Human Reproduction, Vol.35, No.2, pp. 355-363, 2020
Advance Access Publication on February 19, 2020  doi:10.1093/humrep/dez261

human ORIGINAL ARTICLE Infertility

reproduction

Efficacy, safety and tolerability of
progesterone vaginal pessaries versus
progesterone vaginal gel for luteal
phase support after in vitro
fertilisation: a randomised

controlled trial

Helen Saunders'*, Cass Khan?, Thomas D’Hooghe?***,

Thora Bjérg Magnusdéttir®, Ingrid Klingmann’, and
Sigran Hrafnsdoéttir®, on behalf of the vaginal progesterone luteal
phase support post IVF study group®

'"Medical Affairs, Gedeon Richter plc/Preglem S.A., 41 A Route de Frontenex, 1207 Geneva, Switzerland 2Clinical Development, L.D.
Collins & Co. Ltd, Breakspear Park, Breakspear Way, Hemel Hempstead, Herts, HP2 4TZ, UK 3Research Group Reproductive Medicine,
Department of Development and Regeneration, Organ Systems, Group Biomedical Sciences, KU Leuven (University of Leuven), Herestraat
49, 3000 Leuven, Belgium *Department of Obstetrics, Gynecology and Reproductive Sciences, Yale School of Medicine, New Haven, CT,
USA >Global Medical Affairs Fertility, Research and Development, Merck Healthcare KGaA, Darmstadt, Germany °Research and
Development Actavis Group PTC ehf., Reykjavikurvegur 76-78, Hafnarfiordur 220, Iceland ’General Management, Pharmaplex bvba, Av
St-Hubert 51, 1970 Wezembeek-Oppem, Belgium

*Correspondence address. Gedeon Richter plc/Preglem S.A., 41 A Route de Frontenex, 1207 Geneva, Switzerland. Tel: +41 22 344 0354;
E-mail: helen.saunders@preglem.com

Submitted on July 24, 2019; resubmitted on October | |, 2019; editorial decision on November 15, 2019

STUDY QUESTION: Are progesterone vaginal pessaries 400 mg twice a day (bid) non-inferior to progesterone vaginal gel (90 mg) once a
day (od) in the primary endpoint of clinical pregnancy rate after 38 days of luteal phase support in women undergoing in vitro fertilisation (IVF)?
SUMMARY ANSWER: Non-inferiority of progesterone vaginal pessaries 400 mg bid to progesterone 8% vaginal gel (90 mg od) was shown
for clinical pregnancy rate after 38 days of luteal phase support.

WHAT IS KNOWN ALREADY: To maximise successful embryo transfer after IVF, additionally administered progesterone is used for
proper endometrium transformation in the luteal phase. Vaginally administered progesterone results in adequate secretory transformation of
the endometrium.

STUDY DESIGN, SIZE, DURATION: This multicentre, multinational, open, randomised, two-parallel group, non-inferiority Phase 3 clinical
trial was carried out at |7 study sites in five European countries (Belgium, Bulgaria, Czech Republic, Hungary and Serbia) between October
2013 and August 2014. An interactive web response system (IWRS) was implemented for treatment allocation at the sites. Power analysis,
based on the assumptions of a non-inferiority margin of —9%, a significance level of o 2.5% (one-sided), power 90%, at a reference pregnancy
rate for the progesterone vaginal gel group of 30%, as well as applying a dropout rate of 10%, yielded a total number of 766 patients to be
randomised.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Women aged between |8 and 40 years with a clinical indication for IVF/intra-
cytoplasmic sperm injection (ICSI) and embryo transfer were eligible to participate. The clinical pregnancy rate was assessed by fetal heart
movement measured by transvaginal ultrasound at day 38 (D38) (primary endpoint) and D70. Also assessed were biochemical pregnancy rate
(assessed by serum B-hCG >25 [U/L), clinical implantation rates at D38, patient evaluation of vaginal bleeding and discharge (assessed by
diary) and adverse event (AE) incidence, severity and relationship to study medication.
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MAIN RESULTS AND THE ROLE OF CHANCE: A total of 769 female patients were randomised to progesterone 400 mg vaginal
pessaries bid (n =385, 50.1%) or progesterone 90 mg vaginal gel od (n = 384, 49.9%). Patients receiving progesterone vaginal pessaries and
progesterone vaginal gel were comparable in demographics, baseline characteristics and number of retrieved oocytes. In the full analysis
set (FAS; n =369 progesterone vaginal pessaries and n =368 progesterone vaginal gel), clinical pregnancy rates on D38 were 38.3% for
progesterone vaginal pessaries and 39.9% for progesterone vaginal gel. In the per protocol analysis set (PP; n =357 progesterone vaginal
pessaries and n =356 progesterone vaginal gel), clinical pregnancy rates on D38 were 38.1% for progesterone vaginal pessaries and 40.4%
for progesterone vaginal gel. For the differences in pregnancy rates between the progesterone vaginal pessaries group and the progesterone
vaginal gel, the lower limit of the 97.5% Cl was —8.6 and —9.5% for the FAS and PP datasets, respectively. The original prespecified non-
inferiority margin of —9% was thus met in the FAS dataset but was marginally below this in the PP dataset. However, the pregnancy rate of the
comparator was higher than the anticipated rate of 30%, and a predetermined logistic regression model including treatment group, country
and age group effects without interaction terms showed non-inferiority of progesterone vaginal pessaries to progesterone vaginal gel for both
the FAS and PP populations, in that the lower limits of the 95% Cls were above 0.7 for both analyses. As a result of this, the relevant authorities
accepted to widen the acceptable non-inferiority margin to —10%, and as such both the FAS and PP populations succeeded in showing non-
inferiority. Biochemical pregnancy and clinical implantation rates were comparable for both treatments. Both treatment groups showed similar
high compliance throughout the study, and the safety profiles were also comparable between the groups. Drug-related AEs occurred with
frequencies of |5.1% with progesterone vaginal pessaries and [4.4% with progesterone vaginal gel.

