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Objective: The objective was to evaluate the contraceptive effectiveness, safety, and acceptability of a novel vag-
inal pH regulator over seven cycles of use.
Study design: A single-arm, open-label, phase 3 study was conducted across 112 sites in the United States in sex-
ually active 18–35-year-old women at risk of pregnancy. Women administered the study treatment ≤1 h before
each episode of intercourse. Women recorded use of study drug, coital information, and any symptoms experi-
enced in electronic diaries. The primary outcome was the seven-cycle cumulative pregnancy rate as calculated
using the Kaplan–Meier methodology; secondary outcomes included safety. Overall satisfaction was assessed
via written questionnaires.
Results: A total of 1384 women were enrolled in the study from July 2017 to November 2018. Mean age was
27.7 ± 4.4 years; most women were white (69.0%). The seven-cycle cumulative pregnancy percentage was

13.7% [95% confidence interval (CI): 10.0%–17.5%], meeting the prespecified primary endpoint of having the
upper bound 95% CI ≤21%. Most common adverse events (AEs) occurring in ≥2% of women were vulvovaginal
burning sensation, vulvovaginal pruritus, urinary tract infection, vulvovaginal pain, mycotic infection, bacterial
vaginosis, and nasopharyngitis. Of 1330 women who used the study drug at least once, fewer than 2% of
women discontinued due to any AEs, and b1% of women discontinued due to genitourinary symptoms. Overall,
N80% of women reported being “very satisfied” or “satisfied” with study treatment.
Conclusions: In this phase 3 study, the novel vaginal pH regulator demonstrated 86.3% contraceptive effective-
ness, was safe and well tolerated, and was highly acceptable.
Implications: This novel vaginal pH regulator is a safe, nonhormonal, woman-controlledmethod of contraception
that expands women's options.

© 2020 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The rate of unintended pregnancy in the United States remains high,
estimated at 45% in 2011 [1]. In part, the incidence of unintended preg-
nancy suggests that despite the availability of effective contraceptives,
additional contraceptive options are needed in order to meet themulti-
tude of needs and preferences of women as their family planning goals
shift over time. Research suggests some women have concerns about
hormone-related side effects andwould prefer contraceptives that pro-
vide control and flexibility, such as those that enable short-term and/or
nondaily use [2].

The novel vaginal pH regulator Phexxi™ (previously Amphora and
ACIDFORM) is a nonhormonal, woman-controlled, contraceptive vagi-
nal gel under investigation for prevention of pregnancy. It contains
three active ingredients (L-lactic acid, citric acid and potassium
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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bitartrate) and is designed to maintain the acidic vaginal environment
even in the presence of alkaline semen [3–5]. Preclinical testing of the
gel demonstrated bioadhesive and viscosity-retaining properties en-
abling the gel to stay in the vagina for up to 8–10 h [6,7]. Results from
phase 1 clinical studies show use of vaginal pH regulator did not result
in intravaginal toxicity, although mild/moderate burning/itching/irrita-
tion were reported [8,9]. In early clinical studies, few male partners re-
ported side effects, with most resolving spontaneously and with rates
similar to those seen with an over-the-counter lubricant [10].

The objectives of this phase 3 AMPOWER trial were to evaluate the
contraceptive effectiveness, safety, and women's satisfaction with the
novel vaginal pH regulator over seven cycles of use.
2. Methods

In consultation with the US Food and Drug Administration (FDA)
and to support a new drug application, AMPOWER was designed as a
multicenter, single-arm, open-label, phase 3 study (ClinicalTrials.gov
identifier number: NCT03243305) to evaluate the contraceptive effec-
tiveness of vaginal pH regulator over seven cycles of use. The primary
endpoint was the seven-cycle cumulative pregnancy rate with typical
use as measured by the Kaplan–Meier statistical method. Safety was
measured by adverse event (AE) reporting, clinical labs, and physical
exams. All AEs were coded by MedDRA (version 21.0), and the number
of women experiencing ≥1 AE was summarized by frequency and per-
centage. Women's overall satisfaction was an exploratory outcome.
2.1. Participants, inclusion and exclusion criteria

