
ABRAMS ET ALNORELGESTROMIN AND ETHINYL ESTRADIOLPHARMACOKINETICS AND PHARMACODYNAMICS

Pharmacokinetics of Norelgestromin and
Ethinyl Estradiol Delivered by a Contraceptive
Patch (Ortho Evra™/Evra™) under Conditions

of Heat, Humidity, and Exercise

Larry S. Abrams, PhD, Donna M. Skee, MS, Jaya Natarajan, PhD, Frankie A. Wong, MS,
Philip T. Leese, MD, George W. Creasy, MD, and Mona M. Shangold, MD

Heat stress has been shown to cause adaptive circu-
latory changes such as vasodilation and increased

cutaneous blood flow, as well as hormonal responses.1

The effects of heat on the pharmacokinetics of several
drugs administered via a transdermal patch, including
clonidine,2 nicotine,3 and nitroglycerin,4 have been
studied. Patch wear in a sauna or during exposure to
high ambient temperatures has been shown to in-
crease plasma drug concentrations. If a heat-drug
pharmacokinetic interaction occurred with a contra-
ceptive patch, it could potentially lead to alterations in
pharmacodynamics.

Contraceptive patch adhesion under conditions of
heat stress should also be evaluated. Patch adhesion
could potentially be reduced by a direct effect of high
temperatures (e.g., sauna), by prolonged exposure to
hot water (e.g., whirlpool), and/or by the perspiration
response in these or other heat-generating activities
(e.g., treadmill). None of the studies referenced above
reported patch adhesion characteristics following such
activities.2-4 Approximately 0.2% to 6% of nitroglyc-
erin patches completely detached during a compara-
tive study in which some subjects were exposed to a va-
riety of conditions, including showering, swimming,
exercising, hot weather, and high humidity.5 However,
duration of exposure to these conditions, temperature,
and/or intensity of the activities was not specified. Un-
der “normal” conditions, complete detachment rates
for hormone replacement therapy patches have been
reported to range from 6% to 13%.6,7

A contraceptive patch (Ortho Evra™/Evra™), which
delivers 150 µg/day of the progestin norelgestromin
(NGMN) and 20 µg/day of the estrogen ethinyl estradiol
(EE) to systemic circulation,8 has been developed.
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The objectives of this randomized, open-label, three-period,
incomplete block design study were to evaluate the
pharmacokinetics of norelgestromin (NGMN) and ethinyl
estradiol (EE) delivered by the contraceptive patch, Ortho
Evra™/Evra™, and to evaluate patch adhesion under condi-
tions of heat, humidity, and exercise. During each treatment
period, 30 healthy women wore Ortho Evra™ on the abdo-
men for 7 days under one of six conditions (normal activity,
sauna, whirlpool, treadmill, cool water immersion, or a com-
bination of activities). Blood samples were collected before
and several times to 240 hours after patch application. Mean

serum concentrations of NGMN and EE generally remained
within the reference ranges, 0.6 to 1.2 ng/ml and 25 to 75
pg/ml, respectively, during the 7-day wear period for all activ-
ities. Only 1 (1.1%) of 87 patches completely detached spon-
taneously. Peel force measurements were comparable for all
activities. Ortho Evra™ was well tolerated. In conclusion,
Ortho Evra™ delivers efficacious concentrations of NGMN
and EE and maintains adhesive reliability through 7 days of
wear even under conditions of heat, humidity, and exercise.
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NGMN, previously known as 17-deacetylnorgestimate,
is the primary active metabolite of norgestimate follow-
ing oral administration of Ortho-Cyclen® (norgestimate
250 µg and EE 35 µg) and Ortho Tri-Cyclen®

(norgestimate 180/215/250 µg and EE 35 µg).9 The 20
cm2 matrix patch is thin and consists of three layers: an
outer protective layer; a medicated, adhesive middle
layer; and a clear release liner that is removed prior to
patch application. Ortho Evra™ may be applied to one
of four anatomic sites once weekly for 3 consecutive
weeks (21 days) followed by 1 patch-free week per
cycle.

