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Efficacy and tolerability of vaginal progesterone
capsules (Utrogest™ 200) compared with
progesterone gel (Crinone™ 8%) for luteal phase
support during assisted reproduction
Jürgen Kleinstein, M.D., for the Luteal Phase Study Group

Clinic for Reproductive Medicine and Gynecologic Endocrinology, Faculty of Medicine, Otto-von-Guericke-University,
Magdeburg, Germany

Objective: To demonstrate the comparative efficacy and tolerability of capsules containing 200 mg of P
(Utrogest™ 200) or Crinone™ 8% gel for luteal phase and early pregnancy support during assisted reproduction
techniques (ART).
Design: Prospective, multicenter, randomized, controlled, open, parallel-group Phase III trial.
Setting: Seventeen German IVF centers.
Patient(s): Four hundred thirty women who underwent their first IVF or intracytoplasmic sperm injection cycle
were randomized after successful transfer of two or three embryos from July 1999 through September 2001.
Intervention(s): Patients vaginally applied capsules containing 200 mg of P (Utrogest™ 200) three times per day
or containing Crinone™ 8% gel twice per day. Therapy was started in the evening of the ET day and continued
up to 10 weeks in pregnant women. If the pregnancy test proved to be negative, application was stopped.
Main Outcome Measure(s): Ongoing pregnancy rate at the end of the study (12th week of gestation). Secondary
outcomes were rate of implantation and abortion, number and reasons of withdrawals, as well as adverse events,
assessment of tolerability, and acceptance.
Result(s): There were no relevant differences in demographic and other characteristics between the two groups.
Ongoing pregnancy rates were 25.2% in the Utrogest™ 200 group and 22.2% in the Crinone™ 8% group when
patients were analyzed who normally completed the trial. In the Utrogest™ 200 vs. the Crinone™ 8% group, the
implantation rate (14.7% vs. 11.9%) and abortion rate (18.2% vs. 19.1%) were not statistically different. The rate
of withdrawals at the individual visits also did not differ between treatment groups. Tolerability of both drugs was
good, and very few study drug–related adverse events were observed in both groups.
Conclusion(s): The luteal phase support in ART cycles with Utrogest™ 200 capsules (three times per day) or
Crinone™ 8% gel (two times per day) by the vaginal route resulted in similar outcomes with respect to
implantation, ongoing pregnancy, and abortion rates. The two recommended regimens of P supplementation in
ART proved to be equivalent and safe. (Fertil Steril� 2005;83:1641–9. ©2005 by American Society for
Reproductive Medicine.)

Key Words: Assisted reproduction techniques, luteal phase support, vaginal progesterone, pregnancy rate,
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here exist differences in progesterone (P) secretion in nat-
ral and stimulated cycles (1). In natural-conception cycles,
he steady increase of P is superimposed by the embryonal
CG–induced stimulation of large luteal cells. Stimulated
ycles are characterized by an unphysiological high, external
CG–induced P secretion in the early luteal phase that falls
ntil it is sustained by the embryonal hCG production.

A defective luteal phase was particularly demonstrated in
ssisted reproduction technique (ART) cycles using long
rotocol pituitary desensitization with GnRH agonists. In
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uch cases, a considerable fall in the P and E2 concentration
eginning from the 8th day of the luteal phase was observed
2), resulting in reduced overall success of ART treatment
ith lowered implantation and pregnancy rates (3, 4). How-

ver, immediate GnRH suppression caused by GnRH recep-
or blockage with subsequent luteal insufficiency appears to
ccur in ART cycles employing GnRH antagonists, too,
espite a shorter half life of the compounds and a reduced
ime of application during ovarian stimulation (5, 6). These
ndings require the use of luteal support in both the GnRH
gonist– as well as GnRH antagonist-controlled ART cycle.

Progesterone has become the agent of choice for luteal
hase supplementation because hCG is associated with a
igher risk of ovarian hyperstimulation syndrome (OHSS),
articularly in younger women, good responders, and
omen with polycystic ovary syndrome. Progesterone may

e administered by oral, IM, or vaginal routes. The vaginal
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oute gained attraction because it circumvents the variable
bsorption and high first-pass hepatic metabolism after oral
ngestion and also prevents the uncomfortable and some-
imes painful IM injection. Moreover, experimental (7) as
ell as clinical (8, 9) data propose a first uterine pass effect

fter vaginal administration of P with high uterine concen-
rations despite low systemic exposure.

