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Abstract

Objective: Evaluate reduction in progressively motile sperm per high power field (HPF)

in midcycle cervical mucus after intercourse with Ovaprene: an investigational monthly non-
hormonal vaginal contraceptive consisting of a vaginal ring and mechanical barrier, releasing
spermiostatic ferrous gluconate.

Study design: Open-label, multicenter study enrolling heterosexually-active women with
previous permanent contraception. Participants underwent a baseline postcoital test cycle with

no device to confirm the presence of sperm, followed by one diaphragm postcoital test cycle,

one Ovaprene safety cycle, and two Ovaprene postcoital test cycles. In each postcoital test cycle,
participants underwent a midcycle cervical mucus evaluation to confirm an Insler score > 10 and
absence of sperm, and then returned two to four hours after vaginal intercourse for repeat cervical
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mucus evaluation. We considered < 5 progressively motile sperm/HPF indicative of preliminary
contraceptive effectiveness.

Results: We enrolled 38 participants; 23 completed the study. All participants had = 5
progressively motile sperm/HPF in the baseline cycle and < 5 progressively motile sperm/HPF

in all 49 Ovaprene cycles and all 35 diaphragm cycles, meeting the definition of a successful
postcoital test. This was true regardless of examiner blinding, prior vaginal delivery or vaginal
ring use, body mass index, or dislodgements noted by the participant or investigator. The mean of
27.2 (£ 17.9) progressively motile sperm/HPF in baseline postcoital test cycles was reduced to 0.5
(£ 1.1) and 0.5 ( 1.3) progressively motile sperm/HPF in the first and second Ovaprene cycles,
respectively. Ovaprene fit all participants and all could insert, position, and remove it.

Conclusion: Use of Ovaprene resulted in meeting the prespecified criterion for contraceptive
effect by all participants during all postcoital test cycles.

Implications: The finding that use of Ovaprene, an investigational monthly non-hormonal
vaginal contraceptive, resulted in postcoital testing of cervical mucus that met the pre-specified
definition of success (< 5 progressively motile sperm/HPF) supports further evaluation of
contraceptive efficacy of the device in users at risk for pregnancy.
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1. Introduction

Ovaprene (Poly-Med, Inc., Anderson, SC), an investigational monthly non-hormonal vaginal
contraceptive, consists of a 55 mm silicone ring with a central permeable barrier (Fig.

1). The barrier’s pore size inhibits movement of sperm while allowing passage of fluids.

The ring releases ferrous gluconate and ascorbic acid. Ferrous gluconate causes oxidative
damage to the lipid bilayer of the sperm tail, leading to spermiostasis [1]. Ascorbic acid
maintains ferrous gluconate in its ferrous state. Unlike other vaginal barrier methods,
Ovaprene is inserted at the end of one menstrual period and left until the beginning of

next, requiring no action at intercourse. It requires no clinician fitting, and a new product is
used each month.

The postcoital test provides an objective evaluation of sperm entry into cervical mucus, a
requisite step for natural fertility [2]. To evaluate a vaginal contraceptive, women relying
on permanent contraception undergo midcycle postcoital testing in one cycle without the
vaginal contraceptive and another with it [2]. In valid baseline cycles, a pre-specified
minimum number of progressively motile sperm per high power field (HPF) averaged

over nine HPFs must be present. In a test cycle indicative of efficacy, no more than a pre-
specified maximum number of progressively motile sperm/HPF averaged over nine HPFs
can be observed. In a 2009 postcoital test study evaluating Ovaprene, 20 sexually active
participants used the device for one cycle [3]. No motile sperm were seen in the cervix in
any subject. The device stayed over the cervix for up to 29 days. No mucosal changes were
seen, wet mount examinations were normal, and semi-quantitative vaginal cultures showed
no significant changes. Subjects reported no pain, bleeding, or discharge.
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This paper describes our recent postcoital test study. While there have been no formulation
changes in the product, our study was designed to provide more robust data prior to
initiating a Phase 3 trial in that it included a baseline postcoital test cycle and two
investigational product postcoital test cycles, as well as a diaphragm postcoital test cycle.

2. Methods
2.1.

We conducted a multi-center, open-label study to assess Ovaprene’s ability to prevent sperm
from penetrating midcycle cervical mucus. We also assessed fit and ease of placement
(reported here), and safety, release of ferrous gluconate, and acceptability (reported
elsewhere).

