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studyquestion: Is the ongoing pregnancy ratewith a newaqueous formulation of subcutaneous progesterone (Prolutexw) non-inferior to
vaginal progesterone (Endometrinw) when used for luteal phase support of in vitro fertilization?

summary answer: In the per-protocol (PP) population, the ongoing pregnancy rates per oocyte retrieval at 12 weeks of gestation were
comparable between Prolutex and Endometrin (41.6 versus 44.4%), with a difference between groups of 22.8% (95% confidence interval (CI)
29.7, 4.2), consistent with the non-inferiority of subcutaneous progesterone for luteal phase support.

what is known already: Luteal phase support has been clearly demonstrated to improve pregnancy rates in women undergoing
in vitro fertilization (IVF). Because of the increased risk of ovarian hyperstimulation syndrome associated with the use of hCG, progesterone
has become the treatment of choice for luteal phase support.

study design, size, duration: This prospective, open-label, randomized, controlled, parallel-group, multicentre, two-arm, non-in-
feriority study was performed at eight fertility clinics. A total of 800 women, aged 18–42 years, with a BMI of ≤30 kg/m2, with ,3 prior com-
pleted assisted reproductive technology (ART) cycles, exhibiting baseline (Days 2–3) FSH of ≤15 IU/L and undergoing IVF at 8 centres (seven
private, one academic) in the USA, were enrolled from January 2009 through June 2011.

participants/materials, setting, methods: In total, 800 women undergoing IVF were randomized after retrieval of at least
three oocytes to an aqueous preparation of progesterone administered subcutaneously (25 mg daily) or vaginal progesterone (100 mg bid daily).
Randomization was performed to enrol 100 patients at each site using a randomization list that was generated with Statistical Analysis Software
(SASw). If a viable pregnancy occurred, progesterone treatment was continued up to 12 weeks of gestation.

main results and the role of chance: Using a PP analysis, which included all patients who received an embryo transfer
(Prolutex ¼ 392; Endometrin ¼ 390), the ongoing pregnancy rate per retrieval for subcutaneous versus vaginal progesterone was 41.6
versus 44.4%, with a difference between groups of 22.8% (95% CI 29.7, 4.2), consistent with the non-inferiority of subcutaneous pro-
gesterone for luteal phase support. In addition, rates of initial positive b-hCG (56.4% subcutaneous versus 59.0% vaginal; 95% CI 29.5,
4.3), clinical intrauterine pregnancy with fetal cardiac activity (42.6 versus 46.4%; 95% CI 210.8, 3.2), implantation defined as number of
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gestational sacs divided by number of embryos transferred (33.2 versus 35.1%; 95% CI 27.6, 4.0), live birth (41.1 versus 43.1%; 95% CI
28.9, 4.9) and take-home baby (41.1 versus 42.6%; 95% CI 28.4, 5.4) were comparable. Both formulations were well-tolerated, with no
difference in serious adverse events. Analysis with the intention-to-treat population also demonstrated no difference for any outcomes
between the treatment groups.

limitations, reasons for caution: The conclusions are limited to the progesterone dosing regimen studied and duration
of treatment for the patient population examined in this study.

wider implications of the findings: Subcutaneous progesterone represents a novel option for luteal phase support in
women undergoing IVF who for personal reasons prefer not to use a vaginal preparation or who wish to avoid the side effects of vaginal
or i.m. routes of administration.

study funding/competing interests: The study was funded by Institut Biochimique SA (IBSA). CAJ, BC, ST and CJ are
employees of IBSA. FH currently consults for IBSA.

trial registration number: NCT00828191.
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Introduction
Luteal phase support has been clearly demonstrated to improve preg-
nancy rates in women undergoing IVF (van der Linden et al., 2011).
Because of the increased risk of ovarian hyperstimulation syndrome
(OHSS) associated with the use of hCG, progesterone has become
the treatment of choice for luteal phase support.

During the course of IVF treatment, progesterone is typically adminis-
tered by i.m. injection or vaginal insertion. With the exception of the syn-
thetic progestin dydrogesterone (Ganesh et al., 2011), the oral route of
administration has been demonstrated to be less effective compared
with the i.m. or vaginal routes (van der Linden et al., 2011). Intramuscular
injections of various oil-based progesterone formulations are painful, can
lead to significant skin inflammation and, on occasion, the formation of
sterile abscesses. In addition, none of the progesterone in oil formula-
tions has been approved by the United States Food and Drug Adminis-
tration (FDA) for use in IVF. In contrast, two vaginal preparations (a gel
and a vaginal insert) are FDA-approved for luteal phase support in IVF.
Although vaginal formulations are generally well-tolerated, this route
of administration may be associated with vaginal irritation and discharge
and may not be desirable to some women for this reason, or due to
personal or cultural considerations. Consequently, an efficacious and
well-tolerated alternative to the vaginal and i.m. routes of progesterone
administration would potentially be welcomed by both reproductive
endocrinologists and women undergoing IVF.

