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STUDY QUESTION: Does the addition of oral dydrogesterone to vaginal progesterone as luteal phase support improve pregnancy
outcomes during frozen embryo transfer (FET) cycles compared with vaginal progesterone alone?

SUMMARY ANSWER: Luteal phase support with oral dydrogesterone added to vaginal progesterone had a higher live birth rate and
lower miscarriage rate compared with vaginal progesterone alone.

WHAT IS KNOWN ALREADY: Progesterone is an important hormone that triggers secretory transformation of the endometrium to
allow implantation of the embryo. During IVF, exogenous progesterone is administered for luteal phase support. However, there is wide
inter-individual variation in absorption of progesterone via the vaginal wall. Oral dydrogesterone is effective and well tolerated when used
to provide luteal phase support after fresh embryo transfer. However, there are currently no data on the effectiveness of luteal phase
support with the combination of dydrogesterone with vaginal micronized progesterone compared with vaginal micronized progesterone
after FET.

STUDY DESIGN, SIZE, DURATION: Prospective cohort study conducted at an academic infertility center in Vietnam from 26 June
2019 to 30 March 2020.

PARTICIPANTS/MATERIALS, SETTING, METHODS: We studied 1364 women undergoing IVF with FET. Luteal support was
started when endometrial thickness reached >8 mm. The luteal support regimen was either vaginal micronized progesterone 400 mg twice
daily plus oral dydrogesterone [0mg twice daily (second part of the study) or vaginal micronized progesterone 400 mg twice daily
(first 4 months of the study). In women with a positive pregnancy test, the appropriate luteal phase support regimen was continued until
7 weeks’ gestation. The primary endpoint was live birth after the first FET of the started cycle, with miscarriage <12 weeks as one of the
secondary endpoints.

MAIN RESULTS AND THE ROLE OF CHANCE: The vaginal progesterone + dydrogesterone group and vaginal progesterone
groups included 732 and 632 participants, respectively. Live birth rates were 46.3% versus 41.3%, respectively (rate ratio [RR] .12, 95%
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Cl 0.99-1.27, P=0.06; multivariate analysis RR 1.30 (95% CI 1.01-1.68), P=0.042), with a statistically significant lower rate of miscarriage
at <I2weeks in the progesterone + dydrogesterone versus progesterone group (3.4% versus 6.6%; RR 0.51, 95% Cl| 0.32-0.83;
P=0.009). Birth weight of both singletons (2971.0+628.4 versus 3118.8£559.2g; P=0.004) and twins (2175.54494.8 versus
2494.2 +584.7; P=0.002) was significantly lower in the progesterone plus dydrogesterone versus progesterone group.

LIMITATIONS, REASONS FOR CAUTION: The main limitations of the study were the open-label design and the non-randomized
nature of the sequential administration of study treatments. However, our systematic comparison of the two strategies was able to be
performed much more rapidly than a conventional randomized controlled trial. In addition, the single ethnicity population limits external
generalizability.

WIDER IMPLICATIONS OF THE FINDINGS: Our findings study suggest a role for oral dydrogesterone in addition to vaginal
progesterone as luteal phase support in FET cycles to reduce the miscarriage rate and improve the live birth rate. Carefully planned
prospective cohort studies with limited bias could be used as an alternative to randomized controlled clinical trials to inform clinical
practice.
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Introduction

Progesterone plays an essential role in the secretory transformation of
the endometrium that permits implantation of a fertilized oocyte and
helps to maintain early pregnancy (Daya, 2009). In fertility treatments,
the role of progesterone is particularly crucial in frozen embryo trans-
fer (FET) cycles due to the lack of endogenous progesterone secreted
by the corpus luteum. This is increasingly relevant due to the growing
use of FET in IVF programs.

Vaginally-administered micronized progesterone is commonly used
to provide luteal support in IVF cycles with fresh embryo transfer due
to the convenience and effectiveness of this approach compared with
intramuscular progesterone injection (Yanushpolsky et al., 2010; van
der Linden et al., 2015). A global survey indicated that vaginal proges-
terone is used in nearly two-thirds of cycles (Vaisbuch et al., 2014).
However, vaginal progesterone alone may be insufficient for luteal
phase support during FET cycles.

One potential issue for luteal phase support with vaginal progester-
one preparations is the large inter-individual variation in serum proges-
terone levels achieved after treatment (Yovich et al., 2015; Boelig
et al, 2019). A simple increase of the vaginal progesterone dosage
does not appear to result in a proportional increase in serum levels
(Archer et al, 1995; Paulson et al, 2014; Yovich et al, 2015).
Furthermore, the vaginal mucosa or total surface area of the vagina
may limit the absorption of progesterone from the vagina (Archer
et al., 1995). It is possible that lower progesterone levels in endome-
trial tissue result in a lower implantation rate and higher miscarriage
rate, and therefore a lower live birth rate.

Dydrogesterone is an oral progestin with good bioavailability and a
good tolerability profile (Griesinger et al., 2018). In clinical studies, the
effectiveness of dydrogesterone for luteal phase support has been
shown to be comparable to that of vaginal micronized progesterone
after fresh (van der Linden et al., 2015; Wang et al., 2015; Barbosa
et al, 2016; Tournaye et al, 2017; Griesinger et al., 2018) or frozen

(Rashidi et al., 2016) embryo transfer. In addition, the combination of
dydrogesterone and vaginal micronized progesterone was recently
used to provide luteal support in a randomized study comparing fresh
versus frozen blastocyst transfer in ovulatory women (Wei et al.,
2019). However, the choice of regimen in that study was not based
on comparative effectiveness research of luteal phase support with
dydrogesterone, but rather made arbitrarily.