We initiated the study at six sites: Eastern Virginia Medical School, Norfolk, VA; Oregon
Health and Science University, Portland, OR; University of Pennsylvania, Philadelphia, PA,
Clinical Research Prime, Idaho Falls, ID; University of California Davis, Sacramento, CA;
and Segal Institute for Clinical Research Inc., Miami, FL. We consented and screened
participants, but did not enroll at the last two sites. The study followed principles

in the Helsinki Declaration of 1975, as revised in 2013. It was approved by the

Advarra Institutional Review Board (Columbia, Maryland) before screening began. The
ClinicalTrials.gov Identifier is NCT03598088.

2.2. Eligibility criteria

The trial was to recruit approximately 45 healthy, sexually active women who were not

at risk for pregnancy due to previous permanent contraception and who reported regular
menstrual cycles of 24-35 days, and their male partners, with the goal of approximately 25
couples completing the study (Appendix 2 — eligibility criteria, Supplementary Material).
We did not use statistical considerations to determine the sample size; rather, we determined
sample size by the maximum number of subjects who could be enrolled and complete this
rigorous protocol in a reasonable time frame [2].

2.3. Study visits

We saw each woman in 21 visits during five menstrual cycles (Fig. 2 — Study visits and
cycles): one baseline postcoital test cycle (no device) to collect baseline information on
participants and demonstrate a postcoital test result consistent with unprotected intercourse
at ovulation (> 5 progressively motile sperm/HPF); one diaphragm postcoital test cycle
using the United States Food and Drug Administration-approved Caya diaphragm (HPSRx
Enterprises, Inc., Salem, VA, known as the “SILCS diaphragm” during development) [4—

6] with 3% nonxynol-9 (Gynol Il Vaginal Contraceptive Gel, Revive Personal Products
Company, Madison, NJ), used to demonstrate that our postcoital test, done with a marketed
product, showed the expected contraceptive surrogate effect (< 5 progressively motile sperm/
HPF) with an approved product); one Ovaprene safety, ferrous gluconate release, and
acceptability assessment cycle with no acts of intercourse (abbreviated as “Ovaprene safety
cycle™); and two Ovaprene postcoital test cycles evaluating one act of intercourse at the time
of ovulation.
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2.4. Obijectives

The study’s objectives and endpoints are shown in Appendix 1, Supplementary Material.
This paper describes the first objective (changes in postcoital test results due to device use)
and one of the tertiary objectives (fit/placement). The procedures for and results of the
remaining objectives will be described in detail elsewhere.

2.5. Study procedures — evaluation of cervical mucus

Informed consent and screening took place at Visit 1. We instructed participants about a
web-based electronic diary (Trials.ai, San Diego, CA) through which they were prompted
daily to report menses, intercourse, use of intravaginal products, adverse events (AES),
medications, and any device issues. Enrollment occurred at the fourth visit (the third visit
in the baseline postcoital test cycle, or BP3 — Fig. 2) after all screening criteria, including a
satisfactory baseline postcoital test cycle, had been met.

We carefully controlled intercourse timing and sample collection. At the beginning of the
baseline, diaphragm, and Ovaprene postcoital test cycles, the participant contacted the site at
the onset of her menses (cycle day 1). On cycle day 10, she began daily urine testing using
an ovulation predictor kit (Clearblue Advanced Digital Ovulation Test) and contacted the
site when the test yielded a “high” or “peak” result, indicating impending ovulation. The site
scheduled the Cervical Mucus Check visit on that day or the next. We asked participants to
use condoms on cycle days 1-10. From day 10 until after the Cervical Mucus Check visit,
the participant abstained from intercourse and other vaginal activity and the male partner
abstained from ejaculation.

In the two Ovaprene postcoital test cycles, we also saw the participant on the day following
the end of menses (OP1, approximately cycle day 6) at which time the participant inserted
Ovaprene and left it in place until the onset of the next menses, per product instructions. We
sampled cervical mucus with Ovaprene in place by pulling Ovaprene’s anterior lip toward
the posterior vaginal wall. Since the diaphragm is a pericoital contraceptive, the participant
inserted it just before intercourse and the investigator removed it at the postcoital test visit.

At the Cervical Mucus Check visit (BP1, CP1, and both OP2 visits), we evaluated cervical
mucus for midcycle characteristics and presence of sperm according to procedures adapted
from the WHO Laboratory Manual for the Examination and Processing of Human Semen
[7] and calculated a cervical mucus score (Insler score) per Figure 2. If we detected no
sperm and, for the baseline and diaphragm cycles, the score was =10, we instructed the
participant to have vaginal intercourse two to three hours before the postcoital test visit,
scheduled for the same or following day. Because the ascorbic acid released from the ring
may cause thickening of cervical mucus [8], we modified interpretation of Ovaprene cervical
mucus checks such that a successful cervical mucus check was predefined to be the absence
of sperm, regardless of score.

