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Abstract Pharmacokinetic (PK) interactions between the

cytochrome P450 3A4 (CYP3A4) pathway and transder-

mally administered ethinyl estradiol (EE) and gestodene

(GSD) were investigated. This paper reports the findings of

three open-label, intra-individual, one-way crossover,

Phase I trials. In two studies, women used a novel contra-

ceptive patch for 3 weeks during two 4-week study periods;

in the second period, the CYP3A4 inhibitors erythromycin

(Study 1) or ketoconazole (Study 2) were administered

concurrently. In a third study, women received single doses

of the CYP3A4 model substrate midazolam, alone and after

3 weeks of concurrent patch application. In each period, the

EE/GSD patch (delivering low EE and GSD doses resulting

in the same systemic exposure as a combined oral contra-

ceptive containing 0.02 mg EE and 0.06 mg GSD) was

applied once weekly for 3 weeks, with one patch-free week.

Erythromycin, ketoconazole, and midazolam were admin-

istered orally. Main outcome measures were area under the

curves (AUCs) and maximum plasma concentration (Cmax)

of EE, and total and unbound GSD (Studies 1 and 2). AUC

and Cmax of midazolam (Study 3). Co-administration of

CYP3A4 inhibitors did not affect EE metabolism, and had

only weak effects on the PK of total and unbound GSD. The

patch had no clinically relevant effect on metabolism of the

CYP3A4 substrate midazolam.
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1 Introduction

In 2002, European medical regulators approved a trans-

dermal contraceptive patch that releases ethinyl estradiol

(EE) and norelgestromin (NGMN) over the 7-day appli-

cation period, providing the same systemic exposure

observed after daily administration of a combined oral

contraceptive (COC) pill containing 0.0339 mg EE and

0.203 mg NGMN (Janssen-Cilag 2012).1 More recently, a

novel contraceptive patch that is applied once a week has

been developed with transparent, transdermal technology

to deliver low doses of EE and of gestodene (GSD).

Application of this patch results in the same systemic

exposure as is observed after oral administration of a COC

containing 0.02 mg EE and 0.06 mg GSD (Bayer, data on

file).

Daily oral contraceptives are currently the most com-

mon form of contraception used by women in the devel-

oped world (UN Department of Economic and Social

Affairs Population Division 2011) and are highly effica-

cious when used correctly. However, poor compliance is a

common issue that can significantly affect their efficacy

(Aubeny et al. 2004). Oral contraceptives are also associ-

ated with rapid and large fluctuations in serum hormone

concentrations (Burkman 2007), large intra- and inter-

individual pharmacokinetic (PK) variations in serum hor-

mone concentrations (Jung-Hoffmann and Kuhl 1990), and
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the bioavailability of EE when administered orally is low

(38–48 %) (Goldzieher and Brody 1990). In contrast,

transdermal delivery of hormones for contraceptive pur-

poses can result in more effective absorption of hormones

and provide relatively constant serum concentrations

(Burkman 2007; Heger-Mahn et al. 2004; Kuhl 2005).

Both EE and GSD are hormones that are well absorbed

through the skin (Kuhl 2005; Heger-Mahn et al. 2004;

Stanczyk 2002). As the most potent estrogen agonist

presently available (Coelingh Bennink 2004), EE has been

widely used for contraceptive purposes in COCs (Jung-

Hoffmann and Kuhl 1990). In addition, GSD is a well-

researched progestin whose efficacy and safety has been

established over a number of decades, having been widely

used as a contraceptive agent in Europe for over 20 years

(Heger-Mahn et al. 2004; Wilde and Balfour 1995; Barbosa

et al. 2006). With respect to its use in transdermal prepa-

rations, further benefits of GSD include its good skin

absorption properties and the low dose needed, which

allow for a small patch size (Bayer, data on file). Both GSD

and EE are, therefore, an apposite choice for transdermal

delivery of contraceptive hormones. When considered

alongside the convenience of weekly patch application, the

novel transdermal patch may offer further contraceptive

choice to women, and result in increased user compliance

and, thus, improved contraceptive efficacy.

Estrogens and progestins are metabolized via cyto-

chrome P450 (CYP) 3A4 (Baerwald and Pierson 2004),

which plays a prominent role in the metabolism of many

drugs. Changes in CYP3A4 activity resulting from the co-

administration of drugs may lead to clinically significant

drug–drug interactions (Dresser et al. 2000; Nassr et al.