To provide such an option, a water-soluble formulation of progester-
one was developed that can be administered by subcutaneous injection.
This formulation was made possible by the formation of a molecular
complex of progesterone and the starch hydroxypropyl-b-cyclodextrin,
which permits solubility in water of the otherwise only lipid-soluble pro-
gesterone (Zoppetti et al., 2007). A pharmacokinetic study has demon-
strated that this aqueous preparation is promptly absorbed, achieving
higher peak serum progesterone concentrations compared with i.m.
administration of the same dose of an oil-based formulation (Sator
et al., 2013). Aqueous progesterone administered subcutaneously has
been demonstrated to produce adequate endometrial decidualisation
(secretory transformation) at a daily dose of 25 and 50 mg in women
who were down-regulated with GnRH agonist and then treated with
estradiol to develop the endometrium (de Ziegler et al., 2013).

The objective of the present study was to compare the safety, efficacy
and tolerability of subcutaneous aqueous progesterone (Prolutex 25 mg;
IBSA Institut Biochimique SA, Switzerland) with vaginal progesterone
inserts (Endometrin 100 mg twice daily; Ferring Pharmaceuticals, Parsip-
pany, NJ, USA) for luteal support in patients undergoing IVF. The primary
end-point for assessing efficacy in this study was ongoing pregnancy rate
at 12 weeks of gestation.

Materials and Methods

Study design
This prospective, open-label, randomized, controlled, parallel-group, multi-
centre, two-arm, non-inferiority study was performed at eight fertility clinics
in the USA. A total of 800 patients undergoing IVF were randomized to
2 groups: subcutaneous aqueous progesterone (Prolutex) 25 mg SC daily
(n ¼ 400) or vaginal progesterone (Endometrin) 100 mg twice daily
(n ¼ 400). Each site was asked to enrol 100 patients with equal numbers
assigned to Prolutex and Endometrin. The primary outcome was defined
as ongoing pregnancy rate at 12 weeks of gestation.

Patients with infertility, planning to undergo IVF with or without ICSI, were
selected for possible study inclusion between January 2009 and June 2011.
The eligibility criteria were female, age 18–42 years, BMI ≤30 kg/m2, less
than three prior completed assisted reproductive technology (ART) cycles,
baseline (Days 2–3) FSH ≤15 IU/l and estradiol ,80 pg/ml and a normal
uterine cavity as demonstrated by recent hysteroscopy, sonohysterogram
or hysterosalpingogram. Eligibility for randomization required that at least
three oocytes were retrieved and that the patient planned to proceed with
a fresh embryo transfer.

Significant exclusion criteria included cavity-distorting intramural fibroids or
polyps of .1 cm that were not removed prior to cycle initiation, stage III or
IV endometriosis, untreated hydrosalpinx, history of previous poor response
to gonadotrophin stimulation resulting in cancellation of the ART cycle, recur-
rent miscarriage defined as three or more spontaneous pregnancy losses after
the development of a gestational sac on transvaginal ultrasound, donated
oocytes, thawed embryos, gestational carrier, preimplantation genetic diagno-
sis or screening, supplemental luteal phase estrogen and untreated thyroid
disease, adrenal disease or thromboembolic disorder. All patients who were
screened but excluded met one of these exclusion criteria.

IVF and embryo transfer were performed according to site-specific proto-
cols. The majority of patients were down-regulated with oral contraceptive
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pills in the pretreatment cycle (95% in both groups). Ovarian stimulation pro-
tocols included GnRH agonist (long and flare protocols) and GnRH antagon-
ist. Gonadotrophin treatment included recombinant or urinary FSH plus
human menopausal gonadotrophin (HMG) at individualized doses as recom-
mended by the treating physicians. Final oocyte maturation was achievedwith
5000–10 000 IU of hCG, and oocyte retrieval was performed 34–36 h later
in accordance with the protocol followed at each clinic. Transfer could occur
at either the cleaved or blastocyst stage. The number of embryos transferred
was at the discretion of the investigator and the patient. Endometrial thick-
ness was assessed on the day of embryo transfer. Variations in the choice
of stimulation protocol, hCG dose and formulation for oocyte maturation,
stage of transfer and number of embryos transferred were allowed, so that
the study would reliably compare the two forms of progesterone luteal
phase support in real-world practice. We also wanted to allow the treating
physicians to choose the protocol and stage of transfer best suited for each
patient based on data from their own practices as well as from the medical
literature.

