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Abstract

Worldwide, HIV disproportionately affects women who are often unable to negotiate traditional

HIV preventive strategies such as condoms. In the absence of an effective vaccine or cure,

chemoprophylaxis may be a valuable self-initiated alternative. Topical microbicides have been

investigated as one such option. The first generation topical microbicides were non-specific,

broad-spectrum antimicrobial agents, including surfactants, polyanions, and acid buffering gels,

that generally exhibited contraceptive properties. After extensive clinical study, none prevented

HIV infection, and their development was abandoned. Second generation topical microbicides

include agents with selective mechanisms of antiviral activity. Most are currently being used for,

or have previously been explored as, drugs for treatment of HIV. The most advanced of these is

tenofovir 1% gel: the first topical agent shown to significantly reduce HIV infection by 39%

compared to placebo. This review summarizes the evolution of topical microbicides for HIV

chemoprophylaxis, highlights important concepts learned, and offers current and future

considerations for this area of research.
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1 Introduction

Once considered a terminal disease, HIV infection was reclassified into a manageable

chronic illness through the use of potent combination antiretroviral therapy. Despite these

therapeutic advances, the HIV field has struggled to implement effective prevention

strategies. Current recommendations include high adherence to male condoms, sexual

abstinence, and male circumcision.1 Of these recommendations available to women, those at

high risk of HIV are often unable to negotiate condom use and sexual abstinence.2 Since

women represent 50% of HIV infected individuals globally, and over 60% of HIV infected

individuals in sub-Saharan Africa3, developing preventative agents this population can

control is essential to lowering the global burden of HIV.
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Chemoprophylaxis strategies under investigation include systemic and topical antiviral

agents, which may be applied topically to the genital and lower gastrointestinal tracts.

Truvada®, a fixed dose combination of the 2 nucleoside reverse transcriptase

inhibitors(NRTI) (tenofovir disoproxil fumarate and emtricitabine), is the only compound

currently approved by the FDA for use as chemoprophylaxis in uninfected individuals. High

adherence to a once daily regimen of Truvada® is the only oral dosing strategy shown to

protect women in stable serodiscordant relationships (>60% efficacy when compared to

placebo).4,5 Clinical trials evaluating Truvada® in high-risk women not involved in stable

relationships have failed to demonstrate protection owing to a lack of adherence to study

drug.6,7 Additionally, long-term systemic exposure to antiretrovirals in healthy individuals is

not without risk; as these agents have been associated with decreased bone mineral density

and proximal renal tubulopathy.8 Therefore, topical agents may offer significant advantages

over systemically administered therapies by maximizing local mucosal tissue concentrations

and limiting systemic exposure. Topical microbicides have been a focus of the HIV

prevention field for over two decades. Although a topical product for HIV protection has not

yet received regulatory approval, much has been learned about product development and

women’s acceptance of product use. Here, we review the history of the development of

topical microbicides and current and future directions in the field.

2 First Generation Topical Microbicides

A number of topical agents with markedly different mechanisms of antiviral activity (Figure

1) have been explored for chemoprophylaxis and can be categorized as first- and second-

generation agents. In general, first generation agents are non-specific, with a broad spectrum

of antimicrobial activity as well as contraceptive properties.9 This class includes three

groups of agents: surfactants, polyanions and acid buffering agents. The preclinical and

clinical investigation of these agents has been reviewed in detail elsewhere.9 Figure 2

provides a timeline of the clinical development of these agents and a brief synopsis follows.

2.I Surfactants

Surfactants were the first topical microbicides investigated for their ability to prevent HIV

infection. Nonoxynol-9(N-9), a commercially available spermicide, was clinically

investigated before extensive animal efficacy data and human safety data were available.10

An observational study and a randomized controlled trial(RCT) conducted simultaneously in

two groups of high risk African women reported contradictory results.11,12 The

observational study found an inverse relationship between N-9 use and HIV infection, with a

relative risk (RR) of 0.2 (95% CI, 0.1–0.7) when frequency of N-9 use with sexual activity

was ≥67%.12 The RCT reported no benefit of N-9, but 47% of women in the treatment arm

complained of vulvular irritation, burning and ulceration (Table 1). A subsequent study

found N-9 suppositories administered twice and four times daily produced 2.5 and 5 times

more epithelial disruption than placebo.13

Investigators hypothesized that the formulation was the source of N-9’s deleterious effects,

and two reformulations were explored: a vaginal film and a 3.5% gel (COL-1492). The

vaginal film demonstrated no HIV protection with a 30% increased rate of vaginal irritation

(Table 1).14 Following two small safety studies, COL-1492 was studied in a RCT15,16 which
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demonstrated a higher rate of HIV acquisition in the treatment arm (14.7 vs 10.3; Table 1).17

The increased acquisition positively correlated with the frequency of N-9 use (HR=3.5 with

>3.5 applications per day; P<0.0001) and epithelial disruption (HR=2.2 with one episode of

a genital lesion with epithelial disruption; P=0.0003).