2007; Abbas et al. 2011). While GSD is known to be a

strong inhibitor of CYP3A4 in vitro (Guengerich 1990),

previous studies have shown that COCs containing

0.03 mg EE/0.075 mg GSD have a relatively small effect

on CYP3A4 activity (Palovaara et al. 2000). However, oral

administration of EE in combination with the moderate

CYP3A4 inhibitor fluconazole results in an increase of

*30 % in the area under the plasma concentration–time

curve (AUC) for EE (Sinofsky and Pasquale 1998). The

strong CYP3A4 inhibitor ketoconazole can lead to greater

than fivefold increases in plasma AUC values or a decrease

of over 80 % in the clearance of CYP3A substrates (FDA

2006). For midazolam, a well-known CYP3A4 model

substrate, a two to fourfold increase in systemic exposure

has been observed after co-administration with erythro-

mycin, a moderate inhibitor of CYP3A4 (Olkkola et al.

1993). To date, there have been limited investigations into

the influence of CYP3A4 inhibitors on the PK of trans-

dermally administered hormones. Given the potential for

interactions between CYP3A4 and both GSD and EE,

clinical drug–drug interaction studies are warranted.

Two drug–drug interaction studies were undertaken,

with the aim of investigating the influence of orally

administered erythromycin and ketoconazole on the PK of

EE and GSD after application of the EE/GSD patch. An

additional study with the CYP3A model substrate midaz-

olam was performed, with the objective of investigating

whether transdermally administered EE and GSD have the

potential to alter the metabolism, systemic exposure, or

maximum concentration of midazolam to a clinically rel-

evant degree. In addition, the tolerability of administering

the EE/GSD patch in combination with erythromycin,

ketoconazole, or midazolam was investigated.

2 Methods

Studies were conducted in accordance with the ethical

principles that have their origin in the Declaration of

Helsinki and the International Conference on Harmoniza-

tion Guideline E6. Written informed consent was obtained

from all participants before inclusion into each study.

Healthy, fertile women aged between 18 and 45 years

with a body mass index of 18–30 kg/m2 were included in

all three studies. Exclusion criteria in all three studies

included: pregnancy or lactation; diseases or co-medica-

tions that might affect the PK of the study drugs; diseases

that might deteriorate under study medications or were

contraindications for study treatment; hypersensitivity to

study drugs; skin diseases affecting dermal absorption;

drug or alcohol abuse; tobacco smoking in women aged

31–45 years (and those aged 18–30 years with a daily

consumption of[10 cigarettes); other potential risk factors

for thromboembolic events; clinically relevant findings in

screening physical, gynecologic, and laboratory examina-

tions; and use of long-acting injectable or implant hor-

monal therapy within 40 weeks (or 26 weeks in Study 1)

before study drug administration, or intrauterine contra-

ceptives releasing hormones within the 4 weeks prior to

first study drug administration (first screening visit in

Study 1). In Study 3, women who used GSD-containing

contraceptives within 4 weeks before study drug admin-

istration were also excluded. In Studies 1 and 2, to syn-

chronize menstrual cycles before initiation of study

treatment, each woman used a standardized hormonal

contraceptive for a minimum of 15 days up to a maximum

of 42 days.

2.1 Study 1: erythromycin

2.1.1 Overview

This single-center, open-label, one-way crossover, Phase 1

study investigating the influence of orally administered
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erythromycin on the PK of transdermally administered EE

and GSD involved 14 healthy, fertile women aged

18–45 years. The study comprised treatment with the EE/

GSD patch alone and in combination with erythromycin

over two treatment periods for a duration of 3 weeks per

treatment period. All women received the same treatments

in the same sequence.

Following initial screening, there was a pre-dose period

during which women underwent a synchronizing cycle

using a hormonal contraceptive. Treatment period 1

commenced 7 days after the last use of this contraceptive;

at the start of this period (day 1), women applied a

transdermal patch in the absence of erythromycin to

establish reference values. One patch was applied weekly,

for a total of 3 weeks, followed by a patch-free washout

period of 7 days. Treatment period 2 then commenced,

with the transdermal patch being applied (day 1) and half

of the women receiving a loading dose on day 8 of

1,000 mg erythromycin three times daily (t.i.d.) followed

by 500 mg erythromycin t.i.d. on days 9–21, so that all

three substances—erythromycin, EE, and GSD—reached

steady-state concentrations. All other participants received

500 mg erythromycin t.i.d. on days 8–21. To determine

the effect of erythromycin co-administration on the PK of

EE and GSD, assessments were conducted on days 1, 4,

8, 11, 15–24, and 26 during treatment period 1 and on

days 1, 4, 8, 9, 11, 15–24, 26, and 28 during treatment

period 2.

