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Abstract

Objective—To determine if increasing the hormone dose or eliminating the hormone-free
interval improves key pharmacokinetic (PK) alterations caused by obesity during oral
contraceptive (OC) use.

Study design—Obese (BMI = 30 kg/m?2), ovulatory, otherwise healthy, women received an OC
containing 20 mcg ethinyl estradiol (EE)/100 mcg levonorgestrel (LNG) dosed cyclically (21 days
active pills with 7-day placebo week) for two cycles and then were randomized for two additional
cycles to: Continuous Cycling [CC, a dose neutral arm using the same OC with no hormone-free
interval] or Increased Dose [ID, a dose escalation arm using an OC containing 30 mcg EE/150
mcg LNG cyclically]. During Cycle 2, 3, and 4, outpatient visits were performed to assess
maximum serum concentration (Cmax), area under the curve (AUCy.), and time to steady state
as well as pharmacodynamics. These key PK parameters were calculated and compared within
groups between baseline and treatment cycles.

Results—A total of 31 women enrolled and completed the study (CC group n = 16; ID group n =
15). Demographics were similar between groups [mean BMI: CC 38kg/m?2 (SD 5.1), ID 41kg/m?2
(SD 7.6)]. At baseline, the key LNG PK parameters were no different between groups; average
time to reach steady-state was 12 days in both groups; Cmax were CC: 3.82 + 1.28 ng/mL and ID:
3.13 £ 0.87 ng/mL; and AUCy.., were CC: 267 £ 115 hr*ng/mL and ID: 199£75 hr*ng/mL.
Following randomization, the CC group maintained steady-state serum levels whereas the ID
group had a significantly higher Cmax (p< 0.001) but again required 12 days to achieve steady-
state. However, AUC was not significantly different between CC (412 + 255 hr*ng/mL) and 1D
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(283 £ 130 hr*ng/mL). Forty-five percent (14/31) of the study population had evidence of an
active follicle-like structure prior to randomization and afterwards this decreased to 9% (3/31).

Conclusion—Both increasing the OC dose and continuous dosing appear to counteract the

impact of obesity on key OC PK parameters.

Keywords
BMI; drug levels; hormonal contraception; continuous-dosing

Introduction

Obesity impacts the pharmacokinetic (PK) parameters of contraceptive steroids; specifically,
half-life, clearance, area under the curve, and time to achieve steady-state [1, 2]. These PK
indices are considered critical indicators of drug therapeutic performance [3]. Whether the
observed alterations in PK parameters observed in obese women translate into clinical
evidence of failure (i.e. pregnancy) is controversial, but observed PK changes are
concerning and may magnify the effects of poor pill compliance in this population [4].
Although it is tempting to simply recommend alternative forms of birth control to bypass
both PK and compliance issues, oral contraceptives (OC) remain the most popular form of
contraception [5] and a woman’s individual preference influences her compliance and
continuation with any method [6]. Moreover, since obese women have been largely
excluded from premarketing evaluations of the newest low dose formulations of OCs, we
have insufficient information available to assess efficacy in this population.

Strategies to normalize PK parameters should improve effectiveness whether the mechanism
of failure is altered drug metabolism or poor compliance. We have shown that the most
likely ‘window for failure’ for obese OC users is with pill initiation or following the 7-day
hormone-free interval due to a delay in achieving steady-state because of changes in
contraceptive steroid clearance and not volume of distribution [1]. Following a 7-day
hormone-free interval, women of normal BMI achieve a steady-state level of levonorgestrel
within 5 days whereas obese women take twice as long [1]. We hypothesized that two
readily available strategies: eliminating the hormone-free interval (continuous cycling) or
using a higher dose pill cyclically (increased dose) might have the potential to counteract
this obesity-related change in OC PK. This study was designed to determine if increasing the
hormone dose or eliminating the hormone-free interval resolves the impact of obesity on PK
and improves end-organ suppression.

