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Abstract: Oral contraceptives remain a popular method of contraception over 50 years after 

their introduction. While safe and effective for many women, the failure rate of oral contraception 

is about 8%. Concerns about the risk of venous thromboembolism continue to drive the search 

for the safest oral contraceptive formulations. The oral contraceptive NOMAC-E2 contains 

nomegestrol acetate (NOMAC) 2.5 mg + 17b-estradiol (E2) 1.5 mg. The approved dosing regi-

men is 24 days of active hormone, followed by a 4-day hormone-free interval. NOMAC is a 

progestin derived from testosterone, which has high bioavailability, rapid absorption, and a long 

half-life. Estradiol, though it has a lower bioavailability, has been successfully combined with 

NOMAC in a monophasic oral contraceptive. Two recently published randomized controlled 

trials demonstrate that NOMAC-E2 is an effective contraceptive, with a Pearl Index less than 

one pregnancy per 100 woman-years. The bleeding pattern on NOMAC-E2 is characterized 

by fewer bleeding/spotting days, shorter withdrawal bleeds, and a higher incidence of amenor-

rhea than the comparator oral contraceptive containing drospirenone and ethinyl estradiol. The 

adverse event profile appears to be acceptable. Few severe adverse events were reported in the 

randomized controlled trials. The most common adverse events were irregular bleeding, acne, 

and weight gain. Preliminary studies suggest that NOMAC-E2 does not seem to have negative 

effects on hemostatic and metabolic parameters. While no one oral contraceptive formulation is 

likely to be the optimum choice for all women, NOMAC-E2 is a formulation with effectiveness 

comparable with that of other oral contraceptives, and a reassuring safety profile.
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Introduction
Oral contraceptives are now in their sixth decade of use. They remain the most popular 

method of contraception in many parts of the world.1 Available products have expanded 

from Enovid® (mestranol-norethynodrel), the first oral contraceptive approved in 1960, 

into a worldwide market with dozens of brands. While their popularity has lasted through 

the years, adherence and satisfaction with oral contraceptives continues to pose challenges 

for some women. If used correctly and consistently, oral contraceptives potentially have 

a failure rate as low as three in 1000 women; under real-world conditions, the actual 

failure rate is closer to 8%,2 in large part due to discontinuation of use of the product, 

and problems with adherence. Concerns about rare but serious side effects have also 

affected pill use over the years, and driven a continued search for the safest possible 

formulations.

Most oral contraceptives available today contain ethinyl estradiol. There is increased 

focus on 17b-estradiol (E
2
, also referred to simply as estradiol), a naturally occurring 
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estrogen that is believed to have fewer adverse effects than 

ethinyl estradiol.3 Attempts to introduce estradiol into oral 

contraceptives began decades ago, but problems with oral 

bioavailability and unsatisfactory bleeding profiles limited 

its applicability.4

While estrogen options for oral contraceptives are lim-

ited, there are numerous possible progestins. Some, such as 

desogestrel and drospirenone, have been dogged by concerns 

that they raise the risk of combined oral contraceptive-related 

venous thromboembolism relative to other progestins.5 The 

clinical significance of any increased risk is a subject of 

debate,6 but the concern has motivated a search for progestins 

with a more favorable risk-benefit profile.

Nomegestrol acetate (NOMAC) is receiving renewed 

attention, in part for this reason. A progestin first developed in 

the 1980s, NOMAC was originally used for postmenopausal 

hormone therapy,7 and later in an implantable contraceptive.8 

Most recently, NOMAC has been formulated with E2 in a 

combination oral contraceptive, marketed with the brand 

name NOMAC-E2. Zoely® (Merck & Co., Inc, Whitehouse 

Station, NJ, USA) was first marketed in 2011 and is now 

available in several countries, although the formulation has 

not been approved in the US. Recently published papers 

have focused on the pharmacology of NOMAC alone and 

in combination with E2.9,10 This review summarizes some of 

this information and discuss clinical outcomes of interest, 

including efficacy and bleeding patterns. Other clinical issues 

discussed include bone density, acne, thromboembolism, 

lipid effects, and concerns in the obese population.

Pharmacology, mechanism  
of action, and pharmacokinetics
Nomegestrol acetate
Like all combined oral contraceptives, Zoely contains an 

estrogen and a progestin component. A progestin, or proges-

togen, is a compound that exhibits progestational activity: 

most typically, the transformation of endometrium from 

proliferative to secretory in an estrogen-primed uterus.11 The 

only natural progestogen is progesterone, which is inactivated 

when taken orally.12

Synthetic contraceptive progestins are related either 

to  testosterone or progesterone. Those f irst used in 

oral contraceptives, sometimes called first-generation 

or second-generation progestins, were derivatives of 

testosterone or 19-nortestosterone. Examples include 

 norethynodrel, norethindrone, and levonorgestrel. One newer 

testosterone- derived progestin, drospirenone, is an analog 

of  spironolactone. Many newer progestins are structurally 

similar to progesterone. These include cyproterone acetate, 

nestorone, and NOMAC.11 The move toward progesterone-

derived compounds was motivated in part by their greater 

specificity for the progesterone receptor. This may limit 

androgenic and other side effects, while preserving the con-

traceptive effect. Progesterone-derived compounds may also 

appeal to consumers and providers based on a perception that 

they are more “natural”.

