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Abstract 

Background: Body mass index (BMI) may influence ovulation inhibition resulting from 

transdermal hormone delivery. Investigation of this effect is important given the high 

prevalence of obesity in the US. 

Study Design: This open-label, uncontrolled, Phase 2b trial stratified 173 women (18–35 

years) according to three BMI groups (Group 1, n=56, ≤30 kg/m
2
; Group 2, n=55, >30 kg/m

2
 

and ≤35 kg/m
2
; and Group 3, n=47, >35 kg/m

2
). Women used a contraceptive patch containing 

0.55 mg ethinyl estradiol (EE) and 2.1 mg gestodene (GSD). The EE/GSD patch was used 

weekly for three 28-day cycles (one patch per week for 3 consecutive weeks followed by a 7-

day, patch-free interval) and its effect on ovulation was assessed by the Hoogland score, a 

composite score that comprises transvaginal ultrasound and estradiol (E2) and progesterone 

levels every 3 days in Cycles 2 and 3. Evaluation of PK parameters was a secondary aim of the 

study, and blood samples for analytic determination of EE, GSD and SHBG were taken during 

the pre-treatment cycle, Cycle 2 and Cycle 3. Compliance was assessed using diary information 

and serum drug levels. 

Results: In the per-protocol set, there were only six ovulations during the study, and no 

participant ovulated in both study cycles. One ovulation occurred in Group 1, three in Group 

2, and two in Group 3. Ovulation inhibition was unaffected by BMI; in all groups, most 

participants had Hoogland scores of 1 or 2 (i.e. follicle-like structures <13 mm (Group 1, ≤30 

kg/m
2
, 80.0% in Cycle 2, 85.7% in Cycle 3; Group 2, >30 kg/m

2
 and ≤35 kg/m

2
, 61.4% in 

Cycle 2, 75.0% in Cycle 3; Group 3, >35 kg/m
2
, 78.0% in Cycle 2, 72.5% in Cycle 3). Serum 

levels of follicle-stimulating hormone, luteinizing hormone, E2 and progesterone were similar 

between groups. Body weight had a limited effect on EE clearance that was unlikely to be 

clinically relevant.  

Conclusion: The EE/GSD patch provided effective ovulation inhibition, even in women with 
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higher BMI. 

 

Implications: This is the largest-to-date study of physiologic endpoints and found no 

clinically important differences in ovarian suppression among obese and normal-weight users 

of the EE/GSD contraceptive patch, thus providing reassurance that obese women can 

achieve the same high level of contraceptive protection as normal-weight users. 
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1. Introduction 

The efficacy of transdermal hormone delivery for contraception is well established; a 

transdermal contraceptive patch releasing ethinyl estradiol (EE) and norelgestromin (NGMN) 

over the 7-day application period is currently available and results in approximately 60% 

more estrogen exposure compared with a typical birth control pill containing 35 µg of 

estrogen [1]. 

More recently, a novel, weekly contraceptive patch has been developed with transparent, 

transdermal technology to deliver low doses of EE (0.55 mg) and gestodene (GSD; 2.1 mg) 

resulting in the same level of systemic exposure observed after oral administration of a COC 

containing 0.02 mg EE and 0.06 mg GSD (Bayer Pharma AG, unpublished data). 

 EE and GSD are suitable for transdermal delivery as both are well absorbed through 

the skin [2, 3]. GSD has an established efficacy and safety profile that has resulted in it being 

widely used as a contraceptive agent in Europe for more than 20 years [4-6]. In addition, the 

low absolute dose of GSD required for contraceptive efficacy [7], along with its good skin 

absorption properties [3], allows for a small patch size (Bayer Pharma AG, unpublished data). 

The transdermal contraceptive patch containing 0.75 mg EE and 6 mg NGMN 

provides effective contraception and cycle control [8-11], as well as reduced follicular size 

and incidence of ovulation, compared with COCs [12]. However, combined analysis of three 

studies (n=3,319) reported that rates of contraceptive failure may be increased in women >90 

kg [13]. There are no published data for that patch regarding ovarian suppression or 

pharmacokinetics (PK) in relation to body weight or body mass index (BMI). Since follicular 

development and ovulation are linked to contraceptive failure and pregnancy, BMI-specific 

differences affecting these events may indicate differential contraceptive effectiveness. This 

is particularly important given the high prevalence of obesity in the US. In 2009−2010, >35% 
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of the adult population in the US was obese, including 31.9% of women aged 20–39 years 

[14]. 