The study was designed, conducted, recorded and reported in compliance
with the principles of Good Clinical Practice guidelines. The study was
approved by an Institutional Review Board with jurisdiction at each site,

and informed consent was obtained from each participant. The trial was
registered with clinicaltrials.gov with the identifier NCT00828191.

Progesterone treatment and follow-up
Women who expressed an interest in participating provided informed consent
and were screened during IVF treatment if an initial review of records suggested
there was a high likelihood that they would fulfil all the inclusion/exclusion cri-
teria (Fig. 1). On the day of oocyte retrieval, after confirmation that at least
three oocytes were retrieved, women were randomized to Prolutex or Endo-
metrin. Randomization was performed at each site using a randomization list
that was generated by the study statistician using Statistical Analysis Software
(SASw), with the list for each site including 100 subjects, randomized in
blocks of 4 to either Prolutex or Endometrin (i.e. 25 blocks of 4 subjects in
each block, with 2 women assigned to each of the 2 treatments in each
block). Randomization and enrolment were implemented by the research co-
ordinator at each site who assigned randomization numbers in sequential/nu-
merical order from the site’s randomization list generated by the study
statistician. Prolutex was provided to the patient as multiple vials each contain-
ing 25 mg of lyophilized progesterone and a 1-ml syringe of sterile water for

Figure 1 Disposition of research subjects from screening to live birth.
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solubilization (now available as a ready-to-use solution in some European
countries), whereas Endometrin was supplied as vaginal inserts with vaginal
applicators in individually sealed foil pouches. The first dose of Prolutex was
administered under supervision shortly before the woman was to be dis-
charged and the first vaginal Endometrin insert was self-administered on the
day of retrieval at home following discharge.

A serum pregnancy test was performed at 15+ 2 days after oocyte
retrieval and, if positive, was repeated 2–3 days later. For patients with a
rising b-hCG level, an ultrasound was performed at 6–7 weeks of gestation.
If a viable intrauterine pregnancy was confirmed, the ultrasound was
repeated at 12 weeks of gestation. Daily progesterone for luteal support
was either continued to 12 weeks of gestation (a total of 10 weeks of proges-
terone administration) or discontinued if and when the pregnancy was found
to be non-viable.

Throughout the study, women recorded all adverse events and concomi-
tant medications in a diary. At each visit, specific questions were asked to
obtain additional information on each particular route of administration.
Women randomized to Prolutex were asked to describe the degree of
itching and pain from injections, and the investigator assessed the last injec-
tion site using a rating scale for redness, tenderness, irritation and inflamma-
tion. Similarly, women randomized to Endometrin were asked about the
presence of vaginal irritation, inflammation and itching, vaginal leakage and
vaginal bleeding.

Patients with an ongoing pregnancy at the final visit were provided with a
pregnancy outcome form for completion by their obstetrician following
delivery. The patient was subsequently contacted by telephone 15 days
after the expected delivery date if the completed form had not been received
by that time.

Statistical analysis
The primary population for efficacy analyses was the per-protocol (PP)
cohort, which included all women who underwent an embryo transfer, so
chosen because women who did not receive an embryo could not get preg-
nant on protocol and therefore would not require luteal support. Moreover,
treatment assignment could not have influenced outcome for those patients
with regard to embryo availability for embryo transfer because Prolutex and
Endometrin were administered only after oocyte retrieval, and any patient
discontinuing progesterone due to issues related to product safety or toler-
ability after treatment initiation was included in the PP cohort as treatment
failures. Analyses were also performed for the intention-to-treat (ITT) popu-
lation (i.e. all women who received at least one dose of the assigned treat-
ment) primarily for safety parameters, and for the population who became
pregnant.

The sample size calculation assumed an ongoing pregnancy rate of 43% in
both groups, a clinically significant difference of 10%, a two-sided alpha level
of 0.05 and a beta level of 0.20 (80% power). Based on these assumptions, a
total of 770 patients (385 per group) would be required to demonstrate
non-inferiority.

The primary efficacy variable was the proportion of patients who had an
ongoing viable pregnancy of 10 weeks after the start of progesterone treat-
ment (12 weeks of gestation). The estimate of the difference in pregnancy
rate between Prolutex and Endometrin with a corresponding two-sided
95% confidence interval (CI) was calculated using the standard formula for
the large sample approximation of the standard error of the difference
between two proportions. For the purpose of non-inferiority assessment,
if the lower bound of the 95% CI of the difference was greater than 210%,
then Prolutex was considered to be non-inferior to Endometrin.

