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Abstract
Estetrol/drospirenone is a combined oral contraceptive (COC) with a plant-synthesised foetal oestrogen (estetrol) and a well-
established progestin (drospirenone). In preclinical models, estetrol has lower binding affinity for the oestrogen receptor-α (ER-α) 
in contrast to estradiol and has antagonistic properties against membrane ER-α in several tissues, including the breast, while 
retaining agonistic activity on receptors located in the nucleus. The low oestrogenicity of estetrol may potentially contribute 
to reduced thrombotic risk. Estetrol/drospirenone was an effective contraceptive in phase II and III clinical trials, with regular 
and predictable bleeding cycles maintained in the majority of women. Estetrol/drospirenone was generally well-tolerated with 
metrorrhagia reported as the most common treatment-related adverse event, which is consistent with other COCs. Cases of 
migraines with aura (or severe migraines), deep vein thrombosis, hyperkalaemia and depression were rarely reported during 
the phase III trials. Overall, estetrol/drospirenone is an effective and generally well-tolerated COC, with a potentially reduced 
risk of thrombosis.

Plain Language Summary
In 2019, an estimated 44% of women aged 15–49 years worldwide used modern contraception methods, and in these women 
using modern methods, 18% used an oral contraceptive. Estetrol/drospirenone is a combined oral contraceptive (COC) which 
uses estetrol, a plant-synthesised oestrogen naturally produced by the human foetal liver during pregnancy, in combination with 
drospirenone, a well-known progestin. Combined, these hormones suppress ovulation, which constitutes their primary mode 
of action in preventing pregnancy. As estetrol has weaker oestrogen-related effects, it may potentially reduce the risk for blood 
clots. Estetrol/drospirenone was an effective contraceptive in clinical trials, and most women had regular and predictable bleeding 
cycles. Metrorrhagia (i.e. abnormal bleeding) was the most commonly reported treatment-related adverse effect; however, this is 
a common issue with hormonal contraceptives. Cases of severe migraine headaches, deep vein thrombosis, high potassium levels 
or depression were rarely reported during clinical trials. Estetrol/drospirenone is an effective oral contraceptive, which may offer a 
contraceptive option with a lower risk for blood clots. However, further research is required to confirm the reduced risk of clotting.

The manuscript was reviewed by: C. Di Carlo, Department of 
Neurosciences and Reproductive Sciences, University of Naples 
Federico II, Naples, Italy; L. P. Shulman, Department of Obstetrics 
and Gynecology, Feinberg School of Medicine of Northwestern 
University, Chicago, IL, USA.

 * Arnold Lee 
 demail@springer.com

1 Springer Nature, Mairangi Bay, Private Bag 65901, 
Auckland 0754, New Zealand

Digital Features for this Adis Drug Evaluation can be found at 
https:// doi. org/ 10. 6084/ m9. figsh are. 19768 738. Estetrol/drospirenone: clinical considerations in 

contraception 

Combined oral contraceptive with estetrol, a natural 
foetal oestrogen, and drospirenone, a progestin

Estetrol has lower oestrogenicity than estradiol; thus 
estetrol may potentially reduce thrombotic risk

Effective contraceptive with predictable bleeding cycles 
in a majority of women

Generally well-tolerated with metrorrhagia being the 
most common treatment-related adverse event

http://orcid.org/0000-0002-6519-7831
http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-022-01738-8&domain=pdf
https://doi.org/10.6084/m9.figshare.19768738


1118 A. Lee, Y. Y. Syed 

1 Introduction

In 2019, there were an estimated 842 million women (44% of 1.9 
billion women) aged 15–49 years worldwide who used modern 
contraceptive methods, and of these women, 151 million (18%) 
used oral contraceptives [1]. The number of women using oral 
contraceptives increased from 97 million to 151 million between 
1994 and 2019, with the prevalence of use rising in most geo-
graphical regions. Oral contraceptives were the most commonly 
used contraception method in Europe and North America, Oce-
ania and Northern Africa and Western Asia [1].

Combined oral contraceptives (COC), which are a sub-
set of combined hormonal contraceptives (CHC), typically 
contain an oestrogen and a progestin [2]. Progestins sup-
press the release of gonadotropin-releasing hormone from 
the hypothalamus, which prevents the secretion of luteiniz-
ing hormone from the pituitary, and subsequently, inhibits 
ovulation. Furthermore, by thickening the cervical mucus, 
progestins inhibit the movement and survival of sperm and 
prevent their travel to the fallopian tubes. Oestrogens com-
plement the contraceptive action of progestins, as they pre-
vent the release of gonadotropins and follicle-stimulating 
hormone to suppress the development of a dominant follicle 
[2]. As the efficacy of COCs has been excellent since the first 
available COC, the search for safer alternatives has been the 
goal of COC development [3]. A rare, but serious, adverse 
reaction with COCs is thrombotic events, including deep 
vein thrombosis (DVT), which are attributed to an increase 
in haemostatic activity caused by oestrogens [2].