A number of reports revealed the irritant effects of N-9 in the female genital tract.13,18,19

Yet, safety studies preceding the clinical trials failed to anticipate (and mimic) the extensive

product use found in these trials. While Kreiss et. al. reported an average use of 14 times per

week for 14 months11, the highest average use achieved by a safety evaluation was 1.2 times

a day for only 3 months.16 This made detecting N-9’s deleterious effects unlikely.

Following the disappointing N-9 results, a contraceptive surfactant named C31G (SAVVY)

was investigated. Three concentrations of SAVVY (0.5%, 1.0%, and 1.7%) were

exhaustively studied in a series of four safety trials. These concluded that while SAVVY gel

exhibited a similar adverse event profile with N-9, its safety profile was acceptable for phase

II/III trials.20–23 Two large-scale trials subsequently evaluated the efficacy of 1% SAVVY

in reducing HIV transmission in women (Table 1). Both studies’ independent data

monitoring committees(DMC) recommended early termination when the interim analyses

revealed the original sample size would need to be more than doubled to meet their power

requirements.24,25 Although one study did note a non-statistical trend towards a higher HIV

incidence [hazard ratio (HR)=1.7] in the SAVVY group, these limited results allow few

definitive conclusions.25

The study authors of the SAVVY efficacy trials cited an overestimation of anticipated HIV

acquisition rates, as local HIV incidence rates were estimated based on previous experience

rather than directly measured at the study sites.24,25 An alternative explanation for the low

acquisition rates was an undervalued effect size of co-interventions such as condoms and

safe sex education during the trial. Despite the potential of co-intervention to dilute the

effect size, these are necessary components for pre-exposure prophylaxis(PrEP) trials to

comply with ethical practices. These experiences illustrated the importance of a careful

examination of study feasibility considering local incidence rates and co-intervention effects

when designing HIV prevention trials. Additionally, these series of studies illustrated the

importance of genital irritation investigations during product development.

2.II Polyanions

The first agent explored within the polyanion class was Carrageenan, a product derived from

seaweed. After several variations of the carrageenan product were assessed in a number of

phase I trials, a 1:1 κ-, λ-carraggenan 3% gel (Carraguard) was employed in an efficacy

trial.26,27 Once again, this product showed no benefit for HIV prevention (Table 1).27

Although self-reported usage was high in this study (approximately 96% for both active and

control arms), analysis of vaginal proteins on reportedly used applicators revealed actual

usage was probably only 41–43%. However, secondary analyses of women who used the

study product with every sex act (9% of the total study sample) as well as above average

users (43% of the total study sample) also failed to discern a difference between the

treatment and control arms with a HR of 1.03 (95% CI, 0.49–2.14) and 0.73 (95% CI, 0.51–

1.04) respectively. Rather than poor adherence alone, an alternative hypothesis for
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Carraguard’s failure is that the placebo gel, methylcellulose, offered physical protection

against HIV transmission due to its negatively charged polycarbophil base and high

buffering capacity.28 Subsequently, hydroxyethylcellulose(HEC) has been widely adopted

as a universal placebo for topical microbicide trials. It’s advantages include: being an

uncharged linear polymer gelling agent designed to display negligible buffering or barrier

protection; having no in vitro or in vivo anti-HIV or herpes simplex virus(HSV) activity;

and no acid buffering capacity in seminal plasma.29

Cellulose sulfate was the next polyanion explored in efficacy trials following an extensive

safety and acceptability evaluation in the female genital tract30–34 and on male

genitalia.35,36 Two trials (single site37 and multisite38) were simultaneously conducted to

compare cellulose sulfate 6% gel (Ushercell) with the newly defined universal placebo gel,

HEC. Both trials were stopped early by their DMCs after an interim analysis of the multisite

dataset revealed a HR of 2.23 (p=0.02) for the treatment arm (Table 1).38 While a final

analysis of the multisite trial results failed to reach statistical significance [HR of 1.61 (95%

CI, 0.86–3.01)] the committee recommended termination of the single site trial despite a

slightly lower event rate (1.7 vs 2.1 per 100 women years) in the treatment arm. In vitro

results later revealed clinically relevant concentrations of cellulose sulfate reduced epithelial

barrier function and activated the pro-inflammatory signaling pathway nuclear

factorκB(NFκB).39 These findings demonstrate the importance of careful in vitro

investigation as a decision making tool prior to clinical evaluation.

The final polyanion, naphthalene sulfonate(PRO2000), was studied in two multisite, placebo

controlled, RCTs40,41 (Table 1). The first demonstrated a trend towards benefit of PRO2000

0.5% gel with a 33% reduction (p=0.06) in the intent to treat analysis and a 36% reduction

(p=0.04) in the per protocol analysis (excluding time off study product during the follow up

period, mainly due to pregnancy). Importantly, these benefits were present only when

comparing PRO2000 0.5% gel with the no gel arm and not the placebo arm40 The DMC of

the larger trial evaluating two concentrations (0.5% and 2%) of PRO2000 gel recommended

early cessation of the 2% gel arm for futility and possible harm with an HIV infection HR of

1.2 (95% CI, 0.88–1.68) in the treatment arm.41 While the 0.5% arm was allowed to

continue, this formulation ultimately demonstrated futility [HR=1.05 (95% CI, 0.82–1.34)].

