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Abstract: The high incidence of HIV and other sexually transmitted infections (STIs), and an unmet need for modern contraception
resulting in a high unintended pregnancy rate, are major problems in reproductive health. The concept of multipurpose prevention
technology (MPT) was introduced following the failure of several leading microbicide candidates to prevent human immunodeficiency
virus type 1 (HIV-1) transmission in large clinical trials in the early 2000s. MPTs are defined as products designed to simultaneously
prevent at least two of the following conditions: unintended pregnancy, HIV-1, or other major STIs. The goal of contraceptive MPT
products (cMPTs) is to provide contraception and protection against one or more major STI pathogen (eg, HIV-1, herpes simplex virus
(HSV) type 2, Neisseria gonorrhoeae (gonorrhea), Treponema pallidum (syphilis), Trichomonas vaginalis, Chlamydia trachomatis
(Chlamydia). This new field has great potential and will benefit from lessons learned from the early microbicide trials. The cMPT field
includes candidates representing various categories with different mechanisms of action including pH modifiers, polyions, micro-
bicidal peptides, monoclonal antibodies, and other peptides that target specific reproductive and infectious processes. More preclinical
research is being conducted to ensure minimal side effects and maximum efficacy in vivo. Effective proven and novel candidates are
being combined to maximize efficacy, minimize side effects, and avoid drug resistance. More attention is being paid to acceptability
and new delivery systems. cMPTs have a very promising future if adequate resources can be mobilized to sustain the effort from
preclinical research to clinical trials to bring effective, acceptable, and affordable products to market.
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Introduction

The Multipurpose Prevention Technology (MPT) Initiative formally emerged from the microbicide field in 2009 to
provide women and men protection against multiple current reproductive health risks, including unintended pregnancies,
HIV-1, and/or other major sexually transmitted infections (STIs).! In this review, we delineate contraceptive MPTs
(cMPT), products that specifically provide contraception, and protection against at least one pathogenic STI.
Approximately half of all pregnancies worldwide are unintended due to lack of use or incorrect use of effective modern
contraceptives, with an estimated gap of 257 million women who would benefit from additional contraceptive options.”
In addition, over 350 million bacterial and parasitic pathogens (eg, N. gonorrhoeae, T. pallidum, T vaginalis,
C. trachomatis) and millions of incurable pathogenic viruses (eg, HIV-1, HSV-2) are sexually transmitted each year
globally.® The emergence of antibiotic resistant strains of various STI pathogens highlights the need for investment in
prevention strategies in addition to new treatments.’ For these reasons, many sexually active women and men indicate
that they would welcome a product that is not only contraceptive but also protective against STIs.* Many factors,
including efficacy, formulation, timing of use, side effects, messiness, and dose volume, can affect user acceptance of an
MPT product, and survey data suggest that geographic and cultural factors play a role in user preferences, highlighting
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the need to bring diverse products to market.* This current review of the ¢MPT field presents candidate products
representing various categories with different mechanisms of action including pH modifiers, polyions, microbicidal
peptides, monoclonal antibodies, and other peptides that target specific reproductive and infectious processes.

History of MPTs
3000 BCE-1990

Human sexually transmitted infections (STIs) have been described since antiquity. The genetic record shows that HSV-2
evolved into its present form and infected humans over 1.5 million years ago.” Symptoms of STIs, such as genital ulcers,
inflammation, and discharge, were described by ancient Egyptians, Greeks, and Romans.” In the early 15th century, these
conditions were given the name “venereal disease” after Venus, the goddess of love, but it was not until the mid-19th century,
following the development of powerful compound microscopes, that individual bacterial STI organisms would be identified
and characterized.® Sexually transmitted viruses would not be differentiated until the invention of the electron microscope in
the mid-20th century.®