Estetrol/drospirenone  (Nextstellis® in the USA and 
 Drovelis® or  Lydisilka® in the EU) is a once-daily, single-
tablet COC; estetrol is a previously unutilised oestrogen 
[4] and drospirenone is a progestin which has been utilised 
in other hormonal contraceptives [5]. Estetrol is naturally 
produced by the foetal liver during pregnancy, but may 
be manufactured from plant-based sources [6]. Recently, 
estetrol has been investigated for potential safety benefits, 
including a reduced impact on coagulation [7, 8]. Estetrol/
drospirenone is approved as an oral contraceptive in several 
countries, including the USA and those in Europe. This arti-
cle summarises the pharmacological properties, therapeutic 
efficacy and tolerability of estetrol/drospirenone in contra-
ception as approved in Europe and the USA.

2  Pharmacodynamic Properties of Estetrol/
Drospirenone

The primary mechanism of contraception with estetrol and 
drospirenone is the inhibition of ovulation (Table 1). In a 
phase II trial, Hoogland scores were utilised to assess the sup-
pression of ovarian function in women receiving estetrol (as 
monohydrate)/drospirenone 15 mg/3 mg or ethinylestradiol/

drospirenone 20 μg/3 mg [9]. Ovulation was inhibited in 
all estetrol/drospirenone recipients in cycles 1–3, whereas 
three ovulation events were observed in two ethinylestradiol/
drospirenone recipients (Table 1). No ovarian activity was 
reported in 85.0% of estetrol/drospirenone recipients and 
82.9% of ethinylestradiol/drospirenone recipients in cycle 1, 
and 65.8% and 83.8% in cycle 3, respectively. The lower pro-
portion of estetrol/drospirenone recipients with the absence of 
ovarian activity in cycle 3 may be attributed to reduced pituitary 
suppression in comparison with ethinylestradiol/drospirenone. 
Endometrial thickness was similar between both treatment 
arms and the thickness was generally constant throughout 
cycles 1 and 3. The mean time to restoration of ovulation was 
15.5 days and 18.1 days following discontinuation of estetrol/
drospirenone and ethinylestradiol/drospirenone, respectively 
[9]. Additionally, in a phase II dose-finding trial, ovulation was 
inhibited in all estetrol/drospirenone recipients (Table 1) [10].

The key pharmacodynamic effects of estetrol/
drospirenone are summarized in Table 1. Estetrol or estet-
rol/drospirenone had minimal effects on carbohydrate and 
lipid metabolism [11], with a limited effect on haemosta-
sis parameters [8, 12] and a neutral risk for breast cancer 
(at therapeutic concentrations) [13]. Estetrol/drospirenone 
does not prolong QT interval to a clinically relevant extent 
[14]. As the pharmacodynamic properties of drospirenone, 
including its antimineralocorticoid properties and the poten-
tial for hyperkalaemia, have been reviewed previously [5], 
the remainder of this section will primarily discuss the phar-
macodynamic properties of estetrol.

Estetrol demonstrated similarities and differences in oes-
trogen receptor (ER) activity in comparison with estradiol 
(Table 1). Estetrol and estradiol have similar binding character-
istics on ER-α and are both agonists for ERs located within the 
nucleus [15]. However, estetrol is a partial antagonist against 
ER-α expressed in cell membranes, which abrogates membrane-
initiated steroid signalling (MISS)-related effects, including 
effects on endothelial nitric oxide synthase, endothelial healing 
and MISS-related signalling in a breast cancer cell line [15]. 
Additionally, estetrol was less potent and had a lower binding 
affinity than estradiol for ER-α (Table 1) [15, 16]. The reduced 
oestrogenicity of estetrol in comparison with other oestrogens 
may account for the lower thrombotic potential of estetrol, which 
was demonstrated by its reduced effects on endogenous throm-
bin potential (ETP)-based activated protein C sensitivity resist-
ance (APCr) and other coagulation factors (Table 1) [8, 12].

3  Pharmacokinetic Properties of Estetrol/
Drospirenone

The pharmacokinetics of estetrol/drospirenone are dose-
proportional between 15–75 mg for estetrol and 1–10 mg 
for drospirenone [14]. The median times to maximum 
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plasma concentration  (Tmax) of estetrol and drospirenone 
are 0.5 h and 1.0 h, respectively. With multiple administra-
tions of estetrol/drospirenone, steady state occurs after 4 and 
10 days for estetrol and drospirenone, with an accumula-
tion ratio of 1.6 and 2.3, respectively. Relative to fasting, 
when estetrol/drospirenone is taken with a high-fat meal, 
the geometric means of the ratios in the maximum plasma 
concentration  (Cmax) for estetrol and drospirenone are 0.51 
and 0.75; the geometric means of the ratios in the area 

under the concentration-time curve (AUC) from time zero 
to infinity are 1.01 and 1.08 [14]. The proportion of plasma 
protein binding was 46–50% for estetrol and 95–97% for 
drospirenone, with the latter binding primarily to plasma 
albumin [14, 17]; neither estetrol nor drospirenone bind to 
sex hormone binding globulin [17]. The half-lives of estet-
rol and drospirenone are 24–27 h and 34 h, respectively 
[14, 17], with the former affected by enterohepatic recy-
cling [14]. Estetrol primarily undergoes phase 2 metabolism 