The aim of this study was to evaluate the suppression of follicular development and 

inhibition of ovulation with the EE/GSD patch in compliant women stratified according to 

BMI. 

2. Materials and methods 

2.1 Study design 

This was an open-label, uncontrolled, Phase 2b clinical trial conducted in six US study 

centers. The protocol was approved by the appropriate institutional review boards. The aim was 

to describe the impact of BMI on suppression of follicular development and ovulation during 

Cycles 2 and 3 of treatment with the EE/GSD patch, administered for three consecutive 

treatment cycles. 

The study consisted of four periods; screening (written informed consent obtained, and 

eligibility assessed), pre-treatment (baseline measurements obtained), treatment (study 

measurements performed), and follow-up (post-treatment examinations). 

2.2 Study population 

Female volunteers seeking contraception, aged 18−35 years (18–30 if smoking), in good 

general health with a history of regular, cyclic menstrual periods, proof of ovulation in the pre-

treatment cycle, and a normal cervical smear test result, were enrolled and stratified according 

to BMI (Group 1, n=56, ≤30 kg/m
2
; Group 2, n=55, >30 kg/m

2
 and ≤35 kg/m

2
; and Group 3, 

n=47, >35 kg/m
2
). Exclusion criteria included pregnancy and lactation, undiagnosed abnormal 

genital bleeding, contraindications for COCs (World Health Organization Medical Eligibility 

Criteria [15]), significant skin reaction to transdermal patches or surgical tape, use of other 
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contraceptive methods or drugs, or a disease or condition that would affect study drug PK. 

2.3 Treatment 

Each woman received a round, thin matrix patch containing 0.55 mg EE and 2.1 mg GSD 

delivering EE and GSD equivalent, respectively, to 0.02 and 0.06 mg/day delivered orally 

into the bloodstream. For each treatment cycle, women applied one patch to the lower 

abdomen (between the navel and the groin) every 7 days for 3 weeks, followed by a 7-day, 

patch-free interval. 

2.4 Assessments 

Participants applied the patch in all three cycles, with Cycle 2 and Cycle 3 constituting the 

study cycles. During the pre-treatment cycle and Cycle 1, women attended assessments on 

Days 6, 12, 18 and 24 (±1 day), and underwent transvaginal ultrasound (TVU), and blood 

sampling to measure follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol 

(E2) and progesterone serum concentrations. During treatment Cycles 2 and 3, women were 

assessed on Days 3, 6, 9, 12, 15, 18, 21, 24, 26 and 28 (±1 day). At each visit they underwent 

TVU and blood sampling for FSH, LH, E2, progesterone, EE, GSD and sex hormone-binding 

globulin (SHBG). Women were asked to check for patch adhesion twice a day and keep a 

diary to record the day the patch was removed and the days they did or did not wear a patch. 

EE and GSD serum concentrations were measured after addition of their internal 

standard and buffer solutions. Liquid–liquid extraction was performed with 1-chlorobutane 

and subsequent derivatization with dansyl chloride in acetone and a liquid–liquid back-

extraction in hexane. This was followed by separation using high-pressure liquid 

chromatography and tandem mass spectrometric detection. The calibration range for GSD 

was 0.0495–9.90 µg/L (upper limit of quantification [ULOQ]), with a lower limit of 

quantification (LLOQ) set to 0.050 µg/L. Mean inter-assay accuracy of back-calculated 

concentrations (except LLOQ) in calibrators was 99.2–101.3%, and precision was ≤5.26%. 
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Accuracy and precision at the lowest calibrator (LLOQ) were 100.1% and 7.59%, 

respectively. Quality control samples in the concentration range 0.151–7.55 µg/L were 

determined with an accuracy of 99.6–101.9% and a precision of 2.87–5.08%. The calibration 

range for EE was from 2.52 (LLOQ) to 126 ng/L (ULOQ). Mean inter-assay accuracy of 

back-calculated concentrations (except LLOQ) in calibrators was 99.3–101.3%, and precision 

was ≤4.57%, while accuracy and precision at the lowest calibrator (LLOQ) were 100.0% and 

5.16%, respectively. Quality control samples in the concentration range 7.55–94.4 ng/L were 

determined with an accuracy of 100.1–102.8% and a precision of 2.77–5.29%. SHBG was 

measured in serum using the DELFIA (Dissociation-Enhanced Lanthanide Fluorescent 

Immunoassay) SHBG ligand-binding assay kit (Perkin Elmer, Turku, Finland).  

