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ABSTRACT
Background: Estradiol valerate/dienogest (E2V/

NG) is a combined oral contraceptive (COC) with 2
ew hormonal entities and a unique 4-phasic dosing
egimen indicated for women to prevent pregnancy.

Objective: The purpose of this article is to review the
harmacology, pharmacokinetics, clinical efficacy, tol-
rability, and cost of E2V/DNG.

Methods: MEDLINE (1966 –June 2011) and
MBASE (1966–June 2011) were searched for origi-
al research and review articles published in the Eng-

ish language using the terms Natazia or Qlaira or es-
radiol valerate and dienogest. The reference lists of
dentified articles were reviewed for additional perti-
ent publications. Abstracts from the 2005 to 2011
merican Society of Reproductive Medicine and
merican College of Obstetricians and Gynecologists
eetings were searched using the same terms.
Results: The search provided 56 articles that ad-

ressed the pharmacology, pharmacokinetics, phar-
acodynamics, clinical efficacy, and tolerability of
2V/DNG in women of reproductive age. Articles re-
orting efficacy or tolerability in the setting of meno-
ause were excluded. The initial efficacy of E2V/DNG
n ovulation inhibition was investigated in 2 prospec-
ive, randomized, open-label, Phase II dose-finding
tudies. The dose that was approved by the Food and
rug Administration resulted in 3.13% of women
vulating in the second cycle of treatment (90% CI,
.2%–6.05%). Rate of pregnancy prevention with this
gent was reported with a Pearl Index ranging from
.73 to 1.27 (unadjusted) to 0.34 to 0.72 (adjusted for
ethod failure only). The mean duration of with-
rawal bleeding was 4.3 days (range, 4.0–4.6 days)
mong 2266 women receiving 13 treatment cycles. Ad-

erse events reported in �1% of patients included ab-
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ominal pain, acne, breast pain, dysmenorrhea, emo-
ional lability, headache, nausea, and weight increase.

Conclusions: Estradiol valerate/dienogest is a new
ontraceptive formulation. It offers efficacy, tolerabil-
ty, and an acceptable safety profile with a potentially
etter bleeding pattern than levonorgestrel-containing
OCs. This COC may be especially useful for older
omen of reproductive age who are adherent to ther-
py and looking for shorter and/or lighter menstrual
ycles. Studies will need to be performed to determine
hether clinically significant differences in outcomes

xist among E2V/DNG and other available COCs.
Clin Ther. 2012;34:37–55) © 2012 Elsevier HS Jour-
als, Inc. All rights reserved.

Key words: contraception, combined oral contracep-
ives, dienogest, estradiol valerate, oral contraceptives.

INTRODUCTION
Combined oral contraceptives (COCs) contain both an
estrogen and progestin component. Significant develop-
ments and changes in COCs have occurred since their
introduction in the 1960s. The first combined contracep-
tive pill marketed in the United States in 1961 contained
5 mg of norethynodrel and 75�g of mestranol.*1 Al-
though a higher dose of this agent containing 9.85 mg of
norethynodrel and 150�g of mestranol had been ap-
proved in 1960, it was never marketed as a contracep-
tive.2 These high doses of hormones were used because
they were found to be effective and, at that time, studies

Accepted for publication November 2, 2011.
doi:10.1016/j.clinthera.2011.11.006
0149-2918/$ - see front matter

© 2012 Elsevier HS Journals, Inc. All rights reserved.
*Trademark: Enovid™(G. D. Searle & Company, Skokie, Illi-
nois).
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Clinical Therapeutics
were not performed to identify the lowest effective dose.
Since those first pills, the doses of sex steroids in COCs
have decreased significantly, which has allowed for in-
creased safety and decreased adverse effects.

Research efforts since the 1960s have focused on the
effect of estrogen and progestin for effective and safe
contraception. Three estrogenic compounds are used
in the oral contraceptives (OCs) available in the United
States. Mestranol is a prodrug that must be metabo-
lized by the liver into ethinyl estradiol (EE) to have
biologic activity. This component was used frequently
in the early COCs but is now found only in a few COCs
at a 50-�g dose. This mestranol dose is equivalent to
pproximately 35 to 40 �g of EE.3 Most COCs avail-

able today contain EE as the estrogen component. Ethi-
nyl estradiol has been synthesized since 1938 because
the natural estradiol is poorly absorbed when taken
orally and is rapidly inactivated by the liver.1 The sub-
stitution at C17 with an ethinyl group on the estradiol
component is much more resistant to degradation.4

This creates a much more potent and longer-acting
compound. It allows for once-daily dosing but also has
a greater effect on metabolic parameters compared
with estradiol.4 Doses of EE in COCs in the United
tates vary from 20 to 50 �g daily. Recently, a new

estrogen component, estradiol valerate (E2V), has
been introduced into a COC in the United States. It is
immediately cleaved to estradiol so the circulating mol-
ecule reaching the estrogen receptors is the natural
17�-estradiol.5 Although estradiol is effective in help-
ing to prevent pregnancy, the 17�-estradiol in its nat-
ral form causes poor cycle control.6 When E2V is

combined with dienogest (DNG) in multiphasic regi-
mens, it solves the problem of poor cycle control ob-
served with previous 17�-estradiol COCs.6,7

The progestin component provides most of the con-
traceptive activity of the COC. Nine different proges-
tins have been used in the COCs sold in the United
States, each with a different potency and different met-
abolic effects. The progestins are typically categorized
into “generations” based on when they were intro-
duced into the United States. The first-generation pro-
gestins are norethindrone, norethindrone acetate, and
ethynodiol diacetate. Because the dose of these agents
was reduced over time, some women began experienc-
ing more unscheduled bleeding and spotting; second-
generation progestins were developed in response to
these unwanted effects.3 The second-generation pro-

estins are norgestrel and levonorgestrel (LNG). These

38
ompounds are more potent and have longer half-lives
han the first-generation progestins.3 Pills containing
hese progestins have more androgenic activity, which
ay be helpful for libido but detrimental for women
ith hirsutism, acne, or dyslipidemia.3 Third-genera-

ion progestins, desogestrel and norgestimate, were de-
igned to maintain increased progestational activity
ut reduce androgenic activity. With less androgenic
ctivity, the estrogen component can more fully ex-
ress itself metabolically.3 This may be effective for
cne, but the increased expression of estrogen may lead
o a higher risk of thromboembolic events, especially in
OCs containing EE.3,8 The fourth-generation proges-

tins, drospirenone and DNG, have been designed to
specifically bind to the progesterone receptor without
any interaction with other steroid receptors.8

Several innovations have been introduced over the
years in COC formulations and packaging. Formula-
tions may vary by the type and amount of hormones,
the patterns of those amounts throughout the cycle,
and the number of active pills in the packet. Monopha-
sic formulations have active pills that contain the same
amount of estrogen and progestin. Multiphasic formu-
lations have estrogen and progestin amounts that vary.
Biphasic formulations have 2 different combinations
of estrogen and progestin, and triphasic formulations
have 3 different combinations. Recently, a 4-phasic
formulation has been introduced with an estrogen
step-down and progestin step-up sequence.9

Most COC packages contain 21 active (containing
hormone) pills with 7 placebo (inert) pills; these pack-
ages are known as 21/7 regimens. During the placebo
week, a withdrawal bleed occurs. Early in COC devel-
opment, this was valid because at that time rapid preg-
nancy tests were not available and it reassured women
they were not pregnant. As doses of estrogen and pro-
gestin have decreased in COCs, serum levels decrease
low enough for endometrial sloughing to begin within
2 to 3 days of the last active pill.3 Decreasing the num-
ber of placebo pills in low-dose formulations is neces-
sary to prevent recruitment of follicles.10,11 Therefore,
everal formulations with shortened hormone-free in-
ervals are now available in 24/4 or 26/2 regimens.

As COCs have evolved, it has become clear that indi-
idual women have individual needs for contraception.
pproximately 38 million women (98% of 43 million

ertile, sexually active women) in the United States are
racticing contraception.12 Twenty-eight percent of them
are choosing a COC as their primary method.12 The pill is
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the most commonly used method by women in their 20s,
women who are cohabitating, women with no children,
and women with at least a college degree.12 With so many

omen choosing this method of contraception, an agent
hat provides high efficacy with an excellent safety profile
nd convenience is ideal.

A novel 4-phase COC that contains E2V and DNG†

was approved by the Food and Drug Administration in
May 2010 for use by women to prevent pregnancy.9 It is
ormulated with an estrogen step-down and progestin
tep-up sequence. Specifically, the 28-tablet pack con-
ains 2 tablets containing 3 mg of E2V, 5 tablets contain-
ng 2 mg of E2V and 2 mg of DNG, 17 tablets containing
mg of E2V and 3 mg of DNG, 2 tablets containing 1 mg
f E2V, and 2 inert tablets (Figure 1).9

This article reviews the pharmacology, pharmaco-
kinetics, clinical efficacy, tolerability, and cost of
E2V/DNG.