Male barrier methods (penile sheaths) were used to protect against STIs in ancient Egypt and Rome, and a female condom
was described in Greek literature from 3000 BCE.” Early condoms were made from animal bladders and intestines or from
chemically-treated linen.” Their use dramatically increased in the 16th century when a severe syphilis epidemic devastated
Europe. An Italian anatomist, Gabriele Falloppio, conducted one of the first recorded clinical trials to test the efficacy of
chemical-soaked linen male condoms to prevent syphilis; of the 1100 participants he studied, reportedly none became
infected.® Condoms became more accessible and popular in the 1920s following the invention of latex and were widely
used by American troops in World War II.” The AIDS epidemic, starting in the 1980s, further boosted the use of condoms for
STI prevention (Figure 1).”

The history of contraception also has roots in antiquity. Male penile barriers have been primarily used for STI
prevention throughout history, but their contraceptive properties have also been recognized. The modern latex condom
was introduced in the 1920s.” Women have used vaginal poultices for contraception since at least 2000 BC, employing
soft materials such as cotton or wool soaked in various mixtures of oils, fruit juice, herbs, and other substances to form
a tampon-like plug.'® The solid material would have provided a partial barrier, and some of the ingredients (eg, the acidic
nature of lemon juice) could have impaired sperm function and inhibited STIs.*® The modern female condom which, like
the male condom, effectively provides both contraception and protection against STIs, was introduced in 1993.>° While
progress has been made in the fields of contraception and STI treatment and prevention, barrier methods remain the only
widely available approved cMPT product to date. Today, many couples use a combination of condoms and other
contraception methods for added protection.
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Figure | History of MPTs. Created with BioRender.com.
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Microbicide Research: 1998-2010

The Alliance for Microbicide Development, founded in 1998, brought together researchers, developers, and stakeholders
globally to fast-track microbicide development.”> Over the next 10 years, six microbicide candidates were evaluated in
large clinical trials: two surfactant compounds (nonoxynol-9 and C31G) that disrupt cell membranes, three polyanion
compounds (PRO2000, cellulose sulfate, and Carraguard) that block viral binding, and one pH modifier (BufferGel). All of
these microbicides also had contraceptive activity. The trials involving these microbicides are summarized in Table 1,
Supplementary Tables 1 and 2. None of the candidates protected against HIV transmission in clinical trials, and the field was

severely reprimanded for poor coordination among interested parties and the choice of non-validated scientific targets.>'
Subsequently, the Alliance for Microbicide Development was disbanded, and funding for microbicide research was
drastically reduced. The term “multipurpose prevention technology” (MPT) was introduced in 2009 to redefine and
reinvigorate the field. MPTs are defined as methods that provide protection against at least two of the following: unintended
pregnancy, HIV-1, or other STIs. cMPTs provide contraception and protection against at least one prominent STI.

Current Status of MPTs and Prospects
Broadly Acting MPTs

Barrier Methods
Condoms, which are currently the only widely available MPT product, are relatively inexpensive, widely available directly
to the end-user, provide effective contraception, and protect against most sexually transmitted infections (STIs).> However,

Table | Summary of Efficacy of Leading Contraceptive MPTs®

Product Preclinical Research® Clinical Trials Safety
Sperm STIs Contraceptive | Microbicide
Surfactants Nonoxynol-9 (N-9) v v v X Vaginal irritation,
[Brand names: Conceptrol Options, HIV, HSV-2, HIV, NG, TV, lesions, and 1T HIV
VCE, Gynol Il Extra Strength, Encare, CT, NG, TV BV, CT, transmission in frequent
and Today Vaginal Contraceptive] Candidiasis Q users
C3IG v v v Inconclusive v
(Brand name: Savvy®) CT, HIV, HSV-2 HIV
Sodium Lauryl Sulfate Gel (SLS) v v v Not Done v
with Invisible Condom HIV, HSV-2,
HPV
Polyanions Cellulose Sulfate (CS) v v v X v
NG, CT, HIV, HIV, NG, TV Possible THIV
HSV, HPV
PRO2000 v v Not Done X v
HIV, HSV, CT, HIV, NG, CT,
NG TV
pH BufferGel v v v X v
Modulators CT, HPV, HSV- | With diaphragm HIV
2, HIV
Vaginal pH Modulator (VPM) Gel v v v Inconclusive Some vaginal irritation
[Brand names: ACIDFORM, Amphora, HIV, NG, CT CT, NG reported
Phexxi, EVO 100]

