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Abstract

Objective: The objective of this study was to evaluate the effect of a continuous daily regimen of levonorgestrel (LNG) 90 Ag/ethinyl
estradiol (EE) 20 Ag on endometrial histology.

Methods: This was a substudy of a large phase 3 trial conducted in six sites in North America. Healthy and sexually active women aged

between 18 and 49 years took LNG 90 Ag/EE 20 Ag daily for 1 year. Results from endometrial biopsies performed at pretreatment baseline

and those after at least 6 months of treatment were compared.

Results: Of the 146 participants, 93 had a baseline biopsy and completed at least six pill packs. Before treatment, 56 subjects (60%) had an

endometrial biopsy with findings classified as bweakly proliferative or proliferative.Q During the last on-therapy visit, 48 subjects (52%) had

an endometrium categorized as bother,Q which included primarily an inactive or benign endometrium (n =42). No hyperplasia or malignancy

was observed during the study.

Conclusion: The results of a 1-year continuous regimen of LNG 90 Ag/EE 20 Ag were shown to have a good endometrial safety profile.

D 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The continuous oral contraceptive (OC) regimen is one

of the most current advances in the development of OCs. It

is designed to reduce or eliminate cyclic bleeding, ulti-

mately decreasing undesirable cycle-related symptoms.

Prolonged periods of endometrial suppression with this

regimen prompted this investigation of the effects of a

continuous OC regimen on the endometrium.

Low-dose combined OCs typically inhibit the normal

proliferative changes of the endometrium, as indicated by

thin, narrow and widely spaced glands as well as changes

leading toward decidualization [1]. Studies on the endome-

trium with 21-day cyclic OCs show that various cyclic

regimens suppress endometrial activity [2–5]. A more

recent study on the effects of an 81-day extended-cycle

regimen of levonorgestrel (LNG) 150 Ag/ethinyl estradiol
(EE) 30 Ag on the endometrium of 37 subjects found that
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65% of the subjects had an inactive or atrophic endome-

trium after taking the regimen for 1 year [6]. In another

study with a small sample of subjects taking LNG 100 Ag/
EE 20 Ag continuously for nine cycles, the majority of

patients (7/8) were shown to have an inactive or atrophic

endometrium [7]. However, larger study samples are

needed to further investigate the effects of continuous OC

use on the endometrium.

A large phase 3, open-label and safety-and-efficacy trial

of continuous LNG 90 Ag/EE 20 Ag was conducted in 92

sites in North America [8]. We report on a substudy of this

trial whose objective was to examine the effects of a

continuous daily regimen of LNG 90 Ag/EE 20 Ag on

endometrial histology following at least 6 months of use.
2. Materials and methods

2.1. Study design

A phase 3, single-treatment, open-label and multicenter

trial in North America evaluated the safety and contracep-

tive efficacy of LNG 90 Ag/EE 20 Ag in a continuous-use
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Fig. 1. Endometrial substudy subject disposition.
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regimen over 1 year [8]. This endometrial histology

substudy was conducted in six of the phase 3 study sites.

All aspects of the study were conducted according to the

Declaration of Helsinki, and the protocol was approved at

all sites by an institutional review board.

In addition to the screening and baseline procedures

done for all study participants, the endometrial substudy

subjects had a baseline endometrial biopsy approximately

1–4 weeks before beginning treatment on day 1 of their

next menses. A second biopsy was conducted at the

conclusion of the study during the subjects’ consumption

of the final pack of pills. Biopsy specimens of sub-

jects not completing at least six pill packs were

not obtained. All subjects were instructed to observe the

LNG 90 Ag/EE 20 Ag regimen at 1 pill per day (about

the same time each day) for 1 year (13 pill packs).

Follow-up visits for medical evaluation occurred during

consumption of pill packs 3, 7, 10 and 13 as well as

posttreatment days 1–15.

2.2. Study population

Healthy and sexually active women (age, 18–49 years)

whose three most recent menstrual cycles were of normal

length (21–35 days) were enrolled. All subjects agreed to

take only the study OC for contraception and provided

written consent for study participation.

Exclusion criteria included standard contraindications for

OC use, undiagnosed abnormal genital bleeding in the past

180 days and abnormal laboratory findings for liver

enzymes, blood pressure and fasting lipids. Subjects older

than 34 years could not smoke 15 or more cigarettes per day

(US sites) or could not smoke at all (Canadian sites).

Participants were also excluded if they were unable to

undergo endometrial biopsy, had insufficient endometrial

tissue for histologic interpretation or abnormal findings

from the biopsy at the baseline visit or had known

submucosal uterine fibroids.