Manipulations of the chemical structure of proges-

terone alter the potency (progestational activity) and oral 

bioavailability of end products.9,11 The chemical structures 

of progesterone and NOMAC are shown in Figure 1, with 

medroxyprogesterone acetate and megestrol acetate included 

for comparison.

Estradiol
It was serendipity that led to the incorporation of an estro-

gen component in the first oral contraceptive. Mestranol, an 

estrogen compound used in early oral contraceptives, was a 

contaminant in the manufacturing process of norethynodrel.13 

However, its subsequent removal was followed by an unac-

ceptable rate of irregular bleeding among participants in the 

early clinical trials. Mestranol was therefore added back, and 

estrogen found its place.

Mestranol undergoes demethylation in the liver to yield 

ethinyl estradiol. Ethinyl estradiol, the biologically active 

compound, long ago replaced mestranol as the estrogen of 

choice in oral contraceptive formulations. Progressively 

lower doses of ethinyl estradiol have been used in an attempt 

to eliminate dose-related adverse effects of oral contracep-

tives. Reducing the ethinyl estradiol dose from 50 µg to 

35 µg resulted in a decreased risk of adverse cardiovascular 

events such as venous thromboembolism. However, it is 

not clear that reducing the dose more, to 20 µg or less, has 

further reduced this risk,14 and there may be a threshold 

effect below which no additional risk reduction is seen. 

Very low doses of ethinyl estradiol are also associated with 

an increased incidence of irregular bleeding.15

It has long been recognized that estradiol, or 17b-estradiol 

(E2) produced by the ovary is a potent natural estrogen with 

contraceptive potential. It may have a more favorable cardio-

vascular risk profile than ethinyl estradiol. However, estradiol 

is not well absorbed orally, and early attempts at E2-based 

pills were abandoned due to poor cycle control.13,16 An oral 

contraceptive containing E2 requires a potent progestin able 

to stabilize the endometrium.9 The first estradiol-containing 

pill to be introduced to the modern market contained 

dienogest and estradiol valerate. An acceptable bleeding 
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Figure 1 Progesterone, nomegestrol acetate, and selected related structures. 
http://pubchem.ncbi.nlm.nih.gov.

pattern was only obtainable via the creation of a four-phasic 

(or “dynamic”) pill, meaning that there were four different 

dosing regimens in a 28-day cycle.17 This requires that the 

user follows a relatively complex set of instructions for 

missed pills. NOMAC is the first such progestin to succeed 

in a monophasic combination with E2. The structures of 

ethinyl estradiol and E2 are shown in Figure 2.

Mechanism of action
The contraceptive effect of birth control pills derives pri-

marily from the progestin component, while the estrogen 

component contributes cycle control and potentiates con-

traceptive efficacy. The progestin contraceptive effects of 

NOMAC include antigonadotropin activity (suppression of 

the luteinizing and follicle-stimulating hormone surges that 

lead to follicle development and ovulation); thickening of 

cervical mucus; and thinning of the endometrium.18,19

NOMAC is a potent progesterone receptor agonist, with a 

high affinity for the progesterone receptor, being about 125% 

that of progesterone.9 Unlike many other progestins, it does 

not bind to androgen, mineralocorticoid, or glucocorticoid 

receptors.9,20 Some side effects of other oral contraceptives 

have been attributed to this lack of specificity. NOMAC may 

possess mild to moderate antiandrogenic properties.3,21

Pharmacokinetics
The pharmacokinetics of NOMAC and E2 have recently been 

reviewed,9,10 and are briefly summarized below.

NOMAC
The pharmacokinetic profile of NOMAC provides some clues 

to its potential for success in an oral contraceptive. Relevant 

pharmacokinetic parameters include: maximum concentra-

tion (C
max

), time to reach maximum concentration (T
max

), 
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Table 1 Selected pharmacokinetic parameters for NOMAC 2.5 mg9,10,22

Parameter Definition NOMAC 2.5 mg Possible clinical relevance

Tmax Time to maximum concentration in blood 1.5–2.0 hours Relatively rapid onset of action
t1/2 Serum half-life 45–50 hours More “forgiveness” for late or missed pills; 

steady-state favoring thin, stable endometrium
Fabs Bioavailability 63%–65% Efficient oral delivery
Cmax Maximum concentration 12.3 ± 3.5 ng/mL

Abbreviation: NOMAC, nomegestrol acetate.
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Figure 2 Estradiol and ethinyl estradiol. 
http://pubchem.ncbi.nlm.nih.gov.

half-life (t
1/2

, time needed for serum drug levels to fall to 

50% of maximum), and bioavailability. Bioavailability (F
abs

) 

is defined as the amount of orally administered drug that 

reaches the systemic circulation after undergoing hepatic 

first-pass metabolism,11 and is generally determined by a 

comparison with intravenous administration. Some relevant 

pharmacokinetic parameters of NOMAC are shown in 

Table 1. The oral bioavailability of NOMAC is considered 

to be relatively high, at about 65%.9 Peak serum levels of 

NOMAC are rapidly seen.9,10,22 NOMAC has a long elimina-

tion half-life (45–50 hours) compared with other contracep-

tive progestins. This may mean that its contraceptive efficacy 

is more forgiving of missed pill doses than progestins with 

a shorter half-life.22

NOMAC binds to albumin but not to sex hormone binding 

globulin.9 It is hepatically metabolized, like other contracep-

tive hormones, via the cytochrome P450 enzyme system. 

