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Abstract

Background: A continuous regimen of oral levonorgestrel (LNG) 90 mcg/ethinyl estradiol (EE) 20 mcg was evaluated for inhibition of
ovulation, time to return to ovulation after stopping treatment and safety.
Study Design: This open-label study was conducted in healthy women aged 18–35 years. Ovulation was documented before treatment, and
then participants received oral tablets containing LNG 90 mcg/EE 20 mcg to be taken continuously for three 28-day intervals. Ovarian
activity was assessed three times per week during the treatment period with transvaginal ultrasound scans and measurements of serum 17β-
estradiol, progesterone, follicle-stimulating hormone and luteinizing hormone concentrations. Safety assessments included physical
examinations, laboratory evaluations and adverse event records.
Results: Thirty-seven of the 58 subjects who received treatment met predefined criteria for efficacy analysis. No on-treatment ovulations
occurred in the efficacy or intent-to-treat population. There was evidence of ovulation within 37 days of stopping treatment for 46 (98%)
of 47 subjects evaluated posttreatment. The final subject with a history of polycystic ovarian syndrome ovulated by Day 66. The safety
profile observed during this 84-day continuous regimen was similar to that seen with other low-dose oral contraceptives administered in a
cyclic regimen.
Conclusions: The continuous LNG/EE regimen completely inhibited ovulation, with little evidence of follicular development and with rapid
return of ovulatory capacity after stopping treatment.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

The major change observed in oral contraceptives (OCs)
since their introduction in 1960 has been the reduction in
estrogen and progestin doses. Until recently, there was little
modification of the standard regimen of 21 days of active pills
with 7 days off (placebo), during which women had monthly
withdrawal bleeding and experienced menstrual-related
symptoms. Women who experience menstrual disorders or
conditions that are aggravated as a result of the menstrual
cycle report symptoms ranging from a monthly lifestyle
nuisance to a major health concern [1,2]. To avoid these
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symptoms, some women took OCs for extended periods of
time to eliminate monthly bleeding, in accordance with Sulak
et al. [3]. A pilot study has shown that an OC containing
levonorgestrel (LNG) 100mcg/ethinyl estradiol (EE) 20 mcg,
when taken continuously without placebos or pill-free
intervals for 1 year, allows women to avoid monthly
withdrawal bleeding and decreases the days of breakthrough
bleeding over time [4]. These findings have been confirmed in
a larger Phase 3 trial of a continuous OC, using LNG 90 mcg/
EE 20 mcg (Lybrel®; Wyeth Pharmaceuticals, Collegeville,
PA) [5]. Many women may derive health and quality-of-life
benefits by eliminating their menstrual cycles via continuous
administration of an oral combination steroidal contraceptive.

Data on the ovarian effects of an extended use of OCs are
scarce. Increasing the number of days of active medication of
a combination OC in a 28-day cycle from 21 to 24 days
improved ovarian suppression [6]. A randomized study of
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two OC regimens (21-day active/7-day placebo regimen vs.
28-day continuous active regimen) compared the ovarian
effects of two formulations over three cycles [7]. More
dominant follicles (N10 mm) developed with the cyclic
regimen than with the continuous regimen, and each of the
cyclic formulations had one of eight (13%) subjects
ovulating. An OC (desogestrel 150 mcg/EE 20 mcg) taken
for 84 consecutive days reduced the follicular activity to half
of that observed with cyclic administration, based on the
number or size of the follicles in the second and third 28-day
treatment intervals [8].