In addition to pharmacist-formulated suppositories, the
ell-standardized P preparations Utrogest/Utrogestan (Be-

ins-Iscovesco, Paris, France) and Crinone™ 8% (Serono,
nterschlei�heim, Germany) are suitable for vaginal use. In
randomized study using a cross-over design, the vaginal

ioavailability of Utrogest™ 200 (200 mg of P) was evalu-
ted in 23 healthy women in comparison to the case with one
pplicator dose of the 8% P gel (90 mg of P) after a single
aginal administration (10). Both formulations did not differ
ith respect to the measured peak serum concentrations;
owever, they clearly were different in regard to the duration
f peak levels, which was longer with Utrogest™ 200 in
omparison with Crinone™ 8%. The area under the concen-
ration–time curve for P was almost 50% higher after ad-
inistration of Utrogest™ 200 than after the reference prep-

ration. There were no relevant differences in safety profiles
nd tolerability between the two investigated preparations.

The aim of the present study was to demonstrate the
omparative efficacy and tolerability of capsules containing
00 mg of P (Utrogest™ 200) and a gel (Crinone™ 8%)
ontaining 90 mg of P per applicator dose for luteal phase
nd early pregnancy support after ART. Women undergoing
VF–intracytoplasmic sperm injection (ICSI) were random-
zed to treatment with Utrogest™ 200 (three times per day
ntravaginally) or Crinone™ 8% (two times per day intra-
aginally) beginning from evening of the day of ET up to the
2th week of gestation, in case of pregnancy.

ATERIALS AND METHODS
atient Selection
uring a 2-year period, from July 1999 through September
001, 430 women undergoing IVF or ICSI were consented
or treatment and were randomized after successful ET to
eceive P. To achieve this, 583 women presenting for ART
ad to be screened by the 26 investigators in 17 German IVF
enters. Finally, each center randomized 10 to 40 patients.

Patients were enrolled in the study if they fulfilled the
ollowing criteria: indication for IVF-ICSI given, successful
ransfer of two or three embryos, presentation for the first
RT treatment cycle, age �18 years and �35 years, normal

ervical cytological smear within the past 12 months, and
egally valid declaration of consent from the patient. Patients
ere not eligible for the study if P therapy was contraindi-

ated (presence of severe acute and chronic liver disease,
otor or Dubin-Johnson syndrome, hepatocellular tumors, or
nown allergic reaction to one of the active constituents or
nactive ingredients contained in the investigational medica-

ion). l

1642 Kleinstein et al. Efficacy of vaginal progesterone
Before the start of the study, the trial protocol was ap-
roved by the ethics committee of the Medical Faculty of the
tto-von-Guericke-University, Magdeburg, Germany, with

urisdiction over the principal investigator and by the ethics
ommittees of the other participating investigators.

tudy Design
he trial was performed as a multicenter, randomized, con-

rolled, open, parallel-group Phase III study according to
erman legislation and Good Clinical Practice-European
nion (GCP-EU) guidelines. In the study, a reference prep-

ration (Crinone™ 8%) already on the market served as
ontrol (active control).

Visits in the study centers were scheduled at 2 and 4
eeks after ET and in the 8th week of gestation if a preg-
ancy was the ART outcome.

The primary end point was the ongoing pregnancy rate at
he end of the 12th week of gestation. The implantation and
bortion rates and the rate of withdrawals, overall or at the
espective visits, were considered secondary study end
oints.

reatment Protocol
here were no strict instructions as to the performance of
ultifollicular stimulation before oocyte retrieval and ET.
receding therapy comprised pituitary down-regulation with
GnRH agonist in a long protocol and ovarian stimulation
ith hMG or FSH. Final follicle maturation was induced by

njection of 10,000 IU hCG, followed by ultrasound (US)-
uided vaginal oocyte retrieval. In vitro fertilization was
erformed conventionally or by ICSI technique.

There existed also no strict criteria for the transfer of two
r three embryos; this decision was part of the treatment
trategy of the center. Because patients’ average age was
etween 30 and 31 years and it was their first ART cycle, in
5% of the cases, only two embryos were transferred to
educe the risk of multiple pregnancies.