Previous studies have reported the pharmacokinetic
profile of NGMN and EE during 7 days of use10-12 or over
multiple cycles13,14 of Ortho Evra™ wear. Evaluating
a contraceptive patch under various conditions of
heat and humidity is critical to ensure that
pharmacokinetics and/or patch adhesion is not signifi-
cantly altered in a manner that could reduce contracep-
tive protection. The primary objectives of the study re-
ported here were to evaluate, under various conditions
of heat, humidity, and exercise, the pharmacokinetics
of NGMN and EE in subjects wearing the contraceptive
patch (Ortho Evra™) and to evaluate patch adhesion.
Safety was also assessed.

MATERIALS AND METHODS

Study Population

Thirty healthy women ages 19 to 47 years were en-
rolled in the study. Subjects had to be nonsmoking,
nonpregnant, nonlactating, physically active (regular
aerobic exercise for at least 30 minutes 3 times per
week for 6 months prior to screening), and tolerant of
high heat and humidity; have regular menstrual cycles,
no evidence of cervical dysplasia, seated systolic/
diastolic blood pressure ≤ 140/90 mm Hg, and a
hematocrit of ≥ 36% at screening; agree not to use any
other topical or oral medication (prescription or non-
prescription) or alcohol within 3 days of the first patch
application and throughout the study and not to apply
oils, creams, or cosmetics on or around the area of
patch placement; and provide written informed con-
sent. Exclusion criteria included any disorders that
were contraindications to steroid hormonal therapy,
history or presence of dermal hypersensitivity in re-
sponse to topical application, receipt of steroid hor-
monal therapy or hepatic enzyme-inducing drugs
within 30 days of admission, use of Norplant® or an ex-
perimental drug or device within 60 days of admission,
use of a steroid hormone-containing intrauterine de-

vice within 3 months of admission, receipt of Depo-
Provera® within 6 months of admission, and alcohol or
substance abuse within 12 months of admission. All
subjects were to have either had a tubal ligation or
agreed to use condoms and foam, a diaphragm, or a cer-
vical cap throughout the study.

Study Design

This study used a randomized, open-label, three-
period, six-treatment, incomplete block design. The
study was conducted at one center in the United States
(Quintiles Phase 1 Services, Lenexa, KS), and the study
protocol was approved by the institutional review
board (Quintiles, Lenexa, KS). During each of the three
treatment periods, subjects wore the contraceptive
patch (Ortho Evra™, The R. W. Johnson Pharmaceuti-
cal Research Institute, Raritan, NJ) on the lower abdo-
men for 7 days under specified conditions. Treatment
periods were separated by a 4-week washout phase.
Patches were applied and removed by study site per-
sonnel. In each of the three treatment periods, subjects
participated in one of the following six activities each
day at a supervised health center (sequence of activity
was determined by a computer-generated randomiza-
tion schedule): (1) normal activity (excluding bathing
[showers acceptable], sunbathing, and strenuous activ-
ities that produce a heavy sweat), (2) sauna (tempera-
ture was between 76 and 82°C for 10 minutes daily), (3)
whirlpool (temperature was between 39 and 41°C for
10 minutes daily), (4) treadmill (20-30 minutes daily at
80%-89% maximum heart rate [HRmax], calculated as
220 minus the age of the subject), (5) cool water immer-
sion (temperature was a maximum of 22°C for up to 30
minutes daily), or (6) combination activities, which in-
cluded use of more than 1 of the following: a treadmill,
stationary bike, stair climber, rowing machine, or ton-
ing ball; weight training; walking or jogging on an in-
door track; swimming; stretching; and abdominal exer-
cises (up to 2 hours daily, with at least 30 minutes daily
performed at 80%-89% HRmax). The incomplete block
design was constructed such that all subjects had “nor-
mal activity” during one of the treatment periods.