2.5 Efficacy variables 

The primary efficacy variable was ovarian activity in the per-protocol set (PPS) during 

treatment Cycles 2 and 3 according to an adapted version of the Hoogland score [16] (Table 

1). Ovulation was defined as a Hoogland score of 6, with any other score rated as ‘no 

ovulation’. Secondary efficacy variables included Hoogland scores in the full analysis set 

(FAS), follicle size, endometrial thickness, and serum levels of E2, progesterone, LH and 

FSH. Follicle size (mm) was defined as the diameter (mean value of the longitudinal and 

transverse diameters) of the largest follicle-like structure in each ovary. Endometrial 

thickness (mm) was measured as a double-layer in the mediosagittal section. 

2.6 Population PK analysis 

Population PK characteristics of EE and GSD, after application of the transdermal patch, 

were assessed by a population PK analysis. The model used was developed and fitted to the 

data by means of non-linear, mixed-effects modeling [17], and individual PK parameters such 

as area under the drug concentration-time curve (AUC), average drug concentration (Cav) and 

maximum drug concentration (Cmax) values at steady state in the third week of Cycle 3 for all 
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subjects (i.e. AUC(0–168)ss, Cav,ss and Cmax,ss, respectively) were estimated. The main 

objective was to investigate the impact of body weight and BMI on PK of EE and GSD. 

2.7 Statistical methods 

A sample size of 120 subjects (40 per BMI group) to complete the study was chosen 

without formal sample size estimation. The FAS included all women who applied at least one 

patch and for whom at least one observation after treatment admission was available. The 

PPS included women with no major protocol deviations that might have affected the primary 

target variables.  

3. Results  

3.1 Demographic characteristics 

The 173 women admitted to the treatment phase had a mean age of 26.9 years (Table 2). 

By design, mean weight and BMI were lowest in Group 1, intermediate in Group 2 and 

highest in Group 3 (Table 2). There were no clear differences between the BMI groups in 

terms of menstrual characteristics. In total, 142 women completed treatment and 141 

completed the study assessments (Fig. 1). Among discontinuers, there were no obvious 

relationships between reason for discontinuation and BMI. 

3.2 Compliance 

A total of 74 women were excluded from the FAS at screening. The most common 

reasons for exclusion were failure to meet inclusion/exclusion criteria (17.6%) and 

withdrawal of consent (2.9%). Of those women who continued after screening, a further 32 

were excluded at the pre-treatment cycle; the most common reasons for exclusion at this 

stage were ‘other’ (7.3%) and withdrawal of consent (2.4%). In all, 173 women received 

study treatment and were assigned to the FAS. The PPS included 158 women (91.3% of the 

FAS) who completed at least Cycle 2 of treatment and had no major protocol deviation. 
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There was no minimum treatment duration associated with a major protocol deviation; thus, 

women who dropped out during treatment Cycle 1 were included in the PPS even though 

they had no Hoogland scores for Cycle 2 and 3. However, subjects with no Hoogland scores 

for Cycle 2 and 3 were excluded from these analyses to avoid bias. Of those excluded from 

the PPS, 11 women (one each in Groups 1 and 2, and nine in Group 3) were excluded due to 

EE PK concentration levels below the LLOQ (2.5 pg/mL) for two consecutive visits on Days 

3–21 in Cycle 2 and/or Cycle 3, indicating that the patch had not been applied. The other 

major protocol deviations were no proof of ovulation (progesterone concentration <5 nmol/L) 

in the pre-treatment cycle (one woman in Group 1), use of additional hormonal contraception 

during the study (one woman in Group 1), and no patch-free interval in Cycle 1 (one each in 

Groups 1 and 2). Assessment of compliance via diary indicated >97% compliance in all three 

BMI groups for the FAS and the PPS. Six of the 11 women excluded from the PPS reported 

using the patch correctly, one reported three completely detached patches at the time of the 

unquantifiable concentration levels, two reported not applying the patch on a week scheduled 

for patch wear, and two had missing diary information.   