Treatment-emergent and drug-related adverse events

(AEs), patch adhesion, and treatment compliance were also

documented and analyzed. All women who received at

least one dose of the study medication were included in the

safety analysis set and all women with valid paired primary

PK parameters for the EE/GSD patch alone and the EE/

GSD patch plus erythromycin were included in the PK

analysis set.

2.1.2 Statistical analyses

To determine the primary study variables, the primary

PK parameters AUC(0–168), AUC(144–168), and maxi-

mum drug concentration in plasma (Cmax) of EE and

total and unbound GSD during week 3 of each treatment

period were analyzed by assuming log-normally distrib-

uted data. The logarithms of the characteristics were

studied by analysis of variance (ANOVA) including

participant (random) and treatment effects. On the basis

of these analyses, point estimates [least-squares (LS)

means] and 90 % confidence intervals (CIs) for the ratio

‘EE/GSD patch ? erythromycin’/‘EE/GSD patch alone’

were calculated by re-transformation of the logarithmic

data using the intra-individual standard deviation of the

ANOVA.

2.2 Study 2: ketoconazole

2.2.1 Overview

This single-center, open-label, one-way crossover, Phase 1

study investigating the influence of orally administered

ketoconazole on the PK of transdermally administered

GSD and EE involved 16 healthy, fertile women aged

18–45 years. The study comprised treatment with the EE/

GSD patch alone and in combination with ketoconazole

during two treatment periods for a duration of 3 weeks per

treatment period.

After initial screening, women entered a pre-dose period

in which they underwent a synchronizing cycle using a

standardized hormonal contraceptive. Period 1 commenced

7 days after the last use of this contraceptive; at the start of

this period (day 1), women applied a transdermal patch in

the absence of ketoconazole to establish reference values.

One patch was applied weekly for 3 weeks followed by a

patch-free washout period of 7 days. Period 2 then com-

menced, with the transdermal patch being applied (day 1)

and all women receiving 200 mg ketoconazole twice daily

(b.i.d.) from day 15 to 21. To determine the effect of

ketoconazole co-administration on the PK of EE and GSD,

assessments were conducted on days 1, 4, 8, 12, 15–24 and

26 during treatment period 1 and on days 1, 4, 8, 12, 15–24,

26 and 28 during treatment period 2, with one additional

visit between day 29 and 42.

Safety and tolerability under inhibition of CYP3A4,

treatment-emergent and drug-related AEs, patch adhesion

and treatment compliance were also documented and

analyzed.

2.2.2 Statistical analyses

The statistical evaluations employed in this study for the

PK parameters AUC(0–168), AUC(144–168), AUC(168–

tlast), and Cmax of EE and total and unbound GSD were

identical to those used in the erythromycin study. These

methods were also used to examine the terminal half-life

(t1/2) of both EE and GSD in the two treatment conditions.

The same criteria were used for the assignment of partic-

ipants to analysis sets.

2.3 Study 3: midazolam

2.3.1 Overview

This single-center, open-label, one-way crossover, Phase 1

study in 32 healthy, fertile women aged 18–45 years

investigated the potential of transdermally administered EE

and GSD to inhibit CYP3A4. The study was conducted

over two treatment periods in a single, fixed sequence. In
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period 1, midazolam was administered once. During period

2, the EE/GSD patch was administered for 3 weeks, with a

single dose of midazolam during week 3.

In the first 4-week treatment period, participants were

given a single oral dose of 2 mg (1 9 1 mL) of midazolam

2 mg/mL solution on day 20 (or day 21–25 after the first

day of menstruation). In the second treatment period, the

EE/GSD patch was applied on day 1, 8, and 15, and women

were given a further single oral dose of 2 mg (1 9 1 mL)

of midazolam 2 mg/mL solution on day 16 to examine the

potential of transdermally administered EE and GSD to

interact with midazolam. During treatment period 1, mea-

surements of either midazolam or GSD and EE were

conducted on days 1, 2, and 3, with assessments on days 1,

8, 15, 16, 17, and 18 during treatment period 2.

Treatment-emergent and drug-related AEs, patch adhe-

sion and treatment compliance were also documented and

analyzed. All women who received at least one dose of the

study medication were included in the safety analysis set.

All those with valid paired primary PK parameters for

‘midazolam alone’ and ‘EE/GSD patch ? midazolam’

were included in the PK analysis set.