Materials and Methods

A prospective randomized study was conducted at Oregon Health & Science University
(OHSU) in Portland, Oregon from January 2010 to June 2011. The OHSU Institutional
Review Board and OHSU Clinical & Translational Research Institute (OCTRI) approved the
study protocol and all subjects underwent informed written consent.

Otherwise healthy, obese (BMI =30 kg/m?) reproductive-aged (18-35 years old) women, not
currently using hormonal contraception but seeking to initiate combination oral
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contraceptives, were recruited. Inclusion and exclusion criteria included regular menstrual
cycles, not actively seeking weight gain or loss, no evidence of anemia (hematocrit = 36%),
no contraindications to hormonal contraception, no use of tobacco or drugs known to
interfere with the metabolism of sex steroids, and no overt clinical features of or prior
treatment for metabolic disorders (i.e. polycystic ovarian syndrome, diabetes).

In addition to baseline demographic information, several obesity biomarkers including
weight, height, and body composition measurements by air displacement plethysmography
were collected. A blood sample was obtained to measure progesterone (P) levels during the
luteal phase of the pretreatment cycle to confirm ovulation. A value of = 3 ng/mL was
required for enrollment.

All qualifying study subjects were placed on a combination monophasic birth control pill
containing 20 mcg ethinyl estradiol/100 mcg levonorgestrel (Aviane; Teva; Israel) at the
onset of menses following the pre-treatment cycle. The medication was dosed in a cyclic
fashion (21 days active pill with a 7-day hormone-free interval) for a total of two treatment
cycles [7]. Randomization to study groups occurred after the completion of these two
baseline cycles. Women were then randomized to one of two arms for another two cycles:
Continuous Cycle [CC, a dose neutral arm using the same OC with no hormone-free
interval] or Increased Dose [ID, a dose escalation arm using an OC containing 30 mcg
EE/150 mcg LNG cyclically] (Portia; Barr Laboratories; USA). Subjects were randomized
to treatment group by the OHSU Research Pharmacy using a predetermined computer-
generated randomization scheme and were allocated using sequentially numbered, opaque,
sealed envelopes. Once randomized, women and study staff were not blinded to group
allocation. The randomization scheme was provided to the primary investigator after
enrollment and data entry were completed.

Women were instructed to take each pill at 9:00 AM daily. Self-reported compliance with
the medication was recorded on a calendar (compliant cycle < two late and/or missed pills
during 1 cycle) and confirmed based on OC serum levels (honuser: all LNG values < 0.16
ng/mL, inconsistent user: two or more values < 1.0 ng/mL, consistent user: no more than
one value < 1.0 ng/mL) [8].

To determine baseline PK parameters of EE and LNG, serial serum samples were collected
during a clinical research inpatient stay beginning on Cycle 1, Day 21 [last day of active
pills, 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 hours], and continuing with daily samples on Cycle 1,
Day 22, 23, 24, and 27 (e.g. hormone-free interval in Cycle 1). Outpatient Serum samples
were obtained to compute the time to reach steady-state, maximum serum concentration
(Cmax), and area under the curve (AUCy..); twice weekly during Cycle 2,3, and 4 as well
as daily samples in Cycle 3 on Day 22, 23, and 24. Additional serum samples were obtained
for FSH, LH, estradiol (E) and P at these visits. Exact serum sampling time in relationship
to pill ingestion was accounted for in the PK analysis. At each of these visits, a vaginal
probe ultrasound (GE LOGIQ 400 Proseries ultrasound, 7.5-MHZ) was performed to
monitor growth of ovarian follicles. The total number of antral follicles (=4mm) was
documented and the largest follicle on each ovary was measured in two dimensions.
Cervical mucus was obtained from the endocervix using a Select endocervical aspirator
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(Select Medical Systems Inc., Williston, VT) and scored according to World Health
Organization guidelines (0-4 poor, 5-8 fair, 9-12 good) [9].