After successful transfer of two or three embryos at day 3
fter oocyte pickup, the patients were randomly assigned to
ne of the treatments with the aid of a randomization code.
he trial investigators received consecutively numbered en-
elopes corresponding to the envisaged number to be re-
ruited. An envelope was allowed to be opened in chrono-
ogical sequence to assign treatment group only after
uccessful transfer. Both the randomization number and the
reatment group had to be transferred immediately to the
ase report form. The randomization code (Blocking-Factor
0) was generated by a computer program (Rancode-Plus,
eport Version 6.4, Testimate Version 6.0, IDV, Gauting,
ermany).

The trial started in the evening of the ET day, with the first
ose of the test or comparative medication as sole form for

uteal support. Patients were not permitted to receive any

Vol. 83, No. 6, June 2005
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dditional treatment with steroid hormones or hCG during
he trial phase.

Measures to prevent and treat OHSS had to be accepted.
here were no restrictions on additional medication with
lectrolytes, albumin, vitamins and trace elements, iron, and
olic acid.

If concurrent diseases occurred, necessary therapy had to
e provided. In these cases, patients remained in the study if
he therapy did not interfere with the study objectives. Any
oncomitant medication and therapy had to be documented
n the case report form, including its dosage and duration.

uteal Support
ll patients started treatment with either Utrogest™ 200 or
rinone™ 8% as the unique form of luteal supplementation.
trogest™ 200 are soft gelatin capsules containing P sus-
ended in oil.

Pharmacokinetic investigations supported the vaginal use,
emonstrating that maximum P serum concentration of
bout 7 ng/mL could be achieved after single vaginal appli-
ation of an Utrogest™ capsule containing 200 mg of P (10).
owever, consistent P levels above those of the normal

uteal phase required three daily applications of 200 mg of P
aginally (11). With this regimen, endometrial development
as never out of phase if endometrial histology has been

aken into consideration (12). Consequently, the three-times-
er-day dosage of 200 mg of P (Utrogest™ 200) vaginally
uring the luteal phase and early pregnancy was suggested as
ptimal.

Crinone™ is a small-volume, polycarbophil-based P gel
hat attaches to the vaginal epithelium with proposed advan-
ages such as facilitated diffusion of P across the vaginal wall
nd sustained release. One dose of 1.125 g of Crinone™ 8%
elivers 90 mg of P. Women were advised to follow the
pplication instructions on the patient leaflet for Crinone™
% gel. The daily dosage was adjusted to two applicator
oses of Crinone™ 8% gel, one in the morning, the other in
he evening.

Treatment was stopped if the pregnancy test was negative.
n case of pregnancy, treatment continued up to the end of
he trial, the 12th week of gestation.

aboratory Determinations
eside usual ART cycle monitoring, P, E2, and �-hCG were
xclusively measured at two visits that were scheduled
2–14 days and 27–29 days after ET. The determination and
eport of values were left at the discretion of the individual
tudy center. Because the hormone values were not con-
rmed by a central laboratory, they are not reported. Bio-
hemical pregnancies were not a defined study end point and
herefore are not analyzed separately. Nevertheless, the preg-
ancy test results served as the relevant criterion for attesting

regnancy failure in many instances. r

ertility and Sterility�
Clinical chemistry, hematology, and urine analysis were
erformed before enrollment and at conclusion of the study.

etermination of Pregnancy Status and Respective End
oints
regnancy status was determined by US examination in the
th and 10th week after ET. Only clinical pregnancies with
ncreasing �-hCG levels and valid US evidence of an amni-
tic sac were recorded. The main outcome measure for
onfirmatory analysis was the ongoing pregnancy rate. This
as the percentage of intact clinical pregnancies in the 12th
eek of gestation, that is, the percentage of pregnancies with

etal heart activity at US.

afety and Patient Acceptability
ccurrence of adverse events (AEs) was examined at each
isit. If the responsible investigators of the study centers
ndicated an AE in a patient, they were to describe it in their
wn words. Additionally, the case report form provided
ategories for intensity (mild, moderate, severe), clinical
ourse (disappeared without therapy, required therapy,
aused withdrawal), and causality with study drugs (cer-
ainly unrelated, questionable relation, certainly related).
urthermore, a categorical assessment of local tolerability by

he responsible investigators had to be performed. So gyne-
ologic investigation was required to identify intravaginal
rythema or infection. Vaginal itching and burning had to be
nquired about. Intensity and causality of symptoms had to
e rated. At the end of the study, overall tolerability of the
tudy drugs was rated by the patient, and overall acceptance
f therapy with the study drug was judged by the physician
n a scale including the points very good, good, moderate,
nd bad.

tatistical Analysis
oint estimates and confidence intervals were calculated for

he primary end point. A difference in percentage of ongoing
regnancy rates of 10% was judged as being clinically ac-
eptable because this corresponds to the variability between
VF centers. There was no attempt to differentiate between
VF and ICSI treatment, because there were comparable
utcome figures for both of these treatment modalities with
espect to pregnancy rate during the trial period in the
ational registry (13).