2.3. Endometrial histology

Endometrial biopsies were performed before initiation of

treatment and during the subjects’ consumption of pill pack

13 or at the conclusion of a subject’s participation in the

study after completing at least six pill packs. Following

cleansing of the cervix, tissue was obtained using a vacuum-

assisted endometrial biopsy curette. Biopsy samples were

placed in 10% neutral buffered formalin after collection,

sent to a central laboratory and processed for paraffin

embedding in the orientation appropriate for identifying

specific structures and making a subsequent diagnosis.

Biopsy sections (4 Am thick) were stained with hematoxylin

and eosin. Slides with biopsy sections were identified only

by each patient’s accession number.

A reviewing pathologist and a primary pathologist scored

the biopsy samples. If after consultation the primary

pathologist and reviewing pathologist could not reach

agreement, the case was referred to a third pathologist.
Biopsy classifications included the following: bweakly
proliferative endometrium, benignQ; bproliferative endome-

trium, benignQ (grouped as weakly/proliferative); and

bsecretory endometrium, benign.Q The category of

bendometrial tissue, otherQ could include the histologic

diagnosis of benign, inactive or atrophic fragments of

endometrial epithelium, glands and stroma. The category

of botherQ could include fragments of benign endometrial

tissue (e.g., inactive, proliferative) and miscellaneous read-

ings as crush artifact and blood clots. No tissue/diagnosis

terms included the following: bno tissue identifiedQ; bno
endometrium identifiedQ; and bendometrial tissue insuffi-

cient for diagnosis.Q Terms for the diagnosis of hyperplasia

included simple and complex hyperplasia either with or

without atypia.

2.4. Statistical analysis

Based on prior endometrial studies on OCs, the substudy

planned to enroll approximately 125 subjects. For this

descriptive analysis, frequency tables were used to show the

endometrial histology findings from pretreatment to the last

on-therapy evaluation during the subjects’ consumption of

pill pack 13. Subjects with a baseline biopsy who completed

at least six pill packs were included in the analysis

comparing baseline and last on-therapy visit findings. The

last on-therapy visit used had to occur during consumption

of pill pack 7 or later.
3. Results

3.1. Subject disposition and demographics

Of the 2134 subjects who took at least one dose of the

study medication in the primary study, 146 participated in



Table 1

Demographic and baseline characteristics of the subjects (N =146)

Characteristic Value

Age (years)

MeanFSD 28.5F6.6

Range 18–49

Race [n (%)]

White 119 (81.5)

Black 15 (10.3)

Other 12 (8.2)

Body mass index (kg/m2)

MeanFSD 25.96F6.18

Range 18.37–51.43

Pregnancies [n (%)]

0 77 (52.7)

1 27 (18.5)

2 19 (13.0)

3 12 (8.2)

4–7 11 (7.5)

Education (years)

MeanFSD 15.1F2.1

Range 8–22

J.V. Johnson et al. / Contraception 75 (2007) 23–26 25
this endometrial histology substudy. Of these 146 subjects,

93 had a baseline biopsy and completed at least 6 pill

packs and 75 completed 13 pill packs. Reasons for

discontinuation by the subject, investigator and sponsor

are presented in Fig. 1. The demographic and baseline

characteristics of the subjects in this substudy are similar to

those of the subjects in the primary study and are shown in

Table 1. Hormonal contraceptives were used by 67 of the

women (45.9%) within 30 days prior to their baseline

screening visit.

3.2. Endometrial histology

No hyperplasia or malignancy was found in any

endometrial biopsy specimen at the start or at the end of

the study. Baseline (between 8 and 33 days before

treatment) and last on-therapy endometrial histologic results
Table 2

Endometrial biopsy results at baseline versus those during the last on-therapy vis

Baseline Last on-therapy visit response

Hyperplasia/

malignancy

Weakly/proliferative

endometrium

Secre

endo

Hyperplasia/malignancy 0 0 0

Weakly/proliferative

endometrium

0 5 (5.4) 1 (1.1

Secretory endometrium 0 1 (1.1) 1 (1.1

Other endometrial tissue 0 0 0

Other 0 4 (4.3) 0

Total 0 10 (10.8) 2 (2.2

Subjects must have completed at least six pill packs of the test article and had a ba

must have been during the consumption of pill pack 7 or later.
a Included the histologic diagnoses of benign inactive or proliferative endome
b Usually included fragments of benign endometrial tissue (e.g., inactive, prol

miscellaneous readings.
c Included tissue insufficient for diagnosis, no endometrium identified and no
are shown in Table 2. Before treatment, 56 subjects (60%)