The current study describes the ovarian effects of the first
marketed continuous OC. Based on results from earlier 28-
day Phase 2 trials of different doses, the continuous regimen
of LNG 90 mcg/EE 20 mcg was selected for this study
because it was expected to provide excellent ovarian
suppression while providing low daily and yearly cumulative
doses of hormones and reasonable inhibition of break-
through bleeding. The primary objective of this study was to
determine the ability of a monophasic OC regimen of LNG
90 mcg/EE 20 mcg to inhibit ovulation during 84
consecutive days of continuous treatment. Secondary
objectives were to assess ovarian activity with the Hoogland
and Skouby 6-point grading system [9], to evaluate time to
return of ovulation after treatment cessation and to assess the
safety profile of the product.
2. Materials and methods

This open-label study was conducted at the CONRAD
Clinical Research Center (Norfolk, VA) from December
2002 to January 2004 (ClinicalTrials.gov Identifier:
NCT00254189; www.clinicaltrials.gov). Eligible subjects
were healthy women aged 18–35 years who were willing to
use a continuous OC. The protocol was approved by a local
institutional review board (IRB) prior to initiation of the
study. All subjects signed and dated an IRB-approved
informed consent form. Each subject participated for
approximately 8 months, including up to 84 days of
posttreatment observation for indicators (e.g., progesterone)
of return of ovulation.

The inclusion criteria specified that subjects have regular
(24- to 32-day) menstrual cycles for the 3-month period
preceding entry into the pretreatment observation cycle;
postabortal and nonnursing postpartum subjects had to
complete at least one regular (24- to 32-day) spontaneous
menstrual cycle. Subjects with a body mass index (BMI) of
between 17 and 37 kg/m2 were included. Subjects were
excluded if they had used depot medroxyprogesterone
acetate (Depo-Provera®) within 10 months of the screening
visit. Subjects were also excluded if they had used OCs; an
intrauterine device; or implantable, transdermal, monthly
injection, or vaginal ring contraceptive estrogens, progestins,
or androgens within 60 days before the screening visit.
Subjects were not permitted to use any hepatic-enzyme-
inducing drugs, including certain anticonvulsant medica-
tions, rifampin, phenylbutazone, or griseofulvin within
60 days before the screening visit and for the duration of
the study.

After the subjects had completed the prestudy screening
evaluation, they began the pretreatment observation cycle
(control cycle) on the first day of the next menstrual bleed.
Subjects who did not have a serum progesterone value of≥5
ng/mL during the pretreatment cycle were withdrawn from
the study. No test product was given during the pretreatment
observation cycle and the posttreatment observation interval.
The treatment interval included Study Days 1 through 84,
during which transvaginal ultrasound (TVU) scans were
performed and blood samples were collected three times per
week for hormone assays [17β-estradiol, progesterone,
follicle-stimulating hormone (FSH) and luteinizing hormone
(LH)] in order to assess ovarian activity. Following the
discontinuation of the active drug, TVU scans and blood
samples for all hormone assays were obtained three times a
week. Participant evaluation ceased when both ultrasound
and hormone changes were compatible with ovulation. No
subject who received study medication but withdrew from
the study early was replaced.

TVU measurements and hormone assays were the
primary efficacy measures used to determine inhibition of
ovulation. A subject was considered to have ovulated if she
had a follicular diameter of N10 mm and a progesterone
value of N6.36 nmol/L (N2 ng/mL) within 10 days of this
follicular measurement. The length and width of the follicle
in the transverse plane and the greatest follicle dimension in
the sagittal plane were determined and recorded. The mean
of these measurements was calculated for each follicle, and
the mean maximum follicular diameter for each 28-day
interval was derived from these measures.

Ovulation inhibition was defined as no on-therapy follicle
diameters N10 mm that were followed by a progesterone
value of N6.36 nmol/L (N2 ng/mL) within 10 days of this
high follicular measurement. An isolated presence of a
follicle N10 mm that was not followed by an elevation in
progesterone, or an isolated elevation of progesterone N6.36
nmol/L without a preceding follicle N10 mm was not
considered indicative of ovulation. Per protocol, no more
than one ovulation per subject could be defined during any
28-day period. Secondary efficacy variables comprised
ovarian activity, as measured by the Hoogland and Skouby
6-point grading system for ovarian activity (Table 1). This
system was used to assign values ranging from 0 (no ovarian
activity) to 5 (ovulation with follicle rupture) based on
follicular diameter and 17β-estradiol and progesterone
concentrations during the three 28-day treatment intervals
(i.e., Pill Packs 1, 2 and 3).