Accordingly, the lower limit of the 90% confidence inter-
al of the difference in ongoing pregnancy rates between the
wo study groups, calculated by accepted methods, had to
xceed �0.1 to attest noninferiority of Utrogest™ 200 rel-
tive to Crinone™ 8%. The exact number of patients re-
uired to confirm the test hypothesis with an � of 5% and a
ower of 80% was calculated to 444. Originally, it was
ntended that 450 women undergoing IVF-ICSI would be
nrolled in the trial. Actually, only 430 women could be

andomized within an acceptable time frame.

1643
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Secondary parameters were evaluated descriptively or us-
ng exploratory statistics, such as the Wilcoxon Mann-Whit-
ey test or Fisher’s exact test. Exploratory statistics also
ere applied to tolerability ratings by patients and physi-

ians.

ESULTS
atient Demographic Characteristics
emographic data for the women randomized to each of the

wo treatment groups, 218 women in the Utrogest™ 200
roup and 212 in the Crinone™ 8% group, are shown in
able 1. Although the figures for body mass index, the
uration of infertility, and the distribution of infertility
auses were very similar in the two groups, the women of the
trogest™ 200 group were significantly (P�.0431) older

han the women of the Crinone™ 8% group. Similarity
xisted also for the respective quota of transferred embryos
two or three) as well as for the relative frequencies of
onventional IVF or ICSI treatments.

The portion of smokers and the number of patients with
oncurrent diseases were similar in the two groups. For 24
atients (11.0%) in the Utrogest™ 200 group and 26 patients
12.3%) in the Crinone™ 8% group, concurrent diseases
ere present. Thyroid dysfunction represented a third of all
iven concomitant diseases and were most frequent in both
roups.

As case history details, allergic diseases occurred more
ften in the Utrogest™ 200 group (29.2%). The concurrent
iseases and the concomitant medications used did not rep-

TABLE 1
Demographic data, infertility, and ART-specific c

Variable

Randomized patients (n)
Age in y, mean � SD (range)
Body mass index in <kg/m2=,a mean � SD

(range)
Duration of infertility in y, mean � SD (range)
Cause of infertility, n (%)

Tubal factor
Male factor
Endometriosis
Other

No. of transferred embryos
2
3

Mode of fertilization
Conventional IVF
ICSI

a P�.05 vs. Crinone™.
Kleinstein. Efficacy of vaginal progesterone. Fertil Steril 2005.

1644 Kleinstein et al. Efficacy of vaginal progesterone
esent contraindications for IVF-ICSI treatment and were not
onsidered to have detrimental influences on ART proce-
ures and outcomes.

In the case of concomitant medication, folic acid prepa-
ations were used in 71.4% and 81.5% of cases in the
trogest™ 200 and Crinone™ 8% group, respectively. Io-
ide, acetyl salicylic acid, and iron preparations occasionally
ere used alone or in combination with folic acid. In two
omen receiving Utrogest™ 200, antibiotics had to be ad-
inistered, and two women of the Crinone™ 8% group

eceived additional vaginal therapy with clotrimazole or
actobacilli. There were also single cases of concomitant
noxaparin and bromocriptine treatment.

As a measure of compliance, patients were instructed to
eturn their unused study medication. An explicit evaluation
f compliance was part of the case report forms. In the
trogest™ 200 group, information about three patients was

acking. A divergent dosage was detected only once in one
atient (four instead of three capsules in 1 day). On the other
and, in 12 women (5.7%) of the Crinone™ 8% group, the
osage was reduced to one applicator dose daily. These
atients still were regarded as evaluable and remained in the
nalysis.

Comparable numbers of withdrawals were observed in
oth treatment groups. Overall, 163 (74.8%) of 218 women
n the Utrogest™ 200 group withdrew prematurely, com-
ared with 165 (77.8%) of 212 women in the Crinone™ 8%
roup. The rate difference amounted to �0.0306 (P�.4839).
he reasons for withdrawal are given in Table 2. Most

acteristics of patients.