For secondary continuous variables, statistical analyses were performed
using analysis of variance models with a factor for treatment group (Prolutex
versus Endometrin). For categorical variables, the effect of treatment group
was analysed using the Fisher exact test or the Cochran–Mantel–Haenszel

test, as appropriate. For comparisons involving multiple samples per
patient (e.g. analyses where the sample units were transferred embryos or
gestational sacs), Generalized Estimating Equation models with an independ-
ent covariance structure were used. The incidence of adverse events was
compared using the two-sided Fisher exact test.

Simple logistic regression and multiple logistic regression models were
used to assess the effect of baseline variables on pregnancy rates. In order
to assess the effect of centres, a logistic regression model with factors for
treatment (Prolutex versus Endometrin), centre and the treatment by
centre interaction was employed.

Results
All 800 patients in this study were assigned to one of the two luteal
support agents, and all received at least one dose of study medication
or comparator (ITT cohort) (Fig. 1). Embryo transfer was not performed
for 8 patients randomized to Prolutex (5 with failed fertilization or no
progressing embryos, 2 for risk of OHSS and 1 with a lack of available
sperm), and for 10 patients randomized to Endometrin (5 with failed
fertilization or no progressing embryos, 4 for risk of OHSS, 1 for allergic
reaction to tetracycline). If a patient did not receive an embryo, she was
discontinued from the study and therefore did not complete the
therapeutic plan (i.e. �15 days of luteal support and if pregnant at
�15 days, treatment continuing for a total of 10 weeks). All patients
who underwent embryo transfer were included in the PP cohort.
There were four patients who discontinued treatment before the preg-
nancy test on Day 15 of treatment (including two in the Prolutex group
who discontinued due to injection site reaction, and two in the Endome-
trin group who discontinued due to vaginal bleeding). These four patients
who discontinued study medication before Day 15 of treatment did not
violate the protocol and therefore were retained in the PP cohort as
treatment failures to ensure an accurate estimate of product efficacy.
There were five other patients in the PP Endometrin cohort who did
not complete the therapeutic plan (three who switched to i.m. proges-
terone in oil, one who changed study medication and one who took a
medication that was not allowed). These five patients were included in
the PP analysis as treatment failures.

The Prolutex and Endometrin groups were well-matched with respect
to baseline characteristics (Table I), and IVF treatment parameters
(Table II). Women in both groups had a mean age of �34 years and a
mean duration of infertility of �3 years. There was some ethnic diversity,
with .20% Asian and 8.5% Hispanic women included. There were no
significant differences between the treatment groups for age, race/eth-
nicity, BMI, infertility history, infertility diagnosis, basal FSH and estradiol
levels, smoking, ovarian stimulation protocol, number of oocytes
retrieved, number of embryos created and transferred, or stage of trans-
fer. As noted in Table II, the majority of embryos were transferred at
either the cleavage or blastocyst stage, with few transferred on Day
4. There were nine patients transferred on Day 2 (seven in the Prolutex
group and two in the Endometrin group), four patients transferred on
Day 6 (three in the Prolutex group and one in the Endometrin group)
and one patient transferred on Day 7 (in the Prolutex group).

In the PP population, the ongoing pregnancy rates per oocyte retrieval
at 12 weeks of gestation were comparable between the Prolutex and
Endometrin groups (41.6 versus 44.4%), with a difference between
groups of 22.8% (95% CI 29.7, 4.2). This finding is consistent with non-
inferiority of Prolutex to Endometrin because the lower bound of the
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95% CI of the difference between groups was greater than the pre-
specified non-inferiority margin of 210%. Similar results were noted
for Prolutex versus Endometrin in the ITT analysis (40.8 versus
43.3%), with a difference between groups of 22.5% (95% CI 29.4, 4.4).

Logistic regression analysis demonstrated that a number of variables
were significantly correlated with outcome, including patient age, total
stimulation dose, use of recombinant FSH, number of mature oocytes,
total number of embryos created, percentage of available embryos trans-
ferred and day of embryo transfer. However, when these same variables
were included in a multiple regression model, the only significant predic-
tors were total stimulation dose (P , 0.001), use of recombinant FSH
(P ¼ 0.008) and day of transfer (P , 0.001), with patients given higher
stimulation doses or recombinant FSH having lower pregnancy rates

and those receiving Days 5–6 of transfer having higher pregnancy
rates. The mean rFSH stimulatory dose (as a percentage of total dose)
for non-pregnant versus pregnant women was 66.6 versus 61.8%,
whereas the mean HMG dose (as a percentage of total dose) for non-
pregnant versus pregnant women was 30.6 versus 34.1%, indicating
that women in this study were more likely to become pregnant if a
higher percentage of HMG and a lower percentage of rFSH were utilized

........................................................................................

Table I Demographic characteristics of the intent-to-
treat (ITT) study population.

