
IM-P administration, our recent prospective study showed that there is a minimum threshold
of serum P that needs to be reached when using IM-P to obtain better results. In parallel with
our previous study (18), this study revealed that the OPR for ET-day P levels less than 16.5
ng/ml was significantly lower. In addition, ET-day P levels were found to be an independent
factor for ongoing pregnancy in the logistic regression analysis.
Aqueous P preparation has the advantage of being well tolerated after SC-P administration. In
pharmacokinetic and pharmacodynamic studies of this new product in which the same dosage
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of P was administered, the areas under the curve for the SC-P aqueous formulation and IM-P
in oil formulation were comparable (5, 28). The maximum serum concentrations of SC-P were
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3-4 times higher than those of IM-P. Moreover, the time to achieve the maximum
concentration was 7 times shorter in the SC-P group. In our study, the median circulating P
levels of the SC-P and IM-P groups on the day of ET were similar (p=0.786). There were no
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significant differences in OPR for the SC-P group among Q1, Q2, Q3 and Q4. In addition,
multivariate logistic regression showed that the ET-day P level was a nonsignificant parameter
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for ongoing pregnancy in the SC-P group. The difference in pharmacokinetic and
pharmacodynamic properties of IM-P and SC-P may lead to steady concentrations, which
makes ET-day P levels nonsignificant. The shorter the time to achieve the maximum
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concentration in SC-P administration may cause quicker steady concentration and this
pharmacokinetic difference may lead ET-day P levels nonsignificant in SC-P administration.
The comparative studies those evaluating the factors that may effect the pharmacokinetic and
pharmacodynamic properties in IM-P and SC-P administration are warranted for future
perspectives. With an other perspective, it can be speculated that twice a day injection in SCP may have an effect on steady concentration. However, there is no pharmacokinetic study
which may support this hypothesis.
The monitoring of the luteal phase in HRT-FET cycles is being investigated to develop an
algorithm for personalized luteal phase support. In a recent study, body weight, age, time of
blood sampling and a history of low P were associated with P concentrations before blastocyst
FET (29). This study also reported that P concentrations vary during the day, even when
exogenous hormone replacement is given. Interpersonal variations in serum P levels were

evaluated by using the same luteal phase support, and significant variability was reported (30).
Future studies evaluating the factors affecting serum P levels after IM-P and SC-P
administration are mandatory for individualization of luteal phase support for HRT-FET cycles.
Although, we have information on the safety and efficacy of subcutaneous progesterone, little
is known about patients’ acceptance and opinions about its administration. In a recent study,
patient experience was evaluated in comparison with the recent SC-P administration to
previous vaginal P administration and the study reported SC-P is comfortable, easy to use and
leads to a high level of satisfaction among patients who had previously used vaginal
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progesterone (31). In our study we did not assess the degree of acceptance and satisfaction.
However, patients that we observe in our clinical practice complain less pain in SC-P compared
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with IM-P.

The HRT-FET cycles have an increased risk for obstetric, perinatal and postpartum outcomes

lP

compared to natural cycle FET (32). Absence of corpus luteum causes decreased serum relaxin
and vascular endothelial growth factor levels, lower reactive hyperemia index, lower
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angiogenic circulatory endothelial progenitor cells. These factors are suggested mechanism
underlining increased risks for obstetric, perinatal and postpartum outcomes. Our study did
not evaluate live birth or the perinatal and postpartum outcomes. However, our total
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miscarriage rate in the study group 21% (21/143) which is higher than expectations. Future
studies evaluating the effects of progesterone type on miscarriage rate and perinatal outcome
are warranted.

This is the first prospective study evaluating the efficacy of SC-P in HRT-FET cycles compared
with IM-P. In addition, the study population has homogenous characteristics, which eliminates
possible bias and made the study more reliable for the comparison of these two groups.

The main limitation of our study is that it is not a randomized controlled study. Larger
randomized controlled studies following this preliminary study are needed. Another limitation
is that we are able to report the OPR but not the live birth rates. In addition, only one blood
sample was evaluated in the study. The effect of serum P levels on the day of ET in HRT-FET
cycles should be evaluated in women with a wide range of characteristics. The assessment of

inter- and intrapatient variability will highlight the main domains for the individualization of
luteal phase support in HRT-FET cycles. In our study that did not perform a cost analysis for
the products used. The daily medication prices are higher in SC-P group. However, cost
effectivity analysis should include all variables related to the pregnancy period shall be taken
into consideration such as outcomes, obstetrical problems. This study did not included the
obstetrical outcomes. An other limitation is the lack of information about side effects and
expenditures indirect health-related expenditures like transportation, loss of work due to the
intervention for both IM-P and SC-P groups.
In conclusion, SC-P seems to be an effective alternative to IM-P in patients with HRT-FET. To
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better define the effects of ET-day P levels on SC-P in HR-FET, studies including a wide range
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of patients (large-scale BMI and female age) are warranted.