Utrogest™ 200 Crinone™ 8%

218 212
30.7 � 2.9a (22–35) 30.1 � 3.0 (23–35)
22.7 � 3.8 (16.7–41.9) 22.8 � 3.9 (16.2–38.7)

3.8 � 2.2 (1–15) 3.7 � 2.3 (1–15)

66 (30.3) 48 (22.6)
104 (47.7) 117 (55.2)
12 (5.5) 16 (7.6)
36 (16.5) 31 (14.6)

165 (75.7) 155 (73.1)
53 (24.3) 57 (26.9)

143 (65.6) 140 (66.0)
75 (34.4) 72 (34.0)
har
Vol. 83, No. 6, June 2005
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ithdrawals occurred up to 14 days after ET and were
aused by lack of �-hCG increase and/or beginning of men-
trual bleeding that pertained to about two thirds of the study
opulation.

The onset and heaviness of vaginal bleeding were not
xplicitly recorded. Therefore, the number of women who
led during P therapy or before �-hCG testing could not be
xactly declared. However, this number may equate to the
umber of women who did not become pregnant and for
hom no laboratory determinations, including �-hCG, were

ecorded. This happened in 30 (14.2%) of the 212 patients in
he Crinone™ 8% group and in 24 (11.0%) of the 218
atients in the Utrogest™ 200 group.

Pregnancy failure was accountable for 93.9% and 90.9%
f discontinuations in the Utrogest™ 200 and Crinone™ 8%
roups, respectively. Concomitant hormone therapy was ad-
inistered to 4 women of the Utrogest™ 200 group and to
women of the Crinone™ 8% group. This led to exclusion

rom the trial.

fficacy
ifty-five patients in the Utrogest™ 200 group and 47 pa-

ients in the Crinone™ 8% group completed the study reg-
larly. These were all women with ongoing pregnancies at or
eyond the 12th week of gestation and who were not with-
rawing prematurely. Ongoing pregnancy rates of 25.2%
95% confidence interval [CI]: 19.6%–31.5%) for the Utro-
est™ 200 group and of 22.2% (95% CI: 16.8%–28.4%) for
he Crinone™ 8% group were calculated (Fig. 1). The odds
atio (calculated on the per-protocol population) for an intact
regnancy at the end of 12th week of gestation was 1.185

TABLE 2
Reasons for discontinuation.

Withdrawal reason

Ut

No.

Pregnancy failure 153
Lack of �-hCG increase or start of

menstrual bleeding
143

Abortion 3
Missed abortion 7

Other reasons for withdrawal 10
Adverse event 1
Local intolerance 1
Unallowed hormone therapy 4
Withdrawal of consent
Patient did not return 3
Other 1

Total 163
Kleinstein. Efficacy of vaginal progesterone. Fertil Steril 2005.
90% CI: 0.733–1.833) when the Utrogest™ 200 group was

ertility and Sterility�
ompared with the Crinone™ 8% group. According to the
respecified criteria, the pregnancy rate in the Utrogest™
00 group was thus demonstrated to be noninferior to that in
he Crinone™ 8% group (lower limit of the 90% confidence
nterval � �0.1).

In consideration of the somewhat lower than planned
ample size and using the same criteria and methods, non-
nferiority was retained under conservative assumptions for

est™ 200 Crinone™ 8%

of study group No. % of study group

70.2 150 70.8
65.6 141 66.5

1.4 6 2.8
3.2 3 1.4
4.6 15 7.1
0.5 2 0.9
0.5 3 1.4
1.8 3 1.4

2 0.9
1.4 2 0.9
0.5 3 1.4

74.8 165 77.8

FIGURE 1

Point estimate and 95% confidence limits of
pregnancy rates in patients regularly completing
the study with an ongoing pregnancy at or later
than the 12th week of gestation in the per protocol
population. The odds ratio for an intact pregnancy
was 1.185 (90% CI, 0.733–1.833) when the
Utrogest™ 200 group was compared with the
Crinone™ 8% group.
rog

%

Kleinstein. Efficacy of vaginal progesterone. Fertil Steril 2005.
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he remaining women who would have been included, that
s, if only one pregnancy in seven additional users of Utro-
est™ 200 (pregnancy rate 14%) had happened and also 12
regnancies had occurred in 13 additional users of Cri-
one™ 8% (pregnancy rate, 92%).