Notes: *See Supplementary Tables | and 2 for research details. PAnimal and in vitro research on spermicidal and anti-sexually transmitted pathogen activity. v/ Success, X
Failure.

Abbreviations: BV, Bacterial vaginosis; HIV, Human Immunodeficiency Virus; CT, Chlamydia trachomatis; HPV, Human papillomavirus; HSV, Herpes Simplex Virus; NG,
Neisseria gonorrhoeae; TV, Trichomonas vaginalis.
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the time needed to apply a condom can interrupt intimacy, and many users report decreased sexual sensation. Under perfect
use, male condoms are 98% effective in preventing pregnancy, but in actual use, they are only 87% effective.’® They also
provide >90% protection against STI pathogens that are transmitted through the exchange of sexual secretions (HIV-1,
Hepatitis-B, N. gonorrhoeae, T. vaginalis) but are less effective against those primarily transmitted by skin contact (HPV,
HSV-2, T pallidum).** The male condom requires compliance from male partners, reducing women’s agency in protecting
themselves from unintended outcomes. The female or internal condom, while having the same protective characteristics as
the male condom and offering the distinct advantage of being controlled by the female partner, has not gained widespread
popularity primarily because it is less accessible, more costly, indiscrete, and difficult to use. Female condoms in the United
States are currently made from nitrile, a stronger, though less pliable rubber than natural latex, and are held in place by two
large rings which must be inserted manually.”® In India, female condoms are made from natural rubber latex and use
a sponge to secure them in place.** The female condom was introduced in over 90 countries, but only accounts for 1.6% of
global condom distribution due to low user acceptability and high cost.?” Ideal barrier methods should be easier to use, more
discrete and intimate, and coitally independent to overcome the current shortcomings.

Chemical barrier products prevent sperm and pathogens from passing through the mucus layer that covers the vaginal
or rectal epithelium. One example is the “invisible condom”, a poloxamer gel that coats the entire vaginal epithelium
using a novel applicator and impedes the passage of pathogens and sperm.® The gel is combined with sodium lauryl
sulfate (SLS), a surfactant spermicide/microbicide which immobilizes sperm and kills pathogens in vitro.?” In a clinical
trial to assess acceptance and safety, the invisible condom was found to be imperceptible and to adhere to the mucosa up
to 4-8 hours after coitus. The product did not irritate the vagina or disrupt the vaginal pH.?>’ In a pre-phase III efficacy
trial, the invisible condom immobilized 99% of sperm in a post-coital test; four out of 30 women became pregnant after 3
months of use, but this was attributed to user failure.*® This unique and promising product prevented STI transmission in
animal models, but the invisible condom needs more extensive testing for contraceptive efficacy and STI prevention in
clinical trials before coming to market.

Topical chitosan is another potential barrier product. In a sheep model, it crosslinked cervical mucus to prevent the
progression of sperm and did not irritate the vaginal tissue on initial safety tests.*® Interestingly, its mechanism of action
was purely reinforcing the mucus barrier, with no additional spermicidal activity.”® Further developments in gel and
cream formulations that alter the rheological characteristics of cervicovaginal mucus provide a promising novel approach
to increase the suite of cMPT barrier products.

