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Background: The first hormonal contraceptive was introduced onto the market in several
countries 50 years ago; however, the portfolio of contraceptive methods remains restricted with
regards to their steroid composition, their cost, and their ability to satisfy the requirements of
millions of women/couples in accordance with their different reproductive intentions, behaviors,
cultures, and settings.

Methods: A literature review was conducted using Medline, Embase, and Current Contents
databases, up to September 1, 2013 to identify publications reporting new contraceptives in
development using combinations of the search terms: contraception, contraceptives, oral contra-
ceptives, patch, vaginal ring, implants, intrauterine contraceptives, and emergency contraception
(EC). Also, several experts in the field were also consulted to document ongoing projects on
contraception development. Additionally, the Clinicaltrial.gov website was searched for ongoing
studies on existing contraceptive methods and new and emerging female contraceptives developed
over the past 5 years. Information was also obtained from the pharmaceutical industry.
Results: Early sexual debut and late menopause means that women may require contracep-
tion for up to 30 years. Although oral, injectable, vaginal, transdermal, subdermal, and intra-
uterine contraceptives are already available, new contraceptives have been developed in an
attempt to reduce side effects and avoid early discontinuation, and to fulfill women’s different
requirements. Research efforts are focused on replacing ethinyl-estradiol with natural estradiol
to reduce thrombotic events. In addition, new, less androgenic progestins are being introduced
and selective progesterone receptor modulators and new delivery systems are being used. In
addition, research is being conducted into methods that offer dual protection (contraception
and protection against human immunodeficiency virus transmission), and contraceptives for
use “on demand.” Studies are also investigating non-hormonal contraceptive methods that have
additional, non-contraceptive benefits.

Conclusion: The most pressing need worldwide is, first, that the highly effective contraceptive
methods already available should be affordable to most of the population and also that these
methods should fulfill the needs of women of different ages and with different reproductive
requirements. The development of new contraceptive methods should also take advantage of
the knowledge obtained over the past 30 years on gamete physiology and gamete interaction to
avoid the use of steroid compounds.

Keywords: emerging contraceptives, patch, vaginal ring, intrauterine devices, spray, emergency
contraceptives

Background
Particularly in the Western hemisphere, girls are beginning their sexual life much
earlier than in the past, while the onset of menopause is later than ever before and the
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average woman has no more than two children. Therefore,
taking into account the time involved in trying to conceive,
the outcome is that many women need contraception for
around 28-30 years of their lives. Additionally, many women
are now aware that some of the contraceptive methods avail-
able also offer non-contraceptive benefits.!

Slightly more than 50 years have elapsed since the intro-
duction of the first combined oral contraceptive (COC). In
1961, the US Food and Drug Administration approved Enovid
10 mg (G. D. Searle & Co., Palo Alto, CA, USA) (9.85 mg of
norethynodrel and 150 pg of mestranol) for contraceptive use.
This was followed by Enovid 5 mg (5 mg of norethynodrel
and 75 ug of mestranol). In that same year, the first COC
was launched in Germany (Anovlar; norethindrone acetate
4 mg and ethinyl estradiol [EE] 50 ng; Schering AG, Berlin-
Wedding, Germany).> Nevertheless, many women remain
underserved insofar as contraception is concerned, and
unplanned pregnancy is estimated around 50% of pregnancies
in both developed and in developing countries.’ This figure
is at odds with the UN Millennium Development Goal #5,
which advocates universal access to contraception.*

Although history shows that birth control has been used
in one form or another for thousands of years,’ the principal
contribution of modern contraceptives, in addition to avoid-
ing pregnancy, is in permitting reproduction to be differenti-
ated from sexual intercourse and in empowering women by
giving them the right to choose privately whether or not to
use contraception. Nevertheless, despite the fact that since
the first COC was launched many other drugs and innova-
tive delivery systems have been developed, there remains
a need for further research and new developments. Indeed,
the principal factor involved in the need to develop new
contraceptive methods is that existing methods may not be
appropriate or ideal for all women due to their side effects,
changes in bleeding patterns, changes in mood or libido, or
because of opposition from the woman’s partner.

Additionally, different contraceptives may be required
as a function of the woman’s age or reproductive desires
(spacers versus limiters). Many women are looking for
contraceptive methods with non-contraceptive benefits
and others, principally in the Western hemisphere, want
contraceptive methods that will allow them to control their
menstrual bleeding or eliminate it altogether. Moreover,
many women may be dissatisfied with the contraceptive
method they are currently using because of its cost, because
of misconceptions about the method, religious issues or con-
cerns regarding their health, and future fertility.* However,
there is an ongoing debate in the medical community and

among policy makers and stakeholders regarding whether
research and development of new contraceptive methods
is really necessary. It is argued that the focus should be on
making sure that the existing contraceptive methods are
available worldwide and at an affordable cost to the millions
of women without access to contraceptive methods.” This
review focuses on new emerging hormonal contraceptives
for women.®®

New contraceptive methods
recently launched in different
markets and those currently

being developed

Combined methods

COCGCs

Since the principal reason given by COC users for
discontinuing the method is side effects and their main
concern is the risk of venous thromboembolism (VTE),
pharmaceutical companies have introduced new formulations
aimed at increasing tolerability and reducing side effects.'
The new formulations launched have lower doses of estrogen,
and EE has been replaced by more “physiological” forms of
estrogen such as 17B-estradiol (E,) or E,-Valerate (E,V).""
In addition, new progestins have been introduced.'* "’

Many attempts have been made over a considerable
amount of time to replace EE with E, in COCs; however,
bleeding control was unsatisfactory,!'"'* particularly in
monophasic and biphasic regimens. To improve bleeding
control in studies with COCs containing E,, two new COCs
were developed. In one, E,V was combined with dienogest
(DNGQG) in a four-phase regimen consisting of step-down doses
of E,V and step-up doses of DNG. Accordingly, E,V/DNG
is given in a 28-pill cycle: E,V 3 mg on days 1 and 2, E,V
2 mg/DNG 2 mg on days 37, E,V 2 mg/DNG 3 mg on
days 8-24, E,V 1 mg on days 25 and 26 and placebo on
days 27 and 28. It has to be taken into account that 1 mg of
E,V contains 0.76 mg of E,. DNG is a progestin that exerts a
potent effect on the endometrium!'® and the four-phasic regi-
men results in good cycle control. In addition, the estrogen
dominance in the first days of the cycle assures endometrial
proliferation and sensitivity to the mid-cyclic effect of the
progestin, while DNG provides stability to the endometrial
stroma at the end of the cycle.

