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Unintended pregnancies continue to be a major
problem.1-3 It is estimated that approximately 3

million such pregnancies occurred in the United States
in 1994 alone.3 Of these, nearly half occurred among
women who were using contraceptives during the
month in which they became pregnant.3 These data un-
derscore the need for new and innovative methods of
birth control that provide advantages in terms of sim-
plicity of use, user compliance, efficacy, and/or safety.

The R. W. Johnson Pharmaceutical Research Insti-
tute (RWJPRI) has recently developed 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 the sys-
temic circulation.4 NGMN, previously known as
17-deacetylnorgestimate, is the primary active metabo-
lite of norgestimate, the progestin used in
ORTHO-CYCLEN® and ORTHO TRI-CYCLEN®.5 The
20-cm2 matrix patch is thin and consists of three layers:
an outer protective layer; a medicated, adhesive mid-
dle layer; and a clear release liner that is removed prior
to patch application. ORTHO EVRA™ is applied once
weekly for 3 consecutive weeks (21 days) followed by 1
patch-free week per cycle. Thus, users always remove
or apply patches on the same day of the week. In addi-
tion to the simple dosing schedule of ORTHO EVRA™,
transdermal delivery is not affected by gastrointestinal
disturbances and provides steady drug concentrations.
The method is also user controlled and easily reversed.
The primary objective of the study reported here was to
determine the pharmacokinetics of NGMN and EE fol-
lowing two consecutive applications of ORTHO
EVRA™, the first for 7 days (proper dosing) and the sec-
ond for 10 days (a 3-day dosing error).
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The primary objective of this open-label study was to deter-
mine the pharmacokinetics of norelgestromin (NGMN) and
ethinyl estradiol (EE) following two consecutive applications
of a contraceptive patch (ORTHO EVRA™/EVRA™). Twelve
healthy women wore the first patch on their abdomen for 7
days and, after removal at 168 hours (day 7), wore a second
patch for 10 days (i.e., 3 days beyond the intended 7-day wear
period). Blood samples were collected before and at various
times up to 456 hours (day 19) after application of the first

patch for analysis of NGMN and EE. Mean serum concentra-
tions of NGMN and EE remained within the reference ranges,
0.6 to 1.2 ng/ml and 25 to 75 pg/ml, respectively, during the
entire 7-day wear period after application of the first patch
and for 10 days after application of the second patch; refer-
ence ranges are based on studies with ORTHO-CYCLEN ®/
Cilest®. No patch detached spontaneously. No subject dis-
continued or experienced a serious adverse event.

Journal of Clinical Pharmacology, 2001;41:1232-1237
©2001 the American College of Clinical Pharmacology



MATERIALS AND METHODS

Study Population

A total of 12 healthy women ages 18 to 44 years were
enrolled in and completed the study. Subjects had to be
nonsmoking, nonpregnant, and nonlactating; have reg-
ular menstrual cycles; have no evidence of cervical
dysplasia; have seated systolic/diastolic blood pres-
sure ≤ 140/90 mm Hg; agree not to use any other topical
or oral medication (prescription or nonprescription) or
alcohol within 3 days of the first patch application and
throughout the study; agree not to apply oils, creams, or
cosmetics on or around the area of patch placement;
and provide written informed consent. Exclusion crite-
ria included any disorders that were contraindications
to steroid hormonal therapy, history or presence of der-
mal hypersensitivity in response to topical application,
receipt of steroid hormonal therapy or hepatic enzyme-
inducing drugs within 30 days of admission, use of
Norplant® or an experimental drug or device within 60
days of admission, use of a steroid hormone-containing
intrauterine device within 3 months of admission, re-
ceipt 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 dia-
phragm, or a cervical cap throughout the study.

