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ACRONYMS
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SUMMARY

The HIV epidemic continues to spread all over the world, but mainly in the developing

countries of sub-Saharan Africa and Asia. The United Nations Program on AIDS

(UNAIDS) estimates that there are currently 42 million HIV-infected people; and that an

additional 45 million people will become infected in low- and middle-income countries by

2010.

The need to prevent HIV transmission is thus of paramount importance. Globally the chief

mechanism of transmission is heterosexual intercourse. Male condoms are effective in

preventing transmission when used consistently and correctly. However, for many women

around the world, being able to negotiate condom use with a sex partner is not feasible for

any of multiple reasons, such as economic situation and gender inequality. Furthermore,

the proportion of women infected with HIV increases. Worldwide, women accounted for 2

million of the estimated 4.2 million new infections in adults in 2002, and currently, in sub-

Saharan Africa, more women than men are living with HIV. It is clear, therefore, that there

is an urgent need for the development of a female controlled method (FCM) for HIV

prevention. 

An FCM is intended to protect a woman from acquiring HIV and other sexually

transmitted pathogens, and to give her control of the prevention mechanism without her

needing a partner's consent. It is recognized that some types of FCM could be used either
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with or without a partner's knowledge. The only currently available FCM is the female

condom. However, its low long-term acceptability and its high cost remain impediments to

its widespread use. A vaginal product, a microbicide, would be another option.

Microbicides are chemicals with a potential of preventing the transmission of HIV and

other sexually transmitted infections (STIs). 

This thesis is based primarily on an international study undertaken in the second half of the

1990s. The presented work has contributed to the development of a microbicide for HIV

prevention in women. 

Nonoxynol-9 was the most important candidate as a microbicide because it was widely

available as over-the-counter spermicide, cheap, had an in vitro activity against HIV and

prevented infection with the Simian Immunodeficiency Virus in rhesus macaques. Early

results with regard to its effect on HIV transmission were inconclusive. In 1992, the World

Health Organization (WHO; later the study was sponsored by UNAIDS) decided to test

COL-1492, a nonoxynol-9 containing gel, for safety and effect on HIV transmission. The

Institute of Tropical Medicine, Antwerp, Belgium, was asked to organize and coordinate

these studies. 

As a first step, an expanded safety study was undertaken in women at low risk of HIV

infection in Belgium, the Netherlands and Thailand. The results of that study showed no

increased toxicity associated with the use of COL-1492 in comparison with either the use

of a placebo gel (an existing vaginal moisturizer) or the study's no-treatment arm (women

did not use any study gel but underwent the same procedures as other trial participants).

The incidence of lesions with an epithelial breach, considered to be a risk factor for HIV

transmission, was very low in all three arms. In the COL-1492 arm, there were more

lesions without an epithelial breach than in the other arms.  The significance of these

lesions was unknown. 

Subsequently, a phase II/III trial was planned and implemented, starting with an

introductory phase II to assess the safety of the gel in the target study population for phase

III; i.e. female sex workers (FSW). The study was a randomized placebo-controlled trial
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with two arms: COL-1492 and the placebo gel. The results of the trial, as in the earlier

safety trial, showed no increased toxicity in the nonoxynol-9 arm. A Data and Safety

Monitoring Board then recommended proceeding  with the phase III component. 

The phase III trial ended in the spring of 2000 and surprised the study team by revealing a

negative impact of COL-1492 on HIV transmission. More women in the nonoxynol-9 arm

than in the placebo arm had seroconverted. There was no effect on infections with N.

gonorrhoeae or C. trachomatis. The main hypothesis for the observed effect on HIV infection

was a dose-dependent toxicity, which was confirmed in exploratory analyses. Women who

reported a mean daily use of more than 3.5 applicators had an increased risk of HIV

infection. There was no effect observed among women reporting a lower mean daily use.

The trial results also showed a twofold increase in the risk of HIV infection among women

who developed a lesion with an epithelial breach (independent of the lesion's etiology),

compared to women who did not have such a lesion during their trial participation. There

was no increased risk among women who had a lesion without a breach of the epithelium.

The preliminary results of this trial were presented at the XIII International AIDS

Conference (Durban, July 2000).

As a consequence of the COL-1492 study's findings with regard to HIV infection, all

research on using nonoxynol-9 as potential HIV prevention method was abandoned.

Furthermore, the US Centers for Disease Control and Prevention and WHO revised their

guidelines on the use of nonoxynol-9 as a spermicide and warned for its potential toxic

effect when used multiple times a day.  

Since 2000, donors have put more financial resources in the development of new products

as potential microbicides. Furthest along in clinical development are viral entry inhibitors,

acidifying agents, and a non-specific surface acting product. Several of these compounds

will be tested in phase III trials which will start in 2004.  Antiretrovirals are now also being

tested in vaginal application. First their local and systemic safety is being assessed and then,

if proven non-toxic, their effect on HIV transmission will be determined. Currently, a

phase III trial with a diaphragm is carried out to evaluate if covering the cervix with this
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device can protect women from acquiring HIV, since the cervix is the main port of entry

for the virus. 

Another consequence of the COL-1492 trial results is a still ongoing discussion among

FCM researchers, advocates and the US Food and Drug Administration on trial design and

ethical issues, mainly with regard to phase III trials.  These discussions include the

incorporation or not of a no-treatment arm (i.e. women use condoms only, not a gel) and

the difficulty of not having an ideal placebo for vaginal use. The COL-1492 trial

underscored the need for such a true placebo.  Whether to provide antiretrovirals to

women who seroconverted during their trial participation is still a hot debate in the

microbicide community.

In summary the work described has contributed in the development of a female controlled

method for HIV prevention. Nonoxynol-9 is no longer an option, and women need to be

informed that multiple daily uses may increase their risk of HIV infection. New products

are currently being tested, and some of them are ready for phase III trials. Most of them

belong to the entry inhibitors. 

From here on, FCM research needs to move ahead with other products such as

antiretrovirals and combination products, and the inclusion of mechanical barriers. In

addition, it will be very important to investigate how to best promote microbicides as part

of a package of preventive options, once they have been identified as being effective. Until

then, the ABC approach (Abstinence and delay sexual debut; Be faithful and reduce the

number of partners; use Condoms) remains the cornerstone of HIV prevention programs.
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SAMENVATTING

De HIV-epidemie verspreidt zich verder wereldwijd, maar voornamelijk in de

ontwikkelingslanden van Afrika and Azië. Het AIDS programma van de Verenigde Naties

(UNAIDS) schat dat er momenteel 42 miljoen mensen geïnfecteerd zijn met HIV en dat er

een extra 45 miljoen zullen geïnfecteerd worden in de midden- en lage-inkomenslanden

tegen 2010. 

Preventie blijft dus van het allergrootste belang. Globaal is de belangrijkste transmissieweg

heteroseksueel verkeer. Mannencondooms zijn effectief indien ze correct en voor elke

seksuele interactie gebruikt worden. Voor vele vrouwen in de wereld echter is het

bespreken van condoomgebruik met een partner niet mogelijk en dit omwille van allerlei

redenen, waaronder de economische situatie van vrouwen en de sociale ongelijkheid tussen

mannen en vrouwen. Daarenboven stijgt de proportie van vrouwen die HIV-positief zijn.

Wereldwijd waren van de 4,2 miljoen nieuwe infecties in volwassenen in 2002, 2 miljoen in

vrouwen. Tegenwoordig leven er in Afrika, het meest getroffen gebied, meer vrouwen met

HIV dan mannen. Het is daarom dus heel duidelijk dat er een dringende noodzaak is aan

een preventiemiddel dat door vrouwen kan gecontroleerd worden (FCM van de Engelse

term Female Controlled Method). 

Het is de bedoeling dat een FCM een vrouw zou beschermen tegen HIV en andere

seksueel overdraagbare micro-organismen en dat het haar controle zou geven over het
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gebruik van een preventiemiddel zonder haar partner’s toestemming nodig te hebben.

Sommige van deze middelen zouden immers kunnen gebruikt worden zonder inlichting

van de partner. De enige, huidig beschikbare preventiemethode waarvan het gebruik door

vrouwen kan beslist worden, is het vrouwencondoom. De lage aanvaardbaarheid wanneer

gebruikt gedurende een langere periode, en de hoge prijs blijven echter barrières tegen het

wijdverspreid gebruik van deze methode. Een vaginaal product, een microbicide, zou een

andere oplossing kunnen zijn. Microbiciden zijn chemische stoffen die de overdracht van

HIV en andere seksueel overdraagbare infecties zouden kunnen voorkomen. 

Deze thesis is voornamelijk gebaseerd op een studie die uitgevoerd werd in de tweede helft

van de jaren 1990. Het voorgestelde werk heeft bijgedragen tot de ontwikkeling van een

microbicide voor HIV-preventie bij vrouwen. 

Nonoxynol-9 was de belangrijkste kandidaat als microbicide omdat het wereldwijd zonder

voorschrift verkrijgbaar was als een zaaddodend middel, het was goedkoop, het had een in

vitro activiteit tegen HIV en het voorkwam infectie met het Simian Immunodeficiency Virus

in rhesus apen. De eerste resultaten met betrekking tot HIV-transmissie leidden niet tot

eensluidende resultaten. In 1992 besliste de Wereldgezondheidsorganisatie om een

nonoxynol-9 gel, COL-1492, te testen voor veiligheid en effect op HIV ( de studie werd

later gefinancierd door UNAIDS). Het Instituut voor Tropische Geneeskunde in

Antwerpen, België, werd gevraagd om deze studies te organiseren en coördineren. 

Als eerste stap werd er een veiligheidsstudie uitgevoerd bij vrouwen met een laag risico op

HIV-infectie in België, Nederland en Thailand. De resultaten toonden geen verhoogde

toxiciteit aan van COL-1492 in vergelijking met ofwel een placebogel (een verkrijgbare

vaginale bevochtiger) ofwel een arm waarin de vrouwen geen gel gebruikten en toch alle

studieprocedures ondergingen. De incidentie van letsels met een breuk in het epitheel, die

als een risicofactor voor HIV-besmetting beschouwd werden, was heel laag in de drie

armen. In de COL-1492 groep waren er meer letsels die geen epitheliale breuk vertoonden

dan in de twee andere groepen. De betekenis van deze letsels was niet gekend.
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Vervolgens werd een fase II/III studie gepland en opgestart. De inleidende fase II studie

diende om de veiligheid van de gel te onderzoeken bij vrouwen die zouden opgenomen

worden in de uiteindelijke fase III, namelijk prostituees (vrouwelijke sekswerkers  - FSW).

Deze studie was een gerandomiseerde placebo-gecontroleerde studie met twee armen:

COL-1492 en de placebogel. De resultaten van deze fase II studie toonden, net als de

vorige studie, geen verhoogde toxiciteit in de COL-1492 arm. Een onafhankelijk comité

(Data and Safety Monitoring Board) adviseerde om verder te gaan met de fase III

component. 

Deze fase III eindigde in de lente van 2000 en verraste het studieteam doordat er een

negatieve impact was van COL-1492 op HIV-transmissie. In de nonoxynol-9 arm waren

meer vrouwen geseroconverteerd dan in de placebo arm. Er was geen effect op infecties

met N. gonorrhoeae of C. trachomatis. De hoofdhypothese voor het geobserveerde effect op

HIV-infectie was een dosisafhankelijke toxiciteit. Dit werd bevestigd in bijkomende

analyses. Vrouwen die een gemiddeld gebruik van meer dan 3,5 applicatoren per dag

rapporteerden, hadden een verhoogd risico op HIV-infectie. Er werd geen effect

geobserveerd bij vrouwen die een lager gemiddeld dagelijks gebruik rapporteerden. De

resultaten toonden eveneens een tweevoudig risico op HIV-infectie bij vrouwen die een

letsel met een epitheliale breuk (ongeacht de etiologie) hadden, vergeleken met vrouwen die

een dergelijk letsel niet ontwikkelden. Er was geen verhoogd risico verbonden met letsels

zonder breuk in het epithelium. De preliminaire resultaten van de studie werden

voorgesteld op het XIII Wereld AIDS Congres (Durban, juli 2000). 

Als gevolg van deze resultaten werd alle onderzoek met nonoxynol-9 als potentieel HIV

preventiemiddel stopgezet. Bovendien herzagen de Center for Disease Control and

Prevention in de Verenigde Staten van Amerika (VSA) en de

Wereldgezondheidsorganisatie hun richtlijnen voor het gebruik van nonoxynol-9 als

zaaddodend middel en waarschuwden zij voor het potentieel toxisch effect bij veelvuldig

dagelijks gebruik. 

Sinds 2000 investeerden donors meer financiële middelen in de ontwikkeling van nieuwe

producten als potentiële microbiciden. Producten die de virale opname in de cellen
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inhiberen, producten die de zuurtegraad van de vagina bewaren of herstellen en een

product met een aspecifieke werking op de celmembraan zijn het verst gevorderd in het

klinisch onderzoek. Verscheidene van deze producten zullen getest worden in fase III

studies, die zullen van start gaan in 2004.

Antiretrovirale middelen worden nu eveneens getest in vaginale toediening.  Eerst wordt

hun lokale en systemische veiligheid nagegaan en daarna, indien niet-toxisch, zal hun effect

op HIV-transmissie onderzocht worden. Op dit ogenblik is er eveneens een fase III studie

bezig met het diafragma om na te gaan of een dergelijke mechanische barrière vrouwen kan

beschermen tegen HIV-infectie, gezien de cervix de belangrijkste toegangsweg is voor HIV

tijdens vaginaal seksueel verkeer.

Een ander gevolg van de COL-1492 studie is een nog steeds aan de gang zijnde discussie in

de wereld van de microbicidenonderzoekers, belangenbehartigers en de Food and Drug

Administration in de VSA over de juiste en de gewenste design van een fase III studie en

over bepaalde ethische aspecten van dergelijke studies. Deze discussies gaan onder andere

over de inclusie of niet van een arm waarin vrouwen geen gel gebruiken en over het

probleem dat er geen ideale placebogel voor vaginaal gebruik bestaat. De COL-1492

studieresultaten toonden duidelijk aan dat er een dringende nood is aan een dergelijke echte

placebogel. De voorziening van antiretrovirale middelen aan vrouwen die seroconverteren

gedurende de studie, blijft een hoogoplopende discussie in de microbicidenwereld. 

Samenvattend, het voorgestelde werk heeft bijgedragen in de ontwikkeling van een

methode voor HIV-preventie waarvan het gebruik kan gecontroleerd worden door

vrouwen. Nonoxynol-9 is niet langer een optie en vrouwen moeten verwittigd worden dat

veelvuldig dagelijks gebruik hun risico op HIV-infectie kan verhogen. Tegenwoordig

worden nieuwe producten getest, waarvan sommige weldra in fase III studies. De meeste

hiervan behoren tot de klasse van de virale entry inhibitoren. 

Nu dient onderzoek naar een “female controlled method” zich te richten op andere en

nieuwere producten zoals antiretrovirale middelen en combinatieproducten, en op

mechanische barrières. Het zal ook heel belangrijk zijn om na te gaan hoe een effectief
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microbicide best zal gepromoot worden als deel van een pakket HIV-preventiemiddelen.

Tot een dergelijk effectief product beschikbaar is, blijft het “ABC” (Abstinentie en

vertraagd seksueel debuut; trouw zijn en het aantal partners reduceren en

Condoomgebruik) de hoeksteen van HIV-preventieprogramma’s.
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INTRODUCTION

The Joint United Nations Programme on AIDS (UNAIDS) estimated that there were 5

million new HIV infections in 2002 (UNAIDS website). This brings the total number of

people globally living with the virus to 42 million. In 2002, approximately 3.5 million new

infections occurred in sub-Saharan Africa, 1 million in Asia and the Pacific compared to

76,000 in high-income countries. Globally more than 14 million children under the age of 15

have lost one or both parents to HIV/AIDS, a number projected to increase to 25 million by

2010. Best current projections estimate that an additional 45 million people will become

infected with HIV in low- and middle-income countries by 2010. 

In order to fight the epidemic and to achieve the goals set in the Declaration of Commitment

on HIV/AIDS adopted by the United Nations (UN) General Assembly in June 2001, a

Global Fund to fight AIDS, Tuberculosis and Malaria was established in January 2002. Of the

US$ 4.7 billion pledged, approximately $ 1.6 billion had been paid in August 2003 (Global

Fund website). An estimated two thirds of the funds were earmarked for HIV/AIDS. Dr.

Peter Piot, executive UNAIDS director, indicated at the fund’s stake holders’ meeting that an

effective response to AIDS in low- and middle-income countries will require an annual

expenditure of US$ 7-10 billion, with half of these resources needed in sub-Saharan Africa

(UN website press release AIDS/17, SAG/G2, 05/06/2001). The best estimate of the current

spending in developing countries is $ 1.8 billion. According to the World Health Organization

(WHO), the lack of resources means that only 10 to 20 percent of people at risk of HIV

infection have access to basic prevention services (UNAIDS website). Implementation of a
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full prevention package by 2005 could cut the projected number of new infections by 29

million. Such a packet would exist, not all inclusive, of health (HIV/AIDS) education; safer

sex counseling (ABC: Abstinence and delay sexual debut; Be faithful and reduce the number

of partners; use Condoms); voluntary and confidential counseling and testing; treatment of

sexually transmitted infections; prevention of mother-to-child transmission through anti-

retrovirals; needle-exchange programs; harm reduction efforts related to drug use; safe blood

supplies etc.

Of the 4.2 million new infections in adults in 2002, 2 million were among women. Worldwide,

women represent an increasingly larger percentage of adults who are infected with HIV

(WHO website). In 1997 women constituted 41% of infected adults, by 2000 their proportion

had risen to 47%. In Sub-Saharan Africa, the region most affected by the global epidemic,

there are more HIV-infected women than men (table 1). The UN Declaration of Commitment

on HIV/AIDS identified women and young girls as one of the vulnerable groups and stated

that “Empowerment of women is essential for reducing vulnerability” (UN webpage on the

Declaration of Commitment on HIV/AIDS). However, according to reports assessing the

progress two years after this declaration, nearly one third of countries lack policies to ensure

women’s equal access to prevention and care services (UNAIDS website). 

Prevention must be the mainstay of the global response to the epidemic (a point of view

endorsed by the UN declaration) and must target both HIV-infected and HIV-uninfected

people.  The chief mechanism of HIV transmission is heterosexual intercourse.

There is evidence that antiretroviral therapy (ART) lowers HIV shedding in genital fluids

(Leruez-Ville et al, 2002; Kovacs et al, 2001; Coombs et al, 2003). However whether this

reduction in viral level results in a concomitant reduction (and how much) in sexual

transmission of HIV is unknown. Trials assessing the effect of ART on transmission will soon

start among HIV discordant couples in whom the infected partner will be treated and the HIV

incidence among the negative partners will be assessed; but also among HIV negative people

considered to be at high risk of infection who will receive anti-retrovirals to assess the impact

on HIV incidence when ART is given to HIV negative people. 
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However, antiretrovirals should not be the cornerstone of a prevention policy. Treatment of

other STI will also help prevent HIV infection, by making HIV-infected people less infectious

to their sexual partners and by making HIV negative people less susceptive to becoming

infected (Cohen et al, 1997; Fleming and Wasserheit, 1999; Ghys et al, 2001; Grosskurt et al,

1995; Levine et al, 1998). 