Prolutex
(n 5 400)

Endometrin
(n 5 400)

Mean age in years (SD) 34.3 (4.4) 34.3 (4.5)

Race/ethnicity

African American 2.5 3.5

Asian 21.5 20.3

Caucasian 67.3 66.3

Hispanic 8.5 8.5

Other 0.3 1.5

Infertility diagnosis

Male factor 49.0 50.8

Tubal disease 22.5 22.5

Diminished ovarian reserve 20.0 19.8

Unexplained 14.3 16.5

Endometriosis 11.0 7.8

Polycystic ovarian syndrome 10.5 8.3

Anovulatory/ovarian dysfunction 12.0 11.3

Other 3.8 4.5

Duration of infertility in months (SD) 35.8 (31.1) 36.2 (27.1)

Nulliparity 47.5 50.3

Number prior miscarriages

0 78.0 74.3

1 17.5 20.5

2 4.5 5.0

Number prior completed IVF cycles

0 80.0 82.3

1 16.3 13.8

2 3.8 3.5

Body mass index (kg/m2)

Mean (SD) 23.5 (3.1) 23.7 (3.0)

Min–Max 16.6–30.2 18.2–30.6

Smoker 2.0 2.3

Baseline FSH in IU/l, mean (SD) 7.1 (2.2) 7.0 (2.2)

Min–Max 0.2–14.5 1.3–14.9

Values are expressed as percentages unless otherwise noted.

........................................................................................

Table II Fertility treatment parameters for the ITT
study population.

Prolutex
(n 5 400)

Endometrin
(n 5 400)

Oral contraception
pretreatment

95.3 95.5

Protocol (%)

GnRH agonist 77.7 76.5

Antagonist 20.8 21.8

Both (antagonist coast) 1.5 1.8

Trigger of oocyte maturation

Human (urinary) hCG 86.0 87.0

Recombinant hCG 13.8 12.8

Other 0.3 0.3

Total gonadotrophin dose in IUa

rFSH mean (SD) (# patients) 2067 (1050) (381) 2203 (1141) (378)

HMG mean (SD) (# patients) 1081 (595) (375) 1037 (551) (361)

hFSH mean (SD) (# patients) 2449 (1302) (23) 1852 (944) (23)

Number of oocytes retrieved,
mean (SD)

16.4 (8.9) 15.7 (8.3)

ICSI (all or some of the mature
oocytes)

71.8 72.8

Number of embryos created,
mean (SD)

9.2 (5.8) 8.7 (5.6)

Endometrial thickness day of transfer in mm

mean (SD) 10.9 (2.3) 10.9 (2.6)

Day of embryo transfer, number (% in the timeframe)

Days 2–3 (cleaved) 168 (42.9) 171 (43.8)

Day 4 9 (2.3) 8 (2.1)

Days 5–7 (blastocyst) 215 (54.8) 211 (54.1)

Numberof embryos transferred (% with each number transferred except as
noted for the mean)

Mean (SD, range) 2.2 (0.8, 0–7) 2.2 (0.8, 0–6)

0 2.0 2.5

1 13.0 12.5

2 59.8 59.5

3 18.0 20.5

4 6.0 4.5

≥5 1.3 0.5

Number embryos frozen,
mean (SD)

3.3 (4.1) 2.8 (3.9)

Values are expressed as percentages unless otherwise noted.
aOf the 800 patients, 56 received only rFSH, 3 received only HMG and 1 received only
hFSH. Of the remaining patients, 690 received rFSH + HMG, 35 received hFSH +
HMG and 15 received some other combination.
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in the stimulatory phase of the IVF cycle. Perhaps the reason patient age
did not remain a predictor of outcome in the multiple regression model
was that it is highly (positively) correlated with total gonadotrophin
dosage, but the latter may be a more sensitive indicator of ongoing preg-
nancy as it will include younger patients who also required a high gonado-
trophin dosage and whose ovarian reserve was therefore comparable
with older patients. In another multiple regression model with treatment,
centre and a treatment by centre interaction term included, there was an
effect of centre as there frequently is in multicentre clinical trials (P¼
0.003), but there was no effect of treatment (P ¼ 0.428) or a treatment
by interaction effect (0.944), the latter indicating there was no difference
between centres in the relative efficacy of Prolutex and Endometrin.

No statistically significant differences between Prolutex and Endome-
trin were seen for any of the secondary efficacy variables, including rates
of initial positive serum b-hCG, clinical pregnancy at 6–7 weeks of ges-
tation, live birth, take-home baby, implantation, biochemical pregnancy
loss or early pregnancy loss, irrespective of the study cohort evaluated
(Table III). The numbers of women who achieved clinical pregnancy
were 163 in the Prolutex group and 173 women in the Endometrin
group. The take-home baby rate per embryo transfer (the most

important outcome measure from the patient’s perspective) for Pro-
lutex versus Endometrin was 41.1 versus 42.6% (P ¼ 0.72) in the PP
population. The rates of biochemical pregnancy loss (positive b-hCG
only without development of a gestational sac) and early clinical preg-
nancy loss (pregnancy loss up to 12 weeks of gestation after confirmation
of a clinical pregnancy with fetal cardiac activity at 6–7 weeks of gesta-
tion) also did not differ between groups (Table III).