Study Design

This was an open-label, single-group study conducted
at one center in the United States (Innovex, Inc.,
Lenexa, KS). The study protocol was approved by the
institutional review board of Innovex, Inc. After sub-
jects gave informed consent, a contraceptive patch
(ORTHO EVRA™, The R. W. Johnson Pharmaceutical
Research Institute, Raritan, NJ) was applied to the
lower abdomen by study site personnel and worn for 7
days. The first patch was removed at 168 hours by
study site personnel, and a second patch was applied to
another area of the lower abdomen and worn for 10
days (i.e., 3 days beyond the intended 7-day wear pe-
riod). The second patch was removed 408 hours (day
17) after the start of the study. Subjects were admitted
to the study unit the evening prior to dosing on day 1
through the morning of day 2, from the morning of day
8 through the morning of day 9, and from the morning
of day 18 through the last blood draw on day 20. Sub-
jects visited the study unit on days 3, 4, 7, 10, 11, 12, 13,
14, 15, 16, and 17 for pharmacokinetic and safety
evaluations.

Study Evaluations

Pharmacokinetics

Serial blood samples were collected (in 7 cc
Vacutainer® tubes containing sodium fluoride, without
anticoagulant) immediately prior to patch application;
at 12, 24 (day 1), 48 (day 2), 72 (day 3), 144 (day 6), and
168 hours (day 7) during the first 7 days (first patch ap-
plication); at 171, 174, 180, 192 (day 8), 216 (day 9), 240
(day 10), 264 (day 11), 288 (day 12), 312 (day 13), 336
(day 14), 360 (day 15), 384 (day 16), and 408 hours (day
17) during the next 10 days (second patch application);
and at 411, 414, 420, 432 (day 18), and 456 hours (day
19) during the 2 days after removal of the second patch.
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.6 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-III Plus (Toronto, Ontario) triple quadrupole
mass spectrometer was operated in the positive atmo-
spheric pressure chemical ionization mode with the
use of a heated nebulizer interface. The mass spectrom-
eter was operated in the multiple-reaction monitoring
mode. Argon was used as the collision gas to detect the
diagnostic precursor to product ion transition: m/z 328
(M-H)+ → 124 (NGMN; the protonated pseudo-molecu-
lar ion of m/z 328 derived from the loss of the
17β-acetyl group from parent compound). Serum con-
centrations were determined using the slope and inter-
cept of the standard curve obtained from a linear least
squares regression (weighted as 1/concentration2) for
the analyte/internal standard peak area ratio versus cal-
ibration standard concentration. The method de-
scribed in this communication demonstrated a lower
limit of quantitation 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 be-
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low 10%. The accuracy (% 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.7 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 precision 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 samples, the accuracy
values were within ±8% of target (validation data on
file).7

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 between 48 and 168 hours, be-
tween 192 and 336 hours, and between 192 and 408
hours for NGMN and EE. The area under the serum
concentration versus time (Cs vs. t) curves from 0 to 168
hours (AUC0-168 h), from 168 to 336 hours (AUC168-336 h),
and from 168 to 408 hours (AUC168-408 h) were calculated
by the linear trapezoidal summation method. Terminal
half-life (t1/2) was calculated by linear regression of the
terminal elimination phase of the Cs versus t curve.

NGMN and EE serum concentration data were sum-
marized with the mean, standard deviation (SD), and
%CV at each time point.

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 456-hour (day 19) blood sample
(or at early withdrawal). Vital signs (blood pressure and
pulse rate) were determined prestudy and at various
times throughout the study.

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 nec-
essarily the upper and lower limits of the therapeutic
concentration ranges for Ortho Evra™ but were estab-
lished as a developmental tool to identify efficacious
concentrations of NGMN and EE. Css following trans-
dermal administration and Cave following oral adminis-
tration are pharmacokinetically distinct parameters
which would not be directly compared. However, such
a comparison is valid as a developmental tool.

RESULTS

Demographic Characteristics
and Disposition

The 12 subjects had a mean age of 26.0 ± 8.58 years, a
mean weight of 64.1 ± 9.89 kg, and a mean height of
165 ± 8.03 cm. All subjects were white. All subjects
completed the study, and all patches adhered fully un-
til removed by study site personnel.