Surfactant MPTs
Surfactants reduce surface tension, making hydrophilic-hydrophobic interfaces unstable. As contraceptives, they disrupt the
lipid bilayer of sperm cells, killing sperm. As microbicides, surfactants disrupt the lipid envelope of various pathogens,
including bacteria and viruses that are enveloped in a lipid bilayer. Surfactants are nonspecific and do not promote viral or
bacterial resistance; however, this mechanism can damage host epithelia, leading to lesions that may increase STI risk and be
uncomfortable for users. Some examples of surfactant products are nonoxynol 9 (N-9), Savvy (C31G), sodium lauryl sulfate
(SLS), and Consap (saponin-based).

N-9 has been available as a nonprescription topical contraceptive since the 1960s. In addition to killing sperm, N-9
was a leading early MPT candidate because it was shown to kill HIV-1 in vitro and block the vaginal transmission of

simian immunodeficiency virus (SIV) in a nonhuman primate (NHP) model.*

However, a series of clinical trials
revealed that N-9 did not decrease the transmission of HIV or other STIs, and disrupted the vaginal epithelium. In one
study of sex workers that used N-9 more than 3.5 times a day, severe vaginal lesions and significantly increased HIV
transmission were recorded.*' N-9 remains on the market as a contraceptive for populations with low HIV risk; the
product insert states that N-9 should not be used as a microbicide to prevent HIV transmission.

Savvy is a mixture of two surfactants (known in chemical repositories as Glyminox) with a similar profile to N-9 but is
designed to be less irritating to the vaginal mucosa.*? Its efficacy as a microbicide was assessed in a phase III trial, but it did not
reduce HIV acquisition.”> SLS is another surfactant, commonly used in several cosmetic products. It was tested in
a preliminary efficacy trial as part of the invisible condom (described above). SLS demonstrated contraceptive efficacy but

has not been tested for protection against HIV or other STIs in clinical trials. Consap (saponin-based) is a contraceptive cream
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derived from the Sapindus plant. It was tested in a phase Illa trial in India to assess safety and contraceptive efficacy. Initial
results have given a Pearl index of 2.3 (the number of pregnancies per 100 women over a year).44’45

While surfactants may be promising in their broad abilities, there remains a need to balance their microbicidal and
spermicidal effects with their potential to damage the vaginal and penile epithelia, and to enhance their in vivo efficacy.
The future of surfactant MPTs depends on the selection of less inflammatory products and improvement of delivery

methods to enhance their in vivo efficacy.

Polyanion MPTs

Polyanions, or polymers with a negative charge, are viral entry inhibitors that disrupt the interaction between host entry
receptors and positively charged surface proteins on viral membranes, such as between host CXCR4 and HIV gp120.%° In
addition, polyanions are potential contraceptive MPT candidates because they interfere with the sperm enzymes
hyaluronidase and acrosin and impede sperm passage through mucus.*® Polyanionic polymers that have been investigated
as MPTs include polyphenylene carboxymethylene (PPCM), naphthalene sulfonate (PRO2000), Carrageenan
(Carraguard/PC-515), cellulose sulfate (Ushercell), cellulose acetate phthalate (CAP), and SPL7013 Dendrimer
(Vivagel). Three of these candidates, PRO2000, Carraguard, and cellulose sulfate progressed to phase III efficacy trials,
but none reduced HIV infection. It was later shown that seminal plasma dramatically decreases the antiviral activity of
many polyanionic MPTs, which may explain their reduced in vivo efficacy.”’ Furthermore, a phase III trial with
Carraguard measured gel use with an applicator dye test and estimated adherence to the regimen to be 50% lower
than the self-reported values. Low adherence may also explain the failure of these candidates in clinical trials.*® Cellulose
sulfate was another candidate which demonstrated microbicidal activity against N. gonorrhoeae, C trachomatis, HPYV,
Gardnerella vaginalis, and HIV in vitro. However, the phase III trial was halted as a precaution due to a higher observed
incidence of HIV in women using cellulose sulfate gel compared to the placebo group.*’

Other anionic cMPT candidates include PPCM, CAP, and Vivagel. PPCM is an anionic condensation polymer that is
chemically distinct from prior candidates due to its lack of sulfonation which has many positive downstream effects
including retaining functionality in the presence of seminal plasma.’® In preclinical models, PPCMs demonstrated
microbicidal activity against HIV-1, HSV-1 and 2, HPV and N. gonorrhoeae. Its contraceptive activity is not spermicidal
but it disrupts the acrosomal reaction.’® Currently, PPCM is being developed by Yaso Therapeutics. CAP blocks HIV
gp120 binding sites, and demonstrates activity against HSV. It was tested for safety as both a film and a micronized gel,
but the phase I trial was discontinued because participants experienced heavy vaginal discharge.