The studywas conducted at 112 sites in the United States; the proto-
col was approved by The Advarra Institutional Review Board. Clinical
site assessments were conducted to ensure sites had the necessary re-
sources and training/experience for participation. Sites weremonitored
periodically to review study progress, verify protocol adherence, review
maintenance of study records, and ensure International Council for
Harmonisation (ICH) and Good Clinical Practice (GCP) guidelines were
followed. At the screening visit (visit 1), all participating women pro-
vided informed consent. Eligible women were aged 18–35 years, at
risk for pregnancy and report normal 21–35 day cyclic menses. Com-
plete inclusion and exclusion criteria are described in Appendices A.1
and A.2, respectively.

Eachwomanwas asked to engage in at least three acts of heterosex-
ual vaginal intercourse per cycle and keep an electronic diary (eDiary)
to record coital information, study drug information, use of concomitant
medications and other contraceptives, menses, and any symptoms that
may indicate an AE.
Fig. 1. AMPOWER study design. aWithin 60 days of providing consent, eligible women
were assessed for overall and gynecologic health prior to being scheduled for
enrollment/visit 2 to begin receiving study treatment. bThe cycle during which
enrollment occurred was considered cycle 0. The woman's seven study cycles were
cycles 0 to 6 if the time from enrollment to the woman's next menstrual period was
≥21 days. If the time from enrollment to the woman's next menstrual period was
b21 days, the woman's seven study cycles were cycles 1 to 7.
2.2. Product assignment and sample size

Enrolled women received the study product as prefilled applicators
each containing 5 g of study drug (stored at ambient temperature [3])
to use as their on-study contraceptivemethodwhile engaging in vaginal
intercourse. Women were instructed to administer the study drug
intravaginally immediately before or up to 1 h before each episode of in-
tercourse. Women received daily reminders to record data via the
eDiary app, which had a 48-h lockout period so data were captured in
“real time.” As agreed upon with the FDA, to achieve 90% power to en-
sure the upper limit of the 95% confidence interval (CI) of the cumula-
tive seven-cycle pregnancy rate was ≤21%, accounting for dropout and
loss to follow-up, an estimated total sample size of 1349 women en-
rolled would be required. There were 550 women in screening when
the enrollment target was met; therefore, an additional 35 women
were enrolled, bringing the total to 1384.
2.3. Follow-up visits

Following enrollment (visit 2), women returned for visits 3 (sec-
ond study cycle) and 4 (either fifth or sixth study cycle) (Fig. 1). Visit
5/exit visit took place 14–30 days after the seventh study cycle or
from the last use of study product for early termination. At each
visit, urine pregnancy test and gynecologic examination were per-
formed, vital signs were assessed, and AEs were recorded. Any un-
used study drug and applicators were collected, and each woman's
eDiary was reviewed. Additional study product was distributed at
each visit as needed. The total estimated time for a woman's partici-
pation in the study was ≤10 months. Questionnaires were adminis-
tered for women to rate their overall satisfaction with their
previous contraceptive method at enrollment and to report their sat-
isfaction with the study drug at each study visit.

2.4. Statistical analysis and outcome measures

All enrolled women were included in the intent-to-treat (ITT)
population. Women in the ITT population who administered the
study drug at least once were considered the Safety evaluable popu-
lation; all safety data were summarized descriptively. The modified
intent-to-treat (mITT) population included women from the ITT
population who had at least one qualifying cycle or who became
pregnant with a conception date between enrollment and b8 days
after final study drug use. The primary effectiveness outcome was
the seven-cycle cumulative pregnancy rate in the mITT population.
To comply with FDA recommendations, qualifying cycles had to
meet rigorous criteria, including: 21–35-day cycle length, no backup
or emergency contraception, and at least one recorded act of vaginal
intercourse in that cycle. Women's satisfaction was assessed in the
Safety population and summarized for each visit using descriptive
statistics. Version 9.4 of the SAS® statistical software package was
used for all summaries, listings, statistical analyses, and graphical
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presentations. The statistical analysis plan was submitted to the FDA
prior to database lock.

