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Objective: To evaluate the efficacy and safety of a new variant of the levonorgestrel–intrauterine system (LNG-
IUS)—Emily—for the treatment of abnormal uterine bleeding (AUB). Methods: A prospective, multicenter,
single-arm, phase 4 study was conducted at six centers in India between July 2012 and August 2013. Eligible
women were aged 30–50 years, had completed their family, had AUB, and a pictorial bleeding assessment
chart (PBAC) score of at least 100. After screening (visit 1) and insertion of the device (visit 2), participants
were followed up at 1 week, 1 month, 3 months, and 6 months. The primary outcomes were menstrual blood
loss (assessed by PBAC) and quality of life (assessed by the EQ-5D-3 L questionnaire). Results: Among 63 partic-
ipants, 45 (71%) completed the study. Mean PBAC score decreased from 238.0 ± 128.7 at screening to 13.1 ±

19.2 at 6 months (P b 0.001). EQ-5D-3 L score increased from 79.0 ± 14.1 at visit 2 to 86.3 ± 9.0 at 6 months
(P = 0.003). No serious adverse events related to the device were reported. Conclusion: Among women with
AUB, use of the Emily LNG-IUS significantly reduces menstrual bleeding and improves quality of life.
Clinical Trials Registry of India: CTRI/2012/07/002843
© 2015 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Abnormal uterine bleeding (AUB) is one of themost common bleed-
ing symptoms in many premenopausal women [1]. AUB is reportedly
experienced by approximately 30% of women of reproductive age and
accounts for nearly 60% of consultations for menstrual disorders [2].

Drug therapy for AUB includes oral contraceptives, progestins,
tranexamic acid, and nonsteroidal anti-inflammatory drugs. If oral
drug therapy becomes ineffective, surgical procedures for AUB can be
considered, such as hysterectomy, endometrial resection, and laser
ablation. Additionally, repeat surgeries are relatively common with as
many as 30% of the women undergoing endometrial resection or laser
ablation opting for hysterectomy [2,3].

The levonorgestrel intrauterine system (LNG-IUS) is considered
to be the most effective medical treatment for AUB [4]. The LNG-IUS
was introduced for contraception in 1990 and currently there are an
estimated 4 million LNG-IUS users worldwide [5]. The US Food and
Drug Authority has approved LNG-IUS both for use as a contraceptive
and for the treatment of menorrhagia [6].
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In India, use of LNG-IUS for the treatment of AUB is relatively low
owing to various reasons, such as poor availability, few competing
brands, and high cost [7,8]. Therefore, many women with AUB who
become refractory to drug therapy are forced to opt for hysterectomy.
In addition, the prevalence of anemia among Indian women could be
as high as 52%, and the concomitant presence of anemia might further
worsen the health of women with AUB [5]. Therefore, LNG-IUS would
be likely to improve the health of these women, which prompted HLL
Lifecare Ltd and Sree Chitra Tirunal Institute of Medical Science and
Technology to develop an affordable new variant of LNG-IUS—Emily—
for the treatment of AUB. The device was approved on October 11,
2011, by the drugs controller and licensing authority, andwas launched
on the Indian market on October 18, 2012. The aim of the present
clinical study was to assess the efficacy and safety of Emily for the
treatment of women with AUB.

2. Materials and methods

The present prospective, multicenter, single-arm, phase 4 study of
the Emily LNG-IUS was conducted among women recruited at six
different centers in four cities in India (Mumbai, Delhi, Hyderabad,
and Bangalore) between July 22, 2012, and August 3, 2013. Eligible
women were aged 30–50 years; had completed their family (as
ascertained by direct interaction with the women); had a non-
reland Ltd. All rights reserved.
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demonstrable pathologic cause of AUB as defined by the International
Federation of Gynecology and Obstetrics (FIGO) PALM-COEIN classifica-
tion [9] (e.g. coagulopathy, ovulatory dysfunction, or endometrial dys-
function) and evidenced by heavy menstrual bleeding for a minimum
of the past three cycles; and a baseline pictorial bleeding assessment
chart (PBAC) score of 100 or more.

