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ARTICLE INFO ABSTRACT

Article history: Background: As part of a program to develop a novel estradiol-releasing contraceptive vaginal ring (CVR), we
Received 11 October 2017 evaluated the pharmacokinetic (PK) profile of CVRs releasing segesterone acetate (Nestorone® (NES)) combined
Received in revised form 8 January 2018 with one of three different estradiol (E,) doses.
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- ) Study design: A prospective, double-blind, randomized, multi-centered study to evaluate a 90-day CVR releasing
Available online xxxx

NES [200 mcg/day] plus E,, either 10 mcg/day, 20 mcg/day, or 40 mcg/day in healthy reproductive-age women
with regular cycles. Participants provided blood samples twice weekly for NES and E; levels during the first 60

lc(zﬁ(;rci;tive vaginal ring dvays (ring 1) anq the last 30 days (ring 2) of use. A subset underwent formal PK assessments at ring initiation,
Nestorone ring exchange (limited PK), and study completion.

Estradiol Results: The main study enrolled 197 women; 22 participated in the PK substudy. Baseline characteristics be-
Pharmacokinetics tween the main and PK participants were comparable, with an average BMI of 25.8 kg/m? (SD 4.3). In the PK
Contraception substudy, all three rings showed similar NES PK: mean area under the curve (AUC(o_7,)) 34,181 pg*day/mL; con-
Continuous cycling centration maximum (Cpax) 918 pg/mL; time to maximum concentration (Tmax) 3.5 h. For E;, the Cpax occurred

at 2 h, and was significantly higher with the 20 mcg/day ring (mean 390 pg/mL); 10 mcg/day, 189 pg/mL, p=
.003; 40 mcg/day, 189 pg/mL, p<.001), and declined rapidly to<50 pg/mL for all doses by 24 h. For all subjects,
the median E; levels remained under 35 pg/mL during treatment.

Conclusion: PK parameters of NES were not affected when paired with different doses of E, but E; levels from all
three doses were lower than anticipated and no dose response was observed.
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Implications: While these novel estradiol-releasing combination contraceptive vaginal rings provided sustained
release of contraceptive levels of Nestorone over 90 days, the E, levels achieved were not consistent with bone
protection, and a dose-response was not observed.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Unintended pregnancies adversely impact a woman's life, health, and
wellbeing, and contribute to our world's exponential population growth
which is detrimental to the environment. Successful development of con-
traceptive methods that are highly effective, safe, easy to adhere to, and
acceptable to women is essential to counteracting this public health crisis.
Reversible methods with longer-acting duration, in contrast to the need
for daily, weekly or monthly dosing, have grown in popularity, and their
widespread use has been shown to directly decrease unplanned pregnan-
cy and abortion rates within a population [1].

Long-acting reversible contraceptive (LARC) methods require a
skilled health care provider for placement and removal. A woman-
controlled long-term reversible method would present a novel delivery
system. A vaginal ring delivery system releasing segesterone acetate
(Nestorone® (NES)), a 19-norprogesterone derivative that binds selec-
tively to progesterone receptors and not androgen receptors [2-4],
combined with ethinyl estradiol (EE) designed for use over thirteen cy-
cles (one year) has been tested for safety, efficacy, and bleeding profile
[5-7]. This ring provided high efficacy and acceptability similar to
existing shorter-acting combined hormonal methods but with the op-
portunity for longer-term dosing with a single product.

Although NES is not orally active, it is very potent transvaginally and is
highly effective at suppressing ovulation [8,9]. EE induces hepatic protein
synthesis and clotting factors when given orally, transdermally and
transvaginally; therefore, ring administration provides no safety advan-
tage to existing products [10,11]. In contrast, 17B3-estradiol (E;) does
not appear to increase the risk of thrombosis when delivered transder-
mally at physiologic doses, at least when studied in postmenopausal
women [12]. Utilizing E; rather than EE as the estrogen component in a
CVR could improve the safety of combined hormonal contraception in re-
gard to thrombosis risk. Continuous use of the ring may help improve ad-
herence (missed or late next ring use) and thus increase effectiveness.