Here, we compare the effectiveness of a combination of vaginal
micronized progesterone with oral dydrogesterone versus vaginal
micronized progesterone alone as luteal phase support during FET
cycles in infertile women undergoing IVF.

Materials and methods

Study design

This prospective cohort study was conducted at [VFMD, My Duc
Hospital in Ho Chi Minh City, Vietnam between 26 June 2019 and 30
March 2020. The study was approved by the Ethics Review Board at
My Duc Hospital (approval number 07/19/DBD-BVMD; date: 22 May
2019), prospectively registered on 26 June 2019 (NCT03998761), and
conducted according to the principles of Good Clinical Practice and
the Declaration of Helsinki 2002. There was oversight by an indepen-
dent data and safety monitoring committee, and all participants
provided written informed consent.

Study population

Women aged >18years who were permanent residents of Vietnam
and undergoing IVF with FET and endometrial preparation using an ex-
ogenous hormone regimen were eligible for this study. Women who
had >2 previous embryo transfers and those with endometrial abnor-
malities (including polyps, submucosal fibroids, Cesarian scar defects,
hyperplasia, fluid accumulation, adhesion), or were participating in
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another IVF study at the same time, were not eligible. In addition,
in vitro maturation, oocyte donation and preimplantation genetic diag-
nosis cycles were excluded.

At our center, criteria for an elective freeze-all strategy were abnor-
mal endometrium; large cesarean scar defect; hydrosalpinx and patient
request. A non-elective freeze-only strategy was applied in the follow-
ing situations: premature progesterone rise; risk of ovarian hyperstimu-
agonist  trigger cycle;
endometrium <7 mm on day of trigger; and fluid inside cavity on the

lation;  gonadotropin-releasing hormone
day of embryo transfer.

Treatments

To prepare the endometrium for FET, all women received oral estra-
diol valerate (Valiera®; Laboratories Recalcine) 8 mg/day for 6days
starting from the second or third day of menstruation. Endometrial
thickness was monitored from Day 6 onwards. After 6 days of treat-
ment (i.e. from days 8 to 9 after the start of menstruation), the estra-
diol dose could be increased to a maximum of |6 mg/day depending
on the thickness of the endometrium. Overall, estradiol was given
from the day of starting progesterone until the day of pregnancy test-
ing. Progesterone-based luteal support was started when endometrial
thickness reached >8 mm. If endometrial thickness was <7 mm after
|4 days’ treatment with estradiol, the cycle was canceled.

In the first phase of the study (26 June 2019 to 31 October 2019),
women received luteal phase support with micronized vaginal proges-
terone (Cyclogest®; Actavis) 400 mg twice daily (in the morning and
evening; control group). Allocation of participants to this regimen was
continued until the target sample size was achieved.

In the second phase of the study (I November 2019 to 30 March
2020), women received dydrogesterone (Duphaston®; Abbott) 10mg
twice daily plus micronized vaginal progesterone (Cyclogest®; Actavis)
400 mg twice daily plus (both given in the morning and evening; inter-
vention group). The second phase of the study included the |-month
lunar new year (Tét) holiday in Vietnam. Therefore, it was planned to
recruit for 5months to ensure that each period included a 4-month
recruitment period with the aim of ensuring similar numbers of partici-
pants allocated to each regimen. Outcomes were not analyzed prior
to the additional month of recruitment.

Fertility treatments

Embryo transfer was performed at 4 days (Day 3 embryo transfer) or
6days (Day 5 embryo transfer) after starting progesterone. All em-
bryos were warmed on the day of transfer. After warming, surviving
embryos (maximum 2) were transferred into the uterus under ultra-
sound guidance. In both groups, estradiol and progesterone were con-
tinued until the day of pregnancy testing. If the pregnancy test was
positive, the luteal phase support regimen was continued until 7 weeks
of gestation. Only one FET cycle per participant was included in the
study.

Outcomes

The primary outcome was live birth after one cycle of FET, defined as
the birth of at least one newborn after 24 weeks’ gestation exhibiting
any sign of life (twins were a single count). Predefined secondary out-
comes included the following (all after the first embryo transfer): luteal

phase progesterone level (determined using a blood sample taken in
the morning of the fourth day after starting progesterone at ~2-3 h af-
ter the morning dose of micronized progesterone + dydrogesterone);
and length of the luteal phase (staring on the day of progesterone initi-
ation and ending on the last day prior to menstruation). The following
parameters were also assessed: positive pregnancy test (serum hCG
level >5 mlU/ml); clinical pregnancy (>1 gestational sac on ultrasound
at 7 weeks’ gestation with detection of heart beat activity); ongoing
pregnancy (pregnancy with a detectable heart beat at > 12 weeks’ ges-
tation); ectopic pregnancy (gestational sac outside the uterine cavity);
miscarriage (pregnancy loss at <12 weeks’ gestation); and multiple
pregnancy (presence of >1 sac at early pregnancy ultrasound), all after
the first embryo transfer of the started cycle. In addition, the implanta-
tion rate was calculated as the number of gestational sacs per number
of embryos transferred. Embryo quality was assessed using the
Istanbul criteria (Alpha Scientists in Reproductive Medicine and ESHRE
Special Interest Group of Embryology, 2011). A good Day 3 embryo
was defined as grade |, cell number of 7-9, even cell size, <10% frag-
mentation, and no multinucleation. A good blastocyst was defined as
good inner cell mass that was prominent and easily discernible, with
many cells compacted and tightly adhered together and good trophec-
toderm with many cells forming a cohesive epithelium and stage of de-
velopment of expanded or hatched/hatching.