2.3.2 Statistical analyses

The primary PK parameters, AUC from administration to

time of last measurement above the lower limit of quanti-

fication [AUC(0–tlast)] and Cmax were analyzed for midaz-

olam and its major metabolite, 10-hydroxymidazolam, by

assuming log-normally distributed data. The logarithms of

the characteristics were analyzed by ANOVA including

participant (random) and treatment effects. On the basis of

these analyses, point estimates (LS means) and 90 % CIs

for the ratio ‘EE/GSD patch ? midazolam’/‘midazolam

alone’ were calculated by re-transformation of the loga-

rithmic data using the intra-individual standard deviation of

the ANOVA. The absence of PK interaction was considered

to be confirmed if the 90 % CI for the ratio ‘EE/GSD

patch ? midazolam’/‘midazolam alone’ was contained in

the acceptance range for bioequivalence of 80–125 %. No

PK parameters were calculated for EE, total or unbound

GSD, or sex hormone-binding globulin (SHBG).

3 Results

3.1 Effect of erythromycin on the PK of EE/GSD

(Study 1)

3.1.1 Disposition

Of the 14 women randomized and treated, 13 completed

the study and were included in the PK analysis set; one

woman withdrew due to a major protocol violation that

prohibited the administration of erythromycin, but was

included in the safety analysis. Key demographics and

baseline characteristics can be found in Table 1.

3.1.2 Plasma and serum concentrations

Co-administration of erythromycin resulted in a higher

serum concentration of unbound GSD (Fig. 1a) and total

GSD than seen with the EE/GSD patch alone. Concomitant

erythromycin had no effect upon the serum concentration–

time profile of EE, with similar concentrations seen in both

periods (Fig. 1b). With regard to erythromycin, consider-

able inter-individual variations in plasma concentrations

were observed. High concentrations and high variability

were attributed to the different loading doses given. From

day 11 of treatment period 2 onward, the geometric mean

concentration of erythromycin remained relatively stable.

For SHBG, no qualitative difference was seen with and

without erythromycin.

3.1.3 PK findings

For total and unbound GSD, almost all PK parameters

(with the exception of tmax and t1/2) showed a weak

increase with concomitant erythromycin (Table 2);

AUC(0–168) and Cmax were both increased by 30–34 %,

and AUC(144–168) increased by 36–40 %. Erythromycin

co-administration had no significant effect on PK param-

eters for EE. For SHBG, concentrations were similar with

and without erythromycin.

3.1.4 Treatment compliance and patch adhesion

Compliance with the EE/GSD patch was good, with all

women wearing the patch for the 21-day duration of the

study. Only two patches fell off during the study duration,

and there were only three instances of patch lifting

of [10 % and none of patch lifting of [25 %. Erythro-

mycin administration was maintained for the full 14 days

of treatment period 2 in the 13 women who took part in that

study period. Substantial intolerance to erythromycin was

reported by half of the study population receiving

1,000 mg erythromycin t.i.d.; the dosage on the first day

was, therefore, reduced to 500 mg t.i.d. for the remaining

half of the study population.

3.1.5 Safety and tolerability

All 14 women reported at least one AE; headache was most

frequently reported followed by a decrease in serum fer-

ritin. These AEs were deemed to be treatment related in 11

women. Notably, most of these events only occurred with
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co-administration of erythromycin, especially gastrointes-

tinal events (n = 9/11; 82 %). Treatment-emergent AEs

considered to be related to the EE/GSD patch were mainly

application-site reactions and headache, plus one case of

dysfunctional uterine bleeding. All AEs were mild or

moderate in severity. One participant withdrew from the

study due to an AE (mild prolonged QTc by Bazett’s for-

mula) that was unrelated to study treatment. Overall, the
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Fig. 1 Geometric mean serum

concentration–time curves of

a unbound gestodene, b ethinyl

estradiol, with and without

erythromycin treatment during

weeks 1–4 (n = 13). Vertical

bars represent geometric

standard deviations. EE ethinyl

estradiol; GSD gestodene

Table 1 Key demographics and baseline characteristics of participants across the three studies [mean ± standard deviation (range) unless

specified otherwise]

Study 1: erythromycin (n = 14) Study 2: ketoconazole (n = 16) Study 3: midazolam (n = 32)

Age, years 39.5 ± 3.6 (32–45) 33.2 ± 7.8 (20–45) 35.0 ± 7.5 (20–45)

Race, white % 100 100 100

Mean weight, kg 65.1 ± 9.2 (53.6–87.7) 64.6 ± 10.0 (50.1–87.6) 68.2 ± 9.5 (50.8–88.3)

Height, cm 166.6 ± 3.8 (161–174) 165.4 ± 7.6 (148–178) 169.3 ± 5.3 (160–179)

BMI, kg/m2 23.4 ± 3.0 (19.6–30.0) 23.5 ± 2.5 (18.7–27.6) 23.8 ± 2.7 (19.0–29.2)

BMI body mass index
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EE/GSD patch was well tolerated. AEs observed in this

study corresponded to the known safety profile of EE/GSD

and erythromycin.