At the postcoital test visit (BP2, CP2, and both OP3 visits), we interpreted the results
of vaginal and cervical mucus testing according to the most recently published postcoital
test studies [2] (Appendix 3, Supplementary Material). A successful baseline postcoital
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test averaged = 5 progressively motile sperm/HPF. A test cycle indicative of preliminary
contraceptive effectiveness averaged < 5 progressively motile sperm/HPF.

2.6. Study procedures — evaluation of fit and placement

One tertiary objective was evaluating fit and placement of Ovaprene as follows; the
investigator inserted the device and assessed fit by digital and speculum exam, according
to pre-specified criteria: covering the cervix, not protruding outside the introitus, not
easily dislodged, and not causing discomfort. The investigator removed the device and

the participant attempted to insert and remove it using written product instructions. The
investigator assisted as needed. If Ovaprene did not fit, or the participant could not insert,
position, and remove it, even with assistance, the participant did not continue. For enrolled
participants, the investigator assessed device position at every visit when Ovaprene was in
place, a total of 15 times per participant, first via digital exam and then visually with a
speculum.

2.7. Statistics

The primary statistical method for evaluating changes in the postcoital test due to device
use (primary objective) for each product condition (baseline, diaphragm, Ovaprene) was the
proportion of cycles (and 95% confidence interval) with an average (across nine HPFs) of <
5 progressively motile sperm/HPF, using SAS Version 9.4. We calculated the mean, median,
standard deviation, and interquartile range (i.e., 25th, 75th percentiles) of each woman’s and
cycle’s average number (across nine HPFs) of progressively motile sperm/HPF separately
for baseline and each test postcoital test. We based qualitative assessments of change from
baseline, if any, on the median and interquartile range, because of expected non-normality
of data. We calculated these descriptive statistics by site and pooled across sites. There were
no tests of statistical significance between the diaphragm and Ovaprene postcoital test cycle
results. We expected that diaphragm postcoital test results in this study would be similar to
published Caya postcoital test results [5,6], lending confidence to Ovaprene postcoital test
results.

Although individuals examining cervical mucus are not typically blinded in postcoital test
studies due to logistical difficulties, the examiner at Eastern Virginia Medical School was
blinded to visit type and whether a barrier was used. We analyzed results by all sites
combined, and by Eastern Virginia Medical School vs. the other sites combined to see if
there was an effect of blinding.

We calculated the proportion of participants in whom the device fit correctly, the proportion
who could correctly insert, position, and remove the device, and the proportion in whom the
device was over the cervix at each visit.

3. Results

3.1

Enrollment, subject disposition, demographics

We consented the first participant on May 23, 2018; we made the last follow-up contact on
November 15, 2019. We screened 135 participants and enrolled 38 (Fig. 3). Most screen
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fails (90.7%) were due to failure to meet eligibility criteria, usually failure to achieve target
midcycle cervical mucus and/or an adequate number of progressively motile sperm/HPF

at baseline. Thirty-five participants completed the diaphragm cycle, 26 completed at

least one Ovaprene cycle, and 23 completed the study (five cycles). The most common
discontinuation reasons were non-severe AEs (bacterial vaginosis) or withdrawing consent
(four participants each). There were no serious AEs.

Demographics are shown in Table 1. Most (17/26 [65.4%)]) participants completing an
Ovaprene cycle had experienced at least one vaginal delivery and 11/26 (42.3%) had used a
vaginal contraceptive ring.

3.2. Cervical mucus evaluation

3.3.

As expected [5,6], participants had fewer than five progressively motile sperm/HPF in all
diaphragm cycles (data not shown). Participants had fewer than five progressively motile
sperm/HPF in all 49 Ovaprene cycles, meeting the definition of a successful test postcoital
test. This was true regardless of examiner blinding, history of vaginal delivery or vaginal
ring use, body mass index (BMI), and dislodgements. Table 2 shows the mean, median,
standard deviation, and interquartile range of progressively motile sperm/HPF for the
baseline and Ovaprene cycles. The mean of 27.2 progressively motile sperm/HPF in the
baseline cycle was reduced to 0.5 progressively motile sperm/HPF in the first and second
Ovaprene cycles, respectively. When women were grouped by Eastern Virginia Medical
School (blinded) vs. non-Eastern Virginia Medical School (not blinded) sites, the mean
progressively matile sperm/HPF during Ovaprene cycles in both groups was less than one
progressively matile sperm/HPF (0.08 and 0.00 in the first Ovaprene and second Ovaprene
cycles, respectively, at Eastern Virginia Medical School, and 0.69 and 0.71 in the first
Ovaprene and second Ovaprene cycles, respectively, at non-Eastern Virginia Medical School
sites).