The following outcomes were evaluated in women achieving preg-
nancy: gestational diabetes (defined as any of the following plasma glu-
cose values after an oral glucose tolerance test: >92mg/dl or
5.1 mmol/I [fasting]; >180mg/dl or 10.0mmol/I [at | h]; 153 mg/dl
or 8.5mmol/I [at 2h]) (American Diabetes Association, 2018); hy-
pertensive disorders of pregnancy (including pregnancy-induced hy-
pertension [new-onset hypertension arising after 20 weeks’ gestation
without features of pre-eclampsia and resolving within 3 months
post-partum], pre-eclampsia and eclampsia [hypertension arising af-
ter at least 20 weeks’ gestation confirmed on 2 occasions plus one
or more of the organ/system features related to the mother and/or
fetus including renal, hematological, liver, neurological, pulmonary or
uteroplacental]) (Queensland Health); antepartum hemorrhage
(bleeding from or into the genital tract, occurring from 24 weeks’
gestation up to birth, including placenta previa, placenta accreta and
unexplained bleeding); preterm delivery (at <24, <28, <32 and <37
completed weeks of pregnancy); birth weight; rate of low (<2500 g),
very low (<1500 g), high (>4000 g) and very high (>4500 g) birth
weight; congenital abnormality; venous thromboembolism; and other
side effects (including gastrointestinal disorders, nervous system dis-
orders, vaginal discharge, vaginal discomfort and vulvovaginal
pruritus).

Measurement of progesterone

Blood samples (2ml) for determination of serum progesterone levels
were collected on Day 4 after starting progesterone. On that morning,
women applied micronized vaginal progesterone and/or dydrogester-
one (depending on their treatment group), and blood was taken
2—3h later (at approximately at 8 a.m.). All samples were processed
immediately and stored at -20°C. Serum progesterone levels were de-
termined using electrochemiluminescence immunoassay (ECLIA;
Roche Cobas E 801, Roche Diagnostics, Germany), with a lower level
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of quantification of 0.5 ng/ml, inter-assay variability of 2-6% and intra-
assay variability of 2—-4%.

Sample size calculation

The live birth rate in cycles that included luteal phase support with
vaginal micronized progesterone in frozen-thawed cycles in a previous
study at our center was 33.8% per initiated cycle (Vuong et al., 2018).
To detect a minimally important difference of 8% in live birth rate be-
tween the groups with 80% power and alpha of 5%, and allowing for a
drop-out rate of 10%, it was calculated that a total of 1264 women
(632 per group) would be required. The required number of partici-
pants (n=632) were recruited to the vaginal progesterone group in
the first 4-month study period, but the number of women treated
with the combination regimen and recruited to the study during the
4 months of recruitment during the second study period (n=732) was
greater than the number recruited during the first part of the study;
this difference in patient numbers between groups simply reflected the
number of women undergoing FET during the two 4-month recruit-
ment periods (of which the second lasted 5months because it con-
tained the I-month lunar new year [Tét] holiday) and was
unintentional.

Statistical analyses

Baseline characteristics were described using mean (with SD), median
(quartiles) and count (with percentage), as appropriate. The rate of
live birth and the associated 95% confidence interval (Cl) were esti-
mated for each group using the exact method for a binomial propor-
tion. Rates of secondary outcomes were estimated for each treatment
group, and the difference between groups was analyzed using the rate
ratio (RR) with 95% Cl. For the main analyses, statistical significance
was defined as P < 0.05 (with corresponding 95% ClI).

A prespecified subgroup analysis was planned based on serum pro-
gesterone level quartiles determined based on Day 4 progesterone
levels. Outcomes in the two treatment groups were compared within
each progesterone level quartile. For these analyses, statistical signifi-
cance was defined as P < 0.0l (with corresponding 99% CI).

A univariate analysis was performed that included all potential con-
founding variables. Variables with a P-value of <0.25 in the univariate
analysis were then included in a multivariate logistic regression adjusted
analysis to identify significant independent predictors of live birth.

All statistical analyses were performed using the R statistical package
(R version 3.3.3, R Foundation for Statistical Computing, Vienna,
Austria).

Results

Study population

A total of 3614 women were screened, of whom 1721 met the eligi-
bility criteria, and 1364 provided informed consent (reasons for non-
inclusion were desire to have three embryos transferred [n=73] and
use of other luteal support regimens [n=284]). The vaginal progester-
one plus dydrogesterone and vaginal progesterone groups included
732 and 632 participants, respectively. All patients were followed for
the duration of the first started cycle, including through to delivery in

those who achieved pregnancy. Women in the progesterone plus
dydrogesterone group had a significantly lower body mass index and
anti-Millerian hormone level at baseline and were significantly less
likely to be undergoing their first embryo transfer cycle (Table I).
Women were relatively equally distributed across the four quartiles of
serum progesterone levels in both treatment groups (Table II).