In hindsight, the decision to evaluate three microbicides with similar mechanisms and

spectrums of activity42,43 in nearly simultaneous clinical trials may have been a misstep.

However, until recently, microbicide development was largely conducted by individual

researchers, rather than organized entities. Collaborative networks like the International

Partnership for Microbicides(IPM) [established in 2002] and the Microbicide Trials

Network(MTN) [established in 2006] have been formed to increase communication between

these research entities and streamline product development.

Additionally, few animal studies examining clinically relevant viral challenges were

conducted prior to designing the polyanion efficacy trials.42 At the time, however, animal

models for HIV prevention largely relied on the non-human primate(NHP) models, which

posed many challenges for characterizing a concentration-response relationship to inform

clinical trials. These include differing viral species and inoculum concentrations required for
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infection as well as anatomical, histological, and physiological differences.44 To address

some of these differences, human explant and humanized mouse models have been used.45

These also exhibit challenges for extrapolating efficacy data. The benefits and challenges of

these preclinical efficacy models have been reviewed in detail elsewhere.46 Despite the lack

of robustness in the animal models, a comparison of within class agents may still have

assisted in determining which of these would have the greatest potential for protective effect

prior to the investment of resources in clinical trials.

The final first generation agent was BufferGel: an acid buffering gel. The development of

BufferGel as a preventative agent concluded after an efficacy trial demonstrated a non-

statistical trend towards an increase in HIV incidence rate(IR) per 100 women years of

BufferGel over both the placebo gel arm (HR=1.1, p=0.63), and the no-gel arm (HR=1.05,

p=0.78) (Table 1).40

After more than 10 phase II/III clinical trials, exploring 6 possible first generation

prevention agents, in nearly 30,000 study participants, the resulting data perhaps posed more

questions than they answered but also assisted in streamlining the development of the next

generation of microbicides. These data informed the field on the importance of epithelial

integrity, identifying a suitable universal placebo, forming collaborative research networks,

and developing more robust preclinical efficacy models.

3. Second Generation Topical Microbicides

The second generation of microbicides focuses on antiretrovirals. Although these agents

have yielded conflicting results in clinical prevention trials47,48, their ongoing development

is an important focus of the HIV prevention field.

3.I Tenofovir Gel

In 2006, Gilead Sciences granted CONRAD and the IPM co-exclusive license to develop

tenofovir into a vaginal gel to be used for HIV prevention.49 Following this licensing, the

gel was formulated with a viscosity enhancing agent (HEC), a humectant (glycerin),

preservatives (methyl and proplyl parabens), sodium edetate, and cirtic acid and adjusted to

a pH of 4.5 in order to maintain physiological vaginal pH. Tenofovir’s active intracellular

metabolite, tenofovir diphosphate(-DP), is a chain-terminating agent that competes with

deoxyadenosine triphosphate(dATP) for incorporation by reverse transcriptase into the

proviral DNA strand. The unique features that make tenofovir an attractive microbicide

candidate are as follows: 1) HIV inhibition prior to integration into the host genome; 2)

fewer activation steps required for conversion into tenofovir-DP when compared to

nucleoside analogs; 3) long intracellular half-life of tenofovir-DP; 4) relatively high barrier

to resistance; and 5) extensive clinical experience and safety data from using tenofovir for

HIV treatment.50,51

Tenofovir gel concentrations of 1% through 10% have been studied in 9 different macaque

or humanized mouse models with various times of administration proceeding or following

viral challenge with varying results (Table 2).46,52 Pharmacokinetic evaluation of plasma

tenofovir concentrations indicated mean concentrations of < 30ng/ml (0.03% of the applied
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dose) were detectable within 30 minutes of application suggesting rapid but low uptake of

the gel from the vaginal lumen. A linear concentration-effect relationship between

infectibility and tenofovir-DP was found in an ex vivo model of infection using rectal tissue.

Additionally, topical administration of tenofovir resulted in a higher degree of ex vivo

protection when compared with oral dosing54. Most recently, this relationship has been

described in a human vaginal tissue explant model, with a tenofovir-DP 50% effective

concentration(EC50) of 909 fmol/mg.55 Importantly, this study described a poor relationship

between tenofovir concentration and HIV protection due to the variability in intracellular

conversion of tenofovir to tenofovir-DP. The limited antiretroviral PK/PD data available for

HIV prevention provides an important knowledge gap that must be addressed to optimize

the drug development process.

A safety investigation demonstrated high tolerability and acceptability of both a 0.3% and

1% tenofovir gel in the female genital tract56 and on male genitalia.57 This was not found to

be the case following rectal exposure.54 Anton et. al. demonstrated a 5.1 fold increase in the

frequency of adverse event reports (including abdominal bloating, pain, and cramps;

defecation urgency; diarrhea; flatulence; mucosal red spots; colon polyps; and nausea)

following 7 daily rectal applications of TFV 1% gel when compared to HEC placebo gel.