As with other oral contraceptives, there is a potential for 

interaction with drugs that induce hepatic enzymes. Examples 

include rifampin and some antiepileptic drugs.10

Estradiol
The bioavailability of E2 is between 1% and 5%.10,22 Once 

ingested, estradiol is metabolized by the liver to estrone and 

estrone sulfate, among other compounds. Enterohepatic 

recirculation maintains a large circulating pool of estrogen 

compounds,20 which results in a somewhat variable half-life,10 

with the half-life of estradiol after intravenous administration 

being 3.6 hours.10

Gerrits et al studied the pharmacokinetics of NOMAC-E2 

after multiple (24 days) and single dosing.22 For NOMAC, 

the time to reach steady-state concentration was 5 days. 

Their results for T
max

 and t
1/2

 were consistent with previous 

findings. They noted that determination of parameters for 

E2 was somewhat more challenging, because serum assays 

did not distinguish between exogenous and endogenous E2, 

and because the contraceptive effects of NOMAC resulted 

in suppression of endogenous E2 production.22 The reported 

E2 levels at steady state were consistent with E2 levels 

expected for the early follicular and late luteal phases of the 

menstrual cycle.

Formulation, dose, and dosing 
schedule
NOMAC-E2 oral contraceptive 
formulation
Each pill contains NOMAC 2.5 mg + E2 1.5 mg. It is 

provided in a 24/4 dosing schedule, meaning 24 days of 

active pill followed by a 4-day hormone-free interval. The 

formulation is innovative in that it is the first monophasic 

oral contraceptive to use estradiol, and the only combined 

oral contraceptive to include NOMAC.
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Dose selection
The dose of NOMAC 2.5 mg + E2 1.5 mg was identified from a 

dose-finding Phase IIa study conducted in France. The investi-

gators randomized 41 healthy women aged 18–35 years to one 

of three doses of NOMAC (0.625, 1.25, or 2.5 mg) with ethinyl 

estradiol 1.5 mg or to NOMAC 2.5 mg alone.  Thirty-eight 

women completed study treatment, which included one control 

cycle and one treatment cycle.23 The study primarily assessed 

inhibition of ovulation as determined by serum assays for 

progesterone and luteinizing hormone. Secondary objectives 

were to evaluate effects on follicle-stimulating hormone and 

serum E2 levels, as well as cervical mucus scores.

In all groups, ovulation was suppressed during the treat-

ment cycle, as evidenced by suppression of the midcycle 

luteinizing hormone peak and progesterone levels consis-

tently less than 3 ng/mL, the level which indicates ovulation. 

The degree of suppression of serum progesterone was cor-

related with NOMAC dose in the combined groups, while 

daily progesterone levels were higher in the NOMAC alone 

group than in the group who received NOMAC 2.5 mg + E2. 

No follicle-stimulating hormone peak was seen in any group. 

The greatest suppression of follicular maturation (evidenced 

by lowest follicle-stimulating hormone levels) was seen in the 

NOMAC 2.5 mg + E2 group. Lower serum E2 values also 

correlated with higher doses of NOMAC-E2. Cervical mucus 

scores were similar among the groups, and all treatment-

cycle cervical mucus scores were less than 3, indicating 

unfavorability for fertilization. Based on the combination of 

ovulation inhibition and degree of follicular suppression, the 

authors concluded that the formulation containing NOMAC 

2.5 mg + E2 1.5 mg was optimal.23

why 24/4?
It is increasingly accepted that the original 28-day oral con-

traceptive cycle, consisting of 21 days of an active pill and 

7 days of placebo, was based less on science and more on 

social considerations informed by the era in which the first 

oral contraceptive pills were developed.24 A growing num-

ber of oral contraceptive formulations use a 24/4  regimen. 

Possible benefits of a shortened placebo phase include 

enhanced follicular suppression, improvement in premen-

strual symptoms which often manifest during the placebo 

period, and potentially improved efficacy.25,26 The evidence 

also suggests that oral contraceptives dosed in a 24/4 regimen 

are associated with a shorter length of withdrawal bleeding 

than 21/7 dosing.25

After determining the optimal dose for NOMAC-

E2, the same group of researchers compared 24-day and 

21-day r egimens.27 The primary efficacy outcome was ovar-

ian activity, assessed by evaluating ovarian follicle growth 

on transvaginal ultrasound. Secondary efficacy outcomes 

included serum measurements of follicle-stimulating 

 hormone, luteinizing hormone, E2, and progesterone, endo-

metrial thickness (via transvaginal ultrasound) and cervical 

mucus  characteristics. Of 80 women randomized, 35 in the 

21-day group and 37 women in the 24-day group completed 

the study, which consisted of three 28-day cycles of the 

assigned pill.

No ovulations were noted in either group over the course 

of the study. However, mean diameter of the largest ovarian 

follicle was greater in the 21-day group than in the 24-day 

group, exceeding 10 mm in the 21-day group (13.0 ± 7.5 mm 

versus 9.9 ± 3.4 mm, P = 0.02). Effects on endometrial thick-

ness and cervical mucus were similar, and consistent with the 

expected contraceptive effect. The authors concluded that the 

24/4 regimen was superior to the 21/7 regimen for inhibition 

of follicular growth, and therefore preferred.27

Efficacy
Two large, international, randomized controlled trials, 

one conducted in the Americas28 and one conducted in 

Europe and Australia29 studied the efficacy of NOMAC-

E2 oral contraception in comparison with pills containing 

drospirenone 3 mg + ethinyl estradiol 30 µg. Both trials were 

funded by the pill manufacturer.

