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Abstract

Purpose To evaluate the role of serum progesterone (P4) on the day of embryo transfer (ET) when dydrogesterone (DYD)
and micronized vaginal progesterone (MVP) are combined as luteal phase support (LPS) in a hormone replacement therapy
(HRT) frozen ET (FET) cycles.

Methods Retrospective study, including single euploid HRT FET cycles with DYD and MVP as LPS and P4 measure-
ment on ET day. Initially, patients with P4 levels < 10 ng/ml increased MVP to 400 mg/day; this “rescue” was abandoned
later.

Results 560 cycles of 507 couples were included. In 275 women, serum P4 level was < 10 ng/ml on the ET day. Among
those with low P4 levels, MVP dose remained unchanged in 65 women (11.6%) and was increased in 210 women (37.5%).
Women with P4 levels > 10 ng/ml continued LPS without modification. Overall pregnancy rates in these groups were
61.5% (40/65), 54.8% (115/210), and 48.4% (138/285), respectively (p = n.s.). Association of serum P4 levels with ongoing
pregnancy rates was analyzed in women without any additional MVP regardless of serum P4 levels (n = 350); multivariable
analysis (adjusted for age, BMI, embryo quality (EQ)) did not show a significant association of serum P4 levels with OPR
(OR 0.96, 95% CI 0.90-1.02; p = 0.185). Using inverse probability treatment weights, regression analysis in the weighted
sample showed no significant association between P4 treatment groups and OP. Compared to fair EQ, the transfer of good
EQ increased (OR 1.61, 95% CI 1.22-2.15; p = 0.001) and the transfer of a poor EQ decreased the odds of OP (OR 0.73,
95% C10.55-0.97; p = 0.029).

Conclusion In HRT FET cycle, using LPS with 300 mg/day MVP and 30 mg/day DYD, it appears that serum P4 measure-
ment and increase of MVP in patients with P4 < 10 ng/ml are not necessary.

Keywords Frozen embryo transfer - Hormonal replacement cycle - Dydrogesterone - Micronized vaginal progesterone -
Serum progesterone measurement on day of embryo transfer

Introduction

P4 B. Lawrenz
Barbara.lawrenz @artfertilityclinics.com Recent years have seen a distinct shift in the embryo transfer

(ET) strategies in assisted reproductive technology (ART)
treatments from fresh to frozen ET (FET) [1, 2]. Despite the
increase in FET cycles, there is no consensus on the “opti-
mal” endometrial preparation for achieving and maintaining
a pregnancy.

Endometrial preparation approaches for FET cycles
comprise different types of the natural (NC) or modi-
fied cycles (MNC) and the hormonal replacement cycle
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administered hormones might differ [3]. The NC strategy
is not appropriate for all individuals and clinical scenarios,
despite findings suggesting benefits of an NC endometrial
approach [4-8]. As a result, the HRT FET method continues
to be widely used.

Regardless of the method of ET, a receptive endome-
trium and synchronicity between the endometrium and
embryo developmental stage are necessary for successful
embryo implantation. After sufficient estrogenization of
the endometrium, endometrial receptivity in HRT FET
cycles is achieved after about 120 h of progesterone (P4)
exposure. The window of implantation has previously
been identified through endometrial gene expression pro-
file investigations [9, 10]. The appearance of P4 in serum
and its magnitude depends on the way P4 is administered,
how well it is absorbed, and patient-specific factors [11,
12].

In HRT FET cycles, measurements of serum P4 on or
before the day of ET are frequently carried out as to evalu-
ate P4 absorption, as research utilizing micronized vaginal
progesterone (MVP) as luteal phase support (LPS) had
revealed a negative impact of serum P4 levels below a
particular threshold, often around 8-10 ng/ml, on FET
outcomes [13, 14]. This notion led to the suggestion of
“rescue” strategies to modify LPS by increasing the dos-
age of the same P4 and/or adding another one in a differ-
ent form of either injectable P4 (i.m. or s.c.) or oral P4
(dydrogesterone (DYD)) [15-19]. However, the role of
P4 level measurement in the assessment of a sufficient P4
supplementation may be questioned as serum P4 levels
do not correspond to endometrial P4 levels [20] and the
intake of DYD is not reflected in the measurement by rou-
tinely used P4 assays.

This retrospective study aims to shed further light into the
role of P4 measurement in single euploid HRT FET cycles,
when MVP and DYD are combined as LPS and whether
increasing the dosage of MVP in patients with a P4 level <
10 ng/ml on the day of ET improves outcomes.