Serum samples were assayed for LNG and EE by radioimmunoassay (RIA) with preceding
organic solvent extraction and Celite column partition chromatography at the Reproductive
Endocrine Research Laboratory, University of Southern California, Los Angeles, CA. These
purification steps remove potential interfering conjugated and unconjugated metabolites of
EE, NET and endogenous steroids. Use of highly specific antisera in the RIAs adds to their
specificity. The sensitivities of these RIAs are 0.05 ng/mL for LNG and 15 pg/mL for EE.
Intra-assay and inter-assay coefficients of variation are 4.4% and 8.9% for the LNG RIA and
6.9% and 11% for the EE RIA, respectively. FSH, LH, estradiol (E,) and P assays were
performed at the Endocrine Technology Services Core Laboratory (ETSL) at the Oregon
National Primate Research Center (ONPRC, Beaverton, Oregon) using an automated
Immulite 2000 chemiluminescent immunoassay system (Siemens Healthcare Diagnostics,
Deerfield, IL 60015, USA). The assay sensitivity of E,, P, FSH, and LH assays are 20
pg/mL, 0.2 ng/mL, 0.1 mlU/mL, and 0.1 mIU/mL respectively.

PK parameter analysis

Sample size

Baseline LNG and EE PK data were analyzed separately by noncompartmental methods
using WinNonLin (v 5.2; Pharsight, Moutain View, CA). LNG and EE C,ax and time to
maximum concentration (Tax) Were observed values. AUC was calculated from time zero
to 168 hours (AUCy_) using the linear trapezoidal rule and then extrapolated to infinity
(AUCy.). Drug half-life (ty/2), oral clearance (CL/F), and volume of distribution (Vp/F)
were estimated using standard pharmacokinetic calculations (t1/o= 0.693/\,, CL= dose/
AUC_.; Vp= CL//\;) where }; is the terminal elimination rate constant. Additionally, the
time to reach steady-state is an observed value derived from plotting the LNG and EE
plasma concentration (Cycles 2 and 4). During Cycle 4, AUC between days 20 and 26
(AUCyg_»6) was computed using the linear trapezoidal rule.

We assumed that the interventions should normalize the LNG AUC (the major component in
calculating tq/2, CL, and time to steady-state) in an obese woman to that of a normal BMI
woman. Based on our previous data, 15 subjects per group would provide 99% power to
detect a difference of 112 pg hr/mL in LNG AUC [1] between treatment arms with an
alpha=0.05. To accommaodate for drop out we planned to enroll 32 subjects in total.

Statistical Analysis

Descriptive statistics were generated and compared for demographics and baseline PK
parameters between treatment groups. Key PK parameters were then compared within
groups between Cycle 2 (baseline) and Cycle 4 (on treatment). Secondary outcomes
included comparisons of end-organ activity within groups between baseline and treatment.
Increased end-organ activity or ‘active follicle-like structure’ was defined as a follicle of
>10 mm, cervical mucus scores =5, E2>75 pg/mL and/or P > 3 ng/mL. Based upon prior
observations of obese and normal weight women followed in a similar protocol, the
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reference LNG AUC for normal BMI women from our prior work is 112.1 + 84.3 h*ng/
mL[1].

Thirty-two subjects signed informed consent (CC n = 16; ID n = 15) and met eligibility
criteria (1 subject discontinued Cycle 2, day 6) (Figure 1). No differences in demographics
were found between groups except that more of the CC group had experienced a prior
pregnancy (Table 1). There were no serious adverse events or pregnancies during the study
period. All participants were found to be compliant with study medication serum levels (e.g.
no subject had an on-treatment LNG level of < 1.0 ng/mL) except for one subject during
Cycle 4 only who met criteria for an inconsistent user (CC group, BMI 38.5 kg/m?) via drug
trough levels.

