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Abstract

Background: The only available contraceptive patch, Ortho
Evra�, delivers a relatively high dose of estrogen.
Materials and methods: Three transdermal contraceptive
delivery systems (TCDS) containing low doses of ethinyles-
tradiol (EE) and levonorgestrel (LNG) were evaluated in two
open-label randomized trials. In a phase 1, two-period, cross-
over trial, AG200-12.5 and AG200LE were compared with
a 150 mg LNG/30 mg EE oral contraceptive (OC) (Levlen�)
in 39 women. In a phase 2, parallel-group, multicenter, three-
cycle study, AG200LE, AG200-12.5 and a higher-dose for-
mulation, AG200-15, were evaluated in 123 women.
Results: In Study 1, mean steady-state plasma concentrations
(Css, pg/mL) for the TCDS were 17 pg/mL to 26 pg/mL for
EE and 1117 pg/mL to 1505 pg/mL for LNG (for AG200LE
and AG200-12.5 respectively). Maximum concentration
(Cmax) and Css for both analytes were significantly lower than
for Levlen. In both studies, the Css levels for EE and LNG
in all groups were within the ranges reported for low-dose
OCs. Cycle control for AG200-15, assessed by breakthrough
bleeding and spotting episodes as well as number of days of
unscheduled bleeding and/or spotting, was similar to that
reported for low-dose OCs. Most adverse events were con-
sidered mild to moderate in intensity. The incidence of patch-
es falling off was -2%.
Conclusions: All three patches exhibited excellent safety
and wearability profiles while maintaining plasma drug lev-
els required for ovulation suppression and adequate cycle
control. A slight increase in the EE dose in AG200-15 still
places this TCDS within the range of low-dose OCs, with
EE exposure much lower than reported for Ortho Evra.
AG200-15 was selected for further testing in phase 3 studies.
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Introduction

Although oral contraceptives (OCs) are one of the most
effective reversible contraceptive methods used, they have a
9% probability of failure in the USA during the first 12
months of use w1x. Compliance problems with OCs are com-
mon and are an underlying cause of OC failure. Patient sur-
veys estimate that approximately one-half of women miss at
least one pill per cycle and up to one-quarter miss at least
two pills per cycle w2–4x. Pregnancy rates range from 3% to
8% with poor compliance compared with 0.1%–2% for con-
sistent users of OCs w5–7x.

Transdermal contraceptive delivery via a skin patch
applied once per week is an attractive option for patients who
cannot comply with daily OCs. Several studies demonstrate
increased adherence with the use of a skin patch compared
with a daily OC pill w7–9x. Studies also report higher patient
satisfaction levels with the use of a skin patch compared with
a daily OC pill w9–11x. However, the only currently available
contraceptive patch, Ortho Evra� (Ortho-McNeil-Janssen
Pharmaceuticals, Inc., Raritan, NJ, USA), is associated with
estrogen exposure that is approximately 60% higher than
combination OCs containing ethinylestradiol (EE) 35 mg
w12x. This observation has resulted in a warning from the US
Food and Drug Administration pertaining to a possible
increased risk of estrogen-related adverse events (AEs),
including venous thromboembolism w13–15x. Consequently,
there is a need for an efficacious and well-tolerated contra-
ceptive patch with estrogen delivery similar to low-dose
combination OCs. A weekly contraceptive patch that utilizes
transdermal technology to deliver a low dose of EE in com-
bination with levonorgestrel (LNG) is under development.
This article presents data from two studies performed to eval-
uate the pharmacokinetic profile, cycle control, safety and
tolerability of three transdermal contraceptive delivery sys-
tems (TCDS) containing three different amounts of EE and
two different amounts of LNG.

Materials and methods

Study population

Two studies enrolled healthy, non-smoking women aged 18–
45 years who had a 24- to 35-day menstrual cycle. Subjects were
enrolled if they were normotensive with systolic blood pressure
below 140 mm Hg and diastolic blood pressure under 90 mm Hg
and had a body mass index between 18 kg/m2 and 32 kg/m2 inclu-
sive. Subjects were required to use a non-hormonal method of con-
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Table 1 Contraceptive patch formulations.