Table 1  Pharmacodynamic effects of estetrol/drospirenone

APCr activated protein C sensitivity resistance, CHCs combined hormonal contraceptives, ER oestrogen receptor, ETP endogenous thrombin 
potential, FSH follicular-stimulating hormone, HDL high-density lipoprotein, IC50 concentration of drug producing 50% inhibition, Ki inhibition 
constant, LH luteinizing hormone, ↑ increase(s), ↓ decrease
a Trial participants received oral tablets containing study drugs once daily in 28-day cycles

Mechanism of action Estetrol/drospirenone suppresses ovulation, constituting its primary mechanism for preventing pregnancy [14]
Receptor binding Estetrol and 17β-estradiol bind to the same binding site on ER-α, interact with the same residues within the binding site and both are ago-

nists at nuclear ER-α; in mice, both oestrogens have a similar overall pattern of uterine gene expression, and estetrol promotes uterine 
epithelial proliferation and prevents atheroma in a dose-dependent manner [15]

Estetrol has  IC50 and  Ki values of 17 nM and 4.9 nM against ER-α receptors, which are 4 to 5-fold lower than values against ER-β recep-
tors [32]; the relative binding affinity of estetrol vs estradiol to ER-α and ER-β is 1–4% [16]; ≈ 100-fold higher estetrol concentrations 
are required to achieve similar transcriptional activity as estradiol [15]

Estetrol has partial antagonistic activity against membrane-initiated steroid signalling; estetrol inhibited tyrosine kinase src interactions in 
a breast cancer cell line, did not promote endothelial healing and failed to activate endothelial nitric oxide synthase in mice [15]

Effects on ovulation In an open-label phase II  triala comparing estetrol/drospirenone 15 mg/3 mg (N = 41) vs ethinylestradiol/drospirenone 20 μg/3 mg 
(N = 41), 0% vs 2.4% of women experienced ovulation in cycle 1 and 0% vs 2.7% in cycle 3 (the same patient ovulated in both cycles), 
furthermore, an ethinylestradiol/drospirenone recipient ovulated in cycle 2 [9]

In a phase II  triala, estetrol/drospirenone 5 or 10 mg/3 mg was similar to ethinylestradiol/drospirenone 20 µg/3 mg and estetrol/levonorg-
estrel 5–20 mg/150 µg in suppressing the pituitary-ovarian axis and ovulation in healthy women, with no ovulation reported in any 
treatment group up to three treatment cycles [10]

Effects on metabolism CHCs ↑ lipid levels; ↓ glucose tolerance and low-density lipoprotein concentration [14]
Estetrol/drospirenone had minimal impact on lipid parameters and had no effect on carbohydrate metabolism. In an open-label  triala, 

women receiving estetrol/drospirenone had generally similar lipid profiles and carbohydrate metabolism as women receiving ethi-
nylestradiol/levonorgestrel or ethinylestradiol/drospirenone in cycle 6; estetrol/drospirenone did not significantly change HDL levels 
from baseline and HDL levels were significantly (p < 0.05) higher vs ethinylestradiol/levonorgestrel; triglyceride levels were elevated 
vs baseline in the estetrol/drospirenone group (+ 24.0%), but the levels were significantly lower (p < 0.05) vs the ethinylestradiol/
drospirenone group (+ 65.5%) [11]

Effects on hormones 
and plasma proteins

CHCs ↑ corticosteroid-binding globulin and total circulating corticosteroids, ↑ aldosterone [14]
CHCs ↑ sex hormone-binding globulin; ↓ androstenedione, progesterone, free testosterone and estradiol [14]
CHCs ↑ thyroxin-binding globulin, total thyroid hormone levels and total triiodothyronine and thyroxine levels; ↓ triiodothyronine resin 

uptake [14]
CHCs ↑ angiotensinogen/renin substrate, α-1 antitrypsin and ceruloplasmin [14]
Where reported, estetrol/drospirenone had limited effects on cortisol, FSH and LH levels and these effects were less pronounced vs 

ethinylestradiol/levonorgestrel and ethinylestradiol/drospirenone; changes in other endocrine parameters were generally consistent with 
comparators [11]

Effects on coagulation CHCs ↑ platelet count, fibrinogen, plasminogen antigen, factors II and VII antigen, factors IX, X, XII, VII–X complex and betathrom-
boglobulin, activity of factor VIII; ↓ prothrombin time, partial thromboplastin time, platelet aggregation time, anti-factor Xa and 
antithrombin III and antithrombin III activity [14]

Estetrol/drospirenone had favourable haemostatic effects in healthy women in clinical  trialsa [8, 12]. At 15 mg/3 mg dosage, the combina-
tion had a significantly (p < 0.05) lower change from baseline APCr vs ethinylestradiol/levonorgestrel and ethinylestradiol/drospirenone 
(+ 30.0% vs + 164.5% and + 218.5%, respectively) and prothrombin fragment 1 and 2 levels (+ 23.0% vs + 71.0% and + 64.0%, respec-
tively) by the end of cycle 6; the change from baseline in sex hormone-binding globulin levels was significantly (p < 0.05) lower with 
estetrol/drospirenone vs ethinylestradiol/drospirenone (+ 55.0% vs + 251.0%) but not vs ethinylestradiol/levonorgestrel (+ 74.0%) [8]

Effects on mammary 
glands and malignan-
cies

In a human breast epithelial cell line, estetrol had a 100-fold weaker effect on cell growth than estradiol; in estetrol-treated mice, the total 
length of the gland area was 55–75% of estradiol-treated mice, despite receiving 300-fold greater plasma levels of estetrol than estradiol 
[31]

