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ARTICLE INFO ABSTRACT

Article history: Objective: To evaluate changes in the bone turnover markers CTx and P1NP during 6 months' use of novel contin-
Received 9 August 2018 uous contraceptive vaginal rings delivering Nestorone (NES) 200 mcg/day and three doses of estradiol (E2) (10,
Received in revised form 1 February 2019 20, and 40 mcg/day).

Accepted 18 February 2019 Study design: This randomized trial enrolled 189 women who used two consecutive vaginal rings over

180 days. Frequent blood sampling permitted analysis of NES, E2, CTx and P1NP concentrations. The

ﬁg‘gﬁé bone-turnover marker analyses included only women with complete sampling and excluded women
Segesterone with characteristics that might interfere with accurate measurement of bone markers such as afternoon
Estradiol sampling, poor ring compliance or recent pregnancy. We evaluated the change from baseline to 6 months
Contraceptive vaginal ring in CTx and P1NP, stratified by ring dose and by average circulating E2 concentrations.

Bone turnover markers Results: One hundred fifty-one women completed the study, and 82 women had complete data available for

the bone marker analyses; the three dosage groups were balanced with regard to baseline characteristics.
E2 concentrations remained low throughout treatment, regardless of which dose ring the participant
used. Individual CTx changes from baseline averaged 27456% (p<.01). Similarly, individual PINP changes
averaged 11433% (p=.04). These increases were within the premenopausal reference ranges, and
unrelated to treatment dose or to circulating E2 concentrations.
Conclusions: The low E2 dose of these rings was associated with low E2 concentrations and modest
increases in serum bone turnover makers. Because we have only 6-month bone turnover markers and no
direct evidence of bone loss or bone density change, these results must be interpreted with caution.
Implications: Nestorone, a 19-norprogesterone derivative, leads to complete ovarian suppression,
which should yield excellent contraceptive effectiveness. To prevent potential adverse effects on
bone, the NES contraceptive ring should be combined with higher doses of E2 than were assessed in
this study.
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1. Introduction

Low circulating estrogen levels are associated with bone loss and can
affect skeletal development, especially in young women who may not
achieve peak bone mass until age 25-30 [1-3]. Effects of hormonal con-
traceptives on bone density, osteoporosis, and fracture risk are unclear.
Older studies suggest that past estrogen-containing OC use is associated
with greater bone density in postmenopausal women, while lack of past
OC use is a risk factor for postmenopausal osteoporosis [4,5]. Studies of
current combination oral contraceptives in healthy premenopausal
women without pre-existing estrogen deficiency have examined
varying estrogen doses in populations of different ages. The majority
of these studies showed no effect of oral contraceptives on bone mass
[6-8]. In contrast, contraceptive methods associated with estrogen
deficiency, such as depot medroxyprogesterone acetate (DMPA), are
associated with increased bone remodeling markers [3,9-11], and in-
creased bone loss assessed by dual-energy X-ray absorptiometry
(DXA) [12-15]. However, cross-sectional studies have demonstrated
that BMD in former adult DMPA users is similar to that of never users,
providing reassurance that loss of BMD associated with DMPA use is
likely transient [16-18]. The impacts on bone lead to important ques-
tions about the potential skeletal effects of new contraceptive methods.
While bone loss and fractures are the endpoints of clinical interest,
using intermediate endpoints may be feasible, quicker to measure,
and potentially reassuring with regard to the effects of contraceptive
hormones on bone.

Estrogen-deficiency-related bone loss is due to an increase in bone
resorption, assessable through the measurement of bone turnover
markers [19,20]. Because increases in bone resorption occur along
with concomitant increases in bone formation, markers associated
both with resorption and formation increase in the setting of estrogen
deficiency. C-telopeptide (CTx), a marker of bone resorption, and
N-terminal propeptides of procollagen type 1 (P1NP), a highly sensitive
marker of bone formation, are validated surrogate markers of potential
bone loss related to estrogen deficiency [21-24]. Cross-sectional studies
in young women have shown consistently lower average bone turnover
markers among women taking combined oral contraceptives (COCs)
compared to nonusers [3,25,26], but for both markers the differences
are small, and values tend to overlap [26].