During the posttreatment observation interval, the time to
return of ovulation was determined by a progesterone value
of N5 ng/mL. Subjects were to be observed for up to 84 days
after treatment. Those who did not ovulate or did not have a
menstrual period within that time were asked to call the
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able 2
emographic and baseline characteristics of subjects in the ITT population
=58)

haracteristics LNG 90 mcg/EE 20 mcg (N=58)

ge (years) [mean±SD] 27.07±5.25
ace [n (%)]
Asian 1 (1.72)
Black 20 (34.48)
Hispanic 1 (1.72)
Other 2 (3.45)
White 34 (58.62)
eight (cm) [mean±SD] 164.43±5.37
eight (kg) [mean±SD] 69.89±14.29
raviditya [mean±SD] 1.70±1.60
aritya [mean±SD] 1.12±1.32
MI (kg/m2) [mean±SD] 25.75±4.45

D=standard deviation.
a Data available for 56 subjects.

Table 1
Hoogland and Skouby 6-point ovarian activity grading system

Grade Ovarian activity FLS
(mm)

Estradiol
(nmol/L)

Progesterone
(nmol/L)

0 No activity ≤10
1 Potential activity N10
2 Nonactive FLS N13 ≤0.1
3 Active FLS N13 N0.1 ≤5
4 LUF N13 persisted N0.1 N5
5 Ovulation N13 ruptured N0.1 N5

See Hoogland and Skouby [9].
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investigational site when their menses resumed. Each subject
kept a daily record of vaginal bleeding using the World
Health Organization definitions of bleeding (i.e., sanitary
protection required) and spotting (i.e., some bleeding but no
sanitary protection required) [10].

Peripheral blood samples for hormone assays were
allowed to clot at room temperature and then centrifuged
(10 min, 1000×g). Serum was removed and stored at −20°C
until assayed. Serum samples were analyzed within 4 days of
obtaining the sample.

Serum concentrations of 17β-estradiol, LH and FSH were
measured by IMx microparticle enzyme immunoassay using
commercial kits (Abbot Laboratories, Abbott Park, IL,
USA). Measurements below the limit of detection were
assigned a value of the limit for statistical purposes. The
detection limit of estradiol was 25 pg/mL, and the detection
limit was 1.0 mIU for both FSH and LH. The precision of the
assays was evaluated by intra-assay and interassay coeffi-
cients of variation (CV) over the optimal range of each assay.
The calculated intra-assay CV were 5.5–10.4% for estradiol,
3.1–5.5% for LH and 3.8–4.7% for FSH. The interassay CV
were 11.7–15.8% for estradiol, 5–6.7% for LH and 7–11%
for FSH.

Serum progesterone concentration was measured by
radioimmunoassay using commercially available kits (Pan-
tex, Santa Monica, CA, USA). According to the manufac-
turer, the detection limit of serum progesterone was 0.2 ng/
mL. The calculated intra-assay CV was 2.9–10.9%, and the
interassay CV was 7.3–7.9%.

Blood samples for safety measurements were obtained
after a 12-h fast at baseline, at the completion of treatment
and 3–4 weeks after the last active dose. The laboratory
measurements assessed included glucose, lipids, liver and
kidney function tests, endocrine measures [sex hormone
binding globulin (SHBG), total and free testosterone,
dehydroepiandrosterone sulfate (DHEA-S), thyroid-stimu-
lating hormone (TSH) and androstenedione] and hematolo-
gic parameters. For purposes of uniformity, a single
laboratory performed all of these assays. Additional safety
measurements included vital signs and weight.