Patch Quantity in patch (intended daily dose) Patch size (cm2)

LNG EE Active matrix Overall
core area

AG200LE (Study 1 and 2) 2.17 mg (75 mg/day) 1.28 mg (15 mg/day) 12.5 25.0
AG200-12.5 (Study 1 and 2) 2.17 mg (100 mg/day) 1.92 mg (20 mg/day) 12.5 25.0
AG200-15 (Study 2) 2.60 mg (120 mg/day) 2.30 mg (25 mg/day) 15.0 26.0

LNG, levonorgestrel; EE, ethinylestradiol.

Figure 1 Patient disposition and study design for Study 1. *Twen-
ty subjects (33.9%) discontinued after placebo run-in and 16 ran-
domized subjects (27.1%) prematurely discontinued because of
consent withdrawal, loss to follow-up, adverse events or non-com-
pliance. One of the 16 subjects withdrew consent prior to patch
application.

traception for the entire duration of the study or to have undergone
previous tubal ligation. Use of over-the-counter medications, alcohol
and grapefruit juice was prohibited in the first (pharmacokinetic)
study. All subjects read and signed an informed consent document
prior to participation.

Subjects were excluded from the study if they were pregnant or
breast-feeding or if they had a history of significant illness or any
disorder that contraindicated the use of contraceptive steroids, der-
mal hypersensitivity in response to topical applications, a recent
abnormal cervical Pap smear, or positive hepatitis B, hepatitis C or
HIV antibody test. Subjects who had used OCs or other sex steroid
hormones, a contraceptive implant or hormone-medicated intrauter-
ine device or an injectable hormonal contraceptive within the past
1, 2 and 6 months, respectively, or medications that might interfere
with the metabolism of hormone contraceptives within 3 months of
screening were also excluded from the study.

Studies design

Study 1 (ATI-CL10) Two contraceptive patches, AG200-12.5 and
AG200LE, designed to deliver either 100 mg/day LNG with 20
mg/day EE or 75 mg/day LNG with 15 mg/day EE, respectively
(Table 1), and an approved 150 mg LNG/30 mg EE OC (Levlen�;
Bayer HealthCare Pharmaceuticals, Montville, NJ, USA) were eval-
uated in this single-center, open-label, randomized, two-period,
cross-over study. The study was conducted at Heart of America
Research Institute, Inc. (Shawnee Mission, KS, USA) from May to
November 2007. Study protocol and informed consent were
approved by an independent Investigational Review Board.

Study 1 consisted of a screening period of at least 7 days, a 7-
day placebo patch run-in period, two 21-day treatment periods sep-
arated by a washout period of 21–28 days and a post-treatment
follow-up (final) visit (Figure 1). After obtaining written informed
consent and screening for eligibility, a placebo patch was placed on
the subject’s lower abdomen and subjects were given a diary card
to record patch adherence. One week later, the patch and application
site were visually inspected by site personnel and subjects demon-
strating good patch adhesion and minimal to no irritation were ran-
domly assigned to one of four treatment sequences: (i) AG200-12.5
followed by AG200LE; (ii) AG200-12.5 followed by Levlen; (iii)
AG200LE followed by AG200-12.5; and (iv) AG200LE followed
by Levlen (Figure 1). During each treatment period, subjects wore
patches for three consecutive 7-day periods, totalling 21 days, or
took Levlen daily for 21 days. The total study duration for each
subject was approximately 3 months.

Study 2 (ATI-CL11) Three contraceptive patches, AG200LE,
AG200-12.5 and AG200-15, designed to deliver 75 mg/day LNG
with 15 mg/day EE, 100 mg/day LNG with 20 mg/day EE or
120 mg/day LNG with 25 mg/day EE, respectively (Table 1), were

evaluated in this multicenter, open-label, randomized, parallel-group
study (Part I), which was followed by a multicenter, open-label,
single-arm extension (Part II). Part I of the study evaluated AG200-
12.5 and AG200LE, whilst Part II evaluated AG200-15, a third
contraceptive patch with the same formulation as AG200-12.5 but
with a 20% larger drug delivery area (Table 1). The study was
conducted at 13 clinical research centers located throughout the
USA between September 2007 and February 2008.