Currently the cornerstone of prevention is, and must remain, safer sex counseling. Men and

women, independent of their HIV status, should receive information on how to prevent

sexually transmitted infections, incl. HIV, through the ABC: Abstinence (and delay of sexual

debut), Be faithful to one partner (mutual monogamy and reduction in the number of sexual

partners), use Condoms (correct and consistent use, especially for casual sexual activity and

other high risk situations). Male condoms when used consistently and correctly can protect

against the sexual transmission of HIV (CDC fact sheet; de Vincenzi, 1994; Hira et al, 1997;

Kamenga et al, 1991; NIAID report, 2002) and remain the most important currently available

prevention method.

Despite the effectiveness and the availability, often at public sponsored prices, of male

condoms, HIV continues to spread (see above). Thus there is a need for new prevention

methods, e.g. vaccines. Vaccines’ effectiveness will be independent of sexual behavior. One

phase III trial was completed and showed no effect; others are ongoing.

With or without a vaccine, men can rely on male condom use, often women cannot. Many

women in the world suffer from social and economic power imbalances, making adherence to

safer sex behavior virtually impossible (Elias and Coggins, 1996). Women often have too little

power within their sexual relationships to insist on condom use, and they often have too little

power outside these relationships to abandon partnerships that put them at risk (Heise and

Elias, 1995). Non-consensual sex, the fear of domestic violence or economic abandonment,

difficulties in initiating or maintaining discussions concerning condom use greatly limit many

women’s prevention options (Gupta and Weiss, 1993). Moreover, women and girls are more

vulnerable to sexually acquired HIV infection than men and boys. One reason is the larger

exposed area of the vagina compared to the penis. Another reason is ectropion, present in
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young women and in parous women, which increases a woman’s risk (Coombs et al, 2003;

Moss et al, 1991). Therefore we need female controlled methods (FCM). 

An FCM is a method, the use of which a woman controls and for which she does not need a

partner’s consent. Some of these methods could be used with and some potentially without a

partner’s knowledge. FCM would thus provide women with potentially life-saving alternatives

when they are unable to negotiate consistent condom use.

There are two main groups in FCM: mechanical barriers and chemical barriers. The only

currently available mechanical barrier is the female condom. Female condoms are effective

(Fontanet et al, 1998), available, and provide some control to women. However their low

long-term acceptability is a problem (Artz et al, 2000; Gollub, 2000), and they are expensive.

Unless sold at a subsidized price, female condoms can cost up to twenty times more than male

condoms, because poly-urethane is more expensive than latex (UNAIDS website). There is

evidence that the female condom might be re-used after disinfection (Beksinska et al, 2001;

Potter et al, 2003). WHO is sponsoring research in South Africa on condom re-use. The

organization has not changed its guidelines yet because, according to the agency, there remain

too many unresolved questions. The guidelines read that the ultimate decision needs to be

taken locally since the balance between risks and benefits varies substantially. Some groups,

including CONRAD, assess the possibility of using other materials that are less expensive than

poly-urethane.  Research on re-use and on cheaper female condoms is very important if we

want to broaden the range of HIV prevention tools. 

Chemical barriers, microbicides, would be another option for a female controlled method.

They may be formulated in different ways (gels, creams, films, foams etc). The details of the

research with potential chemical barriers will be addressed in the next chapter. 

The aim of my work has been the prevention of vaginally acquired HIV infection with specific

attention to female controlled methods. I have been involved in the testing of microbicides

for safety and for effectiveness and in discussions on the ethical and methodological aspects

of trials. I started this work at the Institute of Tropical Medicine in Antwerp, Belgium, in the

beginning of the 1990s. In September 2001, I started working for CONRAD, a not-for-profit
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organization affiliated with the Eastern Virginia Medical School but based in Arlington,

Virginia, USA. CONRAD is involved in contraception (male and female) and HIV prevention

among women (chemical and mechanical barriers).
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I. INTRODUCTION

The need for a female controlled method (FCM) for HIV prevention was recognized as early

as the 1980’s. Some people promoted hierarchical messages that included spermicide use in

HIV prevention counseling (Latka et al, 2000; NY State Department, 1992; Rosenberg and

Gollub, 1992; Stein, 1990). Spermicides were the first choice in the search for an FCM since

they were widely available as over-the-counter (OTC) products, cheap, and had an in vitro

effect on HIV. In 1992 the Institute of Tropical Medicine (ITM) (Antwerp, Belgium)

conducted a study on a marketed spermicide, Menfegol (Goeman et al, 1995). In the study,

conducted in Senegal and funded by the World Health Organization (WHO), women were

randomized to either Menfegol tablets or placebo tablets. The primary objective of the study

was to assess the effect of Menfegol on HIV transmission through vaginal intercourse and the

investigators hoped to find an answer as to the role of spermicides in HIV prevention. The

study was prematurely discontinued because of an unexpected high frequency of vaginal

lesions in both arms. These lesions were suspected of increasing a woman’s risk of HIV

infection, instead of decreasing her risk. The authors concluded that not only the active

ingredients, but also the carrier gel may have been harmful. They recommended the use of

objective tools, e.g. colposcopy, to assess the safety of a product, since symptoms were a very

poor predictor of lesions; to perform safety trials before phase III trials; and to conduct the
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first human studies with a product among women at low risk of HIV, to avoid exposing

women at high risk to a potential increased risk because of lesions. 

As a consequence of this study, and of nonoxynol-9 studies by Niruthisard et al (1991) and by

Roddy et al (1993) (see further) WHO convened a meeting on the role of colposcopy in

assessing the safety of vaginal products. A manual was issued to standardize the procedures

(WHO, 1995). 

Most of the research with microbicides has been done with nonoxynol-9 (N-9). Other

spermicides that have been evaluated include benzalkonium chloride (BZK) and

chlorhexidine. BZK has an in vitro activity against HIV and other sexually transmitted

infections (STI) (Wainberg et al, 1990; Bélec et al, 2000). It is also effective in the macaque

model although it is toxic to the epithelium of the macaque (Patton et al, 1999; Tévi-Benissan

et al, 2000). Chlorhexidine also has an in vitro activity against HIV (Harrison and Chantler,

1998). No clinical studies have been performed to assess its effect on vaginal transmission of

HIV in humans. It is not effective in preventing mother-to-child transmission when used

intravaginally during delivery (Taha et al, 1997; Gaillard et al, 2001).

II. NONOXYNOL-9

Most attention was given to N-9 because of its widespread availability. N-9 is a surfactant that

disrupts the cell membranes. This mode of action is non-specific and thus it is effective

against a variety of cells and pathogens. However, one consequence of this non-specific

activity is that it can disrupt epithelial cell membranes. N-9 can kill HIV in vitro (Hicks et al,

1985; Polsky et al, 1988; Bourinbaiar and Fruhstorfer, 1996; Harrison and Chantler, 1998), and

prevents the genital transmission of Simian Immunodeficiency Virus (SIV) in rhesus macaques

(Miller et al, 1992). 

Various studies in women suggested a beneficial effect of N-9 on STI prevention. In 1988,

Louv et al performed a randomized clinical trial and showed a protective effect against N.

gonorrhoeae and C. trachomatis. Niruthisard et al (1992) found a 25% decrease in cervicitis among

women who used N-9 and condoms, compared to women using condoms only. Weir et al
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(1994), and Rosenberg et al (1997) found a protective effect against cervical gonococcal

infection. Cook et al performed a meta-analysis in 1998 and concluded that there was a

protective effect against N. gonorrhoeae and C. trachomatis. However, in two randomized

controlled trials by Roddy and colleagues in Cameroon (1998 and 2002) there was no effect on

STI. 

However, there was concern for a dose-dependent toxicity. Roddy et al (1993) found an

increased frequency of lesions with an increasing dose. Among women using N-9 once or

more a day, the rate of epithelial disruption was greater than among women using N-9

infrequently, or among placebo users. It was assumed that lesions with an epithelial breach

might enhance a woman’s risk of HIV infection similar to the increased risk observed in the

presence of genital ulcer disease (Rottingen et al, 2001).

For HIV the data were conflicting. Kreiss et al (1992) performed a randomized controlled trial

(RCT) among Kenyan sex workers. The study product was a vaginal sponge containing 1000

mg N-9 of which 150-300 mg is bio-available. Women in the control arm used a glycerine

vaginal suppository that was changed for a water-based vaginal cream during the study

conduct. The trial was prematurely interrupted by the Data and Safety Monitoring Board

(DSMB) because of safety concerns. There was a suggestion of an increased risk of HIV

infection among N- 9 users (Hazard ratio:1.6 [95%CI: 0.8-2.8]). The trial was widely criticized

for its methodological flaws (Lesher, 1992; Stone and Peterson, 1992). One of the hypotheses

for the observed negative effect was the high dose of N-9 causing lesions that enhance HIV

infection. 

In an observational study among Cameroonian female sex workers there was a significant

decrease in HIV infection among women who used N-9 consistently compared to women

who used it inconsistently (Zekeng et al, 1993). The study product was a vaginal suppository

containing 100 mg N-9.  In Zambia the effect of N-9 beyond condom use was not clear (Hira

et al, 1997). 

The US National Institutes of Health (NIH) funded a study implemented under the direction

of Family Health International (FHI, North Carolina, USA) and the Cameroonian Ministry of
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Public Health to assess the effect of a Vaginal Contraceptive Film (VCF) containing 70 mg

N-9 (Roddy et al, 2002). The study randomized 1292 women to either the VCF or a placebo

film. There was no difference among the two arms for HIV infection (rate ratio: 1.0; 95% CI:

0.7-1.5), nor for gonococcal infection (rate ratio:1.1; 95% CI: 0.8-1.4) or chlamydial infection

(rate ration: 0.9; 95% CI: 0.7-1.3). This could mean that N-9 was truly an ineffective

microbicide. However most researchers thought there were other potential reasons for this

lack of effect. The dose may have been one reason. Some thought the dose was too low for

having any effect; while others thought it was too high, shifting the balance between toxicity

and effectiveness towards the negative side since N-9 has a very low therapeutic index.

Another potential reason was the formulation because the film has to dissolve to make the N-

9 available in the vagina. The time between insertion and sex might have been too short

among a population of sex workers. The film might have stuck to the fingers on insertion and

thus the full N-9 dose was not applied. The film only covers the cervix, leaving the vaginal

walls more or less unprotected.

While the Vaginal Contraceptive Film trial was ongoing, research was also done with another

promising looking N-9 product, COL-1492.

COL-1492, marketed in  the  USA  by  Columbia  Laboratories, New York, NY, as

Advantage S®, is a vaginal gel containing 52.5 mg N-9. The gel also contains carbomer, which

has bioadhesive properties. The product was considered an interesting candidate as potential

microbicide because of the reasons given above for N-9 products, namely widely available as

an over-the-counter (OTC) product and cheap. The Global Program on AIDS (GPA – World

Health Organization, during the trial UNAIDS became the sponsor) decided to fund studies

assessing its effect on HIV transmission among women. As a consequence of the Menfegol

experience and the consensus at that time that safety among low risk women had to be

assessed before launching phase III trials, a safety trial was implemented among women at low

risk of HIV infection.

In this study and in all future trials with COL-1492, the placebo used was a vaginal

moisturizer, marketed as Replens®. The N-9 gel base contains 1% polycarbophil and 0.5%

carbomer 934P, whereas the placebo gel base contains 2% polycarbophil and 1% carbomer



Clinical Microbicide Research: an overview

43

934P, making it more bioadhesive. COL-1492 has a slighter higher pH than Replens®: 3.5-4.5

versus 2.5-3.5 respectively. In all studies, both gels were packaged in pre-filled single-dose,

disposable plastic applicators delivering 1.5 g of gel. The gel was easy to apply: women had to

unscrew the applicator, shake it, insert it as far as possible in the vagina without force and

squeeze it. Columbia Laboratories, Paris, France, delivered the study products for all studies.

The low dose of N-9 in the gel was considered attractive because of the low therapeutic index.

The hypothesis was that the low dose would cause fewer lesions that could increase a

woman’s risk of HIV and that the beneficial effect of N-9 in killing HIV would outweigh the

toxic effect. 

The first study was implemented in Belgium (where I was the study clinician), the Netherlands

and Thailand between November 1993 and January 1995 (Van Damme et al, 1998). Women

in the COL-1492 arm were more likely than in the other arms to develop a lesion and to

prematurely discontinue due to lesions. The most frequently diagnosed lesion was petechial

hemorrhage. The incidence was 20.1%, 9.0% and 7.3% in COL-1492, placebo and no-

treatment arm respectively. The incidence of lesions with an epithelial breach was low in all

groups, less than 3%, and did not differ between the arms. 

The clinical significance of lesions without an epithelial breach was unknown. The incidence

of lesions with an epithelial breach, believed to potentially increase a woman’s risk, was very

low and not different between the three arms. Based on these results, it was decided that the

evaluation of the product as potential microbicide should continue. A large phase II/III trial

among women at high risk of HIV infection was designed and implemented.

In September 1996, enrollment started in the phase II/III trial of COL-1492, for which I was

the scientific study coordinator. Phase II was conducted in four centers: Bangkok and Hat

Yai, both in Thailand; Durban and Johannesburg, both in South Africa.  An interim analysis

was done of data on 320 women who had had at least one colposcopic evaluation. The

incidence of lesions with or without epithelial disruption was very low and did not differ

between the two treatment arms (Van Damme et al, 2000b). Based on these favorable results

the Data and Safety Monitoring Board (DSMB) recommended the trial could go ahead with its
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phase III component. Colposcopy was not performed anymore during this phase. Because of

the Vaginal Contraceptive Film trial results, which became available at the end of phase II (see

above), an independent expert committee was convened and advised GPA/UNAIDS to

continue the trial. 

The centers in Bangkok and in Johannesburg were closed and two other centers were added:

Cotonou (Benin) and Abidjan ( Ivory Coast). Enrollment in the trial ended in April 2000. A

total of 765 women were included in the primary analysis, 376 in the COL-1492 arm and 389

in the placebo arm. A negative effect was observed: the HIV incidence was 14.7 and 10.3 per

100 woman-years in the COL-1492 and the placebo arm respectively (Van Damme et al,

2002b). This difference was significant. There was no effect on the transmission of N.

gonorrhoeae or C. trachomatis.

I presented the COL-1492 preliminary trial results in a plenary session at the XIII

International AIDS Conference in Durban, July 2000. As a direct consequence of these

results, research with N-9 as potential HIV prevention method was stopped and more effort

was put into new products. 

Two other studies have been performed with COL-1492. Both have been carried out by

Kreiss and colleagues, among female sex workers in Mombasa, Kenya. 

They first evaluated the product’s safety among 60 women (Martin et al, 1997). There was a

trend of a lower risk of epithelial disruption among N-9 users: 0.33 (95% CI: 0.03-3.26). The

authors concluded the product was appropriate for evaluation as HIV prevention method, and

randomized 278 women either to COL-1492 or the placebo (Richardson et al, 2001). In

February 1998, the DSMB of the study recommended to stop the trial because of slow

enrollment and concerns about retention rates. There was no effect on candidiasis,

trichomoniasis, bacterial vaginosis, lactobacilli or cervicitis.  There was an increased risk of 

N. gonorrhoeae among N-9 users (RR: 1.8; 95% CI: 1.0-3.1). Due to the insufficient power, no

conclusions could be drawn regarding the effects on C. trachomatis, syphilis or HIV-1.
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III. NEW PRODUCTS AND ONGOING DEVELOPMENT

The remainder of the chapter will be organized by product category starting with the group of

products that are furthest in the clinical evaluation and ending with the group of products that

just entered (or are entering) clinical trials. This overview will be limited to products that have

been tested in humans and to trials assessing safety and/or effectiveness of the products.

There are three possible ways of preventing HIV infection through vaginal intercourse: either

HIV is killed while in the vagina, or the cell entry of HIV is inhibited or HIV replication in the

cells is prevented. 

III.a. Viral entry inhibitors

The viral entry inhibitors are furthest down the development pathway. These are anionic

polymers with an activity against HIV and other sexually transmitted pathogens (see each

product for references). Products that belong in this category are: carrageenan; dextrin sulfate

(DS); PRO2000; cellulose sulfate (CS) and polystyrene sulfonate (PSS). 

Carrageenan (Carraguard®) is a product developed and tested by the Population Council (NY,

USA). Two phase I studies among HIV negative, low risk, sexually abstinent women have

been completed (Elias et al, 1997; Coggins et al, 2000). Both yielded favorable results, with no

lesions detected that involved a breach of the epithelium. Two one-year long phase II trials,

one in South Africa (Coetzee et al, 2002a; Coetzee et al, 2002b) and one in Thailand (Kilmarx

et al, 2002; Limpakarnjanarat et al, 2002), have been completed but not published yet.

Colposcopy was done at the discretion of the investigator, and thus not part of the study

procedures.  The safety profile was good in both trials. The trials’ objective was safety and

thus the power for detecting any difference in effect on HIV/STI was very low. However,

preliminary data suggest no difference in incidence of any specific STI (including HIV in the

South African part) between both treatment arms, i.e. placebo and carrageenan (Hoosen et al,

2002a; Hoosen et al, 2002b; Witwatwongwana et al, 2002). More safety trials, among HIV

positive men and women and for rectal use, are being planned. The Population Council is

preparing a phase III trial for HIV prevention in South Africa.
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PRO2000 (naphthalene sulfonate) has been tested in multiple safety studies. I was involved in

the first dose ranging study among HIV negative sexually abstinent women (Van Damme et

al, 2000a). This trial showed that the 0.5% gel was better tolerated than the 4.0% gel. More

studies were done by the NIH HIV Prevention Trial Network (HPTN) with 2% and 4% gel

among HIV negative sexually active women and among HIV infected sexually abstinent

women (Mayer et al, 2003). Both gels were thought to be safe, with again more adverse events

among the 4% users. A penile safety study has been done among HIV negative and HIV

positive men (Tabet et al, 2003). The HPTN had planned to do a phase III trial with four

arms: PRO2000, BufferGel®, placebo and a no-treatment arm. The trial has been held up and

the design has been changed for multiple reasons. Investigators now plan to implement a

phase II/IIb trial with preliminary data on effectiveness in the spring of 2004. The PRO2000

0.5% gel will be used in this trial due to safety concerns with the 4% gel in animal studies

(unpublished data). As preparation for this trial, a safety trial is ongoing in India among

sexually active low risk women since the Indian government does not allow a phase III trial

without safety data obtained among Indian women. 

Dextrin Sulfate (DS) (Emmelle®) has been developed by ML Laboratories, UK, in close

collaboration with the British Medical Research Council (MRC). Safety studies among HIV

negative women and among couples were done in London by the Imperial College and the

MRC (Stafford et al, 1997; Low-Beer et al, 2002a). These studies were followed by a trial at the

ITM in Antwerp, where I was the principal investigator, and the Imperial College in London

(Low-Beer et al 2001; Low-Beer et al, 2002b; Low-Beer et al, 2002c). In the first part of the

study HIV negative women were randomized to 1% DS, 4% DS or placebo. In the second

part HIV positive women were assigned to 4% gel and HIV negative women were

randomized to either 4% gel or a no-treatment arm. There was concern regarding

intermenstrual bleeding. More studies were done to explore this finding but no firm

conclusion could be drawn. As a consequence, the ITM decided to stop its involvement in the

testing of the product, and all later trials have been done by the British MRC. The ITM

conducted a male tolerance study among HIV negative and HIV positive men (Van Damme

et al, 2002a).