We evaluated the effect of modifying the required mucus score in Ovaprene cycles via post-
hoc analysis (Appendix 4, Supplementary Material). We predefined a successful cervical
mucus check to be the absence of sperm regardless of score, following an ovulation
predictor kit reading of “high” or “peak.” Compared with Insler scores in the baseline and
Caya cycles combined, (cervical mucus score > 10 in 82.9%), we found a score of > 10 in
63.6% of Ovaprene cycles.

Fit and placement

Ovaprene fit all participants. The investigators were to allow the participants to attempt

to insert, position, and remove Ovaprene first using written instructions only, without any
verbal assistance. However, in the beginning of the study, the investigators misunderstood
this and gave both written and verbal instructions first. We addressed this at approximately
the same time that we revised the protocol to have Ovaprene fitting occur at BP3, after
enrollment, rather than at Visit 1, to conserve Ovaprenes by not fitting participants who
might be ineligible. At BP3, 13/15 (86.7%) were able to insert it using written instructions
only, 12/15 (80%) could position it using written instructions only, and 11/15 (73.3%) could
remove it using written instructions only. At subsequent visits, all participants were able
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to insert, position, and remove the device with written instructions only, except for one
who needed verbal assistance to properly position the device. At no time in the study was
physical assistance needed. Ovaprene was over the cervical os in 409 out of 421 (97.1%) of
examinations.

4. Discussion

In comprehensive rigorous evaluation, use of Ovaprene resulted in a reduction in
progressively motile sperm reaching midcycle cervical mucus consistent with preliminary
evidence of contraceptive efficacy. Compared to baseline postcoital test results documenting
motile sperm, use of both Ovaprene and the Caya diaphragm met the criterion for
presumptive contraceptive efficacy (< 5 motile sperm/HPF), regardless of examiner blinding,
history of vaginal delivery or vaginal ring use, BMI, and dislodgements.

Ovaprene is unique among vaginal contraceptives. Its primary mode of action is being a
physical barrier to sperm, but, unlike diaphragms, it is not pericoital. It is a ring that is left
in place for about 21 days, but, unlike the approved vaginal rings NuvaRing and Annovera,
it does not contain hormones. Instead, its barrier function is augmented by release of the
spermiostatic ferrous gluconate.

While a limitation of this type of study is that it provides only preliminary evidence of
effectiveness, this postcoital test study was unusually rigorous with five objectives and 21
associated endpoints. Most postcoital test studies base results on 10 or fewer test cycles;
this study with 49 completed cycles was unusually large [2]. Timing within the menstrual
cycle and between intercourse and mucus testing were tightly controlled. It could be argued
that allowing participants to proceed to Ovaprene postcoital test visits with a mucus score
of < 10 at the Ovaprene Cervical Mucus Check visit could have created bias: because

the cervical mucus could be thicker than it would be with a score of > 10, there could

be fewer progressively motile sperm/HPF than there might have been if the mucus were
thinner, biasing results toward success. However, to the extent that the effect of the scoring
modification could be evaluated, it does not appear to have resulted in significant bias.

Ovaprene fit all participants and all were able to insert, position, and remove it, in most
cases using only written instructions. The device was found to be over the cervix at almost
every examination. Postcoital test cycles were successful even when the device was found to
be out of place, probably reflecting the spermiostatic effect of ferrous gluconate.

A pivotal study is underway in which participants at risk of pregnancy will use the device for
13 cycles and actual contraceptive effectiveness will be assessed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Osaprene, an investigational vaginal contraceptive evaluated in a 2019 United States
multicenter study. Ovaprene consists of a 55 mm silicone ring with a central permeable
barrier. The barrier’s pore size inhibits movement of sperm while allowing passage of fluids.
Ferrous gluconate released from the ring causes oxidative damage to the lipid bilayer of the
sperm tail, leading to spermiostasis. Ascorbic acid is released to maintain ferrous gluconate
in its ferrous state. Unlike other vaginal barrier methods, the Ovaprene is inserted at the

end of one menstrual period and left until the beginning of the next, requiring no action at
intercourse. It requires no clinician fitting, and a new product is used each month.
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Cycle 1 Cycle 2 Cycle 3 Cycle 4
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Visit BP1* BP2 BP3 (p;t CP2 g% 052 0S3 0S4 0S5 OP  OP op oOp
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*PCT, Postcoital Test