Additionally, two participants in the treatment group experienced severe (Grade 3) adverse

events of abdominal bloating, pain, and cramps; defecation urgency; and tenesmus.54 The

authors hypothesized the high incidence of adverse event reporting was secondary to the

high osmolality (3111 mOsmol/kg) of the gel. Subsequent reformulation of tenofovir gel

with decreased glycerin content (5% vs the 20% in the original formulation) reduced

osmolality (836 mOsmol/kg)58 and recently yielded a safety and acceptability profile

comparable to placebo.59

While development of rectal microbicides in the context of men who have sex with men

(MSM) has been reviewed elsewhere60, these findings underscore an important

consideration for HIV prevention trials in the heterosexual population: Heterosexual women

engage in receptive anal intercourse. A systematic review of publications from 2002 forward

revealed that 3.5% to 40% of female sex workers(FSW) in Africa reported engaging in

receptive anal intercourse in the previous 3 months.61 These estimations likely

underrepresent the actual prevalence of anal intercourse in the heterosexual population.62–64

The first clinical study of tenofovir 1% gel was designed by the Centre for the AIDS

Program of Research in South Africa(CAPRISA). CAPRISA004 was a phase IIa, double

blind, RCT designed to assess the efficacy of 1% tenofovir gel in preventing HIV in urban

and rural settings in South Africa. CAPRISA004 used a coitally-dependent “BAT24” dosing

scheme: one dose of gel within 12 hours Before sex and one dose of gel within 12 hours

After sex, not exceeding Two doses in 24 hours. This was based on the dosing strategy used

for nevirapine prophylaxis to prevent mother-to-child transmission of HIV in the

HIVNET012 study.65 An overall 39% reduction of HIV acquisition was seen over 18

months of use. This efficacy went up to 54% in high adherers (> 80% gel

adherence)47(Table 3). Post-hoc analysis indicated that women who achieved vaginal lumen

concentrations of >1000ng/ml of tenofovir exhibited a higher degree of protection than those

with lumen concentration of <1000ng/ml and the placebo group (incidence rate per 100
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women years =2.4, 7.8, and 9.1 respectively).66 CAPRISA004 also demonstrated 51%

protection against HSV-2 in the tenofovir gel arm (p=0.003). FACTS 001 is a second,

larger, regulatory study than CAPRISA 004. CAPRISA008 is an ongoing follow up to

CAPRISA004, which is primarily assessing the feasibility of dispensing tenofovir gel

through family planning services in Africa.

Soon after the results of CAPRISA004 were published in 2010, the MTN released a

statement announcing the early termination of the 1% tenofovir gel arm of the VOICE

prevention trial secondary to futility.48 VOICE was a five-arm, 15 site investigation of daily

tenofovir gel or tablet, with or without emtricitabine, and matched placebos that assessed

HIV prevention efficacy (Table 3). Despite the high self-reported adherence and participant

retention, a post hoc analysis of plasma samples in the active arms revealed only

approximately 30% of women were using products frequently enough to detect drug in their

plasma.7 These adherence results parallel other PrEP studies evaluating daily regimens. In

FEM-PrEP and iPrEX, only 24% and 51% of participants in the treatment arms providing

samples for PK analysis had detectable drug concentrations. These data suggested less than

daily use for the majority of participants.6,67 Excluding TDF2 (>30% attrition rate) and the

Tenofovir Bangkok Study (directly observed dosing),5,68 only Partners PrEP, demonstrated

high adherence rates with detectable tenofovir concentrations in 82% of participants

providing samples for PK analysis. In this study, participants knew that their partners were

infected with HIV.69 Therefore, it is possible that daily administration of a product for

chemoprophylaxis against non-daily risky behavior resulted in more study procedure fatigue

than the BAT24 regimen used in CAPRISA004.70

The lack of adherence in this at-risk population suggests that more research is needed to

understand motivation and willingness to use a product daily for protection against HIV

infection. High adherence has been strongly linked to the ability of any chemoprophylaxis

strategy to prevent infection.6,47,67 Over 18 product acceptability studies have investigated

both oral and vaginal chemoprophylactic agents.71 In general, acceptability studies

evaluating possible topical drug delivery devices like gels, intravaginal rings, and

diaphragms indicate a high degree of acceptability for product-related characteristics such as

“ease of use”.72–75 Additionally, a high percentage of participants (51–76%) testing various

intravaginal gels rate themselves as “likely to use the product”.72,75 All women (n=151;

95%CI 98–100%) testing an intravaginal ring for up to 12 weeks reported they would use

the product if it were found to be effective in HIV prevention.73

However, the dichotomous measure of “willingness to use” and high Likert-scale scores for

product characteristics fail to account for the multidimensional nature of acceptability and

adherence. For instance, low HIV risk perception, a marital status of single, and being under