LIMITATIONS, REASONS FOR CAUTION: Clinical pregnancy rate is a surrogate for the outcome of live birth rate.

WIDER IMPLICATIONS OF THE FINDINGS: Progesterone 400 mg pessaries bid for luteal phase support is an effective, safe and
tolerable treatment option for women undergoing IVF during ART.
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Introduction

To maximise pregnancy rates following assisted reproductive tech-
niques (ART), luteal phase support (LPS) is now routinely provided by
either progesterone, using various routes of administration, or human
chorionic gonadotrophin (hCG), although hCG has been associated
with higher rates of ovarian hyperstimulation syndrome (OHSS) (van
der Linden et al,, 2015). When progesterone is administered vaginally,
high endometrial tissue progesterone levels may be achieved even if
the serum levels are relatively low (Miles et al., 1994; Cicinelli et al,
2000) due to a direct vagina-to-uterus transport mechanism (Bulletti
et al., 1997; Tavaniotou et al., 2000). Cyclogest® is a marketed vaginal
progesterone pessary preparation registered in the EU in the past for
premenstrual syndrome and postpartum depression treatment, and it
has also been used for LPS in clinical practice (Russell et al., 2015).

It has previously been demonstrated in healthy female volunteers
that secretory transformation of the endometrium may be achieved
by 400 mg Cyclogest® pessaries twice a day (bid) as an effective
alternative to 90 mg progesterone vaginal gel once a day (od) (Duijkers

et al, 2018). To achieve Cyclogest® marketing authorisations in the
EU for LPS, this Phase 3 study compared the clinical efficacy of the
two preparations, taking an endpoint of clinical pregnancy rate defined
by fetal heartbeat detection with ultrasound after 38 days of luteal
phase vaginal progesterone support following in vitro fertilisation (IVF)
commenced on the evening of oocyte retrieval (OR).

Materials and Methods
Study design

This multicentre, multinational, randomised, open, non-inferiority clin-
ical trial (EudraCT number 2013-001105-81) was carried out between
9 October 2013 and 8 August 2014 at |7 study sites in five countries:
Belgium (one study site), Bulgaria (three study sites), Czech Republic
(six study sites), Hungary (two study sites) and Serbia (five study sites).
The primary objective was to evaluate non-inferiority in the achieve-
ment of clinical pregnancy rate, i.e. fetal heart movement measured
by transvaginal ultrasonography (TVUS), after 38 days (D38) of LPS
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400 mg progesterone vaginal pessaries bid (test product) compared
to 90 mg progesterone vaginal gel od (reference product). Secondary
objectives included the clinical pregnancy rate after 10 weeks (D70) of
LPS, the biochemical pregnancy rate at D |8 of LPS, clinical implantation
rate per number of embryos transferred at D38 of LPS, and safety, tol-
erability, bleeding and vaginal discharge with progesterone vaginal pes-
saries versus progesterone vaginal gel when used for 10 weeks of LPS.