There was no evidence of a difference between Prolutex and Endome-
trin inwomenaged ,35yearsandwomenaged≥35years. In thePPpopu-
lation, the ongoing pregnancy rate for Prolutex versus Endometrin for
women aged ,35 years was 45.7 versus 50.5% (difference 24.7, 95%
CI of the difference 214.1, 4.7). For women aged ≥35 years, the
ongoing pregnancy rate for Prolutex versus Endometrin was 36.1 versus
36.9% (difference 20.8, 95% CI of the difference 211.0, 9.4). However,
it should be noted, that similar to a previous study of luteal phase
support (Doody et al., 2009), this study was not powered to examine dif-
ferences in efficacy between treatment groups in specific age cohorts.

The number of adverse events and the proportion of study subjects
experiencing at least one adverse event were similar between the two
treatment groups. The most frequently reported adverse events,

.............................................................................................................................................................................................

Table III Pregnancy and implantation rates by treatment group (in per cent), calculated for both the per-protocol (PP) and
intent-to-treat (ITT) cohorts (PP/ITT, n 5 392/400 for Prolutex, n 5 390/400 for Endometrin).

Prolutex Endometrin Difference versus vaginal (95% CI)
(non-inferiority margin 5 10%)

Initial serum b-hCG positive

PP 56.4 (221/392) 59.0 (230/390) 22.6 (29.5, 4.3)

ITT 55.3 (221/400) 57.5 (230/400) 22.2 (29.1, 4.6)

Clinical pregnancy (6–7 weeks of gestation)

PP 42.6 (167/392) 46.4 (181/390) 23.8 (210.8, 3.2)

ITT 41.8 (167/400) 45.3 (181/400) 23.5 (210.4, 3.4)

Ongoing pregnancy (12 weeks of gestation—primary efficacy variable)

PP 41.6 (163/392) 44.4 (173/390) 22.8 (29.7, 4.2)

ITT 40.8 (163/400) 43.3 (173/400) 22.5 (29.4, 4.4)

Live birth

PP 41.1 (161/392) 43.1 (168/390) 22.0 (28.9, 4.9)

ITT 40.3 (161/400) 42.0 (168/400) 21.7 (28.6, 5.1)

Take-home baby

PP 41.1 (161/392) 42.6 (166/390) 21.5 (28.4, 5.4)

ITT 40.3 (161/400) 41.5 (166/400) 21.3 (28.1, 5.6)

Implantation (mean, SD)

PP 33.2 (42.0) (N ¼ 392) 35.1 (40.9) (N ¼ 390) 21.8 (27.6, 4.0)

Biochemical pregnancy lossa

24.4 (54/221) 21.3 (49/230) 3.1 (24.6, 10.9)

Early pregnancy lossb

2.4 (4/167) 4.4 (8/181) 22.0 (25.9, 1.8)

Clinical pregnancy was defined as the presence of a gestational sac with a fetal heart beat at gestational age of 6–7 weeks. Implantation rate was defined as the number of gestational sacs
divided by the number of embryos transferred for each individual patient then averaged. Early pregnancy loss was defined as loss up to 12 weeks of gestation after confirmation of fetal
cardiac activity.
There was no statistically significant difference for any comparison between groups.
SD ¼ standard deviation.
aCohort is comprised of patients who had a biochemical pregnancy.
bCohort is comprised of patients who were clinically pregnant at 6–7 weeks of gestation.
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irrespective of treatment group, were abdominal pain and discomfort,
constipation, diarrhoea, vaginal bleeding, OHSS, breast pain and tender-
ness, and headache. Adverse events, which could be associated with
route of administration, occurred with similar frequency in each group.
In the Prolutex group, 22.0% of women reported adverse events asso-
ciated with injection, including injection site bruising, inflammation,
oedema and injection site pain. In the Endometrin group, 14.5% reported
side effects associated with vaginal administration including genital prur-
itus, vaginal discharge and vaginal pain/discomfort. In both groups, the
majority of adverse reactions were reported as mild. Two patients in
the Prolutex group experienced an injection site reaction before Day
15 of treatment and were discontinued from the study, and two in the
Endometrin group were discontinued before the Day 15 pregnancy
test due to vaginal bleeding.