At therapeutic levels, estetrol did not promote breast cancer growth or lung metastases in mice; however, at supratherapeutic levels, 
estetrol showed pro-tumoural activity similar to therapeutic levels of estradiol [13]

Effect on QT interval No clinically relevant ↑ in QT interval with estetrol/drospirenone administered at doses which are 5-times higher than the recommended 
dose [14]
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resulting in the formation of inactive glucuronide and sulfate 
conjugates; UDP-glucuronosyltransferase 2B7 is the main 
enzyme isoform that is responsible for the formation of glu-
curonide conjugates [14, 17] and oestrogen sulfotransferase 
(SULT1E1) for the production of sulfate conjugates [17]. 
Drospirenone is metabolised by cytochrome P450 (CYP) 
3A4 and is predominantly present in the plasma as the acid 
form or as a metabolite formed by reduction and subsequent 
sulfation [14, 17]. Approximately 69% of the estetrol dose is 
excreted into the urine (0% as unchanged drug [14]) and 22% 
of the dose into the faeces (100% as unchanged drug [14]) 
[14, 17]; 38% and 44% of the drospirenone dose is excreted 
into the urine and faeces, respectively [14].

Concomitant administration of rifampicin (a CYP3A4 
inducer) with ethinylestradiol/drospirenone 20 µg/3 mg 
resulted in a decrease in the 24 h AUC (AUC 24) of 
drospirenone by 30% with a low rifampin dose and 86% with 
a high rifampin dose [14]. Conversely, concomitant adminis-
tration of ketoconazole (a CYP3A4 inhibitor) with ethinyle-
stradiol/drospirenone 20 µg/3 mg increased the AUC 24 and 
 Cmax of drospirenone by 2.68-fold and 1.97-fold. Oestrogens 
are known to decrease plasma concentrations of lamotrigine, 
which is attributed to the induction of lamotrigine glucuro-
nidation. However, no specific data are available regarding 
the impact of estetrol on lamotrigine exposure [14]. Con-
comitant use of antiviral drugs for the treatment of human 
immunodeficiency virus or hepatitis C virus infections may 
increase or decrease plasma concentrations of oestrogens 
and progestogens to a clinically relevant extent [17].

The effect of hepatic impairment or chronic kidney dis-
ease on estetrol pharmacokinetics are unknown, however, 
drospirenone pharmacokinetics are affected by these condi-
tions [14, 17]. In women with moderate hepatic impairment, 
the exposure to drospirenone is 3-fold higher than in those 
with normal hepatic function; the effects of severe hepatic 
impairment on drospirenone are unknown. The mean serum 
concentration of drospirenone is 37% higher in women with 
a creatinine clearance  (CLcr) of 30–49 mL/min who are on 
a low-potassium diet and potassium-sparing drugs, in com-
parison with women with a normal  CLcr. No clinically sig-
nificant differences in drospirenone pharmacokinetics are 
reported in women with a  CLcr of 50–79 mL/min [14].

4  Contraceptive Efficacy of Estetrol/
Drospirenone

In an open-label, randomized, phase II trial (FIESTA) eval-
uating estetrol 15 or 20 mg, combined with drospirenone 
3  mg or levonorgestrel 150  µg, estetrol/drospirenone 
15 mg/3 mg provided the most favourable bleeding pat-
tern and cycle control [18]. Consequently, the efficacy 
of this regimen was evaluated in two similarly designed 

multi-national, single-arm, open-label phase III trials [E4 
FREEDOM] (Fig. 1) [19, 20]. The E4 FREEDOM trials 
were conducted in the USA/Canada [19] and Europe/Rus-
sia [20]. Eligible patients were heterosexually active women 
aged 16–50 years in the USA/Canada study and 18–50 years 
in the Europe/Russia study, with a body mass index (BMI) 
of ≤ 35 kg/m2 who were willing to use estetrol/drospirenone 
as the only or primary method of contraception for 13 cycles 
(12 months) [19, 20]. Women were required to have a regu-
lar menstrual cycle when not using a hormonal treatment 
and a negative pregnancy test prior to initiating contracep-
tion. Switching immediately from other contraceptives to 
estetrol/drospirenone was permitted, with the exception of 
injectable formulations that required a washout period prior 
to initiating contraception with estetrol/drospirenone. Key 
exclusion criteria were consistent with World Health Organi-
zation (WHO) contraindications to COC use, including car-
diovascular, thromboembolic or cerebrovascular conditions 
(e.g. hypertension defined as ≥ 140/90 mmHg) and nicotine 
smokers aged ≥ 35 years [19, 20].

The E4 FREEDOM trial participants received contracep-
tion in 28-day cycles for 13 cycles (12 months), with each 
cycle consisting of 24 days of active treatment with estetrol/
drospirenone 15 mg/3 mg and 4 days of placebo once daily 
[19, 20]. The intake of study treatment, sexual activity, use 
of other contraceptives and vaginal bleeding or spotting 
events were recorded by trial participants [19, 20].