METHODS
MEDLINE (1966–June 2011) and EMBASE (1966–
June 2011) were searched for original research and
review articles published in the English language using
the terms Natazia or Qlaira or estradiol valerate and
ienogest. The search provided 56 articles that were
onsidered for inclusion in the review. Articles that
ddressed the pharmacology, pharmacokinetics, phar-
acodynamics, clinical efficacy, and tolerability in
omen of reproductive age were selected for inclusion

†Trademark: Natazia™ (Bayer Healthcare Pharmaceuticals Inc.,

Figure 1. Dosing schedule for the four-phasic es-
tradiol valerate/dienogest combined oral
contraceptive.
Wayne, New Jersey).

January 2012
nd further analyzed. Animal studies were also consid-
red for review of the pharmacology and pharmacoki-
etics of the medication. Articles reporting clinical ef-
cacy or tolerability in the setting of menopause
reatment were excluded from the review. The refer-
nce lists of identified articles were reviewed for addi-
ional pertinent publications. Abstracts from the 2005
o 2011 American Society of Reproductive Medicine
nd American College of Obstetricians and Gynecolo-
ists meetings were searched using similar terms.

RESULTS
Clinical Pharmacology

Estradiol valerate is chemically described as estra-
1,2,5(10)-triene-3,17-diol(17�)-,17-pentanoate, and
its empirical formula is C23H32O3.91 Dienogest is
hemically described as (17�)-17-hydroxy-3-oxo-19-
orpregna-4,9-diene-21-nitrile, and its empirical for-
ula is C20H25NO2.9 The chemical structure of each

of these components is shown in Figure 2 and Figure 3.

Mechanism of Action
Although estrogen and progestin each have a dis-

tinctive role in preventing pregnancy, their primary ef-

HO

H H

H

CH3
O

O

Figure 2. Estradiol valerate.9

Figure 3. Dienogest.9
39
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Clinical Therapeutics
fect is to suppress gonadotropins and ovulation. The
estrogen component prevents an increase in follicle-
stimulating hormone to prevent a dominant follicle
from emerging, whereas the progestin inhibits luteiniz-
ing hormone to prevent ovulation.13 In addition,

OCs suppress ovulation by providing negative feed-
ack to the hypothalamic-pituitary system through de-
reased gonadotropin-releasing hormone pulsatility
nd decreased pituitary responsiveness to gonadotro-
in-releasing hormone stimulation.3 The estrogen also

provides endometrial proliferation to minimize un-
wanted breakthrough spotting or bleeding and poten-
tiates the action of the progestin component (which
allows for lower doses of progestational agents to be
used). The progestin opposes the mitotic action of es-
trogen, causing a stable decidualized endometrium
that is not receptive to implantation.13,14 In addition,
progestins cause a thickening of the cervical mucus to
inhibit sperm transport. The combination of these
mechanisms serves to provide contraceptive efficacy.
Perfect use of COCs has been shown to have a failure
rate of 0.3% in the first year of use, and typical use has
a failure rate of 8.7%.12

Pharmacokinetics
A phase 1, open-label study of 15 healthy women aged

18 to 50 years was conducted to evaluated the pharma-
cokinetics of E2V/DNG.15 Participants were nonsmokers

ith a body mass index (BMI; calculated as weight in
ilograms divided by height in meters squared) of 18 to
6 and a follicle-stimulating hormone level of 10 mIU/mL
r less. Women underwent a screening period of up to 3
eeks before receiving treatment, and treatment was
iven for 4 weeks. Follow-up occurred for the next 3
eeks, and blood samples were collected for 10 weeks.
he treatment regimen included the 4-phase dosing regi-
en for 26 days of active treatment. Treatment was given

or 4 weeks, and follow-up occurred for the next 3 weeks.
lood samples were collected for 10 weeks. The follow-

ng section describing absorption, distribution, metabo-
ism, and elimination of E2V/DNG compiled data from
his study, other pharmacokinetic studies, product infor-
ation, and several detailed reviews of the drug.9,14–18

Geometric means or %CV values are reported unless oth-
erwise stated.

Absorption
After oral administration of E2V, it is cleaved to
17�-estradiol and valeric acid during absorption by the
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intestinal mucosa or first-pass metabolism in the
liver.18 Approximately 3% of oral E2V is bioavailable
as estradiol. One milligram of E2V contains 0.76 mg of
17�-estradiol.15,18,19 Serum estradiol Cmax values of
0.0706 ng/mL (%CV, 27.8%) on day 1 and 0.0660
ng/mL (%CV, 39.9%) on day 24 were achieved at a
median time of 6 hours on day 1 and 3 hours on day 24
(Tmax, 1.5–12 hours).15 The mean AUC0–24 of estra-
iol was similar on days 1 and 24 with values of 1.246
%CV, 29.2%) and 1.239 (%CV, 39.9%) ng · h/mL,
espectively. Although not clinically significant, con-
omitant food intake resulted in a 23% increase in

max, whereas the AUC did not change.9,17 Serum es-
trone and estrone sulfate values of 0.416 ng/mL (%CV,
54.1%) at a median time of 4 hours (range, 3–12
hours) and 16.384 ng/mL (%CV, 53.5%) at a median
time of 3 hours (range, 1.5–10 hours) were achieved on
day 1. Maximum serum estrone and estrone sulfate con-
centrations were 0.444 ng/mL (%CV, 44.9%) at a me-
dian time of 4 hours (range, 3–12 hours) and 13.478
ng/mL (%CV, 54.3%) at a median time of 3 hours
(range, 1.5–12 hours) on day 24, respectively. The mean
AUC0–24 of estrone was 5.750 ng · h/mL (%CV, 52.9%)
n day 1 and 6.814 ng · h/mL (%CV, 52.1%) on day 24.
he mean AUC0–24 of estrone sulfate was 177.489 ng ·
/mL (%CV, 56.5%) on day 1 and 163.820 ng · h/mL
%CV, 56.0%) on day 24. The overall estrone:estradiol
erum ratio was approximately 5:1.15 Minimum mean

serum concentrations (ie, trough concentrations) were
stable throughout treatment, with values ranging from
0.0336 to 0.0647 ng/mL.15

After oral administration of DNG, pharmacokinet-
ics are dose proportional, within the dosing range of 1
to 8 mg.9,17 Dienogest is nearly completely absorbed
with a bioavailability of approximately 91%.9,20 Food
ntake decreased the Cmax by 28% but did not change
the AUC and is not clinically relevant.9,17 On day 24,
the Cmax of DNG increased to 82.9 ng/mL (%CV,
25.7%) within 1.5 hours (range, 1–2 hours).15 Mini-
mum concentrations ranged from 6.8 to 15.1 ng/mL.
The mean DNG concentration at steady state on day
24 was 33.7 ng/mL (%CV, 22.5%). The AUC24 value
on day 24 was 809 ng · h/mL; the mean accumulation
ratio for AUC24 was approximately 1.24.9,15

Distribution
According to the manufacturer, estradiol is 38%

bound to sex hormone–binding globulin (SHBG) and

60% bound to albumin; the remaining 2% to 3% cir-

Volume 34 Number 1



g
u

d
b

e
t
m

r
p

b

t
c
I
f

L.M. Borgelt and C.W. Martell
culates in free form.9 No statistically significant
changes in SHBG serum concentrations were observed
during 28 days of medication administration (57.9
nmol/L [%CV, 42.9%] on day 1 and 81.5 nmol/L
[%CV, 38.1%] on day 29).15 Serum cortisol-binding
lobulin (CBG) concentrations also mostly remained
nchanged throughout treatment (45.5 �g/mL

[%CV, 55.4%] on day 1 and 49.2 �g/mL [%CV,
24.8%] on day 29).15 Intravenous administration
resulted in an apparent volume of distribution of
approximately 1.2 L/kg.9

The product information indicates approximately
10% of circulating DNG is present in free form, with
90% found nonspecifically to albumin.9 Dienogest
oes not bind to SHBG or CBG. The volume of distri-
ution at steady state of DNG is 46 L after 85 �g of

3H-DNG is administered intravenously.9

Metabolism
The product information states that estradiol under-

goes extensive first-pass metabolism through the cyto-
chrome P450 (CYP) 3A system in the liver, resulting in
production of its metabolites estrone, estrone sulfate,
or estrone glucuronide.9 A considerable amount of es-
tradiol metabolism also occurs in the gastrointestinal
mucosa. In total, �95% of the oral dose becomes me-
tabolized before entering the systemic circulation.9 Di-
nogest is extensively metabolized in the CYP3A4 sys-
em using hydroxylation and conjugation to form
ostly inactive metabolites.9

Elimination
The manufacturer reports that estradiol and its me-

tabolites are predominantly excreted in the urine.9

Minimal (�10%) excretion occurs in the feces. The
terminal half-life of estradiol is approximately 14
hours.9 Dienogest metabolites are primarily excreted
enally; unchanged DNG is the dominating fraction in
lasma.9 The terminal half-life of DNG is approxi-

mately 11 hours.9

Special Populations
Renal and Hepatic Impairment

The safety and efficacy of E2V/DNG have been es-
tablished in women of reproductive age (18–35 years).
The manufacturer states that efficacy is expected to be
similar for postpubertal adolescents �18 years, but use
of this medication before menarche is not recom-
mended.9 This 4-phase formulation of E2V/DNG has

not been studied and is not indicated in postmeno-

January 2012
pausal women. Studies evaluating the pharmacokinet-
ics of E2V/DNG in patients with renal impairment
were not found with this literature review, but renal
dose adjustment is not likely to be necessary. Likewise,
studies evaluating the pharmacokinetics in patients
with liver impairment were not identified in this re-
view; however, because the metabolism of steroid hor-
mones may be affected with impaired liver function,
the product information indicates that acute or chronic
impairment of liver function may require discontinua-
tion of COC use until liver function returns to normal.9

Obesity
This literature review did not find that the safety and

efficacy of E2V/DNG had been studied in women with
a BMI �30 kg/m2.