After providing informed consent, eligible subjects in Part I were
randomly assigned to receive either AG200-12.5 or AG200LE for
three cycles (Figure 2). In Part II of the study, another group of
subjects received AG200-15 for three cycles (Figure 2). Enrolled
subjects applied the contraceptive patch to the lower abdomen on
the morning of Cycle Day 1 (Day 1 of their menstrual cycle). The
patch was replaced on Cycle Days 8 and 15 and was removed with-
out being replaced on the morning of Cycle Day 22. Subjects were
to record in their diary cards information about patch wear, includ-
ing dates of patch applications, reasons for unscheduled patch
replacements and information about daily occurrence of bleeding
and spotting. During office visits, the diary cards were reviewed for
accuracy and patient compliance.
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Figure 2 Patient disposition and study design for Study 2.

Study drugs

Three contraceptive patch formulations containing different quan-
tities of EE and LNG were evaluated (Table 1). All patches were
supplied by Corium International (Grand Rapids, MI, USA) and
contained, in addition to EE and LNG, vinylpyrrolidone/vinyl ace-
tate copolymer, dimethyl sulphoxide, lauryl lactate, ethyl lactate,
capric acid and DURO-TAK� 87-4098 acrylic adhesive. Placebo
patches contained these same components without LNG and EE. In
Study 1, each Levlen tablet contained 30 mg EE and 150 mg LNG.

Pharmacokinetics

All plasma samples were frozen and shipped to the bioanalytical
laboratory PPD (Richmond, VA, USA) for analysis. Plasma con-
centrations of LNG and EE were determined via a validated liquid
chromatography/mass spectrometry method.

In Study 1, serial blood samples were collected immediately prior
to dosing (time point 0) and at 6, 12, 24, 48, 72, 96, 120, 144 and
168 h after application of the first and third patch, as well as at 6, 12,
24, 48 and 72 h after removal of the third patch. For OC (Levlen)
treatment cycles, blood sampling was performed on Treatment Days
1 and 21 immediately prior to dosing (time point 0), at 0.5, 1, 1.5, 3,
6, 9, 12, 16 and 24 h following dosing and at 36, 48 and 72 h fol-
lowing administration of the last dose on Day 21. Parameters describ-
ing the pharmacokinetics of EE and LNG after contraceptive patch or
OC administration were calculated, including maximum plasma con-
centration (Cmax), areas under the plasma concentration-time curve
from time 0 to various time points (e.g., AUC0–24 h, AUC0–168 h) deter-

mined using linear trapezoidal summation, average 24-h concentration
(Cavg) for OC treatment cycles, steady-state concentration (Css) for
TCDS cycles, and time to reach Cmax.

In Study 2, drug plasma concentration levels were obtained at
Cycle Days 8, 15 and 22 of all treatment cycles.

Cycle control

In Study 2, cycle control assessments were based on bleeding/spot-
ting information recorded by subjects on daily diary cards. The pri-
mary endpoint was subject incidence of breakthrough bleeding and/
or spotting episodes in Cycle 3. Another important endpoint was
the number of bleeding and/or spotting days across the three treat-
ment cycles that are not a part of withdrawal bleeding (‘‘unsche-
duled’’ bleeding and/or spotting days). Spotting was defined as
bloody vaginal discharge that did not require sanitary protection,
and bleeding was defined as bloody vaginal discharge that required
sanitary protection.

Safety

Safety was assessed by tracking AEs, discontinuation information
and vital signs as well as changes in physical and gynecological
examinations and laboratory tests from screening to the end of the
study. All subjects who received any amount of study drug were
included in the safety analyses.

Patch wearability

In Study 1, patch wearability was evaluated based on subject self-
assessment of patch adhesion and site personnel assessment of irri-
tation. Patch adhesion metrics included presence or detachment of
patch, and skin irritation assessments were scored as none, mild,
moderate or significant.

In Study 2, evaluations of patch wearability and adhesion were
based on information recorded by subjects on the diary cards (patch
presence and/or reasons for unscheduled patch change). Skin irri-
tation information was collected by monitoring of related AEs.

Statistical methods

In Study 1, pharmacokinetic parameters for individual subjects were
evaluated using a non-compartmental pharmacokinetic analysis
model with WinNonlin 5.0.1 (Pharsight Corporation, St. Louis, MO,
USA) software. Scheduled sampling time points were used for the
calculations. Pharmacokinetic parameters of the two contraceptive
patches and Levlen were compared. Between-treatment statistical
comparisons were based on the parametric analysis of variance
model.