Ethical review and competent authority
approval

The study was conducted in accordance with the ethical principles
that have their origins in the Declaration of Helsinki (according to
its 59th WMA General Assembly, Seoul, Korea, October 2008) and
in accordance with the national legal requirements as well as the
principles of ICH-GCP. The study received favourable opinions from
the relevant independent ethics committees and approvals from the
national competent authorities in all countries based on the clinical trial
protocol Version 1.0 dated |10 June 2013. All patients obtained and
signed an informed consent form before any study-specific procedure
was performed.

Patient population

The study population included premenopausal women with a clinical
indication for IVF/intracytoplasmic sperm injection (ICSI) and embryo
transfer (ET). Inclusion criteria at randomisation included women aged
between |18 and 40 years; body mass index (BMI) > 18 and <30 kg/m?;
infertility due to tubal factor, mild endometriosis (American Society for
Reproductive Medicine stage | to 2), male factor, unexplained infertility
or ovarian ovulatory dysfunction; presence of at least one ovary;
uterine cavity without significant abnormalities; first, second or third
fresh cycle in the present series of ART; at least four oocytes retrieved
in the current ART cycle; and serum follicle-stimulating hormone
(FSH) level <12 IU/L. Exclusion criteria at randomisation included >2
previously failed complete ART fresh cycles; donor oocyte recipient;
any contraindication for pregnancy; presence of any medical condition
for which the use of progesterone is contraindicated (e.g. porphyria);
vaginal abnormalities (including untreatable abnormal discharge);
history of gynaecological neoplasia; uterine fibroids suspected to
affect the study procedures (assessed by ultrasound or hysteroscopy/
hysterosalpingogram); history of severe OHSS according to Golan
(Grade IV, V or VI); use within 2 months of study start of drugs inducing
or inhibiting p450 cytochrome; administration of investigational drugs
within 2 months of study start; and known hypersensitivity to one of
the study drugs or any of the excipients.

Study drug

The test product, progesterone vaginal pessary, was Cyclogest®
400 mg pessary (Actavis UK Ltd [ML 0142/01]), to be administered
intravaginally bid for 10 weeks. The reference product, progesterone
vaginal gel, was Crinone® 8% vaginal progesterone gel (90 mg)
(Central Pharma [Contract Packaging] Ltd on behalf of Merck GmbH,
Germany), to be administered intravaginally once daily for 10 weeks.
At the time of the study, Crinone® had marketing authorisation for
the LPS indication during ART treatment in the majority of European
countries.

Study assessments

The primary endpoint of the study was the clinical pregnancy rate
(assessed by fetal heart movement measured by TVUS) achieved after
D38 of LPS. The secondary study endpoints included clinical pregnancy
rate achieved after D70 (10 weeks) of LPS; clinical implantation rates
per number of embryos transferred (assessed by fetal heart movement
measured by TVUS) after D38 of LPS; biochemical pregnancy rate
(assessed by serum B-hCG >25 |U/L) at D18 after OR; patient evalu-
ation of vaginal bleeding and discharge (assessed by diary); and adverse
event (AE) incidence, severity and relationship to study medication.

Safety and tolerability assessments included laboratory parame-
ters (biochemistry and haematology); general physical and gynae-
cological examination (including TVUS); and vital sign measurement.
Patients were asked to document their use of study medication and
vaginal blood loss in a diary to be completed daily. Patient compliance
was assessed based on patient diaries and on returned units of trial
medication.

Conduct of the study

The ART procedure was at the discretion of the investigator, and pre-
treatment ART procedure details were not collected. ART procedures
included routine gonadotropin-releasing hormone (GnRH) downregu-
lation with GnRH agonist or GnRH antagonist; ovarian stimulation with
FSH and/or human menopausal gonadotropin with total starting dose
ranging from 100 to 300 IU per day and a maximum total dose of up to
450 IU per day; hCG 5000 or 10000 U trigger injection when at least
three follicles with diameter > 17 mm were observed during TVUS; OR
planned for 35 to 37 h after hCG trigger injection; and ET on D2 or D3
after OR (one to three embryos according to the site’s clinical practice
and national legislation, if applicable).

Patients were randomised to progesterone vaginal pessaries or
progesterone vaginal gel treatment in a |:| ratio on the day of OR
(D0). An interactive web response system (IVWRS) was implemented
for treatment allocation at the sites. On DO of the treatment period,
patients who met the entry criteria were sequentially assigned by the
investigator to a unique random number using the IWRS. A static
randomisation list was generated and implemented within the system
which accounted for two strata: study site and patient age group (<35,
>35 years).