An investigational, 3-month vaginal ring releasing Nestorone (NES,
also known as segesterone acetate) and estradiol (E2) is under study
in normal-cycling premenopausal women. The objective is to develop
a user-controlled, non-oral contraceptive that delivers E2 instead of
ethinyl estradiol (EE2), which is most common in oral contraceptives.
NES is a 19-norprogesterone derivative that is about ten times more
potent than levonorgestrel in endometrial transformation, and two
times more potent in ovulation inhibition [27-29]. Oral NES is rapidly
metabolized and inactive, but if administered transdermally, vaginally,
or via implant, complete ovarian suppression results [27].

Because transdermal E2 administration is not associated with an
increase in risk of thrombosis in postmenopausal women [30], we
hypothesize that transvaginal E2 administration might also avoid
increased thrombotic risk. Thus, transvaginal administration of NES
with E2 could yield a contraceptive without the thrombogenic potential
of oral E2 or EE2.

This Phase Ila dose-finding study evaluated a contraceptive vaginal
ring (CVR) releasing NES 200 mcg/day combined with a low dose of
E2, either 10, 20, or 40 mcg/day. All E2 doses resulted in lower than
expected E2 serum concentrations [31]. In this study, serum E2 concen-
trations in most women did not reach>40 pg/mL. Ninety-five percent of
participants had a mean E2 of less than 50 pg/mL, and none of the par-
ticipants had a mean E2 greater than 60 pg/mL. Thus, most participants
had estradiol levels in a range (40-60 pg/mL) that has been associated
with bone loss in premenopausal women in the context of ovarian
suppression with GnRHa for the treatment of endometriosis [32-35].
The present analysis aims to investigate the relationship between E2

dose, serum E2 concentrations and the bone turnover markers CTx
and P1NP in the women who participated in the Phase 2 study of
these NES/E2 low-dose vaginal contraceptive rings. We hypothesized
that women receiving the lowest E2 dose, and those achieving the low-
est E2 concentrations, would have increased rates of bone turnover,
demonstrated by higher concentrations of CTx and P1NP.

2. Materials and methods

The Eunice Kennedy Shriver National Institute of Child Health
and Human Development (Bethesda, MD) and the Population Council
(New York, NY) sponsored a prospective multi-center, double-
blinded, randomized, Phase 2a dose-finding study. Eight NICHD
Contraceptive Clinical Trials Network (CCTN) sites participated:
Columbia University, Eastern Virginia Medical School, University of
Pennsylvania, University of Pittsburgh, Johns Hopkins University,
Oregon Health & Science University, University of Cincinnati, and
New York University. Study-related activities took place between
April 2012 and December 2013. All sites obtained Institutional
Review Board approval, and the trial was registered with clinicaltrials.
gov (NCT0158600).

Sites recruited healthy women 18-39 years old, not at risk for preg-
nancy. Participants were required to have a regular menstrual cycle, in-
tact uterus and ovaries, and a BMI <35 kg/m?. Exclusion criteria included
recent hormonal contraceptive use, contraindications to combined
hormonal contraceptives, and use of drugs known to interfere with
the metabolism of sex steroids. Participants completed a control cycle
before the treatment period to confirm ovulation [31]. Health Decisions
(Durham, NC) provided central randomization for all study sites
using a computer-generated randomization schedule with permuted
blocks. Participants were randomized 1:1:1 to receive one of three
investigational CVRs all releasing NES 200 mcg/d along with E2 doses
of 10 ug/day, 20 pg/day, or 40 pg/day. The Population Council formulated
the silicone elastomer vaginal rings using a proprietary technology. The
ring size (56.4 mm outer diameter and 8.2 mm in cross-section) and
color (white) did not differ by dose. The 6-month treatment period
comprised using two rings consecutively, 90 days per ring, with no
hormone-free interval between the two rings. Each participant inserted
the ring herself during a study visit; she inserted Ring 1 between men-
strual cycle days 1-5, replaced it with Ring 2 on day 90, and removed
Ring 2 on day 180.

