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ABSTRACT

Clinical trials of contraceptives have often dif-
fered in their study designs, making cross-trial
comparisons difficult. This brief report outlines
some of the technical design features that can
vary from trial to trial. For example, the overall
number of menstrual cycles in a study has sub-
stantial impact on the final efficacy determina-
tion; however, the rules related to qualifying
cycles can differ based on the length of the
study and the statistical analysis plan. In two
commonly used methods of calculating effi-
cacy, the Pearl Index and the time-to-event
analysis, inclusion of fewer menstrual cycles
results in higher calculated failure rates. Statis-
tical analysis plans for contraceptive trials have

sometimes excluded menstrual cycles because
of an absence of documented vaginal inter-
course and the concomitant use of another
birth control method. Other design features
that have varied between contraceptive trials
relate to body mass index inclusion/exclusion
criteria and the definition of ‘‘on-treatment’’
pregnancy. In addition, study designs of non-
hormonal products can differ from those of
hormonal products in their length and rules for
qualifying cycles. The Draft Guidance for Hor-
monal Contraception, published in 2019 by the
US Food and Drug Administration (FDA), will
hopefully lead to more uniform trial design in
the future, particularly for hormonal products.
In the meantime, health care providers and
patients should be aware of the nuances in trial
design that make direct comparisons about rel-
ative efficacy challenging.
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Key Summary Points

The study designs of contraceptive clinical
trials have historically differed in
technical but impactful ways, making it
difficult to directly compare efficacy
results across trials.

One such design feature that has often
differed between contraceptive trials is the
set of rules related to qualifying menstrual
cycles; in some trials, the absence of
documented vaginal intercourse and/or
the concomitant use of another birth
control method can exclude a menstrual
cycle from the efficacy determination.

For two of the most commonly used
methods of calculating efficacy, the Pearl
Index and the time-to-event analysis,
inclusion of fewer menstrual cycles results
in higher calculated failure rates.

Non-hormonal contraceptive study
designs can differ from hormonal study
designs in length and in rules for
qualifying menstrual cycles.

Recent FDA guidance will hopefully
increase uniformity in trial design, leading
to more accurate comparisons between
trials and conceptive products.
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One of the primary characteristics that people
consider when selecting a contraceptive
method is how well it works to prevent preg-
nancy [1, 2]. However, there is limited aware-
ness of the variable ways that efficacy is
measured in clinical trials or of how ‘‘efficacy’’
differs from ‘‘effectiveness’’ as determined via
non-interventional studies. Many family plan-
ning providers and patients are also unaware
that a commonly used counseling tool that
groups contraceptives into three tiers conveys
effectiveness rather than efficacy and is not
based on head-to-head clinical trial data [3].

Efficacy determinations from clinical trials of
contraceptives are meant to convey, as closely
as possible, an estimate of risk of pregnancy
based on the method, while controlling for
other possible factors that might impact the
efficacy rate. Although contraceptive clinical
trials share this common goal, their clinical
study designs have historically differed in ways
that can impact the ultimate efficacy determi-
nation. Older clinical trials of hormonal con-
traceptives often enrolled less
socioeconomically and ethnically diverse pop-
ulations and excluded those with a high body
mass index (BMI), which research indicates
likely led to better reported efficacy than would
have been seen if the enrolled population had
been more diverse and representative of today’s
heavier population [4–8]. For example, a US
Food and Drug Administration (FDA) meta-
analysis suggests that women with obesity have
a 44% higher failure rate during combined oral
conceptive (COC) use compared to non-obese
women after adjusting for age and race [4].

The overall number of menstrual cycles
included in the analysis is another, perhaps
lesser known, clinical trial design feature that
can impact the efficacy calculation. This num-
ber can vary based on the length of the study
and the specific statistical analysis plan (SAP) of
a given clinical trial. Two of the most com-
monly used approaches to calculate efficacy in
contraceptive clinical trials, the Pearl Index and
the time-to-event analysis, both take into
account the number of qualifying menstrual
cycles versus the number of on-treatment
pregnancies.

The Pearl Index, defined as the number of
pregnancies per 100 woman-years, is commonly
used for hormonal contraceptives and assumes
a constant failure rate over time. The Pearl
Index is calculated using the number of quali-
fying menstrual cycles in the denominator, as
follows: [(number of pregnancies 9 13
cycles/total number of 28-day cycles) 9 100].

In contrast, the time-to-event analysis, also
called life table analysis or cumulative failure
rate, reports failure rates at set time points. The
time-to-event approach is based on the
Kaplan–Meier calculation, which is a survival
analysis. The survival analysis depends on the
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duration of time (including only qualifying
cycles) from enrollment until exiting the trial or
becoming pregnant, with the number of par-
ticipants still active in the trial at the time of
each pregnancy used to calculate the cumula-
tive failure rate. Although their calculations
differ, for both the Pearl Index and time-to-
event analysis, inclusion of fewer qualifying
menstrual cycles results in higher calculated
failure rates. This is an important consideration
when comparing findings from studies of vary-
ing duration, e.g., 7 cycles vs 13 cycles.