Pharmacokinetics

Mean serum concentrations of NGMN and EE re-
mained within their reference range (see Materials and
Methods section for explanation) during the entire
7-day wear period after application of the first patch
and for 10 days after application of the second patch
(Figures 1 and 2). For NGMN and EE, AUC168-336 h was
slightly higher (~20%) than AUC0-168 h (Table I). Con-
centration ratios (week 2/week 1) showed little or no
accumulation (≤ 20%) for either NGMN or EE.

Serum concentrations decreased by a mean of 0.10
ng/ml for NGMN and by a mean of 6.3 pg/ml for EE fol-
lowing the patch change at 168 hours (day 7), and mean
serum concentrations of NGMN and EE remained
within the reference ranges.

Safety

Treatment was well tolerated. The most common ad-
verse events were mild to moderate application site re-
actions (4 subjects) and nausea (3 subjects). No subject
discontinued treatment or experienced a serious ad-
verse event. There were no clinically relevant changes
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from baseline in laboratory test evaluations, physical or
gynecologic examination findings, or vital sign
measurements.

DISCUSSION

ORTHO EVRA™ is a contraceptive patch designed to
deliver the hormones NGMN (150 µg) and EE (20 µg)
daily to the systemic circulation for 7 full days.4 A con-
traceptive cycle with ORTHO EVRA™ is three consec-

utive 7-day patches (21 days) followed by 1 patch-free
week. The primary objectives of the present study were
to assess the pharmacokinetics of NGMN and EE fol-
lowing two consecutive applications of ORTHO
EVRA™ and to determine how long concentrations of
NGMN and EE remain within the reference range when
patches are deliberately worn for 10 days (3-day dosing
error). The results of this study demonstrate that mean
serum concentrations of NGMN and EE remain within
their reference range (0.6-1.2 ng/ml and 25-75 pg/ml,
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Table I Pharmacokinetic Parameters of Norelgestromin and Ethinyl Estradiol

Patch Parameter Norelgestromin Ethinyl Estradiol

First patch Cmax 1.02 (0.49) 53.3 (23.2)
tmax (h) 93.8 (46.1) 76.4 (35.3)
C48-168 h

ss 0.85 (0.39) 42.9 (18.1)
AUC0-168 h 130 (63.2) 6769 (3083)

Second patch Cmax 1.14 (0.45) 63.6 (24.1)
tmax (h) 66 (25.3) 64 (38.7)
C192 -336 h

ss 0.93 (0.35) 50.7 (18.6)
C192 -408 h

ss 0.84 (0.30) 45.0 (15.0)
AUC168-336 h 155 (58.7) 8353 (3098)
AUC168-408 h 203 (74.3) 10816 (3695)
t1/2 (h) 25.8 (14.9) 13.7 (3.30)

Values presented are means (standard deviations).C 48 -168 h
ss (first patch) can be compared withC192 - 336 h

ss (second patch); AUC0-168 h (first patch) can be compared
with AUC168-336 h (second patch). Cmax, C 48 -168 h

ss , C192 - 336 h
ss , and C192 - 408 h

ss : ng/ml for norelgestromin and pg/ml for ethinyl estradiol. AUC0-168 h, AUC168-336 h, and
AUC168-408 h: ng•h/ml for norelgestromin and pg•h/ml for ethinyl estradiol.