Study Evaluations

Pharmacokinetics

Serial blood samples were collected (in 7 cc Vacutainer
tubes containing sodium fluoride, without anticoagu-
lant) immediately prior to each patch application and
at 6, 12, 24 (Day 1), 48 (Day 2), 72 (Day 3), 120 (Day 5),
144 (Day 6), 168 (Day 7), 174, 180, 192 (Day 8), 204, 216
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(Day 9), and 240 hours (Day 10) after each patch appli-
cation. For subjects participating in a test activity (i.e.,
other than normal activity), blood samples were also
drawn at 1, 3, and 6 hours on Day 3 of each treatment
period following completion of the assigned activity.
Blood samples were allowed to clot at room tempera-
ture for 30 minutes and then centrifuged at approxi-
mately 3500 rpm for 20 minutes. Serum was removed
and then stored at –20°C or below and subsequently
shipped in the frozen state for analyses.

Serum samples were analyzed for NGMN at
Primedica (Worcester, MA) using a validated high-
performance liquid chromatographic/tandem mass
spectrometric (LC/MS/MS) method that was similar to
a previously described method.15 The assay procedure
differed from that of the published method in that the
chromatographic elution of extracted serum was ac-
complished via isocratic rather than gradient mode.
The mobile phase consisted of water and acetonitrile
(38:62, v/v) at a flow rate of 1.0 ml/min. A Perkin Elmer
Sciex API-365 (Toronto, Ontario) triple quadrupole
mass spectrometer was operated in the positive atmo-
spheric pressure chemical ionization (APCI) mode
with the use of a heated nebulizer interface. The mass
spectrometer was operated in the multiple reaction
monitoring (MRM) mode. Nitrogen was used as the col-
lision gas to detect the diagnostic precursor to product
ion transition: m/z 328 (M-H)+ → 124 (NGMN; the
protonated pseudo-molecular ion of m/z 328 derived
from the loss of the 17β-acetyl group from parent com-
pound). Serum concentrations were determined using
the slope and intercept of the standard curve obtained
from a linear least squares regression (weighted as
1/concentration2) for the analyte/internal standard
peak area ratio versus calibration standard concentra-
tion. The method described in this communication
demonstrated a lower limit of quantitation (LLOQ) of
0.1 ng/ml and was linear over a concentration range
from 0.1 to 5.0 ng/ml for NGMN. During validation, the
extraction recovery of NGMN from serum was at least
75%. The interassay precision coefficient of variation
(%CV) of interpolated mean values of the calibration
standards was consistently below 10%. The accuracy
(percent deviation from target value) was within ±10%
over this concentration range.

Serum concentrations of EE were determined at PPD
Development (Richmond, VA) using a validated gas
chromatographic (GC)/MS method.16 Briefly, following
a sample preparation procedure entailing liquid-liquid
extraction with an organic solvent mixture, chemical
derivatization, and subsequent solid-phase cleanup
steps, the samples (1.0 ml) were analyzed using GC sep-
aration coupled with single quadrupole MS detection.

The mass spectrometer was operated in the negative
ion mode. The assay was validated over a concentra-
tion range from 2.0 to 1000 pg/ml. The overall recovery
of EE from serum was ~50%. During validation, both
the interassay and intraassay precisions of interpolated
mean values of the calibration standards were consis-
tently below 15%, and the values for accuracy were
within ±3% of target for EE over the usable concentra-
tion range. In quality control (QC) samples, the accu-
racy values were within ±8% of target.

Peak concentrations (Cmax) for each wear period and
the time to reach Cmax (tmax) were determined by inspec-
tion. Steady-state serum concentrations (Css) of NGMN
and EE were calculated as the average concentration
between 48 and 168 hours. The area under the serum
concentration versus time (Cs vs. t) curves from 0 to 168
hours (AUC0-168 h) and from 0 to 240 hours (AUC0-240 h)
was calculated by the linear trapezoidal summation
method. Terminal half-life (t1/2) was calculated by lin-
ear regression of the terminal elimination phase of the
Cs versus t curve.

Adhesion

Patch adhesion was evaluated after the 168-hour blood
sample during Periods 1, 2, and 3, corresponding to 7
consecutive days of patch wear during each activity.