Pregnancy and Lactation
Estradiol valerate/dienogest is classified as a preg-

nancy category X agent, indicating that it is contra-
indicated in pregnancy. Women can rest assured that
extensive epidemiologic studies have not demon-
strated an increased risk of birth defects when COCs
have been used before pregnancy or teratogenic ef-
fects when unintentionally taken during early preg-
nancy.3,9 If pregnancy is confirmed, COC use should

e discontinued.
Breastfeeding mothers should use other forms of con-

raception until the child has been weaned. Oral contra-
eptives containing estrogen can reduce milk production.
n addition, small amounts of steroids and/or metabolites
rom the COC will present in breast milk.

Drug-Drug Interactions
Drug interactions with E2V/DNG may result in

breakthrough bleeding and/or contraceptive failure.
Although no relevant studies were identified in the lit-
erature search, the prescribing information indicates
that the following interactions have been either re-
ported with other COCs or studied in clinical trials
with E2V/DNG.9

CYP3A4 Inducers
Medications that induce CYP3A4 may decrease the

effectiveness of COCs or increase breakthrough bleed-
ing. Dienogest is a substrate of CYP3A4. Women who
take medications that are strong CYP3A4 inducers
should choose another form of contraception while using
these inducers and for at least 28 days after discontinued

use. Examples of medications that may result in de-
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Clinical Therapeutics
creased contraceptive efficacy include barbiturates,
bosentan, carbamazepine, felbamate, griseofulvin, ox-
carbazepine, phenytoin, rifampicin, St. John’s wort,
and topiramate. The product information reports that
coadministration of rifampicin with E2V/DNG tablets
in postmenopausal women resulted in a 25% and 44%
decrease in Cmax and AUC0–24, respectively, for estra-
diol and a 52% and 83% decrease in the mean Cmax

and AUC0–24, respectively, for DNG.9

CYP3A4 Inhibitors
According to the manufacturer, strong CYP3A4 in-

hibitors, such as ketoconazole, and moderate CYP3A4
inhibitors, such as erythromycin, have been found to in-
crease hormone serum concentrations. Coadministration
of E2V/DNG and ketoconazole resulted in a 65% and
57% increase of Cmax and AUC0–24 for estradiol and a
94% and 186% increase of Cmax and AUC0–24 for DNG
t steady state.9 Coadministration of E2V/DNG and
rythromycin resulted in a 51% and 33% increase of

max and AUC0–24 for estradiol and a 33% and 62%
ncrease of Cmax and AUC0–24 for DNG.9

Other Agents
Coadministration of HIV protease inhibitors has

caused significant changes (increases or decreases) in
the plasma levels of estrogen and progestin.9 Case re-
ports of pregnancy have occurred with coadministra-
tion of antibiotics and COCs; however, clinical phar-
macokinetic studies have not demonstrated consistent
effects on plasma concentrations of steroids.21–27 The

anufacturer reports that in vitro studies have not
hown an inhibitory potential of DNG with human
YP enzymes at clinically relevant concentrations.9

Clinical Efficacy
Ovulation Inhibition

The initial efficacy of E2V/DNG was investigated in
2 prospective, randomized, open-label, Phase II dose-
finding studies.19 Within these 2 studies, 4 variations of
a 4-phasic E2V/DNG preparation were evaluated for
their ability to inhibit ovulation. The studies were con-
ducted sequentially. Study 1 evaluated the optimal
treatment length of E2V/DNG. Study 2 aimed to deter-
mine the DNG dose necessary for ovulation inhibition.

Conducted at 2 European centers (Germany and the
Netherlands), the investigators enrolled healthy
women aged 18 to 35 years and smokers �30 years.
Exclusion criteria included contraindications for COC

use, coexisting disease (metabolic and endocrine dis-

42
eases, unclassified genital bleeding, history of liver or
vascular diseases), concurrent use of medications that
could influence the study objectives (sex steroids), and
drugs known to induce or inhibit liver enzymes. To
undergo randomization, eligible women were required
to demonstrate ovulation or a follicular diameter of
�15 mm (assessed by transvaginal ultrasonography)
on or before day 23 of a pretreatment observation
cycle.

Participants received study medication for up to 3
consecutive menstrual cycles of 28 days, without a pill-
free interval. Use of the study medication was initiated
on day 1 of menstrual bleeding during the first study
cycle after a pretreatment observation cycle. Random-
ized participants were required to use nonhormonal
contraceptive methods to protect against pregnancy
throughout the study.

The primary efficacy end point of ovulation inhibi-
tion in these 2 studies was assessed by the Hoogland
and Skouby scoring system.28 In this 6-point scoring
system, a Hoogland score of 5 is defined as a luteinized
unruptured follicle, and a score of 6 (ovulation) is de-
fined as a ruptured follicle-like structure of �13 mm
with a serum progesterone level of �5 nmol/L and an
E2 level of �0.2 nmol/L. In both studies the primary
efficacy end point was defined as the proportion of
women with a Hoogland score of 5 or 6 at study cycle
2.19 The studies also assessed the proportion of women
with a Hoogland score of 5 or 6 at cycle 3 and the
proportion of women with resumption of ovulation
during a posttreatment cycle.

Study 1 randomized 196 women to either regimen
1A or regimen 2A (Table I). Women who took at least
1 study tablet and for whom at least 1 observation after
dosing was available were included in the full analysis
set (FAS). Ninety-six women in each regimen were in-
cluded in the FAS. The mean (SD) age was 25.4 (4.1)
years and 26.0 (4.4) years, mean (SD) BMI was 22.6
(3.1) and 22.8 (2.7) kg/m2, percentage of nullipara

omen was 80.2% and 75.0%, prevalence of current
moking was 35.4% and 36.5%, and OC use before
tudy start was 44.8% and 40.6% for regimens 1A and
A, respectively. The primary efficacy end point was
easured at the end of cycle 2, and only women with a
onpersisting follicle-like structure �13 mm (n � 31)
ere administered a third treatment cycle.19

Study 2 used the results from study 1 and adopted
the treatment length of regimen 2A. The E2V dose was

unchanged, but 2 different doses of DNG (both higher
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than that used in regimen 2A) were investigated. Study
2 randomized 210 women to either regimen 2B or 2C,
and 100 and 103 women were included in the FAS,
respectively. The mean (SD) age was 25.6 (3.7) years
and 26.0 (4.2) years, mean (SD) BMI was 22.3 (2.9)
and 22.2 (2.8) kg/m2, percentage of nullipara women

as 89.0% and 79.6%, prevalence of current smoking
as 33.0% and 34.0%, and OC use before study

tart was 44.0% and 48.5% for regimens 2B and 2C,
espectively. In contrast to study 1, all participants in
tudy 2 received 3 treatment cycles.

The primary efficacy data are summarized in Table
. In study 1, 10 women (10.87%; 90% CI, 5.53%–
6.21%) in regimen 1A (n � 92) and 6 women
6.38%; 90% CI, 2.24%–10.53%) in regimen 2A (n �
4) had a Hoogland score of 5 or 6 in cycle 2. As stated
arlier, based on the results of study 1, regimen 2A was
elected as the template regimen for study 2. In study 2,
women (3.13%; 90% CI, 0.20%–6.05%) in regimen
B (n � 96) and 1 woman (1.03%; 90% CI, 0.00%–
.72%) in regimen 2C (n � 97) had a Hoogland score
f 5 or 6 in cycle 2. P values were not reported for these
tudy results.