Live birth

The live birth rate was higher in the progesterone plus dydrogesterone
group compared with the progesterone group, but this difference was
not statistically significant (46.3% versus 41.3%; RR [.I, 95% ClI
[.0—1.3; P=0.06) (Table Il). Predictors of live birth on univariate
analysis were age, body mass index, anti-Mdllerian hormone level, du-
ration of infertility, type of infertility, ovulation disorder and diminished
ovarian reserve as the cause of infertility, serum progesterone level,
number of embryos transferred, and stage of embryo at transfer. In
the multivariate analysis adjusted for these predictors, the RR value of
live birth for patients treated with progesterone plus dydrogesterone
versus progesterone alone was 1.30 (95% Cl 1.01-1.68; P=0.042).

Other fertility outcomes

Endometrial thickness on the day of embryo transfer was slightly, but
significantly, lower in the progesterone plus dydrogesterone versus
progesterone alone group (difference of —-0.3mm, 95% Cl -0.4 to
—-0.I; P<0.00l) (Table Il). The number of embryos and good
embryos transferred was similar between groups. In both groups, the
proportion of women who had Day 3 cleavage stage embryo transfer
was 37-39%, while the remaining women had Day 5 embryo blasto-
cysts transfer (Table Il). There were no significant differences between
the progesterone plus dydrogesterone versus progesterone alone
group with respect to rates of implantation, positive pregnancy test,
clinical pregnancy and ongoing pregnancy (Table II).

Complications

The rate of miscarriage at <12 weeks was significantly lower in women
who received progesterone plus dydrogesterone compared with pro-
gesterone alone (3.4% versus 6.6%; RR 0.51, 95% CI 0.32-0.83;
P=0.009) (Table Il). The rate of gestational diabetes mellitus was
higher in the group that received luteal phase support with progester-
one plus dydrogesterone versus progesterone alone (12.6% versus
8.5%; P=0.02) (Table Il). Birth weight of both singletons
(2971.0+£ 6284 versus 31188+559.2g; P=0.004) and twins
(2175.5£494.8 versus 2494.2£584.7g P=0.002) was significantly
lower in the progesterone plus dydrogesterone group compared to
the group who received luteal phase support with progesterone alone
(Table ). The distribution of birth weights in the two treatment
groups are represented graphically in Fig. |. Rates of all other obstetric
and perinatal complications were comparable in both treatment
groups (Table I).

Predictors of live birth

In addition to treatment with progesterone plus dydrogesterone ver-
sus progesterone (as reported above), other statistically significant pre-
dictors of live birth on multivariate analysis were lower age of the
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Table | Demographic and clinical characteristics of study participants at baseline.

Characteristic

Age, years
BMI, kg/m?
Anti-Millerian hormone, ng/ml
Duration of infertility, years
Type of infertility, n (%)
Primary
Secondary
Number of IVF attempts, n (%)
|
2
3
Number of previous ET cycles, n (%)
0
|
Fresh ET

Freeze-all

Fresh ET
Freeze-all
Indication for IVF, n (%)
Male factor
Unexplained
Tubal factor
Ovulation disorder
Diminished ovarian reserve
Endometriosis
Others

Progesterone + dydrogesterone Progesterone P-value
(n=732) (n=632)
31.33+4.50 31.36+4.42 0.921
20.90+3.53 21.444+2.63 0.002
3.55[2.13,5.52] 3.85[2.33,6.01] 0.044
3.00[2.00, 5.00] 3.00 [2.00, 5.00] 0911
0.433
487 (66.5) 434 (68.7)
245 (33.5) 198 (31.3)
0.165
703 (96.0) 593 (93.8)
28 (3.8) 37 (5.9)
I (0.1) 2(0.3)
0.017
637 (87.0) 573 (90.7)
86 (11.7) 59 (9.3)
7(8.1) 5(8.5) 0.99
81 (91.9) 54 (91.5)
9(1.2) 0(0.0)
0(0) 0(0) -
9 (100) 0(0)
0.056
179 (24.5) 174 (27.5)
123 (16.8) 107 (16.9)
128 (17.5) 120 (19.0)
141 (19.3) 118 (18.7)
100 (13.7) 85 (13.4)
22 (3.0) 5(0.8)
39(5.3) 23 (3.6)

Values are mean =+ SD, median [quartiles], or number of participants (%).

ET, embryo transfer.

woman, primary versus secondary infertility, transfer of one versus
two embryos, transfer of Day 5 versus Day 3 embryos (Table IlI).

Subgroup analyses

lower rate of miscarriage. Thus, alternatives to the vaginal route of
progesterone administration might be one way to overcome issues re-
lating to vaginal absorption of progesterone.

Key strengths of this study include the large sample size and the fact
that it is the first to compare live birth rates after luteal phase support

Analysis in subgroups with different serum progesterone levels showed
that the live birth rate and miscarriage rate did not differ significantly
between the two luteal phase support regimen groups in any serum
progesterone level quartile (interaction P-values of 0.350 and 0.687,
respectively) (Table V).