25 years of age have all been shown to be important predictors of low adherence in PrEP

trials.76 Additionally, nationality has been previously demonstrated as a covariate of product

acceptability with vaginal gels74,77, and regionally constrained acceptability studies likely

fail to depict the global acceptability of any given product. Finally, unknown product related

factors (ie cost, efficacy, regulation) might impact the acceptability of these agents. Galea et.

al. reported a 40% reduction in mean acceptability when participants were given a scenario
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of a chemoprophylactic agent costing US$10 vs US$250 a month and a 35% reduction when

efficacy was reduced from 95% to 75%.78

The results of VOICE C, a qualitative study among randomly selected VOICE participants

from the Johannesburg site, revealed womens’ decision to participate in the study or use

study product was largely influenced by three prevailing themes: personal health (with

participation being perceived as both risky and healthy), social relationships, and

ambivalence towards the research.79 Women typically acknowledged missing or skipping

doses in the context of “forgetting, being bored or lazy, and being busy or on the go”. A

representative interview from a non-adherent study participant illustrates the complexity of

adherence in clinical trials. In this interview the study participant indicated she decided to

participate because she wanted to protect herself but was demotivated to use study product

because, having experienced no side effects, she believed her product was placebo and by

rumors that other participants had experienced severe toxicities. Payment for study visits and

free health checks, however, strongly motivated her to continue participating despite her

lack of compliance.80

Upon licensure and the removal of these intrinsic incentives for participating in clinical

trials, the motivation to seek (and purchase) chemoprophylactic agents may indicate 1) high

perception of risk and 2) knowledge of tenofovir’s protective potential on the part of the end

user. Therefore, it is possible individuals using chemoprophylaxis in the post-marketing

phase may exhibit higher rates of adherence than women in phase II/III clinical trials. Given

the complexity of the covariates impacting adherence in prevention trials, it is hard to

predict acceptability as measured by adherence. Regardless, the failure, to date, of clinical

trials evaluating daily regimens in heterosexual women6,48 provide evidence for the need to

simplify chemoprophylactic dosing regimens. Furthermore, while poor adherence confounds

both oral and topical dosing strategies6,7, the 100-fold increased tissue concentrations of

tenofovir-DP following topical administration and CAPRISA004 data suggest that in a

setting of inconsistent dosing, protection is more likely with topical administration.70,81

Yet local toxicity with local administration of antiretroviral is an important consideration.

No in vivo mutagenicity or carcinogenicity evaluations for topical tenofovir exposure have

been reported. In oral carcinogenicity studies, liver adenomas were exhibited in female CD1

mice given doses of 600mg/kg/day.82,83 While these findings are an unlikely concern for

topical tenofovir given its low systemic exposure, doses up to 300 mg/kg/day in female

Sprague-Dawley rats did reveal a slight increase in uterine polyps/endometrial stroma.82

However, this increase was considered to be toxicologically insignificant due to a lack of a

treatment-effect relationship. Additionally, oral zidovudine, a chemically similar compound,

has been shown to increase the incidence of vaginal epithelial neoplasms at doses of greater

than 30mg/kg/day in mice and 300mg/kg/day in rats.84 In light of the 100-fold increased

concentrations achieved in the female genital tract by topical administration these findings

warrant investigation into the long-term safety of topical tenofovir.

3.II Alternatives to Tenofovir Gel

Alternative drug delivery systems designed to lessen traditional gel dosing burden may

improve participant acceptability and adherence. Contraceptive intravaginal rings(IVR) have
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been used clinically since the approval of NuvaRing® (MERCK, Whitehouse Station, NJ)

by the US FDA in 2001, which was implemented to overcome imperfect adherence to once

daily oral hormonal therapy. An IVR formulation containing tenofovir disoproxil fumarate

has been shown to offer complete protection against up to 16 SHIV vaginal challenges over

4 months in macaques.85 Additionally, Smith et. al. noted vaginal lumen tenofovir

concentrations within 24 hours of insertion that were 100,000ng/mL: 100-times higher than

the 1,000ng/mL reported to be effective in CAPRISA004.86 However, correlating

pharmacokinetic animal data with human data should be done with caution, given inter-

species differences in pharmacokinetics. As of December 2013, a phase I study examining

the safety and pharmacokinetics of a 14-day exposure to the tenofovir disoproxil fumarate

ring in healthy volunteers is being conducted.87

An antiretroviral alternative to tenofovir is dapivirine, a non-nucleoside reverse transcriptase

inhibitor(NNRTI). Dapivirine’s development as an antiretroviral for HIV treatment was

abandoned by Janssen (Tibotec) due to poor bioavailability, and the compound was

subsequently licensed to IPM for further chemoprophylaxis development. Since dapivirine

will never be licensed for HIV treatment, it offers advantages over tenofovir, one of the most

widely used antiretrovirals for therapy, including attenuating theoretical concerns that: (1)

transmitted resistance to antiretrovirals used clinically may mitigate the antiviral potency of

chemoprophylactic agents, and (2) antiretroviral resistance may develop in subjects with

breakthrough infections on chemoprophylaxis and reduce effective treatment options for