In study 1, 8 of 15 women (53.3%) in regimen 1A
nd 5 of 16 women (31.3%) in regimen 2A had ovu-

Table I. Results from 2 prospective trials evaluating o

Regimen

1A: days 1–3: 3 mg E2V; days 4–7: 2 mg E2V/1 mg DN
days 8-23: 2 mg E2V/2 mg DNG; days 24–25: 1 mg E
days 26-28: placebo
2A: days 1–2: 3 mg E2V; days 3–7: 2 mg E2V/1 mg DN
days 8–24: 2 mg E2V/2 mg DNG; days 25–26: 1 mg E
days 27–28: placebo
2B: days 1–2: 3 mg E2V; days 3–7: 2 mg E2V/2 mg DN
days 8–24: 2 mg E2V/3 mg DNG; days 25–26: 1 mg E
days 27–28: placebo
2C: days 1–2: 3 mg E2V; days 3–7: 2 mg E2V/3 mg DN
days 8–24: 2 mg E2V/4 mg DNG; days 25–26: 1 mg E
days 27–28: placebo

DNG � dienogest; E2V � estradiol valerate.
*P values not reported.
ations in treatment cycle 3. In study 2, 2 of 91 women
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2.2%) in regimen 2B and 1 of 95 women (1.05%) in
egimen 2C ovulated in treatment cycle 3. Thirty-five
o 44 women in each regimen were assessed during a
osttreatment cycle, and return of ovulation occurred
n 81.8% to 97.5% of these women.

On the basis of the results of these 2 sequential stud-
es, several regimens of E2V/DNG demonstrated effi-
ient ovulation inhibition. The investigators’ targeted
n ovulation rate of �5% with an upper 90% CI limit
f �10%, based on research by Spona et al.29 Both

regimens 2B and 2C achieved this efficacy target, and
regimen 2B was found to be the lowest-effective
dose/regimen for ovulation inhibition. Therefore,
regimen 2B was used in subsequent Phase III inves-
tigations and, ultimately, in the currently available
4-phasic E2V/DNG COC product.

Pregnancy Prevention
A large, Phase III trial with a longer study period (20

cycles) was conducted by Palacios et al30 to evaluate
the efficacy of 4-phasic E2V/DNG on prevention of
pregnancy. The study was a multicenter, open-label,
noncomparative study conducted in 50 centers across
Europe (18 in Austria, 27 in Germany, 5 in Spain) for
2 years. Healthy women aged 18 to 50 years requesting

tion inhibition.19*

No. of Women
Evaluated at

Cycle 2

No. (%) of Women With
Hoogland Score of 5 or
6 at Cycle 2 [90% CI, %]

92 10 (10.9) [5.53–16.21]

94 6 (6.4) [2.24–10.53]

96 3 (3.1) [0.20–6.05]

97 1 (1.0) [0.00–2.72]
vula

G;
2V;

G;
2V;

G;
2V;

G;
2V;
contraception were eligible for study inclusion. Exclu-
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sion criteria were generally consistent with the usual
contraindications for OC use. Women were also ex-
cluded if they had a BMI �30 kg/m2 and were smokers
aged �30 years.

The study participants received a 28-day treatment
regimen consisting of the following E2V/DNG doses:
days 1 and 2: E2V 3 mg; days 3 through 7: E2V 2
mg/DNG 2 mg; days 8 through 24: E2V 2 mg/DNG 3
mg; days 25 and 26: E2V 1 mg; and days 27 and 28,
placebo. The first dose was taken on the first day of
withdrawal bleeding of the first treatment cycle, and
the daily medication was continued for 20 cycles with
no tablet-free interval between cycles.

The primary efficacy outcome was the number of
observed pregnancies, defined as unintended pregnan-
cies during the treatment period. Contraceptive effi-
cacy was estimated by calculating the Pearl Index
(number of pregnancies per 100 women-years of expo-
sure) and the corresponding upper limit of the 95% CI.
Kaplan-Meier estimation was also used to calculate the
cumulative failure rate on the basis of known pregnan-
cies under treatment. Pregnancies were evaluated by an
investigator for user or method failure. User failures
were classified as pregnancies that resulted from 1 of
the following scenarios: incorrect medication adminis-
tration by the user, the user had taken a substance or
experienced an concomitant illness that may have af-
fected the oral contraception absorption, or the user
experienced vomiting or diarrhea within 4 hours after
tablet intake without intake of a second tablet. The
information regarding tablet intake and other sources

Table II. Clinical efficacy of estradiol valerate/dienog

Efficacy End Point

Pregnancies (during study treatment), no.
Unadjusted Pearl Index (all pregnancies) (upper 95% C
limit)
Adjusted Pearl Index (method failure pregnancies)
(upper 95% CI limit)
Cumulative failure rate at 20 cycles (Kaplan-Meier
estimate) (95% CI)

*P values not reported. Treatment was as follows days 1 and
dienogest (DNG); days 8 through 24: 2 mg E2V/3 mg DNG
of suspected E2V/DNG failure were gathered from

44
participant diaries completed daily and/or additional
documentation.

The sample size was calculated based on the differ-
ence between the upper limit of the CI and point esti-
mate not exceeding 1 with a probability of at least 90%
when the Pearl Index was 1. This would obtain a
2-sided 95% CI for the Pearl Index. Data from 12,337
cycles of women aged 18 to 35 years were required.
The number of women needed, assuming a dropout
rate of 30%, was 1200 women aged 18 to 50 years
(including 881 women aged 18–35 years) to allow suf-
ficient power.

The study recruited 1391 women, and participants
who received at least 1 dose of study medication and
for whom at least 1 observation after admission was
available were included in the FAS (n � 1377). The
primary efficacy outcomes (Pearl Indices and Kaplan-
Meier estimates) were assessed for the FAS and for the
subgroup of women aged 18 to 35 years (n � 998).
Overall, the mean (SD) age was 30.3 (7.9) years (26.2
[4.7] years for the women aged 18–35 years), BMI
was 22.8 (2.9) kg/m2, percentage sexually active was
99.5%, and prevalence of concurrent smoking was
19.8% (27.2% in the women aged 18–35 years).

A total of 13 pregnancies occurred during the study
treatment, and 12 of these pregnancies occurred in the
women aged 18 to 35 years (Table II). The 13 pregnan-
cies occurred during an exposure time of 23,368 cycles,
for an unadjusted Pearl Index of 0.73 (upper limit of
the 95% CI, 1.24). Six of the 13 pregnancies were
classified as method failure, for an adjusted Pearl Index

a large Phase III trial.30*

All Women (n � 1377)
Women Aged 18-35

Years (n � 998)

13 12

0.73 (1.24) 0.94 (1.65)

0.34 (0.73) 0.40 (0.92)

0.0109 (0.0063–0.0188) 0.0142 (0.0080–0.0251)

g estradiol valerate (E2V); days 3 through 7: 2 mg E2V/2 mg
s 25 and 26: 1 mg E2V; and days 27 and 28: placebo.
est in

I

2: 3 m
; day
of 0.34 (upper limit of the 95% CI, 0.73). In women
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L.M. Borgelt and C.W. Martell
aged 18 to 35 years, the 12 pregnancies occurred dur-
ing an exposure of 16,608 cycles, for an unadjusted
Pearl Index of 0.94 (upper limit of the 95% CI, 1.65).
Five of the 12 pregnancies were classified as method fail-
ure, for an adjusted Pearl Index of 0.40 (upper limit of the
95% CI, 0.92). The Kaplan-Meier estimate for the cumu-
lative failure rate during an exposure time of 20 cycles
was 0.0109 (95% CI, 0.0063–0.0188) in all study par-
ticipants and 0.0142 (95% CI, 0.0080–0.0251) in the
women aged 18 to 35 years. Overall, the Pearl Indices
reported in this trial are similar to those reported in trials
for EE-containing COCs.31–33 The efficacy of this formu-
ation is comparable with reports of efficacy in trials in-
olving estradiol-containing COCs.34–37

A large, multicenter, randomized, double-blind Eu-
ropean study with the primary outcome of comparing
bleeding patterns (described in detail below) also re-
ported efficacy data.38 This study evaluated the num-
ber of unintended pregnancies in women treated with
4-phasic E2V/DNG compared with monophasic EE/
LNG (20 �g/100 �g). During the 7 cycles of treatment,
zero unintended pregnancies occurred in the group re-
ceiving E2V/DNG (FAS, n � 399), and 1 unintended
pregnancy occurred in the group receiving EE/LNG
(FAS, n � 399). No Pearl Index was reported.

A pooled analysis of 3 large studies was conducted
by Nelson et al39 in healthy women aged 18 to 50 years
with a BMI �30 kg/m2, and results were reported at
he 2009 Annual Clinical Meeting of the American
ongress of Obstetricians and Gynecologists. These

rials were pooled and analyzed from North America
nd Europe, including 2 trials by Palacios et al30 and
hrendt et al38 and 1 unpublished trial. The initial

ntent of the investigators was to perform their study
uring 13 cycles, but it was extended to a maximum of
8 cycles to gain additional safety data. The primary
utcome was the number of observed pregnancies dur-

ng treatment. A total of 2266 women received E2V/
NG in the 3 trials. In the North American study, 7
regnancies occurred, 6 of which were considered to
ave occurred “during treatment.” In the European
pen-label study, 14 pregnancies occurred, 11 of
hich were considered to have occurred “during treat-
ent.” In the European comparative study, no preg-
ancies occurred. When looking at the pregnancies
hat were attributed to user failure (eg, nonuse or in-
orrect use) in women aged 18 to 35 years, the adjusted

rst-year Pearl Index was 0.72 (upper limit of 95% CI,

January 2012
.37). The unadjusted Pearl Index was 1.27 (upper
imit of 95% CI, 2.06).