The primary efficacy endpoint in both E4 FREEDOM 
trials was the Pearl Index (PI), which was defined as the 
number of on-treatment pregnancies per 100 women-years 
of exposure calculated in at-risk cycles [19, 20]. On-treat-
ment was defined as any reported or confirmed pregnancy 
with an estimated date of conception up to 7 days (US FDA 
definition) [19] or 2 days (EMA definition) [20] after the 
last intake of study treatment. At-risk treatment cycles were 
defined as cycles where participants self-reported study 
treatment intake (empty study drug packets were returned 
to investigators during the Europe/Russia study [20]), sexual 
intercourse and no additional contraception [19, 20]. In the 
Europe/Russia study, the PI was also calculated in modified 
at-risk cycles (EMA definition), which included all cycles 
where no additional contraception was used, irrespective of 
sexual activity during the cycle [20]. The PI was calculated 
in women aged 16–35 years in the USA/Canada study [19] 
and 18–35 years in the Europe/Russia study [20]. A key 
secondary endpoint was method-failure PI; a pregnancy was 
considered a ‘method failure’ when it occurred with reported 
correct study medication intake while excluded medications 
or supplements were not taken [19, 20].

In the primary efficacy population, the mean age was 
25.8 and 25.0 years in the USA/Canada and Europe/Rus-
sia studies. The mean BMI was 25.8 and 22.9 kg/m2 in the 
USA/Canada and Europe/Russia studies, with 22.5% and 
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5.5% of women in the respective studies having a BMI of  
≥ 30 kg/m2. In the USA/Canada study, 70.1% of women 
were white, 19.5% were black, 4.8% were Asian and 5.5% 
were of other races; in the Europe/Russia study, 98.6% of 
women were white. The proportion of nulliparous women in 
the USA/Canada and Europe/Russia studies was 67.7% and 
78.9%, respectively [19, 20].

Estetrol/drospirenone was an effective oral contraceptive 
in both E4 FREEDOM trials [19, 20]. The overall PI was 
2.65 in the USA/Canada study and 0.47 in the Europe/Rus-
sia study (Table 2; primary endpoint) with the PI for modi-
fied at-risk cycles in the Europe/Russia study being 0.44 
(Table 2). These results are supported by method-failure PI 
in both regions (1.43 and 0.29, respectively). In a pooled 
analysis of 3027 women aged 16–35 years across both trials, 
the overall PI was 1.52 (95% CI 1.04–2.16) [21]. In addition, 
in the full trial population aged 18–50 years in the Europe/
Russia study, the overall and method-failure PIs were 0.41 
and 0.25 for at-risk cycles, and 0.38 and 0.23 for modified 
at-risk cycles [20].

In the primary efficacy population, overall and method-
failure cumulative 13-cycle life-table pregnancy rates 
were 2.06% (95% CI 1.40–3.04%) and 1.18% (95% CI 
0.69–2.01%) in the USA/Canada study [19], and 0.45% 
(95% CI 0.19–1.09%) and 0.28% (95% CI 0.09–0.86%) in 
the Europe/Russia study [20]. In the overall population of 
women aged 18–50 years in the Europe/Russia study, the 
overall and method-failure pregnancy rates were 0.39% (95% 

CI 0.16–0.94%) and 0.24% (95% CI 0.08–0.74%), respec-
tively [20].

In the USA/Canada study, independent risk factors for on-
treatment pregnancy in estetrol/drospirenone recipients were 
age (16–25 vs 26–35 years; HR 2.41, 95% CI 1.05–5.54), 
race (black vs white; HR 3.14, 95% CI 1.32–7.45), parity 
(parous vs nulliparous; HR 4.15, 95% CI 1.65–10.46) and 
compliance (< 99% vs ≥ 99%; HR 3.17, 95% CI 1.45–6.93) 
[19]. BMI, prior hormonal contraceptive use and smoking 
status were not identified as risk factors for on-treatment 
pregnancy [19]. However, a trend of decreasing efficacy with 
increasing BMI was observed during the study [14]. Sub-
group analyses were not possible in the Europe/Russia study, 
as only five on-treatment pregnancies were reported [20].

Regular vaginal bleeding and spotting cycles were main-
tained during contraception with estetrol/drospirenone in 
most women [19, 20]. In both trials, clear cyclical patterns 
of bleeding were observed during the placebo phase of the 
28-day treatment cycles and the median duration of sched-
uled bleeding and/or spotting was 4–5 days. In a pooled 
analysis of both trials, 87.2–90.4% of women had scheduled 
bleeding/spotting events across all cycles. The frequency of 
unscheduled bleeding or spotting events was 27.1% in cycle 
1, which from cycle 5 onwards, decreased to < 17.5% [22]. 
In the USA/Canada study, the proportion of women who 
reported the absence of scheduled bleeding was highest at 
cycle 3 (18.0%), which decreased to 13.3% at cycle 12 [19]. 
In the Europe/Russia study, ≤ 10% of estetrol/drospirenone 

Primary endpoint; after 13 cycles 
(12 months) of contraception 

Screening Open-label Treatment

Estetrol/drospirenone 15 mg/3 mg (n = 1674)

Women who are 
heterosexually active and 
not pregnant assessed for 
eligibility

Treatment continued until pregnancy, unacceptable tolerability, 
protocol deviation or consent withdrawal