Statistical evaluation of the data consisted primarily of
summary statistics. The intent-to-treat (ITT) population
included any subject who was given study medication,
regardless of the duration of her study participation. The
efficacy population for the primary end point included
subjects who participated in the study for the entire 84-day
treatment period and subjects with documented on-therapy
ovulation, regardless of duration of study participation,
provided they met compliance criteria. Subjects in the
efficacy population could not miss two or more consecutive
pills or measurements (ultrasound scan or hormone assay)
and could not miss more than two pills in total or three
measurements during the entire 84 days of treatment, with a
span of no more than 5 days between any two measurements.

Subjects who were not included in the efficacy population
were evaluated separately if they had an artificially increased
risk of ovulation (e.g., from missed pills) or an artificially
decreased risk of having an ovulation detected (e.g., because
of missed clinic visits). A sufficient number of subjects were
enrolled so that approximately 50 subjects would complete
84 days of treatment. Assuming a dropout rate of 20%, 60
subjects were to be enrolled, anticipating that 50 subjects
would complete the study and to obtain a 90% upper limit of
the ovulation rate of less than 10% if one subject had an
ovulation. All subjects who received at least one dose of
study medication were included in the analysis of safety data,
which included laboratory variables, vital signs and adverse
events (AEs). AEs were recorded during physical examina-
tion and clinical evaluation of the subjects and from
nonspecific questioning of subjects at each visit. Laboratory
data, vital signs and AEs were tabulated. Laboratory data
changes from baseline were analyzed for statistical sig-
nificance using Student's t test.
3. Results

Fifty-nine subjects were enrolled in the study, among
which 58 received study drugs and 50 completed the study.
Table 2 provides a summary of the demographic and baseline
characteristics of the study population. Eight subjects
withdrew early: three withdrew because of AEs (two for
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hypertension and one for acne), one withdrew because of
noncompliance with study medication and four withdrew for
personal reasons. Thirty-seven subjects were included in the
efficacy analysis. Subject disposition for the efficacy
analysis is summarized in Table 3.

Ovulation was inhibited for all three treatment pill packs
in all 37 women in the efficacy population and in all 58
women in the ITT population. The median weekly or daily
maximum hormone values per subject within each pill pack
28-day segment for 17β-estradiol, FSH, LH and progester-
one concentrations in the efficacy population are shown
in Fig. 1A.

In the efficacy population, serum 17β-estradiol levels
declined from a median maximum of 690 pmol/L in the
pretreatment observation cycle to between 161 and 191
pmol/L during Pill Packs 1–3 and returned to 1059 pmol/
L in the posttreatment observation interval (Fig. 1A).
FSH was not changed to any extent during the use of the
OC, with median maximum values of 5.4–6.8 mU/mL
during treatment compared to a median maximum value
of 5.1 mU/mL in the pretreatment observation cycle (Fig.
1A). LH median maximum levels were decreased to
below 7 U/L during OC use compared to both
pretreatment and posttreatment observation values (9.2
and 33.3 U/L, respectively) (Fig. 1A). Median maximum
serum progesterone levels on therapy ranged from 1.0 to
1.6 nmol/L compared to 66 and 30 nmol/L in the
pretreatment observation cycle and posttreatment observa-
tion interval, respectively (Fig. 1A). The median max-
imum on-therapy hormone values in the ITT population
differed only slightly from those observed in the efficacy
population (Fig. 1B).