3.3 Ovulation and follicle development  

Only six ovulations occurred (Table 3); no participant ovulated in both cycles. Most 

women had Hoogland scores of 1 or 2, i.e. follicle-like structures ≤13 mm (Group 1, ≤30 

kg/m
2
, 80.0% in Cycle 2, 85.7% in Cycle 3; Group 2, >30 kg/m

2
 and ≤35 kg/m

2
, 61.4% in 

Cycle 2, 75.0% in Cycle 3; Group 3, >35 kg/m
2
, 78.0% in Cycle 2, 72.5% in Cycle 3). In the 

PPS, ovulation in Cycles 2 and 3 occurred in one woman (2.1%) from Group 1, three (7.7%) 

from Group 2, and two (5.0%) from Group 3 (data not shown). Follicle measurement took 

place every 3 days during treatment Cycles 2 and 3 (every 6 days in the pre-treatment cycle), 

allowing greater opportunity to detect larger follicles. Markedly fewer women achieved 

maximum follicle size >13 mm in each treatment cycle in all three BMI groups as compared 
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to the baseline cycle (Table 4).  

3.4 Other outcomes  

In the pre-treatment cycle, mean endometrial thickness increased from 5.3 mm on Day 6 

to 9.3 mm on Day 24 (PPS), with similar growth in all three BMI groups. However, in Cycles 

2 and 3, mean endometrial thickness did not vary greatly and remained <7 mm at each time 

point in all three BMI groups (data not shown). Results for the FAS were comparable. 

Treatment induced expected changes in FSH, LH and E2 levels compared with the pre-

treatment cycle, with no differences between BMI groups. In treatment Cycle 2, for all BMI 

groups, FSH levels decreased and were lower during patch application than in the pre-

treatment cycle, rising after patch removal (Day 21). During the patch-free interval, mean 

FSH increased in all three BMI groups, consistent with follicle-like structure growth during 

Days 22–28 and Days 1–7. Similar results were observed during Cycle 3. Changes in LH 

levels were similar. E2 levels decreased during patch application compared with pre-treatment 

levels, and fell below 0.1 nmol/L (~0.03 ng/mL). Following patch removal on Day 21, E2 

levels rose in all three BMI groups. Similar results were obtained in treatment Cycles 2 and 3 

in each case. 

3.5 PK assessments 

The population PK analysis revealed that the clearance of EE increased with body weight 

within the range of this study (48.3–166 kg), thus the exposure of EE decreased. For the 5th 

percentile of the range of body weights (54.5 kg), the clearance was 21% lower, and the 

exposure of EE was 26% higher, than the estimate at median weight of 84.9 kg. For the 95th 

percentile (122.9 kg), the clearance was 17% higher and the exposure of EE was 15% lower. 

Hence, the impact of body weight on the clearance of EE was limited. No additional effect of 

body weight on SHBG and GSD could be quantified. 

Geometric means of 3186 ng*h/L (EE) and 495 μg*h/L (GSD) were obtained for 
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AUC(0–168)ss across all subjects, resulting in corresponding geometric means for Cav,ss of 

19.0 ng/L and 2.95 μg/L. Cmax,ss geometric means were found to be 24.6 ng/L (EE) and 3.50 

μg/L (GSD). A statistical overview of pharmacokinetic data for EE, GSD and SHBG in each 

BMI category is provided in Table 5. SHBG serum concentrations showed a relatively 

constant time course during Cycle 3. The geometric mean Cav,ss of SHBG across all subjects 

during the third week of Cycle 3 (200 nmol/L) was in the expected range. Visual inspection 

of the relationships between the covariates body weight and BMI, and the generated AUC(0–

168)ss and Cmax,ss values, indicated that both covariates had a similar effect on EE, GSD and 

SHBG. 