The exclusion criteria were a confirmed or suspected pregnancy; de-
livery, or spontaneous or induced abortion in the previous 3 months;
intermenstrual bleeding; postmenopausal bleeding (bleeding occurring
more than 1 year after the last menstrual period); demonstrable
pathologic causes of AUB, such as endometrial polyp and myoma
uteri, pelvic inflammatory disease, untreated acute cervicitis or vagini-
tis, or congenital abnormality of the uterus; an abnormal cervical
smear report; diabetes mellitus or uncontrolled hypertension; a history
of incapacitating migraine, cerebrovascular disease, coronary artery
disease, thrombophlebitis, or thromboembolism; known or suspected
tumors of the liver, kidney, ovary, uterus, cervix, or breast; use of
prohibited medication (hepatotoxic drugs or herbal products) in the
past month; immunosuppressive treatment; known hypersensitivity
to micronized progesterone, silicone rubber, or any component of the
investigational product; or levels of thyroid-stimulating hormone
(TSH) of less than 0.4 IU/mL or more than 7 IU/mL, or abnormal levels
of triiodothyronine (T3; b3.47 nmol/L or N6.94 nmol/L) or thyroxine
(T4; b124.15 nmol/L or N309.01 nmol/L).

The study protocol was reviewed and approved by the institutional
review board or institutional ethics committee at each of the study
sites. All participants provided written informed consent.

The study was conducted in two phases: screening (visit 1, 1–7 days
before insertion) followed by 6 months of treatment visits. At the
screening visit, a cervical smear was done for women who had not
had one in the previous 9 months. Additionally, laboratory assessments
(e.g. complete blood count, liver function test, and a test for TSH) and
pelvic ultrasonography to rule out pelvic pathology were performed. A
urine pregnancy test was also performed during the screening phase
and 6 months after insertion.

The Emily devicewas inserted on visit 2,which took place during the
first 7 days of the participant’s menstrual cycle. During the insertion
procedure, feedback was gathered from the subjects regarding any dis-
comfort during the insertion of the device. The Emily device consists of
threemajor components: 1) anM-shaped flexible plastic arm; 2) a drug
reservoir, which is a room-temperature vulcanizing, siloxane-based
elastomer impregnated with levonorgestrel; and 3) a regulating mem-
brane, which is a reinforced siloxane-based elastomer. Levonorgestrel
is incorporated into the elastomer by shear mixing for 30 minutes
using a Planetary Centrifugal mixer, and the elastomer is formed into
the desired shape with appropriate molds. The regulating membrane
is fabricated by using a siloxane-based elastomer incorporated with re-
inforcing filler. The length of the horizontal arm is 19.5 mm, the height
of the vertical stem is 36 mm, and the core length is 23.5 mm (Fig. 1).
Fig. 1. Dimensions of Emily, a new variant of the levonorgestrel intrauterine system.
After insertion, participants were followed up at 7± 1 days (visit 3),
30 ± 4 days (visit 4), 90 ± 4 days (visit 5), and 180 ± 4 days (visit 6).

The primary outcomes assessed were menstrual blood loss as
measured with PBAC, and quality of life as measured by the EQ-5D-3 L
questionnaire at visits 4 and 6. A speculum examinationwas performed
at visits 4–6 months to ensure proper placement of the LNG-IUS.
Menstrual blood loss at each cycle was assessed by PBAC, and the
participants were trained to accurately record the PBAC score in a
diary during menstruation. Participants with a PBAC score greater than
or equal to 100 were deemed to have a menstrual blood loss of 80 mL
and therefore AUB [10]. The EQ-5D-3 L questionnaire measures quality
of life in terms of mobility, self-care, usual activities, pain and discom-
fort, and anxiety and depression. Hemoglobin levels were measured
via the cyanmethemoglobin method at visits 4 and 6. Standardized san-
itary pads (Stayfree secure regular use, Johnson & Johnson, Mumbai,
India) were issued upon completion of the PBAC questionnaire.

The treatment was deemed to have failed if there was confirmed
expulsion of the LNG-IUS, the participant withdrew from the study, or
alternative therapy was initiated. Treatments were otherwise deemed
not to have failed, but with varying levels of participant satisfaction.