Dendrimers are highly branched, typically spherical polymers composed of a core and charged surface moieties that
also target viral entry. Because dendrimers have multiple charged sites, they can bind to multiple locations on cells or
viruses. Vivagel, a dendrimer with high anionic surface charge, was assessed for safety and efficacy in a phase I trial. For
determining efficacy, ex vivo cervicovaginal fluid (CVF) was tested for anti-HSV and HIV activity.’' Strong antimicro-
bial activity was observed in CVF immediately after delivery of the product and 3 hours post-delivery in the presence of
seminal plasma.’' However, elevated levels of proinflammatory cytokines were also observed, and when the MTN-004
clinical trial revealed a significant increase in grade 1/2 genital adverse events (notably vulvovaginal burning) and a shift
in vaginal microflora, the product was withdrawn from further development as a microbicide.”** Vivagel was also tested
in phase III trials as a treatment for bacterial vaginosis (BV) and was efficacious. As a result, Vivagel is available as
a treatment for BV in the EU, US, and Australia. However, the manufacturer of Vivagel, Starpharma, has not pursued
further trials. Other research groups are pursuing combination dendrimers as MPTs in preclinical investigations.’*>
Second generation polyanions such as dendrimers remain potential MPT candidates, particularly as combination
therapies in concert with other molecules.

pH Modifiers

One mechanism of innate immune defense in the female reproductive tract (FRT) is low vaginal pH (3.5-4.5) maintained
by lactic acid produced by endogenous lactobacilli. Acidic pH can kill sperm and many STI pathogens.’® Furthermore,
low pH is deleterious to N. gonorrhoeae, T. pallidum, H. ducreyi, and BV-associated bacteria.’” After intercourse, vaginal
pH increases due to alkaline semen (pH 7.2-7.8) to create a permissive environment for conception.’® Several MPT
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products aimed at maintaining low vaginal pH after ejaculation have been developed. BufferGel is an aqueous gel
product containing Carbopol 974P, a cross-linked acrylic acid polymer with a pH of 3.9 that buffers the neutralizing
effect of seminal plasma after intercourse.>*>’ In preclinical trials, BufferGel was found to be spermicidal and
microbicidal against HIV, HSV-2, HPV, and C. trachomatis.”® In clinical trials, BufferGel was safe and had significant
contraceptive activity when used with a diaphragm-like device; however, it did not protect women against HIV
infection.”” Acidform (Phexxi) is a vaginal gel composed of lactic acid, citric acid, and potassium bitartrate.®® Clinical
trials demonstrated contraceptive efficacy and protection against chlamydia and gonorrhea, although a second phase 1Ib/
I1I trial to assess its microbicidal activity against C. trachomatis and N. gonorrhoeae did not indicate efficacy.®' Future
directions of pH modulation in ¢cMPT development include combining the effects of pH modulation with the stronger
profiles of other contraceptives and microbicides to achieve synergistic protection from infection.