Patients started the trial medication on the evening of DO (day of
OR) and were trained by a qualified physician or clinical personnel on
how to administer the trial medication. Patients self-administered the
trial medication on each study day for up to 70 (£3) days (correspond-
ing to the last scheduled visit), or until they discontinued the study
in case they did not become pregnant, or until they discontinued on
their own decision for other reasons, or until they were withdrawn
from the study by the investigator for other reasons. To be able
to compare both products in a longer treatment period, as some
vaginal progesterone formulations are indicated for up to 70 days
(D70), and to avoid change of medication at this critical time of
pregnancy, the total duration of trial medication administration was
D70 (&3 days) despite the fact that the primary endpoint of clinical
pregnancy was established on D38 (+7 days). The progesterone
vaginal pessaries 400 mg were self-administered twice a day, and the
progesterone vaginal gel (90 mg) was self-administered once a day.
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The patient recorded the time and day of drug administration in her
diary.

In case of a negative serum pregnancy test at visit D18 or lack of fetal
heartbeat on D38, patients were recorded as having failed to achieve
pregnancy and were considered evaluable for study completion.

Study design justification and statistical
analyses

An open, two-parallel groups design was selected to demonstrate
non-inferiority of progesterone vaginal pessaries 400 mg bid to pro-
gesterone vaginal gel (90 mg) od in the achievement of pregnancy
following IVF treatment. It was not possible to blind the treatments due
to their different formulations and due to the specific route (vaginal)
of administration. Since a placebo-controlled trial is not justified in
this indication for ethical reasons, an active control group had to be
used.

The non-inferiority margin for this trial was agreed during an inves-
tigator’s meeting and confirmed as appropriate by Scientific Advice
from Medicines and Healthcare Products Regulatory Agency (MHRA),
UK. Sample size considerations were based on the following assump-
tions: non-inferiority margin for pregnancy rate (reference drug rate
minus rate for test drug): —9% points; significance level a: 2.5% (one-
sided); power: 90%; with a reference pregnancy rate of 30% for
the progesterone vaginal gel group (Bergh and Lindenberg, 2012).
An expected primary outcome (clinical pregnancy rate at D38) of
32% for progesterone vaginal pessaries was assumed due to a slightly
larger secretory transformation rate of the endometrium (by 4%-
points) in the PK/PD trial (Duijkers et al, 2018). Applying the for-
mula by Farrington and Manning (Farrington and Manning, 1990), the
required number of evaluable patients was 344 per treatment group
(i.e. 688 patients in total). Applying a clinically justified dropout rate
of 10% yielded a total number of 766 patients to be randomised.
Since the total number of patients to be enrolled and randomised
in the study already accounted for dropouts, patients who prema-
turely discontinued the study for reasons other than failed pregnancy
were not replaced. Non-inferiority analysis of the clinical pregnancy
rate was done on the absolute difference between proportions cal-
culating one-sided 97.5% confidence intervals (Cls) using the Wald
method.

In addition, logistic regression was used to analyse co-factors
potentially influencing clinical pregnancy rate. Logistic regression
examined the stratification factors of country and age group and
was run with and without interaction terms for treatment by age
group and treatment by country. The logistic regression was carried
out using forward and backward selection examining the influence
of subgroups (country, age group, number of embryos transferred,
BMI group, embryo stage and type of fertilisation) on pregnancy
rate. The non-inferiority margin of the logistic regression, 0.7, was
generated from the absolute differences based on a pregnancy
reference rate of 30% to the multiplicative (relative) scale that is
the basic presumption for logistic regression models (0.7 =[30%—
9%]/30%). A generalised estimating equation (GEE) analysis was
carried out to test for treatment differences in clinical implantation
rate.

The safety analysis set included all patients randomised to receive
study medication. Non-inferiority analyses were completed for the

full analysis set (FAS) and the per-protocol (PP) set. The FAS popu-
lation included all patients who received at least one dose of study
medication and who had TVUS assessment of fetal heart movement
on visit D38, unless they showed a negative biochemical pregnancy
test on DI8 or were diagnosed with miscarriage before D38. The
PP set included the patients in the FAS who had no major protocol
deviations.