The in vitro release of levonorgestrel from Emily was also compared
with that of an LNG-IUS device already on the market (Mirena, Bayer
HealthCare Pharmaceuticals, Whippany, NJ, USA). The fabricated proto-
types of Emily, alongwith the comparator LNG-IUS, were transferred to
10 mL of simulated uterine fluid in 30-mL glass vials in a laminar flow
cabinet in a sterile environment. The devices were maintained on an
incubator shaker at 37 °C at 100 rpm to mimic a physiological environ-
ment to measure the in vitro release of levonorgestrel. At weekly inter-
vals, the supernatant was removed and the devices were transferred to
10 mL of fresh simulated uterine fluid to continue monitoring the drug
elution profile. The supernatants were analyzed by high-performance
liquid chromatography to determine the release of drug over time.
Because the concentration of levonorgestrel reached in plasma and
endometrial tissue is as low as 150–200 pg/mL and 808± 511 ng/g, re-
spectively [6], it was not feasible to compare the in vivo concentrations
of levonorgestrel between Emily and other devices.

A sample size of 56 was deemed sufficient to prove that Emily is not
materially different from Mirena, at 95% confidence and 80% power,
with regard to a reduction in PBAC by 91% (the higher of two published
values after 6months ofMirenause) and an assumedworst value of 85%
for Emilywith a non-inferiority limit (delta) of 10%between the propor-
tions. Assuming a 10% drop-out, the necessary sample size became 62.
Even though the comparison available was with historical values for
Mirena, the 100(1–2α)% confidence interval approach was used
(where α = 0.05).

Statistical analysis was performed with SPSS version 17 (SPSS Inc,
Chicago, IL, USA). Women who completed 6 months of the study were
included in analyses. Continuous data are reported as the mean ± SD
and median (range). Proportions of various intermediate outcomes
are given as percentages. The mean and median of the total PBAC
score were calculated at visits 5 and 6, in addition to the proportion of
women with amenorrhea. The average reduction in total PBAC score
was calculated as a percentage. Paired t tests were used to compare
values between baseline and visit 5, and baseline and visit 6 after
assigning a value of 0 to the participants with amenorrhea. EQ-5D-3 L
values for visits 2 and 6 were also compared. P b 0.05 was taken as
statistically significant.
3. Results

Among 86 patients who were assessed for eligibility, 63 were
enrolled (Fig. 2). Among the 23 who were excluded, six had raised
serum glutamic oxaloacetic transaminase or serum glutamic pyruvic
transaminase levels, five had hypothyroidism, two had a smear test
showing inflammation with mild dysplasia, and 10 had an abnormal



Fig. 3. PBAC score. Abbreviation: PBAC, pictorial bleeding assessment chart.

Fig. 2. Flow of participants through the study.
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ultrasonography report showing fibroids, endometritis, or complex
hyperplasia with atypia.

The baseline characteristics of the 63 women enrolled in the study
are given in Table 1. All participants were of Asian ethnic origin. During
the study, 18 (29%) women experienced treatment failure (Fig. 2).

Among the 45 patients who completed 6 months, PBAC score
had decreased significantly between baseline and 3 and 6 months
(P b 0.001 for both) (Table 2, Fig. 3). Menorrhagia was the most
common adverse effect, having been reported by 10 (16%) of the 63 pa-
tients enrolled. Four of these women had the Emily LNG-IUS removed.
Amenorrhea was reported by 15 (33%) of the 45 women included in
analyses at 3 months, and 21 (47%) at 6 months. No serious adverse
events related to the device were reported. Postinsertion feedback
gathered regarding any discomfort during the insertion revealed that
Table 2
Menstrual status of the study women at 3 and 6 months (n = 45).

Time Amenorrheaa Total PBAC score

Mean ± SD Median (range)

Baseline 0 238.0 ± 128.7 208 (112–900)
Visit 4 15 (33) 46.2 ± 73.6b 10 (0–382)
Visit 6 21 (47) 13.1 ± 19.2b 2 (0–63)

Abbreviation: PBAC, pictorial bleeding assessment chart.
a Values are given as number (percentage).
b Significantly different from baseline (P b 0.001).

Table 1
Baseline characteristics (n = 63).