The pregnancy rate ratios of the individual study centers
nd their 95% confidence intervals were calculated, too.
ecause of the low number of ETs in two centers, results

rom those two were combined for analysis. As expected, the
onfidence limits were wide. In seven centers, the pregnancy
ates in the Utrogest™ 200 group were higher than those in
he Crinone™ 8% group, and in eight centers, the reverse
ccurred. In the remaining center, identical rates were
chieved in both groups. In only one center was a significant
ifference of the pregnancy rate ratio observed in favor of
he Utrogest™ 200 group. This distribution is compatible
ith the assumption of equivalence.

Multiple gestation was recorded in the 8th week and 12th
eek of gestation. At this time, 71% in the Utrogest™ group

nd 79% in the Crinone™ 8% group were singleton preg-
ancies. The remainder were twin gestations. Only one case
f triplets was observed. That woman was in the Utrogest™
00 group.

Thus, 83 and 72 embryos were detected in the 8th and
2th week of gestation, respectively, in the 218 women of
he Utrogest™ 200 group, and 64 and 58 embryos, respec-
ively, were detected in the 212 women of the Crinone™ 8%
roup. The Mann-Whitney statistics were 0.5468 (0.4622–
.6313) in the 8th week (P�.3268) and 0.5432 (0.4600–
.6263) in the 12th week (P�.3268). This indicated a similar
umber of implantations or embryos with heart activity in
oth treatment groups. Only nonsignificant differences were
ound for the rate of abortions and missed abortions in both
reatment groups. In the Utrogest™ 200 group, 10/218
4.6%) experienced an abortion or missed abortion. The
requency in the Crinone™ 8% group was 9 of 212 women
4.2%; Table 2). The rate difference was 0.0034 (P�.990).

In summary, thrice-daily vaginal Utrogest™ 200 for luteal
hase support in ART cycles was associated with equivalent
mplantation, clinical pregnancy, and abortion rates when
ompared with vaginal Crinone™ 8% twice daily (Table 3).

afety
nly very few patients left the study because of AEs or local

ntolerance. In the Utrogest™ 200 group, one woman each
0.5% each) discontinued because of an AE and local intol-
rance, respectively, whereas in the Crinone™ 8% group,
wo women (0.9%) left because of an AE, and three women
1.4%), because of local intolerance. Overall, 24 AEs in 21
atients (9.6%) of the Utrogest™ 200 group and 26 AEs in
1 patients (9.9%) of the Crinone™ 8% group were reported.

Analysis of causality assessment reveals that only 3 of 24

Es (one case each of severe local discomfort, bloating, r

1646 Kleinstein et al. Efficacy of vaginal progesterone
aginal discharge) were considered to be definitely related to
he use of P capsules (Utrogest™ 200). All 7 AEs that were
onsidered definitely related to P gel (Crinone™ 8%) use
oncerned local irritation or discomfort because of cloddy
isposal or discharge of drug material. There was only one
erious AE, a case of jugular vein thrombosis, which was
ated as questionable and not certainly related to Utrogest™
00 medication. The rate differences of AEs between the two
roups was �0.0023 (P�1.000). Thus the frequency of AEs
as not different between the two groups.

The frequency and severity of local intolerance did not
aise particular concerns. In the Utrogest™ 200 group, 28
ocal intolerance events occurred in 15 women (6.9%); in the
rinone™ 8% group, the number was 31 local events in 15
omen (7.1%; Table 4). Erythema accounted for half of

ocal reactions in both groups. Burning and itching together
onstituted about 40% of the remaining local events,
hereas vaginal discharge was observed in rare instances
nly.

Overall, 22 of 28 local events in the Utrogest™ 200 group
nd 28 of 31 events in the Crinone™ 8% group remained as
tudy drug–related local intolerance. Even if intensity was
ndicated as severe, not any case of local intolerance fulfilled
he criteria of a serious AE. The rate differences of local
ntolerance between the two groups amounted to �0.0019
P�1.000). Thus, their frequency was not different between
he two groups.

Clinical chemistry, hematology, and urine analysis did not
etect clinically relevant abnormalities related to P treatment
data not shown). Increases in transaminases in individual
omen were generally marginal, and they were not associ-

ted with clinical symptoms of disease. Although mean
ematology parameters also were within the normal range,
ild anemia developed or became aggravated in some
omen; the majority of these women became pregnant

hrough the trial. Thus, the observed slight deteriorations in

TABLE 3
Summary of outcomes.