Participants provided blood samples for hormone assays twice
weekly during the baseline cycle, the first 60 days of Ring 1 use, the
week prior to the ring exchange, and the last 30 days of Ring 2. Blood
samples were allowed to clot, spun in a refrigerated centrifuge to sepa-
rate serum, and stored at -80C until analysis. All samples underwent
analysis for E2 and NES.

2.1. Lab analyses

The Biomarkers Core Laboratory of Columbia University's Irving
Institute for Clinical Translational Research (New York, NY, USA) served
as the central lab. E2 analyses followed liquid-liquid extraction
with deuterated internal standards using an ultra-performance Liquid
Chromatography-tandem Mass Spectrometry (LC-MSMS) platform.
The lower limit of quantification, defined as the concentrations at
which the residual of the calibration line is less than 20% of the expected
concentration combined with a signal to noise ratio greater than 10, was
determined to be 2.5 pg/mL for E2 with intra-assay precision of 6.3% and
inter-assay precision of 8.93%. The Population Council measured NES
using RIA [32]. Nelson and colleagues [33] compared E2 measurements
by LC-MSMS to RIA and found strong correlation (adjusted r>=0.97).
However, for E2 concentrations below 54 pg/mL there was a moderate
correlation (adjusted r>=0.68) between LC-MSMS and RIA measure-
ments. The lowest values of E2 found in the current analysis would
likely be slightly higher had we used RIA.
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CTx was measured using a Serum CrossLaps enzyme-linked
immunosorbent assay (ELISA) kit from Immunodiagnostic Systems
(Maryland, USA). The intra-assay precision was 2.2% and the inter-
assay CV% was 7.7%. PINP was measured by using a quantitative
radioimmunoassay (RIA) kit from Orion Diagnostica (Espoo, Finland)
with an intra-assay precision of 5.9% and inter-assay precision of 8%.

2.2. Data analysis

The planned sample size of approximately 189 subjects (63 subjects
per group) was considered appropriate for this descriptive Phase 2a
study. For the present analysis, we included treatment-compliant
participants based on overall acceptable NES concentrations. Post-hoc
analysis based on the observed baseline variability of CTx and P1NP
indicates that we had 80% power to identify changes greater than 35%
and 23%, respectively, in the 82 participants who contributed data to
the bone marker analyses.

The data analysis used SAS software version 9.4 (SAS Institute, Inc.
Cary, NC). We used two-way analysis of variance (ANOVA) to evaluate
whether the baseline CTx and P1NP were associated with age or BML
We then used paired sample ¢ tests to evaluate the change in CTx and
P1NP from baseline until after 6 months of treatment for all participants
and by dose group. Because CTx exhibits strong diurnal variation,

Assessed for eligibility
(n=343)
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we analyzed the CTx and P1NP results only from women who contrib-
uted fasting, morning samples both at baseline and at end of treatment.
We repeated the analyses using all paired samples regardless of
collection time.

We assigned an average circulating E2 concentration to each
participant calculated from approximately 20 samples during the treat-
ment phase after excluding E2 results from samples taken on days of
ring insertion, exchange or removal. We then categorized the mean
circulating E2 concentrations into tertiles: low (<23.05 pg/mL), medium
(23.05-31.21 pg/mL), and high (>31.21 pg/mL), and assessed whether
E2 concentrations were related to the E2 dose of the ring. We then
repeated the paired sample t tests to evaluate changes in CTx and
P1NP within strata of low, medium, and high circulating E2 serum
concentrations.

3. Results

Among the 197 participants randomized, 154 completed study
procedures through the end of the treatment period (Fig. 1). Of these
154 participants, we examined the time of all blood draws and fasting
status. For these analyses we retained only those participants who had
morning, self-reported-fasting blood draws both at baseline and at
end of treatment. The current analyses also excluded participants with

Did not meet inclusion (n=106)
Withdrew consent (n=8)
Adverse events (n=2)

Randomized
(n=197)

Lost to follow-up (n=10)
Protocol compliance (n=10)
Other reasons (n=10)

Withdrew prior to end of treatment,

no follow-up specimen available
(n=43)

Bone marker analyses
conducted (n=154)

Incomplete results! (n=4)
Imperfect CVR use (n=14)