4. Discussion 

Observational studies have suggested higher rates of unintended pregnancy during 

hormonal contraceptive use among obese women compared with normal-weight women [18, 

19], leading to legitimate concerns about contraceptive efficacy in the increasingly prevalent 

population of obese women [14]. This association has, however, largely been refuted in more 

current studies [20-22]. Two recent studies attempted to identify a PK/pharmacodynamic 

(PD) basis for the possible differences in efficacy between obese versus normal-weight 

women by evaluating the effect of one treatment cycle of oral and vaginal hormonal 

contraceptives on ovarian suppression [22, 23]. These results, and others, indicated that EE 

levels were significantly lower among the obese women [24, 25]; however, ovarian 

suppression in compliant obese and normal-weight women was comparable, suggesting that 

previously reported differences in rates of unintended pregnancy may be due to factors 

unrelated to PD effects. Data from a Phase 3 study of an EE/NGMN transdermal 

contraceptive patch (Evra™, Janssen-Cilag International N.V., Beerse) indicated a higher 

pregnancy rate among the top decile of participants (weight >90 kg) [13]. These results led to 
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labeling for Evra™ indicating caution in women within this weight range [1]. We found no 

published data regarding ovarian effects of that contraceptive patch among obese women, nor 

any indication that those Phase 3 data included a biomarker of drug compliance. 

The present study included 173 women, 113 of whom were obese, with half of obese 

participants having a BMI >35 kg/m
2
; thus, this study was substantially larger than the 

aforementioned studies investigating the effects of oral and vaginal contraceptives. All 

participants had an ovulatory cycle immediately before treatment. This study thoroughly 

evaluated participants during 20 visits in the second and third treatment cycles, using blood 

tests and sonography to assess ovarian suppression. The ovulation rate was low in both study 

cycles; however, obese and extremely obese women had a higher percentage of follicle-like 

structures >13 mm compared with normal or overweight women. Nonetheless, a higher 

percentage of women with a maximum follicle-like structure size of >13 mm did not translate 

into increased frequency of ovulation in Groups 2 and 3. The percentage of women achieving 

a maximum follicle size of >13 mm during treatment cycles was similar to rates reported in 

earlier studies [22, 23]. The ovulation rates of 2.5–4.5% in Group 2 and 2.4–2.5% in Group 3 

was entirely comparable with ovulation rates in normal-weight women reported in other 

studies of hormonal contraceptives [22]. The ovulation rate in Group 1 was lower (2.0%). 

While statistical testing for inter-group differences was not planned in this study, descriptive 

statistics (including confidence interval ranges) for the three groups were very similar and 

supported the assumption of no clinically relevant between-group differences. The sample 

size in this study was comparable with those used in non-comparative ovulation inhibition 

studies, and all groups reached the efficacy target of less than 5% of subjects having an 

ovulation per cycle. Indeed, in a Phase 3 Pearl index study in 1454 subjects, women with a 

BMI of 30 kg/m² or more had a lower Pearl index than normal or overweight women (Bayer 

Pharma AG, unpublished data). 
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While this is the largest study to date comparing ovarian suppression during hormonal 

contraceptive use by BMI, and we observed only small differences between groups that were 

not statistically significant, we should not rule out small differences, as these may contribute 

(however minimally) to differences in clinical effectiveness. 

An important strength of our study was the use of detailed PK data to exclude non-

compliant women, and thus the results regarding ovarian suppression describe the effect of 

treatment itself, minimizing the effect of between-group differences in their contraceptive use 

behaviors. Exclusion of nine women from Group 3 (BMI >35 kg/m
2
) due to undetectable EE 

levels, compared with only one each in Groups 1 and 2, indicates that medication was not 

applied consistently, and suggests that this behavior was differential by group. This is 

consistent with results from a study of oral contraceptives demonstrating that non-compliance 

was associated with obesity [26]. In nine of these 11 non-compliant women, values for EE 

were consistent with expected ranges at least once during treatment, indicating that sufficient 

absorption was possible. Only two women had EE below the lower limit for detection for the 

entire treatment period. The fact that six subjects excluded on the basis of the EE 

measurements reported using the patch correctly on their diaries indicates the importance of 

hormone level measurements as an independent indicator of compliance. Future studies of 

novel contraceptives may benefit from the inclusion of measures to assess the rate of 

metabolism among participants, thus accounting for fast metabolizers. However, for the 

purposes of this study, which investigated a transdermal product that provides steady drug 

release over time, it was expected that even fast metabolizers would show detectable drug 

levels at steady state and, as such, only women with undetectable drug levels were excluded. 