Results of the Hoogland and Skouby grading for ovarian
activity in the efficacy population are presented in Fig. 2A.
During each of the three pill packs, at least 90% of the
subjects had ovarian follicle scores within Grade 0, 1 or 2
[no activity, potential activity or nonactive follicle-like
structure (FLS), respectively]. Active FLS (Grade 3) was
observed in one subject during Pill Pack 1 and in three
subjects each during Pill Packs 2 and 3. No subject had a
Grade 4 [luteinized unruptured follicle (LUF)] or Grade 5
(“ovulation”) score. Follicle scores in the ITT group, which
included women who missed one or more pills, tended to be
Table 3
Study population disposition

Group description Number (%) (N=58)

Subjects who enrolled and received drug (ITT) 58 (100)
Subjects included in the efficacy population 37 (64)
Subjects excluded from the efficacy populationa 21 (36)
Completed b84 days on therapy 8 (14)
Missed N1 consecutive study drug pill 8 (14)
Missed tests for N4 consecutive days 14 (24)
Missed N2 study drug pills in total 11 (19)
Missed N3 tests total for 84 treatment days 14 (24)

a A subject may have been excluded for more than one reason.
slightly higher; however, more than 85% of women had an
ovarian follicle score of 0, 1 or 2 (Fig. 2B). After treatment,
a progesterone value of ≥15.9 nmol/L (≥5 ng/mL) was
used as an indicator of ovulation (the same criterion used
during screening for presumptive pretreatment ovulation).
Of the 58 subjects in the ITT population, 8 were not
evaluable after treatment, and 3 missed more than one pill
in Pill Pack 3 (putting them at increased risk of early return
of ovulation). There was evidence of ovulation within 37
days of stopping treatment for 46 (98%) subjects out of the
47 evaluable subjects posttreatment. The one other subject
who had a medical history compatible with polycystic
ovarian syndrome (PCOS) had evidence of ovulation on
Day 66 posttreatment.

Amenorrhea was achieved by 10% of subjects during Pill
Pack 3. While most subjects had some bleeding and/or
spotting while on study drug, the median number of days of
bleeding declined from 5 days during Pill Pack 1 to 2 days
during Pill Pack 3. The median number of spotting days was
essentially unchanged from 3 days during Pill Pack 1 to 4
days during Pill Pack 3.

Of the 58 subjects who received the study drug, 50
(86.2%) subjects reported one or more AEs that emerged or
worsened on study drug. The investigators considered the
events in 20 subjects (40%) to be at least possibly related to
the study drug. The most frequently reported AEs were
headache (eight subjects; 13.8%) and pain (eight subjects;
13.8%). One serious AE— a case of Escherichia coli sepsis
of unknown etiology that was considered unrelated to the
study drug — was reported.

The safety laboratory and vital signs evaluations were
tabulated (Table 4). There was no significant mean change in
fasting glucose, fasting cholesterol or blood urea nitrogen
(BUN) values after 84 days of treatment. Mean triglyceride
values were significantly increased during and after treat-
ment. Mean creatinine values increased significantly during
treatment, but were not significantly different from baseline
on posttreatment assessment. Serum aspartate aminotransfer-
ase (AST) and serum alanine aminotransferase (ALT) values
were significantly decreased from baseline at the end of
treatment, but were not significantly different from baseline
on posttreatment assessment. There were statistically sig-
nificant decreases in mean hemoglobin (−0.4 g/dL) and
hematocrit (−0.7%) levels at the end of treatment, and in
hemoglobin level (−0.3 g/dL) on posttreatment assessment
that were considered to be clinically inconsequential by
the investigators.

As seen in Table 4, mean diastolic blood pressure
decreased significantly from baseline in Pill Packs 1, 2 and
3 (by 3.9, 5.2 and 7.2 mmHg, respectively) and remained
significantly lower in the first month after treatment. There
was no significant change in systolic blood pressure. Mean
weight increased significantly from baseline during the first
month of treatment (by 0.51 kg); however, the increases from
baseline at the end of treatment (0.40 kg) and at the end of the
posttreatment observation interval (i.e., after the return of



Fig. 1. Median of maximum per-subject hormone values at baseline (control cycle) during each of the three 28-day treatment cycles (pill packs) and posttreatment
observation interval. Vertical bars denote interquartile ranges. Blood samples were collected for hormone assay three times a week. (A) Efficacy population
(N=36–37). (B) ITT population (N=53–58).
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Fig. 2. (A) Ovulation activity according to the Hoogland and Skouby 6-point grading system during each of the three 28-day treatment intervals (pill packs).
Efficacy population (N=37). (B) Ovulation activity according to the Hoogland and Skouby 6-point grading system during each of the three 28-day treatment
intervals (pill packs). ITT population (N=53–58).
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ovulation had been confirmed, or by the end of Week 12 if
ovulation did not return) (0.13 kg) were not significant.