Pharmacokinetics and pharmacodynamics

There were no significant differences in the baseline cycle LNG or EE PK parameters
between groups prior to randomization (Table 1). The observed average time to reach
steady-state of LNG at baseline was 12 days in both groups and the steady-state
concentrations at baseline were similar (CC: 3.82 £ 1.28 ng/mL; ID: 3.13 £ 0.87 ng/mL).
Following randomization, the CC group maintained a steady plasma LNG concentration
(3.01 £ 0.19 ng/mL) (Figure 2). On the other hand, women initiating the ID group still
required 12.3 days (SD 2.7) to reach the new steady-state (Figure 2). Consistent with
increased drug delivery, this new steady-state was significantly higher in the 1D group (3.58
+ 0.35 ng/mL, p < 0.001) than in the lower dose CC group. However, the calculated

AUC 20_26) Was similar between the two treatment groups (CC: 412 + 255 hr*ng/mL; ID:
283 + 130 hr*ng/mL). As expected, the AUC within groups were significantly higher post-
randomization as compared to baseline (CC: p < 0.001; ID: p <0.01). A comparison of AUC
during days 0 and 26, demonstrated no difference between groups (CC: 1716 + 930
ng.hr/mL; ID: 1632 + 643 ng.hr/mL). In summary Figure 2 illustrates that while the
increased dose results in higher concentrations, the time to reach steady state is not affected.
In contrast, the continuous dosing eliminates the drop in drug levels associated with the
hormone free interval.

EE plasma concentrations reached steady-state earlier than that of LNG in both groups at
baseline, with most women reaching steady-state by day 5. The steady-state concentrations
at baseline were similar between groups (CC: 0.12 £ 0.04 ng/mL; ID: 0.10 £ 0.03 ng/mL)
(Table 1). As expected, plasma concentrations declined during the hormone-free interval
during Cycle 2 (days 21-28). However, unlike the slow decline observed for LNG, EE
concentrations declined rapidly and reached baseline values by day 24. Consistent with the
LNG data, upon randomization to treatment arms, the steady-state concentrations of EE in
the 1D group (111 + 11.2 pg/ml) were significantly higher than that of low-dose continuous
OC regimen (82.3 £ 8.6 pg/ml; p<0.001) (Figure 2) and the time to steady-state remained
unchanged.

End-organ activity is described in Table 2. Over half of the study population had evidence of
a follicular development (defined as E»;>75 pg/mL + maximum follicular diameter >10
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during the baseline cycle while on the cyclic low dose regimen (20 mcg EE/100 mcg LNG),
and one subject demonstrated an elevation of P4 suggesting ovulation. Following
randomization, both study arms experienced a decrease in follicular activity (Table 2).
Further delineation of the end-organ activity in women with potential pre-ovulatory follicles
(=18mm) is shown in Table 3. Fewer subjects demonstrated follicle growth following
randomization.

Discussion

We studied two strategies for correcting an observed PK abnormality — prolonged time to
reach steady state concentrations when starting the pill or following the hormone-free
interval - in obese OC users. Continuous dosing with a very low dose pill (20mcg EE/
100mcg LNG) eliminated the delay in time to reach steady-state while a slightly higher
dosage pill (30mcg EE/150mcg LNG) used cyclically does not. Subjects using the 30mcg
EE/150mcg LNG pill achieved significantly higher LNG and EE plasma steady-state levels,
and by day 5 these levels were similar to those found in a reference group of normal weight
women using a 20-mcg EE/100mcg LNG pill [1, 7] (Figure 2). In other words, increased
dosing did not reduce the time to reach steady-state whereas continuous dosing, by the
nature of the dosing scheme, is at steady-state throughout the dosing regimen. The measure
of drug exposure (AUCyg_o6) Was similar between the two treatment arms and significantly
higher than at baseline which probably accounted for the improved suppression of end-organ
activity (Table 3). At baseline, numerous women in both groups had evidence of end-organ
activity with over half having follicles 8 mm or greater; both treatment regimens
demonstrated greater suppression of the hypothalamic-pituitary-ovarian axis.