Serious adverse events leading to cessation of progesterone treat-
ment were mainly related to complications of pregnancy. Ectopic preg-
nancy was reported for five women (1.5%) in Prolutex group, and for
four women (1.3%) in the Endometrin group. Non-viable intrauterine
pregnancy was reported for 12 patients randomized to Prolutex
(7 with spontaneous abortion, 4 with missed abortion and 1 with incom-
plete abortion) and for 12 patients randomized to Endometrin (9 with
spontaneous abortion, 3 with missed abortion). Other serious adverse
events that resulted in discontinuation were not related to progesterone
treatment, including one ovarian torsion in the Prolutex group and one
pelvic haematoma following oocyte retrieval in the Endometrin group.

Five patients in the Endometrin group were major protocol violators
(three who switched to i.m. progesterone in oil, one who changed
study medication and one who took a medication that was not
allowed). In addition, two patients in the Endometrin group were later
found to have completed .2 prior IVF cycles. In the Prolutex group,
one patient was unintentionally randomized but did not receive study
medication because only one oocyte was retrieved, and one patient
had slightly lower creatinine clearance at study entry than required by
the protocol (59.4 versus ≥60 ml/min) and was not excluded for this
minor protocol violation.

Information was collected for 223 newborns (born to 163 mothers) in
the Prolutex group and 228 newborns (born to 173 mothers) in the
Endometrin group. There was one stillbirth in the Prolutex group and
five stillbirths (from three pregnancies) in the Endometrin group. Neo-
natal demise after live birth was reported for one baby in the Prolutex
group and for four babies (from two twin pregnancies) in the Endometrin
group. Abnormalities were noted for eight babies in the Prolutex group
(including club foot, Epstein abnormality, heart murmur, hydronephro-
sis, intraventricular haemorrhage and patent ductus arteriosis) and for
two babies in the Endometrin group (Down’s syndrome, neonatal
tooth). There were no statistically significant differences for any of
these outcomes, although it is acknowledged that the study was not
specifically powered to detect differences in rates of stillbirth, neonatal
death or birth defects.

Discussion
The findings of this study are consistent with the hypothesis that subcuta-
neous aqueous progesterone (Prolutex) of 25 mg daily is non-inferior to
vaginal progesterone inserts (Endometrin) 100 mg twice daily for luteal
phase support in women undergoing fresh embryo transfer IVF using au-
tologous oocytes. This conclusion is based on the fact that the lower

bound of the 95% CI for the treatment difference in the primary efficacy
variable, ongoing pregnancy rate, was above the pre-specified non-
inferiority limit of 210% for both the PP and ITT populations, a non-
inferiority margin that was also employed for the original Endometrin
study (Doody et al., 2009). There was also no difference between
treatments for any of the secondary end-points, including rates of
implantation, clinical pregnancy, live birth and take-home baby.

The findings in this study are consistent with a study comparing Pro-
lutex with vaginal progesterone gel in patients undergoing in vitro fertiliza-
tion in Europe (Lockwood et al., 2014). Of note, all of the cycles in the
European study utilized the long agonist protocol and ICSI and few
used pre-cycle treatment with oral contraceptives. The ongoing preg-
nancy and live birth rates reported herein were �10% higher than
those reported by Lockwood et al., but both studies demonstrated non-
inferiority of subcutaneous to vaginal progesterone. This consistency is
reassuring given that there are differences in the patient population,
approach to ovarian stimulation and likely other factors between the
USA and Europe.

There is no agreement in the literature on the optimal route of pro-
gesterone administration during IVF (van der linden et al., 2011).
Indeed, several observational studies have suggested that there is no dif-
ference in efficacy between i.m. and vaginal progesterone (Khan et al.,
2009; Mitwally et al., 2010; Silverberg et al., 2012). A recent survey
did, however, reveal geographic differences in the utilization of
various routes of progesterone administration (Vaisbuch et al., 2012);
worldwide, nearly two-third of IVF cycles utilize vaginal progesterone,
whereas in North America, IM progesterone is utilized alone or with
vaginal progesterone in 57% of cycles. Given that a single progesterone
product is not preferentially administered during IVF, patient prefer-
ence can and should be considered. Women prefer vaginal over IM pro-
gesterone because of the sequelae associated with the use of IM
progesterone (Yanushpolsy et al., 2010). However, some women
may prefer not to use the vaginal route for personal or cultural
reasons. Subcutaneous administration avoids the concerns regarding
vaginal administration and, unlike IM injections that are known to
cause significant adverse reactions, the subcutaneous injections in this
study were well-tolerated. Further, women undergoing IVF have prac-
tical experience with subcutaneous administration after using gonado-
trophins earlier in the procedure. A reasonable approach is to consider
providing women with choice, particularly when non-different efficacy
has been demonstrated.