Variable
Utrogest

200
Crinone

8%

No. of transfers 218 212
No. of embryos transferred 489 481
No. of implantations (% per

transferred embryos)
72 (14.7) 57 (11.9)

No. of clinical pregnancies
(% per transfer)

55 (25.2) 47 (22.2)

No. of abortions/missed
abortions (% of clinical
pregnancies)

10 (18.2) 9 (19.1)

Kleinstein. Efficacy of vaginal progesterone. Fertil Steril 2005.
ed blood cell parameters evidently were caused by preg-
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ancy and were not related to treatment with study drugs.
ence, treatment with neither Utrogest™ 200 nor the com-
arator Crinone™ 8% induced abnormalities of laboratory
arameters.

More than 90% of women rated overall tolerability of the
tudy drugs as “very good” or “good.” Similarly, acceptance
f either treatment was positively assessed in �90% of
omen by the physicians. Nevertheless, both items indicated

n overall significant difference (P�.0001) of the effect
ndex, as calculated from rank sums, in favor of Utrogest™
00.

ISCUSSION
uteal-phase support is routinely prescribed after oocyte

etrieval in ART cycles. According to the German national
egistry (Deutsches IVF-Register), luteal support is admin-
stered in 90% of the cycles (13). In about half of the cases,

alone is used for that purpose. There is an increasing
endency to use P alone as sole luteal phase supplementation
or two reasons. On the one hand, hCG alone or in combi-
ation with P increases the risk of OHSS, sometimes with
evelopment of anuria, dyspnea, and thromboembolic phe-
omena as life-threatening complications (14). On the other
and, there is growing evidence of no significant benefit, in
erms of (ongoing) pregnancy rate, if hCG is used as an
lternative or even if it is added to P (15).

Progesterone can be applied orally, IM, or vaginally.
ystemic availability of micronized P is lower after oral than
fter vaginal administration (16), and evidence indicates a
ess favorable ART outcome using oral application com-
ared with either the IM or vaginal route (12). Because

TABLE 4
Local adverse events detected by interview and

Event

Mild Moder

Related NRa Related

Utro
Erythema 10 3 1
Burning 4 1
Vaginal discharge 1 2 2
Itching 1
Total 16 5 4

Cri
Erythema 8 2 3
Itching 5 1
Burning 5
Vaginal discharge 1
Total 19 2 4
Note: NR � not related.

Kleinstein. Efficacy of vaginal progesterone. Fertil Steril 2005.
chievement of placental autonomy is considered to take up t

ertility and Sterility�
o 10–12 weeks, IM injections are unfavorable because they
an lead to patient discomfort, inflammatory reactions, and
ven abscesses. Thus, vaginal P remains as the optimal
hoice for supplementation.

Capsules containing micronized P (Utrogestan) were suc-
essfully used vaginally at doses from 200 to 600 mg daily
o perform secretory transformation of the estrogen-primed
ndometrium in women with ovarian failure (17). In ART
ycles, particularly when GnRH agonist was part of the
rotocol, supplementation of the luteal phase and early preg-
ancy with 600 mg of micronized P daily by the vaginal
oute resulted in an adequate maturation of the endometrium
18) and in favorable pregnancy outcomes (19, 20).

In designing the presented trial, twice-daily dosing of
rinone™ 8% was chosen because study results demon-

trated equivalence of this dosage with 100 mg of IM P daily
n women with premature ovarian failure or diminished
varian reserve accepted for oocyte donation (21). Later
eports argued for the recommendation of once-daily Cri-
one™ 8% for complete luteal supplementation in a donor
gg program (22) as well as in a conventional IVF program
23, 24). However, this was called into question by the
emonstration of lower implantation and pregnancy rates
nd of higher rates of early-onset vaginal bleeding during
nce-daily use of Crinone™ 8% gel in comparison with 50
g of IM P daily (25–27). Thus, recent discussion justifies

he use of Crinone™ 8% twice daily in the present trial.

Published data are in good conformity with the results of
he multicenter Phase III study comparing Utrogest™ 200
apsules (three times a day) with Crinone™ 8% gel (twice a
ay). With respect to achieved pregnancy rates, the restric-

ecologic investigation.