Pearl Index for all on-treatment 
pregnancies during at-risk cycles

Eligible women were given estetrol/drospirenone in 28-day 
cycles (24 active and 4 placebo tablets)

Primary analyses in women 
aged 16–35 years

(n = 2623)

U
S/

Ca
na

da
tr

ia
l

Eu
ro

pe
/R

us
si

a 
tr

ia
l Primary analyses in women 

aged 18–35 years
(n = 1515)

Estetrol/drospirenone 15 mg/3 mg (n = 1353)

Pregnancies within 7 days 
post-treatment were 
considered on-treatment

Pregnancies within 2 days 
post-treatment were 
considered on-treatment

Fig. 1  Trial design of single arm, open-label phase III E4 FREEDOM 
trials in women [19, 20]. Efficacy results are reported in the animated 
figure (available online). At-risk cycles were cycles where partici-
pants self-reported study treatment intake, sexual intercourse and no 

additional contraception. Modified at-risk cycles included all cycles 
where no additional contraception was used, irrespective of sexual 
activity during the cycle. WHO World Health Organization
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recipients reported the absence of scheduled bleeding across 
all treatment cycles [20]. Age, BMI and hormonal contra-
ceptive use 3 months prior to enrolment did not appear to 
affect bleeding patterns in women enrolled in the Europe/
Russia study [23].

In the phase II FIESTA trial, estetrol/drospirenone 
15 mg/3 mg was similar to estradiol valerate/dienogest with 
respect to user satisfaction, acceptability and bodyweight 
control [24]. Overall satisfaction was assessed using com-
bined data from cycles 1–4 and 6 as an aggregate of the 
following domains; general feeling, mood, sexual life, pre-
menstrual complaints and overall effect. The odds ratio for 
overall satisfaction with estetrol/drospirenone 15 mg/3 mg 
versus estradiol valerate/dienogest was 0.69 (95% CI 
0.39–1.25). At cycle 6, the proportion of women who were 
reported to be satisfied or very satisfied with the study drug 
were 73.1% versus 67.6%, respectively. The proportion of 
women who gained or lost ≥ 2 kg of body weight by cycle 
6 were generally similar across the estetrol/drospirenone 
15 mg/3 mg and estradiol valerate/dienogest treatment arms 
[24].

5  Tolerability of Estetrol/Drospirenone

Contraception with estetrol/drospirenone was generally 
well-tolerated in the E4 FREEDOM trials (Sect. 4) [19, 20]. 
Treatment-emergent adverse events (AEs) were reported in 
53.8% of 1864 women in the USA/Canada study [19] and 
50.5% of 1553 women in the Europe/Russia study [20], with 

headache being the most common in both trials (incidence 
5.0% and 7.7%, respectively) [19, 20]. Treatment-related 
AEs were reported in 28.9% of women in the USA/Canada 
study [19] and 28.5% in the Europe/Russia study [20]. The 
most commonly (incidence ≥ 3%) reported treatment-related 
AEs in the USA/Canada study were metrorrhagia (4.4%) and 
headache (3.5%) [19], and in the Europe/Russia study were 
metrorrhagia (5.0%), vaginal haemorrhage (4.3%) and acne 
(3.8%) [20]. The most common (incidence ≥ 0.5%) treat-
ment-related AEs leading to treatment discontinuation were 
metrorrhagia (0.9%), menorrhagia (0.8%), vaginal haemor-
rhage (0.5%) and weight increase (0.5%) in the USA/Canada 
study [19]; in the Europe/Russia study, metrorrhagia (1.5%), 
acne (1.3%), vaginal haemorrhage (1.0%), decreased libido 
(0.8%), altered mood (0.5%) and mood swings (0.5%) were 
the most common [20].

In a pooled analysis of 3417 women from both E4 FREE-
DOM trials, the most common treatment-related AEs were 
metrorrhagia (4.7%), acne (3.3%) and headache (3.2%) [21]. 
Three (0.1%) serious treatment-related AEs were reported, 
including worsening depression, ectopic pregnancy and 
venous thromboembolism (VTE); treatment was discontin-
ued following ectopic pregnancy and venous thromboem-
bolism [21].

As with other hormonal contraceptives in general, 
cardiovascular events (e.g. thromboembolic disorders), 
migraines and depression have been reported with estet-
rol/drospirenone in E4 FREEDOM trials (n = 3632 [14]) 
[14, 17]. Across both trials, one thromboembolic event 
was reported, which was a case of VTE in a woman with a 

Table 2  Efficacy of estetrol/drospirenone in phase III E4 FREEDOM clinical trials

Women in the E4 FREEDOM trials were treated with estetrol 15 mg/drospirenone 3 mg once daily in 28-day cycles, which included 24 days of 
active treatment and 4 days of placebo.
PI Pearl Index
a On-treatment pregnancies were defined as any reported or confirmed pregnancy with an estimated date of conception up to 7 days (US FDA 
definition) [19] or 2 days (EMA definition) [20] after the last intake of study treatment. A pregnancy was considered a ‘method failure’ when it 
occurred with reported correct study medication intake and no use of excluded medications or supplements [19, 20]
b At-risk treatment cycles were defined as cycles where participants self-reported study treatment intake, sexual intercourse and no additional 
contraception. Modified at-risk cycles (EMA definition) included all cycles where no additional contraception was used, irrespective of sexual 
activity during the cycle [19, 20]
c Primary endpoints