Results

Patient disposition

A total of 812 women were screened in the study and 769 were
randomised to receive progesterone vaginal pessaries (n =385,
50.1%) or progesterone vaginal gel (n =384, 49.9%). An overview
of patient disposition is given in Figure |. A total of 44 patients
failed the screening assessment, including one patient who was
randomised to progesterone vaginal gel treatment but violated
an inclusion/exclusion criterion (as this patient did not receive
any study medication). Premature discontinuation occurred in 45
patients (n =25 progesterone vaginal pessaries; n =20 proges-
terone vaginal gel including the one patient who was randomised
yet violated the inclusion/exclusion criteria). The most frequent
reasons for premature termination were AEs (10 patients), lost
to follow-up (7 patients) or ‘other’ (20 patients). There were
737 patients in the FAS population (369 progesterone vaginal pessaries;
368 progesterone vaginal gel), 713 patients in the PP population
(357 progesterone vaginal pessaries; 356 progesterone vaginal gel)
and 768 patients in the safety population (385 progesterone vaginal
pessaries; 383 progesterone vaginal gel).

Patient demographics

The two treatment groups were comparable in demographic and
baseline characteristics (Table ). The mean age of the patients
was 33 years (range 20 to 40 years), and the majority of the
patients were Caucasian (99.6%). The number of retrieved oocytes
ranged from 4 to 40 and was comparable for both treatments
with an overall mean (median) of 10.8 (9.0) retrieved oocytes.
ICSI was performed in 79.4% of the patients. Embryo cleavage
stage at ET was two to four cells in 32.9% of the patients and
>5 cells in 63.4% of the patients (while in 3.6% of cases this
information was missing). Most frequently, two embryos were
transferred (51.4%), while one embryo was transferred in 29.0% of
the patients and three embryos were transferred in 15.9% of the
patients.

Efficacy outcomes

Primary efficacy outcome

Clinical pregnancy rates in the FAS on D38 were 38.3% in the pro-
gesterone vaginal pessaries group and 39.9% in the progesterone
vaginal gel group, respectively. The corresponding results for the PP
group were 38.1 and 40.4% in the progesterone vaginal pessaries
and progesterone vaginal gel groups, respectively (Fig. 2, Table Il). For
the difference in pregnancy rates between the progesterone vaginal
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n=812
Subjects screened

n=769
Subjects randomized

n=43
Screening failures

n=768

Subjects receiving study medication

n=1
Did not receive any medication

Progesterone vaginal pessaries (n=385)

Progesterone vaginal gel (n=383)

Valid for safety
(n=385)

v

Valid for safety
(n=383)

v

Reasons for exclusion
* No data on efficacy (n=16)

Valid for efficacy
FAS (n=369)

Valid for efficacy
FAS (n=368)

Reasons for exclusion
» No data on efficacy (n=15)

v

v

Reasons for exclusion

* Violation of
inclusion/exclusion criteria
(n=1)

» Treatment compliance (n=7)

* Embryo transfer not 2 to 3
days after oocyte retrieval
(n=1)

« First pregnancy assessment
earlier than 17 to 19 days
after oocyte retrieval (n=2)

* No data on efficacy (n=1)

* Pregnancy test missing
without failed pregnancy
(n=1)

» Concomitant progesterone
treatment (n=3)

Valid for efficacy
PP (n=357)

Valid for efficacy
PP (n=356)

Reasons for exclusion
* Treatment compliance (n=6)

« First pregnancy assessment
earlier than 17 to 19 days
after oocyte retrieval (n=2)

* No data on efficacy (n=2)

» Concomitant progesterone
treatment (n=4)

Figure | Patient disposition. FAS, full analysis set; PP, per protocol set. Patients per country (safety set) were: Belgium, n =21; Bulgaria, n = 100;

Czech Republic, n =255; Hungary, n = 152; and Serbia, n = 240.

pessaries group and the progesterone vaginal gel group, the lower limit
of the 97.5% Cl| was —8.6 and —9.5%, for the FAS and PP datasets,
respectively.

The predefined logistic regression model examining treatment group
and stratification factors, country and age group, as well as the
interaction terms for treatment group by country and treatment
group by age group, on clinical pregnancy rate showed non-significant
interaction terms for both the FAS and PP analyses (P values >0.1).
The logistic regression model including treatment group, country and
age group effects without interaction terms showed non-inferiority
of progesterone vaginal pessaries to progesterone vaginal gel for

both FAS and PP populations in that the lower limits of the 95%
Cls were above 0.7 for both analyses. Estimated pregnancy rates for
progesterone vaginal pessaries versus progesterone vaginal gel were
32.9 versus 34.3% (FAS) and 33.4 versus 35.7% (PP), respectively,
with relative rates (RR) of 0.957 (95% ClI of RR, 0.776—1.158)
for the FAS and 0.937 (95% Cl of RR, 0.759—1.134) for the PP
analysis.