Recent pregnancy < 6 mos. (n=5%)
At least one afternoon and/or self-
report non-fasting blood draw (n=50)

at baseline and 6 months

Morning, fasting blood draws

(n=82)
200 ug NES, 200 pg NES, 200 pg NES,
10 pg E2 20 ug E2 40 ug E2
(n=27) (n=29) (n=26)

'Quantity not sufficient for bone marker analysis

*One participant with a recent pregnancy also had noncompliant CVR use

NES = Nestorone
E2 = Estradiol

Fig. 1. Subject enrollment and randomization in a dose-finding trial of a novel contraceptive vaginal ring containing NES and E2.
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Table 1
Baseline characteristics of participants in the bone marker analysis of a dose finding trial of
a novel contraceptive vaginal ring containing NES and E2

Table 3
Number of participants per dose group who had low, medium, and high average circulating
E2 serum concentrations in a dose-finding trial of a novel contraceptive vaginal ring

Dose NES/E2, ug/day

200/10
n=27

200/20
n=29

200/40
n=26

All subjects
n=82

Mean SD Mean SD Mean SD Mean SD

Age (years) 300 51 283 51 299 56 294 52
BMI (kg/m?) 267 45 252 49 248 33 256 44

Race N % N % N % N %
Asian 2 7.4 2 6.9 2 7.7 6 7.3
Black 7 259 11 379 3 115 21 25.6
White 18 66.7 14 483 18 69.2 51 61.0
Other 0 0.0 2 6.9 3 115 6 6.1

Mean SD Mean SD Mean SD Mean SD

CTx, ng/mL 0.52 036 039 0.15 042 019 044 0.25
PINP,ng/mL 52.67 2127 43.15 1477 4447 1546 4671 17.68

insufficient samples (and thus no results), participants whose NES and
E2 serum concentrations indicated imperfect ring use, and those partic-
ipants who had been pregnant within 6 months of study enrollment.
Of the 82 remaining women, 27 received the E2 10 pg ring, 29 received
the E2 20 pg ring, and 26 received the E2 40 pg ring. Women had com-
parable baseline characteristics across the three dose groups for age,
BMI, CTx, and P1NP (Table 1). CTx and P1NP were moderately corre-
lated with each other (r=0.51; p<.01), and both were somewhat corre-
lated with age (r=0.31; p<.01 and r=0.25; p=.02); however, neither
was correlated with BMI.

Table 2 details the mean CTx and P1NP concentrations for partici-
pants in each dose group at baseline and 6 months of continuous ring
use. Individual CTx increased on average 27+56% between baseline
and 6 months (p<.01); the increases seen within each dose group
were compatible with the overall change. Individual P1NP increased
on average 11+33% from baseline to 6 months (p=.04). The dose-
group P1NP increases were compatible with the overall increase.

Table 2
CTx and P1NP at baseline and after 6 months of ring use by dose group in a dose finding
trial of a novel contraceptive vaginal ring

N Mean SD 95% Confidence Interval p-value*
a. CTx
CTx, ng/mL
10 pg E2 27
Baseline 0.52 0.36 (0.38-0.66) 35
6 months 0.55 0.32 (0.42-0.68)
20 g E2 29
Baseline 0.39 0.15 (0.33-0.45) .002
6 months 0.50 0.18 (0.43-0.57)
40 ng E2 26
Baseline 0.42 0.19 (0.34-0.49) .01
6 months 0.50 0.26 (0.40-0.61)
Total 82
Baseline 0.44 0.25 (0.39-0.50) <.0001
6 months 0.52 0.26 (0.46-0.57)
b. PINP
PINP, ng/mL
10 pg E2 27
Baseline 52.67 21.27 (44.26-61.09) .83
6 months 53.29 17.27 (46.46-60.12)
20 ug E2 29
Baseline 43.15 14.77 (37.53-48.77) .02
6 months 47.98 16.21 (41.81-54.14)
40 ng E2 26
Baseline 4447 15.46 (38.23-50.72) .16
6 months 47.01 16.86 (40.20-53.82)
Total 82
Baseline 46.71 17.68 (42.82-50.59) .04
6 months 49.42 16.79 (45.73-53.11)

* Paired sample ¢ test.