3. Results

3.1. Enrollment, disposition, and participant characteristics

From July 2017 through November 2018, a total of 2972 women
were screened and 1384 women were enrolled at 112 study sites (Fig.
2). The average age was 27.7 ± 4.5 years, with mean body mass index
of 28.8 ± 8.1 kg/m2. Of the 1384, there were 519 (37.5%) nulligravida,
313 (22.6%) primigravida, and 552 (39.9%) multigravida women prior
to enrollment; among 865 primi- and multigravida, the mean number
of prior pregnancies was 2.5 ± 1.8 (Table 1). The majority of participat-
ingwomenwerewhite (69.0%) andwere of non-Hispanic or non-Latina
origin (58.2%). At time of screening, 70% ofwomen (969/1384) reported
contraception use, with some women reporting use of at least one con-
traceptive method. The most frequently reported methods of contra-
ception used at time of screening were male condom (56.9%, 787/
1384), withdrawal method (14.2%, 196/1384), and rhythm method
(5.1%, 70/1384); approximately 30% of women (415/1384) did not re-
port using any contraceptive method.
Fig. 2. Participant flow diagram of the AMPOWER study. All enrolled women were included in
study drug at least once throughout the study. The mITT population included women from t
conception date between enrollment and b8 days after final study drug use. aScreen failures i
women who enrolled in the study more than once; only their first enrollment was counted.
was determined to have started before enrollment date. Women with cycles with backup e
cThere were 198 “early completers” who had completed at least six study cycles but were amo
No unexpected changes in serum chemistry, hematology, vital signs,
or physical exam results were reported. Of the 1330women included in
the safety analysis, themean time on studywas 144.6± 75.0 days (me-
dian, 175) and the mean total number of cycles per woman was 5.7 ±
2.7 (median, 7). Data from women's eDiaries (n = 1265) showed that
the study drug was used a mean of 25.8 ± 21.2 times per woman (me-
dian, 22) and was used a mean of 4.2 ± 3.2 (median, 3.6) times per
woman per cycle. The completion rate was 46.7 (647/1384), which in-
cluded 449 women (32.4%) completing seven cycles and 198 “early
completers” (14.3%) who completed at least six cycles but were inad-
vertently scheduled for their treatment exit visit. Themost frequent rea-
son for study discontinuation was loss to follow-up (18.1%, 250/1384)
and withdrawal by subject (12.3%, 170/1384).

3.2. Contraceptive effectiveness

Of 1384 enrolled women, 1182 were included in the mITT popula-
tion. Sixty-eight women were excluded from the mITT effectiveness
analysis (n = 1114) due to (1) having a pregnancy determined to
have started before enrollment date or (2) having no qualifying cycles.
In total, there were 32,680 reported acts of intercourse, of which
24,289 acts occurred in cycles that met the criteria for inclusion in the
the ITT population. Safety population included women in the ITT population who used the
he ITT population who had at least one qualifying cycle or who became pregnant with a
nclude N550 women in screening at the time enrollment target was met. bThere were 10
Excludes women who had a pregnancy detected after being enrolled but the pregnancy
mergency contraception are excluded unless they became pregnant while in the study.
ng 252 women inadvertently scheduled for their final study visit before study end.