Clinical Microbicide Research: an overview

47

An expanded safety study with PRO2000 and 4% DS is ongoing in Uganda among low risk

HIV negative and among HIV positive women by the UK MRC in collaboration with the

Ugandan MRC (Bukenya et al, 2002). Because of the findings in the previous safety trials,

interim analyses will be carried out. 

The British Microbicide Development Plan (sponsored by the UK Department for

International Development through the UK MRC) will implement a phase III trial with 0.5%

PRO2000, 4% DS and a placebo gel in five African countries which will start early 2004.

The Program for Topical Prevention of Conception and Disease (TOPCAD) developed two

other HIV entry inhibitors, cellulose sulfate (CS) and polystyrene sulfonate (PSS), both

sponsored by CONRAD. CS was initially tested for safety among HIV negative sexually

abstinent women in the USA and found to be safe (Mauck et al, 2001b). An MRI study was

done with 2.5 ml and 3.5 ml CS. Spreading was better with the 3.5 ml volume and this is the

volume used in all the later trials. Other safety studies that have been completed include a

penile tolerance study among HIV negative men in the USA (Mauck et al, 2001a); a 4-times

daily use for 14 days in low risk Cameroonian women done by Family Health International

(FHI) (not published yet); a study in collaboration with WHO, for which I was the

coordinator, in Uganda, Nigeria and India (in analysis); a 14-day study in the USA and the

Dominican Republic (also in analysis). Ongoing safety trials with the product include a study

among HIV positive women in the USA (done by HPTN) and a penile safety study among

HIV positive men in Antwerp (ITM). Shortly, a study will start in Zimbabwe in collaboration

with the University of California, San Francisco, in which women will be randomized to either

a diaphragm plus CS, or a diaphragm with KY®Jelly or CS alone. A phase III HIV prevention

trial will be done by FHI early 2004. CONRAD plans a second HIV prevention trial, which I

will coordinate, in several African and Asian countries to start at the end of 2004. A

contraceptive phase II trial is ongoing in the USA and another will start in 2004. 

PSS has been tested in an initial 6-day safety study (not published yet). The product has been

put on clinical hold by the US Food and Drug Administration (FDA) after unexplained deaths

occurred in pregnant rabbits.
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III.b.  Acidifying agents

Also far in the development is BufferGel®, an acidifying agent. It is designed to prevent HIV

transmission by promoting mild acidity (a pH lower than 5) since HIV is sensitive to a low

pH. It has sufficient buffer capacity to acidify approximately twice its own volume in semen.

The product was tested in an initial safety study in the USA (Mayer et al, 2001). In this study

the delivery volume was 10 ml. Its safety (5 ml delivery) was then further assessed among

women in India, Thailand, Malawi and Zimbabwe by the HPTN (Van der Wijgert et al, 2001).

As mentioned above, the penile safety was tested in US men (Tabet et al, 2003) and HPTN

plans a phase II/IIb trial in which BufferGel® will be one of the products tested. A

randomized contraceptive trial is ongoing in the USA. Women are randomized to either

BufferGel® with the diaphragm or Gynol II® (2% N-9 containing gel) with the diaphragm

(randomization ratio: 2:1). 

Another acidifying agent developed by TOPCAD, and tested in Brazil and in the USA, is

ACIDFORM.  The gel is bio-adhesive and like BufferGel® it can buffer twice its own volume

of semen. In a Brazilian study, ACIDFORM was assessed with or without N-9 (Amaral et al,

1999). Contrary to expectations, the toxicity of N-9 increased. All women in the N-9 groups

(N=12) developed cervical erythema and nine developed an abrasion, compared to only one

woman in the ACIDFORM group who developed a vaginal erythema. This result was thought

to be a consequence of the bio-adhesiveness of the formulation and thus the increased

exposure to N-9. A Post-Coital Test (PCT) study was performed in Brazil with favorable

results compared to a 2% N-9 product (Amaral et al, 2002). However, when tested as

potential treatment for bacterial vaginosis, the results showed a very poor cure rate. Very few

genital findings were observed in a male tolerance study in the USA. The acceptability

however was not high, men thought it flaked too much. A 14-day safety study among women

is currently being performed by CONRAD in the USA. I am preparing a study to be

implemented in South Africa where women will be randomized to either ACIDFORM with

the diaphragm or KY®Jelly with the diaphragm. They will be followed for 6 months. CDC is

planning an effectiveness study for STI prevention (N. gonorrhoeae and C. trachomatis) with

ACIDFORM and the diaphragm.
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III.c. Non-specific surface-acting agents (detergents)

A product that is moving ahead fast and belongs to the category of detergents is C31G

(SAVVY®). In an initial safety study deep epithelial disruption was observed in approximately

25% of the participants (Ballagh et al, 2002). In a dose-ranging study women were randomized

to one of three concentrations of C31G or to ES Gynol® (3% N-9 gel) (Mauck et al, 2002a).

The toxicity in the highest dose group was higher than in the lower dose groups and similar to

the N-9 group.  A  male tolerance  study  has  been  done,  also comparing  the  product  to

ES Gynol®.  No differences were observed. A PCT study has been completed in the USA

with the same concentrations as in the dose-ranging study (Mauck et al, 2002b; Mauck et al,

2002c). NIH plans a contraceptive trial in which C31G will be compared to N-9. FHI will

implement an HIV effectiveness trial in Ghana and Nigeria. 

III.d. Anti-retrovirals

In the class of the anti-retrovirals, PMPA (Tenofovir®, a reverse transcriptase inhibitor) is

furthest. HPTN is performing an initial safety study among HIV negative and HIV positive

women. UC-781, a non-nucleoside reverse transcriptase inhibitor, is currently being tested by

CONRAD in an initial safety study.

IV. CONCLUSIONS

In the nineties, most of the research on microbicides involved the assessment of spermicides

and more specifically of nonoxynol-9. Three randomized controlled trials have been done to

assess its impact on HIV acquisition. Our trial ended with more HIV infections in the

nonoxynol-9 arm than in the placebo group and thus showed the possible negative impact of

nonoxynol-9. As a consequence, all research with N-9 on HIV prevention has been

abandoned and more resources have been invested in new products: entry inhibitors,

acidifying agents, other detergents and anti-retrovirals. Today, six products are ready for phase

III trials.  
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PRESENTATION OF (A SELECTION OF) MY PUBLISHED

WORK

As discussed before there is an urgent need for a female controlled method for HIV

prevention. Microbicides may be one of the potential options. Before a product can be

marketed, it needs to be assessed in multiple clinical trials. Almost all my work has been in

clinical trials, mainly with a nonoxynol-9 containing product. I also was involved in the

preclinical development of a product, a non-nucleoside reverse transcriptase inhibitor; and

finally I worked on guidelines related to the performance of microbicide trials. I will present

my work according to the categories mentioned above.
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I

PRECLINICAL DEVELOPMENT AND SAFETY STUDIES

Preclinical studies on thiocarboxanilide UC-781 as a virucidal agent

Balzarini J, Naesens L, Verbeken E, Laga M, Van Damme L, Parniak M, Van Mellaert L, Anné J,

De Clercq E. AIDS 1998; 12: 1129-1138.

In the 1990s spermicides and mainly nonoxynol-9 were the products tested as potential HIV

prevention method. Despite their good performance in the laboratory and in animals, their

aspecific mechanism of action made them useless as an HIV prevention product for human

use. As described in the previous chapter, we demonstrated that nonoxynol-9 increased the

HIV incidence in a phase III trial among sex workers. The main hypothesis for this effect was

that N-9 caused lesions by disrupting cell membranes, which is its basic mechanism of action.

Further, these lesions could increase a woman's risk of HIV infection.  Therefore more and

more researchers hold the view that we should work with more HIV specific products. 

This article describes the pre-clinical testing of a non-nucleoside reverse transcriptase inhibitor

(NNRTI) formulated in a gel (the placebo gel for the COL-1492 study) as potential

microbicide. The use of an NNRTI, a very specific anti-HIV product, as potential microbicide

was very innovative. 
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The gel with UC-781 did not cause any genital or systemic toxicity in the rabbit model and

was stable at high temperatures and at low pH (like in the vagina). Cells being pre-treated with

UC-781 were resistant to future HIV infection. Since we did not detect any drug in the plasma

of the rabbits, we may presume that virus resistance would not readily develop. In vitro studies

demonstrated that the drug did not induce the selection of NNRTI specific resistant virus

strains.

A Phase I study of a novel potential intravaginal microbicide, PRO 2000 in

healthy sexually inactive women

Van Damme L, Wright A, Depraetere K, Rosenstein I, Vandersmissen V, Poulter L, McKinlay M,

Van Dyck E, Weber J, Profy AT, Laga M. and Kitchen V.  Sex Transm Inf 2000; 76: 126-130.

While I was coordinating a phase III nonoxynol-9 trial, I also got involved in the testing of

other potential microbicides with a more specific mechanism of action than N-9. PRO2000

belongs to the category of viral entry inhibitors and was, together with Carraguard®, among

the first non-spermicidal products to be assessed. We started working with the compound in

1997 and performed the first human trial.

Healthy female volunteers at low risk of HIV infection and willing to abstain from sex during

gel use were enrolled at the ITM and in London. There were three arms: 4% and 0.5%

PRO2000 gel or a matched placebo gel. 

Three women in the 4% group discontinued because of adverse events, none in the other

groups.

We concluded that the 4% gel may be approaching the limit of safety.
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Penile Application of Dextrin Sulfate Gel (Emmelle)

Van Damme L, Jespers V, Van Dyck E, Chapman A. Contraception 2002; 66: 133-136.

Until several years ago, penile studies were not performed because microbicide research was

done with products that had been on the market as a spermicide for a long time. However,

when new products entered clinical trials and with the knowledge that protocol requirements

are not always followed, and thus condoms not always used, and therefore that men may be

exposed to the study, the idea of doing penile studies before starting the phase III trials grew.

In penile studies, exposure to the product is more intense than it would be during sexual

intercourse, since men are asked to leave the product on the penis for 6 to 10 hours.

These studies, like safety studies among females, are done among HIV negative and among

HIV positive men. Both groups are recruited because some factors associated with being HIV

positive might have an impact on the safety of a product (e.g. more sensitive to Candidiasis).

At the ITM we performed a penile study with Dextrin Sulfate (DS). HIV positive and HIV

negative men were randomized to either 4% DS gel or a placebo gel. 

There were 5 adverse events (AE) involving the genitalia and possibly related to the study gel,

4 of which were in the DS group, 4 of them occurred among HIV positive men. There were 9

reports of raised Activated Partial Tromboplastine Time (APTT) possibly related to the study

gel; two of them were in the placebo group and 6 were among HIV negative men. These

changes in APTT were not considered to be of clinical significance.
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Safety and acceptability of penile application of two candidate topical

microbicides, BufferGel ™ and PRO 2000 Gel: 3 randomized trials, in healthy

low-risk men and HIV-positive men.

Tabet SR, Callahan MM, Mauck CK, Gai F, Coletti AS, Profy AT, Moench TR, Soto-Torres LE,

Poindexter AN 3rd, Frezieres RG, Walsh TL, Kelly CW, Richardson BA, Van Damme L, Celum

CL. J AIDS 2003; 33: 476-483.

I was involved in the protocol development and in writing the article for three penile studies

in which men used two different products under investigation. There was no difference in

adverse events reported in either of the treatment groups or in the placebo group. Most men

were favorable to having a partner using the product.
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II

NONOXYNOL-9 SAFETY AND EFFECTIVENESS TRIALS

Acceptability and feasibility of a clinical trial to assess the efficacy of a

microbicide-containing gel to prevent HIV infection among female sex workers in

Abidjan, Côte d’Ivoire.

Ettiègne-Traoré V, Ghys PD, Van Damme L, N’Krumah M, Maïga A, Tiémelé A, Mah-bi G,

Coulibaly IM, Laga M, Greenberg AE.  AIDS 1997; 11: 1660-1662.

A center that was invited to collaborate in the phase III of COL-1492 (see chapter 2 and

below) was RETRO-CI, a CDC project in Abidjan, Côte d’Ivoire. The project has a clinic for

sex workers and their partners, Clinique de Confiance. Before committing to participate in the

phase III part of the study, the project conducted a survey to explore female sex workers’

views and preferences regarding the proposed trial.

A random sample of 230 women was contacted of whom 219 agreed to the interview. Two

hundred said they would be willing to participate, out of these 87 would not be eligible

according to the in/exclusion criteria. 
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Safety evaluation of Nonoxynol-9 gel in women at low risk of HIV infection

Van Damme L, Niruthisard S, Atisook R, Boer K, Dally L, Laga M, Lange JMA, Karam M,

Perriëns JH. AIDS 1998; 12: 433-437.

Nonoxynol-9 was the first choice ingredient to test as potential microbicide (see chapter 2).

Data on HIV were conflicting: in an observational study in Cameroon, a protective effect was

shown; whereas in a RCT in Kenya, a negative effect was observed (see chapter 2). The latter

study was criticized for methodological flaws and research with N-9 continued in lower doses

than used in the Kenyan study. The Global Program on AIDS (WHO) decided to sponsor

research with a low dose N-9 gel. The study product, COL-1492 (Advantage S®) contained

52.5 mg (3.5%) N-9 and was formulated in a bio-adhesive carrier. The latter would allow a

longer retention of the gel in the vagina and a good coverage. The placebo used in this and in

later studies was a vaginal moisturizer, Replens®. WHO wanted to first do a safety trial

among low risk women before moving to a high risk population. For this initial safety trial, a

three-arm design was chosen and included a no-treatment arm. This arm would give us the

incidence of lesions among women who did not use any product.

Four centers participated in the study: the Institute of Tropical Medicine (Antwerp, Belgium),

Chulalongkorn University Hospital (Bangkok, Thailand), Siriraj University Hospital (Bangkok,

Thailand), and the University of Amsterdam (The Netherlands). Participants in the COL-1492

group were less likely to complete the study (88.2%) than women in the placebo group

(93.2%) or in the no-treatment arm (98.8%), mainly because they discontinued treatment more

often because of lesions than those in the other groups. When considering all lesions, women

in the COL-1492 arm were more likely to develop a lesion than women in the two other

groups. Petechial hemorrhage was the most frequently detected abnormality: 20.1% in the

COL-1492 group, 9% in the placebo group and 7.3% in the no-treatment arm.

The incidence of ulcerations and abrasions, lesions that constitute a breach in the genital

mucosa and which are thought to increase the risk of HIV infection, was low in all groups (0-

3%) and the difference between the three groups was not statistically significant. 
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The significance of the other lesions, which did not have a breach in the epithelium, was

unknown. We concluded that the product was safe in this setting and that the only way to

determine the significance of lesions with a breach, and thus the impact on HIV transmission,

is to conduct large-scale phase III trials.

Based on these results, it was decided to move forward with the product and test it in a large

phase II/III trial among women at high risk of HIV. 

Safety of multiple daily applications of COL-1492, a nonoxynol-9 vaginal gel,

among female sex workers

Van Damme L, Chandeying V, Ramjee G, Rees VH, Sirivongrangson P, Laga M, and Perriëns J.

AIDS 2000; 14: 85-88.

Preparations were made for the performance of a phase II/III trial. This design allowed us to

intensively monitor the safety among high risk women in an initial phase of the study followed

– without interruption - by the effectiveness part. The data of the safety component were

presented to a Data and Safety Monitoring Board (DSMB).

The study was randomized, triple blind, placebo-controlled with two arms: COL-1492 and the

placebo gel. Randomization was done per center. 

HIV negative female sex workers were enrolled in four centers: Venereal Disease Unit of the

Ministry of Public Health (Bangkok, Thailand), Prince of Songkla University (Hat Yai,

Thailand), Centre for Epidemiological Research (now Medical Research Council, Durban,

South Africa) and the Reproductive Health Research Unit (Johannesburg, South Africa).

Women were asked to apply the gel before starting to work and to insert a new dose if they

washed their vagina after intercourse. At every visit they received safer sex counseling, male

condoms (not lubricated with a spermicide) and treatment for any occurring treatable sexually

transmitted infection (STI). 
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The incidence of lesions, both with or without epithelial disruption, was very low and did not

differ between the groups. In both groups, the chance of having a lesion increased with

increased gel use.

In this article we also raised the question about the validity of colposcopy for the evaluation of

the toxicity. A question still not answered today. 

Based on these findings the DSMB recommended that we could continue the phase III trial.

Colposcopy was no longer done. An external committee was invited and discussed the

implication of the Vaginal Contraceptive Film trial results which had become available in the

mean time (see chapter 2) and showed no effect at all on HIV transmission (RR1.0 – 95% CI:

0.7-1.5). They advised us to continue with the phase III for the reasons described in the

previous section of this thesis. 

Effectiveness of COL-1492, a Nonoxynol-9 vaginal gel, on HIV-transmission

among female sex workers

Van Damme L, Ramjee G, Alary M, Vuylsteke B, Chandeying V, Rees H, Sirivingrangson P,

Mukenge-Tshibaka L, Ettiègne-Traoré V, Uaheowitchai C, Abdool Karim SS, Mâsse B, Perriëns

J, Laga M.  Lancet 2002; 360: 971-977 [Erratum in: Lancet 2002; 360: 1892].

Some of the trial procedures were changed in phase III. Colposcopy was not done anymore.

Another important change was implemented with regard to compliance data collection. In

phase II we used a simple coital log chart (CLC). We wanted to obtain more detailed

information and developed a revised chart. This was piloted in the Durban center and

although found to be suitable, once in the full trial, this procedure was found to be

cumbersome to some of the investigators and to the participants and thus we changed the

procedure again. We then interviewed women on their last working day for data with clients

and on the last week for data with partners. The distinction between partners and clients was

not made in phase II.  
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The centers in Bangkok and Johannesburg were closed and we changed from clinic in Hat

Yai. In Durban, women who had been enrolled continued their follow-up while preparing the

full implementation of phase III. We added two other centers: Projet SIDA 2 (Cotonou,

Bénin) and Projet RETRO-CI (Abidjan, Côte d’Ivoire). 

Intensive safer sex counseling, incl. condom distribution, was given. Any occurring curable

STI was treated. Women’s understanding of the study was assessed on a regular basis.

Of the 2146 women screened, 1005 were randomized, and 765 were included in the primary

analysis on HIV prevention. The overall retention rate at 48 weeks was 68%, similar to the

rate used for sample size calculations.

Compliance as reported by the women was high in acts with clients but was much lower with

partners. The median gel use per working day was 2.2 applicators in the COL-1492 group and

2.4 in the placebo group. Women in Durban reported frequent anal intercourse, despite

intensive counseling on safer sex and HIV transmission. 

The results were negative: there were 104 seroconversions considered in the primary analysis

following the intent-to-treat principle and stratified per center: 59 in the COL-1492 arm and

45 in the placebo arm. The incidence was 14.7 and 10.3 per 100 woman-years respectively.

The hazard ratio adjusted for center was 1.48 (1.01-2.19). 

There was no effect on the secondary endpoints N. gonorrhoeae (NG) or C. trachomatis (CT), the

adjusted (for center) risk ratio was 1.21 (0.91-1.59) and 1.16 (0.84-1.62) respectively. 

One of the hypotheses for the observed negative effect on HIV was a dose-dependent toxicity

of COL-1492. This hypothesis was tested by using the mean number of gel per working day as

a dose measure. The HIV incidence increases with increasing gel use in both arms but the rate

of increase is faster in the COL-1492 arm.