3.2 Effect of ketoconazole on the PK of EE/GSD

(Study 2)

3.2.1 Disposition

In total, 16 women were included and treated in the study;

of these, 14 completed the study (two women withdrew

prematurely due to protocol treatment deviations). All 16

women were included in the safety analysis, but only 14

were included in the PK analysis set. One woman was a

smoker and reported smoking an average of seven ciga-

rettes per day, while two women had smoked in the past.

Further details on demographics and baseline characteris-

tics of participants are shown in Table 1.

3.2.2 Serum concentrations

Serum concentrations of both unbound GSD (Fig. 2a) and

total GSD were higher with concomitant ketoconazole than

without; the effect was visible approximately 48 h after

application of the third patch and the start of ketoconazole

treatment. No effect of ketoconazole was seen on EE serum

concentrations (Fig. 2b). Although all women were

exposed to ketoconazole, there were considerable inter-

individual variations in EE serum concentrations. When

ketoconazole was co-administered, SHBG serum concen-

trations did not show any pronounced difference (?13 %

relative to when the patch was applied alone).

3.2.3 PK findings

For GSD, the primary PK parameters Cmax, AUC(0–168),

and AUC(144–168) showed a small increase in the range

Table 2 Pharmacokinetic parameters for total and unbound GSD, and EE, in studies 1 and 2

Study 1 (n = 13) Study 2 (n = 14)

EE/GSD patch EE/GSD patch ? erythromycin EE/GSD patch EE/GSD patch ? ketoconazole

Total GSD

Cmax (lg/L) 4.73 (35.1 %) 6.36 (52.0 %) 5.42 (35.8 %) 5.98 (33.3 %)

AUC(0–168) (lg h/L) 610 (34.3 %) 819 (47.2 %) 713 (38.4 %) 833 (34.8 %)

AUC(144–168) (lg h/L) 66.2 (33.5 %) 89.9 (45.8 %) 82.5 (44.8 %) 102 (33.3 %)

tmax (h) 36.0 36.1 35.6 47.9

t� (h) 25.2 (16.0 %) 24.5 (17.7 %) 23.7 (28.6 %) 23.6 (19.8 %)

Cmin (lg/L) 2.60 (33.8 %) 3.37 (44.1 %) 3.11 (39.3 %) 3.07 (47.0 %)

Cav (lg/L) 3.63 (34.3 %) 4.88 (47.2 %) 4.25 (38.4 %) 4.96 (34.8 %)

Unbound GSD

Cmax (lg/L) 0.0397 (36.4 %) 0.0514 (47.4 %) 0.0428 (27.2 %) 0.0455 (28.9 %)

AUC(0–168) (lg h/L) 4.84 (32.5 %) 6.47 (42.3 %) 5.56 (30.2 %) 6.19 (31.0 %)

AUC(144–168) (lg h/L) 0.511 (30.1 %) 0.714 (39.9 %) 0.632 (36.8 %) 0.738 (30.1 %)

tmax (h) 35.9 36.0 35.6 47.7

t� (h) 25.9 (16.6 %) 25.3 (18.8 %) 24.3 (26.0 %) 25.4 (21.3 %)

Cmin (lg/L) 0.0200 (30.3 %) 0.0265 (41.1 %) 0.0238 (33.0 %) 0.0241 (41.2 %)

Cav (lg/L) 0.0288 (32.5 %) 0.0385 (42.3 %) 0.0331 (30.2 %) 0.0369 (31.0 %)

EE

Cmax (ng/L) 34.5 (30.0 %) 35.1 (35.5 %) 40.9 (22.1 %) 38.0 (21.6 %)

AUC(0–168) (ng h/L) 4,000 (31.6 %) 4,175 (34.7 %) 4,640 (28.9 %) 4,560 (24.9 %)

AUC(144–168) (ng h/L) 424 (42.9 %) 429 (40.7 %) 514 (45.5 %) 505 (32.7 %)

tmax (h) 24.0 24.0 23.5 35.6

t� (h) 20.4 (5.20 %; n = 4) 18.6 (11.2 %; n = 2) 20.6 (18.0 %; n = 3) 21.1 (24.6 %; n = 5)