In summary, currently available EE-containing
OCs typically demonstrate a Pearl Index between 0
nd 1, and the Pearl Index estimates in the identified
tudies of 4-phasic E2V/DNG ranged from 0.73 to
.27 (unadjusted) to 0.34 to 0.72 (adjusted for method
ailure only).32,33,37,40,41 These comparable Pearl Indi-
es, along with absolute rates of pregnancy data, indi-
ated that the contraceptive efficacy of E2V/DNG is
imilar to other products within the COC medication
lass.

Tolerability and Safety Profile
Adverse Events

In the 2 Phase II trials by Endrikat et al,19 a total of
2 women had treatment-related or “possibly related
o treatment” adverse events that resulted in therapy
iscontinuation (2 in regimen 1A [ovarian cyst, breast
ain], 2 in regimen 2A [edema, diarrhea], 5 in regimen
B [depression, headache, worsening acne, eye irrita-
ion], and 3 in regimen 2C [emotional lability, head-
che]). Most treatment-related adverse events were
ypical of those occurring during COC use. The most
requently reported adverse events for the 4 different
2V/DNG regimens were headache, abdominal pain,
cne, breast pain, dysmenorrhea, emotional lability,
nd nausea (refer to Table III for percentages of each
egimen).

The study by Palacios et al30 evaluated safety and
olerability via several methods. At the final study ex-
mination, patients were asked for subjective assess-
ents, including overall satisfaction, future contracep-

ive choice, and emotional and physical well-being.
he investigators collected adverse event reports

hroughout the 20 cycles for each patient and con-
ucted physical and gynecologic examinations (includ-
ng cervical smears and endometrial biopsies). Partici-
ants recorded bleeding with daily diaries and events
nd were compared to a 90-day reference period (data
ot reported).38

Palacios et al30 reported that 1074 of 1377 patients
(78.0%) completed the 20-cycle study course. Treat-
ment was discontinued in 140 participants (10.2%)
because of adverse events. Metrorrhagia or break-
through bleeding (1.7%), acne (1.0%), and weight in-
crease (0.9%) were the most common reasons for
treatment discontinuation. A total of 917 women

(66.6%) reported at least 1 adverse event during the
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Table III. Adverse events reported in various clinical trials.

Study; Arm

Treatment-Related Adverse Events, No. (%)

Serious Events (n)*Headache
Abdominal

Pain Acne

Breast Pain
and/or

Discomfort Dysmenorrhea
Emotional

Lability Nausea
Weight
Increase Other

Endrikat et al19; regimen 2B
(n � 100)

18 (18.0) 12 (12.0) 9 (9.0) 6 (6.0) 10 (10.0) 7 (7.0) 7 (7.0) NR NR None

Palacios et al30; 4-phasic
E2V/DNG (n � 1377)

26 (1.9) NR 36 (2.6) 67 (4.8) NR † NR 21 (1.5) Metrorrhagia,
26 (1.9)

Presumed ocular histoplasmosis
syndrome (1)
Uterine leiomyoma (1)
Focal nodular hyperplasia of the liver (1)
Myocardial infarction (1)
Deep vein thrombosis (1)

Ahrendt et al38; 4-phasic
E2V/DNG (n � 399)‡

Headache,
7 (1.8);
migraine,
2 (0.5)

NR 5 (1.3) 13 (3.3) 2 (0.5) NR NR 2 (0.5) Alopecia,
3 (0.8)

Ruptured ovarian cyst (1)
Autonomic nervous system imbalance (1)

Ahrendt et al38; EE/LNG
(n � 399)‡

Headache,
7 (1.8);
migraine,
5 (1.3)

NR 9 (2.3) 4 (1.0) 2 (0.5) NR NR 4 (1.0) Alopecia,
4 (1.0)

Breast cancer (1)

Nelson et al39; 4-phasic
E2V/DNG (n � 2266)

71 (3.1) 39 (1.7) 64 (2.8) 112 (4.9) 38 (1.7) NR NR 34 (1.5) Metrorrhagia,
110 (4.9)

DNG � dienogest; E2V � estradiol valerate; NR� not reported.
*Only serious adverse events deemed by investigators as at least “possibly” treatment-related are reported here.
†See Figure 5.
‡For this trial, only the percentage of events categorized as “possibly, probably, or definitely” related to treatment are reported here.
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L.M. Borgelt and C.W. Martell
study treatment, and 272 women (19.8%) reported
adverse events that the investigators considered “pos-
sibly, probably, or definitely related to treatment.” The
most frequently reported treatment-related adverse
events were breast pain (3.6%), acne (2.6%), headache
(1.9%), metrorrhagia (1.9%), weight increase (1.5%),
and breast discomfort (1.2%). Most adverse events
were mild (Table III), and 59 “serious” adverse events
were reported in 43 women. The investigators deemed
5 serious adverse events to be at least possibly related
to study treatment.

In the study by Ahrendt et al,38 which compared
-phasic E2V/DNG with EE/LNG, patients were not
sked to report adverse effects via direct inquisition by
n investigator at each study visit. Women were given
he opportunity to report adverse events at each visit,
ut concerns were to be generated from the patient
ithout prompting or direct query from an investiga-

or. During the 7-cycle study, 338 adverse events were
eported in the study population (n � 399 in each
reatment group, FAS), with 176 events (occurring in
08 women, 27.1%) in the E2V/DNG group and 162
vents (occurring in 102 women, 25.6%) in the EE/
NG group. Breast pain (3.8%), headache (2.5%), and
aginal infection (2.5%) were the most frequent ad-
erse events in women treated with E2V/DNG, and
cne (3.3%), headache (3.3%), and nasopharyngitis
1.8%) were the most frequent adverse events in
omen treated with EE/LNG.
Adverse events considered possibly related to treat-

ent occurred in 10.0% and 8.5% of women in the
2V/DNG and EE/LNG groups, respectively. P values
ere not reported for adverse events. The rate of dis-

ontinuation attributable to adverse events in either
roup was 3.3%, and bleeding events were not a cause
f discontinuation of drug use.38 The events catego-
ized as “possibly, probably, or definitely” related to
reatment are presented in Table III. Eight serious ad-
erse events were reported, 3 of which were considered
o be possibly related to treatment (ruptured ovarian
yst and autonomic nervous system imbalance oc-
urring in the same patient and breast cancer diag-
osed in a 30-year-old nonsmoker 3 months after
tudy termination).

The pooled results of the 3 studies of E2V/DNG
with a total of 2266 patients) conducted by Nelson
t al39 indicated that the most commonly reported ad-

verse events related to E2V/DNG treatment were

breast discomfort (4.9%), metrorrhagia (4.9%), and d

January 2012
headache (3.1%). The other adverse events that were
reported in �1% of patients were acne (2.8%), in-
creased weight (1.5%), amenorrhea (1.7%), dysmen-
orrhea (1.7%), and abdominal pain (1.7%). No P val-
ues were reported in this analysis for these events.

The adverse events associated with E2V/DNG in
the studies described appear to be comparable to
other available COCs.3,32,33,41 The most commonly
reported treatment-related adverse events are metror-
rhagia, breast discomfort, acne, and headache. Over-
all, the rates and nature of adverse events reported with
E2V/DNG thus far do not suggest increased risk or
warrant additional concerns versus other COCs.

Death
Palacios et al30 reported 2 deaths during the treat-

ent period, but both were unrelated to the E2V/DNG
reatment (accident and intracranial aneurism). No
eaths were reported in the Phase II dose-finding stud-
es by Endrikat et al,19 in the comparison study of
E2V/DNG and EE/LNG by Ahrendt et al,38 or in any
other studies performed in this review.

Cardiovascular Safety
No studies have been conducted to date to specifi-

cally look at the effects of E2V/DNG on cardiovascular
safety. Two of the serious adverse events in the study
by Palacios et al30 may have been complicated by ex-
enuating circumstances. One of the 2 serious events
resented as a leg deep vein thrombosis (DVT) in a
0-year-old woman after a sprained ankle. The DVT
ccurred 9 days after she completed treatment with
2V/DNG, and she had initiated contraception with
epot medroxyprogesterone acetate in the meantime.
he second adverse event was a myocardial infarc-

ion that occurred in a 47-year-old woman in viola-
ion of the study protocol (smoker aged 30 years at
tudy entry).

Endometrial Safety
Bitzer et al42 investigated the endometrial safety of

he 4-phasic E2V/DNG in healthy women aged 18 to
0 years. Endometrial biopsy specimens were taken at
aseline (n � 283) and at cycle 20 (n � 218) in this
ulticenter, open-label, noncomparative trial. After
0 cycles of treatment, E2V/DNG showed endometrial
afety by exhibiting no endometrial hyperplasia or ma-
ignancy, and 80.9% of women had an inactive
39.3%), atrophic (24.7%), or secretory (16.9%) en-

ometrium (11.4% were considered “proliferative”)
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Clinical Therapeutics
with no harmful effects shown on endometrial histo-
logic analysis.