Previous studies have shown that after oral intake of these
two steroids, E,V is rapidly hydrolysed and converted to E,
during absorption in the gastrointestinal tract'® while DNG
is almost completely absorbed, resulting in wide distribution
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and high bioavailability.**' Furthermore, DNG was found
to have some of the properties of progesterone (P) without
exerting any effect on the metabolic or cardiovascular sys-
tems and with anti-androgenic activity and no glucocorticoid,
anti-mineralocorticoid or anti-estrogenic effects.?? In addi-
tion, E, binds to sex hormone-binding globulin (SHBG) and
is widely distributed, with almost 2% of E, being free and
bioactive.” The E,V/DNG COC provides consistent levels of
E, throughout the pill cycle.**** This new COC has already
been launched in various countries (Qlaira®; Natazia®; Bayer
AG, Leverkusen, Germany).

The efficacy of this new COC was evaluated in
1,377 women®* who completed 23,368 women-months of
exposure. The unadjusted and adjusted Pearl Index was
0.73 and 0.34, respectively. In a subgroup of 998 young
women of 18-35 years of age, the unadjusted and adjusted
Pearl Index was 0.94 and 0.40, respectively. However, despite
a high satisfaction rate, 917 women (66.6%) reported at least
one side effect, although the most commonly reported com-
plaints were considered mild. Insofar as the 20% of reported
adverse events are concerned, the most common were breast
pain and/or discomfort, acne, headache, metrorrhagia, and
weight gain.

A double-blind randomized clinical trial (RCT) involving
798 women*® compared bleeding patterns and cycle control
of this new COC (E,V/DNG) with those of a monophasic
COC containing EE 20 pg/levonorgestrel (LNG) 100 pg.
Only one pregnancy occurred in the group allocated to the
EE/LNG COC. With respect to bleeding patterns, the women
allocated to the E,V/DNG COC had significantly fewer bleed-
ing/spotting days compared to the other group in the first
6 months of use. Scheduled withdrawal bleeding occurred
in 77.7%—-83.2% and in 89.5%-93.8% of cycles in users
of the E,V/DNG and EE/LNG combinations, respectively
(P<<0.0001). Amenorrhea was more common in users of
the E,V/DNG COC than in those using the EE/LNG COC,
with adverse effects occurring in around 9% of women in
both groups.

There are no large studies regarding the new COC and
VTE; however, information on this pill’s effects on metabolic
patterns is limited; nevertheless, there is evidence of a 7.9%
increase in high density lipoprotein cholesterol and a 6.5%
decrease in low density lipoprotein cholesterol.”” In addition,
there were no essential changes in prothrombin fragment
1+2 and D-dimer levels (—0.6% £30.3% and —2.1% +43.5%,
respectively) and changes in SHBG and carbohydrate
metabolism were generally less pronounced when compared
to EE/LNG COC.”

In addition to its contraceptive effect, this new COC was
also approved and launched in the US market for the treat-
ment of heavy menstrual bleeding (HMB). Although there
is no evidence that any other COC effectively reduces HMB,
this remains a common indication for COCs.?® However,
the available information shows that the E,V/DNG COC
is indeed effective for the treatment of HMB.?#?° A US-
based study reported that HMB was successfully resolved
in 43.8% (95% confidence interval [CI]: 32.7%-55.3%) of
users of the E,V/DNG COC compared to placebo (4.2%;
95% CI: 0.5%—14.3%), with a reduction in mean blood loss
of =353 mL versus =130 mL (£<<0.0001) when E,V/DNG
users were compared to women using a placebo.?”’ Results
also showed a significant improvement in hemoglobin,
hematocrit, and ferritin levels.? Another study conducted in
several European countries and in Australia showed similar
results.?® Both studies confirmed the usefulness of the new
COC for the treatment of idiopathic HMB.

Another COC containing a natural estrogen (17B-E,)
and a new progestin (nomegestrol acetate [NOMAC])
(Zoely®; Merck & Co, Inc., Whitehouse Station, NJ, USA)
has already been launched in several European and Latin
American countries. Two large RCTs were conducted to
evaluate the efficacy, cycle control, tolerability, and safety of
this new monophasic COC (NOMAC 2.5 mg/17B-E, 1.5 mg)
compared to a COC containing drospirenone (DRSP) and
EE.*%3! In a study conducted in the US* and in several Latin
American countries, 2,281 healthy women of 1850 years of
age were allocated in a ratio of 3:1 to NOMAC/17B8-E, in a
24/4 day regimen or to DRSP 3.0 mg/EE 30 ngina21/7 day
regimen for 13 consecutive cycles. The Pearl Indices for the
subset of women of 18 to 35 years of age were 1.3 (95% CI:
0.66-2.2) and 1.9 (95% CI: 0.69-4.11) in the study drug
and comparator groups, respectively, and the 1-year cumu-
lative pregnancy rates were 1.2 (95% CI: 0.69-2.16) and
1.8 (95% CI: 0.81-4.05), respectively. At the end of the year
of observation, 32.9% of the women in the NOMAC/173-E,
group reported shorter, lighter bleeding or an absence of
scheduled bleeding; however, unscheduled bleeding or
spotting episodes were similar in both groups of users. With
respect to side effects, the prevalence of acne decreased from
33% at the start of the study to 22% and 14% at the end of the
year of use in the NOMAC and DRSP groups, respectively.
The most common side effects with the new COC were acne
(16.4%), weight gain (9.5%), and irregular withdrawal bleed-
ing (9.1%).% A similar study was conducted in several Euro-
pean countries.’! A total of 1,591 women were randomized
to an NOMAC/17B-E, COC and 535 to a DRSP/EE COC.