Secondary efficacy outcomes

Clinical pregnancy rate at D70, biochemical pregnancy rate at D18
and D38 and clinical implantation rate at D38 and D70 were assessed
in the FAS and PP set (Fig. 2, Table Il). Clinical pregnancy rates for
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Table I Baseline characteristics, safety population (N =768).

Progesterone vaginal
pessaries n =385

Progesterone vaginal
gel n =383

Age (years)

Age strata
Race Caucasian/White
Black
Asian
Hispanic
Other
Body weight (kg)
BMI (kg/m?)

Number of retrieved oocytes

Type of fertilisation

Embryo cleavage stage

Number of transferred embryos

Arithmetic mean/SD
(range)

<35

>35

n (%)

n (%)

n (%)

n (%)

n (%)

Arithmetic mean/SD
(range)

Arithmetic mean/SD
(range)

Arithmetic mean/SD
(range)

ICSI n (%)
IVF n (%)
Missing n (%)
24 cells n (%)
>5 cells n (%)
Missing n (%)
0 n (%)
| n (%)
2 n (%)
3 n (%)

32.8/4.14 (20-40)

273 (70.9)

112 (29.1)

382 (99.2)
0(0.0)
3(08)
0(0.0)
0(0.0)

64.34/9.405
(43.0-94.0)

22.95/3.01 1
(18.0-30.0)

11.0/5.95
(4-40)

305 (79.2)
66 (17.1)
14 (3.6)
126 (32.7)
245 (63.6)
14 (3.6)
14 (3.6)
112 (29.1)
200 (51.9)
59 (15.3)

33.2/3.95 (22-40)

268 (70.0)

115 (30.0)

383 (100)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

64.61/9.955
(43.5-102.0)

23.00/3.086
(18.1-30.0)

10.6/5.72
(4-35)

305 (79.6)
64 (16.7)
14 (3.7)
127 (33.2)
242 (63.2)
14 (3.7)
14 (3.7)
111 (29.0)
195 (50.9)
63 (16.4)

33.0/4.05
(20-40)

541 (70.4)

227 (29.6)

765 (99.6)
0(0.0)
3(0.4)
0(0.0)
0(0.0)

64.47/9.678
(43.0-102.0)

22.97/3.047
(18.0-30.0)

10.8/5.84
(4-40)

610 (79.4)
130 (16.9)
28 (3.6)
253 (32.9)
487 (63.4)
28 (3.6)
28 (3.6)
223 (29.0)
395 (51.4)
122 (15.9)

BMI, body mass index; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilisation; SD, standard deviation.

60

50

40

30

20

Pregnancy rate (%)

46.3

476 475

46.2

FAS PP FAS
BPR (Day 18)

BPR (Day 38)

43.5

408 39.9 40.4

38.3 38.1

PP FAS PP
CPR (Day 38)

B Progesterone vaginal pessaries M Progesterone vaginal gel

37.6 38.3
34.5 34.9
FAS PP
CPR (Day 70)

Figure 2 Pregnancy rates (biochemical and clinical), Days 18,38 and 70 in the FAS (N =737).BPR, biochemical pregnancy rate; CPR,
clinical pregnancy rate; FAS, full analysis set; PP, per protocol set. Three patients were included in the FAS but did not have Day 38 pregnancy information.
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Table Il Comparison of clinical efficacy of progesterone vaginal pessaries vs progesterone vaginal gel.

Clinical endpoint Population Progesterone vaginal Progesterone vaginal Difference
pessaries % (n) gel % (n)
Biochemical pregnancy rate (Day 18) FAS* 46.3% (171/369) 47.6% (175/368) —1.2%
PP 46.2% (165/357) 47.5% (169/356) —1.3%
Biochemical pregnancy rate (Day 38) FAS* 40.8% (150/368) 42.9% (157/366) —2.1%
PP 40.6% (145/357) 43.5% (155/356) —2.9%
Clinical pregnancy rate (Day 38)* FAS* 38.3% (141/368) 39.9% (146/366) —1.6%
PP 38.1% (136/357) 40.4% (144/356) —2.4%
Clinical pregnancy rate (Day 70) FAS* 34.5% (126/365) 37.6% (137/364) -3.1%
PP 34.9% (124/355) 38.3% (136/355) —3.4%
Clinical implantation rate (Day 38) FAS* 26.3% 27.8% —1.5%
PP 26.5% 28.4% —1.9%
Clinical implantation rate (Day 70) FAS* 24.6% 25.9% —1.3%
PP 24.8% 26.5% —1.7%

FAS, full analysis set; PP, per-protocol set.
*Three patients were included in FAS but did not have Day 38 pregnancy information.