Cycle Control and Bleeding
Some of the unacceptable adverse effects seen with

estradiol-containing OCs have been poor cycle control
and unacceptable menstrual bleeding.34,37,43,44 Such
utcomes are important because unscheduled bleeding
r spotting occurs in up to 30% to 50% of women
tarting use of COCs.3

To investigate these effects with the combination of
E2V/DNG, a multicenter trial in 34 centers in Ger-
many, the Czech Republic, and France was con-
ducted.38 The study was a randomized, double-blind,
ouble-dummy trial comparing a 4-phasic E2V/DNG
egimen to a monophasic EE/LNG regimen. Trial par-
icipants were healthy women 18 to 50 years old seek-
ng contraception. Women aged �30 years could not
moke, and women aged 18 to 30 years were permitted
o smoke up to 10 cigarettes daily. The exclusion cri-
eria were consistent with the contraindications, spe-
ial warnings, and precautions for OCs, including
regnancy or lactation, occurrence of �3 menstrual
ycles after childbirth, abortion, current use of an in-
rauterine device, obesity (BMI �30 kg/m2), use of

long-acting progestins within 6 months before study
entry, hypersensitivity to any study drug ingredients,
and known or suspected malignant or premalignant
disease. Use of sex steroids was prohibited, but women
switching from another OC were able to continue use
until the end of the current cycle pack. Notably, nor-
mal menstrual cycles were not a study requirement.

Study participants received either E2V/DNG (days
1–2: E2V, 3 mg; days 3–7: E2V, 2 mg/DNG, 2 mg; days
8–24: E2V, 2 mg/DNG, 3 mg; days 2–26: E2V, 1 mg;
days 27-28: placebo) or EE/LNG (days 1–21: EE, 20
�g/LNG, 100 �g; days 22–28: placebo) for 7 cycles of
8 days. Women began the daily treatment medication
n the first day of menstrual bleeding (women not
witching from another OC) or on the first day of with-
rawal bleeding (women switching from another OC).
articipants were required to complete daily diary
ards to record tablet intake and bleeding events
hroughout the study.

The primary outcomes were bleeding patterns and
ycle control parameters. Measures of bleeding pat-
erns included the number of bleeding or spotting days
nd the number and length of bleeding or spotting ep-

sodes; episodes were defined as bleeding or spotting

48
ays with �2 days of no bleeding or spotting before or
fter the episode. Bleeding intensity was classified on
he daily diary cards by the following scale: none, 1;
potting, 2; light, 3; normal, 4; or heavy, 5. For cycle
ontrol parameters, scheduled bleeding was defined as
bleeding or spotting episode that began during the

ormone-free period or not more than 4 days before
he progestin withdrawal. Absence of scheduled bleed-
ng was defined as lack of bleeding until day 20 (E2V/
NG) or day 17 (EE/LNG) of the following cycle. All
ther bleeding episodes were classified as unscheduled
intracyclic). In addition to these primary end points,
nintended pregnancies and adverse events were re-
orded and evaluated.

A total of 804 women were equally randomized to
2V/DNG or EE/LNG, and women who actually re-
eived treatment medication comprised the FAS (E2V/
NG, n � 399; EE/LNG, n � 399). The mean (SD) age
as 33.0 (9.0) years and 33.4 (8.8) years, mean (SD)
MI was 23.0 (2.9) and 23.2 (3.1) kg/m2, 99.5% and

100% were white, prevalence of OC use at screening
was 91.7% and 91.0%, and prevalence of current
smoking was 14.3% and 12.3% for the E2V/DNG and
EE/LNG groups, respectively. The baseline incidence
of dysmenorrhea in the preceding 6 months was 9.5%
in the E2V/DNG group and 6.8% in the EE/LNG
group. Statistical comparisons for the baseline charac-
teristics were not reported.

The study suggested effective cycle control with the
E2V/DNG regimen during the 7-cycle treatment.38

Scheduled withdrawal bleeding per cycle was reported
in 77.7% to 83.2% of women in the E2V/DNG group
and in 89.5% to 93.8% of women in the EE/LNG
group (P � 0.001 in each cycle). In accordance with
this finding, more women in the E2V/DNG group ex-
perienced an absence of a scheduled withdrawal bleed-
ing compared with the EE/LNG group (P � 0.0001).
Within a given cycle, a mean of 19.4% of women tak-
ing E2V/DNG (range per cycle, 16.8%–22.3%) expe-
rienced no withdrawal bleeding and 7.7% of women
taking EE/LNG (range per cycle, 6.2%-10.5%) expe-
rienced the same lack of scheduled withdrawal bleed-
ing (P � 0.0001 for between group comparisons in all
7 cycles). The proportion of women who experienced
an absence of scheduled withdrawal bleeding at least
once during the 7 cycles was 56.9% in the E2V/DNG
group and 37.8% in the EE/LNG group (no P value

reported).
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L.M. Borgelt and C.W. Martell
The proportion of women in each treatment group
who experienced unscheduled intracyclic bleeding per
cycle was reported to be similar between the treatment
groups (P � 0.05 per cycle). Approximately 14%
range, 10.5%–18.6%) of women in the E2V/DNG
roup reported intracyclic bleeding, and 12% (range,
.9%–17.1%) in the EE/LNG group reported the same
utcome. The highest rate of unscheduled intracyclic
leeding appeared to occur in the first cycle for both
roups (no P value reported).

The reported incidence of dysmenorrhea appeared
o improve from baseline (9.5% in the E2V/DNG
roup and 6.8% in the EE/LNG group) to 0.5% in
oth groups during the study, but statistical analysis
as not reported.
In the first reference period (treatment days 1–90),

omen receiving E2V/DNG reported significantly
ewer bleeding or spotting days compared with those
eceiving EE/LNG (17.3 [10.4] days [median, 16.0
ays] vs 21.5 [8.6] days [median, 21.0 days]; P �
.0001). Likewise for reference period 2 (treatment
ays 91–180), women in the E2V/DNG group re-
orted significantly fewer bleeding or spotting days
ompared with women in the EE/LNG group (13.4
9.3] days [median, 12.0 days] vs 15.9 [7.1] days [me-
ian, 15.0 days]; P � 0.0001).

Scheduled withdrawal bleeding was shorter and
ighter for women treated with E2V/DNG versus EE/
NG. The mean length of withdrawal bleeding (during
he 7 cycles) was 4.1 to 4.7 days (median, 4.0 days) in

Figure 4. Maximum intensity of scheduled withdrawa
estradiol valerate/dienogest (E2V/DNG) an
with permission from Contraception. Volum
linger U, Mansour D. Bleeding pattern and
seven-cycle, randomized comparative trial o
gestrel. Pages 436–444. Copyright 2009, w
he E2V/DNG group and 5.0 to 5.2 days (median, 5.0

January 2012
ays) in the EE/LNG group (P � 0.05 per cycle). On
he 0- to 5-point scale for withdrawal bleeding inten-
ity (with 5 classified as heavy bleeding), the mean
core in the E2V/DNG-treated women was 3.2 to 3.3
er cycle (median score, 3; light bleeding). The mean
core in the EE/LNG-treated women was 3.6 per cycle
median score, 4; normal bleeding). It appeared that a
arger proportion of women in the E2V/DNG group
eported the maximum withdrawal bleeding intensity
o be spotting or light bleeding compared with
omen in the EE/LNG group (P values not repor-

ed); conversely, more women treated with EE/LNG
eported the maximum withdrawal bleeding inten-
ity to be normal or heavy bleeding (P values not
eported) (Figure 4).

Regarding intensity of unscheduled intracyclic
leeding, most women in both treatment groups
�75% per cycle) reported either spotting or light
leeding per cycle. The total proportion of women
eporting heavy bleeding during cycles 1 to 7 was
ppeared to be higher in women treated with EE/
NG versus E2V/DNG (4.0% vs 2.4%; P value not
eported).

In another analysis, data regarding bleeding from
he 3 efficacy studies evaluating E2V/DNG were
ooled and analyzed during 13 treatment cycles.39 The

mean duration of withdrawal bleeding was 4.0 to 4.6
days in cycles 1 through 13. Withdrawal bleeding was
most frequently considered to be spotting or light. The
proportion of women with absent amenorrhea was

ding during cycles 1 through 7 in women treated with
inyl estradiol/levonorgestrel (EE/LNG).38 Reprinted
number 5. Ahrendt H-J, Makalova D, Parke S, Mel-
control with an estradiol-based oral contraceptive: a

adiol valerate/dienogest and ethinyl estradiol/levono-
ermission from Elsevier.
l blee
d eth

e 80,
cycle
f estr
ith p
19.0% to 24.0% per cycle. Breakthrough bleeding
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tended to decrease over time (23.3% in cycle 2 to
14.5% in cycle 13; P values not reported), and when it
ccurred, it was most often considered spotting or

ight.