Severe Total Total

R Related NR Related NR All

t™ 200 group (n � 218)
11 3 14

1 5 1 6
3 2 5

2 3 3
1 2 22 6 28
™ 8% group (n � 212)

2 14 2 16
7 7
6 6

1 1 1 2
1 2 28 3 31
gyn

ate

N

ges

none
ions of the German embryo protection law have to be taken
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nto consideration. In this context, it is worth mentioning that
nly a maximum of three embryos is allowed to develop in
itro and to be transferred. After insemination or fertilization
f all collected mature oocytes, selection is restricted only to
ronuclear stage oocytes and not to cleavage-stage embryos,
nd therefore no other embryos are available for later trans-
er than those selected at the pronuclear stage. At the pro-
uclear stage, it has to be decided which cells are cultured
nd used for ET and which are cryopreserved or discarded
28).

Under these conditions, Utrogest™ 200 was associated
ith similar implantation, ongoing pregnancy, and abortion

ates as those of Crinone™ 8% gel. By prespecified criteria,
oninferiority of Utrogest™ 200 relative to Crinone™ 8%
ould be attested. Thus, the investigated and recommended
egimen of Utrogest™ 200 is considered therapeutically
quivalent to the P supplementation with Crinone™ 8%.

Equivalence between Utrogest™ and Crinone™ was also
onfirmed in a recent prospective, randomized monocentric
tudy using Utrogest™ 100 capsules (three capsules, twice
er day) and Crinone™ 8% gel (one time daily) for luteal
hase support (29).

Concerning the beginning of vaginal P support, consensus
xists that it should start early. A recent study confirmed that
n early onset of vaginal P supplementation at the day of ET
ed to significantly higher implantation and clinical preg-
ancy rates than the later initiation of the support, 3 days
fter the transfer. This was particularly true for patients
reated with a GnRH-agonist long protocol (30).

Tolerability of either approach was good. Only very few
atients left the study because of AEs or local intolerance to
he study drugs. To date, long-term experience from use of
icronized P has given no indication of any serious adverse

eaction. The single possible exception is a reported hepatic
oxicity after high oral-P doses in the second and third
rimester of pregnancy (31, 32). Drowsiness and dizziness
33), bloating, and abdominal pain are the systemic side
ffects most frequently reported by P-treated women. Their
ncidence is lower if P is given by the vaginal instead of the
ral route.

Only single cases of severe local discomfort, bloating, and
aginal discharge were considered to be definitely related to
he use of Utrogest™ 200. Occasionally observed local irri-
ation or discomfort caused by (cloddy) disposal or discharge
f drug material may have contributed to the comparatively
orse rating of Crinone™ 8% gel overall tolerability and

cceptance by patients and physicians.

One of the most carefully observed AEs in both treatment
roups was OHSS. A third-grade OHSS is considered a
erious AE because it is characterized by significant though
eversible disability. Hospitalization, intensive care, and
herapy are necessary to manage this life-threatening com-
lication. Although hCG for luteal support is seen as a risk

actor for OHSS, P is not considered to be involved in the

1648 Kleinstein et al. Efficacy of vaginal progesterone
evelopment and course of OHSS. Avoidance of exogenous
CG in the luteal phase is one of the main precautionary
easures to prevent OHSS. The low number of severe
HSS in the presented study, one case of severe OHSS in

he Utrogest™ 200 group and three cases in the Crinone™
% group, accounts for the OHSS-preventive effect of vag-
nally applied P.

Only two other cases of AEs that could be classified as
erious were registered in the Utrogest™ 200 group. One
ase of cervical dysplasia (Pap III D) was evidently not
elated to study drug use. The other already-mentioned case
f jugular vein thrombosis was rated as questionable by the
esponsible investigator. In contrast to elevated estrogens,
here is no substantial evidence that P is a risk factor for
enous thromboembolism. Hence, this case of jugular vein
hrombosis may be a consequence of high estrogen levels
uring ART and early pregnancy.

In conclusion, this multicenter, randomized, controlled,
pen, parallel-group study in 430 women demonstrated the
oninferiority of three one-capsule dosages of Utrogest™
00 (600 mg of P) when compared with two one-applicator
osages of Crinone™ 8% (180 mg of P) daily vaginally. In
etail, Utrogest™ 200 was associated with similar implan-
ation, ongoing pregnancy, and abortion rates in comparison
o Crinone™ 8%. The preparations were generally well
olerated both systemically and locally. Overall, the recom-
ended regimen of P support in the luteal phase of ART

ycles is considered equivalent and safe. It poses no risk for
omen in the first trimester of pregnancy.
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