Peel Force

Patches were removed with a Chatillon Model DFM
Digital Force Meter. The force required to peel the
patch from skin was evaluated, and tension was re-
corded after the 168-hour blood sample during Periods
1, 2, and 3.

Safety

Adverse events, both those reported by subjects and
those observed by the investigators, were collected
throughout the study. Clinical laboratory tests (hema-
tology, serum chemistry, and urinalysis) and physical
and gynecologic examinations were performed
prestudy and after the final 240-hour blood sample (or
at early withdrawal). Vital signs (blood pressure and
pulse) were determined prestudy and at various times
throughout the study.

Statistical Methods

NGMN and EE serum concentration data were summa-
rized with the mean, standard deviation (SD), and
%CV at each time point. Analysis of variance (ANOVA)
models appropriate for a repeated- measures design
were fit to log-transformed AUC0-240 h and Css data. The
estimated least square means and intrasubject variabil-
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ity from this model were used to calculate 90% confi-
dence intervals (CIs) for the ratio of the mean AUC0-240 h

and Css for each of the test activities versus the normal
activity. An ANOVA model appropriate for a re-
peated-measures design was also fit to the peel force
data. The estimated least square means and
intrasubject variability from this model were used to
calculate 90% CIs for the difference in peel force for
each of the test activities versus the normal activity. Pe-
riod and treatment effects were tested at the 5% level
using the residual error term.

Reference Ranges

The reference concentration ranges of NGMN and EE
were calculated from the average serum concentrations
(Cave) in 90% of the individual subjects (excluding up-
per and lower 5%) taking Ortho-Cyclen®/Cilest® (oral
norgestimate 250 µg plus EE 35 µg) in an RWJPRI
pharmacokinetic study. This was computed from
AUC0-τ/τ for these compounds at steady-state concen-
trations over a 24-hour interval following administra-
tion of the norgestimate/EE oral contraceptives. The
reference ranges are 0.6 to 1.2 ng/ml and 25 to 75 pg/ml,
respectively. The reference ranges are not necessarily
the upper and lower limits of the therapeutic concen-
tration ranges for Ortho Evra™ but were established as
a developmental tool to identify efficacious concentra-
tions of NGMN and EE. Css following transdermal ad-
ministration and Cave following oral administration are
pharmacokinetically distinct parameters that would
not be directly compared. However, such a comparison
is valid as a developmental tool.

RESULTS

Demographic Characteristics and Disposition

The 30 subjects had a mean age of 32.7 ± 7.65 years, a
mean weight of 64.1 ± 8.32 kg, and a mean height of
165.2 ± 6.51 cm. Twenty-seven subjects were white, 2
were black, and 1 was Asian. Twenty-eight subjects
completed the study; 1 subject withdrew due to an ad-
verse event (see Safety section), and 1 withdrew for
personal reasons. Of the 12 subjects assigned to a com-
bination of activities, the most frequently chosen activ-
ities included the treadmill (8 subjects), stationary bike
(7 subjects), and weight training (6 subjects).

Three subjects were excluded from the statistical
analysis of AUC0-240 h and Css results due to incomplete

data in 1 or more treatment periods. A total of 87
patches were applied during the study, all of which
were included in the analysis of patch adhesion. All 30
subjects were included in the safety analysis.

Pharmacokinetics

Mean pharmacokinetic data are summarized in Table I
for NGMN and Table II for EE. Mean serum concentra-
tions of NGMN and EE generally remained within the
reference range (see Materials and Methods section for
explanation) during the 7-day wear period for all activ-
ities (Figures 1 and 2 and Tables III and IV). There were
no statistically significant treatment effects for NGMN;
geometric mean ratios for AUC0-240 h and Css ranged from
88% to 99% (Table V). For EE, the treatment effect was
statistically significant by ANOVA for AUC0-240 h (p =
0.008) but not for Css. Further examination revealed
that only combination (p = 0.0038) and treadmill (p =
0.0042) activities were significantly different from the
normal activity. The estimated geometric mean ratios
ranged from 99% to 127% for AUC0-240 h and from 97%
to 116% for Css.