International Journal of Women’s Health 2014:6

submit your manuscript

223

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Bahamondes and Bahamondes

Dove

Pearl Indices were 0.38 and 0.81 in the NOMAC/17B-E, and
DRSP/EE groups, respectively, for women aged =35 years
and 0.31 and 0.66, respectively, for the entire population of
women (1850 years) in the two groups. Bleeding patterns
and the frequency of adverse events were similar to those
found in the other RCT.*!

VTE and pulmonary embolism are major concerns
with the use of various different COCs and constitute well-
established serious adverse events during the use of any
COC, although they are more likely to occur in the first year
of use. Nonetheless, no reports have yet been published on
the prevalence of VTE with these new COCs.>? However, the
controversy regarding VTE and the use of COCs containing
EE and a new progestin remains an issue.*** Many confound-
ing factors such as obesity, a sedentary lifestyle, and smoking,
among others, need to be taken into account. The introduction
of new progestins and the use of low doses of estrogen and
novel estrogens are strategies that may contribute toward
reducing the incidence of VTE.

Another aspect of COC development is the use of estet-
rol, a natural estrogen produced in the fetal liver, which
has a weaker effect than that of E,. It is currently under
investigation in a Phase II clinical trial of a new COC contain-
ing estetrol 20 mg and desogestrel 150 mg.** The information
available so far shows anovulation, gonadotropin suppression,
no increase in E, levels, an acceptable bleeding pattern, and
no significant increase in SHBG.*

In addition, there are some new COC options in the
pipeline that consist of variations to existing COCs and some
of these pills may soon be available on the US market. One
new COC is Quartette™ (Teva Pharmaceutical Industries
Ltd., Petach Tikva, Israel), with a 91-day LNG/EE regimen;
however, the estrogen dose increases at three different points
over the first 84 days, while the amount of progestin remains
consistent. This is followed by 7 days of 10 ug of EE in an
extended regimen COC designed to minimize episodes of
unscheduled bleeding or breakthrough bleeding. In addi-
tion, Bayer has launched a new COC, Yaz Flex®, in several
countries. This COC is designed for use in an extended regi-
men of DRSP/EE 20 ug with a flexible schedule that would
allow users to decide if and when they want to have withdrawal
bleeding, with options ranging from 25 to 120 days.

Transdermal contraceptives

Transdermal patch

The only transdermal contraceptive patch currently avail-
able on the market consists of a combination of EE and
norelgestromin (Evra®; Janssen Pharmaceuticals, Inc.,

Titusville, NJ, USA).* Fluctuations in plasma levels are
reported to be fewer with this patch than with COCs. Its main
advantage lies in the fact that instead of daily pill intake,
the patch requires to be changed only once a week, which
may minimize problems with compliance and thus improve
efficacy,””* although efficacy still remains similar to that
found with COCs.*' Another advantage of this patch is that
even after exposure to heat, humidity, and exercise, fewer
than 5% had detached either fully or partially from the skin.*
Although its contraceptive efficacy has been described as
being similar to that of COCs and the progestin-only pill,*!
the EE serum levels found in patch users are higher than
those found in users of COCs containing 30 pg of EE and
in users of the combined vaginal ring (CVR). This is one of
the factors that explain the higher risk of VTE.* Addition-
ally, a higher failure rate was described among obese women,
mainly those with weight over 90 kg.*3

Two new patches are under investigation or indeed, ready
to be launched in some markets. One of these patches is
currently being developed by Agile Therapeutics (Princeton,
NJ, USA) and releases a low dose of LNG. It is intended
predominantly for breastfeeding women or those with con-
traindications to contraceptives containing EE. This patch
is designed to be replaced every 7 days and to be used in a
continuous 28-day regimen with no patch-free interval. It has
been tested at two doses: 1) ~75 pug/day (AG1000-12.5); and
2) ~40 ng/day (AG1000-6.5).4

The other patch undergoing development is produced by
the same company and the approval is pending in the US and
European countries. It releases EE and LNG (AG200-15,
Twirla®) and is designed to be replaced every 7 days for
3 weeks, followed by a 7-day patch-free interval. It is round
in shape and about 2.25 inches in diameter. The amount
of EE is approximately equivalent to that of a 30 ug COC
and the dose of LNG (~100 pg) is similar to that found in
COCs. One study compared this patch to a COC containing
EE/LNG and showed that exposure to EE and LNG was
lower with the patch than with the COC.* A Phase 11, three-
cycle study evaluated three patches containing different EE/
LNG doses in obese (body mass index [BMI] =30) and
75 nonobese (BMI <30) women.** AG200-15 suppresses
ovulation in obese and nonobese women; however, more in
nonobese versus obese women.**

Another study conducted with 123 women evaluated
patches with different doses of EE and a progestin, and
reported a dose-dependent response with respect to ovulation
control, cycle control, and tolerability.**¢ In women who had
been using the method for periods of less than 18 months, the
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incidence of side effects was lower than that found with COCs
and ovulation returned soon after discontinuation.*¢