Table 2
Summary of women experiencing adverse events on study in a phase 3 contraceptive trial
evaluating vaginal pH regulator over seven cycles of use

Safety population
(n = 1330)

Adverse event (preferred term)a

Women with ≥1 AE, n (%) 601 (45.2)
Vulvovaginal burning sensation 266 (20.0)
Vulvovaginal pruritus 149 (11.2)
Urinary tract infection 76 (5.7)
Vulvovaginal pain 51 (3.8)
Vulvovaginal mycotic infection 38 (2.9)
Bacterial vaginosis 37 (2.8)
Nasopharyngitis 35 (2.6)

AEs leading to early discontinuation, n (%) 25 (1.9)
Relationship of AEs,b n (%)
Unlikely to be related 186 (14.0)
Possibly related 166 (12.5)
Probably related 139 (10.5)
Definitely related 108 (8.1)

Intensity of AEs
Mild 318 (23.9)
Moderate 249 (18.7)
Severe 31 (2.3)

Enrolled women who used the study drug at least once were included in the Safety
population. Women could report more than one AE at each study visit.

a AEs were coded by MedDRA (version 21.0) system organ class and per MedDRA
preferred terms.

b Assessed by the investigator.

Table 1
Demographic and baseline characteristics of women enrolled in a phase 3 contraceptive
trial for vaginal pH regulator

Characteristic Enrolled women
(N = 1384)

Age in years, mean ± S.D. 27.7 ± 4.5
Race, n (%)
Asian 35 (2.5)
Black or African American 348 (25.1)
American Indian or Alaska Native 6 (0.4)
Native Hawaiian or Pacific Islander 2 (0.1)
White 955 (69.0)
Other 38 (2.8)

Ethnicity, n (%)
Hispanic or Latina 571 (41.3)
Not Hispanic or Latina 805 (58.2)
Not reported 8 (0.6)

Body mass index at screening (kg/m2, mean ± S.D.) 28.8 ± 8.1
Gynecological history, n (%)
Bacterial vaginosis 245 (17.7)
Urinary tract infection 550 (39.7)
Yeast infection 467 (33.7)

Contraception use in the past 12 months, n (%)
Any use 1233 (89.1)
Current use 969 (70.0)
Never user 11 (0.8)

Pregnancy history
Number of women reporting previous pregnancies 865 (62.5)
How many times woman has been pregnant, n (%)
0 519 (37.5)
1 313 (22.6)
2 244 (17.6)
3 131 (9.5)
N4 177 (12.8)

Mean number of pregnancies ± S.D. 2.5 ± 1.8
Mean number of full-term deliveries ± S.D. 1.5 ± 1.3
Mean number of elective abortions ± S.D. 0.4 ± 1.0
Mean number of spontaneous abortions ± S.D. 0.3 ± 0.7

All enrolled women were included in the ITT population. S.D., standard deviation.
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primary effectiveness analysis. Of the 1114 women included in the pri-
mary effectiveness analysis, 101 on-treatment pregnancies were re-
ported out of over 24,000 qualifying cycles, resulting in a seven-cycle
cumulative pregnancy percentage of 13.7% (95% CI: 10.0%–17.5%) with
typical use, meeting the prespecified primary endpoint of having the
upper bound 95% CI ≤21% (Fig. 3). Given that cycles up to 42 days are
generally considered ovulatory [11,12], additional effectiveness analy-
ses including 21–42-day cycles reduced the seven-cycle cumulative
pregnancy percentage to 12.5% (95% CI: 9.6%–15.3%).
Fig. 3. Contraceptive effectiveness outcomes in the phase 3 AMPOWER study. The seven-cycle
analysis population. aExcludes women who had a pregnancy detected after being enrolled b
cycles with backup emergency contraception are excluded unless they became pregnant while
3.3. Safety and acceptability