The trials assessed the efficacy and tolerability of NOMAC-

E2 in a 24/4 regimen versus drospirenone–ethinyl estradiol 

in a 21/7 regimen. Women were randomized in a 3:1 ratio to 

NOMAC-E2 or drospirenone–ethinyl estradiol. Participants 

were included if they were healthy, aged 18–50 years, had a 

body mass index in the range of 17.0–35.0 kg/m2, had no con-

traindications to oral contraceptive use per the World Health 

Organization’s Medical Eligibility Criteria for Contraceptive 

Use,30 had a normal cervical (Papanicolaou) smear, and were 

not using exclusionary medications. Instructions for missed 

(.12 hours late) pills were to take the missed pill as soon 

as possible and continue the rest of the pack on schedule. A 

7-day backup period with condoms was advised if women 

in the NOMAC-E2 group missed one tablet on days 1–7 or 

18–24, or two tablets between days 8 and 17. Women in the 

drospirenone–ethinyl estradiol group were to use condoms 

if they missed one tablet at any time during the active pill 

cycle.

Pregnancy rate, or efficacy, was calculated using the Pearl 

Index (pregnancies per 100 women-years of exposure) and 

life table analyses (Kaplan–Meier estimates with confidence 
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intervals [CI]). The latter were expressed as pregnancies per 

100 women.

Of 2152 women randomized across 95 study centers by 

Mansour et al, 1591 received NOMAC-E2 and 535 received 

drospirenone–ethinyl estradiol. Approximately 72% of 

women in the NOMAC-E2 group completed the one-year 

trial, as did 76.6% of women in the drospirenone group. 

Completion was defined as continuing in the trial through 

13 28-day cycles of pills.29

For Pearl Index determinations, the trial accrued 1057 

woman-years of NOMAC-E2 exposure for women aged 

18–35 years. There were four in-treatment pregnancies, 

giving a Pearl Index of 0.38 (95% CI 0.10–0.97) for 

NOMAC-E2. When all women aged 18–50 years were 

included, the Pearl Index was 0.31 (0.08–0.79). Women in 

the drospirenone–ethinyl estradiol group contributed 372 

woman-years for analysis among women 18–35 years of 

age. With three in-treatment pregnancies in the drospirenone 

group, the Pearl Index was 0.81 (0.17–2.35) for those aged 

18–35 years, and 0.66 (0.14–1.94) among women aged 

18–50 years. The difference between the groups was not 

statistically significant.29

Life table analysis showed cumulative pregnancy rates of 

0.33% among women in the NOMAC-E2 group and 0.64% 

among women in the drospirenone–ethinyl estradiol group. 

The authors concluded that cumulative pregnancy rates were 

lower in the NOMAC-E2 group, although the results did not 

achieve statistical significance.29

Westhoff et al28 randomized 2281 women to either 

NOMAC-E2 or drospirenone–ethinyl estradiol. Of those 

randomized, 1666 women received treatment with NOMAC-

E2, 988 of whom (59%) completed the trial. Of 554 women 

who received drospirenone–ethinyl estradiol, 344 (62%) 

completed the trial.

For the Pearl Index determinations, the trial accrued 946 

woman-years (12,296 cycles) of NOMAC-E2 exposure for 

women aged 17–35 years. There were 12 in-treatment preg-

nancies, giving a Pearl Index of 1.27 (95% CI 0.66–2.22) 

for NOMAC-E2. When all women aged 18–50 years were 

included, the Pearl Index was 1.13 (0.60–1.94). Women in the 

drospirenone–ethinyl estradiol group contributed 318 woman-

years (4135 cycles) for analysis. With six in-treatment preg-

nancies among women aged 18–35 years, the Pearl Index for 

drospirenone was 1.89 (95% CI 0.69–4.11) in this group, and 

1.83 (95% CI 0.74–3.77) among women aged 18–50 years. The 

difference between NOMAC-E2 and drospirenone–ethinyl 

estradiol groups was not statistically significant. Life table 

analysis showed cumulative pregnancy rates of 1.09% among 

women in the NOMAC-E2 group and 1.75% among women 

in the drospirenone–ethinyl estradiol group. The authors of 

this trial concluded that cumulative pregnancy rates were 

lower in the NOMAC-E2 group, while acknowledging that 

the results did not achieve statistical significance.28

These studies indicate that NOMAC-E2 provides effective 

contraception, with an acceptably low pregnancy rate that is 

at least comparable with that of other oral contraceptives. 

The authors commented that the instructions for missed 

pills were less conservative for NOMAC-E2 than for 

drospirenone–ethinyl estradiol (the former group could miss 

two pills mid cycle without need for backup, while the latter 

could only miss one), but it is difficult to know whether this 

affected pregnancy rates.28,29 While the pregnancy rates were 

higher in the US trial, this held true for both the NOMAC 

and drospirenone formulations, and the reasons for this are 

likely varied.

Bleeding patterns
Bleeding patterns, particularly the degree of unscheduled 

bleeding and the length and characteristics of expected 

withdrawal bleeding, contribute to the tolerability of oral 

contraceptives. As noted, a need for a more favorable 

bleeding pattern led to the delay in introducing an E2-based 

monophasic pill, and the NOMAC-E2 formulation is the first 

such formulation to succeed.