In Study 2, for the primary cycle control endpoint, two-sided 95%
confidence intervals (CI) for the differences across the treatment
groups (AG200-12.5 vs. AG200LE, AG200-12.5 vs. AG200-15, and
AG200LE vs. AG200-15) were provided. CIs not including zero
were interpreted as the presence of a statistically significant treat-
ment difference at the 0.05 significance level.

Results

Demographic characteristics and disposition

In Study 1, 59 healthy women were enrolled in the placebo
run-in period and 39 subjects were randomized to receive
study medication (Figure 1). Twenty-three randomized sub-
jects (60.5%) completed the study. Most premature discon-
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Table 2 Subject demographics and baseline characteristics for Study 1.

Characteristic Population

All screened subjects (ns59) All treated subjects (ns38)

Age (years)
Mean (SD) 28.9 (7.83) 27.4 (7.55)
Range 18–45 18–42

Race wn (%)x
Caucasian 30 (50.8) 21 (55.3)
Black 26 (44.1) 15 (39.5)
Other 3 (5.1) 2 (5.3)

Weight (kg)
Mean (SD) 66.9 (12.10) 66.8 (10.58)
Range 48.1–104.3 49.9–93.9

Height (cm)
Mean (SD) 164.4 (6.08) 164.6 (5.22)
Range 149.9–177.8 152.4–172.7

BMI (kg/m2)
Mean (SD) 24.7 (3.93) 24.6 (3.49)
Range 17.6–36.0 18.9–31.5

SD, standard deviation; BMI, body mass index.

Table 3 Demographics and baseline characteristics for Study 2 (subjects receiving study drug).

Characteristic AG200LE (ns43) AG200-12.5 (ns44) AG200-15 (ns31)

Age (years)
Mean (SD) 31.7 (7.4) 31.0 (6.9) 32.1 (7.8)
Range 19–45 18–45 18–43

Race wn (%)x
Black 9 (21) 10 (23) 12 (39)
Caucasian 29 (68) 32 (73) 17 (55)
Other 5 (12) 2 (5) 2 (6)

BMI (kg/m2)
Mean (SD) 28.7 (6.0) 27.7 (6.6) 27.5 (7.0)
Range 19–46 18–45 17–52

Weight (lb)
Mean (SD) 170.4 (36.8) 167.9 (42.6) 164.5 (44.8)
Range 101–285 99–262 109–315

SD, standard deviation; BMI, body mass index.

tinuations resulted from withdrawal of informed consent
(ns6). Only two subjects discontinued the study because of
AEs. A summary of demographics and baseline character-
istics for the screened and randomized populations is pre-
sented in Table 2.

In Study 2, a total of 123 women were enrolled and 107
subjects completed the study (Figure 2). The most common
reasons for discontinuation were subject decision (ns3),
AEs (ns3) and sponsor decision (ns3). Five enrolled sub-
jects did not take the study drug and were excluded from all
safety and efficacy analyses. Therefore, data from 118 sub-
jects are summarized. Demographics for Study 2 were sim-
ilar across all three treatment groups (Table 3).

Pharmacokinetics

Major pharmacokinetic parameters in Study 1 are summa-
rized by treatment group in Tables 4 and 5 for EE and LNG,

respectively. Mean plasma concentrations of EE and LNG
over the first and third weeks of patch wear during the first
treatment period are plotted in Figure 3A and B. There was
a general trend of increased EE exposure in Week 3 com-
pared with Week 1 for each treatment (Table 4). However,
this increase in EE exposure was less notable both in terms
of increase and percentage increase than observed among
subjects in the Levlen treatment group (Table 4). From Week
1 to Week 3 of patch wear, mean Cmax increased 6% and
10%, mean AUC increased 31% and 33%, and mean Css

increased 24% and 21% for AG200-12.5 and AG200LE,
respectively, whereas with Levlen mean Cmax increased 35%,
mean AUC increased 53%, and mean Css increased 54%
(Table 4). There was also a general trend of increased LNG
exposure over the 21-day treatment period with both TCDSs
and Levlen (Table 5). For AG200-12.5 and AG200LE,
respectively, increases of 35% and 40% in mean Cmax, 172%
and 160% in mean AUC, and 149% and 139% in mean Css
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Table 4 Pharmacokinetic data for serum ethinylestradiol concentrations over all treatment cycles in Study 1.