In addition, three low-dose patches produced by Bayer
are currently undergoing Phase III development. The size
of the patches and the amount of steroids contained in them
are different: the first measures 11 cm? and contains 0.55 mg
EE/0.21 gestodene (GSD), while the second measures 7 cm?
and contains 0.35 mg EE/0.67 GSD, and the third measures
5.5 cm? in area and contains 0.275 mg EE/1.05 mg GSD. All
require to be changed weekly and also entail a 7-day patch-
free interval. Two studies conducted with 3,300 women in
several countries are now complete. The effect on hemostasis
and lipid and carbohydrate metabolism has been evaluated
and a Phase II pharmacodynamics study has also been
conducted.*’” Another study assessed ovulation inhibition
with a new, transparent patch with a total area of 10 cm? This
patch contained 0.9 mg EE/1.9 mg GSD and was tested in
199 volunteers throughout two menstrual cycles. The main
results showed ovulation inhibition in all volunteers, with
suppression of the mid-cycle luteinizing hormone surge. In
85.7% of participants, ovulation returned in the first cycle
following termination of treatment.*® No alterations were
observed in prothrombin fragments 1 + 2 or D-dimer when
the patch was compared with a COC containing 0.03 mg
EE/0.15 mg LNG.* An application has been made to the
European authorities; however, there is no information on
whether an application has been made in the US.

Another patch currently at Phase III of development
releases norethindrone acetate and has been developed for
use once a week with a 1-week patch-free interval. No data
are as yet available.”’

Transdermal gel

Nestorone (NES) is a 19-norprogesterone derivative that
binds almost exclusively to the progesterone receptor without
interfering with receptors for other steroids.*>! It is inactive
orally. NES has been reported to be the most effective of all
the available progestins with respect to ovulation inhibition
and to have no androgenic or estrogenic activity in vivo.*!
Due to the elevated potency of this progestin, contraceptive
efficacy is achieved at low doses when the drug is delivered
via subdermal implants, vaginal rings, or transdermally.’!
NES has been tested in a commercial gel at four different
doses: 1.2 mg, 2.3 mg, 4.5 mg, and 9.0 mg.’* A single dose
of the gel was administered to the periumbilical area of six
volunteers, with the 2.3 mg dose being repeated daily for
5 days. Serum levels of NES 24 hours after administration
of the gel were adequate for therapeutic purposes, and the

levels remained constant on the fifth day of use, suggesting
that one single dose is probably sufficient.™

In addition, a gel containing E, and NES is currently
being developed. Studies have identified a combination
dose that effectively delivers NES, while allowing regular
bleeding patterns. So far, the drug has been well tolerated,
with no serious adverse events and no skin irritation at the
site of application. The Phase II study in which volunteers
received three different doses of the product for 21 days with
a washout period between doses is now complete, with the
main results showing anovulation at all the doses used, with
no serious adverse events or skin irritation.*-*

Transdermal spray

A transdermal system, Metered Dose Transdermal Sys-
tem® (Acrux Ltd, West Melbourne, Australia), was tested
in Australia. This spray delivers drugs to the skin surface
and with the aid of safe enhancers (ACROSS® Enhancers;
Acrux Ltd) forms a reservoir within the skin from which
the drug is slowly absorbed into the circulation over a
period of many hours (Patchless Patch™ Delivery; Acrux
Ltd).>* A Phase I pharmacokinetics study was conducted on
Metered Dose Transdermal System delivery of NES to assess
the effectiveness of a once-a-day NES delivery regimen in
achieving serum levels capable of inducing anovulation.>
Peak NES concentration was achieved almost 20 hours after
administration, plateauing after 45 days of daily spray appli-
cation. The most common adverse events were bruising or
pain at the site. Anovulation was achieved in at least 98% of
subjects. The elimination half-life of 27 hours after applica-
tion is consistent with skin retention over 24 hours. Despite
the limitations of this pharmacokinetic trial, the results high-
lighted the potential of this new progestin and novel delivery
system for contraception. A spray formulation incorporating
both NES and an estrogen (EE or E)) is currently undergoing
initial pharmacokinetic studies.>

Vaginal ring

There are only two vaginal rings currently available on the
market. One is a CVR marketed as NuvaRing® (Merck). This
ring releases 120 g of etonogestrel (ENG) and 15 pug of
EE/day and is approved for use over a 3-week period. The ring
is then removed for 1 week, during which the user experiences
uterine bleeding. Two studies described a continuous use regi-
men and confirmed the good acceptability and good cycle
control associated with this method; however, it is currently
off-label for that application.’*¢ Reports have suggested that
the main reason for women to switch from other contraceptive
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methods to the CVR (47%) is because they view it as an
attractive contraceptive method.”” In fact, over 90% of users
report being satisfied with the ring.’” Nevertheless, despite
the low pregnancy rate reported,’® and although tolerability
is equivalent to that of COCs and adverse events are few,
the continuation rate with the CVR is similar or even lower
than that of COCs. Six months after initiation, continuation
rates as low as 26% have been reported for users of the CVR
compared to 29% for the COC.* The use of a vaginal ring
or transdermal patch offers a potential advantage over COCs
because it could improve user compliance. In a Cochrane
Review it was observed that contraceptive effectiveness was
similar for the patch or vaginal ring versus the COC.% Also,
patch users showed better compliance than COC users in three
trials and in four trials it was observed that vaginal ring users
showed more noncompliance than COC users.*

The other vaginal ring available on the market is a
P-releasing vaginal ring (10 mg/day) designed for use by
breastfeeding women (Progering®; Laboratorios Andromaco,
Santiago, Chile). This ring was developed by the Population
Council, New York, NY, USA and has already been approved
in Chile, Peru, Bolivia, the Dominican Republic, Ecuador,
Guatemala, and Panama. Its external diameter is 58 mm, with
a radius of 8.4 mm. It is made of a homogeneous mixture of
soft, flexible silicone elastomers and micronized P. It releases
approximately 10 mg of P per day in vitro for an effective
life span of 3 months. P offers certain advantages to lactating
women who need contraception, since it is a natural hormone
and unlikely to affect the infant. In addition, it may prolong
lactational amenorrhea and the reduction in bleeding may
improve anemia, a condition that affects millions of women
in developing countries.®’ High levels of P are achieved
after the first week of use (33.7 nmol/L), decreasing to 50%
of this level at 9 weeks and 30% at 16 weeks of use.®> In a
large trial with lactating women using the 10-mg/day P-only
ring, the pregnancy rate at the end of 1 year was 1.5/100
women® and 46% of the continuers remained in amenor-
rhea. Another study assessed extended use of the ring in 192
users for 4 months (instead of 3 months), concluding that it
was safe and effective as a contraceptive for nursing women
over this period of time.* Further studies are currently being
conducted in 20 centers in India.®®