We then looked at the association between having had at least one lesion and HIV

seroconversions. The HIV rate among women who had had at least one lesion with a breach
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was 22.9% vs. 10.7% among women who had not had such a lesion. The stratified (by center)

risk ratio was 2.24 (1.44-3.49). The HIV rate among women who had had at least one lesion

without a breach was 9.0% vs. 12.8% among women who had not had such a lesion. The

stratified (by center) risk ratio was 0.71 (0.36-1.43). 

To further explore the hypothesis of a dose-dependent toxicity we looked at the relationship

between gel use and lesions, using the same variable (mean gel use per working day) as a dose

measure. As for the HIV incidence, the rates of lesions increase with increasing gel use in both

arms but more rapidly so in the COL-1492 arm.

We concluded that in this study COL-1492 did not show a protective effect on HIV

transmission in high risk women. The main hypothesis is a dose-dependent toxicity and an

increased risk of HIV seroconversion among women who had at least one lesion with an

epithelial breach. 
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III 

THE CONDUCT OF TRIALS

Ethical and technical aspects of microbicide effectiveness trials.

Van Damme L, Laga M. International Antiviral News 1999; 7: 32-33.

This article briefly describes the challenges encountered in the COL-1492 trial and which are

thus pertinent to all future microbicides phase III trials. It deals with the standardization of

study procedures and the ethical aspects of these type of trials (intensive condom counseling,

informed consent, enrollment of HIV negative women only, HIV treatment). We concluded

that despite the difficulties encountered, these trials are feasible.

Challenges in the conduct of vaginal microbicide effectiveness trials in the

developing world

Ramjee G, Morar NS, Alary M, Mukenge-Tshibaka L, Vuylsteke B, Ettiègne-Traoré V,

Chandeying V,  Abdool Karim SS, Van Damme L.  AIDS 2000; 14: 2553-2557.

This article deals with the ethical aspects of the COL-1492 trial, most of the issues raised are

also applicable to HIV vaccine trials. We described the difficulties encountered and how we

dealt with them: informed consent, condom promotion, confidentiality of HIV test results at
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baseline and care and support for HIV seroconvertors. We stressed the importance of a

vigilant coordination of a trial to achieve scientific excellence.

Recommendations for the clinical development of topical microbicides: an update

Mauck C, Rosenberg Z, Van Damme L. AIDS 2001; 15: 857-868.

This article is a guidance document for the conduct of clinical trials with microbicides. Each

of the three phases in human trials is described with regard to objective(s), design options,

study population and endpoints. Extra attention is given to ethical considerations and the

statistical and quality control requirements for a phase III trial. We concluded that despite that

these guidelines are intended to provide a strategic framework, the conduct of the clinical trials

is a work in progress and changes over time. 

Need for a true placebo for vaginal microbicide efficacy trials

Kilmarx P, Paxton L, Van Damme L, Rees H, Ramjee G, Laga M, Mâsse B. Lancet 2003; 361:

785-786.

This article was a letter sent to The Lancet in response to the publication of the COL-1492

article (see above). The authors made a case for the need of a true placebo in phase III

microbicide trials and argued that since no established product is known to have zero effect

on the risk of HIV infection in women, a no-treatment arm should be included in future trials.

In our reply we drew the attention to the possible implications of a no-treatment arm (see

chapter 4).
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I

PRECLINICAL DEVELOPMENT AND SAFETY STUDIES
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Preclinical studies on thiocarboxanilide UC-781 as a virucidal agent

Balzarini J, Naesens L, Verbeken E, Laga M, Van Damme L, Parniak M, Van

Mellaert L, Anné J, De Clercq E. AIDS 1998; 12: 1129-1138.
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Preclinical studies on thiocarboxanilide UC-781 as a
virucidal agent

Jan Balzarini, Lieve Naesens, Eric Verbeken*, Marie Laga†, 
Lut Van Damme†, Michael Parniak‡, Lieve Van Mellaert, 

Jozef Anné and Erik De Clercq

Background: Thiocarboxanilide UC-781 is a highly potent and selective non-
nucleoside reverse transcriptase inhibitor (NNRTI) of HIV-1, which also has virucidal
properties. Recent studies have shown that UC-781 would seem an ideal candidate
for application as a vaginal virucide. 
Objective: To investigate the antiviral potency and stability of UC-781 in a lipophilic
gel formulation.
Methods: UC-781 was formulated in replens gel at different concentrations and
administered intravaginally to rabbits at 5% in replens gel for 10 days. UC-781 was also
exposed to temperatures of 4, 37 and 50°C, and to low pH (6.0, 4.3, 2.0 and 1.2). 
A number of microorganisms were exposed in culture to serial dilutions of UC-781.
Results: The drug was stable under low pH conditions and did not lose its antiviral
potency upon 4 h exposure to pH 3.5 (the estimated vaginal pH). UC-781 can be
easily formulated into a lipophilic gel (replens; up to 5%) and proved fully stable at
50°C for 30 days. There was no effect on the growth of microorganisms (i.e.,
Candida and Lactobacillus strains) that are present in the vaginal flora. Neither
systemic side-effects, nor local inflammation or damage of the vaginal mucosa or
epithelium were observed in rabbits to which 5% UC-781 in replens gel had been
administered. UC-781, formulated as 0.5, 0.2 and 0.05% replens gel, and UC-38, 
α-APA and zidovudine, formulated as 0.5 or 0.2% replens gel, were effective in
protecting CEM cells in the very beginning against productive HIV-1 replication. This
points to an efficient diffusion of the drugs from the lipophilic gel to the hydrophilic
culture medium. However, subsequent subcultivations at a dilution rate of 1 : 10
every 3–4 days resulted in a rapid breakthrough of virus with all drugs except 
UC-781 in its 0.5 and 0.2% gel formulation. These cultures were fully protected against
HIV-1 and remained completely cleared from virus for at least 10 subcultivations. 
Conclusions: The virus that emerged under 0.05% UC-781 remained highly
sensitive to the NNRTI, including UC-781, in cell culture, suggesting a lack of
resistance development under our experimental conditions.

© 1998 Lippincott-Raven Publishers
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Introduction

In an attempt to control AIDS with chemotherapy, the
majority of research efforts have focused on the
development of antiviral drugs that are administered,
preferentially via the oral route, to HIV-infected 
individuals. The major targets of the anti-AIDS drugs
that are currently used in the clinic are HIV-encoded
reverse transcriptase (RT) and protease [1–3]. Although
a variety of other compounds have been found to act at
other targets such as HIV adsorption/fusion, integration
and transactivation (tat), none of these compounds have
yet been approved for clinical use. Because of the
increasing number of infected people and the daily
incidence of new infections, additional effective strate-
gies need to be developed to prevent the further spread
of the AIDS epidemic. 

Female-controlled methods (i.e., vaginal virucide) to
prevent or reduce the risk of HIV infection by sexual
intercourse is one of the strategies that should be con-
sidered with high priority. Thus, the development of
safe and effective vaginal microbicides is a high ranking
priority for HIV and sexually transmitted disease pre-
vention [4–6]. An ideal vaginal virucide should be safe
and effective, non-toxic, stable in harsh climates, and
easily affordable. It should inhibit a broad range of HIV
strains and, preferably, also cell-associated HIV trans-
mission. Moreover, the agent should not be inhibitory
to the normal vaginal flora, it should not be irritating to
the vaginal epithelium and mucosa, and it should be
active in vaginal fluids or in physiologically relevant
conditions [7,8]. Most of the currently available micro-
bicides contain nonoxynol-9, a non-ionic surfactant.
Despite its in vitro HIV activity [9,10], there are no
conclusive data regarding its effectiveness in vivo

[11–13]. A randomized controlled trial with vaginal
contraceptive film containing 70 mg nonoxynol-9
recently finished in Cameroon; however, there was no
protection observed against HIV, gonorrhoea or
chlamydia [14]. This might be due to a lack of solubil-
ity of the film in the vagina, so that the total amount of
nonoxynol-9 was not released. The incidence of genital
lesions was higher in the active group than the placebo
group, although the difference was not significant. It
could be that the benefit of the anti-HIV activity was
counteracted by the occurrence of lesions that may
enhance HIV transmission. Although one more
nonoxynol-9 effectiveness trial is ongoing and more are
planned, its dose-dependent toxicity may always be a
limiting factor. For this reason the development of
potent new vaginal microbicides is clearly needed.

Recently, it has been reported that thiocarboxanilide
UC-781 may have considerable promise as a virucidal
agent in preventing the spread of HIV from infected to
non-infected individuals [15–17]. UC-781 belongs to
the class of (thio)carboxanilide derivatives, the proto-

type of which (UC-84 or Uniroyal Senior) was origi-
nally reported by Bader et al. [18] to inhibit HIV-1
replication in cell culture. The thiocarboxanilide UC-
781 is a non-nucleoside RT inhibitor (NNRTI), and is
extremely potent as an inhibitor of HIV-1 in cell cul-
ture [50% effective concentration (EC50), approxi-
mately 3 ng/ml]. It is targeted at HIV-1 RT and
effective against a variety of HIV-1 strains that contain
NNRTI-characteristic mutations in their RT genome
[19–23]. UC-781 proved to be a tight-binding
inhibitor of HIV-1 RT with median inhibitory con-
centration (IC50) values in the lower nanomolar range
[17,22]. In addition, UC-781 was found to markedly
attenuate the infectivity of nascent virus produced by
UC-781-treated HIV-1-infected cells after removal of
exogenous drug, and to abolish the infectivity of virus
produced by drug-treated peripheral blood lympho-
cytes [15]. In addition, pretreatment of uninfected cells
with UC-781 rendered these cells refractory to subse-
quent HIV infection in the absence of extracellular
drug for several days following the removal of the drug
[15]. We have now investigated a number of character-
istics that are of crucial importance for the further
development of UC-781 as a virucidal agent.

Materials and methods

Test compounds
The thiocarboxanilides UC-781 and UC-38 were 
supplied by Uniroyal Chemical Ltd (Guelph, Ontario,
Canada) and their synthesis will be published else-
where. The structural formula of UC-781 is shown in
Fig. 1. Nevirapine was from P. Ganong (Boehringer,
Ingelheim, Germany). Delavirdine was synthesized by
Dr R. Kirsch (Hoechst AG, Frankfurt, Germany) and
kindly provided by Dr J-P. Kleim (Hoechst AG). 
α-APA (anilino-acetamide; Loviride) was provided by
Dr K. Andries (Janssen Foundation, Beerse, Belgium).
Zidovudine (ZDV) was obtained from Sigma (St Louis,
Missouri, USA). Lamivudine was provided by Dr J.
Cameron (Glaxo Wellcome, Stevenage, Hertfordshire,
UK).

Fig. 1. Structural formula of UC-781.
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Gel formulation of UC-781 and other test
compounds
UC-781, UC-38, α-APA and ZDV were formulated
in replens gel containing glycerine (3%), sorbic acid
(0.08%), carbopol 940 (1%), liquid paraffin (4%),
NaOH 1 N (16%) and H2O. The pH of the replens gel
was approximately 10. Addition of the drugs to the gel
preparation did not markedly alter the pH (a trend to a
lower pH value of 9.15–9.65 was noticed). Replens gel
was chosen because it is currently being used to evalu-
ate the virucidal properties of nonoxynol-9 in humans
[24] upon intravaginal administration. The following
concentrations were prepared: UC-781 at 10, 5, 0.5,
0.2 and 0.05%; UC-38 at 0.2%; α-APA at 0.2%; and
ZDV at 0.5 and 0.2%. Control gel contained the same
ingredients without test compound.

UC-781 was also prepared at 5 and 2% in orabase, 
containing gelatin (16.7%), pectin (16.7%), sodium 
carboxymethethylcellulose (16.7%), polythene (mean
molecular weight, 32 000; 2.5%) and liquid paraffin
(47.4%). Orabase was chosen because this type of 
formulation is commonly used to locally apply drugs on
the epithelium of the mouth because of its favourable
adhering properties to the mucus layer.

Cells
Human lymphocyte CEM cells were obtained from the
American Type Culture Collection (Rockville,
Maryland, USA), and grown in RPMI-1640 medium
supplemented with 10% (vol/vol) inactivated fetal calf
serum (Gibco, Grand Island, New York, USA), 
2 mmol/l L-glutamine (Flow Laboratory, Irving,
Scotland, UK), and 0.075% (vol/vol) NaHCO3 (Flow
Laboratories). Cells were subcultured every 3–4 days.
Molt4/clone 8 cells were a kind gift of Dr N.
Yamamoto (Tokyo Medical and Dental University,
Tokyo, Japan). C8166 cells were obtained from Dr P. La
Colla (Università degli Studi di Cagliari, Cagliari, Italy).

Viruses
HIV-1IIIB was kindly provided by Dr R.C. Gallo
(National Cancer Institute, Bethesda, Maryland, USA)
[25].

Antiviral activity of the test compounds
CEM cells were suspended at 250 000 cells/ml culture
medium and infected with 100 median cell culture
infective doses (CCID50) of HIV-1IIIB or HIV-1 strains
that had emerged in the presence of UC-781. Then,
100 µl of the infected cell suspension was added to 
200 µl microtitre plate wells containing 100 µl of an
appropriate dilution of the test compounds (i.e., 100,
20, 4, 0.8, 0.16, 0.032, and 0.006 µg/ml). The
inhibitory effect of the test compounds on HIV-1-
induced syncytium formation in CEM cells was exam-
ined on day 4 after infection as described previously
[19,20]. The EC50 was determined as the compound

concentration required to inhibit giant cell (syncytium)
formation by 50%.

Exposure of drug-containing replens gel
preparations to HIV-1-infected CEM cell
cultures
Two-milligram gel ointments containing several 
concentrations of UC-781 (0.5, 0.2 and 0.05%), 
UC-38 (0.2%), α-APA (0.2%) and ZDV (0.5, 0.2%)
were added to 5 ml HIV-1-infected CEM cell cultures.
Twice weekly these cell cultures were subcultured at a
dilution of 1 : 10 without administration of additional
drug-containing gel. Early signs of virus breakthrough,
microscopically visualized by giant cell formation in the
cell cultures, was recorded at the time of subcultivation.
The time of virus breakthrough (at 50% cytopathicity)
was defined as the number of days post-initiation of the
experiment, that allowed the virus to afford 50% 
cytopathicity (i.e., approximately 100 giant cells per
microscopic field) in the cell cultures.

RT assay
The reaction mixture (50 µl) contained 50 mmol/l
Tris–HCl (pH 7.8), 5 mmol/l dithiothreitol, 
300 mmol/l glutathione, 500 µmol/l EDTA, 
150 mmol/l KCl, 5 mmol/l MgCl2, 1.25 µg bovine
serum albumin, 2.5 µmol/l [8-3H]dGTP (specific
radioactivity, 15.6 Ci/mmol; 2 µCi per assay), a fixed
concentration (0.1 mmol/l) of the template/primer
poly(C)–oligo(dG), 0.06% Triton X-100, 10 µl
inhibitor solution (UC-781, UC-38, nevirapine,
delavirdine and α-APA, containing various concentra-
tions of the compounds), and 1 µl of the RT prepara-
tion [26]. The reaction mixtures were incubated at
37°C for 15 min, at which time 100 µl calf thymus
DNA (150 µg/ml), 2 ml Na2P2O7 (0.1 mol/l in 1 mol/l
HCl), and 2 ml trichloroacetic acid (10% vol/vol) were
added. The solutions were kept on ice for 30 min, after
which the acid-insoluble material was washed and
analysed for radioactivity. For the experiments in
which the inhibitory effect of UC-781 on RT was
evaluated under different pH conditions, Tris–HCl
buffer was adjusted to pH values of 8.0, 7.2, 6.6, 6.0
and 5.4.

pH stability of UC-781
Solutions of 100 µg/ml UC-781 in 20% dimethyl
sulphoxide (DMSO) and 80% sodium phosphate buffer
10 mmol/l pH 6.0 or 4.3, and solutions of 100 µg/ml
UC-781 in 20% DMSO and 0.01 N HCl (pH 2.0) or
0.1 N HCl (pH 1.2) were incubated for 1 or 4 h at
37°C. Then the drug solutions at pH 6.0 and 4.3 were
neutralized by adding an equal volume of 100 mmol/l
sodium phosphate buffer pH 7.5, and the drug 
solutions at pH 2.0 and 1.2 were neutralized by adding
an equal volume of NaOH at 0.015 and 0.15 N,
respectively. The neutralized solutions were then
analysed on a LiChroCard reverse-phase RP-8 column
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(Merck, Darmstadt, Germany) by high performance
liquid chromatography (HPLC), using the following
gradient: 0–2 min, 5% acetonitrile in H2O; 2–22 min,
linear gradient to 90% acetonitrile in H2O; 22–27 min,
90% acetonitrile in H2O; 27–35 min, linear gradient to
5% acetonitrile in H2O; 35–40 min, equilibration at 5%
acetonitrile in H2O. Under these experimental condi-
tions, the retention time of UC-781 was 21.8 min. The
wavelength used for detection of the compound was
290 nm.

Temperature stability of UC-781
UC-781 at 5 or 2% in replens gel or orabase was incu-
bated at 4°C, 37°C and 50°C for 30 days. After the
indicated incubation period, the test compound (and
potential conversion products) were extracted from the
replens gel or orabase formulations by chloroform
(CHCl3) or dichloromethane (CH2Cl2), and the extract
was analysed on an RP-8 column by HPLC, using the
acetonitrile/H2O gradient described above.

Intravaginal treatment of rabbits with 5% 
UC-781 replens gel
Four female rabbits (weighing approximately 1200 g;
age, 10 weeks) were daily treated intravaginally with
100 µl control replens gel (one rabbit) or 100 µl 5%
UC-781 replens gel (three rabbits) for 10 consecutive
days. The gel preparation was brought into the rabbit
vagina at 1 cm depth with 1 ml syringes. After a 10-day
treatment period, the rabbits were killed by CO2
inhalation, and the vaginas were prepared for macro-
scopic and microscopic inspection. The internal and
external genitalia including ovaries, tubae, uterus,
vagina and vulva were removed in one procedure
together with the rectosigmoid and perineum. The
anterior side of the vagina was longitudinally opened
and photographs were taken. For histology, transversal
tissue blocks including the total vagina perimeter were
taken at three equidistant levels: level A, 1 cm proximal
to the vaginal opening; level B, middle; and level C,
just underneath the cervix. Four-micron sections were
prepared in a standard way, stained with haematoxylin–
eosin and examined by light microscopy. From the
vaginal epithelium the number of mitoses per perimeter
was counted as an index of reaction to injury.

Exposure of HIV-1-infected CEM cell cultures to
replens gel containing HIV inhibitors
Two milligrams of replens gel containing 0.5, 0.2 or
0.05% UC-781, 0.2% UC-38, 0.2% α-APA, 0.5%
ZDV or 0.2% ZDV, or control gel (without drug)
were brought into 25 cm2 culture bottle flasks. Then, 
5 ml culture medium containing CEM cells (approxi-
mately 300 000 cells/ml) freshly infected with 
200 CCID50 HIV-1 were added. The HIV-1-infected
cell cultures exposed to the gel formulations were incu-
bated at 37°C for 4 days, and subcultured every third
or fourth day. Subcultivation was performed at 1 : 10

ratios by adding 0.5 ml of the HIV-1-infected 
gel-exposed cell culture to 4.5 ml fresh culture
medium. The appearance of HIV-1-induced giant cell
formation was followed daily, and monitored micro-
scopically. As soon as virus that broke through in the
gel-exposed HIV-1-infected cell culture caused 100%
cytopathicity (approximately 200 giant cells per micro-
scopic view), the supernatant was frozen in aliquots
until the virus was further investigated on its drug sen-
sitivity and potential appearance of drug-related muta-
tions in its RT gene.