Discussion

To the best of our knowledge, this is the largest study to date investi-
gating the combination of dydrogesterone plus micronized vaginal pro-
gesterone compared with vaginal progesterone alone in the setting of
FET. The results showed that the addition of oral dydrogesterone to
vaginal progesterone was associated with a higher live birth rate and

with oral dydrogesterone plus vaginal progesterone compared with
vaginal progesterone alone. However, several important limitations
need to be taken into account when interpreting the results. Firstly,
this was not a randomized trial, which means that bias was not opti-
mally controlled and there are potential differences between the
groups that might have influenced the findings. However, multivariate
analysis showed a larger treatment effect of oral dydrogesterone plus
vaginal progesterone and, in addition to a higher live birth rate, we ob-
served a lower miscarriage rate, which explains the treatment effect.
Secondly, study treatments were not given in parallel, but instead
were used sequentially in different groups of participants. The influence
of time-related effects was not formally tested. However, treatment
practices at the study center remained consistent over this period and
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Table Il Fertility outcomes and complications after the first embryo transfer (intention-to-treat analysis).
Progesterone + dydrogesterone Progesterone Between-group Rate ratio P-value
(n=1732) (n=632) difference (95% CI) (95% CI)
Fertility outcomes
Endometrial thickness, mm 10.84+ 1.24 1111 +1.08 -0.3 (-0.4,-0.1) — <0.001
Length of luteal phase, days 19.5+£23 19.6+2.5 —0.1 (-0.5,0.3) - 0.70
Serum progesterone level quartile, n (%) 16.19+10.99 16.14+11.57 — —
| (0.873 to <10.9 ng/ml) 186 (25.4) 155 (24.5) — —
2 (10.9 to <13.9ng/ml) 190 (26.0) 152 (24.1) - -
3 (13.9 to <18.2ng/ml) 181 (24.7) 159 (25.2) - -
4 (18.2 to 207.0 ng/ml) 175 (23.9) 166 (26.3) - —
Live birth, n (%) 339 (46.3) 261 (41.3) 5(-0.4,10.4) 1.12(0.99, 1.27) 0.06
Number of embryos transferred, n (%) 0.562
| 389 (53.1) 325(51.4) - —
2 343 (46.9) 307 (48.6) - -
Number of good embryos transferred, n (%) 0.32
0 81 (11.1) 82 (13.0) — —
| 432 (59.0) 349 (55.2) - -
2 219 (29.9) 201 (31.8) - -
Stage of embryo at transfer, n (%) 0.733
Day 3 (cleavage) 281 (38.4) 236 (37.3) - -
Day 5 (blastocyst) 451 (61.6) 396 (62.7) - —
Positive pregnancy test, n (%) 444 (60.7) 375 (59.3) 1.3 (4, 6.7) 1.02 (0.94, 1.12)  0.659
Clinical pregnancy, n (%) 406 (55.5) 351 (55.5) 0.1 (-5.4,5.3) 1.00 (0.91, 1.1) 0.99
Implantation, n (%) 4741458 4521443 2.2(-2.6,7.0) - 0.36
Ongoing pregnancy, n (%) 375 (51.2) 304 (48.1) 3.1 (-2.3,8.6) 1.07 (0.96, 1.19)  0.272
Multiple pregnancy 54 (7.4) 42 (6.6) 0.7 (2.1, 3.6) .11 (0.75, 1.64) 0.67
Complications
Pregnancy complications, n (%)
Ectopic pregnancy 6 (0.8) 5(0.8) 0(—=1,1 1.04 (0.32, 3.38) 0.99
Miscarriage < |2 weeks 25 (3.4) 42 (6.6) -3.2(-5.7,-0.7) 0.51(0.32,0.83)  0.009
Obstetric and perinatal complications, n (%)
Singleton delivery
Gestational diabetes mellitus 86 (11.75) 52 (8.23) 3.5(0.2, 6.8) 1.43 (1.03, 1.98) 0.04
Hypertensive disorders of pregnancy 25 (3.42) 17 (2.69) 0.7 (-1.2,2.7) 1.27 (0.69, 2.33) 0.53
Antepartum hemorrhage 0 (0) 0(0) - - —
Preterm delivery
Delivery at <24 weeks’ gestation 36 (4.92) 43 (6.8) -1.9 (45,0.8) 0.72 (047, 1.11) 0.16
Delivery at 24 to <28 weeks’ gestation 8 (1.09) 6 (0.95) 0.1 (1.1, 1.4) 1.15 (0.4, 3.3) 0.99
Delivery at 28 to <32 weeks’ gestation 10 (1.37) 3(0.47) 0.9 (-0.3,2) 2.88 (0.8, 10.41) 0.1
Delivery at 32 to <37 weeks’ gestation 41 (5.6) 31 (491) 0.7 (-1.8,3.2) 1.14(0.73, 1.8) 0.63
Birth weight, g 2971.0+ 6284 3118.84+559.2 —247.8(-248.3,47.3) - 0.004
Low birth weight, n (%) 41 (5.6) 24 (3.8) 1.8 (—0.6,4.2) 1.47 (0.9, 2.41) 0.13
Very low birth weight, n (%) 14(1.91) 6 (0.95) | (—0.4,2.4) 2.01 (0.78,5.21) 0.18
High birth weight, n (%) 6 (0.82) 6 (0.95) —0.1 (=13, 1) 0.86 (0.28, 2.66) 0.99
Very high birth weight, n (%) 0(0) 0(0) - - -
Growth < 5th percentile 8 (1.09) 2 (0.32) 0.8 (—0.2, 1.8) 3.45(0.74, 16.2) 0.12
Growth < |0th percentile 16 (2.19) 5(0.79) 1.4 (0, 2.8) 2.76 (1.02,7.5) 0.05
Congenital anomaly, n (%) 2 (0.27) 2(0.32) 0(—0.7,0.6) 0.86 (0.12, 6.11) 0.99