Cmin (ng/L) 15.8 (38.0 %) 16.2 (36.1 %) 19.2 (41.1 %) 18.6 (32.6 %)

Cav (ng/L) 23.8 (31.6 %) 24.9 (34.7 %) 27.6 (28.9 %) 27.2 (24.9 %)

Results are expressed as geometric mean (coefficient of variation)

AUC(0–168) area under the concentration–time curve from zero time to 168 h after third patch application on day 15, AUC(144–168) area under

the concentration–time curve from 144 h time to 168 h after third patch application on day 15, Cmax maximum (peak) serum drug concentration,

tmax time to reach Cmax, Cmin minimum serum drug concentration during week 3, t� half-life associated with the terminal slope, Cav average

concentration during week 3
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of 6–17 % for unbound GSD and 10–23 % for total GSD

under the influence of ketoconazole (Table 2). For total and

unbound GSD, the minimum drug concentration in serum

(Cmin) and t1/2 remained unchanged under co-administra-

tion with ketoconazole. For EE, the primary PK parameters

were similar with and without ketoconazole, showing that

co-administration of ketoconazole did not affect EE

exposure (Table 2).

3.2.4 Treatment compliance and patch adhesion

All women wore the patch for the study duration (21 days

in treatment period 1 and treatment period 2). Two

instances of patch lifting of [10 % and B25 % were

recorded, and nine patches fell off from a total of 100

applied during the study.

3.2.5 Safety and tolerability

All 16 women experienced at least one treatment-emer-

gent AE, most frequently application-site erythema and

headache. In the majority of women, these AEs were

deemed mild in severity and moderate in the remaining

cases. In 15 women, at least one AE was considered to be

related to the EE/GSD patch and, in seven women, at

least one event was considered to be related to ketocon-

azole. There were no AEs leading to discontinuation in

the study.
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3.3 Effect of EE/GSD on midazolam metabolism

(Study 3)

3.3.1 Disposition

Of the 32 women who were randomized and treated, 29

completed the study. One woman was withdrawn because

of an AE, one was withdrawn due to a protocol violation,

and one was lost to follow-up but provided full PK results.

Thus, the safety set comprised 32 women and the PK

analysis set comprised 30 women. Of these 32 women, 14

(44 %) had never smoked, 14 (44 %) had smoked previ-

ously and four (13 %) were current smokers with a mean

daily consumption of three cigarettes. Further details of

demographics and baseline characteristics are presented in

Table 1.

3.3.2 Plasma and serum concentrations

Mean serum concentrations for EE and GSD were within

expected ranges throughout the study. On days 16 and 17,

EE concentrations were 31.1 ng/L [geometric coefficient of

variation (CV) % = 41.5] and 32.3 ng/L (CV % = 35.5),

while total GSD concentrations were 4.43 ng/L

(CV % = 50.0) and 5.16 ng/L (CV % = 49.4), respec-

tively. Mean midazolam plasma concentrations over time

were almost identical with and without co-administration

of EE and GSD (Fig. 3), while mean concentrations of the

major metabolite 10-hydroxymidazolam were higher in

period 1 when no patch was applied.

3.3.3 PK findings

The mean midazolam AUC(0–tlast) was slightly higher with

concomitant use of the patch than without (20.2 and

18.8 lg h/L, respectively), representing an increase of

*7 % (Table 3). However, the ranges for AUC(0–tlast)

largely overlapped when the patch was applied compared

to when it was not (8.77–38.6 and 9.56–31.9 lg h/L,

respectively). For the statistical assessment, AUC(0–tlast)

was used instead of AUC, as the latter could only be cal-

culated in 18 or 20 women instead of 30 in the entire PK

analysis set. It was shown that 90 % CIs for the geometric

mean ratio ‘EE/GSD patch ? midazolam’/‘midazolam

alone’ for AUC(0–tlast) of midazolam fell within the

acceptance range for bioequivalence of 80–125 %.

Mean Cmax values for midazolam were slightly higher

with concomitant use of the patch than without (8.14 and

7.15 lg/L, respectively), representing an increase of

*14 % (Table 3). However, the ranges for this parameter

with and without concomitant patch use largely over-

lapped (2.80–16.2 and 3.5–14.3 lg/L, respectively). The

90 % CI for the geometric mean ratio for ‘EE/GSD

patch ? midazolam’/‘midazolam alone’ lay above the

lower limit of the acceptance range of 80–125 %, but

slightly exceeded the upper limit of 125 by 0.57 %. This

was regarded as a negligible deviation from the bioequiv-

alence criteria.