While this study is not powered to determine contraceptive failure (i.e. pregnancy), PK
parameters are critical to drug performance and safety [10]. Hormonal contraceptive
methods are dosed on a one-size-fits-all model which means that most users are exposed to a
higher level than they might need but when does this model start to fail? At this point in
time, we do not have a good understanding regarding what magnitude of change in the PK
parameters is necessary to significantly impact OC efficacy or possibly impact safety. Both
of the interventions appear to improve PK parameters and resulting PD outcomes but the CC
arm accomplishes this with no increase in estrogen dose which theoretically could be safer
in a population with an already elevated baseline risk of thromboembolic events.

Recently, Westhoff et.al proposed that the observed PK alterations in obese women have no
clinical relevance as the plasma concentrations of LNG are well above the minimum
therapeutic concentration [11]. However, the commonly referred to therapeutic
concentration for LNG (0.4 ng/ml), is non-empirically derived from normal BMI women
treated with an LNG-only formulation (Norplant® implant) [12]. Unlike Norplant, OCs
include EE, a potent inducer of sex hormone-binding globulin (SHBG) which strongly binds
LNG [13-15]. While LNG-only methods decrease plasma SHBG levels by ~50% from
baseline, OCs increase SHBG by ~50% [13-15]. The role of obesity is complicated, as
obesity is associated with a decrease in SHBG levels but also with alterations in drug
transport [16]. As a result, the concentrations of unbound or active LNG are probably
different between obese OC users and normal BMI women treated with an LNG-only
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method. Thus, we speculate that the ‘therapeutic’ target tissue concentration for LNG with
combined OCs in obese users is not being achieved. Moreover, tissue concentrations may be
different in obese women in important end organ sites such as the hypothalamus and in the
cervix.

Studies of LNG-based emergency contraception (EC) provide some additional insights. EC
is a single-dose treatment; reliant on achieving a certain peak level (influenced by drug
clearance) at a critical time directly prior to ovulation. Recently, LNG-based emergency
contraceptives have been shown to be less effective in obese women as compared to women
of normal BMI (OR4.41, 95% CI 2.05-9.44) [17].

Strengths of our study included the proven treatment compliance of subjects documented
through serum levels of LNG with only one inconsistent user identified. We reanalyzed our
data excluding this participant and this had no impact on any of our key PK findings. Our
study population also represented a broader range of obese BMI participants than previous
publications [1, 11]. Furthermore, the interventions utilized in this study have scientific
merit; large observational studies of shortening the hormone-free interval in a normal BMI
population demonstrate increased OC efficacy [18] as well as smaller studies monitoring
end-organ activity showing greater inhibition of the hypothalamic-pituitary-ovarian axis [19,
20]. We also obtained pharmacodynamic correlates of our PK profiles. However, potential
weaknesses include the lack of a control group (normal BMI) and a small sample size that
may not reflect important differences between different obesity phenotypes and surrogate
endpoints (e.g. cervical mucus, ovulation) rather than pregnancy. Additionally, the CC
group were of higher parity which could reflect a greater propensity for pregnancy; yet both
groups had proven ovulatory cycles prior to study entry and both groups had similar PK and
PD findings prior to group randomization, making it more likely that this was a personal
choice rather than a physiologic difference.