Population or treatment arm n Cycles All on-treatment  pregnanciesa Method failure  pregnanciesa

Pregnancies PI (95% CI) Pregnancies PI (95% CI)

USA/Canada study [19]
Age 16–35 yr at-risk  cyclesb 1524 12,763 26 2.65 (1.73–3.88)c 14 1.43 (0.78–2.39)
Europe/Russia study [20]
Age 18–35 yr at-risk  cyclesb 1313 13,692 5 0.47 (0.15–1.11)c 3 0.29 (0.06–0.83)
Age 18–35 yr modified at-risk  cyclesb 1343 14,759 5 0.44 (0.14–1.03) 3 0.26 (0.05–0.77)
Age 18–50 yr at-risk  cyclesb 1510 15,849 5 0.41 (0.13–0.96) 3 0.25 (0.05–0.72)
Age 18–50 yr modified at-risk  cyclesb 1542 17,037 5 0.38 (0.12–0.89) 3 0.23 (0.05–0.67)
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history of hormonal contraceptive use aged 32 years in her 
fourth treatment cycle [20]. The VTE event resolved without 
sequelae following antithrombotic treatment and discontinu-
ation of estetrol/drospirenone [20]. Potential risk factors for 
VTEs include obesity, family history of VTE, prolonged 
immobilisation [14, 17], the presence of other medical con-
ditions (e.g. cancer, systemic lupus erythematosus, haemo-
lytic uraemic syndrome, chronic inflammatory bowel disease 
or sickle cell disease), increasing age [17] and smoking [14]. 
As migraine with aura is associated with an increased risk of 
stroke, estetrol/drospirenone was discontinued in six women 
(0.17%) due to new onset of migraines with aura and in two 
women (0.05%) due to severe migraines. Depression was 
reported in 36 women (1.7%), leading to treatment discon-
tinuation in 9 women (0.3%) during the USA/Canada study 
[14]; the incidence of depression (treatment-related or any 
event) in the Europe/Russia study was not reported as the 
incidence was < 2% [20]. Hyperkalaemia, which may occur 
due to the anti-mineralocorticoid properties of drospirenone, 
was reported in seven women across both trials, with one 
woman discontinuing treatment [14]. Most cases of hyper-
kalaemia were mild in severity or transient in nature [14].

6  Dosage and Administration of Estetrol/
Drospirenone

In the USA and the EU, the recommended dosage of estet-
rol/drospirenone for contraception is one oral tablet taken 
once daily in 28-day cycles at the same time every day 
[14, 17]. Each cycle consists of 24 active tablets, each 
containing 14.2 mg estetrol (equivalent to 15 mg estetrol 
monohydrate) and 3 mg drospirenone, and four inert tab-
lets. Alternative methods of contraception, such as bar-
rier methods [17] or non-hormonal contraception [14], 
are recommended in women who miss taking an active 
tablet by ≥ 24 h (in the EU [17]) or if two active tablets 
are missed (in the USA [14]); missed doses may be taken 
immediately, even if two doses are taken on the same day. 
Seven days of uninterrupted active treatment are required 
to restore contraceptive effect [14, 17].

As with other hormonal contraceptives, contraception 
with estetrol/drospirenone is associated with warnings, 
precautions and contraindications in the USA and the EU 
(e.g. for patients with concomitant cardiovascular disease, 
thrombogenic conditions, hyperkalemia, hormonally-sen-
sitive malignancies, hepatic disease, diabetes or migraines) 
[14, 17]. In the USA, the contraindication of estetrol/
drospirenone in women over the age of 35 who smoke, 
due to the increased risk of serious cardiovascular events, 
is reported as a boxed warning [14]. Similar contraindica-
tions are included in the EU prescribing information [17], 
and have been reported with other COCs [14, 17]. Consult 

local prescribing information for details regarding warn-
ings, precautions, contraindications and administration.

7  Place of Estetrol/Drospirenone 
in Contraception

Estetrol/drospirenone is a COC, which is a potential con-
traceptive option available to women. Current guidelines 
from the WHO [25], Centers for Disease Control and 
Prevention (CDC) [26] and Faculty of Sexual and Repro-
ductive Healthcare (FSRH) [27] are yet to be updated to 
include specific recommendations on the use of estetrol/
drospirenone; recommendations regarding the use of 
COCs [25] and CHCs [26, 27] are available. The guide-
lines are generally congruent and recommend the method 
of contraception be tailored to the medical circumstances 
and desires of each patient [25–27]. With respect to effi-
cacy, COCs and CHCs with a real-world first-year failure 
rate of 7–9% are less efficacious than methods that do not 
rely on high patient adherence such as hormonal implants, 
copper or levonorgestrel intrauterine devices and male or 
female sterilisation (all having a first-year failure rate 
< 1%), but are more efficacious than male or female con-
doms, spermicide, fertility awareness methods and with-
drawal (all having a first-year failure rate ≥ 13%). COCs 
and CHCs are generally as effective as progesterone-only 
pills or other non-orally administered CHCs including der-
mal patches, hormonal injections and vaginal rings (2–9%) 
[25–27].