Pharmacokinetic Treatment
parameter

AG200-12.5 (ns25) AG200LE (ns28) Levlen� (ns9)

Cmax, pg/mL
Days 1–8

Mean (SE) 33 (2.4) 21 (1.3) 80 (21)
Median 31 20 58
CV% 37 34 76

Days 15–22
Mean (SE) 35 (2.7) 23 (1.8) 108 (11)
Median 32 22 105
CV% 36 41 29

Css, pg/mLa

Days 2–8
Mean (SE) 21 (1.4) 14 (0.7) 33 (7.4)
Median 19 14 25

Days 15–22
Mean (SE) 26 (2.2) 17 (1.2) 51 (4.0)
Median 24 17 51

AUC, pg day/mLb

Days 1–8
Mean (SE) 141 (9.7) 92 (4.7) 158 (32)
Median 128 93 130
CV% 33 27 60

Days 15–22
Mean (SE) 185 (15.2) 122 (8.2) 242 (22)
Median 167 116 244
CV% 38 34 26

Tmax (h)c

Days 1–10
Median 192 192 1.5

Days 15–24
Median 48 48 1.0

Comparison of AG200LE, AG200-12.5 and Levlen: mean daily AUC, pg day/mL
Days 1–8

Mean (SD) 20.1 (6.6) 13.2 (3.5) 22.5 (13.5)
p-0.05 vs. AG200LE p-0.05 vs. Levlen

Days 15–22
Mean (SD) 26.4 (10.0) 17.5 (6.0) 34.5 (9.0)

p-0.05 vs. Levlen p-0.05 vs. Levlen
p-0.05 vs. AG200LE

Cmax, maximum plasma concentration; Css, mean steady-state plasma concentration; AUC, area under the concentration-time curve; Tmax,
time to reach Cmax; CV, coefficient of variation; SD, standard deviation; SE, standard error. aFor Levlen, average concentration levels over
24-h period are reported. bFor Levlen, calculated AUCs over 7-day period are reported. cFor Levlen, Tmax for Days 1–4 and Days 21–24
are reported.

were observed. With Levlen, the LNG mean Cmax increased
38%, mean AUC increased 72%, and mean Cavg increased
66% from Week 1 to Week 3 (Table 5).

Overall, exposure to EE as measured by Cmax, Css and
AUC was substantially lower during treatment with
AG200LE compared with AG200-12.5 (Table 4). Although
AG200LE and AG200-12.5 were designed to deliver equiv-
alent doses of LNG, there was a trend toward lower LNG
exposure with AG200LE compared with AG200-12.5 (Fig-
ure 3C and D). This may be explained by the pharmacody-
namic interactions between EE, LNG and sex hor-
mone-binding globulin (SHBG): the latter is directly corre-
lated with EE concentration levels and increased SHBG lev-
els trigger higher LNG plasma concentrations. Importantly,

mean daily exposure to LNG and EE during treatment with
either AG200-12.5 or AG200LE was significantly lower
(p-0.05) than EE and LNG exposure during Levlen treat-
ment, with the exception of EE exposure for AG200-12.5
compared with Levlen during the first week of treatment
(Tables 4 and 5).

The mean and median EE and LNG levels across all three
cycles for Study 2 are plotted in Figure 4 for subjects treated
with AG200LE, AG200-12.5 and AG200-15. As expected,
the EE and LNG levels were lowest for AG200LE and high-
est for AG200-15. Mean EE concentrations ranged from
11 pg/mL to 17 pg/mL with AG200LE, from 18 pg/mL to
27 pg/mL with AG200-12.5 and from 24 pg/mL to 33 pg/mL
with AG200-15 (Figure 4). For LNG, mean levels ranged
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Table 5 Pharmacokinetic data for serum levonorgestrel concentrations over all treatment cycles in Study 1.