(continued)
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Table Il Continued

Progesterone + dydrogesterone Progesterone

(n=732)
Twin delivery
Gestational diabetes mellitus 6(0.82)
Hypertensive disorders of pregnancy 1 (0.14)
Antepartum hemorrhage
Preterm delivery
Delivery at <24 weeks’ gestation 0(0)
Delivery at 24 to <28 weeks’ gestation 0(0)
Delivery at 28 to <32 weeks’ gestation 3(0.41)
Delivery at 32 to <37 weeks’ gestation 19 (2.6)
Birth weight, grams 2175.5+£494.8
Congenital anomaly, n (%) 0 (0)

Between-group Rate ratio P-value
(n=632) difference (95% CI) (95% CI)

2(0.32) 0.5 (-0.4, 1.4) 2.59(0.52, 12.79) 0.3

4 (0.63) —0.5(—1.3,0.3) 0.22 (0.02, 1.93) 0.19
0(0) — — -
| (0.16) - - -
0(0) — - -

13 (2.06) 0.5(-1.2,2.3) 1.26 (0.63,2.53) 0.59

2494245847 -318.7 (-522.3, 115.2) - 0.002
0(0) - - -

Values are mean = SD, median [quartiles], or number of participants (%).
NICU, neonatal intensive care unit.

40004

3000

2000 L

Progesterona

Progesterane + dydrogesterane

Figure 1. Box and whisker plot showing singleton birth
weight in the two treatment groups. Bold central line median,
box 25th to 75th centile, whiskers £ |.5 X interquartile range; dots
show individual observations.

therefore these should have been the same throughout both study
periods. For example, overall ongoing pregnancy rates after fresh em-
bryo transfer at our center over the first and second study periods
were 37.3 and 37.5% per started cycle, respectively. In addition, par-
ticipants undergoing FET at the same times who were not enrolled in
the study had ongoing pregnancy rates per started cycle of 46.1% in
the first phase and 45.0% in the second phase, comparable to those in
study participants. Thirdly, some parameters differed significantly be-
tween treatment groups at baseline, however, these parameters have
been adjusted for using multivariate analysis. Finally, our study included
women from Vietnam only. Therefore, results need to be replicated in
populations of different ethnicity.

The sequential trial design was chosen for a variety of reasons.
Firstly, it meant that we were able to get data on the comparative

effectiveness of the study regimens more quickly than from a random-
ized controlled trial (RCT). It was also easier to recruit women, who
often do not want the uncertainty of treatment options inherent in a
randomized trial. Workload for staff was also reduced compared with
an RCT, making the study more feasible. As such, our study is an at-
tempt to overcome the issue that RCTs, even if they are completed
or even started, are often underpowered. While our study was not
randomized, it still introduced a treatment directed by the research.
Although this might still introduce some bias, it increases precision of
the treatment effect due to the large sample size that we created.

Publication of data from a planned preliminary analysis of an RCT
comparing different luteal phase support regimens for cycles including
vitrified blastocyst transfer showed that regimens that only included
vaginal progesterone were associated with a lower rate of ongoing
pregnancy (31% versus 50 and 47% with regimens containing intramus-
cular progesterone; P<0.001) and a higher rate of miscarriage (48%
versus 22 and 29%; P <0.001) (Devine et al., 2018). Our findings of a
significantly higher miscarriage rate in the progesterone only group of
our study are consistent with this.

The serum progesterone level in our study reflects absorption of
vaginally-administered progesterone only. Therefore, adding oral
dydrogesterone to vaginal luteal phase support approaches could help
to avoid potential problems associated with poor absorption of vaginal
progesterone and improve the possibility of achieving live birth.
Identification of biomarkers able to predict which women will have
low absorption of vaginal progesterone would be useful to help deter-
mine those who would benefit most from the addition of oral dydro-
gesterone for luteal phase support.

Other studies utilizing luteal phase support regimens containing mi-
cronized vaginal progesterone have also reported that women with
lower serum progesterone levels have worse pregnancy outcomes. In
a study of oocyte donation cycles, the ongoing pregnancy rate differed
significantly by quartile of progesterone level on the day of embryo
transfer, being substantially lower in quartile | (33%, serum progester-
one <9.2ng/ml) compared with 49, 59 and 51% in quartiles 2, 3 and
4, respectively (P=0.016) (Labarta et al, 2017). In contrast, the

G20z 1990100 G U0 1sonB Aq 611 1.929/1Z81/L/9€/B01e/daiwny/woo"dno-oiLapeoe//:Sdiy Wo.y, papeojumod



1828

Vuong et al.

Table 111 Univariate and multivariate logistic regression analysis for factors affecting the live birth rate after one frozen em-

bryo transfer cycle.