During the initial development of this vaginal ring,
a model containing NES alone was tested at three differ-
ent doses: 50, 75, and 100 pg/day.®® After an initial peak,
NES serum levels remained constant at around 125, 200,
and 250 pmol/L, respectively, and luteal activity was rare
(1.2%—2.6% of samples at any given period). It was concluded

that a vaginal ring delivering either 50 or 75 ng of NES per
day would result in appropriate anovulation rates. However,
irregular bleeding patterns were a common consequence and
development was suspended. Nevertheless, a vaginal ring
providing higher doses of NES may improve cycle control,
and ring prototypes with a low dose of E, as a backup are
currently being tested.®’

Following on that study, the Population Council devel-
oped a new CVR containing NES and EE® that was tested
at three different dose combinations. The mean in vitro drug
release rates for the three doses were 150 and 15, 150 and 20,
and 200 and 15 pg/day of NES and EE, respectively, with
luteal activity being observed in 17%, 7%, and 12% of the
women, respectively. Based on that study, the ring releasing
150 ng/day NES and 15 ng/day EE, the lowest effective dose
of both steroids, was selected for further development.

The Population Council has now completed studies on the
new CVR that releases NES 150 pg/day and EE 15 pg/day.%
NES is a potent non-androgenic P derivative that has not
been used in any other contraceptive method. The ring is a
donut-shaped, silicone elastomer ring with a two-channel
core containing the steroids, one channel releasing NES
alone and the other channel releasing both NES and EE.®
Fewer bleeding problems were found with this combina-
tion and dose when compared to another CVR. One of the
main differences with the NuvaRing is that this new CVR is
designed to last for 1 year (13 cycles), thus avoiding the need
to resupply. Another advantage is its affordable cost, which
is an important factor, particularly in developing countries.
It is designed to be used for 21 days, followed by a 1-week,
ring-free interval.

Two reports described data from 2,277 CVR users at
27 centers in Australia, Europe, Latin America, and the
US.77 The overall continuation rates were around 60% and
there were no regional differences. Contraceptive efficacy was
comparable to that found with other contraceptive methods.
In addition, bleeding control was excellent, and the return to
fertility following discontinuation was fast. No changes in
weight, blood pressure, or hemoglobin levels were observed.
The factors associated with early discontinuation were, being
able to feel the ring in place, and difficulty in remembering
to reinsert the ring on schedule. In addition to the studies on
safety and efficacy, three sub-studies were conducted to assess
the impact of this CVR on liver proteins, vaginal microflora
and CVR flora, and on endometrial histology.”

Another CVR containing NES and E, will be evaluated
in the Contraceptive Clinical Trials Network of the National
Institute of Child Health and Human Development (NICHD).”
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The investigators will conduct a double-blind, dose-finding,
RCT, the main objective of which is to evaluate the effect of
three different doses of an NES/E, CVR on cycle control,
ovulation inhibition, and pharmacokinetics. Each CVR is
designed for 3 months’ continuous use and each subject will
be requested to use two rings consecutively over a 6-month
study period.”

The Population Council, in collaboration with the
NICHD and HRA Pharma (Paris, France), is currently
developing a 3-month vaginal ring containing the selective
P receptor modulator, ulipristal acetate (UPA).**¢ UPA is
a 19-norprogesterone derivative with agonist and antago-
nist effects. Primary results showed ovulation inhibition
in 68% of the cycles evaluated, with UPA levels above
6-7 ng/mL.*4%7 Further studies are needed to establish
the optimal dose to ensure high anovulation rates. A major
limitation to the long-term use of UPA is the development
of endometrial thickening, which, although benign, may
represent a cause for concern. #4674

Once a month combined injectable

contraceptives

Although two combined injectable contraceptives (CIC) are
already available on the market in many countries, many
women around the world do not have access to these effective
and convenient contraceptives. One of these CIC consists
of a combination of 25 mg of medroxyprogesterone acetate
and 5 mg of estradiol cypionate, a long-acting E, ester. This
contraceptive was marketed in the US for only 2 years under
the brand name Lunelle® and in many countries it is known
as Cyclofem®/Cyclofemina.” The Concept Foundation
maintains the rights to this CIC and has licensed Sun Phar-
maceutical Industries Ltd. (Mumbeai, India) to manufacture
and market Cyclofem® in the developing world and to bring
this product back onto the US market.

Progestin-only contraceptives

Intrauterine contraceptives

One of the most common progestin-only contraceptives is
the LNG-releasing intrauterine system (LNG-IUS), which
releases 20 ng of LNG daily and has been on the market
worldwide for more than 10 years. It is approved principally
for contraception, the treatment of HMB, and in some coun-
tries as endometrial protection during estrogen therapy in
postmenopausal women.”*’” Introduction of the LNG-IUS
onto the market many years ago was responsible for a tre-
mendous increase in the use of intrauterine contraceptives,
particularly in countries such as the USA, where intrauterine

contraceptive use was almost nonexistent. The contraceptive
performance of the LNG-IUS is high, similar to that of tubal
ligation,” and there are few adverse effects. Furthermore,
the LNG-IUS offers certain non-contraceptive benefits.”®
However, despite these advantages, many physicians still
refuse to insert this system in nulligravidas because they
consider it to be a painful or difficult procedure. In addition,
the fact that the LNG-IUS offers protection for up to 5 years
may represent a barrier to women who want contraception
for shorter periods of time.