Characteristic Mean ± SD Median (range)

Age, y 39.0 ± 6.0 39 (28–49)
Height, cm 155.5 ± 6.6 155 (135–173)
Weight, kg 65.9 ± 13.7 64 (38–96)
Frequency of menstruation in past 3 cycles, da 28.9 ± 2.7 29 (25–36)
PBAC score 234.0 ± 121.6 201 (104–900)

Abbreviation: PBAC, pictorial bleeding assessment score.
a If regular.
the device is not associated with any significant discomfort. In terms
of quality of life, mean EQ-5D-3 L score improved between visit 2 and
visit 6 (P = 0.003) (Table 3). Mean hemoglobin levels increased from
114.8 ± 15.8 g/L at visit 1 to 123.6 ± 12.6 g/L at visit 6.

The in vitro release profile of Emily is shown in Fig. 4. The average
release of levonorgestrel per day from an LNG-IUS device is reported
to be 20 μg [6]. Therefore, the in vitro release profile is similar to that
of other LNG-IUS devices.

4. Discussion

The present study has shown that mean PBAC score among women
with AUB decreases substantially after insertion of the Emily LNG-IUS
device. Only approximately 30% of participants experienced treatment
failure. There was a slight improvement in quality of life at 6 months
after Emily insertion in terms of mobility, self-care, usual activities,
pain, anxiety, and depression. Insertion of the devicewas not associated
with any notable discomfort.

One of the primary outcomes of the present studywas the efficacy of
the Emily LNG-IUS, as assessed by a reduction in menstrual blood loss
using PBAC. When used judiciously, the PBAC scoring system has been
shown to accurately quantify menstrual blood loss [11]. In the present
study, the participants were trained after their enrollment to follow
the PBAC scoring system.

In the present study, the average percentage reduction in the mean
PBAC score at 3 and 6 months (79% and 93%, respectively) was similar
to existing data for the LNG-IUS, which have been reported as 86% and
91% at 3 and 6 months, respectively [12]. In another study [13], the per-
centage reduction in menstrual blood loss at 3 and 6 months was found
to be 82% and 88%, respectively. The 100(1–2α)% confidence limits for
the difference between the individual values of percentage reduction
in PBAC after Emily use in the present study and the mean reduction of
91% in PBAC after 6 months of Mirena use were derived. They were cal-
culated to be –0.6% and 4.8%, whichwerewell within the range of±10%,
thus vindicating the non-inferiority stance in sample size calculation.

A point of concern is the high rate of device expulsion in the present
study (11%; n= 7). A previous report [14] suggested that the expulsion
rate for LNG-IUS is approximately 5%. The expulsion rate among the 45
womenwho completed the present study is continuing to bemonitored
in a post-marketing surveillance study, and stood at 4% (1 of 45women)
Table 3
Quality of life score (n = 45).

Visit EQ-5D-3 L questionnaire score

Mean ± SD Median (range)

2 79.0 ± 14.1 81 (50–100)
6 86.3 ± 9.0a 90 (60–100)

a Significantly different from visit 2 (P = 0.003).



Fig. 4. In vitro release profile of the Emily levonorgestrel intrauterine system.
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at the time of publication; a clearer picturewill emerge as the studypro-
gresses. One reason for the high rate of expulsion in the present study
could be that the physicians had been using Emily for the first time.

Althoughnot aprimary objective of thepresent study,meanhemoglo-
bin levels had improved slightly 6 months after Emily insertion. Because
anemia can worsen the health of women with AUB [5], it is expected
that Emily will also improve the health condition of these women.

A larger sample size would have provided more insight into the
use of Emily among patients, especially in relation to events such as
expulsions and safety. This aspect will be considered in the Emily
post-marketing surveillance study.

In conclusion, the Emily LNG-IUS could be used to reduce menstrual
bleeding and improve the quality of life of women with AUB. Before
Emily was developed, the cost of existing LNG-IUS devices was approxi-
mately US$135, making them unaffordable for most women in India.
Emily costs approximately US$41, bringing the device within the reach
of most patients. Another advantage is its innovative M-shaped frame,
which enables it to be placed in the uterus without an inserter device—
an important factor in reducing cost.
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