For current FDA approval, the two most sig-
nificant reasons that cycles must be omitted are
no documented vaginal intercourse and/or
concomitant birth control use, such as when
condoms are used for prevention of sexually
transmitted infection. However, on the basis of
our knowledge of phase 3, US-based contracep-
tive clinical trials initiated during or after 2007,
seven of the 11 trials that assessed efficacy
excluded cycles in which concomitant contra-
ception was used [9–15], and four trials did not
[16–19]. Furthermore, four of these 11 trials
documented the occurrence of regular vaginal
intercourse during the trial and excluded cycles
reporting no intercourse from the efficacy
analysis [9–12], while seven trials did not
[13–19]. Although this literature search was not
systematic and was limited by the fact that not
all details of the statistical methods used in
clinical trials are always published or readily
accessible online, we believe our findings
underscore the variability in how contraceptive
clinical trials have historically defined qualify-
ing cycles. Given the substantial impact of
qualifying cycles on the final efficacy determi-
nation, this variability in trial design and effi-
cacy results makes it very challenging to make
comparisons across trials.

Another possible reason for exclusion of
cycles from the efficacy analysis is a menstrual
cycle length that is too long or too short (typi-
cally\21 days and[35 days). This is applica-
ble primarily for non-hormonal contraceptives.
One recently completed clinical trial for the
newly approved vaginal pH modulator (VPM)
gel excluded cycles where no vaginal inter-
course was documented and cycles in which
concomitant contraception was used, as well as

on-trial menstrual cycles that were not 21–-
35 days in length [9]. The impact of the number
of cycles on the efficacy calculation was recently
highlighted by Chappell et al. [20]. In this
analysis, the perfect-use cumulative failure rate
of VPM ranged from 9.99% to 6.67% depending
on whether non-standard-length menstrual
cycles were included and whether women who
had incomplete washout of previous hormonal
contraception were removed, among other
factors.

Clinical studies may also differ in the criteria
used to determine the number of pregnancies in
the calculation. Newer clinical trials differ from
older trials in that they require more frequent,
sensitive, and mandatory pregnancy testing and
more frequent utilization of high-resolution
transvaginal ultrasound, which results in the
identification of more and earlier pregnancies
[21]. Adding to the difficulties in comparing
clinical trials, definitions of ‘‘on-treatment’’
pregnancies have not been uniform, with some
hormonal trials including pregnancies occur-
ring up to 7 days after the last treatment cycle
versus others that have included pregnancies
occurring up to 14 days after the last treatment
cycle [21, 22]. Each of these factors has con-
tributed in varying degrees to the clearly
decreasing efficacy results seen in more recent
clinical trials [21].

In the USA, contraceptive clinical trials are
designed by sponsors to maximize the likeli-
hood of product approval from the FDA. How-
ever, FDA guidance has changed over time and
historically has taken the form of one-on-one
discussions between the FDA and the trial
sponsor that ultimately guided choices in study
design and inclusion criteria. Lack of clearly
articulated and consistent regulatory guidance
for hormonal or non-hormonal contraceptive
trials has led to inconsistent clinical trial
designs. The FDA’s 2019 Draft Guidance for
hormonal contraception provides an important
starting point for more uniform trial design that
will ultimately help family planning providers
and patients more accurately evaluate findings
across future studies [23]. Among other features,
the FDA recommendations include placing no
restrictions on BMI in the enrollment criteria,
counting pregnancies that occur within 7 days
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of the last treatment, and using the Pearl Index
as the primary endpoint, calculated over the
first year of use and including only cycles dur-
ing which vaginal intercourse occurred and no
concomitant contraception was used. The FDA
should also consider providing similar pub-
lished guidelines for non-hormonal and device
clinical trials.

As contraceptive clinical trials in the USA
become increasingly uniform in design and
inclusive in nature, making cross-trial compar-
isons will become more feasible and the find-
ings will become more relevant to the USA
population as a whole. However, features of
clinical trial design still differ between hor-
monal contraceptives and non-hormonal con-
traceptives, suggesting a need to educate family
planning providers and patients. For example,
trials of longer duration (e.g., 13 cycles as is
common for hormonal contraceptives) will
likely result in lower failure rates compared to
trials of shorter duration (e.g., 7 cycles as is
common for non-hormonal contraceptives)
given the reduced number of cycles contribut-
ing to the analysis. Also, family planning pro-
viders and patients should be aware that, in
some aspects, adherence to the FDA’s 2019
Draft Guidance will widen the gap between
efficacy rates in the clinical trial setting and
effectiveness rates in the real world. For exam-
ple, exclusion of cycles in which no intercourse
is documented and/or another method of con-
traception is used is not reflective of how con-
traceptives are used in the real world [24].

Achieving inclusive and uniform trial design
will take time and will not address the incon-
sistencies in past trials. In the meantime, family
planning providers should understand some of
the important nuances in contraceptive study
designs in order to put efficacy data into con-
text for the patient. This in turn will support
reproductive autonomy by enabling people to
make informed contraceptive choices. Future
studies of real-world, prospective use of differ-
ent contraceptive methods across a diverse
population of people would provide more rele-
vant and consistent data that allow patients to
contextualize and understand their pregnancy
risk and control their own reproductive life.
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