Figure 1. Mean serum concentra-
tion-versus time profile of
norelgestromin (NGMN) during the
first patch application (0-168
hours or days 0-7), the second
patch application (168-408 hours
or days 7-17), and the terminal
elimination phase (408-456 hours
or days 17-19). Dotted horizontal
lines indicate reference range. Ver-
tical lines indicate time of patch
application/removal.



respectively) for 10 days of patch wear. In addition, al-
though there is a slight decrease in the serum levels of
both hormones at the time of a patch change, the levels
remain within the reference range. These findings ex-
tend those of previous ORTHO EVRA™ studies in
which serum concentrations of NGMN and EE re-
mained in the reference range during proper dosing.8-10

The observation that mean serum concentrations of
both hormones remain within the reference range
when a patch is worn for 3 days longer than the in-
tended 7 days is reassuring. In addition, results of a re-
cent study evaluating follicular suppression showed
that only 1 of 20 subjects developed a follicle > 12 mm
maximum diameter on ultrasound in a cycle with an
intended 3-day dosing error (i.e., when a patch was
worn for 10 days).11 On the basis of these observations,
the recommended procedure to correct a dosing error
in which patch #1 or #2 is worn for 10 days is to use 1
week of backup contraception. No backup contracep-
tion is needed when a patch is inadvertently worn for
up to 9 days.

The mean t1/2 value of NGMN observed in this study
is similar to that reported with norgestimate-contain-
ing oral contraceptives.12 The similar t1/2 value for
NGMN between the patch and norgestimate-contain-
ing oral contraceptives is consistent with simple ab-
sorption and metabolism through the gastrointestinal
tract and liver (in the case of oral contraceptives) and
through the skin (in the case of the patch). There is no

evidence to support a greater depot effect of the skin
than of the gastric mucosa following patch delivery of
these hormones.

ORTHO EVRA™ has several potential advantages
over currently available contraceptive options. Com-
pliance with oral contraceptives can be problematic, in
part because of the need to adhere to a daily pill-taking
routine.13 Rosenberg et al13 reported that nearly 50% of
oral contraceptive users miss one or more pills per cy-
cle, and almost 25% miss two or more pills per cycle.
An obvious consequence of poor compliance is unin-
tended pregnancy. It is estimated that women who miss
one or more pills per cycle are nearly 3 times more
likely to experience an unintended pregnancy than
women who do not miss pills.14 The simple dosing
schedule of ORTHO EVRA™, which requires the user
to comply only 1 day of the week rather than daily, is
the likely reason for the superior compliance rates seen
with ORTHO EVRA™ over oral contraceptives in com-
parative clinical trials.15,16 The improved compliance
with ORTHO EVRA™ may help reduce typical-use
failure rates (i.e., unintended pregnancies) seen in the
United States with oral contraceptives, which have
been estimated to be as high as 8%.2

There are several other differences that ORTHO
EVRA™ offers when compared with existing contra-
ceptive methods. First, ORTHO EVRA™ delivers rela-
tively constant levels of NGMN and EE, as shown in
this and other studies,8-10 without the daily peaks and

1236 J Clin Pharmacol 2001;41:1232-1237

ABRAMS ET AL

Figure 2. Mean serum concentra-
tion-versus time profile of ethinyl
estradiol (EE) during the first patch
application (0-168 hours or days
0-7), the second patch application
(168-408 hours or days 7-17), and the
terminal elimination phase (408-456
hours or days 17-19). Dotted hori-
zontal lines indicate reference
range. Vertical lines indicate time
of patch application/removal.



troughs characteristic of oral dosing. A pharma-
codynamic difference attributed to the difference in
pharmacokinetic characteristics between ORTHO
EVRA™ and the pill is a greater than expected
follicular suppression in one study, but these findings
may need to be confirmed.11 Transdermal delivery
would also eliminate the impact that gastrointestinal
disturbances sometimes have on the pharmacokinetics
of orally administered drugs.17 Last, unlike long-acting
contraceptive injectables and implants, ORTHO
EVRA™ is user controlled, and the method is readily
reversible.

In conclusion, ORTHO EVRA™ maintains mean se-
rum hormone concentrations in the reference range for
up to 10 days. Contraceptive hormone levels remain
within the reference range around the time of a patch
change. All patches remained attached until removed,
and ORTHO EVRA™ was well tolerated by study
subjects.
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