Material and methods

This retrospective study included women, who underwent
single euploid HRT FET cycles between September 2019
and July 2023, when the results of the serum P4 level on the
day of the ET and the cycle outcome were known. Cycles
in which the embryos had been biopsied and cryopreserved
on day 7, as well as PGT-M cycles and cycles with previous
downregulation, were excluded from the analysis. Outcomes
were defined as ongoing pregnancy (OP) (with heartbeat
> 12 weeks) or as no-OP (not pregnant, biochemical preg-
nancy, early miscarriage).
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Endometrial preparation for HRT FET cycle

Patients were assessed on day 2/3 of their menses by vaginal
ultrasound and measurement of serum estradiol (E2) and P4.
Patients commenced oral E2 valerate 4 mg (2 X 2 mg) for 2
days and E2 dosage was increased to 6 mg on day 3 of treat-
ment. Monitoring included ultrasonographic measurement of
the lining and serial measurements of serum LH, E2, and P4
to exclude spontaneous ovulation. When a triple lining appear-
ance without a minimal thickness of the endometrium was
achieved, an initial MVP dose of 100 mg was commenced at
13 h and repeated at 21 h, and this day was considered to be
day 0. The day after initiation of P4 (= day 1), MVP admin-
istration was increased to 100 mg vaginally three times daily.
On day 3 of MVP exposure, DYD (Duphaston®) was started
additionally at a dosage of 30 mg/day, according to our clinical
standard to counterbalance a possible lack in the absorption
of MVP and to avoid a too rapid increase in P4 after the start
of the LPS. ET procedure was performed approximately 120
h after the start of MVP. While we used to “rescue” low P4
levels (< 10 ng/ml) on the day of FET by increasing the dose
of MVP to 400 mg/day, later on we quit this “rescue” attempts.
Medication was continued until the pregnancy test and in case
of a positive outcome, until 12 weeks of pregnancy. Blood
drawing for P4 measurement was performed before the ET
procedure.

ET procedure

The ETs were performed under abdominal ultrasound guid-
ance with a full bladder in lithotomy position by one of three
physicians. Clinic key performance indicators demonstrated
that there is no difference in the pregnancy rates after ET pro-
cedure between the physicians.

Embryo categorization

Embryos had been classified according to Gardner criteria and
for embryo categories “good, fair and poor” as follows:

— Good: day 5 only: expansion: BL 3/4/5/7; quality: AA/AB/
BA

— Fair: day 5: expansion: BL 3/4/5/7; quality: BB/BC/CB and
day 6: expansion: BL 3/4/5/7; quality: AA/AB/BA/BB

— Poor: day 5: expansion: BL 3/4/5; quality: CC; day 6:
expansion: BL 3/4/5/6; quality: BC/CB/CC; 1 embryo with
BL2, no quality

Ethical approval

The study was approved by the ethics committee of ART
Fertility Clinics, Abu Dhabi, UAE (REFA084).
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Statistical analysis

Variables are presented as median and interquartile ranges
(Q1-Q3) for continuous variables and count with percent-
ages of total for categorical variables. The association
between transfer day serum P4 levels and OP rates was
first assessed visually with conditional density plots using
patients who did not increase MVP dosage after ET based
on P4 levels. The regression analyses were performed with
mixed-effects logistic models while adjusting for age, body
mass index (BMI), and embryo quality effects. Restricted
cubic splines were employed to account for possible non-
linear effects where suspected (i.e., BMI).

We aimed to obtain an unbiased average treatment effect
of protocols (low P4 with increase in MVP dosage, low P4
without increase in MVP dosage, and P4 levels > 10 ng/ml
without additional support) on OP rates by using inverse
probability treatment weighting [21]. Variable selection was
performed by observing baseline imbalances in the sample
and including known prognostic factors of OP even if they
may seem balanced between treatment groups initially. Age,
BMI, and embryo quality were considered important prog-
nostic factors and were balanced across treatment groups
using generalized boosted models. Balances were checked
with love plots comparing standardized mean differences
(SMD) before and after weighting. Non-overlapping regions,
if encountered, were trimmed to support positivity assump-
tion [22]. The associations in the weighted sample were

again tested with mixed-effects logistic models. Embryo
quality was included in the regression analysis of weighted
samples to obtain doubly robust estimates [23]. All analyses
were conducted using R Studio Software (Posit Software,
PBC, version 2023.006.2 running on R 4.2.2).