those who become infected. This latter concern has not been demonstrated with clinical

trials thus far, however this may be due to low adherence in the majority of studies not

permitting enough drug exposure to promote the development of resistance. Although in

vitro data suggest dapivirine resistance may select for cross-resistance to all NNRTIs, this

has not yet been demonstrated clinically.88

Dapivirine has been formulated into a diaphragm56, lyophilized tablet for vaginal delivery89,

intravaginal film90, and intravaginal ring.91 While most of these are still in the preclinical

stages of development, an intravaginal ring containing 25mg or 200mg of dapivirine has

been shown to be safe and acceptable for participants in phase I studies.92,93 Additionally, a

large, RCT to evaluate the safety, acceptability and pharmacokinetics of dapivirine 25mg

matrix-type ring in healthy African women demonstrated an acceptable safety profile with

low systemic absorption of dapivirine following 12 weeks of once monthly ring insertions.

The mean plasma dapivirine concentrations in this study were < 1ng/ml (more than 100

fold-lower systemic exposure compared to oral administration of dapivirine 100mg twice

daily).94,95 Currently, the Ring Study(IPM027) will assess the efficacy of a 25mg dapivirine

ring in 5 African sites.96 Enrolling concurrently, the ASPIRE(MTN020) RCT is being

conducted across 15 African sites to evaluate the efficacy of the dapivirine intravaginal ring

in preventing HIV transmission.97

3.III Combination Products in Development

Recently, co-formulation products have been of great interest in HIV prevention research.

Combination therapy with multiple drugs with different mechanisms of action is standard of

care for HIV treatment. Co-formulation of microbicide agents into a single device may
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exhibit antiviral additivity or synergy and possibly reduce opportunity for breakthrough

infection. Thus far, an intravaginal ring containing dapirivine and maraviroc has been

developed and tested in safety trials.98 Tenofovir has also been co-formulated in a vaginal

ring with acyclovir (an anti-HSV-2 agent)99 but is not yet in clinical development. Several

phase II/III trials evaluating the efficacy of long acting injections for HIV prevention are

ongoing but outside of the scope of this review.

4 Adherence Measures

Recently, two behavioral adherence measures, audio computer-assisted self-

interviewing(ACASI) and clinic product counts(CPC), were found to be less than 50%

accurate at predicting non adherence in the VOICE trial.100 This poor predictive ability

warrants consideration of objective measures for adherence monitoring in prevention

studies. Applicator dyes, plasma drug concentrations, upper layer packed cells(ULPC),

occipital hair, vaginal swabs and electronic monitoring containers are minimally invasive

measures of adherence that do not rely on subject recall or report.101–104 Two clinical PrEP

trials, MTN017 and MTN020, are currently employing regular plasma PK analysis to

monitor and motivate participant adherence.105,106 These trials will provide valuable

information concerning the utility of planned PK analysis for adherence monitoring in

clinical trials. Of the above objective adherence measures, only electronic monitoring offers

real-time adherence monitoring and the ability to implement intervention at the moment of

lapsed adherence. Each option poses unique challenges for implementation and the optimal

measure for PrEP trials is yet to be determined.

5 Final Comments

In the absence of an effective HIV vaccine, antiretroviral therapies for HIV treatment are

being extended to HIV prevention. Although lifelong drug therapy for prevention is less

than ideal, topical microbicides provide advantages over oral therapy in that they limit

systemic exposure and may offer more flexible dosing. With the exciting pipeline of

prevention agents and delivery devices currently in phase II/III clinical investigation, the

HIV microbicide field is on the cusp of offering efficacious, tolerable, and easy-to-use

choices to women seeking a prevention option they can control. The lessons learned from

twenty years of microbicide development are being carefully considered in next generation

PrEP development. Agents, vehicles, and devices safety evaluation should realistically

mimic anticipated use prior to phase II/III trials. Lead compounds within a class of

microbicides should be selected on the basis of developed pharmacokinetic-

pharmacodynamic relationships, with superior efficacy and minimal toxicity both in vitro

and in animal models before being investigated in clinical trials. Finally, measures of

adherence that do not rely on subject report (such as biomarkers) should be incorporated into

study designs. Optimally, real-time feedback could lead to real-time adherence interventions

to both support clinical trial participants and to select optimal interventions during

community-based roll-out of PrEP.
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Figure 1. Mechanism of Action of Microbicide Agents
Figure 1 depicts the proposed mechanism antiviral activity of microbicides overlaid on an

image of vaginal wall histology. Blue staining represents cell nuclei and red staining

represents CD4+ cells. Immunohistochemistry was performed by the Translational

Pathology Laboratory at the University of North Carolina at Chapel Hill. DPV=Dapivirine,

HIV RT= HIV reverse transcriptase, TFV=Tenofovir, TFV-DP=Tenofovir-diphosphate.
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Figure 2. Developmental Timeline of Topical Microbicides
Figure 2 provides a timeline for the clinical efficacy trials of first generation topical

microbicides (superior placement) and the safety and efficacy trials for second generation

agents (inferior placement).
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Table 1

First Generation Topical Microbicides Clinical Trials Summary.