Endocrine parameters are detailed in Table 5. There was
no significant mean change from baseline in TSH level at the
end of treatment or at the end of the posttreatment
observation interval. Significant increases in SHBG from
138.3 nmol/L at baseline to 237.1 nmol/L during Pill Pack 3
occurred. Free testosterone declined from a mean of



Table 4
Descriptive statistics and analysis over time of laboratory test and vital signs values (ITT population)

Parameter and data analysis interval n Observed [mean (SD)] Baseline [mean (SD)] Change [mean (SD)]

Fasting glucose (mmol/L)
Prestudy screening 58 4.76 (0.39) 4.76 (0.39)
Pill Pack 3 51 4.75 (0.44) 4.74 (0.37) 0.01 (0.42)
Posttreatment observation interval 55 4.82 (0.53) 4.74 (0.36) 0.07 (0.58)
BUN (mmol/L)
Prestudy screening 58 4.013 (1.083) 4.013 (1.083)
Pill Pack 3 51 4.053 (1.224) 4.039 (1.100) 0.014 (1.071)
Posttreatment observation interval 56 4.086 (1.083) 4.003 (1.101) 0.083 (1.119)
Creatinine (μmol/L)
Prestudy screening 58 64.8 (11.4) 64.8 (11.4)
Pill Pack 3 51 69.3 (10.5) 63.8 (9.4) 5.5⁎⁎⁎ (8.5)
Posttreatment observation interval 56 66.1 (11.2) 64.6 (11.4) 1.6 (6.6)
Fasting cholesterol (mmol/L)
Prestudy screening 58 4.750 (0.682) 4.750 (0.682)
Pill Pack 3 51 4.731 (0.672) 4.747 (0.696) −0.015 (0.528)
Posttreatment observation interval 55 4.797 (0.760) 4.730 (0.690) 0.068 (0.525)
Fasting triglycerides (mmol/L)
Prestudy screening 58 0.936 (0.378) 0.936 (0.378)
Pill Pack 3 51 1.212 (0.414) 0.922 (0.375) 0.290⁎⁎⁎ (0.296)
Posttreatment observation interval 55 1.150 (0.628) 0.937 (0.376) 0.213⁎⁎ (0.502)
AST (mU/mL)
Prestudy screening 58 19.5 (4.4) 19.5 (4.4)
Pill Pack 3 51 16.7 (3.7) 19.4 (4.6) −2.7⁎⁎⁎ (3.6)
Posttreatment observation interval 56 19.3 (7.0) 19.6 (4.5) −0.3 (6.3)
ALT (mU/mL)
Prestudy screening 58 17.2 (7.2) 17.2 (7.2)
Pill Pack 3 51 12.8 (5.3) 17.3 (7.3) −4.5⁎⁎⁎ (6.6)
Posttreatment observation interval 56 16.4 (8.7) 17.2 (7.2) 0.8 (8.6)
Hemoglobin (g/dL)
Prestudy screening 57 13.154 (1.301) 13.154 (1.301)
Pill Pack 3 50 12.656 (1.146) 13.092 (1.320) −0.436⁎⁎⁎ (6.95)
Posttreatment observation interval 55 12.955 (1.345) 13.218 (1.279) −0.264⁎ (7.72)
Hematocrit (%)
Prestudy screening 57 38.998 (3.583) 38.998 (3.583)
Pill Pack 3 50 38.074 (3.031) 38.798 (3.570) −0.724⁎ (0.02182)
Posttreatment observation interval 55 38.735 (3.517) 39.173 (3.525) −0.438 (0.02259)
Systolic blood pressure (mmHg)
Prestudy screening 58 109.86 (11.87) 109.86 (11.87)
Pill Pack 3 51 105.45 (9.68) 108.71 (11.76) −3.25 (1.71)
Posttreatment observation interval 56 105.79 (11.64) 109.11 (11.24) −3.32 (1.67)
Diastolic blood pressure (mmHg)
Prestudy screening 58 71.93 (8.53) 71.93 (8.53)
Pill Pack 3 51 64.55 (8.67) 71.76 (8.66) −7.22⁎⁎⁎ (1.11)
Posttreatment observation interval 56 67.57 (9.52) 71.89 (8.67) −4.32⁎⁎ (1.32)
Weight (kg)
Prestudy screening 58 69.74 (14.26) 69.74 (14.26)
Pill Pack 3 51 70.19 (14.43) 69.78 (14.54) 0.40 (0.30)
Posttreatment observation interval 56 69.96 (14.17) 69.83 (14.49) 0.13 (0.36)