The twin efficacy studies assessed several bleeding 

parameters.28,29 Primary bleeding outcomes included pres-

ence or absence of unscheduled (breakthrough) bleeding/

spotting, and absence of withdrawal bleeding. Secondary 

parameters included occurrence of breakthrough bleeding 

episodes (defined as requiring more than one pad or tampon 

per day); occurrence of unscheduled spotting (defined as 

requiring no more than one pad or tampon per day); num-

ber of unscheduled bleeding/spotting days; and number of 

scheduled (withdrawal) bleeding days.

Both the Westhoff et al28 and Mansour et al29 studies 

assessed bleeding profiles according to standard 91-day 

reference periods, as well as per cycle. When compared 

with drospirenone–ethinyl estradiol in a 21/7 regimen, 

NOMAC-E2 in a 24/4 regimen was associated with fewer 

bleeding and spotting days in all reference periods, with 

statistically significant difference between groups in the 

later reference periods (Figure 3A and B). Other bleed-

ing parameters are presented in Table 2. The incidence of 

breakthrough bleeding episodes was significantly different 

between treatment groups in the early treatment cycles 

(cycles 2–429 and cycles 2–628), with a greater incidence in 
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Figure 3 (A) Mean number of bleeding and spotting days for reference periods 1 (days 1–90) and 4 (days 274–364) as reported in westhoff et al.28 (B) Mean number of 
bleeding and spotting days for reference periods (RP) 1 (days 1–90) and 4 (days 274–364) as reported in Mansour et al.29

women on NOMAC-E
2
. However, after 4–6 cycles of use, 

these differences disappeared.

As shown in Figure 3A and B and Table 2, the bleeding 

patterns for NOMAC-E2 clearly differed from those for 

drospirenone–ethinyl estradiol. The reasons may relate to 

the estrogen dose. Differences may also be due to the differ-

ent progestins, or to the 21/7 versus 24/4 dosing schedule. 

In their Phase II study comparing 21/7 and 24/4 regimens, 

Christin-Maitre et al27 evaluated bleeding parameters, includ-

ing incidence and duration of unscheduled (“intermenstrual”) 

and scheduled (withdrawal) bleeding. When compared with 

a 21/7 regimen, the 24/4 dosing regimen was associated with 

a significantly shorter mean duration of withdrawal bleeding 

(3.9 versus 4.8 days, P = 0.03). All other measured bleeding 

parameters were similar between groups.

In general, bleeding patterns on NOMAC-E2 were 

characterized by fewer bleeding/spotting days in a 3-month 

period, shorter bleeding episodes, and a similar incidence of 

breakthrough bleeding, when compared with drospirenone–

ethinyl estradiol. The incidence of amenorrhea, or absent 

withdrawal bleeds, was significantly greater in the NOMAC 

group.28,29 This trend towards less bleeding would seem to be 

a favorable outcome. Therefore, it is interesting to note that 

women in the NOMAC-E2 group were more likely than those 

in the drospirenone–ethinyl estradiol group to discontinue 

the study because of bleeding irregularities. This may be due 

in part to the increased likelihood of breakthrough bleeding 

in the first months of use, or to the increased likelihood of 

amenorrhea at most trial time points, with NOMAC-E2 com-

pared with drospirenone–ethinyl estradiol. Amenorrhea may 

be more acceptable now than it was at the time the trials were 

initiated.31 Now that these trial results have been published, 

providers can offer accurate anticipatory counseling about 

NOMAC-E2 bleeding patterns, thus helping to ensure that 
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Table 2 Bleeding parameters for NOMAC-E2 versus DRSP-EE as reported in two large randomized controlled trials28,29

Mansour et al29 Westhoff et al28

NOMAC-E2 DRSP-EE NOMAC-E2 DRSP-EE

incidence of BTB in cycles 4–13^ 14%–20% 11%–17% 17%–20% 15%–16%
Median length in days of BTB among women who  
experienced it (cycles 4–13)

2–3 1–4 2–3 2–3

incidence of amenorrhea (no bleeding for 90 days) in RP4* 13.4% 1.1% NR NR
incidence of absent withdrawal bleed per cycle*
 Cycle 4 22% 5% 25% 7%
 Cycle 12 31% 4% 32% 6%
Mean/median duration of scheduled withdrawal bleed (days)*
 Cycle 4 4 5 4 5
 Cycle 12 3 5 3 5

Notes: *Differences between NOMAC-E2 and DRSP-EE were statistically significant (P , 0.05) in at least one study; ^differences between groups were statistically significant 
at cycle 4, but not at cycle 13. For westhoff et al, percentages are extrapolated from figures. NR, indicates data for this specific outcome were not reported.
Abbreviations: BTB, breakthrough bleeding/spotting; AE, adverse event; DRSP, drospirenone; EE, ethinyl estradiol; NOMAC, nomegestrol acetate; E2, 17b-estradiol.

women who choose NOMAC-E2 are satisfactorily informed, 

and that those who find such patterns unacceptable can 

choose a method that better suits their needs.

Safety and tolerability
Adverse events in clinical trials
There is heightened vigilance for adverse events among par-

ticipants in clinical trials. For the international efficacy trials, 

the most common adverse events deemed related to the study 

contraceptive are listed in Table 3. Effects like irregular with-

drawal bleeding and acne were more common in the NOMAC 

group, although the authors did not report tests of statistical 

significance for these differences. Serious adverse events 

were uncommon, with an overall incidence of 1.8%–2.0%.28,29 

Not all serious adverse events had a plausible association 

with the study drug.