Adhesion and Peel Force

Only 1 of 87 (1.1%) patches completely detached spon-
taneously. This patch became detached on Day 4 of
combination activities.

There were no statistically significant differences
in peel force measurements across the six activities
(Table VI).

Safety

The most frequent adverse events (> 10%) were head-
ache, nausea, fatigue, pharyngitis, and vomiting. Only 1
subject experienced an application site reaction, which
was of mild intensity. Most adverse events were rated
mild to moderate in severity, and none were consid-
ered serious. Only 1 subject experienced a treatment-
limiting adverse event; this subject discontinued dur-
ing Period 3 due to abdominal pain, which was judged
by the investigator to be of doubtful relationship to
the study drug. There were no clinically relevant
changes from baseline in laboratory test evaluations or
vital sign measurements. Two subjects had mild
fibrocystic breast changes at the final examination, and
1 subject had a small uterine fibroid noted at the final
examination.
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Table I Pharmacokinetic Parameters of Norelgestromin

Normal Sauna Whirlpool Treadmill Cool Water Combination
Parameter (n = 29) (n = 12) (n = 11) (n = 12) (n = 12) (n = 12)

tmax, h 74.5 (31.0) 47.8 (7.76) 65.4 (20.7) 48.6 (13.3) 59.7 (20.9) 51.6 (2.40)
Cmax, ng/ml 0.94 (0.32) 1.07 (0.36) 1.05 (0.39) 0.97 (0.20) 0.93 (0.33) 1.02 (0.26)
Css, ng/ml 0.73 (0.27) 0.73 (0.24) 0.73 (0.31) 0.63 (0.13) 0.73 (0.22) 0.67 (0.15)
AUC0-168 h, ng•h/ml 116 (43.8) 119 (42.6) 122 (51.2) 107 (21.4) 116 (37.3) 113 (27.0)
AUC0-240 h, ng•h/ml 129 (49.4) 132 (44.4) 134 (55.8) 117 (26.0) 129 (39.2) 124 (31.2)
t1/2, h 28.2 (15.9) 19.5 (9.18) 32.6 (26.9) 32.9 (22.3) 25.0 (14.9) 24.2 (8.45)

Values presented are means (standard deviations).

Table II Pharmacokinetic Parameters of Ethinyl Estradiol

Normal Sauna Whirlpool Treadmill Cool Water Combination
Parameter (n = 29) (n = 12) (n = 11) (n = 12) (n = 12) (n = 12)

tmax, h 86.9 (48.5) 65.4 (35.3) 76.5 (52.0) 60.9 (36.8) 84.0 (48.1) 42.9 (17.6)
Cmax, pg/ml 64.5 (21.6) 85.4 (25.8) 80.8 (39.8) 81.3 (21.2) 63.9 (18.1) 89.9 (32.2)
Css, pg/ml 53.0 (18.7) 61.7 (20.0) 55.2 (16.8) 60.8 (17.0) 52.3 (16.8) 59.3 (19.0)
AUC0-168 h, pg•h/ml 8237 (3047) 10,172 (3428) 8987 (2749) 10,378 (2534) 8186 (2458) 10,343 (3293)
AUC0-240 h, pg•h/ml 9055 (3377) 11,155 (3631) 9716 (2865) 11,246 (3034)a 9109 (2796) 11,132 (3600)b

t1/2, h 15.0 (2.67) 25.7 (30.9) 18.0 (7.34) 17.7 (9.51) 14.9 (3.58) 15.2 (3.48)
Values presented are means (standard deviations).
a. p = 0.0042 versus normal activity.
b. p = 0.0038 versus normal activity.