Microbicide Study Summary Site(s) Treatment Arm
Number

Results Summary

Nonoxynol-9

Observational trial to
determine the relationship
between 100mg N-9
suppositories use and HIV
incidence12

Cameroon 273

Frequency of use inversely associated
with HIV incidence [HIV RR 0.2 (95%
CI, 0.1–0.7) if N-9 frequency of use
≥67% vs <67%]

Phase II RCT to determine if
1000mg N-9 sponge gel
prevents HIV11

Nairobi N-9 Sponge=74
Placebo Sponge=64

No benefit, possible harm
[HR=1.7 (95% CI, 0.9 – 3.0)]

Phase II RCT to determine if
70mg N-9 film prevents
HIV14

Cameroon N-9 Film=479
Placebo Film=463

No benefit, possible harm
[N-9 film vs placebo ERa=6.6 vs 6.7
(Rate ratio=1.0 (95% CI, 0.7 – 1.5)]
[N-9 film vs placebo ER ratioa =1.3
(95% CI, 1.0 – 1.6)]

Phase II/III RCT to
determine if 52.5mg
COL-1492 3.5% gel prevents
HIV17

Benin, Côte
d’Ivoire, South
Africa,
Thailand

COL-1492 gel=376
Polycarbophil gel =389

Frequency of use positively
associatedwith HIV incidence
[HR=1.5 (95% CI, 1.0–2.2); p=0.047]
[High gel use HR=1.8 (95% CI, 1.0–
3.2); Low gel use HR=1.1 (0.54–2.4)]

SAVVY

Phase III RCT to determine
if 1% SAVVY gel prevents
HIV24

Ghana SAVVY gel=1026
HEC gel=1012

Discontinued early because of a lower
than anticipated HIV incidence rate
[Kaplan-Meier cumulative probability
of HIV infection =0.01 for SAVVY and
= 0.011 for placebo (p=0.731)]

Phase III RCT to determine
if 1% SAVVY gel prevents
HIV25

Nigeria SAVVY gel=1041
HEC gel=1040

Discontinued early because of a lower
than anticipated HIV incidence rate
[HR 1.7 (95% CI, 0.9–3.5); p=0.127]

Carraguard
Phase II RCT to determine if
Carraguard prevents HIV27 South Africa Carraguard gel=3103

Methylcellulose gel=3099

No Benefit [CarraguardIRa=3.3 (95%
CI, 2.8–3.9) vs placebo IR =3.8 (95%
CI, 3.2–4.4); p=0.3]

Cellulose sulfate

Phase III RCT to Phase III
RCT to determine if cellulose
sulfate 6% gel prevents
HIV37

Nigeria Cellulose sulfate gel=820
HEC gel=824

Discontinued early for anticipated
futility
[HR-0.8 (95% CI, 0.3–1.8)

Phase III RCT to determine
if cellulose sulfate 6% gel
prevents HIV38

Benin, India,
South Africa,
Uganda

Cellulose sulfate gel=717
HEC gel=708

Discontinued early for possible harm
[ITT HR=1.61 (95% CI, 0.86 – 3.01);
p=0.13]

PRO2000

PhaseIIb RCT to determine if
0.5% PRO2000 prevents
HIV40

Malawi, South
Africa, Zambia,
Zimbabwe, and
United States

PRO2000 gel=764
HEC gel=760

Non-statistical trend towards benefit
[PRO2000 vs placebo gel HR=0.7
(p=0.1); PRO2000 vs no gel HR=0.67
(p=0.06)]

Phase III RCT to determine
if 0.5% PRO2000, 2%
PRO2000 prevents HIV41

South Africa,
Tanzania,
Uganda,
Zambia

0.5% PRO2000 gel=3326
2% PRO2000 gel=2734
Control=3325

2% PRO2000 arm stopped early for
futility [HR=1.21 (95% CI, 0.88 – 1.68;
p=0.24)]
No benefit with 0.5% PRO2000
[HR=1.05 (95% CI, 0.82 – 1.34);
p=0.71]

BufferGel
PhaseIIb RCT to determine if
BufferGel prevents HIV40

Malawi, South
Africa, Zambia,
Zimbabwe, and
United States

BufferGel=764
HEC gel=760
No gel=762

No Benefit [BufferGelIRa = 4.1,
placebo gel IR=3.9, no gel IR=4.0]

a
per 100 women years; CI= confidence interval, ER=event rate, HR= hazard ratio, HEC= hydroxyethylcellulose, IR= incidence rate, ITT=

intention to treat, N-9= Nonoxynol-9, RCT=randomized controlled trial, RR=relative risk
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Table 3

Second Generation Topical Microbicides Clinical Trials Summary.