Metallic MPTs

Metals such as copper and zinc are toxic to sperm and cause mild inflammation in the FRT, making them potential
contraceptives. They also can disrupt multiple viral components, including proteases, internal proteins such as p24, and
nucleic acids.> These nonspecific mechanisms of pathogen disruption do not promote drug resistance, but can induce
unanticipated side effects in vivo such as toxicity/inflammation. The copper intrauterine device (IUD), which has been
used for contraception for over 40 years, has not been shown to affect HIV acquisition rates in clinical trials, most likely
as it is placed in the uterus and has little effect in the lower FRT where first contact with STI pathogens occurs.®’
A copper intravaginal ring product is being developed to deliver copper to the lower FRT for microbicidal and
contraceptive effects.* Another metal-based product in development as a ¢cMPT is zinc acetate. This compound has
both contraceptive and microbicidal activities in vitro. Zinc ions disrupt HIV RNA transcription.®® Vaginal treatment of
macaques with zinc acetate protected against simian-human immunodeficiency virus (SHIV) and HSV-2 challenge.®®
Zinc acetate is spermicidal, likely due to the acetate moiety reducing oxygen availability in the FRT.®* Zinc has also been
pursued as a candidate for reducing dysmenorrhea in women, as it interacts with prostaglandins which are responsible for
pain and inflammation during menses.®® Zinc acetate has been tested in a few clinical trials, but mostly as in combination
with antiretroviral drugs or formulated in a carrageenan gel.®*®” Future directions for metal MPTs could involve their

delivery in mucoadhesive gels or nanoparticles to provide longer term protection.

Peptide MPTs
Antimicrobial peptides (AMPs) are naturally secreted in the FRT to provide innate immune defense and other
functions.®® Levels of these peptides vary throughout the menstrual cycle, and their role in STI defense has been studied
in clinical cohorts such as the HIV-exposed seronegative groups (HESN) that are resistant to HIV acquisition.®

Use of antimicrobial peptides as MPTs remains an attractive proposition due to their broad-spectrum activities against
pathogenic viruses and bacteria. To date, these peptides do not appear to cause irritation of the vaginal epithelium or
disrupt the endogenous lactobacilli microbiome.”® Furthermore, twelve antimicrobial peptides have been found to be
spermicidal, including LL37, Nisin A, and Magainin 2.”' The best characterized AMP MPT is LL37, which has both
spermicidal and broad microbicidal activity. In addition to its endogenous expression in the FRT, LL37 is produced in the
vagina 2—6 hours after intercourse from a precursor peptide in seminal plasma, hCAP-18. It exerts contraceptive and
microbicidal activity by disrupting membranes through interaction with anionic surface lipids abundant on microbes and
sperm. LL37 did not irritate the vaginal epithelium in a mouse model.”* Furthermore, sperm treated with LL37
underwent a premature acrosome reaction and became immotile.”> The peptide also has broad antimicrobial activity,
with demonstrated in vitro activity against HIV, N. gonorrhoeae and Candida albicans. To enable its topical use, the
peptide has been engineered to be protease resistant, with truncated variants such as 17BHEP aiming to have longer
residence times in the FRT.”® The next step will be to test this cMPT candidate for safety in phase I clinical trials, and
contraceptive and microbicidal efficacy in stage Il and III clinical trials. Characterizing other less studied AMP MPT
candidates and comparing their properties to LL37 could enable rational design of such peptides, as it has for other

peptide classes.”*”>
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Targeted MPT Agents

Small Molecule Natural Products

Another area of interest is biologically active natural products, a classic place to search for small molecules that may
have specific contraceptive or antimicrobial activity.”® There are many bioactive small molecules of contraceptive
interest, including curcumin, which is derived from turmeric. Curcumin has been widely investigated for its immuno-
suppressive properties in wound healing, among other applications.”” Naz et al investigated its use as a potential MPT
in vitro, finding that a >250 pM dose had contraceptive activity and microbicidal activity against yeast and bacteria.”’
Natural products have many strengths, such as a high acceptance in communities that may be resistant to synthetic
medications, biocompatibility, and a history of use outside of Western medicine. However, natural products have the
potential for non-specific activity, unknown mechanisms of action, or expensive purification procedures limiting their use
as medication.