Heavy Menstrual Bleeding
Two studies evaluated E2V/DNG specifically for its

role in treating heavy and/or prolonged menstrual
bleeding (HPMB).45,46 The multicenter, double-blind,
randomized, placebo-controlled trials (one conducted
in Europe and Australia and the other in the United
States and Canada) had identical enrollment criteria
and studied the same intervention, but they had differ-
ent primary outcome measures. Both studies observed
women aged �18 years during a 90-day run-in phase
to confirm a diagnosis of prolonged bleeding (�2 epi-
sodes each lasting �8 days), frequent bleeding (�5
episodes with �20 bleeding days overall), or heavy
bleeding (�2 episodes of blood loss �80 mL). Women
whose menstrual bleeding was due to a recognizable or
organic pelvic condition were not included in the
study. Women who fit the study criteria were random-
ized in a 2:1 distribution to E2V/DNG (estrogen step-
down and progestin step-up during 26 days followed
by 2 hormone-free days) or placebo for 196 days. Data
from the 90-day run-in phase were compared with data
from the last 90 days of treatment for each treatment
groups.

The primary end point in the North American study
was complete resolution of abnormal menstrual symp-
toms, and secondary end points were changes in men-
strual blood loss (MBL) volume and iron metabo-
lism.46 A total of 190 women were randomized to E2V/

NG (n � 120) or placebo (n � 70), with 136
completing the study (E2V/DNG, n � 85; placebo, n �
51). Excluding women with insufficient menstrual
bleeding data, significantly more women achieved the
primary outcome in the E2V/DNG group (35/80;
43.8% [95% CI, 32.7%–55.3%]) compared with the
placebo group (2/48; 4.2% [95% CI, 0.5%–14.3%])
(P � 0.001). This finding remained statistically signif-
cant when considering missing data as nonresponders
intent-to-treat analysis) with complete resolution of
bnormal menstrual symptoms in 35 of the 120
omen (29.2%) in the E2V/DNG group and 2 of the
70 women (2.9%) in the placebo group (P � .001).
he reduction in MBL (from the initial 90-day run-in
hase to the final 90-day efficacy phase) was greater in

he E2V/DNG-treated women compared with those

50
iven placebo (�353 vs �130 mL; P � 0.001), and the
hange was evident beginning in cycle 2. Finally, he-
oglobin, hematocrit, and ferritin levels improved in

he E2V/DNG group but not in the placebo group. The
ean change from baseline to study end in the E2V/
NG versus placebo group was �0.6 versus �0.1 g/dL

P � 0.004), �1.4% versus �0.05% (P � 0.001), and
2.9 versus �0.4 ng/mL (P � 0.011), respectively.
The primary end points in the European and Aus-

ralian study were MBL and iron metabolism parame-
ers, and a total of 231 women were randomized to
2V/DNG (n � 149) or placebo (n � 82).45 Similar to

the North American study, women treated with E2V/
DNG experienced significantly less MBL. The adjusted
mean difference in MBL with E2V/DNG versus pla-
cebo was �373 mL (95% CI, �490 to �255 mL; P �
0.0001). The iron metabolism parameters (hemoglo-
bin and ferritin concentrations) were significantly im-
proved in the E2V/DNG group, and the adjusted mean
difference in with E2V/DNG versus placebo were �0.6
g/dL (95% CI, 0.3–1.0 g/dL; P � 0.0001) and �8.2
ng/mL (95% CI, 3.5–12.9 ng/dL; P � 0.002),
respectively.

Work Productivity and Activity Impairment in HPMB
Aside from the physiologic and medical problems

caused by HPMB (eg, bleeding symptoms, MBL), ex-
cessive menstrual bleeding may negatively affect a
woman’s quality of life. In women with HPMB, 1 study
evaluated the effect of E2V/DNG on quality of life and
daily functioning.47 The study was a post hoc analysis
f the randomized, placebo-controlled trial of E2V/
NG for treatment of HPMB conducted in North
merica.46 Women were randomized to E2V/DNG

(estrogen step-down and progestin step-up for 26 days
followed by 2 hormone-free days) or placebo for 196
days (7 menstrual cycles). The objective of this analysis
was to estimate the effect of HPMB on work produc-
tivity and impairment of activities of daily living (ADL)
and the improvement with E2V/DNG during the 7-cy-
cle treatment. These outcomes were measured by a
work productivity and activities impairment question-
naire that study patients completed at baseline and
treatment conclusion. The questionnaire used a 10-
point Likert scale with increased impairment deter-
mined with higher values.

The mean (SD) baseline work productivity impair-
ment score was 4.1 (0.2) in the United States and 4.0

(0.5) in Canada. At the end of treatment, women
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treated with E2V/DNG appeared to have a lower im-
pairment score and a greater reduction in impairment
from baseline (United States: 2.2 [0.2], �46.2%; Can-
ada: 2.1 [0.3], �47.3%) compared with the placebo-
treated women (United States: 3.6 [0.4], �13.1%;
Canada: 3.3 [0.5], �16.1%). Statistical analysis was
ot reported. The mean (SD) baseline ADL impairment
core was 5.1 (0.2) and 4.6 (0.5) in the United States
nd Canada, respectively. Similar to the work pro-

ductivity result, the ADL impairment score at treat-
ment end appeared lower and the reduction from
baseline was greater in women treated with E2V/
DNG (United States: 2.4 [0.2], �53.0%; Canada:
2.0 [0.2], �56.2%) compared with the placebo-
reated women (United States: 3.8 [0.4], �24.8%;
anada: 3.3 [0.5], �28.0%) (P values not reported).

Although the clinical significance of a 2- to 3-point
reduction on the Likert scale may be unclear, E2V/
DNG did provide an approximately 50% reduction in
patient-scored impairment.

When the cycle control and bleeding data for the
4-phasic E2V/DNG are considered together, this COC
regimen appears to have a desirable effect on these
outcomes. Although previous formulations of estrad-
iol-containing treatments produced bleeding that may
have limited its use, E2V/DNG has shown reductions
in menstrual bleeding severity, duration, and vol-
ume.34,37,43,44 Many women treated with this therapy
experienced a lack of withdrawal bleeding after several
mediation cycles. The regimen appears to reduce
HPMB blood loss; stabilize hemoglobin, hematocrit,
and ferritin levels; and reduce patient-scored HPMB-
associated impairment of work productivity and ADL.
In the trial that compared E2V/DNG and EE/LNG,
E2V/DNG seemed to provide more favorable bleeding
outcomes and overall cycle control.

Effect on Various Metabolic and Hemostatic
Parameters

A double-blind, randomized, controlled, 4-arm, bi-
centric clinical study evaluated the effect of 4 OCs on
lipid metabolism, hemostatic parameters, thyroid hor-
mones, adrenal parameters, blood pressure markers,
sex hormones, and serum-binding globulins.48–51 Each
roup was composed of 25 patients with a mean (SD)
ge of 26.1 (4.5) years and a BMI of 21.9 (2.8), and 91
omen completed the study. Women took 6 cycles of 1
f the following monophasic 21-day regimens: 30 �g

f EE and 2 mg of DNG; 20 �g of EE and 2 mg of c
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NG; 10 �g of EE, 2 mg of E2V, and 2 mg of DNG; or
0 �g of EE and 100 �g of LNG.

Blood samples were taken on days 21 to 26 during a
control cycle and then on days 18 to 21 during treat-
ment cycles 1, 3, and 6. Regarding lipid metabolism,
the DNG-containing regimens resulted in changes in
lipid metabolism than those containing LNG.50 For
xample, compared with regimens containing DNG,
NG had lower high-density lipoprotein cholesterol 2

evels (P � 0.05) (without significant changes in high-
ensity lipoprotein cholesterol levels) and higher low-
ensity lipoprotein cholesterol levels (P � 0.05) at cy-
le 6. Compared with baseline, triglyceride levels
emained unchanged with the LNG regimen; however,
riglycerides increased with the DNG regimens (P �
.05). Compared with the control cycle, hemostatic
arameters changed in cycle 6 for all 4 regimens with
n increase in fibrinogen (P � 0.01), D-dimer (P �
.01), plasminogen (P � 0.01), plasmin-antiplasmin

complex (P � 0.01), and protein C activity (P � 0.01).
Significant decreases in tissue plasminogen activator
(P � 0.01) and plasminogen activator inhibitor (P �
0.01) in cycle 6 occurred versus the control cycle.48

Treatment with EE/LNG significantly increased the
levels of free protein S compared with those women
treated with DNG regimens (P � 0.01). The 3 DNG-
containing regimens increased factor VII activity at cy-
cle 6 versus the control cycle (P � 0.01); no change
occurred with the LNG-containing regimen. When
evaluating thyroid, adrenal, and blood pressure pa-
rameters, all 4 regimens significantly increased total
triiodothyronine (P � 0.01), thyroxine (P � 0.01), and
cortisol (P � 0.01) at cycle 6 compared with baseline;
however, free concentrations of these hormones were
not or were only slightly affected.51 Angiotensin II de-
creased significantly for all 4 regimens in the sixth cycle
(P � 0.01); aldosterone and endothelin 1 concentra-
tions were not changed. Lastly, COC regimens con-
taining DNG caused a higher increase in SHBG (P �
0.01) and thyroxine-binding globulin (TBG) (P �
0.01) compared with the regimen containing LNG.49

The lowest increase in CBG occurred in the regimen
containing E2V, which suggests a lesser hepatic effect
compared with EE (P � 0.01). All 4 regimens produced
ignificant increases in SHBG (P � 0.01), CBG (P �
.01), and TBG (P � 0.01), whereas decreases oc-
urred in free testosterone (P � 0.01) and dehydroepi-
ndrosterone sulfate (P � 0.01) compared with the

ontrol cycle.49 These findings are provided as a repre-
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sentation of the components in E2V/DNG, but the
study regimens did not contain the exact dosage in the
currently available COC multiphasic product.