Pharmacokinetic Treatment
parameter

AG200-12.5 (ns25) AG200LE (ns28) Levlen� (ns9)

Cmax, pg/mL
Days 1–8

Mean (SE) 1405 (162) 1059 (96) 3462 (312)
Median 1150 929 2990
CV% 58 48 27

Days 15–22
Mean (SE) 1896 (184) 1420 (144) 4790 (624)
Median 1650 1155 4305
CV% 45 52 37

Css, pg/mLa

Days 2–8
Mean (SE) 604 (71) 467 (37) 1657 (308)
Median 503 409 1470

Days 15–22
Mean (SE) 1505 (163) 1117 (106) 2751 (385)
Median 1269 881 2674

AUC, pg d/mLb

Days 1–8
Mean (SE) 3874 (452) 2999 (239) 9107 (2219)
Median 3195 2665 7203
CV% 55 41 73

Days 15–22
Mean (SE) 10,540 (1141) 7819 (742) 15,659 (2380)
Median 8879 6167 16,107
CV% 50 34 43

Tmax (h)c

Days 1–10
Median 216 216 1.5

Days 15–24
Median 48 48 1.3

Comparison of AG200LE, AG200-12.5 and Levlen: mean daily AUC, pg d/mL
Days 1–8

Mean (SD) 553 (303) 428 (177) 1301 (952)
p-0.0001 vs. Levlen p-0.0001 vs. Levlen

Days 15–22
Mean (SD) 1506 (746) 1117 (541) 2237 (962)

p-0.05 vs. Levlen p-0.05 vs. Levlen

Cmax, maximum plasma concentration; Css, mean steady-state plasma concentration; AUC, area under the concentration-time curve; Tmax,
time to reach Cmax; SE, standard error; SD, standard deviation; CV, coefficient of variation. aFor Levlen, average concentration levels over
24-h period are reported. bFor Levlen, calculated AUCs over 7-day period are reported. cFor Levlen, Tmax for Days 1–4 and Days 21–24
are reported.

from 443 pg/mL to 774 pg/mL with AG200LE, from 653
pg/mL to 1165 pg/mL with AG200-12.5 and from 771
pg/mL to 1392 pg/mL with AG200-15. No notable increase
in LNG and EE plasma concentration levels was observed
over the duration of the study (Figure 4).

Cycle control

In Study 2, the primary endpoint for the cycle control eval-
uation was the subject incidence of breakthrough bleeding or
spotting episodes in Cycle 3 (Table 6). In the AG200-15
group, 85% of women reported no breakthrough bleeding or
spotting in Cycle 3 compared with 71% in the AG200LE
and AG200-12.5 groups. Treatment differences in the inci-
dence of breakthrough bleeding/spotting episodes were not

statistically significant (AG200LE vs. AG200-12.5, 95% CI
–19.3 to 19.3; AG200LE vs. AG200-15, 95% CI –5.4 to
32.9; and AG200-12.5 vs. AG200-15, 95% CI –5.4 to 32.9),
possibly because of the relatively small sample size. The
number of unscheduled bleeding and/or spotting days across
the three cycles of therapy also exhibited a dose-response
correlation and was within ranges expected for the low-dose
combined hormonal contraceptives (Table 6) w16, 17x.

Safety

In Study 1, a total of 19 (76.0%) and 17 (60.7%) subjects
reported AEs following application of AG200-12.5 or
AG200LE, respectively, over two cycles of therapy. Safety
data for the two patches were collected approximately twice
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Figure 3 Mean ("standard error) (A, B) plasma ethinylestradiol (EE) and (C, D) levonorgestrel (LNG) concentrations vs. time plots for
AG200LE and AG200-12.5 for Days 1–10 (0–240 h) and Days 15–25 (0–240 h; Day 15s0 h) of the first patch treatment cycle in Study
1. (A) Plasma EE concentrations over the first 10 days of the first treatment cycle (0–240 h) and following application of the second patch
on Day 7 (168 h). (B) Plasma EE concentrations over Day 15 (0 h) through Day 25 (240 h) of the first treatment cycle and following
removal of the final patch on Day 22 (168 h). (C) Plasma LNG levels over the first 10 days (0–240 h) of the first treatment cycle and
following application of a new patch on Day 7 (168 h). (D) Plasma LNG levels during Day 15 (0 h) through Day 25 (240 h) of the first
treatment cycle and following patch removal on Day 22 (168 h).

weekly. Four subjects (44.4%) reported AEs following
administration of Levlen over one treatment cycle. AE data
for the OC were collected once at the end of the cycle. The
most common AEs, occurring in G10% of subjects in one
treatment group, were nausea, application-site pruritus, head-
ache, dysmenorrhea and metrorrhagia (see Table 7 for inci-
dence rates by treatment group). Most AEs were considered
mild or moderate in intensity. One AE, a headache reported
by one subject receiving AG200-12.5, was considered severe
in intensity. Two subjects discontinued study participation
because of AEs. The first subject discontinued because of
mild nausea during treatment with the AG200-12.5 patch;
the second was because of mild dysmenorrhea, nausea and
vomiting during treatment with AG200LE. No serious AEs
were reported in Study 1.