Table 1: Comparison of patient, cycle and embryologic characteristics of the SC-P and IM-P-treated
groups

IM-P (n=91)

p-value

29 (28-32)

30 (28-31)

0.855

23.66 (21.02-27.92)

22.15 (20.55-25)

0.058

No. of previous live births (median Q1-Q3)

0 (0-0)

0 (0-0)

0.892

No. of previous miscarriages (median Q1-Q3)

0 (0-0)

0 (0-0)

0.436

No. of previous attempts (median Q1-Q3)

0 (0-1)

0 (0-1)

0.023

5 (3-10)

5 (4-9)

0.091

16 (11-26)

15 (11-25)

0.391

Female age (years)
2

BMI (kg/m )

Duration of infertility (median Q1-Q3) (years)
AFC (median Q1-Q3)
Main diagnosis

18/133 (13.5)

Polycystic ovary syndrome

26/133 (19.6)

Endometriosis
Tubal factor
Unexplained

Combined
E2 levels on P administration day (pg/ml)

Endometrial thickness (mm)
P levels on the day of ET (ng/ml)
Embryo quality (%)
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Good
Fair
Poor
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P levels on P administration day (ng/ml)

0.978

12/91 (13.2)
18/91 (19.8)

6/133 (4.5)

4/91 (4.4)

8/133 (6)

5/91 (5.5)

35/133 (26.3)

26/91 (28.5)

6/133 (4.5)

3/91 (3.3)

lP

Diminished ovarian reserve
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Male factor
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SC-P (n=133)

34/133 (25.6)

23/91 (25.3)

232 (180-334)

234 (196-318)

1

0.20 (0.13-0.31)

0.16 (0.07-0.24)

0.051

10 (8.70-11)

10 (9-11)

0.293

19.92 (15.19-27.23)

21 (16.5-27.23)

0.786

81/133 (60.9)
32/133 (24.1)
20/133 (15)

55/91 (60.4)
28/91 (30.8)
8/91 (8.8)

0.273

112/133 (84.2)
21/133 (15.8)

71/91 (78)
20/91 (22)

0,239

Day of Transfer (%)
Day 5
Day 6

Values are given as the median (q1-q3) or number (percentage)
BMI, AFC, MII, 2PN, E2, P, ET denote body mass index, antral follicle count, mature oocyte, 2 pronuclei, oestradiol,,
progesterone, embryo transfer respectively p-values were calculated with a Chi-square test and a non-parametric independent
samples median test

Table 2: Comparison of pregnancy outcomes between SC-P and IM-P

SC

IM

p-value

86/133 (64.7)

57/91 (62.6)

0.757

Ongoing Pregnancy Rate (n/%)

65/133 (48.9)

47/91 (51.6)

0.683

Miscarriage Rate (n/%)

21/86 (24.4)

10/57 (17.5)

0.328
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Clinical Pregnancy Rate (n/%)

Table 3: Binary logistic regression analysis for ongoing pregnancy in all study patients

0.45

Adjusted OR

95% CI for Adjusted OR

p-value

[0.908-1.068]
[0.896-1.011]
[0.824-4.071]
[0.681-1.101]
[0.60-1.268]

0.71
0.106
0.138
0.241
0.473

1.002
0.956
1.717
0.999
0.753

[0.907-1.108]
[0.894-1.022]
[0.627-4.702]
[0.698-1.429]
[0.475-1.195]

0.963
0.186
0.293
0.996
0.229

0.521
<0.001
0.334
0.097

0.793
0.111
1.158
1.011

[0.378-1.662]
[0.029-0.427]
[0.962-1.395]
[0.983-1.039]

0.006
0.539
0.001
0.121
0.442

[0.222-0.913]

0.027

0.661

[0.274-1.594]

0.357

1.117

[0.655-1.905]

0.683

0.694
0.823

[0.354-1.358]
-

0.286
0.923

epr
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p-value

Pr

[0.445-1.507]
[0.042-0.388]
[0.925-1.258]
[0.997-1.042]

al

0.819
0.128
1.079
1.019

95% CI for Crude OR

ur
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Age (years)
BMI (kg/m2)
Previous live births
Previous attempts
Previous miscarriages
Embryo quality
Good (Reference)
Fair
Poor
Endometrial Thickness (mm)
ET day P level (ng/ml)
Embryo day of vitrification
Day 5 (Reference)
Day 6
P administration route
SC-P (Reference)
IM-P
Constant

Unadjusted
(Crude) OR
0.985
0.951
1.831
0.866
0.872

Jo

Variables

Supplemental Table 1: Pregnancy outcome in the SC-P and IM-P groups according to
quartiles of serum P concentrations on ET day.