Table III Serum Concentrations of Norelgestromin

Mean (standard deviation), ng/ml

Time, h Normal Sauna Whirlpool Treadmill Cool Water Combination

0 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
6 0.16 (0.19) 0.30 (0.14) 0.31 (0.21) 0.29 (0.17) 0.15 (0.13) 0.33 (0.17)
12 0.36 (0.24) 0.54 (0.25) 0.56 (0.28) 0.54 (0.17) 0.40 (0.18) 0.51 (0.22)
24 (Day 1) 0.64 (0.32) 0.73 (0.35) 0.76 (0.31) 0.70 (0.15) 0.70 (0.32) 0.75 (0.25)
48 (Day 2) 0.83 (0.36) 0.90 (0.29) 0.93 (0.38) 0.86 (0.17) 0.87 (0.31) 0.93 (0.22)
49.6 NA 0.98 (0.23) 0.86 (0.30) 0.82 (0.21) 0.82 (0.27) 0.94 (0.22)
51.6 NA 1.00 (0.32) 0.94 (0.41) 0.88 (0.24) 0.82 (0.29) 0.89 (0.28)
54.6 NA 0.91 (0.48) 0.85 (0.30) 0.89 (0.20) 0.85 (0.34) 0.89 (0.40)
72 (Day 3) 0.85 (0.34) 0.83 (0.28) 0.92 (0.43) 0.80 (0.19) 0.84 (0.26) 0.77 (0.22)
120 (Day 5) 0.73 (0.29) 0.66 (0.32) 0.73 (0.35) 0.57 (0.14) 0.72 (0.22) 0.64 (0.14)
144 (Day 6) 0.68 (0.28) 0.60 (0.30) 0.61 (0.32) 0.49 (0.14) 0.65 (0.21) 0.52 (0.15)
168 (Day 7) 0.58 (0.24) 0.62 (0.30) 0.49 (0.15) 0.44 (0.13) 0.56 (0.19) 0.48 (0.14)
174 0.46 (0.21) 0.46 (0.21) 0.41 (0.19) 0.32 (0.11) 0.42 (0.11) 0.38 (0.11)
180 0.36 (0.16) 0.37 (0.18) 0.32 (0.12) 0.28 (0.08) 0.34 (0.10) 0.31 (0.11)
192 (Day 8) 0.22 (0.13) 0.18 (0.12) 0.20 (0.13) 0.16 (0.10) 0.19 (0.11) 0.18 (0.08)
204 0.15 (0.11) 0.10 (0.11) 0.11 (0.11) 0.10 (0.10) 0.13 (0.09) 0.09 (0.07)
216 (Day 9) 0.07 (0.09) 0.06 (0.11) 0.06 (0.08) 0.04 (0.07) 0.07 (0.08) 0.06 (0.07)
240 (Day 10) 0.01 (0.03) 0.01 (0.03) 0.01 (0.04) 0.04 (0.10) 0.01 (0.03) 0.01 (0.03)

NA, not applicable, as blood sample was not obtained.



DISCUSSION

This study demonstrated that mean serum concentra-
tions of NGMN were unchanged and mean serum con-
centrations of EE did not rise acutely, did not fall below
the reference range, and generally remained within the
reference range in women using the contraceptive

patch, Ortho Evra™, during the 7-day wear period un-
der conditions of physical exertion and varying
temperature and humidity. These pharmacokinetic
findings are similar to those reported in studies in
which Ortho Evra™ was worn under “normal” condi-
tions.10-13 In the present study, there were no treatment
effects (based on ANOVA) for NGMN. For EE, there was
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Table IV Serum Concentrations of Ethinyl Estradiol