Recently, the same pharmaceutical company (Bayer)
launched a new LNG-IUS system in several countries. This
new LNG-IUS releases 12 pg of LNG daily and has been
given the brand name of Jaydess® or Skyla®. The LNG-IUS
currently on the market (Mirena®; Bayer Oy, Turku, Finland)
measures 32 mm x32 mm; however, this new LNG-IUS is
smaller in both length and width (28 mm %28 mm) and
the diameter of the insertion tube for the new LNG-IUS is
3.80 mm compared to 4.75 mm for the Mirena inserter. In
addition, the new device has a silver ring at the top, which
makes it easier to visualize at ultrasound. Evaluation of the
performance of the new LNG-IUS showed a Pearl Index
(95% CI) 0f 0.17 (0.0-0.93) compared to 0.0 (0.0-0.59) for
the Mirena. The cumulative 3-year pregnancy rates, accord-
ing to the Kaplan—Meier analysis, were 0.005 and 0.000 for
Jaydess/Skyla and Mirena, respectively. The expulsion rate
was lower with the new device: 1/239 (0.4%) compared
to 4/256 (1.6%). However, despite the fact that there were
fewer bleeding/spotting days with Jaydess/Skyla, there were
no significant differences between the two devices in this
respect. Amenorrhea increased from 2.7% and 5.9% in the
second 90-day reference period to 12.7% and 23.6% in the
final 90-day reference period for the new LNG-IUS and
Mirena groups, respectively.”” Acceptance of the new device
appears to be high in the markets in which it has already been
launched and many physicians prefer this new device for
nulligravidas despite the fact that ease of insertion has been
shown to be similar to that found with Mirena.%

Another LNG-IUS developed by the same company
(Bayer) has already undergone testing. This device releases
16 ug of LNG daily and is designed for up to 5 years’ use.
However, despite the fact that the results have already
been published,” no information is yet available on its
registration in any country. Additionally, Uteron Pharma
Operations (Leige, Belgium) has developed a new LNG-
IUS (Levoser®) that is similar to Mirena and also releases
20 pug of LNG daily. This device has been approved for
up to 4 years of use and its introduction process has been
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initiated in some European countries for the treatment
of HMB.®!

Another product under development and currently
undergoing evaluation is an IUS that releases an SPRM,
UPA, a tissue-selective P agonist and antagonist.®>* UPA has
been approved in Europe and in the USA as an emergency
contraceptive; however, it could potentially be developed
as a female contraceptive.’** One experimental study
conducted in rhesus monkeys®’ evaluated UPA in an TUS to
assess its ability to suppress endometrial growth and induce
amenorrhea. The IUS was inserted in ovariectomized mon-
keys previously treated with E, and P to create artificial men-
strual cycles. Following uterine bleeding, the UPA-releasing
IUS (at doses of 20 pg/day or 40 ng/day) or empty tubes were
inserted. After 3.5 cycles, the uteri were removed.

During that study, the animals that received the empty IUS
had a mean of 11.7£0.9 bleeding days compared to 1.0+0.45
in the animals that received a UPA-IUS (P<<0.05).% In addi-
tion, in the animals treated with a UPA-IUS, the endometrium
was thinner; however, in some animals, a large, dilated endo-
metrial pattern was found, resembling cysts. These results
indicate that a UPA-IUS may represent a useful addition to
the range of contraceptive methods available and for induc-
ing amenorrhea.®

Contraceptive subdermal implants

The two subdermal contraceptive implants available on
the market are the two-rod, LNG-releasing implant system
(Jadelle®; Bayer) and an ENG-releasing single implant
(Implanon®; Merck). Contraceptive efficacy is high with
both implants, side effects are few and continuation rates are
go0d.* Nevertheless, the main reason for discontinuation is
bleeding abnormalities.”® Another LNG-releasing implant,
Sino-implant (II), manufactured in the People’s Republic
of China by Shanghai Dahua Pharmaceuticals Co, Ltd.,
(Shanghai, People’s Republic of China) has been launched in
20 developing countries and is deemed to be in compliance
with the World Health Organization’s Good Manufacturing
Practices.

Merck recently introduced a new generation ENG-
releasing implant called Nexplanon™, which has already
been launched in several countries. Essentially, the inser-
tion system was significantly improved in the new implant
to ensure correct insertion and minimize the risk of mis-
placement, which could result in difficulties at removal.
Additionally, 15 mg of barium sulfate were added to the core
of the Nexplanon, meaning that it is detectable by X-ray. This
will ensure that the device can be detected when inserted

deep in the arm or in the case of women whose weight may
have increased significantly, situations that could create
problems for health care professionals regarding how to
remove the device.

In addition, the Population Council has developed an
NES-releasing implant. The results from the first study®!
showed peak NES levels of up to 10.1 ng/mL after insertion
of the capsule, while serum E, levels were maintained below
100 pg/mL, indicating anovulation. In a trial®? involving
1,570 women-months of exposure, no pregnancies occurred.
Plasma NES levels declined by around 50% between the first
and the twenty-fourth months of use; however, ovulation
remained suppressed. No changes were found in lipoproteins
or in any of the other clinical chemistry parameters.

A 2-year trial of a single NES rod was conducted, involv-
ing a total of 300 women at three Latin American clinics.”
Three unexpected pregnancies occurred at 18, 21, and
24 months of exposure and the trial was halted. Nevertheless,
the cumulative life-table pregnancy rate was 1.7/100 women
at 2 years, with a Pearl Index of 0.6 per 100 women-years of
use, a rate that could be considered acceptable. There is no
plan to continue developing this implant because to do so the
Population Council would have to conduct a large Phase I11
clinical trial (R Sitruk-Ware, Population Council, personal
communication, February, 2013).