Obesity clearly alters the PK of contraceptive steroid hormones but currently we have no
way to predict who is at greatest risk for OC failure, as the degree or magnitude of obesity
does not appear to correlate linearly with the amount of PK alteration [1, 7]. Epidemiologic
and PK data support obesity-related effects on OC efficacy. Our findings provide some
concrete and readily available clinical strategies for optimizing PK of OCs in obese users
which theoretically should aid in maintaining contraceptive efficacy for these women.
Unfortunately, neither strategy is useful for resolving the ‘window’ of opportunity for failure
at the time of OC initiation. Continued work should be focused on identifying women who
might be at greatest risk for contraceptive failure and identifying strategies that improve
contraceptive efficacy, no what matter their weight is.
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Patients assessed for eligibility (n = 59)

v Excluded (n=27)
[ ) — Screening progesterone <3 ng/mL (n=12)

Abnormal menstrual cycle length (n=4)
l High blood pressure (n = 3)
BMI <30 mg/k’ (n=1)
[ Cycle 1 & 2 completed J Recent history of DVT (n = 1)
History of gastric bypass surgery (n =1)
Unable to commit to study schedule (n = 3)
Lost to follow up (n=1)

Y

Randomization

Allocated to continuous OC cycling (n = 17) , Allocated to higher dose cyclic (n = 15)
Allocation
1 subject discontinued (Cycle 2, day 6)

v A 4
Completed study (n = 16) [ Completed Study J Completed study (n = 15)
v v

Analyzed (primary outcome n=16) Analysis Analyzed (primary outcome n=15)

—

S

Figure 1.
Study flowchart (CONSORT)
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Figure 2.
LNG and EE concentrations at baseline while using 20mcg EE/100mcg LNG (closed

squares/circles) and following randomization (open squares/circles). Panel A: LNG; Higher
dose cyclic study group; Panel B LNG; Continuous OC study group; Panel C: EE; Higher
dose cyclic study group; Panel D: EE; Continuous OC study group. While the increased
dose results in higher concentrations, the time to reach steady state is not affected. In
contrast, the continuous dosing eliminates the drop in drug levels associated with the HFI.
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Baseline demographics and pharmacokinetic parameters (mean + standard deviation) of LNG and EE prior to
randomization to study arms.

CC group 1D group

Age 30 (SD 4) 27 (SD 4)
Race 14 15

Non-Hispanic, Caucasian 3 0

Other
Ever pregnant? (yes)** 12 3
BMI 38.0 kg/m? (SD 5.1) 41.1 kg/m? (SD 7.6)
% body fat 455 (SD 3.5) 47.3(SD 4.1)
PK Parameters LNG EE LNG EE
Tmax (1) 1.86+0.85 | 1.91+1.10 | 228+1.39 | 1.61+1.10
Cinax (ng/mL) 3.82+1.28 | 0.12+0.04 | 3.13+0.87 | 0.10+0.03
AUC o) (hr*ng/mL) 267+115 | 10.4+4.33 | 199+75.0 | 10.6 +4.49
Ty (hr) 70.7+50.4 | 158+81.1 | 59.4+26.6 | 185+99.6
Vd/F (L) 435+£292 | 454+186 | 46.7+234 | 482121
CL/F (L/hr) 0.47+0.28 | 229+0.99 | 057+0.19 | 2.17+0.85

* %
denotes p value < 0.05
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Table 2

End-organ activity at baseline (Cycle 2) on a cyclic low dose regimen (20mcg EE/100mcg LNG) and
following randomization to either a continuous low dose regimen or cyclic dosing with an increased dose of
an OC (30mcg EE/150mcg LNG).

Study group | CC group | 1D group
Cycle | Cycle 2 | Cycle 4 | Cycle 2 | Cycle 4
Maximum follicular diameter”
>8 mm 13 8 10 8
=10 mm 11 4 8 4
>13 mm 9 3 7 3
>18 mm 8 2 5 1
Peak cervical mucus score
0-4 9 8 8 11
5-8 6 6 7 3
9-12 1 2 0 1
E2 > 75pg/mL | 10 | 2 | 6 | 3
Progesterone >3ng/mL | 1 | 0 | 0 | 0
Active follicle-like structure™™ | 9 | 2 | S | 1

*
Numbers are cumulative

* %
E2>75pg/mL + Maximum follicular diameter >10
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