Klipping et al52 reported similar results on hemo-
static parameters with the 4-phasic regimen of E2V/
DNG. In this study, 34 healthy women aged 18 to 50
years were randomized to E2V/DNG (n � 16) or EE/
LNG (n � 16) in a crossover, open-label manner dur-
ing 3 cycles. The primary outcomes were intraindi-
vidual absolute changes in prothrombin fragments 1
and 2 and D-dimer from baseline to cycle 3. A total of
29 women were part of the FAS because they received
at least 1 dose of their assigned treatment. Treatment
with E2V/DNG produced no intraindividual change in
levels of prothrombin 1 and 2, and although a slight
increase was seen with EE/LNG, the differences be-
tween the 2 treatments were not significant. A smaller
increase in D-dimer occurred in the E2V/DNG group
(from 203.0 [94.1] ng/mL to 237.4 [101.6] ng/mL)
compared with the EE/LNG group (from 201 [73.5]
ng/mL to 352.6 [217.8] ng/mL), which was statistically
significant (P � .01; 95% CI, �217.22 to �11.77).
Although these studies revealed similar or less pro-
nounced effects with E2V/DNG, it is important to use
caution when interpreting these results because these
parameters have not been shown to predict the occur-
rence of thromboembolic events.

Satisfaction
The randomized, double-blind study by Ahrendt

et al38 comparing 4-phasic E2V/DNG to monophasic
EE/LNG measured patient satisfaction as a study out-
come. Patients were randomized to 1 of the treatment
regimens for 7 treatment cycles in this investigation of
bleeding and cycle control. At the final examination at
the study conclusion, patients were asked to report
their satisfaction with the treatment that they had re-
ceived for the previous 7 menstrual cycles. The assess-
ment used the following categories: very satisfied,
somewhat satisfied, neither satisfied or dissatisfied, dis-
satisfied, and very dissatisfied. A similar number of
women in each treatment group reported being very
satisfied or somewhat satisfied with treatment (79.4%
in the E2V/DNG group and 79.9% in the EE/LNG
group). Slightly more women in the E2V/DNG versus
EE/LNG group responded that they were very satisfied
with treatment (39.8% vs 35.3%) (no P values given).

In the trial by Palacios et al,30 79.5% of women

ere very satisfied or satisfied (52.1% and 27.4%, re- u

52
pectively) and 7.4% were dissatisfied or very dissatis-
ed (6.5% and 0.9%, respectively) with the 4-phasic
2V/DNG regimen (no P values reported). More than
6% of women also rated their physical and emo-
ional well-being on study treatment as the same,
etter, or much better, compared with pretreatment
tatus (Figure 5).

Cost and Economic Considerations
No cost-effectiveness analyses or other pharmaco-

economic evaluations of E2V/DNG were identified
through the literature search. The approximate cost to
patients in the United States is $84.99 for a pack of 28
tablets (26 active tablets and 2 inactive tablets).53 Al-
hough the clinical efficacy of COCs is comparable,
everal factors go into the varying costs. For example,
vailability of generic versions of COCs tend to signif-
cantly reduce cost. Formulary availability and cover-
ge also affect the cost for individual patients. This
OC is currently only available as a brand name prod-

Figure 5. Physical and emotional well-being of
women taking estradiol valerate/dieno-
gest.30 Reprinted with permission from
European Journal of Obstetrics & Gynecol-
ogy and Reproductive Biology. Volume 149,
number 1. Palacios S, Wildt L, Parke S,
Machlitt A, Romer T, Bitzer J. Efficacy
and safety of a novel oral contraceptive
based on oestradiol (oestradiol valerate/
dienogest): A Phase III trial. Pages 57–
62. Copyright 2010, with permission
from Elsevier.
ct in the United States and is roughly equivalent than
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other branded contraceptives (eg, EE/drospirenone* is
$92.00 for 28 tablets and EE/norgestimate† is $89.99
or 28 tablets).

DISCUSSION
Results from clinical trials demonstrate that E2V/DNG
is an efficacious COC that is well tolerated and may in
fact have a better bleeding profile that other COCs
containing LNG. Two new hormone components are
introduced with this COC formulation. Estradiol val-
erate is metabolized to natural 17�-estradiol. This
roduct appears to yield comparable results regarding
etabolic (eg, cholesterol concentrations) and hemo-

tatic (eg, fibrinogen, protein C activity) parameters
hen compared with COCs containing LNG; sex hor-
one parameters (eg, SHBG, TBG) show significant

hanges. It is reassuring that the data to this point show
o increased thrombotic risk with the progestogen used.
omparative trials of E2V/DNG with EE/LNG, a crite-

ion standard product for safety, have shown similar ef-
ects on the safety profile.17,30,39,54 However, these stud-

ies have not indicated an improved safety profile over
existing COCs (eg, DVT). The current contraindications,
precautions, and warnings that exist for other COC for-
mulations also apply to this formulation. Future epidemi-
ologic studies will help determine whether a COC con-
taining E2V/DNG will lower these risks.

The unique 4-phase formulation offers a potential
benefit for women with HMB, a condition that can
adversely affect women’s work, productivity, and
quality of life. Although the formulation is not indi-
cated for this purpose, a decreased number of bleeding
days or absence of withdrawal bleeding is likely to
occur with this formulation. The reduced bleeding pro-
file may make this formulation ideal for women of
older reproductive age (eg, perimenopausal) because
they typically have a higher rate of bleeding irregularity
with heavier or longer menstrual cycles.55 It may also
e advantageous for this population because adher-
nce is extremely important with E2V/DNG.56 The

rules around missing pills are much more complicated
than typical pills because of varying doses every few
days. Clear instructions about how to handle missed
doses are included in each package insert but will need

*Trademark: Yaz® (Bayer Healthcare Pharmaceuticals Inc.,
Wayne, New Jersey).

†Trademark: Ortho Tri-Cyclen Lo® (Janssen Pharmaceuticals,

Raritan, New Jersey).
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to be a point of education for users. This may not be an
ideal pill for a first-time user for several reasons, in-
cluding the complications around missed doses and the
vast number of COCs that are effective, tolerable, and
available generically (less expensive).

Reducing the adverse effects of breakthrough bleed-
ing and/or spotting may lead to better adherence. Most
women will welcome less bleeding with a COC, al-
though some prefer the comfort of a monthly men-
strual cycle to ensure they are not pregnant. Women
using this formulation may opt to use a pregnancy test
when withdrawal bleeding does not occur to confirm
that the COC is effective.

Although this new drug review attempted to provide
a thorough report of the data for this new COC prod-
uct, this review has some limitations. Publication bias
may be present as a result of the recent development
and approval of this product, and published studies are
limited. Our exclusion of non-English studies may con-
tribute to this bias, but an attempt was made to include
evidence from outside the United States. An evidence
grading system was not used, but the studies with a
higher level of evidence (ie, Phase III randomized con-
trolled trials) were given more focus within the review.
Finally, some non–peer- reviewed sources were incor-
porated into the review, including manufacturer data
and meeting abstracts. The lack of published data for
certain topics, particularly pharmacokinetics, necessi-
tated inclusion of manufacturer data, and meeting ab-
stracts were included to broaden the evidence pool.
Conclusions based solely on product information or
abstracts were minimized.

CONCLUSIONS
This new COC, E2V/DNG, is a unique formulation
with 2 new hormonal components not previously
available in the United States. Data to date indicate
that it offers efficacy, tolerability, and a satisfactory
safety profile. The estradiol in combination with DNG
in a 4-phase regimen offers a favorable bleeding pro-
file. The medication may not be considered an initial
COC choice for first-time users because of cost and
adherence issues but may be beneficial for women who
have experienced bleeding adverse effects with other
COCs and are looking for shorter and/or lighter men-
strual cycles. Epidemiologic studies will be needed to
determine whether other biomarkers result in clinically
significant different outcomes among E2V/DNG and

other available COCs.
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