Emergency contraception
Emergency contraception (EC) is available worldwide, with
LNG EC pills being available over-the-counter in around
70 countries.”* The first EC method to be made available
was the Yuzpe method, which consists of two COC pills
containing EE 100 ug/LNG 0.5 mg, to be taken 12 hours
apart.” This method was not, however, marketed specifi-
cally as an EC and was quickly substituted by a regimen
consisting of two doses of 0.75 mg LNG alone, taken
12 hours apart and then, more recently, by one 1.5 mg dose
of LNG taken as soon as possible and within 72 hours of
unprotected intercourse.’*” This formulation has now been
introduced onto the market in many countries as a product
specifically marketed as an EC. Another product that can
be used as an EC is the copper intrauterine device when
inserted within the first 5 days after unprotected intercourse.
The copper intrauterine device is highly effective as an EC,
with the advantage that protection is then maintained for
up to 10 years after insertion.”

Over the past few years, a new EC pill has been introduced
onto the market in several European countries, in the US and,
more recently, in some Latin American countries. This pill
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contains 30 mg of UPA, which is a 19-norprogesterone deriv-
ative (17 alpha-acetoxy-11-[4-N,N-dimethylaminophenyl]-
19-norpregna-4,9-diene-3,20-dione) selective P receptor
modulator. The efficacy of this new EC pill (EllaOne®/
Ella®; HRA Pharma) has been found to be similar to that
of LNG when used within 72 hours of unprotected sexual
intercourse.” However, it has also been tested up to 120 hours
after unprotected intercourse.!°*!°! Pregnancy rates were
evaluated in women who received UPA or LNG and took
the medication within 72 hours or within 120 hours follow-
ing intercourse. Of the 50 pregnancies that occurred during
this study, 20 occurred in the UPA group and 30 in the LNG
group. The pregnancy rate in the users of these compounds
was significantly lower than the expected pregnancy rate
(1.8% observed versus 5.5% expected for UPA, P=0.001, and
2.6% observed versus 5.4% expected for LNG, P=0.001). In
addition, in the women who used EC between 72 and 120
hours after intercourse (UPA, n=97; LNG, n=106), three
pregnancies occurred, all in LNG users (odds ratio [OR]:
0.57; 95% CI: 0.29-1.09).1%%1°! The most common adverse
event was headache (19%) in both groups. Onset of the next
menstrual period following EC use was later than expected
in the UPA users and earlier than expected in the LNG users
(P=0.001). Although the power of the study was insufficient
to enable the superiority of UPA to be confirmed, the results
indicate that UPA is better than LNG when taken as EC within
120 hours of intercourse (OR: 0.55; 95% CI: 0.32-0.93).
With respect to the mechanism of action of UPA, it has been
well established that, when the drug is administered before
the beginning of the luteinizing hormone (LH) surge or after
the onset but before the LH peak, it inhibits follicle rupture
within 5 days. However, it has to be taken into account that
ovulation cannot be avoided completely and follicular rupture
may occur later. For this reason, women need to be advised to
use protection during any consequent sexual intercourse.'??
It has recently been reported that non-steroidal anti-
inflammatory drugs are able to inhibit follicular rupture and
can be used as EC or can be added to LNG as EC to increase
the effectiveness of the method.!%1% Activation of the cyclo-
oxygenase-2 (COX-2) enzyme affects prostaglandin produc-
tion during follicular development and ovulation, and its role
is important, principally at the follicular rupture stage.!®®
The selective COX-2 inhibitor meloxicam was admin-
istered orally'® (15 mg versus 30 mg) to evaluate whether
the drug interferes with the ovulatory process when given
for 5 days, beginning after the leading follicle has reached
18 mm in size. At the 15 mg/day dose, ovulation occurred in
50% of cases, while at the 30 mg dose, ovulation occurred

in 9% of the cycles (P=0.006). Ovulatory dysfunction was
found in 45.5% and 27% of cycles with the 30 mg/day and
15 mg/day doses, respectively. Similar results were found
with the two doses when administered for 6 days. The most
common adverse events were low abdominal pain, bloating,
and hot flushes. The main advantage is that COX-2 inhibitors
do not interfere with ovarian steroids or with the length of the
menstrual cycle. Other investigators'” evaluated the use of a
specific prostaglandin endoperoxide-2 inhibitor (celecoxib,
400 mg, orally). Those authors concluded that although
Celecoxib provokes ovulatory dysfunction when adminis-
tered either before or after the LH surge, many of the women
in the trial ovulated normally; therefore, the usefulness of this
selective COX-2 inhibitor as an EC is limited.!

Contraceptives with additional benefits
Dual-protection contraceptive methods are currently
being developed by several organizations. One such
method consists of a vaginal ring that delivers LNG in
addition to antiretrovirals such as tenofovir (developed
by CONRAD, Arlington, VA, USA), dapivirine (devel-
oped by the International Partnership for Microbicides,
Silver Spring, MD, USA), and MIV-150 (developed by
the Population Council, New York, NY, USA).>* Any
method that combines contraception with human immu-
nodeficiency virus (HIV) protection is welcome and
may fill an important gap. Some studies are currently
being conducted with C31G Glyminox 1% gel (Savvy),
a vaginal microbicide and contraceptive (Biosyn, Inc.;
Adamis Pharmaceuticals Corporation, San Diego, CA,
USA). This is a vaginal gel that is designed for use 15
minutes prior to sexual intercourse. Other formulations
currently being tested include one that can be inserted 24
hours prior to intercourse. This gel is also being tested as a
microbicide for the prevention of HIV transmission.*4¢