Analogous to the situation regarding route of administration, there is
also no agreement in the literature on the optimal dose of progesterone
for luteal phase support (van der Linden et al., 2011). There were several
reasons for choosing the dose of Prolutex and Endometrin used in this
study. One such reason was to use the minimum effective dose, and
since both 25 and 50 mg daily doses of Prolutex led to decidualisation
(secretory transformation) in reproductive-aged women who were
down-regulated with GnRH agonist and treated with estradiol to
develop the endometrium (de Ziegler et al., 2013), 25 mg was consid-
ered a reasonable choice. Regarding Endometrin, 100 mg twice daily
was FDA-approved and was demonstrated to be effective in a large, ran-
domized trial (Doody et al., 2009) and was chosen to also be consistent
with the principle of choosing the lowest effective dose. Another reason
is safety, and in a pharmacokinetic study, fewer skin reactions were seen
with the 25 mg dose of Prolutex than either the 50 or 100 mg doses
(Sator et al., 2013). This dose also relates to the daily production of
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progesterone, which has been estimated to be 25 mg (Strauss and
Barbieri, 2004).

Analogous to the opinions regarding route and dose, there is no agree-
ment in the literature on the optimal time to initiate progesterone treat-
ment for luteal phase support (van der Linden et al., 2011). Part of this
uncertainty is owing to the fact that the timing and duration of implant-
ation are not precisely known (Paulson, 2011). In other studies, proges-
terone has been initiated on the day of retrieval in some or all patients
(Baruffi et al., 2003; Mochtar et al., 2006), the day after retrieval
(Doody et al., 2009; Yanushpolsky et al., 2010; Stadtmauer et al.,
2013) or 2 days after retrieval (Silverberg et al., 2012), without an
obvious impact on treatment effect. In our study, the first dose of sub-
cutaneous progesteronewas administered on the dayof (but immediate-
ly after) oocyte retrieval, so that the administration could be performed
under the supervision of a healthcare providerand the injection site could
be observed to ensure that the subject did not experience a significant
allergic reaction. Vaginal progesterone was also initiated on the day of
oocyte retrieval but was not performed in the clinic to allow the vagina
to recover following the retrieval procedure.

The strengths of this study include a large sample size, randomized
study subjects, general applicability to the real-life practice of IVF due
to broad inclusion criteria with no restrictions on the ovarian stimulation
protocol, and a low drop-out rate. In addition, the subcutaneous admin-
istration of progesterone is novel. There has been only one other publi-
cation (Lockwood et al., 2014) providing clinical outcome data about this
route of administration.

There are several limitations of this study. First, the findings are limited
toonedaily dose of subcutaneousprogesterone (25 mg) and a twice-daily
dose of vaginal progesterone (100 mg/dose). All patients were treated
until 12 weeks of gestation, which is consistent with recently published
studies (Doody et al., 2009; Stadtmauer et al., 2013) and international
standard of care (Vaisbuch et al, 2012). Thus, it is not possible to know
whether a shorter duration of treatment would have been equally effect-
ive, as has been suggested in other studies (Aboulghar et al, 2008; Kohls
et al., 2012; Liu et al., 2012). Second, because women with a BMI of .30
were excluded, the findings from this study cannot be extrapolated to
obese women, even though there were no significant differences
between the progesterone treatment groups within the BMI range
included in this study. Third, the study was open-label (not blinded). A
placebo injection for the Endometrin group and a placebo vaginal insert
for the Prolutex group (double-dummy design) could have been utilized,
but this was not done for several reasons. The primary outcome measure
for this study, ongoing clinical pregnancy, was non-subjective, and it would
be highly unlikely that either physician or patient bias could affect study
outcome (i.e. neither will be biased against the patient becoming preg-
nant). As detailed in Table II, there were no differences in treatment para-
meters between the Prolutex and Endometrin group, substantiating the
assertion that the physicians treating the patients were not treating the
patients differently based on study group assignment. In addition, double-
dummy studies are difficult to execute, particularly with regard to dosing
compliance. Although subjects had the opportunity to report all adverse
events experience during the study, specific questions about vaginal
symptoms were only asked of women taking Endometrin and specific
questionsabout skin reactionswere onlyaskedofwomen taking Prolutex.
Notwithstanding this possibility, the primary efficacy variable (ongoing
pregnancy rate) is an objective measure that would not be influenced
by investigator or subject bias.

Conclusion
This study demonstrated that a novel formulation of progesterone suit-
able for subcutaneous administration (Prolutex) was well-tolerated and
non-inferior in efficacy to a vaginal insert (Endometrin) for luteal phase
support in IVF. A subcutaneous formulation may be appealing to
women who prefer to avoid the i.m. and vaginal routes of administration.
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