*BP, Baseline Postcoital cycle visit

*CP, Diaphragm Postcoital cycle visit
$0S, Ovaprene Safety cycle visit

0P, Ovaprene Postcoital test cycle visit
CMC, Cervical Mucus Check

t indicates when intercourse took place

Fig. 2.
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Cycle 5
Second Ovaprene PCT

16 17 18 18 20 21

oP OFP OP OoP OP OP
5A 1B 2B 38 4B 5B
(cmc) (PCT)

Study visits and cycles (following Visit 1 — Screening) in a 2019 United States multicenter

study evaluating Ovaprene, an investigational vaginal contraceptive.
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Fig. 3.
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Completed both Ovaprene postcoital test cycles (n=23)

Page 11

Participant disposition flow diagram in a 2019 United States multicenter study evaluating
Ovaprene, an investigational vaginal contraceptive.

Contraception. Author manuscript; available in PMC 2024 June 05.



Page 12

Mauck et al.

"aseqelep ayp ul A1obared [ew.oy paiioadsald e sem ..EEO.U

'saoel a|dijnw %9ayd pinod uedioied e — uonsanb  Ajddy 1843 |1V 984D, © Sem adey

q

‘Apnis ayy ul auaidenQ pasn oym syuedioned __<m

(rey) vT (Lvp) LT (0°0€=) 85900

(e12) L (T12)8 (6'62-0'Ge) Wbramiano

(7'9g) ¢T (zve) et (6'v2—5'8T) [eWION
0 0 (581 >) wbtemuspun  (96) ¢ ‘A10Bayed xapu sseN Apog

0 T Aue ynm Aynusp jou s80p id

0 921 248410

(8'82) 9z (682) 0g RN

0 0  Japuels| d419Ed JAUIO/UBIIBMEH SAIEN

(z81) 9 (8sT) 9 oelg

(T9)e (€9 e uelsy
0 0 AAIIEN eYSe|\y//uelpul uedsuswy (%) v ,Qmocw_

(0e)t (CrAR panioday 10N

(6°28) 6¢ (5'68) v oune]/a1uedsiH 10N
(Te) e 6D¢ ouneT/a1uedsiH (%) v ‘Andruyy3

ey v1 (g6€) a1 6y
(9'29) 6T (509) €2 Ge-81 (%) v ‘AioBare) aby
(€€ = N) guone|ndod suaideno  (ge = N) spuedioned pajjoaus v o1Is11eIsS A106a100 J318WeIRed

aAdaoe.uod Jeulben [euonebnsanul ue ‘auaidenQ Bunenjens Apnis Ja1usdnjnw se1els pallun 6TOZ © Ul pajjoius siuedioied Jo solydeiboweq

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Contraception. Author manuscript; available in PMC 2024 June 05.



Page 13

Mauck et al.

"UOIRINBD PJBpUE)S ,n_mu

"€ USIA ‘81940 159] [ento1sod auaidenQ puodss ‘gsdoO

q

"€ USIA ‘91949 158] [e)1091s0d auaidenQ 1si1y _<mn_om

Lv'00
0000
00
€T¥G0
€¢

T¥'00 TYL'0S
2000 607 ‘T'9T
00 (44
TT¥S0 6'LTFCLC
9¢ 9¢

Xe\ ,c__>_
sa|nuaotad L1s/ ‘yiGe
UBIpaN

,dS F uesy

u

qEEdO USIA - 810421591 [e109150d BusIdeAQ PUOIBS  LVEJO MSIA — 8]9Kd 1581 [ed1091s0d suaIdeAQ 15414 8jakd 1s8) [eoaisod auijaseg

¢ dlqeL

Author Manuscript Author Manuscript

anndaoeiuod jeuifen [euonebnssaul ue ‘susidenQ Bunenjens
Apnis Ja1uadiynw sajels pauun 6TOZ & ul pajjodua suedionsed Buowe sa]2A42 |je ssooe plaly Jamod ybiy sad wiads spnow Ajanissaiboud Jo sisAfeuy

Author Manuscript

Author Manuscript

Contraception. Author manuscript; available in PMC 2024 June 05.



	Abstract
	Introduction
	Methods
	Design
	Eligibility criteria
	Study visits
	Objectives
	Study procedures – evaluation of cervical mucus
	Study procedures – evaluation of fit and placement
	Statistics

	Results
	Enrollment, subject disposition, demographics
	Cervical mucus evaluation
	Fit and placement

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2