ET P - Q2

ET P - Q3

ET P - Q4

<15.2

15.2-20.31

20.32-27.23

>27.23

p-value

Clinical Pregnancy Rate (%)

15/33 (45.4)

23/34 (67.6)

25/33 (75.7)

23/33 (69.7)

0.054

Ongoing Pregnancy Rate (%)

11/33 (33.3)

17/34 (50)

20/33 (60.6)

17/33 (51.5)

0.163

Abortus Rate (%)

4/15 (26.7)

6/23 (26.1)

5/25 (20)

6/23 (26.1)

0.945

<16.5

16.5-21.00

21.1-27.23

>27.23

p-value

IM-P Group Variables
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SC-P Group Variables
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ET P - Q1

Clinical Pregnancy Rate (%)

12/23 (52.2)

18/23 (78.3)

12/22 (54.5)

15/23 (65.2)

0.245

Ongoing Pregnancy Rate (%)

6/23 (26.1)

15/23 (65.2)

12/22 (54.5)

14/23 (60.9)

0.031*

6/12 (50)

3/18 (16.7)

0/12 (0)

1/15 (6.7)

0.03**

re

Abortus Rate (%)

*p < 0.05 for the following pairwise comparisons: Q1 vs Q2, Q1 vs Q3, Q1vs Q4
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** p < 0.05 for the following pairwise comparisons: Q1 vs Q2, Q1 vs Q3, Q1vs Q4

Supplementary Table 2: Binary logistic regression analysis for ongoing pregnancy in SC-P
95% CI for Crude
OR

p-value

Adjusted OR

95% CI for Adjusted
OR

p-value

Female age (years)

0.965

(0.872-1.068)

0.488

1.004

(0.883-1.142)

0.951

BMI (kg/m2)

0.938

(0.873-1.007)

0.077

0.952

(0.879-1.032)

0.233

Previous live births

1.241

(0.424-3.638)

0.693

0.921

(0.232-3.664)

0.907

Previous attempts

0.885

(0.576-1.358)

0.575

1.184

(0.677-2.070)

0.554

Previous miscarriages

0.801

(0.467-1.372)

0.419

0.705

(0.373-1.331)

0.281
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Unadjusted (Crude)
OR

Variables

Embryo quality

0.004

Pr

Good (Reference)

0.019

0.63

(0.282-1.407)

0.259

0.878

(0.338-2.282)

0.79

Poor

0.079

(0.017-0.362)

0.001

0.099

(0.019-0.507)

0.006

0.461

1.126

(0.898-1.411)

0.303

1.074

ET day P levels (Quartiles 1 vs others)

Jo

Q1 (Reference)
OTHERS

(0.889-1.296)
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Endometrial thickness (mm)

al

Fair

0.485

(0.217-1.083)

0.077

0.652

(0.249-1.712)

0.386

0.325

(0.118-0.891)

0.029

0.463

(0.127-1.679)

0.241

Embryo day of vitrification
Day 5 (Reference)
Day 6
Constant

1.637

0.847

Supplementary Table 3: Binary logistic regression analysis for ongoing pregnancy in IM-P

95% CI for Crude OR

p-value

Adjusted OR

95% CI for Adjusted
OR

p-value

Age (years)

1.025

[0.892-1.178]

0.727

1.002

[0.835-1.203]

0.984

BMI (kg/m2)

0.967

[0.858-1.090]

0.581

0.958

[0.832-1.104]

0.558

Previous live births

2.653

[0.709-9.933]

0.147

6.441

[0.822-50.478]

0.076

Previous attempts

0.872

[0.650-1.169]

0.359

1.051

[0.601-1.839]

0.861

Previous miscarriages

0.957

[0.570-1.608]

0.69

[0.262-1.819]

0.453
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Unadjusted (Crude)
OR

Variables

Embryo quality

0.048

Fair

1.49

[0.591-3.756]

0.398

1.151

[0.312-4.244]

0.832

Poor

0.321

al

Pr

Good (Reference)

0.869

0.018

0.274

[0.018-4.254]

0.031

[0.794-1.335]

0.827

1.1

[0.779-1.553]

0.589

5.56

[1.676-18.448]

0.005

8.178

[1.387-48.223]

0.02

0.711

[0.262-1.925]

0.502

1.357

[0.325-5.663]

0.676

1.029

Q1 (Reference)
OTHERS

Jo

ET day P levels (Quartiles 1 vs others)
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Endometrial Thickness (mm)

[0.06-1.734]

Embryo day of vitrification
Day 5 (Reference)
Day 6
Constant

0.186

0.633
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Figure1: Flowchart of the study

Total ET
n=1182
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Excluded (n =738)
➢ Women >35 years old (n=471)
➢ Fresh ET (n=267)
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FET
n=444

SC-P
n=133

Excluded (n=220)
➢ Surplus ET (n=31)
➢ PGT-A (n=44)
➢ Uterine anomaly and patology (n=17)
➢ Endometrial thickness <7 mm (n=5)
➢ Cleavage ET (n=29)
➢ Naturel cycle FET (n=40)
➢ More than 1 ET (n=3)
➢ Vaginal P route (n=47)
➢ Unilateral hydrosalpinx (n=1)
➢ PGT-M (n=3)

IM-P
n=91