Results

A total of 560 cycles of 507 couples were included in the
analysis. There were 275 women whose serum P4 level was
< 10 ng/ml on the day of ET. Among those with low P4
levels, MVP dosage was increased in 210 women (37.5%)
whereas in 65 women (11.6%), MVP dose remained
unchanged. In 285 women (50.9%) with P4 levels 10 ng/
ml or higher, LPS continued without modification. OP rates
were 61.5% (40/65), 54.8% (115/210), and 48.4% (138/285)
in low P4 without an increase in MVP dose, low P4 with
MVP dose increase and P4 > 10 ng/ml without a change in
the LPS, respectively, and without a significant difference
between the groups (Figure 1). Miscarriage rates were 13.8%
for P4 < 10 ng/ml, no increase in MVP group and 12.4% for
P4 < 10 ng/ml, increase in MVP group, and 17.9% in the
group with P4 > 10 ng/ml (no change in LPS) (p = 0.199;
Table 1).

Associations of serum P4 levels with OP rates were ana-
lyzed in women who did not receive any additional MVP
regardless of P4 levels (n = 350). Visual inspection of

Treatment . P4 10 ng/mL or above . P4<10 ng/mL & Additional LPS . P4<10 ng/mL & No additional LPS
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conditional density plots did not show an increase in OP
rates with increasing P4 levels (Figure 2). In multivariable
analysis, serum P4 levels did not show a significant associa-
tion with OP rates (OR 0.96, 95% CI1 0.90-1.02, p = 0.185)
and the estimate was adjusted for female age, BMI, and
embryo quality.

Associations between P4 treatment groups and OP
rates were investigated using inverse probability treatment
weights. The baseline differences between treatment groups
are shown in Table 2. Initially, there were noteworthy dif-
ferences (absolute SMD > 0.10 across treatment pairs)
between groups in terms of female age and BMI. There
was a slight imbalance (absolute SMD = 0.084) in terms
of transferred poor quality embryos. After weighting, all

covariates showed a maximum SMD across treatment pairs
less than 0.10 (Figure S1) and the distributional balance of
prognostic covariates was satisfactory (Figure S2). Regres-
sion analysis (Table 3) in the weighted sample showed no
significant association between treatment groups and OP
(low P4, no increase in MVP vs. P4 > 10 ng/ml, p = 0.954;
low P4, no increase in MVP vs. low P4, with increase in
MVP, p = 0.994). The interaction between P4 levels and
treatment groups was not significant either. In the weighted
sample, transfer of a good quality embryo was associated
with increased odds of livebirth (vs. fair quality, OR 1.61,
95% CI 1.22-2.15, p = 0.001) and transfer of a poor quality
embryo was associated with decreased odds of livebirth (vs.
fair quality, OR 0.73, 95% C1 0.55-0.97, p = 0.029).

Table 1 Miscarriage rates in

Variables P4 < 10 ng/ml, no P4 < 10 ng/ml, P4 > 10 ng/ml, no p
treatment groups increase in MVP increase in MVP change in LPS
(n=65) (n-=210) (n=285)
Implantation outcome
No pregnancy 16 (24.6) 69 (32.9) 96 (33.7) 0.199
Miscarriage 9(13.8) 26 (12.4) 51 (17.9)
Ongoing pregnancy 40 (61.5) 115 (54.8) 138 (48.4)