Antimicrobial activity of UC-781 
A variety of Gram-positive and Gram-negative bacteria
and two yeast species (Table 1) were grown in 2 ml
liquid medium (Bacto-peptone 10 g/l, beef extract 
3 g/l, NaCl 5 g/l; pH 6.5) in 6 ml tubes and containing
serial dilutions of UC-781 (30, 15, 7.5, 3.75, 1.87, 0.93
and 0.46 µmol/l). Therefore, these tubes were inocu-
lated with 20 µl of a microbial suspension (107 colony-
forming units/ml) of the microorganisms indicated. All
cultures contained 2% DMSO during growth. Since
the Lactobacillus strains (Table 1) did not grow well in
BD broth, they were grown in thioglycolate medium
(Difco, Detroit, Michigan, USA) containing 0.5% agar

Table 1. Antimicrobial activity of UC-781.

MIC50* (µmol/l)

Yeasts
Candida albicans > 30
Candida tropicalis MUCL 28.180 > 30

Gram-positive bacteria
Bacillus cereus NCTC 8035 3.75–30†

Bacillus subtilis ATCC 6633 > 30
Micrococcus flavus ATCC 10240 > 30
Micrococcus lysodeicticus NCTC 2665 > 30
Staphylococcus aureus > 30
Sarcina lutea ATCC 9241 > 30
Lactobacillus casei ATCC 7469‡ > 25
Lactobacillus sp. from cervix 37 isolate‡ > 25
Lactobacillus sp. from vagina 14 isolate‡ > 25
Lactobacillus sp. from vagina 53 isolate‡§ ≥ 25
Lactobacillus sp. from vagina 121 isolate‡¶ > 25

Gram-negative bacteria
Escherichia coli NCIB 8743 > 30
Pseudomonas aeruginosa > 30
Serratia marcescens > 30

*Determined by measurement of the absorbance of the cultures at
540 nm on a Multiscan MCC/340P version 2.33. †At concentra-
tions between 3.75 and 30 µmol/l, 50% inhibition of bacterial
growth was observed; at 1.875 µmol/l, no growth inhibition
occurred. ‡The bacteria were diagnosed as Lactobacillus sp. based
on their genital origin, α-haemolysis, Gram-positive character,
bacillus-shape, non-motile, catalase-negative, and vancomycin
resistance (i.e., cervix 37 and vagina 121 isolates); growth 
inhibition was determined in thioglycolate medium; the cultures
containing the highest drug concentration contained 3% dimethyl
sulphoxide (DMSO) during growth; in the next drug concentra-
tions, DMSO was serially diluted out (duplo dilutions); cultures
were exposed to the drug for 24 h in 6 ml tubes containing 3 ml
thioglycolate culture medium at 37°C. §Bacterial growth was
markedly inhibited by DMSO at 3 and 1.5%, but not at 0.75% in
both the aerobic and anaerobic areas of the cultures. ¶Bacterial
growth was markedly inhibited by DMSO at 3 and 1.5% but not at
0.75% in the anaerobic area of the cultures only.
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and resazurine as an O2 indicator. These strains were
inoculated in fresh 3 ml thioglycolate medium-contain-
ing 6 ml tubes, and a variety (25, 12.5, 6.25, 3.12, 1.56
and 0.78 µmol/l) of UC-781 concentrations. Incubation
was performed at 37°C in a CO2-controlled incubator.
The tubes containing the highest drug concentration
(25 µmol/l) also contained 3% DMSO. Control cultures
were performed without drug but in the presence of 3,
1.5 or 0.75% DMSO to examine the potential
inhibitory effect of DMSO on bacterial growth in the
thioglycolate medium. At 24 h post-inoculation, bacter-
ial growth in the presence of different concentrations of
UC-781 was recorded by visual inspection and 
compared with untreated control. In addition, a 200 µl
suspension of each culture tube was brought into the
wells of a 96-well microtitre plate and the bacterial den-
sity was measured in a Multiscan MCC/340P version
2.33 (Lab Systems, Life Sciences International, Belgium)
by absorbance at 540 nm. The microbial density of the
original inoculum that was kept at 4°C during the 24 h
incubation period of the drug-treated cultures, was also
measured and subtracted from the absorbance values
found for the drug-treated cultures. The median mini-
mal inhibitory concentration was defined as the drug
concentration that reduced the absorbance value 
(540 nm) of the control cultures by 50%.

Results

Physical properties of UC-781
Both temperature and pH stability were examined for
UC-781. The drug, formulated as 10% in replens gel or
in orabase, was exposed to 4°C, 37°C and 50°C for up
to 30 days. After the incubation period, the compound
was extracted from the gel with CHCl3 or CH2Cl2 and
subjected to HPLC analysis on an RP-8 column. In no
case was there any significant breakdown of UC-781,
pointing to the high chemical stability of the drug at a
variety of temperatures.

The drug was also exposed to varying pH conditions
for 1 or 4 h. At pH 6.0, 4.3 or 2.0, no breakdown of
UC-781 was found, irrespective of the incubation
time. Only at pH 1.2, UC-781 was converted to
another derivative with more polar properties 
(retention time, 11.1 min on an HPLC reverse-phase
RP-8 column compared with 21.8 min for the parent
UC-781 compound), the conversion being approxi-
mately 7% after 1 h and approximately 16% after 4 h of
incubation. We have not yet been able to identify this
breakdown product. However, neutralization of all the
samples to pH 7.0 and subsequent evaluation of their
antiviral potency against HIV-1 in CEM cell cultures
revealed no significant loss of the inhibitory effect of
the samples against HIV-1 (EC50, 0.001–0.004 µg/ml;
data not shown).

Exposure of several gel formulations of test
compounds to HIV-1-infected CEM cell cultures
It is important to reveal whether a drug that is appro-
priately formulated in the gel can also easily be released
from the gel preparation in order to be taken up by the
target (virus-infected and uninfected) cells. Therefore,
the following experiment was performed. The thiocar-
boxanilides UC-781 and UC-38, and α-APA and
ZDV were formulated in replens gel at different con-
centrations (0.5, 0.2, 0.05%; Table 2). A 2 mg gel oint-
ment was exposed to 5 ml of an HIV-1-infected CEM
cell culture. Then the cell cultures were subcultured
every 3–4 days at a dilution of 1 : 10. This means that
the initial total drug concentrations were 2, 0.8 and 
0.2 µg/ml in the cell culture medium, for the cell cul-
tures exposed to 0.5, 0.2 and 0.05% gel, respectively,
assuming that the drugs were completely released from
the gels. With each cell culture passage, the drug con-
centrations decreased 10-fold. Therefore, at a 100%
release of the drugs from the gel into the cell culture
medium, a maximum of 0.2, 0.08 and 0.02 µg/ml of
drug may be present after 4 days; 0.02, 0.008 and 0.002
µg/ml of drug after 7 days; and 0.002, 0.0008 and
0.0002 µg/ml of drug after 10 days in the cell cultures.
Thus, after 10 days all drug concentrations were
reduced to levels that were equal (for UC-781 at 0.5%
in replens gel) or well below (for UC-781 at 0.2 and
0.05% in replens gel) their antiviral EC50 values.

ZDV, α-APA and UC-38 failed to markedly delay
virus breakthrough under our experimental conditions.
In contrast, UC-781 completely cleared the infected
cell cultures from virus if applied at 0.5 and 0.2% in
replens gel. Even the lowest UC-781 gel concentration

Table 2. Virus breakthrough in HIV-1-infected CEM cell cultures
upon exposure of replens gel-containing test compounds.

Compound Time (days) of
concentration virus breakthrough*

Compound in replens gel (%) (50% cytopathicity) 

Experiment 1
UC-781 0.5 > 60†

0.2 > 60†

0.05 30
None‡ 0 4
Control§ – 3

Experiment 2
UC-781 0.5 > 50†

0.2 > 50†

0.05 16
UC-38 0.2 11
α-APA 0.2 11
Zidovudine 0.5 11

0.2 11
None‡ 0 7

*Virus breakthrough was inspected microscopically at each day of
the subcultivation as giant cell (syncytium) formation; full 
cytopathicity was obtained when approximately 200 giant cells
were visible in one microscopic field. †Cell cultures were cleared
from virus. ‡HIV-1-infected cell cultures in the presence of replens
gel without drug. §HIV-1-infected cell cultures in the absence of
replens gel.
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(0.05%; initial maximum concentration in the cell cul-
ture medium, 0.2 µg/ml) was able to significantly delay
virus breakthrough (Table 2). It was ascertained that
the prevention of virus breakthrough was not due to a
toxic activity of UC-781 in the CEM cell cultures.
Indeed, no morphological changes to the UC-781 gel-
exposed cells were observed, and the growth rate of the
cells during the several subcultivations proceeded at a
speed that was comparable to the growth rate of mock-
infected cell cultures. In a second and independent set
of experiments, the 0.5 and 0.2% UC-781 gel formula-
tions again afforded full protection against the virus,
and the cultures were again, as observed in the first
experiment, cleared from virus. Treatment of HIV-1-
infected cell cultures with the lowest UC-781 concen-
tration (0.05%) in the replens gel resulted in a marked
delay of virus breakthrough compared with the control
(Table 2).

Drug-sensitivity of the HIV-1 strains that
emerged under 0.05% UC-781-containing
replens gel
The virus strain that emerged in the HIV-1-infected
CEM cell culture with UC-781 at 0.05% in replens gel
was evaluated for its sensitivity towards a variety of
NNRTI and nucleoside RT inhibitors. Compared
with the original HIV-1 strain that was used to infect
CEM cell cultures, UC-781-containing replens gel-
treated virus showed identical sensitivity to the variety
of test compounds (Table 3). In particular, UC-781
showed an EC50 as low as 0.002 µg/ml against both
virus strains. Sequencing of the RT gene of the drug-
treated virus strain revealed no mutations within the
50–270 amino-acid region of RT, an observation that
is in agreement with the drug sensitivity data.

Effect of UC-781 and other NNRTI on HIV-1 RT
activity
Thiocarboxanilide UC-781, nevirapine, delavirdine
and α-APA were evaluated for their inhibitory effect
against recombinant HIV-1 RT using poly rC–dG as
the template primer and [3H]dGTP as the radiolabelled
substrate. The IC50 values of UC-781, nevirapine,
delavirdine and α-APA were 0.005, 1.26, 0.32 and
0.35 µg/ml, respectively. Inhibition of UC-781 was
non-competitive against HIV-1 RT with respect to
dGTP (data not shown). When evaluated at a variety of
pH values (pH 8.0, 7.8, 7.18, 6.62 and 6.0), UC-781
inhibited HIV-1 RT at 0.005, 0.008, 0.008, 0.009 and
0.07 µg/ml, respectively. At pH 6.0, it should be men-
tioned that the activity of the enzyme was markedly
decreased (n10% of control) compared with the higher
pH values.

Inhibitory activity of UC-781 against yeasts,
bacteria and viruses other than HIV
UC-781 was evaluated for its inhibitory effect against 
a variety of yeast (Candida) and bacteria (12 Gram-
positive and three Gram-negative) strains (Table 1). In
no case did UC-781 display a marked inhibitory effect
against microbial growth at 25–30 µM, except for
Bacillus cereus growth, which was inhibited at approxi-
mately 50% at UC-781 concentrations ranging from
3.75 to 30 µM. Of particular interest was the clear lack
of inhibitory effect of UC-781 at 30 µM on a variety of
clinical Lactobacillus sp. isolates. The latter bacteria are
part of the vaginal microbial flora. The thiocarbox-
anilide UC-781 was also evaluated against a variety of
virus strains including the DNA viruses herpes simplex
virus type 1 (strain KOS) and type 2 (strain G), and
vaccinia virus in human embryonic lung fibroblast
E6SM cell cultures and the RNA viruses vesicular
stomatitis virus in E6SM cell cultures and sindbis virus,
coxsackie virus B4, reovirus-1, Punta Toro and 
parainfluenza type 3 virus in monkey kidney Vero cell
cultures. UC-781 had no inhibitory effect on the 
replication of these viruses at 100 µM, the highest con-
centration tested (data not shown).

Intravaginal exposure of 5% UC-781 in replens
gel to female rabbits
Four female rabbits were given a daily intravaginal
inoculation of 100 µl replens gel (one control rabbit) or
replens gel containing 5% UC-781 (three rabbits). After

Table 3. Sensitivity of wild-type and UC-781-containing replens
gel-exposed HIV-1 strains to non-nucleoside and nucleoside
reverse transcriptase inhibitors.

EC50* (µmol/l)

UC-781 replens gel-exposed 
virus

Compound Wild-type Experiment 1† Experiment 2‡

UC-781 0.005 0.013 0.005
α-APA 0.01 0.020 0.02
Nevirapine 0.03 0.11 0.05
Delavirdine 0.009 0.03 0.03
MKC-442 0.01 0.02 0.01
TSAO-m3T 0.07 0.08 0.08
Quinoxaline (HBY 097) 0.001 0.005 0.002
8-Chloro-TIBO 0.006 0.02 0.01
Zidovudine 0.002 0.018 0.007
Didanosine 5 20 10
Lamivudine 0.05 0.20 0.13

*Median (50%) effective concentration, or compound concentra-
tion required to inhibit HIV-1-induced syncytium formation in
CEM cell cultures by 50%. †Virus that emerged from HIV-1-
infected CEM cell cultures exposed to 0.05% UC-781-containing
replens gel from experiment 1 (Table 2). ‡Virus that emerged from
HIV-1-infected CEM cell cultures exposed to 0.05% UC-781-
containing replens gel from experiment 2 (Table 2).

Table 4. Number of epithelial mitoses per transverse section of the
vagina.

Level Control Animal 1 Animal 2 Animal 3

A 2 9 0 2
B 1 1 2 1
C 7 9 1 0
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10 days, the rabbits were killed and dissected, and the
vaginas prepared for macroscopic and microscopic
examination, as described in Materials and methods.
Simple visual inspection revealed no differences
between the vaginal mucosa of control (Fig. 2a) and
treated (Fig. 2b) animals. Light microscopic examina-
tion revealed a normal non-keratinized squamous
epithelium in the control animals. At levels A and B,
mitoses were sparse and exclusively located in the basal
layer. Few plasma cells and an occasional lymphocyte
was seen (Fig. 3a, level A). At level C, a normal 
transition to endocervical mucosa was seen (data not
shown). Histology was normal in control as well as
UC-781-treated animals. There was no systematic
increase of the number of inflammatory cells. The
number of epithelial mitoses remained constant, namely
one or two per transverse section, except in one treated
animal (animal 1) in which up to nine mitoses were
counted. This was not associated with inflammation or
cellular atypia (Fig. 3b, level A).

One hour after the last application of UC-781, a blood
sample of each rabbit (one control and three drug-treated
animals) was taken, and the serum split into two parts.
The first part was subjected to HPLC analysis to deter-
mine UC-781 levels in the plasma. The other part of the
serum was used for a bioassay, in which the serum was
serially diluted and added to HIV-1-infected CEM cell
cultures to detect any antiviral effect of the test com-
pound (if present) in the serum. HPLC analysis on 200 µl
samples did not enable us to detect any trace of UC-781
in the serum. Since the detection limit of UC-781 was
approximately 2 nmol (600 ng), lack of detection of UC-
781 by HPLC means that the plasma contained UC-781
levels lower than 10 nmol/ml (3 µg/ml). Likewise, the
bioassay did not reveal any HIV-1-inhibitory activity in a
serum sample diluted 1 : 5. Since a UC-781 concentra-
tion as low as 3 ng/ml (i.e., EC50 of UC-781 against
HIV-1 in CEM cell cultures) could be detected in our
bioassay, the plasma (serum) levels of UC-781 must have
been lower than 15 ng/ml (data not shown).

Fig. 2. Visual inspection of the vaginal mucosa from (a) a
control (replens gel-treated) rabbit and (b) a UC-781 (5%)-
containing replens gel-treated rabbit.

Fig. 3. Light-microscopic examination of the vagina epithe-
lium from (a) a control (replens gel)-treated rabbit and (b) a
UC-781 (5%)-containing replens gel-treated rabbit.

(a)

Panel A

Panel B

(b)

(a)

(b)
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Discussion

Vaginal microbicides should be clinically evaluated for
both safety and efficacy before being administered to
individuals at risk for HIV infection. Safety studies are
necessary because irritation of vaginal and cervical
mucosa, inflammation and ulcerations might increase
HIV transmission upon sexual intercourse. Thus, any
candidate microbicides for vaginal application should
not be irritating for the vaginal mucosa. Efficacy studies
are obviously needed to assess prevention of HIV 
infection, and such trials can only be conducted with
products that have been evaluated for safety and appear
to be non-toxic. It is generally recommended that both
the active agent and the clinical formulation of the
product be tested in a rabbit vaginal irritation model (at
a standard 10-day application) early in the development
process. The safety study with 5% UC-781 replens gel
in rabbits indicated the absence of any signs of irritation
or toxicity. It should be emphasized that the drug-
containing replens gel was applied at the vaginal
mucosa, but not at the cervical mucosa. Therefore, the
drug administration closely mimics the application of a
microbicidal preparation in humans. However, if sig-
nificant diffusion of the drug from the replens gel to
the cervical mucosa had occurred (a situation that is
presently unknown), it did not appear to have affected
the integrity of the cervical mucosa.

Replens gel has been used already as a vehicle for 4%
nonoxynol-9 in Phase I/II clinical trials to evaluate the
virucidal properties of this compound [24], and is 
considered to be safe and without side-effects on the
vaginal or cervical mucosa. UC-781 was also found to
lack any significant inhibitory activity against the
growth of a variety of yeasts and bacteria, including
Lactobacillus casei, which is considered a surrogate for
the normal vaginal flora as well as several clinical
Lactobacillus isolates from patients. The drug concentra-
tions that were used for antimicrobial testing did not
exceed 25–30 µM due to insolubility of UC-781 at
higher concentrations. Therefore, although these con-
centrations are much lower than those used in the
replens gel formulation, they are relevant since the drug
will never exceed these concentrations in soluble form
in the vaginal environment. The lack of antimicrobial
and antifungal activity is not surprising in view of the
highly specific nature of inhibition and mechanism of
action of UC-781 against HIV-1. UC-781 also lacks
inhibitory activity against closely related HIV-2 or
simian immunodeficiency virus strains and any other
DNA or RNA viruses. Thus, the high specificity and
selectivity of UC-781 (as an NNRTI) by itself guaran-
tees a lack of significant biological activity against other
microorganisms. In the rabbits, UC-781-containing
replens gel did not cause any toxic side-effects. Nor
had UC-781 any influence on vaginal commensals such
as Candida spp. and Lactobacillus spp. This justifies fur-

ther investigations on the potential of UC-781 as a
vaginal virucide. Unfortunately, due to the high spe-
cific nature of UC-781, no reliable intravaginal infec-
tion animal model is currently available to investigate
the antiviral efficacy of the drug in the in vivo setting.