had an endometrium classified as bweakly proliferative

or proliferative.Q
Of the 93 biopsies at the last on-therapy visit, 3 were

performed when the subject discontinued the substudy

before consuming pill pack 13, 85 were done during pill

pack 13 while on treatment or the day after treatment and 5

were done within 1 week of taking the last study

medication. At the last on-therapy visit, the majority of

subjects (n=48, 52%) had an endometrium categorized as

bother,Q which included the histologic diagnosis of

binactiveQ and/or bbenignQ endometrium for 42 subjects

and bproliferative endometriumQ or bfew proliferative

glandsQ for 3 other subjects. For the 3 subjects who did

not have a histologic diagnosis as a result of

bscant endometriumQ or bcrush artifact,Q no evidence of

hyperplasia or malignancy was observed. Eight of the last

on-therapy biopsy specimens classified as inactive or

benign had presence of an atrophic glandular epithelium,

two of which were marginally atrophic. The biopsy speci-

mens of 9 subjects were classified in the bendometrial

tissue, otherQ category.

3.3. Bleeding-related events

Of the 146 subjects, 11 (7.5%) had a bleeding-related

adverse event not related to the endometrial biopsy. Six

subjects had bleeding that lasted more than 1 week (1

completed the study, 4 discontinued for vaginal bleeding

and 1 discontinued for a preexisting fibroid). There was a

last on-therapy biopsy for 4 of these subjects during or

soon after the bleeding event. One biopsy performed

19 days before study completion for a subject with

persisting mild metrorrhagia yielded insufficient tissue for

diagnosis. A proliferative endometrium was seen in two

biopsies, one done on the day of discontinuation and

another 9 days after the last pill was taken. One biopsy per-

formed 6 days after the last pill was taken showed
it [n (%)]

Total

tory

metrium

Other

endometrial

tissuea

Otherb No tissue/

diagnosisc

0 0 0 0

) 4 (4.3) 34 (36.6) 12 (12.9) 56 (60.2)

) 2 (2.2) 6 (6.5) 5 (5.4) 15 (16.1)

0 1 (1.1) 0 1 (1.1)

3 (3.2) 7 (7.5) 7 (7.5) 21 (22.6)

) 9 (9.7) 48 (51.6) 24 (25.8) 93 (100.0)

seline biopsy to be included in this analysis. Last on-therapy visit to be used

trium, stromal and glandular breakdown and exogenous progesterone effect.

iferative) as the most common reading and crush artifact and blood clots as

tissue identified.
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extensive stromal and glandular breakdown consistent with

estrogen withdrawal bleeding.
4. Discussion

The endometrial histology as observed in this substudy

indicates changes of the endometrium that are consistent

with elimination of menstrual bleeding and reduction in

total bleeding and spotting days with continuous daily use

of LNG 90 Ag/EE 20 Ag for up to 1 year. This report extends
other safety results of continuous use of LNG 90 Ag/EE
20 Ag that have been reported in the primary safety-and-

efficacy publication of this study [8]. We found that the

overall histologic changes were consistent with a decrease in

cyclic growth and decidualization of the endometrium. The

most common histologic finding in the last on-therapy

biopsies was an inactive endometrium. An inactive endo-

metrium has stroma and glands similar to those of a

proliferative endometrium but differs from the latter type

with the glands’ orientation being parallel to the epithelium

and a denser stroma. The fact that nuclear DNA synthesis

and estrogen receptors are maintained in an inactive

endometrium (but not in severely atrophic endometrium)

may explain why estrogen can restore inactive to normal

endometria relatively quickly [9]. Notably, no hyperplasia or

malignancy was found in any endometrial biopsy specimen.

This is the first report on endometrial histology with a

continuous daily OC regimen of LNG 90 Ag/EE 20 Ag for

up to 1 year. A previous study on a 28-day cyclic regimen

compared with a continuous daily regimen of LNG

100 Ag/EE 20 Ag reported endometrial histology [7]. The

authors found that seven of the eight continuous users had

biopsy specimens indicating an inactive or atrophic

endometrium at cycle 9 [7]. Likewise, in our study, the

majority of subjects had an endometrial biopsy specimen

classified as botherQ during their consumption of pill pack

13, indicating that most subjects had an inactive or benign

endometrium. Our results are also consistent with those of

previous studies with cyclic OCs that show suppressed

endometrial activity and/or no evidence of hyperplasia or

malignancy [2–5].

The safety of suppressing endometrial activity for

prolonged periods is demonstrated by the safe long-term

use of progestin-only contraceptives, such as depot medrox-

yprogesterone acetate [10]. Suppressing endometrial activity

may also be the mechanism by which OCs have been shown

to prevent endometrial cancer [1]. The sample size in our

study is relatively large as compared with samples used in

previous endometrial studies on cyclic [2–5], extended-cycle

[6] and continuous [7] OCs.
In conclusion, the continuous daily use of LNG 90 Ag/EE
20 Ag for up to 1 year produces a generally inactive endome-

trium with no pathology identified.
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