Another possibility that is currently undergoing evalua-
tion is a non-contraceptive vaginal microbicide, carrageenan,
PDR98-15. It belongs to the sulfated polysaccharide class
of compounds and has been shown to exert an antivi-
ral and antibacterial effect against HIV, herpes simplex
virus type 2, and Neisseria gonorrhoeae (Carraguard®
[CARRA]; The Population Council, New York, N'Y, USA).1-113
This gel is being tested as a vehicle for the vaginal delivery
of LNG as a contraceptive and to prevent sexually transmit-
ted infections. CARRA/LNG could be used “on demand”
and applied prior to intercourse, which may be an attractive
alternative for many women/couples who have sexual inter-
course only sporadically.
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Results from those studies''’ confirmed good maximum
serum LNG levels at 6 and 12 hours following administration.
In addition,'"* when women with ovarian follicles of
12—-14 mm, 15-17 mm, or =18 mm in diameter used either
CARRA/LNG or CARRA gel alone, no follicular rupture
occurred in the 5-day period following administration in
74% of the CARRA/LNG treatment cycles and in 30% of
the CARRA gel cycles. Sexual intercourse did not interfere
with the absorption rate of the gel.!"

Contraception “on demand”

Many women/couples have sexual intercourse only occa-
sionally and for this reason want contraceptives that can be
used only on the days on which they have sex. To meet this
demand, several studies are being conducted to establish the
usefulness of LNG as a pericoital form of EC. The woman
would have the option of taking the pill either before or after
sexual intercourse and would be able to use it more than
once a month, if necessary. A study conducted in Brazil
and in the US enrolled women who expected to have sex
only 1-4 days a month for 6.5 months.!'® These women took
one tablet of LNG 0.75 mg within the 24-hour period either
preceding or following sex; however, no more than one dose
could be taken in any 24-hour period. The Pearl Index was
22.4 (95% CI: 4.6-65.4), higher than expected, probably as
aresult of the small sample size. Currently, the World Health
Organization is conducting a similar trial with a larger sample
of women and the inclusion criteria have been changed to
include women who have sex for up to 6 days a month.

Comments and conclusion

New contraceptive methods currently being developed
include: 1) contraceptives containing new natural estrogens
and novel progestins; 2) new drugs with different mechanisms
ofaction from the existing ones that act directly on follicular
development and disrupt the ovulation process; 3) methods
with a similar delivery system to existing methods but using
new drugs; 4) methods with a new delivery system; 5) con-
traception with non-contraceptive benefits; and 6) contra-
ception “on demand”. Nevertheless, even today, most of the
contraceptives available on the market and those currently
undergoing research and development interfere with ovula-
tion or follicular development and also affect the woman’s
steroid production. However, research conducted over the
past few decades has provided more information on gamete
physiology and interaction, offering new opportunities for
the development of novel contraceptives that could act by
interfering with the process of gamete interaction or with

the chemoattraction or chemorepulsion of spermatozoa to
the fertilization site. Additionally, there are many progestin-
only contraceptives on the market that are highly effective,
with efficacy rates that are similar to those found with
female sterilization,” good acceptance, and low discontinu-
ation rates. Nevertheless, the main problem with this type of
contraception is unexpected uterine bleeding, which could
result in premature discontinuation, since this complaint
often constitutes a concern and a cause of dissatisfaction for
many women.'!” For this reason, it is imperative that existing
methods be improved and new ones developed.

The development of contraceptive methods presents a
challenge to researchers and to pharmaceutical companies.
When treating any disease, the drug in use may fail and the
health care professional may have to substitute it at any
time. However, with contraceptives the situation is different
because failure can result in pregnancy, and generally speak-
ing, that pregnancy would be unplanned. Unplanned preg-
nancy may, in turn, lead to abortion, a procedure that can be
unsafe in many settings and may have severe consequences.
Another problem when evaluating new contraceptives is that
anovulation is a surrogate marker''® and is not appropriate
for evaluating contraceptive methods. Clinical trials inves-
tigating a contraceptive method have to be conducted with
women who are exposed to the risk of pregnancy.

In addition, during the development of new contraceptives,
the investigators and the pharmaceutical companies need to
take different cultural behaviors into account. The best con-
traceptive is one that fulfills women’s needs, with acceptable
side effects and at an affordable price in different settings. It
is no longer acceptable that many excellent contraceptives
remain unavailable to millions of women/couples because
the cost is unaffordable in some settings. Local culture is an
important issue that in some cases may constitute a barrier to
use, as does the opposition of some religious leaders.

Many articles have reported that around 50% of
pregnancies are unintended, irrespective of the woman’s
social class, age, marital status, ethnicity, or whether the
woman lives in a developed or developing country. However,
unplanned pregnancy is more common in the poorer socio-
economic strata and in developing countries.'!*-12 Still, the
development of new contraceptives is a challenge and a
high-cost process bearing in mind that the regulatory authori-
ties require almost 3,000 women to be enrolled in trials and
thousands of months of exposure to be recorded.

The research and development of new effective,
affordable contraceptives with few side effects is currently a
subject of debate; however, new knowledge on the physiology
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of reproduction may improve this situation. Nevertheless, it
is important for women to have access to contraception, for
them to be able to use the method correctly, and for new con-
traceptive methods to also offer non-contraceptive benefits, an
advantage that many health care professionals and women are
now requesting. Many women want a contraceptive method
that will enable them to schedule their bleeding or allow
them to be in amenorrhea. Other women would like methods
to ameliorate premenstrual symptoms, methods that can be
used during breastfeeding, or methods that could be used “on
demand” for women who have intercourse only occasionally.
However, even today, millions of women/couples still have
no access to contraceptive methods. This includes the long-
acting reversible contraceptives that have been shown to be
safe, affordable, and effective, with pregnancy rates similar
to those found with female sterilization.” Advantage should
be taken of the enormous amount of knowledge on gametes
and gamete interaction obtained over three decades of in vitro
fertilization for contraceptive development.
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