For 10-hydroxymidazolam, the mean AUC(0–tlast) was

lower when the patch was applied than when midazolam

was given alone (4.49 and 6.79 lg h/L, respectively),

resulting in a mean relative reduction of *34 % (Table 3).

However, the ranges for this parameter with or without

patch application largely overlapped (1.69–23.9 and

2.71–10.5 lg h/L, respectively). The upper limit of the

90 % CI of the geometric mean ratio ‘EE/GSD patch ?

midazolam’/‘midazolam alone’ for AUC(0–tlast) for 10-
hydroxymidazolam was below 80 %.

Mean Cmax values for 10-hydroxymidazolam were lower

with co-administration of the patch (2.15 and 2.91 lg/L,

respectively), which constitutes a relative decrease of

*26 % (Table 3). Ranges for Cmax values largely over-

lapped when the patch was applied concomitantly with

midazolam compared with midazolam alone (0.594–10.4

and 1.20–5.25 lg/L, respectively). The lower limit of the

90 % CI of the ratio ‘EE/GSD patch ? midazolam’/

‘midazolam alone’ for Cmax values was below 80 % for 10-
hydroxymidazolam concentrations.

3.3.4 Treatment compliance and patch adhesion

Overall, 32 women wore the EE/GSD patch for 15–22 days

(mean duration 18 days), and at least one patch fell off in

seven women. Compliance with midazolam was 100 %

throughout the study, as women were treated on site.

3.3.5 Safety and tolerability

Overall, 25 women experienced an AE. Two serious AEs,

renal colic and ureteral calculus, were reported in the same

participant and were considered to be related to one

another. Both events resolved and were deemed to be

unrelated to study medication. AEs were considered related

to EE/GSD in 13 women, and considered to be related to

midazolam in 17 women. The AEs most commonly related

to EE/GSD were application-site reactions, dysfunctional

uterine bleeding and headache, while the AEs most com-

monly related to midazolam were hypotension, headache,

and bradycardia. There were no discontinuations due to

AEs.

4 Discussion

These studies demonstrated that erythromycin and keto-

conazole, when administered concomitantly with the EE/
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GSD patch, had a weak effect on the PK of total and

unbound GSD. As anticipated, apart from the slight

increase in GSD exposure due to inhibition of GSD

metabolism by either CYP3A4 inhibitor, an additional

slight increase in GSD exposure may be the result of the

EE-induced increase in SHBG. According to in vitro data,

GSD is mainly metabolized by CYP3A4 enzymes along

with a small contribution from other liver isoenzymes, such

as CYP2C9 and CYP2C19 (Laine et al. 2003). Since the

inhibition of CYP3A4 led to only slightly higher systemic

GSD exposure, GSD does not appear to be metabolized

exclusively by CYP3A4. Interestingly, the strong CYP3A4

inhibitor ketoconazole showed a weaker effect (6–17 %)

on the Cmax, AUC(0–168), and AUC(144–168) of unbound

GSD than the moderate CYP3A4 inhibitor erythromycin

(30–40 %). This result may be attributed to reversible

inhibition of CYP3A4 by ketoconazole as opposed to the

mechanism-based inhibition (i.e. inhibition by non-revers-

ible binding of erythromycin to the enzyme) seen with

erythromycin (Zhou et al. 2005; Thummel and Wilkinson

1998). Neither erythromycin nor ketoconazole had a clin-

ically significant effect on the exposure or PK parameters

assessed for EE [AUC(0–168), AUC(144–168), and Cmax].

This is consistent with the fact that several CYP enzymes

(CYP3A4, CYP2C, and CYP2E) are involved in EE

metabolism (Kuhl 2005). Therefore, suppression of one of

these enzymes does not show a pronounced effect on the

rate of EE metabolism.