Since social factors and health behavior are strongly related to unintended pregnancy 

[27], observational studies cannot provide a clear understanding of hormonal contraceptive 

efficacy in obese women. This largest-to-date study of physiologic endpoints shows no 
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clinically important difference in ovarian suppression among obese and normal-weight users 

of the EE/GSD transdermal contraceptive patch. Thus, it provides reassurance that obese 

women can achieve the same high level of contraceptive protection as normal-weight users. 

As obese women, especially those over 40 years of age [21], have a higher rate of venous 

thromboembolism than normal-weight women, it remains necessary to consider the risk–

benefit profile of estrogen-containing contraceptives before prescribing them to women in 

this subgroup. 
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Figure legend 

Fig. 1. Flow diagram showing the disposition of all women, from enrollment to study 

completion. 

 

*One subject completed the study medication but discontinued the study prematurely by not 

returning for follow up, which was scheduled to take place up to 4 weeks after the end of 

Cycle 3. 

 

BMI, body mass index; FAS, full analysis set. 
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Table 1. Scoring system to assess ovarian activity: Hoogland scores. 

Score Ovarian 

activity 

Size of FLS 

(mm) 

E2 

concentration 

in serum 

 

(nmol/L) Progesterone 

concentration 

in serum 

   

(nmol/L)     

1 No activity ≤10 -- -- 

2 Potential 

activity 

>10 -- -- 

3 Non-active FLS >13 ≤0.1 -- 

4 Active FLS >13 >0.1 ≤5 

5 LUF >13, persisting >0.1 >5 

6 Ovulation >13, ruptured >0.1 >5 

E2, estradiol; FLS, follicle-like structure; LUF, luteinized unruptured follicle. 

Table 2  

Demographic characteristics by BMI group, and overall (FAS) 

 Group 1 (BMI 

≤30 kg/m
2
) 

Group 2 (30 

kg/m
2
< BMI 

≤35 kg/m
2
) 

Group 3 (BMI 

>35 kg/m
2
) 

Total 

Age, height, 

body weight, 

BMI  
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Mean±S.D. 

(range) 

    

Age, years 26.0±5.3 (18–

35) 

27.7±4.2 (20–

35) 

26.9±4.5 (18–

35) 

26.9±4.7 (18–

35) 

Height, cm 165.1±5.5 (152–

183) 

164.6±6.0 (150–

180) 

165.0±6.5 (148–

180) 

164.9±6.0 (148–

183) 

Weight, kg 65.9±10.5 (43–

89) 

87.4±7.6 (69–

102) 

111.3±16.7 (84–

166) 

87.7±22.2 (43–

166) 

BMI, kg/m
2

 24.1±3.3 (17–

29.8) 

32.2±1.4 (30.1–

35) 

40.8±5.6 (35.1–

60.8) 

32.2±7.8 (17–

60.8) 

Race     

n (%)     

Caucasian 33 (55.0) 30 (52.6) 28 (50.0) 91 (52.6) 

Black 11 (18.3) 12 (21.1) 20 (35.7) 43 (24.9) 

Hispanic 12 (20.0) 11 (19.3) 7 (12.5) 30 (17.3) 

Asian 0 (0.0) 1 (1.8) 0 (0.0) 1 (0.6) 

Other 4 (6.7) 3 (5.3) 1 (1.8) 8 (4.6) 

Women still 

smoking  

    

n (%)     

No 55 (91.7) 45 (78.9) 52 (92.9) 152 (87.9) 

Yes 5 (8.3) 12 (21.1) 4 (7.1) 21 (12.1) 

Number of 

cigarettes per 
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week
*
  

Mean±S.D. 

(range) 

    

Cigarettes 61.4±58.4 (10–

140) 

33.3±30.7 (2–

70) 

46.3±29.3 (10–

70) 

42.4±38.4 (2–

140) 

*
Calculated for women who were still smoking. 