P4, progesterone; MVP, micronized vaginal progesterone
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Fig.2 Association of progesterone levels with ongoing pregnancy in cycles without increase in MVP
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Table 2 l.3a:§eline, embryo Variables P4 < 10 ng/ml, no P4 < 10 ng/ml, P4 > 10ng/ml,no p
Character1§tlcs and pregnancy increase in MVP increase in MVP  change in LPS
outcomes in treatment groups. (n=65) (n=210) (n=285)
Female age 33.0 (29.0 to 36.0) 32.0 (28.2t036.0) 33.0(29.0t037.0) 0.168
Female age categories
e Below 35 42 (64.6) 137 (65.2) 159 (55.8) 0.063
e 35-37 16 (24.6) 33 (15.7) 57 (20.0)
e 38—-40 6(9.2) 18 (8.6) 37 (13.0)
o 41-42 1(1.5) 94.3) 20 (7.0)
e Above 42 0 (0.0) 13 (6.2) 12 (4.2)
BMI, kg/m? 26.9 (24.4t031.1) 279 (24.5t032.0) 26.2(23.5t029.4) 0.002
BMI categories
e Normal (< 25 kg/m?) 19 (29.2) 62 (29.5) 106 (37.2) 0.034
e Overweight (2530 kg/m?) 26 (40.0) 78 (37.1) 119 (41.8)
e Obese (> 30 kg/m?) 20 (30.8) 70 (33.3) 60 (21.1)
Progesterone levels 7.9(6.2t09.4) 7.4 (6.0to 8.7) 129 (11.3t0 14.8) <0.001
ICM
o A 11 (16.9) 35 (16.7) 46 (16.2) 0.861
eB 49 (75.4) 151 (71.9) 202 (71.1)
oC 5(7.7) 24 (11.4) 36 (12.7)
TE
o A 9(13.8) 44 (21.0) 60 (21.1) 0.619
eB 50 (76.9) 143 (68.1) 190 (66.9)
oC 6(9.2) 23 (11.0) 34 (12.0)
Embryo quality
e Poor 5(7.7) 30 (14.3) 46 (16.1)
e Fair 48 (73.8) 142 (67.6) 199 (69.8) 0.354
e Good 12 (18.5) 38 (18.1) 40 (14.0)
Ongoing pregnancy
e No 25 (38.5) 95 (45.2) 147 (51.6) 0.108
e Yes 40 (61.5) 115 (54.8) 138 (48.4)

ICM, inner-cell mass, TE, trophectoderm, LPS, luteal phase support, P4, progesterone, MVP, micronized

vaginal progesterone

Discussion

The here presented data from single euploid HRT FET
cycles using a combination of 300 mg/day MVP and 30 mg/
day oral DYD for LPS suggest that measuring P4 levels on
the ET day and increasing MVP in women with a P4 level <
10 ng/ml on the day of FET may not be necessary because
they do not provide any therapeutic benefit and instead
increase treatment inconvenience and costs.

P4 is crucial for secretory transformation of the endome-
trium, a prerequisite for an embryo to implant and remain
implanted. Different P4 preparations are available and in
routine use that can be applied orally, subcutaneously, intra-
muscularly, or vaginally [24]. The dosage and application
method have a significant impact on the serum P4 level; the
variations are briefly summarized here: MVP leads to high
P4 concentrations in the myometrium and endometrium,
but serum P4 levels are notably low as a result of MVP’s

insufficient systemic absorption [25]; i.m. P4 injections
result in an immediate rise in systemic P4 levels after 2 h and
levels peak after 8 h [26]; subcutaneous administration will
have peak levels after approximately 0.9 h [27]. A steady
state of the oral P4 serum levels are reached after 3 days, but
conventional P4 assays cannot measure circulating DYD or
its active metabolite 20a-dihydrodydrogesterone; instead,
only liquid chromatography-tandem mass spectrometry can
detect DYD intake [28]. It must be remembered that the
unique characteristics of each P4 supplementation strategy,
as well as the use of various P4 measurement assays [29,
30], limit the comparability of the measured serum P4 levels
and permit their interpretation only in the context of the cor-
responding application route.

Due to the general importance of P4 supplementa-
tion and the seeming significance of serum P4 levels as
a surrogate for inaccessible endometrial P4 tissue levels
in continuing HRT FET cycles, the scientific community

@ Springer
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Table 3 Factors associated
with ongoing pregnancy using

Ongoing pregnancy

inverse-treatment probability Variables Odds Ratios CI p*
weights.
Progesterone levels 1.05 0.96-1.14 0.275
Treatment
e P4 < 10 ng/ml, no increase in MVP
® P4 > 10 ng/ml, no change in LPS 1.03 0.36-2.92 0.954
o P4 < 10 ng/ml, increase in MVP 1.00 0.38-2.62 0.994
Embryo quality
e Fair Reference
e Good 1.61 1.22-2.15 0.001
e Poor 0.73 0.55-0.97 0.029
Interaction term 0.93 0.84-1.03 0.167
[Progesterone levels* P4 > 10 ng/ml, no increase in MVP]
Interaction term 0.94 0.83 -1.07 0.367

[Progesterone levels* P4 < 10 ng/ml, increase in MVP]

LPS, luteal phase support, CI, confidence interval, P4, progesterone

*Binomial mixed-effects regression with varying intercept for patients using inverse probability treatment

weights

has focused on this topic. Different serum P4 cut-off lev-
els have been identified as outcome predictors, decreasing
the likelihood of implantation, continuation of pregnancy,
and live birth in women with serum P4 levels below the
threshold [13, 14, 31-35]. Despite the fact that serum P4
levels do not accurately reflect endometrial tissue P4 levels
[20], the increase of P4 supplementation, either by raising
the dosage of MVP, by adding injectable (subcutaneous or
i.m.) P4 preparations, or the addition of DYD, has been
suggested as rescue strategy [17, 18, 36, 37]. These stud-
ies came to the unequivocal conclusion that increasing the
dosage of LPS enhances the results of ART. However, a
(historic) control group with lower P4 levels in which no
rescue technique was included only in the study by Labarta
et al. [18].