n=number of matched nonmissing pairs; SD=standard deviation.
All statistics were evaluated using data with nonmissing baseline values. Posttreatment observation interval was defined as the return of ovulation confirmed
following the end of treatment, or by the end of Week 12 posttreatment if ovulation did not return.

⁎ Statistical significance at the .05 level.
⁎⁎ Statistical significance at the .01 level.
⁎⁎⁎ Statistical significance at the .001 level.
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3.9 pmol/L at baseline to 1.4 pmol/L during Pill Pack 3, and
these findings were statistically significant (see Table 5).
Mean total testosterone and androstenedione levels also
significantly decreased during treatment. DHEA-S had a
statistically significant change from 4.69 μmol/L at baseline
to 4.05 μmol/L at Pill Pack 3.
4. Discussion

This study evaluated a low-dose OC (LNG 90 mcg/EE
20 mcg) in a continuous OC regimen. Ovulation was
completely inhibited during the 84-day treatment interval
based on TVU scans, hormone assays, and Hoogland and



Table 5
Descriptive statistics and analysis over time for endocrine parameters

Parameter and data analysis interval n Observed [mean (SD)] Baseline [mean (SD)] Change [mean (SD)]

Ultrasensitive TSH (mU/L)
Prestudy screening 58 1.25 (0.58) 1.25 (0.58)
Pill Pack 3 51 1.31 (0.88) 1.23 (0.60) 0.08 (0.57)
Posttreatment observation interval 56 1.32 (0.76) 1.26 (0.58) 0.06 (0.63)

SHBG (nmol/L)
Prestudy screening 58 138.30 (57.53) 138.30 (57.53)
Pill Pack 3 51 237.14 (70.50) 140.00 (56.39) 97.14⁎⁎ (62.51)
Posttreatment observation interval 56 156.00 (63.26) 138.06 (56.26) 17.94⁎ (49.49)

DHEA-S (μmol/L)
Prestudy screening 58 4.69 (2.34) 4.69 (2.34)
Pill Pack 3 51 4.05 (2.31) 4.77 (2.25) −0.71⁎⁎ (1.40)
Posttreatment observation interval 56 4.79 (2.45) 4.77 (2.34) 0.02 (1.45)

Testosterone (nmol/L)
Prestudy screening 58 1.760 (0.437) 1.760 (0.437)
Pill Pack 3 51 1.184 (0.511) 1.781 (0.460) −0.597⁎⁎ (0.489)
Posttreatment observation interval 56 1.687 (0.463) 1.771 (0.439) −0.084 (0.437)

Free testosterone (pmol/L)
Prestudy screening 58 3.90076 (2.22360) 3.90076 (2.22360)
Pill Pack 3 51 1.37439 (0.94384) 3.95988 (2.32171) −2.58549⁎⁎ (2.14839)
Posttreatment observation interval 56 2.97800 (1.58573) 3.90995 (2.25124) −0.93194⁎ (2.20786)