Monoclonal Antibodies

Immunocontraception is the concept of using the immune response for contraception. One avenue for reversible
immunocontraception is topical delivery of anti-sperm monoclonal antibodies (mAbs). Isojima et al isolated a potent
IgM antisperm antibody from an infertile woman; this mAb has been engineered as an IgGl antibody in Nicotiana
benthamiana (tobacco plants) for use as a contraceptive.”®’® The antibody targets a male reproductive tract-specific
glycan on CD52 (CD52g) and potently causes sperm agglutination and trapping in cervical mucus. This antibody, named
the Human Contraception Antibody (HCA), was incorporated into a film (ZB-06), and was found to be safe and
efficacious in a phase I trial using a postcoital test.** Furthermore, HCA may have additional functions that can target
pathogens. The GPI-anchored glycopeptide, CD52, inserts into the plasma membrane of sperm as part of their maturation
in the epididymis, and may incorporate into the lipid bilayer of pathogens and infected cells present in the male
reproductive tract (MRT). We speculate that this may play a role in clearing HIV-1 infected leukocytes from mucosa
before they can infect the vaginal epithelium and enable Fc mediated functions such as complement-mediated lysis of
MRT-associated pathogens with CD52g on their surface. Further development of monoclonal antibody-based cMPTs
include generating more effective antibody variants, pursuing alternative delivery mechanisms and use of antibody
combinations that have synergizing effects.®!

Combination MPT Products

Many first generation MPTs were single agents aimed to simultaneously prevent infection and unintended pregnancy
through nonspecific mechanisms such as membrane dissolution or inhibition of binding to receptors. So far, these single
MPT compounds have failed in clinical trials due to nonspecific damage to the vaginal epithelium and inactivity in the
vaginal environment. One way to potentially overcome these shortcomings is to use combinations of synergistic MPT
agents.

A new class of cMPTs combine potent antiretroviral drugs (ARVs) with previously approved contraceptive hormones.
Daily hormonal birth control pills and daily antiretroviral therapy (ART) are pre-existing medications that, if combined,
would reduce patient burden in maintaining therapy. A combination product, a dual prevention pill, containing
emtricitabine and tenofovir alafenamide for ART and ethinyl estradiol and levonorgestrel for contraception, is currently
slated for acceptability studies. Levonorgestrel was added to a monthly Dapivirine intravaginal ring developed to prevent
HIV sexual transmission, and this contraceptive ARV ring demonstrated safety and effective drug release profiles in
phase I clinical trials. However, the dapivirine ring failed to gain Food and Drug Administration (FDA) approval for HIV
prevention due to poor efficacy (29%) in phase III clinical trials, and the dapivirine contraceptive MPT ring has for now
been withdrawn from further development.®* However, this may be revisited as subsequent data analysis from the clinical
trials indicates anti-HIV efficacy exceeding 50% among women who consistently used the Dapivirine ring; the World
Health Organization (WHO) has approved this product for HIV prevention.®® Three other potent ARVs, tenofovir
alafenamide, islatravir, and dolutegravir, have been formulated into long-acting subdermal implants that release effective
drug concentrations for 6 months to 1 year. Plans are underway to add a contraceptive hormone (eg, levonorgestrel) to
these implants to develop long-acting contraceptive MPTs.*** Oral and injectable anti-HIV/contraception combinations
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are also being explored. Long-acting cabotegravir/rilpivirine injections were recently approved for HIV prevention and
could be combined with effective injectable contraceptives such as Depo-Provera (medroxyprogesterone acetate) or NET-
EN (norethisterone enanthate).

Two combination cMPT ring products are also under development: a 90-day silk fibroid ring containing etonogestrel/
ethinyl estradiol and QGriffithsin (being developed by the Population Council) and a specially designed ring containing
pods that release an engineered high-valency antisperm antibody and HIV-specific antibodies (being developed by
Mucommune).