Mean (standard deviation), pg/ml

Time, h Normal Sauna Whirlpool Treadmill Cool Water Combination

0 0.16 (0.87) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 3.00 (10.5) 0.00 (0.00)
6 16.0 (17.2) 34.1 (16.6) 30.6 (17.9) 40.4 (13.2) 13.0 (8.1) 42.5 (19.3)
12 29.9 (24.3) 51.2 (22.4) 43.7 (21.9) 61.0 (19.1) 33.0 (17.2) 64.4 (27.5)
24 (Day 1) 43.9 (23.2) 61.3 (28.1) 52.9 (23.2) 71.7 (18.0) 45.1 (17.8) 76.1 (27.6)
48 (Day 2) 56.1 (23.7) 68.0 (23.4) 72.0 (40.4) 74.3 (16.9) 55.7 (17.5) 80.9 (32.6)
49.6 NA 74.1 (22.8) 64.9 (23.0) 69.0 (18.4) 52.4 (18.9) 78.2 (25.5)
51.6 NA 74.7 (21.2) 67.8 (26.7) 73.4 (18.9) 53.8 (19.0) 82.4 (29.3)
54.6 NA 75.1 (22.6) 63.8 (21.2) 76.8 (19.3) 57.1 (19.1) 81.5 (27.4)
72 (Day 3) 55.8 (22.5) 68.3 (27.0) 62.1 (20.2) 73.2 (17.4) 55.9 (15.7) 72.5 (24.9)
120 (Day 5) 52.5 (20.1) 61.4 (28.8) 52.9 (22.1) 57.9 (17.4) 51.8 (18.4) 54.8 (16.1)
144 (Day 6) 52.6 (18.9) 55.4 (25.7) 47.5 (22.4) 49.3 (19.5) 49.4 (19.8) 45.9 (19.2)
168 (Day 7) 47.9 (19.6) 55.8 (24.3) 41.8 (17.9) 49.4 (27.1) 48.9 (21.9) 42.6 (13.0)
174 31.0 (13.7) 35.6 (13.7) 27.5 (11.5) 29.3 (16.1) 30.5 (12.7) 28.2 (9.65)
180 22.2 (11.2) 28.1 (13.3) 19.6 (5.73) 20.3 (12.7) 23.9 (11.8) 19.9 (7.83)
192 (Day 8) 11.8 (7.02) 15.7 (8.57) 10.9 (9.14) 16.0 (12.9) 13.2 (6.93) 11.1 (5.26)
204 7.74 (4.80) 10.9 (7.79) 6.56 (4.79) 7.47 (5.13) 11.2 (17.4) 7.57 (4.06)
216 (Day 9) 4.47 (4.34) 4.30 (3.46) 3.59 (3.63) 4.04 (3.53) 4.05 (3.04) 4.30 (3.33)
240 (Day 10) 0.77 (1.55) 0.70 (1.53) 1.30 (1.95) 0.56 (1.26) 3.04 (7.77) 2.89 (5.37)

NA, not applicable, as blood sample was not obtained.

Table V 90% Confidence Intervals for the Ratio of the Mean for Test Activity to Normal Conditions

Norelgestromin Ethinyl Estradiol

Comparison Parameter Ratio (%)a 90% CIb Ratio (%)a 90% CIb

Sauna versus normal Css 93.2 82.5, 105.3 109.9 95.7, 126.1
AUC0-240 h 93.8 82.8, 106.3 115.9 101.2, 132.7

Whirlpool versus normal Css 94.2 83.4, 106.4 108.1 94.3, 124.1
AUC0-240 h 99.4 87.7, 112.6 112.3 98.1, 128.5

Treadmill versus normal Css 90.0 80.0, 101.2 115.6 101.3, 131.9
AUC0-240 h 94.1 83.5, 106.1 126.2 110.8, 143.7

Cool water versus normal Css 99.0 88.4, 110.8 96.6 85.1, 109.7
AUC0-240 h 99.3 88.5, 111.4 99.0 87.4, 112.2

Combination versus normal Css 87.9 78.1, 98.8 113.5 99.5, 129.6
AUC0-240 h 92.6 82.2, 104.4 126.5 111.2, 144.1

CI, confidence interval.
a. Ratio of geometric mean for test activity to geometric mean for normal conditions.
b. 90% CI for ratio of geometric mean for test activity to geometric mean for normal conditions.



a statistically significant treatment effect (based on
ANOVA) for AUC0-240 h but not for Css. The combination
and treadmill activities caused a slight increase in

mean AUC0-240 h (geometric mean ratio was 126% for
both, and 90% CIs were 111% to 144% for both). This
slight increase in AUC0-240 h appeared to be due to a
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Figure 1. Mean serum concentra-
tion versus time profile of
norelgestromin (NGMN) under
conditions of physical exertion
and varying temperature and hu-
midity. Dotted horizontal lines in-
dicate reference range (see text for
explanation).