Randomization dose group All participants

10 ug E2 20 ug E2 40 pg E2
Mean E2* 28.2(9.8) 28.8 (12.8) 26.6 (10.3) 27.9 (11.0)
Low E2' 6 10 11 27
Medium E2? 11 8 9 28
High E23 10 11 6 27
X4 =349, p=48

* Mean E2 was averaged over approximately 20 samples, not including days when the
ring was changed, or removed at end of treatment

T Low E2<23.05 pg/mL

2 Medium E2 23.05-31.21 pg/mL

3 High E2>31.21 pg/mL

Table 3 shows the distribution of E2 concentrations in each dose
group; the E2 concentrations were unrelated to the ring dose. Table 4
shows the CTx and P1NP concentrations at 6 months in subgroups strat-
ified by ring dose and by E2 concentrations. Finally, the Appendix table
shows the baseline and 6-month CTx and P1NP concentrations
according to tertiles of E2 concentration (analogous to Table 2). Mean
serum CTx and P1NP concentrations increased between baseline and
6 months and within the dose and E2 concentration subgroups. When
we ignored the time of the blood draws and included data from the
50 women with afternoon and/or non-fasting sampling, those analyses
yielded similar results (data not shown).

4. Discussion

Initial analyses from this randomized trial [31] revealed that the
median E2 serum concentrations during ring use did not achieve, in
most participants, the minimum levels that may be necessary for bone
protection. The mean E2 serum level to prevent bone loss in premeno-
pausal women is suggested to be>40 pg/mL [32,34,35], and over 80%
of women in this study had average E2 concentrations below that
level. Therefore, we carried out the present analyses to investigate if
women using the study rings for 6 months experienced increases in
the bone turnover markers CTx and P1NP. Such increases would indi-
cate a potential for bone loss. Means for CTx and P1NP increased on av-
erage 27456% and 11433% respectively during investigational CVR use,
but the 6-month levels of CTx and P1NP were still within the premeno-
pausal reference ranges (CTx: 0.11-0.74 ng/mL; P1NP: 19-83 ng/mL).
Individual changes were quite variable, and the magnitude of the in-
creases was unrelated to dose group (E2, 10, 20, or 40 pg) or to average
circulating E2 serum concentrations (low, medium, or high). That is, we
did not observe the expected dose-response relationship between bone

Table 4
Mean CTx after using a novel CVR and 6 months stratified by dose group and by E2 serum
concentrations

Randomization dose group All doses

N 10pgE2 20 g E2 40 g E2 together
a. CTx
All participants 82  0.55(0.32)  0.50 (0.18)  0.50(0.26)  0.52 (0.26)
Low E2' 27 0.75(0.61) 048(0.14) 046 (0.15)  0.53(0.32)
Medium E22 28 046 (0.14)  0.51(025) 056 (023)  0.51(0.20)
High E23 27 052(0.17) 050(0.18)  0.51(0.43)  0.51(0.24)
b. PINP
All participants 82 53.29 (17.27) 47.98 (1621) 47.01 (16.86) 49.42 (16.79)
Low E2! 27 49.87 (11.80) 50.02 (22.15) 44.68 (10.04) 47.81 (15.57)
Medium E22 28 48.65(14.26) 52.73 (10.76) 51.47 (16.51) 50.72 (13.75)
High E23 27 6044 (21.62) 42.66(12.66) 44.58 (27.00) 49.67 (20.86)
! Low E2<23.05 pg/mL

2 Medium E2 23.05-31.21 pg/mL
3 High E2>31.21 pg/mL
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markers and the ring dose group or the resultant estradiol concentra-
tions. We are unsure why we did not observe the expected dose-
response relationship; this may be due to individual factors such as
drug absorption, diet, and exercise [36].