Treatment, n (%)
Progesterone + dydrogesterone
Progesterone
Age, years
BMI, kg/m?
Anti-Mllerian hormone, ng/ml
Duration of infertility, years
Type of infertility, n (%)
Primary
Secondary
Number of IVF attempts, n (%)
|
2
3
Number of previous ET cycles, n (%)
0
|
2
Indication for IVF, n (%)
Male factors
Unexplained
Tubal factors
Ovulation disorder
Diminished ovarian reserve
Endometriosis
Others
Endometrial thickness, mm

Serum progesterone level, ng/ml

Serum progesterone level quartile, n (%)

| (0.873 to <10.9 ng/ml)
2(10.9 to <13.9ng/ml)
3 (13.9 to <18.2ng/ml)
4 (18.2 to 207.0 ng/ml)
Number of embryos transferred, n (%)
|
2

Number of good embryos transferred, n (%)

0
|
2
Stage of embryo at transfer, n (%)
Day 3 (cleavage)
Day 5 (blastocyst)

Live birth [n (%)]

Yes (n = 600)

339 (56.5)
261 (43.5)
3041 £3.98
21274328
489+3.43
3.744+2.56

435 (72.5)
165 (27.5)

572 (95.3)
26 (4.3)
2(0.3)

536 (89.3)
58 (9.7)
6(1.0)

163 (27.2)
96 (16.0)
99 (16.5)
148 (24.7)
57 (9.5)
12 (2.0)
25 (4.2)
11.0041.13
15.55 +9.44

155 (25.8)
153 (25.5)
160 (26.7)
132 (22.0)

335 (55.8)
265 (44.2)

73 (12.2)
354 (59.0)
173 (28.8)

170 (28.3)
430 (71.7)

No (n = 764)

393 (51.4)
371 (48.6)
32.07 £ 4.68
21.07 £3.05
4,07 +2.89
4004268

486 (63.6)
278 (36.4)

724 (94.8)
39 (5.1)
1(0.1)

674 (88.2)
87 (11.4)
3(0.4)

190 (24.9)
134 (17.5)
149 (19.5)
11 (14.5)
128 (16.8)

15 (2.0)
37 (4.8)
1092+ 1.22

16.65+12.48

186 (24.3)
189 (24.7)
180 (23.6)
209 (27.4)

379 (49.6)
385 (50.4)

90 (11.8)
427 (55.9)
247 (32.3)

347 (45.4)
417 (54.6)

Univariate analysis

Odds ratio (95% CI), P-value

1.23 (0.99, 1.52), 0.063
Ref

0.92 (0.89, 0.94), <0.001

1.02 (0.99, 1.06), 0.255

1.09 (1.05, 1.13), <0.001

0.96 (0.92, 1.00), 0.067

Ref
0.66 (0.53, 0.84), 0.001

Ref
0.84 (0.50, 1.40),0.513
2.53 (0.24, 54.55), 0.449

Ref
0.84 (0.59, 1.19), 0.325
2.51 (0.66, 11.96),0.294

Ref
0.84 (0.60, 1.17),0.292
0.77 (0.56, 1.08), 0.128
.55 (1.13, 2.15), 0.007
0.52 (0.35, 0.75), 0.001
0.93 (0.42, 2.05), 0.862
0.79 (0.45, 1.36), 0.394
1.06 (0.96, 1.17),0.243
0.99 (0.98, 1.00), 0.079

Ref
0.97 (0.72, 1.31),0.851
1.07 (0.79, 1.44), 0.675
0.76 (0.56, 1.03), 0.075

Ref
0.78 (0.63, 0.96), 0.022

Ref
1.02 (0.73, 1.44),0.9
0.86 (0.60, 1.25), 0.43

Ref
2.10 (1.68, 2.65), <0.001

Multivariate analysis®

Rate ratio (95% CI), P-value

1.30 (1.01, 1.68), 0.042
Ref

0.94 (0.91, 0.97), <0.001

1.02 (0.98, 1.07), 0.29

1.01 (0.96, 1.06), 0.668

0.99 (0.94, 1.04), 0.681

Ref
0.73 (0.55, 0.97), 0.029

0.95 (0.67, 1.35), 0.767
129 (0.89, 1.87), 0.182
1.08 (0.69, 1.68), 0.741

103 (0.92, 1.15), 0.602
0.99 (0.98, 1.00), 0.296

Ref
1.50 (1.08,2.08),0.015

Ref
2.53 (1.79, 3.61), <0.001

*The multivariate analysis adjusted for all factors with a P-value of <0.25 in the univariate analysis (i.e. age, body mass index, anti-Mdillerian hormone level, duration of infertility, type of

infertility, ovulation disorder and diminished ovarian reserve as the cause of infertility, serum progesterone level, number of embryos transferred and stage of embryo at transfer).

ET, embryo transfer; Ref, reference.
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Table IV Subgroup analysis showing rates of ongoing pregnancy, live birth and miscarriage by serum progesterone level
quartile (interaction P-values were 0.350 and 0.687, respectively).

Progesterone + dydrogesterone
(n=732)

Ongoing pregnancy
Serum progesterone level quartile, n (%)
| (0.873 to <10.9 ng/ml)
2 (10.9 to <13.9 ng/ml)
3 (13.9 to <18.2ng/ml)
4 (18.2 t0 207.0 ng/ml)
Live birth
Serum progesterone level quartile, n (%)
1 (0.873 to <10.9 ng/ml)
2 (10.9 to <13.9 ng/ml)
3 (13.9 to <18.2ng/ml)
4 (18.2 to 207.0 ng/ml)

Miscarriage at <12 weeks

102/ 186 (54.8)
102/190 (53.7)
92/181 (50.8)
79/175 (45.1)

92/186 (49.5)
88/190 (46.3)
90/181 (49.7)
69/175 (39.4)

Serum progesterone level quartile, n (%)

| (0.873 to <10.9 ng/ml) 6/186 (3.2)
2(10.9 to <13.9ng/ml) 6/190 (3.2)
3(13.9 to <18.2ng/mi) 8/181 (4.4)
4 (18.2 to 207.0 ng/ml) 5/175 (2.9)