Study findings also indicate that the EE/GSD patch had

no clinically relevant effect on the metabolism of the

CYP3A4 model substrate midazolam. The 90 % CI for the

geometric AUC(0–tlast) mean ratio ‘EE/GSD patch ?

midazolam’/‘midazolam alone’ fell within the acceptance

range for bioequivalence. Mean Cmax values for midazolam

were slightly higher with concomitant use of the patch,

with the 90 % CI for the geometric mean ratio for ‘EE/

GSD patch ? midazolam’/‘midazolam alone’ only slightly

exceeding the upper limit of 125 %—a change that was

regarded as negligible. Midazolam is recommended as a

probe for the activity of CYP3A4 in vivo as it is
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Fig. 3 Geometric means for

concentrations of midazolam in

plasma, with and without co-

administration of the EE/GSD

patch (n = 30). Vertical bars

represent geometric standard

deviations. EE ethinyl estradiol,

GSD gestodene

Table 3 Pharmacokinetic

parameters for midazolam and

10-hydroxymidazolam in study 3

(n = 30)

Results are expressed as

geometric mean (coefficient of

variation) AUC(0–tlast) area

under the concentration–time

curve from zero time to the last

data point above the lower limit

of quantification, Cmax

maximum (peak) serum drug

concentration, tmax time to reach

Cmax, t� terminal half-life

Midazolam Midazolam ? EE/GSD patch

Midazolam

Cmax (lg/L) 7.15 (34.1 %) 8.14 (37.0 %)

tmax (h) 0.50 0.50

AUC(0–tlast) (lg h/L) 18.8 (28.6 %) 20.2 (37.8 %)

t� (h) 5.21 (20.3 %; n = 20) 4.79 (29.2 %; n = 18)

10-hydroxymidazolam

Cmax (lg/L) 2.91 (39.8 %) 2.15 (62.3 %)

tmax (h) 0.50 0.50

AUC(0–tlast) (lg h/L) 6.79 (34.7 %) 4.49 (53.4 %)

t� (h) 2.45 (46.4 %; n = 5) 1.71 (22.3 %; n = 4)
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metabolized in the liver almost exclusively through

CYP3A4. The absence of a clinically significant effect of

the EE/GSD patch on the PK of midazolam would suggest

the absence of binding competition for the active site of

CYP3A4.

The 10-hydroxylation of midazolam is catalyzed almost

exclusively by CYP3A4 and can thus be used to assess

CYP3A4 activity in vivo (Palovaara et al. 2000). Here,

AUC(0–tlast) and Cmax of the metabolite were reduced by

34 and 26 %, respectively, after concomitant administra-

tion of the EE/GSD patch. Due to the smaller amount of

10-hydroxymidazolam in the systemic circulation relative

to the amount of midazolam, minor effects on midazolam

seen during concomitant administration of the EE/GSD

patch thus became more pronounced for this metabolite.

However, as the effect of the patch on the PK parameters

of the parent compound midazolam is more relevant, it is

concluded that the EE/GSD patch does not show a clini-

cally relevant interaction with CYP3A4-metabolized sub-

stances. In a previous study examining the impact of an

oral EE/GSD contraceptive on the PK of midazolam, EE/

GSD co-medication led to a 21 % increase in midazolam

AUC and a 25 % reduction in 10-hydroxymidazolam

exposure (Palovaara et al. 2000). These data indicate that

there is a more pronounced effect on midazolam PK when

the two components GSD and EE coincide with midazo-

lam at the absorption site, and during the first liver

passage.

Compliance with wearing the patch was consistently

good in all three studies, and a low incidence of patch

lifting or adherence failure was reported. In all three

studies, the EE/GSD patch was well tolerated and safety

results were consistent with the safety profile of the patch.

While it is possible that the treatment duration of the

inhibitor may not have been sufficient to allow steady-state

plasma concentrations of CYP3A4-inhibiting agents as

well as EE and GSD to develop, this is unlikely to be the

case. Duration of treatment was carefully considered from

the outset, and selected based on estimated time required

for an effect on EE and GSD to emerge, while being

mindful of tolerability issues related to prolonged treatment

with either ketoconazole or erythromycin. In case steady-

state levels were not attained during the study period, the

ratio for the AUC(144–168) of EE and GSD (i.e. AUC on

the final day of treatment), with and without co-medication,

was assessed as this would be expected to be higher than

for the complete AUC, though this was not true of either

erythromycin or ketoconazole. Thereby, it is concluded

that the duration of treatment with the CYP3A4 inhibitors

was adequate for the purposes of these studies.

These PK analyses show that the administration of

CYP3A4 inhibitors erythromycin and ketoconazole in

conjunction with the EE/GSD patch does not affect EE

exposure, and only a weak inhibitory effect is seen on GSD

exposure. These findings support the conclusion that the

administration of CYP3A4 inhibitors will have no clini-

cally relevant impact on EE/GSD metabolism. Further-

more, application of the EE/GSD patch has no clinically

relevant effect on the metabolism of substances known to

be metabolized by CYP3A4, as demonstrated by the impact

of the EE/GSD patch on the PK of the CYP3A4 model

substrate midazolam.
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