In Study 2, treatment-emergent AEs occurred in 19 sub-
jects (44%) in the AG200LE group and in 29 subjects (66%)

and 19 subjects (61%), respectively, in the AG200-12.5 and
AG200-15 treatment groups over the three treatment cycles.
Table 7 lists AEs with incidence rates G10%. One subject
in the AG200LE treatment group experienced a migraine
considered severe in intensity. All other AEs were rated as
mild or moderate in intensity. Treatment-emergent AEs asso-
ciated with study discontinuation included dyspnea in one
subject treated with AG200-15, and hypertension in one sub-
ject treated with AG200-15 and one subject treated with
AG200LE; all were considered unrelated to study drug. No
serious AEs occurred during Study 2.

Patch wearability/acceptability

By the end of the 7-day placebo run-in period for Study 1,
no patches had fallen off and only 1 patch out of 59 (1.7%)
was partially detached. Investigator assessment of skin irri-
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Figure 4 Mean (A) ethinylestradiol and (B) levonorgestrel levels
for AG200LE, AG200-12.5 and AG200-15 on Days 8, 15 and 22
during the three treatment cycles in Study 2.

Table 6 Major cycle control parameters: Study 2.

Cycle control parameter AG200LE AG200-12.5 AG200-15
(ns42) (ns42) (ns27)

Incidence of bleeding/spotting episodes (Cycle 3) wn (%)x 12 (28.6) 12 (28.6) 4 (14.8)
No. of unscheduled bleeding/spotting days (Cycles 1–3)

Mean"SD 5.5"5.0 4.4"4.7 3.4"4.4
Median 5.5 3.0 1.0

No. of unscheduled spotting days (Cycles 1–3)
Mean"SD 0.5"1.9 0.7"1.5 1.2"2.6
Median 0.0 0.0 0.0

No. of unscheduled bleeding days (Cycles 1–3)
Mean"SD 3.4"3.9 2.7"3.8 1.7"2.9
Median 2.5 0.0 0.0

SD, standard deviation. A breakthrough bleeding/spotting episode is defined as any number of days with breakthrough bleeding/spotting
preceded and followed by at least 2 bleeding-free days. Unscheduled bleeding/spotting days are determined by subtracting the number of
bleeding/spotting days during the withdrawal period from the total number of bleeding/spotting days.

tation indicated that 49 (90.7%) of 54 evaluable subjects had
no skin irritation, 4 (7.4%) had mild irritation and 1 (1.9%)
experienced moderate irritation at the patch site. During the
drug treatment periods, moderate irritation was noted after
the application of three AG200-12.5 patches (4.7% of 64
total) and three AG200LE patches (3.8% of 79 total). No
cases of significant irritation were reported.

In Study 2, for all treatment groups combined 1.5% (16/
1062) of the total number of patches detached completely.
The proportion of subjects with at least one patch that was
completely detached decreased over the course of the study

w9.3% (11/118) in Cycle 1, 2.7% (3/113) in Cycle 2 and
1.8% (2/111) in Cycle 3x, indicating better patch adhesion
with more experience using the patch. Similar results were
observed for the proportion of patches that were partially
detached (data not shown).

Of the 118 subjects in the study, 17 (14%) experienced at
least one application-site reaction: 13 (11%) had skin irrita-
tion, 4 (3%) had pruritus and 1 (1%) had erythema. The
incidence of application-site reactions was not dose-related
and the majority of events were mild in severity. Further-
more, the majority of these events occurred during Cycle 1,
and no application-site reaction was associated with AEs
related to delayed sensitisation (i.e., no systemic rashes were
observed following any event). The proportions of patches
that were changed as a result of skin irritation w0.8% (3/380)
in Cycle 1, 0.3% (1/351) in Cycle 2 and 0% (0/331) in Cycle
3x also suggest an improvement in wearability metrics with
more exposure to the patch.