Besides being evaluated against HIV-1IIIB, UC-781 has
also been evaluated for its antiviral activity against the
clinical HIV-1 isolate (HE) in CEM cells, against HIV-
1IIIB in freshly isolated peripheral blood lymphocytes
from healthy donors and against HIV-1Ba-L in mono-
cyte/macrophages. In all cases, UC-781 had an antiviral
activity ranging between 0.001 and 0.08 µg/ml [13]. It
would also be useful to evaluate UC-781 on its
inhibitory properties of HIV-1 isolates that belong to
virus clades other than type B before it is administered
to HIV-1-infected patients.

The marked temperature and pH stability of UC-781 is
another highly desirable property of UC-781. The tem-
perature stability of UC-781 in replens gel for at least 1
month at 4°C, 37°C, and particularly at 50°C is impor-
tant since the drug-containing gel formulations may be
exposed to unusually high temperatures in warmer 
climatological areas of the developing countries. In
addition, UC-781 has proven to be stable at pH 2.3 for
at least 4 h, a pH value that is well below the mean pH
of the human vagina (pH 3.5). Even if UC-781 was
exposed to pH 1.2 for a limited time period, it did not
show significant loss of antiviral activity. 

It should also be mentioned that UC-781 virtually kept
its full inhibitory potential against recombinant HIV-1
RT when the assays were performed at lower pH val-
ues such as pH 7.18, 6.62 and 6.0 (IC50, 0.002–0.004
µg/ml; data not shown). At pH 5.4, the enzyme reac-
tion proceeded at a velocity that was less than 5% of
control (pH 7.8), and therefore, the IC50 value of 
UC-781 under these experimental conditions could
not be accurately measured. Thus, UC-781 retained its
biological activities at high temperatures and low pH
values.

Our data on HIV-1-infected CEM cell cultures
exposed to UC-781-containing replens gel are of 
particular interest. The remarkable protection demon-
strated with the 0.5 and 0.2% UC-781 gel formulations
are indicative for a rapid release of active UC-781 from
the replens gel vehicle into the hydrophilic cell culture
medium. The fact that the 0.5 and 0.2% UC-781-
containing replens gels cleared HIV-1-infected cell 
cultures from the virus under the experimental 
conditions where α-APA, UC-38 and ZDV failed to
do so, could also be seen as the consequence of the
virucidal properties of UC-781 reported by Parniak
and collaborators [15,16]. Under our experimental
conditions, UC-781, α-APA, UC-38 and ZDV con-
centrations reached lower levels in the HIV-1-infected
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cell cultures than their EC50 values for HIV-1 at day 10
of subcultivation. Remarkably, UC-781, but not 
α-APA, UC-38 or ZDV, protected CEM cell cultures
for 10 subcultivations against the cytopathic effect of
HIV-1, which is again in agreement with the virucidal
properties of UC-781. 

Since not much more than 1 ml gel per intravaginal
administration is recommended in humans, 50 mg 
UC-781 present in 1 ml of a 5% UC-781-containing
gel can readily be exposed to the vaginal/cervical envi-
ronment (this drug concentration is at least seven orders
of magnitude higher than the EC50 of UC-781 in cell
culture). 

Because we were unable to detect any drug in plasma
following intravaginal application of UC-781 in rabbits,
one may presume that virus drug resistance would not
readily develop. In addition, our in vitro studies with
UC-781-containing replens gel demonstrated that the
drug did not induce the selection of NNRTI-specific
resistant virus strains at a concentration that was only
2.5-fold below the drug concentration that cleared the
virus from the HIV-1-infected cell cultures. The virus
that emerged in the presence of 0.05% UC-781-con-
taining replens gel at the start of the experiment
remained highly sensitive to UC-781 and did not con-
tain any of the known NNRTI-specific mutations in
its RT gene. These findings are important in view of
the fear that application of an NNRTI as a vaginal
virucide may select for NNRTI-characteristic 
resistance in the drug-treated individuals. In fact, since
neither our HPLC analyses nor bioassays revealed 
significant UC-781 levels in plasma from rabbits that
were treated intravaginally with 5% UC-781-
containing replens gel argues against potential selection
of UC-781-resistant virus strains in plasma.

Moreover, it should be kept in mind that if NNRTI-
resistance should show up in UC-781 gel-treated
patients, such mutant virus strains retain, as a rule,
marked sensitivity to nucleoside RT inhibitors such as
ZDV and lamivudine, as well as protease inhibitors.
Since triple-drug combination therapy with ZDV,
lamivudine and a protease inhibitor has recently proven
to be highly effective in suppressing HIV replication
over an extended time period, NNRTI-resistant virus
strains, if emerging, would still be fully susceptible to
these triple-drug combination therapies. In addition, it
has been previously shown that UC-781, in cell 
culture, selects for drug-resistant virus strains that
invariably show low-level resistance to UC-781, and
thus retain sufficient susceptibility to UC-781 and 
several other NNRTI [22].

In conclusion, our physicochemical examinations, pre-
liminary toxicity studies and antiviral findings with
UC-781-containing replens gel formulations have
revealed that UC-781 has highly desirable properties as

a virucidal agent, thus warranting the further explo-
ration of UC-781 as a vaginal virucide in the clinical
setting.
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A phase I study of a novel potential intravaginal
microbicide, PRO 2000, in healthy sexually
inactive women

Lut Van Damme, Ann Wright, Katrien Depraetere, Isobel Rosenstein,
Veerle Vandersmissen, Len Poulter, Margo McKinlay, Eddy Van Dyck, Jonathan Weber,
Al Profy, Marie Laga,Val Kitchen

Background: Although the male condom provides a reliable means of preventing HIV transmis-
sion, a broader choice of methods is required particularly in circumstances where the negotiation
of condom use is diYcult. Development of new products that may be eVective as topical vaginal
microbicides is the focus of a great deal of research activity currently. The novel agent PRO 2000,
a naphthalene sulphonate derivative with in vitro activity against HIV and other sexually
transmissible pathogens, is one such compound. We have studied the local and systemic safety
and tolerance of a vaginal gel formulation of this agent at two concentrations (0.5% and 4%) over
a 2 week period of daily exposure in two cohorts of healthy sexually abstinent women (one in
London, UK, and the other in Antwerp, Belgium).
Methods: This was a randomised, placebo controlled, double blind, three arm clinical trial con-
ducted on two sites. Macroscopic evidence of genital epithelial changes was sought using colpos-
copy and evidence of microscopic inflammation was acquired using high vaginal biopsy from
predetermined sites (UK cohort only). Blood levels of PRO 2000 were measured and laboratory
safety tests, including coagulation screens, were performed. The impact on vaginal ecology was
also assessed.
Results: 73 women were enrolled across both sites (36 UK, 37 Belgium); 24, 24, 25 in the 4%,
0.5%, and placebo groups respectively. Of these, 70 completed 2 weeks’ exposure to the study gel.
Three (all in the 4% group) withdrew owing to adverse events which were possibly or probably
gel related. Cervicovaginal abrasion was seen colposcopically in three subjects after 14 days of gel
use (two in the 4% group and one in the placebo group). Genital ulceration was not seen during
gel use in any of the subjects who completed the study. Histological evaluation of vaginal biopsy
samples (36 women only) showed evidence of increased inflammatory signs in one participant of
the 4.0% group. One volunteer in the placebo group had moderate inflammation at screening and
at follow up. Severe inflammation was not seen among any of the subjects tested. Plasma levels of
PRO 2000 and laboratory safety tests showed no evidence of systemic absorption. No impact was
seen on normal vaginal ecology in the UK cohort where samples were taken 12 hours after the
last gel application.
Conclusion: In this phase I study PRO 2000 gel was found to be generally well tolerated with
promising local and systemic safety profiles. The 0.5% gel was better tolerated than the 4% gel as
fewer genital epithelial adverse events were seen in the former. Phase II studies are about to begin
in sexually active women.
(Sex Transm Inf 2000;76:126–130)

Keywords: microbicide; PRO 2000; women; toxicity

Introduction
The development of eVective microbicides for
HIV prevention is needed to broaden the range
of safer sex choices and to empower women in
this choice.1 2 So far, most microbicide research
in humans has been largely focused on
nonoxynol-9 (N-9), a non-ionic surfactant with
potent anti-HIV activity in vitro.3 4 However, a
recently published randomised, triple blind
placebo controlled trial showed that a vaginal
contraceptive film containing 70 mg of N-9
had no impact on the transmission of HIV,
Neisseria gonorrhoeae, or Chlamydia
trachomatis.5 At the present time the cause of
this lack of eVectiveness is unclear but it may be
explained in part by the low therapeutic index
of N-9 which could lead to epithelial disruption
and/or inflammation thereby enhancing HIV
transmission risk.6 Some investigators have

found that the consistent use of N-9 may
deplete lactobacilli and result in colonisation
with abnormal bacterial species (mainly
coliforms).7

The disappointing experiences with N-9
have led to an increased interest in the
development of novel compounds with more
specific anti-HIV activity.8 9 Such agents
should preserve genital epithelial integrity and
a normal vaginal flora, both of which are
thought to mitigate HIV acquisition.10 11

PRO 2000 is a synthetic naphthalene
sulphonate polymer that appears to be well
suited for use as a vaginal microbicide.12 The
compound has been shown to be active in vitro
against HIV-1, HIV-2, herpes simplex viruses
(HSV-1 and -2), human cytomegalovirus, and
Chlamydia trachomatis.13 Furthermore, an
aqueous vaginal gel formulation (PRO 2000
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gel) was shown to protect mice from genital
HSV-2 infection.14 Gels containing up to 4%
PRO 2000 were well tolerated in rabbit models
for vaginal and penile irritation.12 13 PRO 2000
gel is straightforward to manufacture, highly
stable, and compatible with latex condoms.15

Methods
STUDY DESIGN

The study was approved by the institutional
ethics committees at both sites. At each site 36
healthy female volunteers were randomised in a
double blind manner. Each participant re-
ceived 2 ml doses of one of the following intra-
vaginal preparations: 4% PRO 2000 gel (80 mg
total dose), 0.5% PRO 2000 gel (10 mg total
dose), or a matched placebo gel. The gel base
contained a synthetic carbomer and an aque-
ous lactic acid/triethanolammonium lactate
buVer (pH 4.5). The placebo comparator con-
tained only these base components. Gels were
provided in single dose tubes with applicators
that were terminally sterilised. The first intra-
vaginal dose was administered by the study
physician and, provided that this was well
tolerated, subsequent applications were in-
serted daily around the same time by the
volunteers themselves. On the first day (day 0),
Belgian volunteers applied one dose, UK
women used two doses. On subsequent days,
single doses were applied until a cumulative
total of 14 doses was administered.

SUBJECT POPULATION

Subjects recruited into the study provided
written informed consent. Inclusion criteria
were age between 18 and 45 years, not
pregnant or lactating, willing to abstain from
sexual intercourse during gel use, a normal
menstrual history, and a low risk for HIV
infection (as determined by interview). Exclu-
sion criteria were known HIV infection, a cur-
rent STD or genital lesion, a history of
post-coital bleeding, abnormal chemistry or
coagulation results (because PRO 2000 is an
anticoagulant), allergy to heparin or sulphated
polysaccharides, the use (within 30 days of
enrolment) of anticoagulants, medications with
antiplatelet activity, or drugs which are cleared
through the reticuloendothelial system, and the
use of intravaginal products other than the
study gel. At screening the investigators
assessed the potential subjects’ menstrual cycle
to ensure that menstruation was not expected
to occur during gel use.

SUBJECT EVALUATION

There were six scheduled study evaluations:
screening (day −14), baseline (day 0), 2 hours
after the first gel dose (day 0 +2 hours), 1 week
(day 6), and 2 weeks (day 13) after starting the
study product and 1 week after discontinuing
the study gel (day 20). All study subjects at a
given site were evaluated by the same study
physician in order to eliminate interobserver
error. Symptoms of vulval or vaginal soreness
or pruritus, vaginal bleeding, or dysuria were
recorded by participants in a diary. The poten-
tial for systemic absorption of the active agent
was assessed by measuring plasma levels of

PRO 2000 and by performing laboratory safety
tests, including coagulation tests at days −14,
0, 6, 13, and 20. Empty and unused applicators
were returned to the trial centres as a measure
of protocol adherence.

COLPOSCOPY

Macroscopic evidence of genital mucosal
changes was obtained using a colposcope and
findings were recorded according to modified
WHO criteria (that is, no use of acetic acid,
iodine or green filter).16 At the UK site, colpo-
scopic images were stored on a computer to
allow for independent evaluation at a later date.

HISTOLOGY

Microscopic evidence of vaginal inflammation
was obtained using high vaginal biopsy speci-
mens taken during the proliferative phase of
the menstrual cycle (day −14 and day 13) from
predetermined sites, using methodology previ-
ously reported.8 Histology was carried out by a
single observer (LP) blinded both to the gel
used and to whether the specimen was taken
before or after exposure. Where evidence of an
inflammatory infiltrate was seen, specimens
were further assessed using the immunohisto-
logical technique previously described.6 The
inflammation score used was: 0 = none, no
inflammatory cells; 1 = mild, single small focus
of inflammatory cells; 2 = moderate, several
foci of inflammatory cells; 3 = severe, overt
inflammation. Vaginal biopsy was carried out
in the UK cohort only.

MICROBIOLOGY

An STD screen was carried out at each visit
using methods previously described.8 High
vaginal swabs taken at each visit were cultured
for a quantitative estimation of vaginal lactoba-
cilli as described previously.8 Vaginal flora were
sampled at 12 hours after the last gel dose dur-
ing the exposure phase of the study in the UK
cohort whereas in the Belgian cohort, sampling
was carried out 2 hours after gel insertion.

SAMPLE SIZE AND ANALYSIS

Assuming an underlying adverse event fre-
quency of 20% in any given arm, 24 partici-
pants per group would provide a 99.5% chance
of observing at least one adverse event in a
given group. If the underlying frequency was
10%, this chance would be 92%.

For categorical variables, the number and
percentage of each category within a variable
was calculated. For continuous variables the
mean, median, standard deviation, as well as
the minimum and maximum values were
determined. Owing to the modest sample size
within each intervention arm, inferential as-
sessment to compare the treatment groups was
not performed. All subjects were included in
the analysis.

Results
ENROLMENT

A total of 73 participants was recruited across
the two study sites. In Antwerp 37 women were
enrolled between January and March 1997 and
in London 36 participants were recruited
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between March and September 1997. Twenty
four women were randomised to each of the
active groups and 25 to the placebo arm of
whom 20, 24, and 25 women completed the
study in the 4%, 0.5%, and placebo groups
respectively. Of the 24 participants enrolled in
the 4% group, three discontinued because of
adverse events (described below). The mean
age was similar in all groups: 30.2 years, 33.2
years and 31.8 years in the 4%, 0.5% and pla-
cebo groups respectively. Compliance with use
of the study gel was very high. Three women
missed one dose and one missed two doses.
Four women had sexual intercourse while
using the gel, but continued as per protocol and
were followed up accordingly.

WITHDRAWALS

Three participants from the 4% group with-
drew because of adverse events. London
participant 09/09 discontinued on day 6 after
administering six doses (two doses on day 0
and one each on days 1, 2, 3, and 4). Moderate
vulvar irritation (burning and soreness) was
reported on days 0 and 1, and mild vulvovagi-
nal irritation on day 2. No irritation was
reported from day 3 onwards, even though
dosing had not yet been discontinued. Inter-
menstrual bleeding began on day 5 and contin-
ued until day 11. At a day 6 clinic visit, vaginal
bleeding and cervical erythema were observed.
Intermenstrual bleeding stopped a few days
before the next visit on day 13. Bleeding attrib-
utable to normal menses began on day 13, but
other signs and symptoms had resolved by that
date.

Antwerp participant 01/02 discontinued
dosing on day 4 after applying daily doses on
days 0–3. Mild to moderate vaginal soreness
and gastrointestinal symptoms (cramps, nau-
sea, diarrhoea) were reported during the
dosing period. Small vulvar ulcers, vaginal ery-
thema, and abrasion were observed at the day 4
visit (see colposcopic findings below). All
treatment emergent findings had resolved by
the next clinic visit on day 7.

Antwerp participant 08/07 experienced ab-
dominal pain and diarrhoea after applying the
day 0 dose. All symptoms had resolved by the
next visit on day 6. Apart from a cervical ectro-
pion, which was observed throughout, colpo-
scopic findings were unremarkable.

COLPOSCOPIC FINDINGS

In both sites colposcopy revealed few cases of
epithelial disruption (table 1). Vulvar ulcera-
tion was seen on day 4 in one subject who had
discontinued dosing on day 3. Clinically the
appearance was suggestive of herpes simplex
virus (HSV) infection, but the ulcers were not
tested for HSV. Cervicovaginal ulcer was
observed in four participants (one 4% and
three 0.5% dose groups), all at a post-dosing
visit. Two of these findings (one 4% and one
0.5% dose groups) were attributable to a heal-
ing biopsy site, and none was considered to be
probably or definitely related to PRO 2000 gel.

Genital abrasion was observed infrequently
in all dose groups (table 1). Three participants
(one in each dose group) reported having

sexual intercourse during the dosing period,
and this may have caused the abrasions
observed at the week 1 and week 2 visits in
these individuals. In two others (4% dose
group), the investigator attributed the finding
to applicator/instrument use. In four cases (two
4%, two 0.5% dose groups), abrasions resolved
during continued dosing.

In both centres, colposcopy revealed non-
ulcerative findings (subepithelial haemorrhage,
erythema, oedema) in a minority of partici-
pants across all the dose groups (table 1).

HISTOLOGY

At the UK site, vaginal biopsies were examined
microscopically after haematoxylin and eosin
staining for the presence of inflammatory cells.
Foci of inflammatory cells were seen micro-
scopically in 5/36 samples collected before
exposure (two 4.0%, two 0.5%, one placebo
dose groups) and in 5/35 post-exposure (two
4.0%, three placebo). In one subject (0.5%
group) the post-exposure sample was not suit-
able for analysis (table 2). The observed
inflammation did not correlate with colpo-
scopic findings or reported symptoms.

LABORATORY SAFETY SCREENS AND SYSTEMIC

ABSORPTION

No clinically significant treatment emergent
changes were observed in physical examination

Table 1 Combined colposcopy results

Assessment

Number of participants (*) with finding

Predose Week 1 Week 2 Postdose

Cervicovaginal ulcer:
4% PRO 2000 gel 0 0‡ 0 1
0.5% PRO 2000 gel 0 0 0 3
Placebo gel 0 0 0 0

Cervicovaginal abrasion:
4% PRO 2000 gel 1 3 2 2
0.5% PRO 2000 gel 1 1 0 0
Placebo gel 0 0 1 2

Subepithelial haemorrhage†:
4% PRO 2000 gel 1 6 6 3
0.5% PRO 2000 gel 0 2 4 3
Placebo gel 2 3 2 2

Erythema/oedema:
4% PRO 2000 gel 0 10 4 1
0.5% PRO 2000 gel 0 5 5 0
Placebo gel 1 2 4 2

*N = 24 in the treatment groups; N = 25 in the placebo arm.
†Ecchymosis, petechial haemorrhage, and/or subepithelial
haemorrhage with swelling.
‡In Antwerp a vulvar ulceration was diagnosed on day 4 for par-
ticipant 01/02.