Study Summary Treatment Arm
Number

Results Summary

Tenofovir 1% Gel

HPTN050: Phase I randomized trial to
evaluate the safety of 0.3% and TFV 1% gel
administered once and twice daily for 14 days
in HIV negative and positive women56

Once daily
TFV 0.3% gel=12
TFV1% gel=12
Twice daily
TFV 0.3% gel=12
TFV 1% gel=48

Twice daily 1% TFV gel was as well
tolerated as once daily 0.3% TFV gel
when used in HIV positive or negative
women.

HPTN059: Phase I randomized trial to
evaluate the safety and acceptability of TFV
1% gel vs placebo with daily or coitally
dependent dosing107

Daily TFV 1% gel=50
Coital TFV 1% gel=50
Daily HEC gel=50
Coital HEC gel=50

No difference in safety or acceptability
between dosing groups

Phase I RCT to evaluate the safety of TFV 1%
gel applied to the genitalia of circumcised and
uncircumcised men for 6–10 hours daily for 7
days57

TFV 1% gel=36
K-Y Jelly=12

1% TFV gel was well tolerated by
circumcised and uncircumcised men. 13%
of men in the treatment arm vs 18% in
control arm reported symptoms of mild
pruritus, pain, dysuria, and/or warm
feeling.

CAPRISA004: PhaseII/III RCT to determine
if BAT24 administration of TFV 1% gel
prevents HIV in South African womem47

TFV 1% gel=445
HEC gel=444

BAT24 administration of 1% TFV gel
decreased HIV incidence
[Tenofovir gel vs placebo gel IRa= 5.6
(CI:4.0–7.7) vs 9.1 (CI:6.9–11.7),
p=0.017]

VOICE: Phase III RCT to determine if once
daily administration of Viread®, Truvada®,
and TFV 1% gel prevent HIV in Ugandan,
South African and Zimbabwean women7.

All Arms=5029
All arms stopped early for futility
[Tenofovir gel vs placebo gel IR= 6.0 vs
6.1]

FACTS001: A phase III RCT to determine if
BAT24 administration of TFV 1% gel
prevents HIV and HSV-2 in South African
women108

Anticipated=2900 Ongoing

Dapirivine

IPM001 and IPM008: Two phase I RCT to
assess the safety of a 25mg and 200mg
reservoir-type intravaginal ring containing
DPV after a 7 day exposure93

25mg matrix ring=10
200mg reservoir ring=12
Silicone elastomer
ring=15

Both rings were well tolerated and
exhibited low systemic and sustained
vaginal exposure
[Adverse events reported in 80%, 75%
and 74% in the 25mg, 200mg and placebo
ring arms respectively]
[Matrix vs reservoir plasma AUC0–24h

(pg*h/mL)=21,870 vs 411; CVF
AUC0–24h(µg*hr/g)=15,430 vs 72.5]

IPM018: A phase I RCT to assess the safety
and pharmacokinetics of matrix-type and
reservoir-type intravaginal ring containing
25mg of DPV after a 7 day exposure92

25mg matrix ring=8
25mg reservoir ring=8
Silicone elastomer
ring=8

Both rings were well tolerated and
exhibited low systemic and sustained
vaginal exposure
[Adverse events reported in 50%, 62.5%
and 62.5% in the matrix, reservoir, and
placebo ring arms respectively]
[Matrix vs reservoir plasma AUC0–24h

(pg*h/mL)=21,870 vs 411; CVF
AUC0–24h(µg*hr/g)=15,430 vs 72.5]

IPM015: A phase I RCT to assess the safety,
acceptability and pharmacokinetics of DPV
25mg matrix-type ring inserted every 4 weeks
for 12 weeks in healthy African women94.

25mg matrix ring=140
Silicone elastomer
matrix ring=140

The DPV ring was well tolerated with no
difference in adverse event reporting
between treatment and placebo arm
The DPV ring exhibited low systemic
with DPV plasma concentrations
<1ng/mL)

MTN020 (ASPIRE): A phase III RCT to
determine if the 25mg DPV intravaginal ring
inserted once every 4 weeks prevents HIV
infection in African women109

Anticipated=3476 Ongoing
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Study Summary Treatment Arm
Number

Results Summary

IPM027 (The Ring Study): A phase III RCT to
determine if the 25mg DPV intravaginal ring
inserted once every 4 weeks prevents HIV
infection in African women96

Anticipated=1650 Ongoing

a
per 100 women years; ASPIRE= A Study to Prevent Infection with a Ring for Extended Use, AUC=area under the curve, BAT24=one dose 12

hours Before sex and a second dose within 12 hours After sex and no more than Two doses in 24 hours, CAPRISA=Centre for AIDS Programme
of Research in South Africa, CI= confidence interval, CVF=cervical vaginal fluid, DPV=dapivirine, FACTS=The Follow-on African Consortium
for TenofovirStudies, HEC= hydroxyethylcellulose, HPTN= HIV Prevention Trials Network, HR= hazard ratio, HSV-2= Herpes simplex virus
type2, IR= incidence rate, MTN= Microbicide Trials Network, RCT=randomized controlled trial, TFV=tenofovir, VOICE=Vaginal and Oral
Interventions to Control the Epidemic
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