Figure 2. Mean serum concentra-
tion versus time profile of ethinyl
estradiol (EE) under conditions of
physical exertion and varying tem-
perature and humidity. Dotted hor-
izontal lines indicate reference
range (see text for explanation).

Table VI Patch Peel Force Results

Normal Sauna Whirlpool Treadmill Cool Water Combination
(n = 26) (n = 11) (n = 10) (n = 11) (n = 10) (n = 9)

Mean (SD), kg 0.30 (0.18) 0.28 (0.22) 0.30 (0.16) 0.22 (0.08) 0.31 (0.34) 0.44 (0.41)
Range, kg 0.005-0.69 0.08-0.71 0.145-0.615 0.13-0.395 0.075-1.155 0.105-1.455

All subjects with available data were included in the analysis.



slight transient increase in the rate of absorption of EE
during the first 48 hours following Ortho Evra™ wear
(Figure 2). Following this time, serum EE levels de-
creased during the remaining 5 days of the wear period.
The overall mean Css for combination (59.3 pg/ml) and
treadmill (60.8 pg/ml) activities were still within the
reference range established and were not significantly
different from normal wear (53.0 pg/ml).

There was no evidence of a sudden increase in ab-
sorption of EE 1 to 6 hours after activities were per-
formed (tmax values ranged from 12 to 168 hours). If in-
creased absorption of EE was caused by the increased
dermal blood flow associated with heat, humidity, and
exercise, then concentrations of NGMN would have
been expected to increase in a fashion similar to EE.
Since this was not the case, it is unclear what mecha-
nism is responsible for the slight increases in EE levels.

To our knowledge, this is the first study to evaluate
the force required to remove a patch from the skin. One
might have expected these data to differ following ex-
posure to various conditions of heat, humidity, or exer-
cise when compared with normal activity. However,
mean peel force values were similar in this study, re-
gardless of activity. Overall, adhesive reliability of
Ortho Evra™ was excellent, with only 1 of 87 (1.1%)
patches becoming completely detached spontane-
ously. This is consistent with the complete detachment
rate of less than 2% reported in previous studies of up
to 13 cycles’ duration involving more than 3000 Ortho
Evra™ users.17-19

Ortho Evra™ is a new delivery method of combina-
tion hormonal contraception that has demonstrated ef-
ficacy and safety comparable to combination oral con-
traceptives.17,19 Compliance with the dosing schedule
of Ortho Evra™ was shown to be better than compli-
ance with the daily dosing regimen of combination oral
contraceptives.17,19 The simpler dosing schedule for
Ortho Evra™ may explain these results. Although com-
bination oral contraceptive labeling reports that 5% of
women will experience contraceptive failure during
the first year of use, estimates as high as 8.5% have
been reported in the literature.20 These failures are of-
ten due to a lack of correct and consistent pill tak-
ing.21-23 Thus, a combination hormonal contraceptive
method with greater simplicity, such as Ortho Evra™,
may help to reduce unintended pregnancies while
maintaining the same noncontraceptive health benefits
of estrogen and progestin.24

In conclusion, mean serum concentrations of
NGMN from the contraceptive patch, Ortho Evra™,
were unchanged during all conditions in this trial. In
addition, mean serum concentrations of EE did not rise
acutely, did not fall below the reference range, and gen-

erally remained within the reference range. These re-
sults indicate that Ortho Evra™ delivers efficacious
concentrations of NGMN and EE even under condi-
tions of heat, humidity, and exercise. Only 1 of 87
(1.1%) patches completely detached spontaneously,
and peel force measurements were comparable for all
activities. Ortho Evra™ was well tolerated by study
subjects.
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