Table 2 Summary of biopsy scores taken at screening and
day 13 at the London site

4% PRO
2000 gel

0.5% PRO
2000 gel Placebo gel

No change:
Screen Day 13 Number Number Number

0 0 9 9 9
2 2 0 0 1

Increase:
Screen Day 13 Number Number Number

0 1 1 0 2
1 2 1 0 0

Decrease:
Screen Day 13 Number Number Number

1 0 1 2 0

Inflammation score :
0 = None, no inflammatory cells;
1 = Mild, single small focus of inflammatory cells;
2 = Moderate, several foci of inflammatory cells;
3 = Severe, overt inflammation.
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or laboratory factors (serum chemistry, haema-
tology, coagulation time, urinalysis). PRO
2000 was undetectable in plasma samples col-
lected from all participants using a validated
high performance liquid chromatography
method (40 ng/ml limit of detection).

VAGINAL MICROENVIRONMENT

Very few participants had genital infections at
baseline in either the London or Antwerp
cohort. There was evidence of non-specific
cervicitis in two women (placebo group), vagi-
nal candidiasis in three subjects (one in each
dosing group) and cervical chlamydial infec-
tion in one subject (placebo group). Vaginal
pH was within the normal range in each of the
study arms.

In the London centre, in which samples for
lactobacilli assessment were collected approxi-
mately 12 hours after gel application, treatment
had no eVect on vaginal lactobacilli popula-
tions. Twenty eight women were assessed for
changes in vaginal flora by culturing samples
taken at days 0, 6, 13 (12 hours after the last gel
application), and 20. Four women had no
lactobacilli throughout the study period. An
additional four had no lactobacilli growth on
day 0. For 20 women vaginal lactobacilli levels
were consistent with a normal healthy vaginal
flora17 throughout the study period.

In Antwerp, a reduction in lactobacilli num-
bers was observed in samples collected 2 hours
after the last gel application (all dose groups).
In the 4%, 0.5%, and placebo group three, five,
and five women respectively had very few
lactobacilli on day 14 whereas at screening they
were numerous. In both active groups six
women with a positive lactobacilli culture at
screening had no growth on day 14. This was
also observed in five women in the placebo
arm. For all participants lactobacilli popula-
tions returned to baseline levels 7 days
post-dosing.

SYMPTOMS AND ACCEPTABILITY

Vaginal symptoms were reported by four, six,
and nine women in the 0%, 0.5%, and 4%
group respectively. More women reported vul-
val irritation—11, 9, and 10 respectively. There
was no obvious correlation between these
reports and observed colposcopic findings or
microscopic evidence of inflammation.

Vaginal discharge attributable to gel expul-
sion was reported by the majority of partici-
pants in both sites (72%, 92%, and 83% in the
placebo, 0.5%, and 4% group respectively),
and was observed during gynaecological exam-
ination. Normal cervical discharge was ob-
served in about a third of the participants in
each dose group before, during, and after dos-
ing. Most subjects found the consistency,
colour, and odour of the gels acceptable (“liked
a lot” or “liked somewhat”), and more than
half of the respondents never experienced
problems with gel expulsion/leaking.

Discussion
The results of this phase I clinical trial indicate
that repeated intravaginal application of gels
containing up to 4% PRO 2000 was safe both

locally and systemically, had no measurable
impact on vaginal lactobacilli, and was well tol-
erated in healthy, sexually abstinent women.
Though firm conclusions regarding relative tox-
icities are diYcult to draw from these small
observational studies, there was the suggestion
that the 4% PRO 2000 gel was probably
approaching the dose limit for tolerance. Col-
poscopy showed lesions without an epithelial
disruption. Their relevance to HIV is unclear.
Similar findings have been seen in other studies
with intravaginal products18 and in women not
using vaginal substances. The reduction in
lactobacilli observed in Antwerp may have been
due to a sampling artefact because samples were
taken immediately after the last gel application.
In London samples were taken after 12 hours
only; there, no eVect on lactobacilli was
observed. The investigators concluded that
additional clinical evaluation of PRO 2000 gel is
warranted, and phase II studies are planned.
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Abstract

Dextrin sulphate (DS) gel (Emmelle) is under development as a vaginal microbicide. Males who do not use condoms will be exposed
to DS gel through sexual intercourse. A randomized, double-blind, placebo-controlled trial was conducted among 16 HIV-positive and 12
HIV-negative men to establish whether 4% DS gel has an acceptable safety profile. Men were asked to apply the gel to the penis once per
day for 14 consecutive days and to leave it on for a minimum of 6 h. Results from laboratory evaluations, genital examinations, and adverse
events reports showed that 4% DS gel administered topically to the penis was well tolerated when compared with placebo. © 2002 Elsevier
Science Inc. All rights reserved.

Keywords: Dextrin sulphate; Microbicide; Penile; HIV-positive; HIV-negative; Tolerance; Men; Safety

1. Introduction

Worldwide, approximately 48% of adults infected with
HIV are women, and a main route of transmission is het-
erosexual intercourse [1]. Dextrin sulphate (DS) gel (Em-
melle, ML Laboratories PLC, Liverpool, UK) is under de-
velopment as a vaginal microbicide for use in women who
cannot use condoms during sexual intercourse for any rea-
son. Without a condom, male partners of these women
would be exposed to the compound. Therefore, we wanted
to assess the product’s safety when applied directly to the
penis.

This study was conducted to establish whether 4% DS
gel, the dose currently being tested in women, had an
acceptable safety profile in HIV-positive and HIV-negative
men.

2. Methods

This was a randomized, double-blind, placebo-controlled
trial to investigate the safety of 4% DS gel administered

topically to the penis of HIV-positive and HIV-negative
volunteers. The study was conducted at the Institute of
Tropical Medicine (ITM), Antwerp, Belgium. Human sub-
jects approval was obtained from the ethics review board in
Antwerp.

Participants were screened (Visit 1) as early as 4 weeks
before treatment. The volunteer was eligible if he was:
either healthy or HIV-positive with a CD4 count of greater
than 200 �L; at least 18 years of age; willing to abstain from
using any genital preparations other than the study gel
during the period of gel administration; willing to have an
HIV antibody test (if HIV-negative, if there was no record
of status, or if not previously tested); willing to abstain from
intercourse within 6 h of daily gel application; and willing
to use condoms for intercourse throughout the study.

The volunteer was not eligible if: he was participating in
any other clinical trial using a product not licensed in the
UK or Belgium; had any disease or condition which, in the
opinion of the investigator, would increase the likelihood of
noncompliance; was at risk for contracting HIV but was not
HIV-positive at the time of enrollment; had an untreated
genital infection with gonorrhoea, chlamydia, trichomonas,
or syphilis; had evidence of genital ulceration, genital warts,
or genital dermatoses including balano-posthitis at the time
of screening; had a known intolerance to heparin or DS; had
a history of a coagulation disorder; had current pain or
discomfort during sexual intercourse; or if his partner was

�No distinction was made between the participant’s being in a recep-
tive or insertive role.

* Corresponding author. Tel.: �1-703-276-4020; fax: �1-703-524-
4770.
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Contraception 66 (2002) 133–136

0010-7824/02/$ – see front matter © 2002 Elsevier Science Inc. All rights reserved.
PII: S0010-7824(02)00328-1



unwilling to use an effective method of contraception (if
applicable).

At Visit 2 (Day 0), participants were randomized to
receive either placebo or 4% DS gel (40 mg/g, 80 mg/day).
Both gels were clear and colorless with identical packaging,
contained the excipients lactic acid, water, and Carbopol-
974P, and were adjusted to pH 4.5 with sodium hydroxide.
Each tube contained an extractable 2 g quantity of gel.

The men were asked to apply their assigned product
topically to the glans penis, prepuce, and penile shaft once
daily for 14 days. Uncircumcised men were instructed to
retract the foreskin and apply the gel. The gel was in contact
for at least 6 h, after which it could be washed off with water
or mild soap. Participants agreed to use condoms with
intercourse throughout the 14-day period, but to abstain
from intercourse during the minimum contact period and
until the gel was removed. However, if intercourse did
occur during this time, reapplication on the same day was
not required. Participants were also given diary cards to
record details of gel administration, any symptoms related
to gel use, and sexual activity.

Safety assessments, including a genital examination, lab-
oratory tests [including the coagulation parameters activated
partial thromboplastin time (APTT) and thrombin time
(TT), which are known to be affected by systemic absorp-
tion of DS], and sexually transmitted infection screening,
were performed at Visit 1 and Visit 3 (Day 14). An addi-
tional genital examination was performed at Visit 2. Any
clinical concerns noted at Visit 3 were followed-up at Visit
4 (Day 20).

3. Results

3.1. Enrollment

Twelve HIV-negative men (DS, 9; placebo, 3) and 16
HIV-positive men (DS, 12; placebo, 4) received study med-
ication. Apart from circumcision status, baseline character-
istics were similar across treatment groups and HIV status.
On average, men were approximately 41-years-old, 177 cm
tall, and weighed 73 kg. Two HIV-negative men receiving
DS gel were Hispanic, one HIV-positive man receiving DS

gel was Afro-Caribbean, the remaining participants were
Caucasian. Only one of the seven men receiving placebo gel
was circumcised; he was HIV-positive. Of those receiving
DS gel, 1 of the 9 HIV-negative men was circumcised,
compared with 6 of the 12 HIV-positive men.

3.2. Exposure to study medication

With one exception, all men applied the full course of
gel; one HIV-positive participant in the DS group forgot to
apply the study product on one day. One HIV-positive male
receiving placebo and one HIV-negative male receiving DS
gel deviated from the protocol by applying two doses of gel
within 24 h. The overall median period where gel was in
contact with the penis was 8.2 h.

3.3. Sexual activity

During the period of gel use, seven (25%) participants
reported no sexual activity. The number of episodes of
vaginal intercourse, anal intercourse, and masturbation
ranged between 1 and 5, 2 and 8, and 1 and 18, respectively.

Table 1
Summary of non-serious adverse events

HIV-positive (n � 16) HIV-negative (n � 12) Total (n � 28)

DS, n � 12 Placebo, n � 4 DS, n � 9 Placebo, n � 3 DS, n � 21 Placebo, n � 7

Number of participants affected 11 2 6 2 17 4
Total number of AEs 27 4 15 4 42 8

Almost certainly related to study medication 0 0 0 0 0 0
Probably related to study medication 0 0 4 1 4 1
Possibly related to study medication 6 1 1 1 7 2
Unlikely to be related to study medication 12 0 2 0 14 0
Unrelated to study medication 9 3 8 2 17 5

Table 2
Non-serious adverse events considered probably or possibly related to
study medication

Participant
number

Treatment HIV
status

Diagnosis Severity

Probably
5 DS � raised APTT mild
6 DS � raised APTT mild
7 DS � raised APTT mild

11 DS � raised APTT mild
10 Placebo � raised APTT mild
Possibly
2 DS � raised APTT mild
2 DS � ulcer penis mild
2 DS � ulcer penis mild
5 DS � ecchymosis mild

19 DS � itch penis mild
25 DS � raised APTT mild
27 DS � raised APTT mild
1 Placebo � penile erythema mild
8 Placebo � raised APTT moderate
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3.4. Adverse events

There were no adverse events (AEs) that were consid-
ered serious in either the DS or placebo arms. Fifty non-
serious AEs affecting 21 (75%) participants were reported
during the trial (Table 1). None of the AEs was considered
“almost certainly” attributable to study medication. A list-
ing of those considered “possibly” or “probably” related to
study medication is provided in Table 2. The remaining 36
AEs were considered either “unlikely” to be related or
“unrelated” to the study medication.

A summary of genital findings appears in Table 3. There
were no findings involving edema, blood in the urine, pain
during sexual intercourse, or deep lesions during the trial.

Of the eight findings involving penile erythema (DS, 5
reports affecting 3 men; placebo, 2 reports affecting 2 men),
one was present at screening. Of the seven not present at
baseline, the only report considered possibly related to
study medication was in the placebo group (Table 2); the

remaining six were considered unlikely to be related or
unrelated to study medication. The proportional incidence
of penile erythema between the two treatment groups (14%
of men in DS arm vs. 29% of men in placebo arm) did not
suggest an effect of treatment. In addition, there was one
case of scrotal erythema in the DS group, considered un-
likely to be caused by study medication.

There were three reports of genital itching at Visit 3, all
in HIV-positive men receiving DS. Two of these reports
involved penile itching and one involved scrotal itching.
One report of penile itching was considered possibly related
to study medication (Table 2). There was one participant in
the DS group who reported pain on passing urine and mild
burning in the genital area.

There were seven reports of superficial lesions and two
reports of disrupted epithelia affecting four participants in
the DS arm (Table 3). All were reported as AEs with the
exception of one participant who had multiple superficial
lesions at screening that did not change during the treatment

Table 3
Findings from genital examination at each visit*

HIV-positive (n � 16) HIV-negative (n � 12) Total (n � 28)

DS n � 12 Placebo n � 4 DS n � 9 Placebo n � 3 DS n � 21 Placebo n � 7

Erythema
Visit 1 1 0 0 0 1 0
Visit 2 1 1 0 0 1 1
Visit 3 2 1 1 0 3 1
Visit 4 1 0 0 0 1 0
All visits 5 2 1 0 6 2

Disrupted epithelia
Visit 3 1 0 0 0 1 0
Visit 4 1 0 0 0 1 0
All visits 2 0 0 0 2 0

Pain on passing urine
Visit 3 1 0 0 0 1 0
Visit 4 0 0 0 0 0 0
All visits 1 0 0 0 1 0

Itching in genital area
Visit 3 3 0 0 0 3 0
All visits 3 0 0 0 3 0

Burning in genital area
Visit 3 1 0 0 0 1 0
All visits 1 0 0 0 1 0

Superficial lesions
Visit 1 2 0 1 0 3 0
Visit 2 1 0 0 0 1 0
Visit 3 2 0 0 0 2 0
Visit 4 1 0 0 0 1 0
Total 6 0 1 0 7 0

Blood vessels intact (redness)
Visit 1 1 0 0 0 1 0
Visit 2 2 1 0 1 2 2
Visit 3 2 1 0 0 2 1
Visit 4 1 0 0 0 1 0
All visits 6 2 0 1 6 3

Blood vessels disrupted
Visit 3 0 0 1 0 1 0
All visits 0 0 1 0 1 0

*Only patients requiring follow-up were seen at Visit 4.
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period. In one HIV-positive participant, an existing lesion at
screening enlarged during follow-up and a redness occurred
around the lesion. In an HIV-negative participant, a seba-
ceous gland observed at screening became red and ecchy-
motic when seen at Visit 3. In both participants, those
events were considered possibly attributable to the gel. In
another HIV-positive man, three small herpes-like lesions
were observed at Visit 3, considered unrelated to the study
medication (Table 2).

There were no clinically significant differences in labo-
ratory parameters between treatment groups. There were 17
reports of raised APTT, occurring in 12 men (9 in DS). Of
those, one man had a raised value at screening only, with
normal values during follow-up, and two men had raised
APTTs at screening already. The range for APTT was 26 s
to 36 s. The highest reported value was 52.5 s in an HIV-
negative man on placebo who had a raised value at screen-
ing (39.9 s). The other above range values were less than
43 s. Five reports (DS, 4; placebo, 1) were considered
probably related to study medication (Table 2), and four
(DS, 3; placebo, 1) were considered possibly related to
study medication.

4. Discussion

Findings from the genital examination, laboratory tests,
and AE reports indicate that daily administration of 4% DS
gel administered topically to the penis for 14 days was well
tolerated. Effects on the penis were generally mild and
considered unrelated or unlikely to be related to study med-
ication. There were no clinically significant differences be-
tween treatment groups with respect to laboratory parame-
ters.

Overall, there was a slightly larger proportion of AEs
reported in the DS group (2.4 per subject reporting) com-
pared with placebo (2 per subject reporting). However, for
many of these reports, their nature was disparate between
subjects suggesting isolated events unlikely to be associated
with a treatment effect.

Of the five genitally related AEs considered possibly
related to study medication, four were in the DS arm.
However, all of these reports were considered mild, and two

reports of penile ulceration affected the same participant.
This participant presented with a lesion at the screening visit
that was identified as an irritated sebaceous gland. This area
increased in size by Visit 3 and a further small area of
redness appeared. The reports of mild penile ulceration were
recorded for this participant 7 days and 14 days after he had
stopped the study treatment. Given these circumstances and
the considerable period between cessation of study medica-
tion and onset of these conditions, the findings were not
considered clinically significant. No correlation between
sexual activity and penile erythema/ulceration could be es-
tablished because of insufficient data.

There were reports of mild increases in APTT values in
a number of individuals at Visit 3; however, we do not
consider these to be clinically significant. The one outlier
value occurred in a man whose APTT was already raised at
screening. There was no change in other hematology or
clinical chemistry parameters to suggest an effect of treat-
ment. In addition, a similar 14-day study in women showed
no signs of an effect on APTT values (preliminary results,
Dr. Lut Van Damme, ITM, a dual center dose-ranging trial
of Emmelle [dextrin sulphate gel]). Therefore, it was con-
cluded that the incidence of raised APTT might be because
of background variations and was not clinically significant.
Future studies will continue to monitor this parameter.

In conclusion, penile application of 4% DS gel for 14
consecutive days had an acceptable safety profile. No clin-
ically significant differences were observed in hematology,
clinical chemistry, coagulation parameters, or AEs between
treatment groups.
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Introduction

The development of safe and effective microbicides
capable of inactivating HIV and other sexually trans-
mitted disease (STD) organisms in the vagina is a prior-
ity in order to widen the range of safer sex choices
available to sexually active people and to empower

women in the fight against AIDS [1–4]. Several clinical
studies have shown that the non-ionic surfactant
nonoxynol-9, which has been licensed for vaginal use
as a spermicidal contraceptive for many years, can con-
fer partial protection against gonococcal and chlamydial
infections [5–7]. Nonoxynol-9 also has potent 
anti-HIV activity in vitro [8,9]. However, whereas two

Safety evaluation of nonoxynol-9 gel in women at low
risk of HIV infection
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Objective: To determine the safety of a vaginal microbicide, COL-1492, containing
52.5 mg nonoxynol-9, applied once daily for 14 days among healthy volunteers.
Methods: A randomized, double-blind controlled trial with three arms, COL-1492
gel versus placebo gel versus no-treatment controls, was conducted. Outcomes of
interest were reported genital symptoms, incidence of gynaecological signs, and
incidence of genital lesions revealed by colposcopy. Participants were enrolled in
four centres (Belgium, The Netherlands, and two in Thailand).
Results: A total of 534 women participated in the study: 179 used COL-1492, 178
used placebo, and 177 were no-treatment controls. Study visits were scheduled 1
week prior to enrolment (day −7), day 0 (enrolment), day 8 and day 14. The most
frequently reported genital symptom was vaginal discharge in both the COL-1492
and placebo groups. This appeared to be related to leakage of the product out of the
vagina. The incidence of lesions associated with epithelial disruption (ulcers and
abrasions) was very low (< 2%) and there was no statistically significant difference
between the three groups. Of the lesions observed by colposcopy that did not
involve epithelial disruption, petechial haemorrhage was the most frequently
detected, with an incidence of 20.1, 9.0 and 7.3% in the COL-1492, placebo and
control groups, respectively. COL-1492 users had a higher incidence of erythema
(8.4 versus 2% in the other groups).
Conclusion: COL-1492 showed minimal toxicity when applied once daily. A Phase
III trial to assess the product’s effectiveness in HIV prevention is currently ongoing.
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uncontrolled and fairly small studies suggested that it
gave some protection against HIV infection in vivo

[10,11], a randomized controlled trial on a vaginal
sponge containing a very high dose of nonoxynol-9
(1000 mg) among female sex workers in Nairobi failed
to show a protective effect [12]. This might be due to
the high incidence of genital mucosal lesions, because
these could in theory enhance transmission of HIV
[13–16]. As a consequence of this trial, the safety of
spermicides in settings in which HIV transmission is
possible was questioned, and it was recommended that
the local safety of candidate microbicides be established
before large-scale efficacy studies on their ability to
decrease HIV transmission were undertaken. 