**Primary endpoint of trial: for the difference in pregnancy rates between the progesterone vaginal pessaries group and the progesterone vaginal gel group, the lower limit of the

97.5% Cl was —8.6 and —9.5%, for the FAS and PP datasets, respectively.

Table IIl Overview of treatment-emergent adverse events (AEs) (safety population N =768).

Progesterone vaginal pessaries Progesterone vaginal gel Total

N =385 N =383 N=768
Number of patients with any AE 168 (43.6%) 171 (44.6%) 339 (44.1%)
Number of patients with any serious AE 6 (1.6%) 13 (3.4%) 19 (2.5%)
Number of patients with drug-related AEs 58 (15.1%) 55 (14.4%) 113 (14.7%)
Number of patients with drug-related serious AEs 0 (0.0%) 0 (0.0%) 0 (0.0%)
Number of patients who discontinued due to AE 19 (4.9%) 12 (3.1%) 31 (4.0%)
Intensity

Number of patients with mild AEs

126 (32.7%)

133 (34.7%) 259 (33.7%)

Number of patients with moderate AEs 40 (10.4%) 36 (9.4%) 76 (9.9%)
Number of patients with serious AEs 2 (0.5%) 2 (0.5%) 4 (0.5%)
Related to study drug 58 (15.1%) 55 (14.4%) 113 (14.7%)
Number of patients with mild AEs 40 (10.4%) 42 (11.0%) 82 (10.7%)
Number of patients with moderate AEs 17 (4.4%) 13 (3.4%) 30 (3.9%)
Number of patients with serious AEs 1 (0.3%) 0 (0.0%) 1 (0.1%)

both treatments were lower on D70 compared to D38, as could be
expected due to the natural course of pregnancies (e.g. occurrence
of miscarriage). Observed pregnancy rates on D70 were 34.5% (FAS)
and 34.9% (PP) for progesterone vaginal pessaries and 37.6% (FAS) and
38.3% (PP) for progesterone vaginal gel. Progesterone vaginal pessaries
and progesterone vaginal gel groups were comparable for biochemical
pregnancy rates on D18 (FAS, 46.3 and 47.6%, respectively) and D38
(FAS, 40.8 and 42.9%, respectively) and for clinical implantation rates
on D38 (FAS, 26.3 and 27.8%, respectively) and D70 (FAS, 24.6 and
25.9%, respectively) (Table ). Applying the GEE model, no statistically
significant difference in implantation rates was observed between the
progesterone vaginal pessaries and progesterone vaginal gel groups for
both the FAS and PP analyses (P values >0.4).

Safety and tolerability

Adverse events

Frequencies of patients reporting AEs (Table Ill) were comparable for
both treatments (progesterone vaginal pessaries 43.6%; progesterone
vaginal gel 44.6%). AEs of mild, moderate and severe intensity were
reported by 33.7, 9.9 and 0.5% of the patients, respectively. There
were |9 patients (2.5%) who had serious AEs, including six patients
treated with progesterone vaginal pessaries (1.6%) and |3 with pro-
gesterone vaginal gel (3.4%). Two patients treated with progesterone
vaginal pessaries and three patients treated with progesterone vaginal
gel discontinued the study due to serious AEs (OHSS, ectopic preg-
nancy, Bartholin’s cyst removal). Serious AEs observed during the study
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were in all cases unrelated to the study drug and in most cases could be
explained as consequences of ART procedures (e.g. OHSS) or were
due to abnormal pregnancy courses (e.g. ectopic pregnancy). Drug-
related AEs occurred with frequencies of 15.1% with progesterone
vaginal pessaries and 14.4% with progesterone vaginal gel and were
explained by the hormonal action of progesterone. Overall, 3| patients
(4.0%) discontinued the study due to AEs, of whom |9 were treated
with progesterone vaginal pessaries (4.9%) and |2 with progesterone
vaginal gel (3.1%). In six of these cases, the event leading to discontinu-
ation was miscarriage (i.e. failure to maintain pregnancy). AEs regarded
as possibly related to study drug and leading to premature study
termination were reported for six patients treated with progesterone
vaginal pessaries and one patient treated with progesterone vaginal
gel. Abnormal laboratory parameters (increased transaminases) were
reported as AEs in three (0.4%) patients, and no relevant abnormalities
of vital signs were reported.