Discussion

Study 1 characterized the pharmacokinetic profiles of two
TCDSs, AG200LE and AG200-12.5, containing two differ-
ent low EE doses in combination with the same dose of
LNG. Comparisons of mean daily AUCs indicated that
AG200LE had significantly lower EE exposure levels than
AG200-12.5 in the third week of patch wear. Both AG200-
12.5 and AG200LE resulted in significantly lower EE expo-
sure in the first and third weeks of treatment compared with
Levlen, an OC containing 30 mg EE. EE exposure levels
with both patches were less than one-half of those previously
reported for Ortho Evra w12, 18, 19x. Steady-state EE con-
centrations during treatment with AG200-12.5 corresponded
roughly to levels achieved with combination OCs containing
20 mg EE, and were even lower in subjects treated with
AG200LE w19, 20x.

For AG200LE and AG200-12.5, steady-state LNG plasma
concentrations ranged from 1117 pg/mL to 1505 pg/mL in
the third week of patch wear and were within the range of
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Table 7 Treatment-emergent adverse events occurring in G10% of subjects in any treatment group in Studies 1 and 2.

Adverse event Treatment group

AG200LE (ns28) AG200-12.5 (ns25) Levlen� (ns9)

Study 1 wn (%)xa

Nausea 4 (14.3) 5 (20.0) 0 (0)
Application-site pruritus 1 (3.6) 3 (12.0) 0 (0)
Headache 4 (14.3) 3 (12.0) 0 (0)
Dysmenorrhea 5 (17.9) 2 (8.0) 2 (22.2)
Menorrhagia 0 (0) 1 (4.0) 1 (11.1)
Metrorrhagia 12 (42.9) 12 (48.0) 2 (22.2)

Study 2 wn (%)xb AG200LE (ns43) AG200-12.5 (ns44) AG200-15 (ns31)
Nausea 2 (5) 6 (14) 4 (13)
Application-site irritation 3 (7) 6 (14) 4 (13)
Headache 1 (2) 5 (11) 2 (6)
Breast tenderness 2 (5) 4 (9) 3 (10)

aIn Study 1, treatment duration was two cycles with AG200LE and AG200-12.5 but only one cycle with Levlen. bIn Study 2, treatment
duration was three cycles with AG200LE, AG200-12.5 and AG200-15.

plasma levels required for ovulation suppression w21x. Both
AG200-12.5 and AG200LE were associated with signifi-
cantly lower LNG exposures compared with Levlen (150
mg LNG/day). Despite equivalent amounts of LNG within
the two patches, there was a trend of lower LNG exposure
during treatment with AG200LE compared with AG200-
12.5. Increased plasma LNG with increasing doses of EE
may be attributed to serum elevations in SHBG at higher
estrogen concentrations w22x.

Both AG200LE and AG200-12.5 were associated with
good safety and tolerability profiles, and the incidence of
AEs was similar to that of other low-dose OCs w20, 23x.
Further evaluation of patch pharmacodynamics was therefore
merited. The EE levels observed with AG200LE and
AG200-12.5 permitted the addition of a higher dose of EE
and, consequently, a higher-dose LNG patch into Study 2
(ATI-CL11), a dose-finding study.

Mean and median plasma concentrations from Study 2
indicated that EE and LNG levels were consistent over treat-
ment Cycles 2 and 3. EE concentrations for AG200-15 (24–
34 pg/mL) appear to be within the range of those reported
for low-dose OCs w19, 20, 24x and are approximately 50%
lower than blood concentrations reported for Ortho Evra w12x.

The bleeding profile for the AG200-15 patch exhibited
improved cycle control compared with the other two patches
studied and was also similar to that reported for low-dose
marketed OCs w16, 17x. The incidences of hormone-related
AEs, such as headache, nausea and breast tenderness, were
lower with AG200-15 compared with the Ortho Evra patch
and were within range of low-dose combination OCs w12,
16, 19x.

Conclusions

All three patch formulations evaluated in these studies exhib-
ited excellent safety and wearability profiles while maintain-
ing plasma LNG levels required for ovulation suppression.
However, treatment with AG200LE and AG200-12.5 result-

ed in EE concentrations that may be associated with subop-
timal cycle control. A slight increase in the EE dose in
AG200-15 still places this TCDS within the range of low-
dose OCs, with EE exposure much lower than that reported
for Ortho Evra. Based on these results as well as ovulation
suppression data reported previously w25x, AG200-15 was
selected for further testing in phase 3 contraceptive efficacy
and safety studies.
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