There are a few gel and film products in preclinical development, including an islatravir/progestin intravaginal film,
an organic acids/QGriffithsin fast dissolving film, and a Carrageenan/Griffithsin (CG/GR) gel. The CG/GR gel was tested
preclinically in macaques and found to be protective against HSV-2 and HPV pseudoviruses.®® Long-term alternative
delivery methods in preclinical development that combine ART and hormonal contraception include a long-term
injectable product, an injectable in-situ forming implant, and an MPT microarray patch similar to a bandage.'

Design Considerations for Future cMPTs

Several lessons have been learned from the history of microbicide development. First, it is essential to avoid damaging
the vaginal mucosa and/or microbiome, as this could cause discomfort to the user and may promote the transmission of
HIV-1 and other STIs. Several of the surfactant and polyanionic products used in early microbicide clinical trials induced
vaginal inflammation and lesions to varying degrees, leading to their discontinuation after preliminary clinical trials.
Second, it is essential to confirm product activity in the genital environment. Several of the polyanion candidates
apparently failed in clinical trials because they were neutralized in the presence of semen. This effect should have been
detected in preclinical studies before the products were advanced into clinical trials at considerable expense and risk to
human subjects. Polyanionic microbicides were also later found to be less effective against HIV strains that use the
CCRS receptor for entry which accounts for a majority of heterosexually transmitted strains.®” It is essential to perform
extensive preclinical research before advancing cMPT candidates into clinical trials. A third design consideration is
combining products with known in vitro efficacy to synergize effects at lower drug doses, minimize side effects, and
prevent the development of drug resistance by involving multiple protective mechanisms. Furthermore, investing in
delivery modalities already widely used, such as injectables, films, rings, and oral medications, enables new drugs to fit
into existing contraceptive user paradigms. The contraception field has learned that long-acting reversible contraception
(LARC) methods such as implants and intrauterine devices that release drugs over an extended period and bypass the
need for daily or monthly patient adherence are highly effective and such approaches should be explored for cMPTs.
These new modalities should also be extensively tested for acceptability to confirm their potential demand in target
populations. Lastly, phase III efficacy trials for MPT products are very difficult and costly. Many promising cMPT
products are stymied at the preclinical development stage because of the large investment required to move them forward
into advanced clinical trials. Developing strong preclinical markers for contraceptive and microbicidal activity will allow
for efficient and objective prioritization of candidates to move into clinical trials.

Conclusion

The future of cMPTs holds considerable promise. The landscape for MPTs is constantly evolving, with many different
academic and commercial entities at various stages of product development and clinical testing, reflected in the iMPT
database of products in the pipeline.! The potential of new drug products and delivery modalities to reduce both
unintended pregnancy and sexually transmitted infections can have a huge impact on the livelihood and agency of
women and men around the globe. Lessons from historical developments in the MPT field, such as the failure of
nonoxynol 9, and the lack of cross-institution prioritization of clinical candidates for large, expensive clinical trials, can
inform future efforts. In particular, the increasing importance of acceptability studies and surveys to create products that
people actually want to use will prioritize delivery modalities with favorable end user characteristics for investment and
development. Furthermore, successful development of cMPT products specifically addressing contraception and STI
prevention could enable the use of similar technologies to enhance reproductive health more broadly, such as reducing
bacterial vaginosis or vaginal inflammation in response to infections or other factors, preventing miscarriage and
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premature birth, preventing cancer (eg, targeting HPV and related neoplastic mechanisms), easing menstrual cramps and
dysmenorrhea, or enhancing wound healing after trauma or childbirth. We hope that future characterization and efficacy
testing of potential cMPT products at the preclinical and clinical stages will lead to new investment in this therapeutic
area that can bring products from the clinical pipeline into the market to reduce the global burden of STI transmission
and unintended pregnancy. The massive investment in vaccines and testing due to the COVID pandemic highlights the
potential of similar financial and organizational investments in prevention of unintended pregnancy and STIs, particularly
as these therapeutic indications are difficult to test in clinical trials and require extensive cross-institutional coordination.
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