Blood loss

Significant vaginal blood loss, defined as requiring sanitary protection,
was comparable between treatment groups throughout the study: at
least | day of blood loss that required sanitary protection was reported
by 33.2% of progesterone vaginal pessaries patients and 41.0% of
progesterone vaginal gel patients from DO to D18, 41.5% of proges-
terone vaginal pessaries patients and 44.4% of progesterone vaginal
gel patients through D38, and 43.8% of progesterone vaginal pes-
saries patients and 44.6% of progesterone vaginal gel patients through
D70. In pregnant women, the mean percentage of days with blood
loss was comparably low in both treatment groups, at about 1% of
the days.

Compliance

There were no relevant differences in compliance between patients
treated with progesterone vaginal pessaries or progesterone vagi-
nal gel throughout the study. Mean compliance ranged from 97 to
100% for both treatments and was similar in both groups with 96.5%
of the patients treated with progesterone vaginal pessaries having a
compliance of at least 90% until D38 compared to 94.9% of the
patients treated with progesterone vaginal gel. Thus, patient compli-
ance with the twice-daily application regimen for progesterone vaginal
pessaries was as high as for the once daily progesterone vaginal gel
application.

Discussion

This paper presents a Phase 3 non-inferiority study to support reg-
istration in Europe of Cyclogest® for LPS following IVF. The original
prespecified non-inferiority margin of —9% was thus met in the FAS
dataset but was marginally below this in the PP dataset. However, a
reference pregnancy rate of 30% was used to derive the non-inferiority
margin of —9%, whereas at the actual reference pregnancy rate of 40%,
a non-inferiority margin of up to 12% may be more appropriate (FDA,
2007; Heijnen et al., 2007; Devroey et al., 2012). The EMEA 2005
guideline recognises such situations and states: ‘If the performance of
the reference product in a trial is very different from what was assumed
when defining the non-inferiority margin then the chosen margin may
no longer be appropriate’ (European Medicines Agency, 2005). Fur-
thermore, a predetermined logistic regression model showed non-

inferiority of progesterone vaginal pessaries to progesterone vaginal
gel for both FAS and PP populations. Thus, the MHRA accepted to
widen the non-inferiority margin to —10% and, following comple-
tion of a decentralised procedure, all EU member states agreed to
grant marketing authorisations for LPS use of Cyclogest® in January
2017.

It is recognised that the variation in ART treatment between
centres might have impacted whether a patient achieved pregnancy
following ART. However, this study demonstrated equal efficacy
of both tested products despite this heterogeneity, indicating that
the results of this study are applicable to different stimulation
protocols.

The progesterone vaginal pessaries and the progesterone vaginal
gel treatment groups showed high compliance throughout the study,
which is likely supported by the high motivation of patients undergoing
IVF (Murto etal., 2017). High compliance rates were similar in
both treatment groups despite progesterone vaginal pessaries being
administered twice daily compared with the once-daily progesterone
vaginal gel. Both vaginal progesterone treatments were safe and well
tolerated by patients in this study, and progesterone vaginal pessaries
and progesterone vaginal gel had similar results with respect to AEs.
Serious AEs observed during the study were unrelated to the study
drug and could, in most of the cases, be explained as consequences
of ART procedures (e.g. OHSS) or were due to abnormal pregnancy
courses (e.g. ectopic pregnancy). Drug-related AEs were explained by
the hormonal action of the drugs. As expected, pregnant patients
reported fewer days with blood loss compared to non-pregnant
patients, and no differences in blood loss were found between
progesterone vaginal pessaries and progesterone vaginal gel in pregnant
patients throughout the study period.

Conclusion

This study demonstrated non-inferiority for progesterone vaginal pes-
saries (400 mg bid) versus progesterone vaginal gel (90 mg od) in
clinical pregnancy rate after 38 days of LPS (primary outcome), clinical
pregnancy rate after 70 days, biochemical pregnancy rate after 18 days
and implantation rate after 38 days, with no significant effect of country
or age group, indicating that the results are applicable to a broad range
of women in European countries. Both medications were safe and
well tolerated by patients, and women in both groups demonstrated
similarly high levels of compliance to the self-administered treatments.
Serious AEs observed during the study were unrelated to study medica-
tion and could be attributed to ART procedures or expected deviations
from a normal pregnancy course in this specific patient population.
Drug-related AEs occurred as could be expected due to the hormonal
action and were in accordance with the respective product informa-
tion. The use of vaginal progesterone as LPS to maximise pregnancy
rates following ART is well established, and the results of this study
suggest that progesterone 400 mg pessaries bid provides an effective,
safe and tolerable treatment option in women undergoing IVF.
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