BMI, body mass index; FAS, full analysis set; S.D., standard deviation. 
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Table 3. Number of women in each BMI group achieving each Hoogland score in Cycle 2 

and Cycle 3 (PPS) 

Hoogland score Group 1 (BMI 

≤30 kg/m
2
) 

Group 2 (30 

kg/m
2
<BMI≤35 

kg/m
2
) 

Group 3 

(BMI>35 

kg/m
2
) 

Cycle 2     

n (%) 50 (100) 44 (100) 41 (100) 

1 = No activity 34 (68.0) 19 (43.2) 21 (51.2) 

2 = Potential 

activity 

6 (12.0) 8 (18.2) 11 (26.8) 

3 = Non-active 

FLS 

0 (0.0) 0 (0.0) 0 (0.0) 

4 = Active FLS 9 (18.0) 13 (29.5) 8 (19.5) 

5 = LUF 0 (0.0) 2 (4.5) 0 (0.0) 

6 = Ovulation 1 (2.0) 2 (4.5) 1 (2.4) 

Cycle 3     

n (%) 49 (100) 40 (100) 40 (100) 

1 = No activity 30 (61.2) 21 (52.5) 25 (62.5) 

2 = Potential 

activity 

12 (24.5) 9 (22.5) 4 (10.0) 

3 = Non-active 

FLS 

0 (0.0) 1 (2.5) 0 (0.0) 

4 = Active FLS 7 (14.3) 7 (17.5) 9 (22.5) 

5 = LUF 0 (0.0) 1 (2.5) 1 (2.5) 
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6 = Ovulation 0 (0.0) 1 (2.5) 1 (2.5) 

BMI, body mass index; FLS, follicle-like structure; LUF, luteinized unruptured follicle; PPS, 

per-protocol set. 

 

Table 4. Number of women achieving a maximum follicle size >13 mm in pre-treatment and 

the second and third treatment cycles (PPS) 

*Calculated using Fisher’s Exact test. 

BMI, body mass index; PPS, per-protocol set. 

  

Cycle Maximum 

follicle size 

(mm) 

Group 1 Group 2 Group 3  

BMI ≤30 

kg/m
2
 

BMI >30 

kg/m
2
 and ≤35 

kg/m
2 

BMI >35 

kg/m
2
 

 

n=56 % n=55 % n=47 % P-value* 

Pre-

treatment 

Total n 56 100 55 100 47 100  

>13 43 76.8 38 69.1 28 59.6 0.17 

Cycle 2 

Total n 51 100 52 100 43 100  

>13 11 21.6 18 34.6 9 20.9 0.24 

Cycle 3 

Total n 51 100 43 100 41 100  

>13 7 13.7 11 25.6 11 26.8 0.24 
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Table 5. Statistical overview of pharmacokinetic data for each BMI category. 

  BMI Group 1 

(≤30 kg/m
2
) 

n=51 

BMI Group 2 

(>30 kg/m
2
 and 

≤35 kg/m
2
) 

n=49 

BMI Group 3 

(>35 kg/m
2
) 

n=44 

EE AUC(0–

168)ss [ng*h/L] 

Geometric mean 3527 3059 2964 

 Min. 2003 1868 1502 

 Max. 9224 9436 5825 

 CV-G (%) 27.4 30.2 27.2 

EE Cmax, ss 

[ng/L] 

Geometric mean 26.6 23.9 23.3 

 Min. 17.4 16.5 14.1 

 Max. 59.5 60.7 39.9 

 CV-G (%) 21.5 23.6 20.6 

GSD AUC(0–

168)ss [µg*h/L] 

Geometric mean 598 476 416 

 Min. 253 254 195 

 Max. 1136 864 1304 

 CV-G (%) 34.9 31.0 44.3 

GSD Cmax, ss 

[µg/L] 

Geometric mean 4.15 3.38 2.99 

 Min. 1.91 1.92 1.51 

 Max. 7.40 5.81 8.42 

 CV-G (%) 31.3 28.0 39.7 
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SHBG Cav, ss     

[nmol/L] Geometric mean 239 195 168 

 Min. 99.2 99.8 67.6 

 Max. 404 325 448 

 CV-G (%) 30.9 30.4 43.7 

AUC, area under the drug concentration-time curve; BMI, body mass index; Cmax, 

maximum drug concentration; Cav, average drug concentration; CV-G, coefficient of 

variation of geometric mean; EE, ethinyl estradiol; GSD, gestodene; Min., minimum; Max., 

maximum; SHBG, sex hormone-binding globulin; SS, steady state. 