Progesterone Rate ratio P-value
(n=632) (99% CI)
70/155 (45.2) 1.21 (091, 1.62) 0.08
76/152 (50) 1.07 (0.82, 1.41) 0.52
85/159 (53.5) 0.95 (0.73, 1.24) 0.66
73/166 (44) 1.03 (0.75, 1.40) 0.91
63/155 (40.6) 1.22 (0.89, 1.67) 0.13
65/152 (42.8) 1.08 (0.79, 1.48) 0.79
707159 (44) 1.13(0.84, 1.52) 0.33
63/166 (38) 1.04 (0.73, 1.48) 0.82
147155 (9) 0.36 (0.10, 1.22) 0.04
9/152(5.9) 0.53 (0.14,2.01) 0.29
137159 (8.2) 0.54 (0.18, 1.66) 0.18
6/166 (3.6) 0.79 (0.17, 3.67) 0.77

between-group comparison in live birth rate in our study did not differ
by serum progesterone level quartile.

Luteal phase support with dydrogesterone was compared with mi-
cronized vaginal progesterone in the LOTUS | (Tournaye et al., 2017)
and LOTUS Il (Griesinger et al., 2018) trials. The results showed that
oral dydrogesterone was non-inferior to vaginal progesterone with re-
spect to the presence of a fetal heartbeat at |2 weeks’ gestation (dif-
ference [95% CI] with dydrogesterone versus progesterone of +4.7%
[-1.2%, +10.6%] and +3.7% [-2.3, 4+9.7] in the two studies)
(Tournaye et al., 2017; Griesinger et al., 2018). Accordingly, live birth
rates did not differ significantly between the dydrogesterone and mi-
cronized vaginal progesterone groups (corresponding difference [95%
Cl] +4.9% [-0.8%, +10.7%] and +1.9% [4.0%, +7.8%] in the two
studies). However, women in these studies were undergoing fresh em-
bryo transfer, and there was no information on live birth rate, preg-
nancy complications and neonatal outcomes.

In contrast to that approach, the corpus luteum is absent in FET
cycles and we were concerned that oral dydrogesterone alone might
not provide adequate luteal phase support. There is no reference for
the dosage of dydrogesterone in FET cycles. Therefore, we followed
the same protocol as Wei et al. (2019) with a dydrogesterone dosage
of 10mg, twice a day to obtain evidence for the comparative effective-
ness of the dydrogesterone plus vaginal progesterone regimen versus
vaginal progesterone alone in the setting of FET. These data are im-
portant to provide evidence on which to base clinical decision making.
A comparison still to be made is the one between dydrogesterone
plus vaginal progesterone versus dydrogesterone alone. This would

allow determination the comparative benefits of luteal phase support
with dydrogesterone alone versus compared with micronized vaginal
progesterone after FET, as documented for fresh embryo transfer
(Tournaye et al., 2017; Griesinger et al., 2018, 2020).

It is possible that the outcomes observed in our study were primar-
ily due to the activity of dydrogesterone, which has high specificity for
progesterone receptors (Griesinger et al., 2018). Another potential
benefit of dydrogesterone relates to its immunomodulatory effect.
Treatment with dydrogesterone was shown to reduce pregnancy loss
in patients with threatened abortion in a prospective study, and this
was thought to be due to modulation of the cytokine profile and a
shift from T-helper (Th) | to Th2 predominance (including a reduction
Thl markers such as interferon-y (Ibrahim et al., 2020)). These will be
important parameters to assess in future studies with dydrogesterone.

Use of oral dydrogesterone in our study was generally well toler-
ated. The only statistically significant between-group difference was a
higher rate of gestational diabetes in the group treated with dydroges-
terone plus vaginal progesterone, while birthweight was lower in that
group. Of note, there was no significant difference between treatment
groups in the rate of congenital anomalies (two in each). This is in con-
trast to previous data from a retrospective case—control study report-
ing a lower rate of congenital heart disease in babies born to mothers
who were not versus were exposed to oral dydrogesterone in the
first trimester of pregnancy (Zaqout et al., 2015). However, another
retrospective analysis found that use of dydrogesterone for luteal
phase support did not increase the incidence of congenital malforma-

tions compared with a gonadotropin-releasing hormone short
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protocol (Huang et al, 2019). Therefore, additional prospective data
on the teratogenic potential of dydrogesterone are needed so that
evidence-based recommendations can be made about its use in luteal
phase support regimens.

Birth weight of both singletons and twins was significantly lower in
the combination group compared with vaginal progesterone alone,
and the proportion of low, very low, high and very high birth weight
infants were numerically slightly lower in the combination group, al-
though differences were not statistically significant between treatment
groups. This may be due a higher rate of preterm birth in the combi-
nation therapy group, although rates of preterm birth also were not
significantly different between the treatment groups. Another possibil-
ity is that the findings are influenced by the small sample size in each
birth weight category group. Nevertheless, the significant between-
group difference in birth weight recording in this study warrants atten-
tion in future clinical trials of dydrogesterone + progesterone.

Conclusions

The findings of this study suggest a role for oral dydrogesterone in ad-
dition to vaginal progesterone as luteal phase support in FET cycles to
reduce the miscarriage rate and improve pregnancy outcomes, includ-
ing live birth. Adding oral dydrogesterone was feasible and is well
tolerated.
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