Effects on lipids
NOMAC, alone or in combination with estrogen and at 

daily doses up to 5 mg, does not adversely affect lipid 

parameters.32 A recent, randomized, controlled trial showed 

no significant changes in total cholesterol, high-density 

lipoprotein cholesterol, low-density lipoprotein cholesterol, 

or triglycerides after six cycles of NOMAC-E2. In contrast, 

a 13% decrease in high-density lipoprotein cholesterol, a 7% 

increase in low-density lipoprotein cholesterol, and a 17% 

increase in triglycerides were seen in the comparator group 

receiving levonorgestrel 150 mg + ethinyl estradiol 30 µg 

after six cycles of use. Whether such changes are clinically 

relevant is uncertain.33

Effects on carbohydrate metabolism
Women receiving six cycles of treatment with NOMAC-E2 

demonstrated no changes in glucose or insulin levels during 

treatment.33

Endocrine effects
A randomized trial assessed effects on endocrine func-

tion (adrenal and thyroid) among women using either 

NOMAC–ethinyl estradiol or levonorgestrel–ethinyl estra-

Table 3 incidence of adverse effects reported by users of NOMAC-E2 and DRSP-EE in randomized controlled trials28,29

Mansour et al29 Westhoff et al28

NOMAC-E2 
(n = 1591)

DRSP-EE 
(n = 535)

NOMAC-E2 
(n = 1666)

DRSP-EE 
(n = 554)

Participants with at least one treatment-related AE (%) 51.2% 37.0% 48.8% 36.3%
Participants discontinuing due to AE (%) 17.3% 10.4% 17.3% 10.1%
AEs reported by 5% or more of participants
 Acne 15.3% 7.1% 16.4% 8.7%
 irregular withdrawal bleeding 11.7% 0.4% 9.1% 0.5%
 weight gain 7.9% 6.2% 9.5% 5.2%
 Headache 6.6% 6.2% – –
 Metrorrhagia – – 5.8% 2.7%

Note: Authors did not report tests of statistical significance for differences in incidence of adverse events between groups.
Abbreviations: AE, adverse event; DRSP, drospirenone; EE, ethinyl estradiol; NOMAC, nomegestrol acetate; E2, 17b-estradiol.
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diol (30 µg) for six cycles. The authors reported greater 

increases in cortisol and corticosteroid-binding globulin 

for levonorgestrel–ethinyl estradiol than for NOMAC-E2, 

although the clinical relevance of these changes is not clear. 

There were no significant changes from baseline in levels 

of thyroid-stimulating hormone or free thyroxine (T4), in 

either group.34

Bone mineral density
One study evaluated bone mineral density changes with 

contraceptive doses of NOMAC-E2.35 The authors fol-

lowed bone mineral density in a longitudinal study of 110 

premenopausal women randomized to NOMAC-E2 or 

levonorgestrel–ethinyl estradiol (150 µg/30 µg) for 2 years, 

as measured by annual dual x-ray absorptiometry scans. 

The authors determined z-scores for the lumbar spine, 

femoral neck, hip, and trochanter (the z-score indicates the 

distance of the measured bone mineral density from the 

age-matched population mean). There were no clinically 

significant differences between groups or within groups 

over time. As has been discussed in the context of other 

contraceptive methods, the utility of bone mineral density 

testing in premenopausal women is controversial, and there 

are few data on the more clinically relevant outcome of 

fracture risk. There is no reason to suspect that fracture risk 

is elevated among users of any oral contraceptive formula-

tion. A randomized trial of 176 postmenopausal women 

suggested that the combination of NOMAC 3.75 mg + E2 

1.5 mg, given daily for 12 weeks, had “no deleterious 

effects” on bone health, and seemed to decrease markers 

of bone turnover.36 Currently available data reassure us that 

NOMAC-E2 oral contraception does not adversely affect 

bone mineral density.

weight change
In the US and European trials, women using NOMAC–

ethinyl estradiol gained an average of 1.0 kg during the 

one-year study period, while women in the drospirenone–

ethinyl estradiol group gained an average of 0.2–0.3 kg.28,29 

The difference between treatment groups was statistically 

significant in both studies. The difference may be due in part 

to the slight diuretic effect of drospirenone. Westhoff et al28 

reported “weight gain” as an adverse event in 9.5% of 

women in the NOMAC group and 5.2% of women in the 

drospirenone group, while Mansour et al29 found that 7.9% 

of women in the NOMAC group and 6.1% of women in 

the drospirenone group complained that their “weight 

increased”.

Acne
In general, oral contraceptives cause improvement in acne 

symptoms.37 Use of oral contraceptives containing fewer 

androgenic progestins is often recommended, although some 

experts believe that the androgenicity of oral contracep-

tives has been overstated, due to misinterpretation of data 

from animal studies.38 The large efficacy trials28,29 included 

assessments of acne, and reached similar conclusions. The 

most common outcome, regardless of study or treatment 

group, was improvement in acne. However, more women 

in the NOMAC-E2 group complained about development or 

worsening of acne compared with women in the drospirenone 

group. Given that drospirenone is a spironolactone analog, 

and spironolactone is sometimes used as a treatment for acne, 

this is not entirely surprising.