DYD is an oral drug and patients may find it more con-
venient than injectable or vaginal P4 therapy. LPS using
DYD seems to be non-inferior when compared to MVP in
fresh IVF cycles [38, 39]. However, since DYD is a syn-
thetic P4, questions regarding its safety for the developing
embryo(s) are understandably raised. Large phase III trials
[38, 39] and the systematic review and individual participant
data meta-analysis, which included studies with administra-
tion of DYD in dosages of 20 to 40 mg/day [40], showed
similar safety profile in women receiving DYD or MVP as
LPS, hence recently published data from a global pharma-
covigilance study [41], published as an abstract at the annual
2023 meeting of the European Society of Human Repro-
duction, reported an increase of birth defects. However, the
abstract does not include any information on the daily DYD
dosage, given to patients included in the analysis. Further
research into the safe use of DYD as LPS throughout the

@ Springer

early stages of pregnancy is warranted due to the signifi-
cance of this topic and the discrepancy in the data.

Recent studies on the use of DYD alone in FET cycles
described similar outcomes when compared to MVP or i.m.
P4 supplementation; however, both studies had small sam-
ple sizes [42—44]. Furthermore, in HRT FET cycles with
the exclusive use of DYD as LPS medication, patients with
DYD levels in the lower quarter had a significantly lower
OP rate, suggesting that a dosage of DYD three times daily
might be a suboptimal dosage for some patients [45].

Vuong et al. [42] compared MVP (400 mg twice daily)
alone to MVP plus DYD (400 mg MVP and 10 mg DYD,
each twice daily) in a prospective cohort trial with approxi-
mately 1400 participants. The day before the ET, blood sam-
ples were taken for serum P4 measurements; hence, they
were not intended for clinical use, and LPS was maintained
unaltered until the pregnancy test. The LPS regimen with
MVP and DYD was associated with a lower rate of mis-
carriage and a higher livebirth rate. However, the subgroup
analysis did not reveal a significant difference in the mis-
carriage rates between the two LPS regimen groups in any
serum P4 level quartile, pointing towards the limited sig-
nificance of serum P4 measurements when MVP and DYD
are used for LPS. They concluded that combining DYD and
MVP adequately supplies the endometrium with P4 and
might help resolve vaginal P4 absorption problems. Consist-
ent with the findings from Vuong et al. [42], our study found
no difference in the rate of OP between the groups with
serum P4 levels below and above 10 ng/ml, allowing the
conclusion that the combined MVP and DYD LPS approach
provides adequate P4 exposure to the endometrium, even if
the contribution of MVP, as estimated by serum P4 levels, is
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limited. Although the adequate progestogenic effect of this
combination on the endometrium cannot be inferred directly
from serum P4 levels, it can be inferred indirectly from the
observation that increasing the dosage of MVP in women
with serum P4 levels below 10 ng/ml does not increase the
OP rate.

In conclusion, P4 exposure to the endometrium seems to
be sufficiently provided by the combination of 300 mg/day
MVP and 30 mg/day DYD in HRT FET cycles. This might
render serum P4 measurement and an increase in P4 medica-
tion in the event of “lower” serum P4 results unnecessary as
demonstrated in this retrospective analysis. This study has
various strengths despite its retrospective study methodol-
ogy and the small sample size of women with a P4 level <
10 ng/ml and no increase in MVP, which might be consid-
ered as a limitation: aneuploidy as a contributing factor to
implantation failure and miscarriage was eliminated by the
analysis of just single euploid FET cycles. No other study
has investigated whether any “rescue” strategy is helpful in
HRT FET cycles using MVP and DYD in combination. The
existence of a control group of patients with a P4 level 10
ng/ml, in which no rescue strategy was applied, points to a
possible lack of a benefit of increasing MVP. Further studies
are required to identify the most effective medication combi-
nation for a HRT approach, considering patient convenience
and treatment costs as well as the safe use of DYD as LPS.
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