Across all three guidelines, COCs and CHCs are either 
contraindicated or the risks outweighs the benefits in 
women who recently gave birth, need prolonged immobi-
lisation (e.g. due to major surgery) or are aged ≥ 35 years 
and smoke [25–27]. COCs and CHCs are also not recom-
mended for women with concomitant active breast cancer, 
migraines with aura, thrombogenic conditions, high blood 
pressure (≥ 140/90 mmHg), cardiovascular disease (e.g. 
myocardial infarction), advanced diabetes, serious hepatic 
disease (including gallbladder disease) or systemic lupus 
erythematosus. COCs and CHCs are generally not recom-
mended in women who are taking enzyme-inducing drugs 
(e.g. rifampicin or rifabutin) due to the potential for reduced 
contraceptive efficacy [25–27].

The pituitary-ovarian axis and ovulation was suppressed 
in healthy women receiving estetrol/drospirenone (Sect. 2). 
Ovulation was inhibited in all estetrol/drospirenone recipi-
ents, with more than half of the recipients demonstrating an 
absence of ovarian function [9]. The endometrial thickness 
in estetrol/drospirenone recipients did not change during 
treatment cycles and the thickness was consistent with ethi-
nylestradiol/drospirenone recipients [9].
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Estetrol/drospirenone was an effective contraceptive in 
the E4 FREEDOM clinical trials (Sect. 4). In the phase 
III USA/Canada study, the PI was 2.65 in women aged 
16–35 years, which is consistent with other contempo-
rary oestrogen/progestin-based contraceptives [19]; the 
PI was 2.6 in a trial with ethinylestradiol/norethindrone 
acetate 10 µg/1 mg (an oral COC) [28] and 2.98 in a trial 
with ethinylestradiol/segesterone acetate 13 µg/150 µg (a 
vaginal CHC) [29]. In the phase III Europe/Russia study, 
the PI was 0.47 in women aged 18–35 years during at-risk 
cycles and 0.44 in modified at-risk cycles (EMA defini-
tion). Additionally, the EMA required precision in the PI 
was met [20]. Consistent with observations that have been 
made previously with other cross-continental COC trials, 
the difference in the PI across the E4 FREEDOM clinical 
trials may be attributed to socio-cultural effects, which is 
associated with decreased treatment adherence and effi-
cacy [4, 30]. Secondary analyses including method failure 
PIs and cumulative life-table pregnancy rates in both trials 
also supported the efficacy of estetrol/drospirenone [19, 
20]. In the North American population, gravidity, com-
pliance, race, and age were independent risk factors for 
pregnancy, with compliance being the only potentially 
modifiable risk factor. The association between race and 
lower efficacy may be attributed to unmeasured factors, 
such as socioeconomic factors and other social factors or 
disparities in hormone metabolism due to genetic differ-
ences [19]. Satisfactory bleeding cycle control with clear 
cyclic bleeding patterns was maintained in the majority of 
women during the E4 FREEDOM trials (Sect. 4).

Estetrol/drospirenone was generally well-tolerated 
in phase III clinical trials (Sect.  5). Metrorrhagia was 
the most common treatment-related AE in both phase 
III trials, which was also the most common treatment-
related AE leading to treatment discontinuation [19, 
20]. The occurrence of irregular bleeding with estetrol/
drospirenone is consistent with COCs or CHCs in general 
[25–27]. Headache and acne were also among the most 
common treatment-related AEs [19–21]. However, the 
incidence of these were ≤ 5% in either trial [19, 20]. Cases 
of migraines with aura (or severe migraines), thromboem-
bolic events (one reported case of VTE [20]), hyperkalae-
mia and depression were minimally reported during the 
trials (Sect. 5) [14].

Estetrol/drospirenone has lower oestrogenicity than 
ethinylestradiol-based COCs (Sect. 2). This favourable 
pharmacodynamic feature may be associated with reduced 
thrombotic risk and improved HDL profile in clinical trials 
(Table 1). Estetrol reduced breast cancer risk in animal 
models at therapeutic concentrations and prevented MISS-
related signalling in a breast cancer cell line (Table 1). As 
the absolute risk of DVT is low, 5–10 years are typically 
required to determine the DVT risk with COCs [7], and 

CHC-related regulatory warnings are included in the pre-
scribing information for estetrol/drospirenone (Sect. 6). 
Although the limited effect of estetrol on the growth of 
breast cancer or epithelial cells may be beneficial to the 
safety profile of estetrol/drospirenone, these data are cur-
rently in animal models [13, 31]. Additional postmarketing 
experience will be valuable in determining the thrombotic 
risk with estetrol/drospirenone.

In conclusion, estetrol/drospirenone is an effective and 
generally well-tolerated COC, which expands the number 
of options available for contraception, with a potentially 
reduced risk of thrombotic events.

Data Selection Estetrol/Drosperinone: 146 records 
identified 

Duplicates removed 34

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

58

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

22

Cited efficacy/tolerability articles 8

Cited articles not efficacy/tolerability 24

Search Strategy: EMBASE, MEDLINE and PubMed from 
1946 to present. Clinical trial registries/databases and websites 
were also searched for relevant data. Key words were Estetrol, 
drosperinone, Nextsellis, Lydisilka, combined oral contracep-
tive, COC. Records were limited to those in English language. 
Searches last updated 9 Jun 2022
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