Androstenedione (nmol/L)
Prestudy screening 58 4.74 (1.91) 4.74 (1.91)
Pill Pack 3 51 3.07 (2.18) 4.80 (1.96) −1.73⁎⁎ (1.57)
Posttreatment observation interval 56 5.06 (2.40) 4.76 (1.93) 0.31 (1.96)

n=number of matched nonmissing pairs; SD=standard deviation.
All statistics were evaluated using data with nonmissing baseline values. Posttreatment observation interval was defined as the return of ovulation confirmed
following the end of treatment, or by the end of Week 12 posttreatment if ovulation did not return.

⁎ Statistical significance at the .05 level.
⁎⁎ Statistical significance at the .001 level.
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Skouby scores of ovarian activity in all 58 subjects who
received the study drug. Hoogland and Skouby scores in
the majority of the subjects (90%) were 3 or lower,
indicating little or no ovarian activity. The degree of
ovarian suppression appears to be greater than that seen
with cyclic regimen low-dose OCs containing 20 mcg of
EE [11]. In this study, each subject served as her own
control. These data are consistent with the results of earlier
comparative studies that assessed ovarian activity in
showing that the absence of a hormone-free interval more
effectively inhibits follicular development and reduces the
potential for escape ovulations than a cyclic OC regimen
[7,8]. The Hoogland and Skouby scoring system was used
to describe follicular activity, and these results indicate
limited follicular activity reflecting the chronic inhibition of
pituitary FSH with continuous exogenous EE/LNG admin-
istration. This study is useful for confirming the additional
ovarian suppression obtained by eliminating the pill-free
interval and confirms the results of earlier studies on
smaller numbers of subjects [7,8]. The study also
demonstrates that ovulation is absent at LNG/EE doses
that minimize hormone exposure.

Continuous-use OCs have been commonly used as a
means to postpone menses for both medical and lifestyle
reasons. The current study shows that, despite having a
degree of ovarian suppression greater than that observed
with standard 21-day/7-day cyclic OCs, there was no
indication of a delay or difference in time to return of
ovulation between continuous-use OCs and cyclic OCs. For
subjects evaluable for posttreatment time to return of
ovulation, progesterone values indicated a return of ovula-
tion within 37 days of treatment for 98% of subjects. The
longer time to return of ovulation in one subject may have
been due to effects of PCOS because the subject had a
medical history consistent with this syndrome. There are
several cases reported in which long-term use (3, 5.5 and
8 years) of a continuous OC regimen was followed by an
apparent ovulation within 13–25 days of cessation of OC
use [12].

The findings in this study are consistent with the return of
menses and/or pregnancy following use of the continuous
OC containing LNG 90 mcg/EE 20 mcg. Return of ovulation
is rapid and occurred in 98.9% of women by Day 90
following discontinuation of the method employed in this
study [12].

The changes in DHEA-S, androstenedione, and total and
free testosterone in the current study are similar to those
reported with other OC formulations [13–15]. SHBG
increases with OC use, but LNG attenuates this increase [16].

There were no clinically significant changes in labora-
tory and vital signs or in any other safety parameter
evaluated. Of note, mean diastolic pressure decreased
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significantly in this study population, but there was no
change in systolic blood pressure.
5. Conclusion

The continuous use of a low-dose OC containing LNG 90
mcg/EE 20 mcg effectively inhibits ovulation and ovarian
activity. After 84 days of continuous use, this effect is rapidly
reversed, as demonstrated by the return of ovulation after
completion of 84 days of continuous use of LNG 90 mcg/EE
20 mcg. Ovulation was documented within 3 weeks of
stopping OC use by ultrasound and serum hormone levels in
all but one participant out of the 37 participants in the
efficacy evaluation population.
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