The 27% CTx increase after 6 months of investigational CVR use
is substantially lower than changes in bone remodeling markers
seen with natural menopause, surgical menopause, and changes in
women with estrogen deficiency related to treatment with GnRH
agonists. After surgical menopause, Peris and colleagues [37] docu-
mented a 200% increase in CTx after 3 months, which then declined
by 50% after 3 months of transdermal estradiol hormone replace-
ment therapy. Bahar and colleagues [38] documented a 54% increase
in CTx 1 month after surgical menopause and 130% increase after 6
months. Urinary NTX, a marker of bone resorption closely related
to CTX, has documented increases after natural menopause of
approximately 40% over 4 years during the menopausal transition
[37]. Similarly, GnRH agonist use in premenopausal women leads
to an increase of approximately 40% in NTX over 3 months [39,40].
Thus, the more modest changes reported here could be viewed
as reassuring.

A limitation of the current study is the lack of direct assessment
of bone mass change using serial measures by DXA. Bone mineral
density changes would, however, be difficult to detect within
the 6-month timeframe of this study. In contrast, bone turnover
marker (CTx and PINP) changes are expected to occur at this early
time point and can be predictive of later bone mass changes
[21-24]. Thus, we relied on bone turnover markers as harbingers
for bone mass change.

NuvaRing, marketed in the US since 1990, releases EE2 15 pg/day
and etonorgestrel 120 pug/day [41]. In contrast to the findings in

this study, NuvaRing has been associated with a decrease in a bone
resorption markers at 6 months compared to baseline, and with no
change in bone density at one and 2 years [42,43]. As EE2 is a more
potent estrogen than E2, those results may not be relevant to effects
of the rings studied here. The FDA recently approved a second contra-
ceptive vaginal ring, Annovera, containing segesterone acetate and ethi-
nyl estradiol; the impact of Annovera on bone health is not yet known.

Brache et al. [44] previously tested NES-only rings delivering 50,
75 and 100 mcg/d, and found that low E2 levels (<100 pmol/L,
i.e,, 30 pg/mL) occurred only with the ring delivering NES 100 mcg /day),
and not with lower-dose NES-only rings. The rings in this study deliv-
ered NES 200 mcg/day, which may be desirable as complete ovarian
suppression should yield outstanding contraceptive effectiveness, but
using this NES dose will require more E2 delivered in the ring to com-
pensate for the complete ovarian suppression. The E2 doses selected
for this dose-finding study did not provide sufficient E2 replacement
in the setting of such highly suppressed ovarian function. Based on
the bone-turnover marker findings, we conclude that the E2 doses
used in the CVR investigated here may not provide adequate bone pro-
tection. Due to these concerns, the NES/E2 ring prototypes have been
re-engineered and current ring studies are investigating higher doses
of E2 in combination with NES.
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Appendix A. CTx and P1INP at baseline and after 6 months of ring use by average E2 concentrations in a dose finding trial of a novel

contraceptive vaginal ring

N Mean SD 95% Confidence Interval Paired sample ¢ test p-value
a. CTx
CTx, ng/mL
Low E2' 27
Baseline 0.47 0.37 (0.33,0.62) 0.07
6 months 0.53 0.32 (0.40, 0.66)
Medium E2? 28
Baseline 0.43 0.13 (0.38,0.48) 0.02
6 months 0.51 0.20 (0.43,0.59)
High E2° 27
Baseline 0.43 0.22 (0.34,0.51) 0.01
6 months 0.51 0.24 (0.42,0.61)
Total 82
Baseline 0.44 0.25 (0.39,0.50) <0.0001
6 months 0.52 0.26 (0.46,0.57)
b. PINP
P1INP, ng/mL
Low E2! 27
Baseline 47.09 18.58 (39.74, 54.43) 0.75
6 months 47.81 15.57 (41.65, 53.97)
Medium E22 28
Baseline 48.41 1533 (42.47,54.36) 0.27
6 months 50.72 13.75 (45.39, 56.05)
High E23 27
Baseline 44.56 19.40 (36.89,52.23) 0.04
6 months 49.67 20.86 (41.42,57.92)
Total 82
Baseline 46.71 17.68 (42.82,50.59) 0.04
6 months 49.42 16.79 (45.73,53.11)
T Low E2 < 23.05 pg/mL

2 Medium E2 23.05 - 31.21 pg/mL
3 High E2 > 31.21 pg/mL
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