Westhoff et al28 reported that one-third of women in 

both groups had acne at baseline. Over the course of the 

study, the trend towards improvement favored drospirenone 

(63% versus 54% in the NOMAC group, P , 0.001). 

Approximately the same percentage of women saw their 

acne worsen (6% versus 5%), while a smaller percentage 

of women in the drospirenone group than in the NOMAC 

group reported no change in their acne (32% versus 40%). 

Of women with no acne at baseline, most were acne-free 

at the end of the study, though the proportion was greater 

for drospirenone than for NOMAC (95.8% versus 87.6%). 

There were more new cases of acne reported among the 

NOMAC group (12.4%) than among the drospirenone group 

(4.2%, P , 0.001).

Mansour et al29 noted similar results. About 33% of 

women in both groups reported acne at baseline, and the pres-

ence of acne decreased over time. Overall, three-quarters of 

women reported no change in acne symptoms. For the women 

with acne at baseline, 61.4% in the drospirenone group and 

48.4% in the NOMAC group reported improvement by the 

end of the study. Worsening occurred in 1.8% of women with 

acne in the drospirenone group and 7.2% in the NOMAC 

group. Similar to the study by Westhoff et al, more women in 

the NOMAC group than in the drospirenone group developed 

acne during the study (11.1% versus 5.1%).28

venous thromboembolism and markers 
of hemostasis
Women on oral contraceptives are at relatively increased 

risk for venous thromboembolism compared with women 

who are not. The absolute risk is still quite low for healthy 

women, but for women with certain health conditions or risk 

factors, the risk may be unacceptably high.30 There have been 
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at least two highly publicized controversies about venous 

thromboembolism risk with “newer” oral contraceptive 

progestins, ie, the 1995 desogestrel “pill scare”, and recent 

controversy over drospirenone-containing pills.5,6 Because 

NOMAC is so selective for the progesterone receptor, and 

because estradiol is believed to pose a lower thrombotic risk 

than ethinyl estradiol,39 it has been postulated that NOMAC-

E2 will be associated with a lower venous thromboembolism 

risk than some other oral contraceptives. Estradiol itself has a 

lower impact on estrogen-hepatic proteins, and is more read-

ily metabolized by the liver than ethinyl estradiol, the ethinyl 

group on which slows down that process. The structure 

increases the bioavailability of ethinyl estradiol compared 

with E2, but may also contribute to an increased likelihood 

of estrogen-related adverse events.40 Venous thromboembo-

lism is a rare outcome, and clinical trials for efficacy are not 

powered to detect statistically significant differences between 

groups. Any difference that exists will not be known until use 

of the product is more widespread, and ideally if researchers 

can anticipate the pitfalls that have led to criticism of studies 

of venous thromboembolism risk done to date.

Two recent studies have compared markers of hemo-

stasis in women taking NOMAC-E2 and in those taking 

levonorgestrel–ethinyl estradiol.33,41 As a component of oral 

contraceptives, levonorgestrel is believed to have a relatively 

low risk of venous thromboembolism, and is often the refer-

ence against which other oral contraceptive progestins are 

compared.5 Gaussem et al41 studied markers of coagulation 

and fibrinolysis in women randomized to take three cycles of 

either levonorgestrel–ethinyl estradiol 20 µg or NOMAC-E2. 

The authors reported a procoagulatory shift in levels of these 

markers in women taking levonorgestrel–ethinyl estradiol. 

In contrast, they reported significantly smaller changes from 

baseline in these markers among women taking NOMAC-E2. 

One outcome was a change in activated protein C resistance. 

This marker, which has been proposed as an independent 

risk factor for venous thromboembolism, increased to a 

greater degree in levonorgestrel–ethinyl estradiol users than 

in NOMAC-E2 users (0.46 versus 0.20, P , 0.01).41 The 

authors noted that no laboratory values in their study were 

outside the normal range.

Agren et al evaluated multiple coagulatory and throm-

bolytic indices over six cycles of oral contraceptive use 

in a randomized study comparing NOMAC-E2 with 

 levonorgestrel–ethinyl estradiol (150 µg/30 µg). They 

reported that NOMAC-E2 had minimal influence on markers 

of hemostasis, and caused less change in these parameters than 

the pill containing ethinyl estradiol 30 µg.33 No thrombotic 

events were recorded among the 211 participants in both 

studies, who had mean ages of 27.7 and 28.7 years, and a mean 

body mass index of 22.7 ± 2.7 (range 18–30) kg/m2.33,41

These two studies also evaluated changes in sex hormone 

binding globulin, citing its proposed utility as a surrogate 

marker for venous thromboembolism risk.41 Effects on sex 

hormone binding globulin were inconsistent between the 

two studies, which used different doses of ethinyl estradiol 

(30 µg versus 20 µg) in the levonorgestrel comparator, as 

well as different lengths of treatment (six versus three cycles). 

Agren et al reported a 44% increase in sex hormone binding 

globulin in the NOMAC-E2 group, and a 22% increase in the 

levonorgestrel–ethinyl estradiol (30 µg) group (P = 0.019).33 

Gaussem et al41studying a 20 µg ethinyl estradiol pill for 

three cycles, reported similar absolute increases in sex 

hormone binding globulin levels between groups over the 

course of the study. A study comparing NOMAC-E2 with 

drospirenone–ethinyl estradiol reported a significantly 

greater increase in sex hormone binding globulin in the 

drospirenone group than in the NOMAC group (308% versus 

47%, P = 0.007).18 Because NOMAC does not bind with sex 

hormone binding globulin, changes in sex hormone binding 

globulin levels should not affect pharmacokinetic parameters 

for NOMAC-E2.