We present the pharmacokinetic (PK) parameters from a Phase Ila
dose-finding study of a 90-day vaginal ring dosed continuously releasing
200 mcg/day NES and either 10, 20, 40 mcg/day of E,. These doses were
specifically chosen based on previous studies supporting the ongoing
CVR development program at the Population Council. Several doses of
NES have been evaluated [13] with a dose of 150 mcg/d selected for de-
velopment of the NES/ethinyl estradiol (EE) CVR [A New Drug Application
for this CVR is currently under review by the US Food and Drug Adminis-
tration (press release, Population Council: http://www.popcouncil.org/
news/population-councils-one-year-contraceptive-ring-advances-to-
fda-review)]. Given that the estrogen component of a combined hormon-
al contraceptive contributes to ovarian suppression [14,15], we assumed
that higher levels of NES would be required for full ovarian suppression
with an E2 CVR, due to the lower potency of E2 compared with EE. This
led us to select the 200 mcg/d release for this NES/E2 vaginal ring.
When selecting the dose of E2, previous studies demonstrated a less fa-
vorable bleeding profile when lower doses of NES, up to 100 mcg/d
were used in combination with higher levels of E2 (>45 mcg/day) in a
CVR [unpublished data, Population Council]. Our goal was to achieve ovu-
lation suppression with NES while preventing hypoestrogenism with E.

2. Materials and methods

We conducted a prospective multi-centered, double-blind, random-
ized, Phase Ila dose-finding study sponsored and developed jointly by
the Population Council (NY, NY) and the Contraceptive Discovery and

Development Branch, Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD; Bethesda, MD). Eight NICHD
Contraceptive Clinical Trials Network (CCTN) (Eastern Virginia Medical
School, University of Pennsylvania, University of Pittsburgh, Johns Hop-
kins University, Oregon Health & Science University (OHSU), University
of Cincinnati, New York University, and Columbia University) participated
in the study from April 2012 to December 2013. Participants at the OHSU
site only were offered the option of participation in a detailed PK
substudy. The respective sites' Institutional Review Boards approved the
study protocol and all participants underwent written informed consent.
The trial was registered with clinicaltrials.gov (NCT0158600).

Sites recruited healthy, reproductive-aged (18-39 years old) women
not at risk for pregnancy (e.g. same-sex partner, heterosexually abstinent,
use of a non-hormonal method of contraception or male partner with va-
sectomy if heterosexually active) and willing to abstain from non-water-
based vaginal lubricants during the study. Main inclusion criteria included
regular menstrual cycles, intact uterus and ovaries, BMI<35 kg/m?, no re-
cent use of hormonal contraception, no contraindications to combined
hormonal contraception, no use of drugs known to interfere with the me-
tabolism of sex steroids, and smoking<15 cigarettes/day if age<35 or no
smoking if age 35 or greater. Once enrolled, women underwent a control
cycle (Cycle 1), a treatment period equivalent to six 30-day cycles (Cycles
2-7) and then one post-treatment cycle (Cycle 8). Health Decisions (Re-
search Triangle, NC) provided central randomization for all sites using a
computer-generated randomization schedule with random permuted
blocks. The OHSU Research Pharmacy provided a separate computer-
generated randomization schedule for the PK substudy.

Subjects were randomized 1:1:1 to receive one of three CVRs developed
to release NES 200 mcg/day and either 10 mcg/day, 20 mcg/day, or
40 mcg/day of E,. The Population Council formulated the silicone elastomer
contraceptive vaginal rings (CVR) utilized in this study using a proprietary
technology. The overall mean (56.4 mm) and cross-sectional (8.2 mm) diam-
eter of the rings and color (white) did not differ with dose. Each study ring
was used for a duration of 3 months (90 days); and subjects used 2 consecu-
tive rings of the same dose over the course of the study (no hormone-free in-
terval). Subjects self-inserted and removed rings during an in-person visit at
the study site: Ring 1 between days one and five during Cycle 2, removed
at day 90 and replaced by Ring 2, in turn removed on day 180. Subjects re-
ceived instructions to not remove the ring during the study, including during
sexual activity. Subjects recorded compliance with ring use and bleeding
events using a paper daily diary; the study coordinator reviewed this at
each visit. End of study participation was determined by a subject experienc-
ing a second episode of spontaneous bleeding after ring removal.

All participants underwent twice weekly blood draws during the con-
trol cycle, the first 60 days of Ring 1, the week prior to the ring exchange,
and the last 30 days of Ring 2 use. PK substudy subjects additionally com-
pleted full PK assessments at initiation of Ring 1 [accumulation PK; O (ring
placement), 2,4, 6, 8, 10, 12, 24, 48 and 72 h] and removal of Ring 2 [elim-
ination PK; O (ring removal), 2,4, 6, 8, 10, 12, 24, 48 and 72 h], and a lim-
ited PK evaluation during the exchange of Ring 1 to Ring 2 [0 (ring
exchange), 2 and 24 h]. Site staff allowed blood samples to clot, used a re-
frigerated centrifuge to separate serum, and stored serum aliquots at -80C
prior to shipment to the central labs for analysis.

2.1. Assay characteristics

The Biomarkers Core Laboratory of Columbia University's Irving In-
stitute for Clinical and Translational Research (New York, NY, USA) per-
formed the E, analysis following liquid-liquid extraction with
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