Of 1384 women enrolled, 96.1% (1330/1384) of women used the
study drug at least once throughout the study (Safety population), pro-
viding a total of 7561 cycles evaluable for safety. Throughout the study,
45.2% (601/1330) of women experienced at least one AE (Table 2). The
most frequent AEs reported by the largest proportion of women (occur-
ring in ≥2.0% of women) were vulvovaginal burning sensation (20.0%),
vulvovaginal pruritus (11.2%), urinary tract infection (5.7%),
vulvovaginal pain (3.8%), vulvovaginal mycotic infection (2.9%), bacte-
rial vaginosis (2.8%), and nasopharyngitis (2.6%) (Table 2). Most
women reported their highest-severity AE to be mild (23.9%, 318/
1330) or moderate (18.7%, 249/1330) in severity. There were 108
(8.1%)womenwho reported experiencing at least oneAE thatwas “def-
initely” related to treatment. Burning (5.8%) and itching (2.3%)were the
most frequently cited reasons for AEs “definitely” related to treatment.
Overall, rates of burning and itching generally decreased over time.
cumulative pregnancy probability curve with typical use for women in the mITT efficacy
ut the pregnancy was determined to have started before enrollment date. Women with
in the study. mITT, modified intent-to-treat.



Table 3
Incidence of serious adverse events in a phase 3 contraceptive trial evaluating vaginal pH
regulator over seven cycles of use

Parameters, n (%) Safety population
(n = 1330)

Total number of SAEs 17 (1.3)
Gastrointestinal disorders 2 (0.2)
Hepatobiliary disorders 1 (0.1)
Infections and infestations 3 (0.2)
Injury, poisoning, and procedural complications 2 (0.2)
Metabolism and nutrition disorders 1 (0.1)
Neoplasms benign, malignant, and unspecified 1 (0.1)
Nervous system disorders 1 (0.1)
Pregnancy, puerperium, and perinatal conditions 1 (0.1)
Psychiatric disorders 3 (0.2)
Reproductive system and breast disorders 1 (0.1)

SAEs leading to early discontinuation 2 (0.2)

Enrolled women who used the study drug at least once were included in the Safety
population.

5M.A. Thomas et al. / Contraception: X 2 (2020) 100031
The rates of burning and itching by acts of intercoursewere lowerwhen
the study drug was used once per day (2.1% and 0.7%, respectively)
comparedwith two ormore times per day (4.6% and 1.0%, respectively).

Fewer than 2% of women discontinued due to any adverse event,
and b1.0% of women (13/1330) discontinued specifically due to genito-
urinary symptoms. The incidence of serious AEs (SAEs) was low, occur-
ring in 1.3% of women (Table 3), and none were considered to be
“definitely” related to study treatment; only a single SAE (cystitis,
0.1%) was considered “probably” to be treatment related.

Women's satisfaction was evaluated in 1330 women (ITT popula-
tion); almost half (46.5% 616/1325) of respondents indicated that they
were “very satisfied” or “satisfied” with their contraceptive method
prior to the study at enrollment/visit 2. Compared with women's satis-
factionwith their contraceptivemethod prior to enrollment, satisfaction
with the study treatment nearly doubled; at visits 3, 4, and 5, 85%, 90%,
and 82% of women surveyed, respectively, reported being “very satis-
fied” or “satisfied” (Fig. 4).

4. Discussion

This study assessed the contraceptive effectiveness, safety, and ac-
ceptability of a novel vaginal pH regulator. In consultation with the
Fig. 4.Women's satisfactionwith theirmost recent contraceptivemethod. SAE, serious adverse
used prior to enrollment.Women reported their satisfaction with the study treatment at every
cycles 5 or 6, and visit 5 occurred 14–30 days after study cycle 7. Visit 5 included responses from
product for early termination.
FDA, this study design employed rigorous criteria for defining qualifying
cycles consistentwith their current recommendations for contraceptive
trials, including (1) 21–35-day cycle length, (2) no backup/emergency
contraception used, and (3) at least one act of intercourse in each
cycle. As agreed upon with the FDA, the study was seven cycles in
length, consistent with other nonhormonal, on-demand contraceptive
trials [13,14]. The primary effectiveness endpoint was met; the
typical-use seven-cycle cumulative pregnancy percentage was 13.7%,
with an upper limit of the 95% CI being ≤21%. Cycle lengths between
21 and 42 days are also considered ovulatory [11,12], and a sensitivity
analysis including 21–42-day cycles reduced the seven-cycle cumula-
tive pregnancy percentage to 12.5%. These analyses do not represent ef-
ficacy of the study drug with correct and consistent use, nor are they
what we would expect with “real-world” use (i.e., where women may
use a second method, may not have intercourse every cycle, and/or
may have varying cycle lengths when not on hormonal contraception).
Therefore, additional ad hoc analyses will be reported separately.