Such assessments are surrogate markers of venous throm-

boembolism risk, and their validity as such is  controversial.42 

One thrombotic event, a deep venous thrombosis in a 

drospirenone user, was reported in a clinical trial of NOMAC 

versus drospirenone,29 while none were reported in the other 

drospirenone studies23,28 or in studies comparing NOMAC 

with levonorgestrel for contraception.18,33,41 Known risk fac-

tors for venous thromboembolism, such as morbid obesity, 

heavy smoking, and cardiovascular disease were generally 

exclusionary for these clinical studies, and it is women with 

these risk factors who are statistically more likely to experi-

ence a thrombotic event.

Other clinical issues
Obesity
Obesity is defined by a body mass index 30 kg/m2 or greater 

(Centers for Disease Control, Atlanta, GA, USA). Worldwide, 

the prevalence of obesity is increasing, and may exceed 40% 

in the US by 2030. Potential concerns for obese women and 

oral contraception are increased risk of thrombotic events, 

and decreased efficacy.43.44 Efficacy studies of NOMAC-E2 

excluded women with a body mass index greater than 

35 kg/m2.28, 29 The number of women with body mass index 

30 kg/m2 or greater is not described in the primary study 
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publications, although Mansour et al comment that con-

traceptive efficacy was independent of body mass index.29 

No published data are available regarding the efficacy of 

NOMAC-E2 in morbidly obese women (body mass index $ 

35 kg/m2). No published studies comment on specific risks 

of NOMAC-E2 among obese women. The development of 

pills like NOMAC-E2 was motivated in part by the quest for 

an improved safety profile, which if true, may be beneficial 

for women at higher baseline risk of adverse events.

Older reproductive age
Women aged 36–50 years were enrolled in the parallel effi-

cacy trials, and comprise approximately 20% of the study 

population.28,29 Two pregnancies were reported among women 

aged older than 35 years in the US trial, and none in the Euro-

pean trial. The inclusion of women aged 36–50 years in the 

overall efficacy calculation changed the Pearl Index and life 

table efficacy rates only minimally. The authors commented 

that contraceptive efficacy did not change significantly with 

age. Neither study reported higher rates of adverse events 

among participants over the age of 35 years, although safety 

data were not reported by age in either study.

Continuation and compliance
One challenge to successful use of oral contraceptives is 

adherence to a daily regimen as preventive treatment for an 

asymptomatic condition, ie, the desire to prevent pregnancy. 

The discontinuation rate in the US-based study was higher 

(about 40% overall) than in the European study (less than 

30%).28,29 In the NOMAC groups, 17%–18% of women 

discontinued because of adverse events, compared with 

10%–11% of women in the drospirenone groups. Predictors 

of discontinuation included younger age (18–24 years), smok-

ing, being a first-time oral contraceptive user, and ethnicity. 

Treatment group was not a predictor of discontinuation.28

In the European trial, the most common adverse effects 

leading to discontinuation among women using NOMAC 

were irregular bleeding (4% of participants), acne (3.3%), 

and weight increase (1.7%).29 In all three cases, this percent-

age was greater than in the drospirenone group, in which 

less than 1% of women discontinued for each of the above 

reasons. The authors postulated that frequent assessments of 

the above effects may have heightened participants’ aware-

ness of their occurrence, although this should have affected 

both groups equally in this randomized study. In the study 

by Westhoff et al28, irregular bleeding was cited by 3.8% of 

NOMAC users and 1.8% of drospirenone users as reason 

for discontinuation. Acne, weight gain, and other adverse 

effects accounted for 13.5% of discontinuations in NOMAC 

users and 8.5% of discontinuations in drospirenone users. 

In both cases, the differences between groups were statisti-

cally significant in favor of drospirenone–ethinyl estradiol 

(P , 0.023 and P , 0.003).28 Observed differences may in 

fact reflect different pharmacodynamic effects of different 

hormone regimens.

Compliance was assessed via diaries and records of pills 

dispensed. Mansour et al noted that most (94% in NOMAC 

group and 91% in drospirenone groups) participants were 

compliant with the study regimen, defined as taking pills on 

at least 95% of assigned days.29 The highly monitored clini-

cal trial environment may not reflect the level of compliance 

expected in everyday use, which can be affected by many 

factors.

Conclusion
Sixty years later, we continue to see new developments 

in oral contraception. We have learned not to expect one 

oral contraceptive to be the solution to all problems. 

Nonetheless, we can recognize promise in new formu-

lations. NOMAC-E2 is an innovation that has eff icacy 

at least comparable with that of older oral contracep-

tives, and is associated with fewer days of bleeding. The 

formulation appears to have an acceptable safety and 

tolerability profile. As more women choose NOMAC-

E2 for contraception, further study will elucidate the 

answers to some outstanding questions. Will the unique 

combination of pharmacokinetic and pharmacodynamic 

properties result in potentially higher contraceptive 

eff icacy and greater reassurance of safety than other 

oral contraceptives? Continued study will be needed. 

Future directions could also include more research into 

acceptability, comparison with other oral contraceptive 

formulations, surveillance for rare safety outcomes like 

venous thromboembolism, and inclusion of obese and 

overweight women in trials.
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