The study drug was safe and well tolerated. The most commonly re-
ported AEs included burning and pruritus at rates similar to those re-
ported in a randomized crossover trial evaluating female and male
condom acceptability: 30% and 17% of women using the female and
male condom, respectively, experienced burning/itching/irritation [15]
. In this study, most women reported their highest-severity AE to be
mild or moderate. Fewer than 2% of women discontinued due to AEs,
with even fewer discontinuing due to genitourinary AEs. This is much
lower than the observed discontinuation rates due to AEs in hormonal
contraceptive studies [16–18]. The incidence of serious AEs was low;
only one event (cystitis) was considered “probably” related to
treatment.

Nearly half (46.8%) of enrolled women completed at least six study
cycles. The discontinuation rate (53.3%) was similar to reports from
other contraceptive clinical trials where nearly half of enrolled women
discontinued [14,16–18]. For women seeking on-demand contracep-
tion, these discontinuation rates were not unexpected [19].

This study has several strengths: the large study population, geo-
graphically diverse study sites, the range of demographic backgrounds
of women included, frequent pregnancy testing, and real-time assess-
ments of sexual intercourse and side effects. The study also included
women at the highest risk of pregnancy (i.e., sexually active women
with regular 21–35-day cycles), and women with proven fertility (2.5
mean pregnancies; 1.5 mean full-term deliveries). Study limitations
event. At visit 2, women reported satisfactionwith theirmost recent contraceptivemethod
subsequent study visit; visit 3 corresponded to study cycle 2, visit 4 corresponded to study
womenwho returned 14–30 days after their seventh cycle or from their last use of study
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include its open-label design, which may have introduced a possibility
for bias among women and study personnel. The relatively short study
duration might limit the ability to understand long-term effectiveness
of the study drug. In contraception studies, the likelihood of pregnancy
decreases over time due to attrition, as women at highest risk become
pregnant early and exit from the study [20–22]. Furthermore, the likeli-
hood of pregnancy declines over time as women become more profi-
cient with correct use of the contraceptive method [20,22]. These
results are also not necessarily indicative of “real-world” failure rates
due to the rigorous nature of the clinical trial design. The study design
followed key recommendations from the FDA for establishing efficacy
in phase 3 hormonal contraceptive trials including the following: US-
based, no body mass index restrictions, regular urine pregnancy tests at
study visits, and excluding cycles where no sexual intercourse occurred
and where backup/emergency contraception was used [23]; however,
there has not been any guidance specific to nonhormonal or on-
demand contraceptive clinical trial design. As more contraceptive studies
are developed with the FDA's recommendations for establishing efficacy,
cumulative pregnancy rates observedmay be higher than what has been
reported historically, similar to the phenomenon observed of reduced ef-
ficacy in newer oral combined hormonal contraceptives [22,23].

An international survey found that 49% of women prefer nondaily
forms of contraception and 73% prefer a method that allows them to
stop using at the moment they choose [2]. Besides contraceptive effec-
tiveness, noncontraceptive benefits are also important to women
[24,25]. Its unique viscosity-retaining properties offer women seeking a
contraceptive option the noncontraceptive benefit of lubrication, and it
can be used with other contraceptives, consistent with research suggest-
ing that some women prefer to use multiple methods simultaneously
[26]. This new vaginal pH regulator offers women a contraceptive option
that may be used “in the moment” and allows for flexibility and control.
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