In this article we present the results of a safety study on
COL-1492, a spermicidal gel that contains 52.5 mg
nonoxynol-9 per dose, which is less than other spermi-
cides containing this product as the active ingredient
(range, 70–150 mg).

Methods

This study was a multicentre randomized controlled
trial with three arms (COL-1492 gel versus placebo gel
versus no-treatment control), double-blinded for prod-
uct content for the COL-1492 and placebo arms. A
separate randomization was undertaken at each centre.

Participants were recruited in four centres: the out-
patient department at the STD/HIV Research and
Intervention Unit, Institute of Tropical Medicine,
Antwerp, Belgium; the Department of Obstetrics and
Gynaecology, Chulalongkorn University Hospital,
Bangkok, Thailand; the Department of Obstetrics and
Gynaecology, Siriraj University Hospital, Mahidol
University, Bangkok, Thailand; and the Department of
Obstetrics and Gynaecology, Academic Medical
Centre, University of Amsterdam, Amsterdam, The
Netherlands. Healthy female volunteers who met the
following inclusion criteria were eligible for study par-
ticipation: low risk of HIV infection (determined by
interview); age between 18 and 45 years; normal pelvic
examination; no clinical or colposcopic abnormalities;
no evidence of STD. Sexually active participants were
enrolled only if they were using a reliable method of
contraception (hormonal, male condoms, intrauterine
device or sterilization). Exclusion criteria were current
use of a female-controlled barrier contraceptive method
or spermicide, pregnancy or STD. At enrolment, par-
ticipants were required to be within 1 week of comple-
tion of their most recent menses to enable evaluation
after 2 weeks without interference by menses. Written
informed consent was obtained from all participants.
Participants were permitted to have sexual intercourse
during the trial.

COL-1492 gel (marketed in the United States as the
spermicidal gel Advantage 24, Columbia Laboratories,
New York, New York, USA) contains 3.5%
nonoxynol-9; other constituents include polycarbophil,
a polymer with bioadhesive properties. The placebo gel
was a similar product but without nonoxynol-9. Both
were packed in single-dose, disposable plastic applica-
tors designed to deliver 1.5 g gel. COL-1492 and the
placebo were provided by Columbia Laboratories
(Paris, France). Women randomized to one of the
treatment arms were instructed to apply the relevant
study product intravaginally once daily at about the
same time every day for 14 days. All participants were
requested not to apply vaginal douches, or to insert
tampons or any other object into the vagina. Empty
and unused applicators were returned to the trial cen-
tres to assess compliance. 

Clinical evaluations were scheduled at days 0, 7 and 14.
In addition, participants were requested to attend for
evaluation if they experienced any health problem
between scheduled visits. At each visit a history was
obtained and colposcopy was performed. Whenever a
genital lesion was diagnosed, an additional visit was
arranged so that its evolution could be recorded. 

The main outcomes of interest were the genital symp-
toms reported, the incidence of gynaecological signs,
and the incidence of genital lesions revealed by 
colposcopy. Lesions detected at colposcopy were
described as recommended by the World Health
Organization (WHO) [17].

Ulcerations or abrasions led to an immediate discontin-
uation of study drug use. When ecchymosis, petechial
haemorrhage, subepithelial swelling or erythema
occurred, study drug use was continued but the 
participant was re-evaluated after 3 days. If the lesions
worsened, study drug use was discontinued.

An intention-to-treat analysis was undertaken on the
data from women who used the study product at least
once. Intergroup comparability was assessed using the
χ2 test and Fisher’s exact test when appropriate. The
log-rank test was used to determine the significance of
any differences between the incidence of lesions in
each group. All P values reported were two-tailed
(except for mean age, which was based on analysis of
variance), and a P value of 0.05 was regarded as statisti-
cally significant.

Results

Study population
Between 22 November 1993 and 16 January 1995, 562
volunteers were recruited: 170 in Antwerp, 101 in
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Amsterdam, 129 at the Chulalongkorn University,
Bangkok, and 131 at the Siriraj Hospital, Bangkok.
Twenty-eight participants were excluded from the
analysis: there were no follow-up data for 11 partici-
pants, and 17 participants had abnormal colposcopic
findings at enrolment. The analysis was carried out on
data from 534 participants, divided evenly over the
three study groups. These groups were similar for all
characteristics analysed at baseline (Table 1).

Of the 534 women included in the analysis, 
499 (93.4%) completed the study. Participants in the
COL-1492 group were less likely to complete the
study (88.2%) than women in the placebo group

(93.2%) or in the no-treatment control group (98.8%),
mainly because they discontinued treatment more often
because of lesions than those in the placebo or no-
treatment groups (P = 0.04 and 0.007, respectively). 

Incidence of genital symptoms and
gynaecological signs
The incidence of genital symptoms was significantly
greater in the COL-1492 group than in the placebo
group (except for genital itching), and in the placebo
group than in the no-treatment control group. The
most frequently reported symptom was vaginal 
discharge (Table 2). Vaginal discharge was the only
gynaecological sign to be more frequent in the 
COL-1492 group than in the placebo and no-treat-
ment control groups (Table 2).

Incidence of abnormalities revealed by
colposcopy
Women in the COL-1492 group were significantly
more likely (P < 0.001) to develop a lesion than those
in either the placebo or no-treatment control group.
Petechial haemorrhage was the most frequent abnor-
mality reported (Table 3). Its incidence in the
COL-1492 group was 20.1%, significantly greater than
in the placebo group (9%) or the control group (7.3%).
Erythema also occurred significantly more frequently in
the COL-1492 group (8.4% incidence) than in the
placebo group (1.7%) and the no-treatment group
(2.3%). The incidence of oedema was 7.3% in the

Table 1. Baseline characteristics of the study population.

Control Placebo COL-1492

No. women
Randomized 187 188 187
Without follow-up data 3 2 6
With abnormal colposcopy 
on enrolment 7 8 2
Analysed 177 178 179

Mean (SD) age (years) 31 (6.7) 31 (7.6) 30 (7.4)
Symptoms

Vaginal discharge* 18 19 13
Other 6 9 6

Physical findings
Vaginal discharge* 16 18 13
Cervical discharge* 76 63 69

*Not considered to be abnormal in quantity or aspect.

Table 2. Incidence of gynaecological symptoms and signs during the study period.

P

No. reports/total (%)
COL-1492 COL-1492 Placebo

Control Placebo COL-1492 versus placebo versus control versus control

Symptoms*
Vaginal discharge 9/159 (5.7) 30/159 (19.0) 53/166 (32.0) 0.01 < 0.001 < 0.001
Genital itching 3/175 (1.7) 15/173 (8.7) 25/174 (14.4) 0.13 < 0.001 0.003
Other symptoms 5/172 (2.9) 14/166 (8.4) 31/174 (17.8) 0.02 < 0.001 0.03

Signs*
Vaginal discharge 28/161 (17.4) 31/160 (19.4) 50/166 (30.1) 0.03 < 0.01 0.67
Cervical discharge 17/101 (16.8) 18/115 (15.7) 24/110 (21.8) 0.31 0.39 0.86
Other signs 19/176 (10.8) 13/178 (7.3) 14/179 (7.8) 1.00 0.37 0.27

*Amongst those women who did not have the symptom/sign at enrolment.

Table 3. Incidence of colposcopic lesions during the study.

No. reports (%) P

Control Placebo COL-1492 COL-1492 COL-1492 Placebo
(n = 177) (n = 178) (n = 179) versus placebo versus control versus control

Ulcer 0 (0) 0 (0) 3 (1.7) 0.25 0.25 –
Abrasion 2 (1.1) 5 (2.8) 3 (1.7) 0.50 1.00 0.45
Ecchymosis 0 (0) 1 (0.6) 2 (1.1) 1.00 0.50 1.00
Petechial haemorrhage 13 (7.3) 16 (9.0) 36 (20.1) 0.004 < 0.001 0.70
Subepithelial haemorrhage
and swelling 0 (0) 0 (0) 3 (1.7) 0.25 0.25 –

Erythema 4 (2.3) 3 (1.7) 15 (8.4) 0.006 0.02 0.72
Oedema 0 (0) 6 (3.4) 13 (7.3) 0.16 < 0.001 0.03
Other 18 (10.2) 26 (14.6) 54 (30.2) < 0.001 < 0.001 0.26
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COL-1492 group compared with 3.4% in the placebo
group. This difference did not achieve statistical signifi-
cance, although the difference between both of these
groups and the no-treatment group (in which there
were no cases of oedema) was significant. 

The incidence of ulceration and abrasion, lesions that
constitute a breach in the genital mucosa, was low in all
groups (0–3%), and the differences between the three
groups were not statistically significant. When lesions
occurred, no significant differences were apparent
between the three groups of women in terms of 
healing on discontinuation of the study products. The
incidence of STD or other genital infections was low,
and similar in the three study groups (data not shown).

Discussion

The results reported indicate that the use of COL-1492
gel once daily for 14 consecutive days is not associated
with a significant level of lesions with an epithelium
disruption. As observed in previous studies [18,19],
most of the lesions were in the vagina and on the
cervix. The great majority of lesions healed fairly
quickly on discontinuation of the product, a phenome-
non that has been reported previously [19]. 

Ulcerations may enhance HIV transmission [13–16,20].
Lesions with epithelial disruption were observed only
very infrequently (incidence of ulcers and abrasions,
both <2%) and for these types of lesion there were no
statistically significant differences between the COL-
1492, placebo and no-treatment control groups. The
overall frequency of epithelia-disrupting lesions in the
COL-1492 group (3.4%) was considerably lower than
the frequency reported from a study of a suppository
containing 150 mg nonoxynol-9 once daily (34%) [18].
This result is consistent with the low risk of epithelial
disruption associated with nonoxynol-9 use observed
by Martin et al. [21] among female sex workers in
Kenya. Although Roddy et al. [22] found a higher inci-
dence of genital lesions among vaginal contraceptive
film users compared with placebo, this difference was
not significant.

The clinical significance of the excess incidence of
petechial haemorrhage in the COL-1492 group, and of
other types of lesion not associated with epithelial dis-
ruption, is unclear. In theory, it is possible that any type
of genital lesion might increase the woman’s risk of
becoming infected with HIV, especially if it serves as a
focus for the recruitment of HIV-infectable inflamma-
tory cells. Whether this is in reality a significant factor
and one that could outweigh the potential benefits of
COL-1492 in preventing HIV transmission will only

be ascertained by means of large-scale intervention tri-
als in populations at high risk of HIV infection. 

The carrier material in COL-1492 gel appears to be
fairly innocuous. In terms of lesions, the only signifi-
cant difference between the placebo group and the
control group was a higher incidence of oedema in the
former. There was also a significantly higher incidence
of reported vaginal discharge and genital itching in the
placebo group. This may be at least partially related to
leakage of the product out of the vagina. 

The data obtained from the no-treatment group pro-
vided us with information on the changes or lesions
occurring in sexual active women who were not using
any intravaginal product. They may be used as a com-
parison group in future vaginal microbicide safety trials. 

We used colposcopy to assess genital lesions, and
although we followed the WHO manual [17], we were
aware of the limitations of a visual and therefore, by
definition, a subjective diagnostic tool.

Sexual intercourse was allowed during the study period
to reflect the real life situation, as an HIV prevention
method of this type will only be used by sexually active
women. However, we acknowledge that we cannot be
sure what percentage of lesions diagnosed in the treat-
ment arm versus the no-treatment arm were due to
product toxicity and not to sexual intercourse.

In this study, women were asked to apply the product
once daily and the findings suggested that at this fre-
quency the use of COL-1492 can be considered safe.
However, trials of the product’s effectiveness in the
field will inevitably need to be conducted among
women at high risk of HIV infection (e.g., female sex
workers). These women will probably use the product
several times daily. Having established the safety of a
single dose application of COL-1492, it was important
to evaluate the effects of multiple doses. This was the
objective of a recently completed study involving the
application of COL-1492 four times daily (unpublished
data). The findings encouraged the further testing of
COL-1492. Consequently, UNAIDS has decided to
sponsor a Phase II/III trial to assess the product’s 
effectiveness in preventing male-to-female HIV trans-
mission. This study is currently ongoing in several sites
in Africa and one in Thailand.
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CONCISE COMMUNICATION

Safety of multiple daily applications of COL-1492, a
nonoxynol-9 vaginal gel, among female sex workers

Lut Van Dammea, Verapol Chandeyingb, Gita Ramjeec, Helen Reesd,

Pachara Sirivongrangsone, Marie Lagaa and Jos PerrieÈnsf, on behalf of

COL-1492 Phase II Study Group�

Rationale: COL-1492 is a nonoxynol-9 (N-9)-containing vaginal gel and may be a
potential microbicide. As part of an effectiveness trial, an initial toxicity study was
conducted.

Objectives: The main objective of the reported study was the assessment of the
toxicity of a 52.5 mg N-9 gel, COL-1492, when used a number of times each day by
female sex workers.

Methods: This was a randomized, placebo-controlled triple-blinded trial among
female sex workers. The participants were asked to use the product for each vaginal
sexual act. At each monthly visit a gynaecological examination with sexually trans-
mitted disease sampling and colposcopy was performed. Venous blood was drawn for
syphilis and HIV serology. All women received intensive counselling on condom use.
Male condoms and sexually transmitted disease treatment were given free of charge.

Results: Only blinded results on the colposcopic examinations are reported. The
incidence of lesions with or without an epithelial disruption was low: 0.06 and 0.29,
respectively, per 100 woman±days in group A; 0.09 and 0.26 respectively per 100
woman±days in group B. There was no signi®cant difference between the two arms.

Conclusion: The multiple daily use of COL-1492 by female sex workers did not show
an increase of local toxicity over that of a placebo. Colposcopy was discontinued in
the autumn of 1997 in accordance with a Data Safety Monitoring Board decision. In
the currently ongoing effectiveness trial the assessment of the product's toxicity
continues to be monitored by simple visual examination.

& 2000 Lippincott Williams & Wilkins

AIDS 2000, 14:85±88

Keywords: microbicides, effectiveness, colposcopy, clinical trial, female sex
workers, safety, HIV prevention, female controlled methods

Introduction

For several years nonoxynol-9 (N-9) has received a lot
of attention as a potential microbicide. It acts by
disrupting the membranes of cells, viruses and bacteria.

N-9 has an in vitro activity against HIV and other
sexually transmitted disease (STD) pathogens [1±6].
Although most in vivo data show a protective effect
against Neisseria gonorrhoeae and Chlamydia trachomatis
[7±11], the data on in vivo anti-HIV effectiveness are
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not conclusive. Two cohort studies showed a protec-
tive effect of N-9 among consistent users [12,13]. One
randomized controlled trial among female sex workers
in Kenya showed an increased HIV incidence among
women using a 1000 mg N-9 sponge compared with
placebo users [14]. However this study has been
criticized for methodological reasons [15]. A rando-
mized controlled trial with a vaginal ®lm containing
70 mg N-9 among Cameroonian female sex workers
showed no effect, either harmful or bene®cial, on
HIV, N. gonorrhoeae or C. trachomatis [16]. Despite
these results, an effectiveness trial with COL-1492,
using a 52.5 mg N-9-containing vaginal gel, is continu-
ing with the justi®cation that a different formulation
may give a better availability of N-9 in the vagina and
that a lower N-9 concentration may be associatied with
less toxicity. The trial started with an intensive toxicity
monitoring phase using colposcopy. The results of
these colposopic evaluations are reported here.

Methods

The reported study is part of a larger randomized,
placebo-controlled, triple-blind trial among female sex
workers to assess the product's effect in the prevention
of heterosexual vaginal HIV infection and other STDs.
Participants were recruited through the Venereal Dis-
ease Unit of the Ministry of Public Health, Bangkok,
Thailand; the Prince of Songkla University, Hat Yai,
Thailand; the Centre for Epidemiological Research
(CERSA), Durban, South Africa and the Reproductive
Health Research Unit, Johannesburg, South Africa.
The technical coordination was carried out by the
Institute of Tropical Medicine, Antwerp, Belgium. The
main trial sponsor was UNAIDS, Geneva, Switzerland.
The study was approved by all local and national ethical
review boards.

HIV-seronegative female sex workers who volunteered
could be enrolled if they had at least ®ve partners per
week; were participating in a 100% condom-use
programme; were above the local legal adult age and
were willing and able to comply with the study
protocol. They were excluded if they had a genital
ulcer, abrasion or clinical STD; required any long-term
treatment; used intravenous drugs, crack or cocaine;
were pregnant or wished to become pregnant; were
allergic to latex or nonoxynol-9 or were using a vaginal
spermicide. A separate randomization was carried out
for each centre.

COL-1492 gel (marketed in the United States as the
spermicidal gel Advantage S1, Columbia Laboratories,
New York, New York, USA) contains 3.5% (52.5 mg)
nonoxynol-9; other constituents include polycarbophil,
a polymer with bio-adhesive properties. The placebo

gel contained the same ingredients with the exception
of nonoxynol-9. Both were packed in single-dose,
disposable plastic applicators designed to deliver 1.5 g
gel. COL-1492 and the placebo were provided by
Columbia Laboratories (Paris, France).

At each visit a gynaecological examination with STD
sampling and a colposcopic evaluation were carried out.
Blood was drawn for HIV and syphilis serology. Partici-
pants were counselled on HIV testing and safe sex. At
screening concise information on the study was given.
Oral informed consent for the screening procedures was
obtained. Eligible women were enrolled within 28 days
after their screening. At the enrolment visit comprehen-
sive information was given and written informed consent
obtained. Whenever an STD was diagnosed, treatment
was given free of charge. Women received the required
quantity of study product and male condoms. They were
asked to use the male condom for every sexual act and to
apply the gel for every vaginal act if they had cleaned
their vagina after the last intercourse.

The main outcomes of the reported sub-study were
lesions revealed by colposcopy performed according to
the modi®ed WHO manual on colposcopy (i.e. no
acetic acid, iodine or green ®lter were used) [17].

To have an 80% chance of detecting a difference of
15% in incidence of colposcopic ®ndings between the
two groups, a sample size of 150 subjects was needed
(á � 0.05, one-sided), or 75 subjects in each treatment
group. An intention-to-treat analysis was performed on
data of women with at least one colposcopic examina-
tion. The analysis was focused on the ®rst ®ve visits.
For each of these visits the sample size was suf®cient. A
preliminary investigation to study the relationship be-
tween presence of a lesion and study drug was done by
construction of 2 3 2 tables for each of these ®ve visits.
In order to control for confounding, logistic regression
was performed comparing the treatment groups with
respect to the presence of colposcopic lesions at these
visits. Finally, a Cox's proportional hazards model was
used to compare the incidence of lesions in each
treatment group. A P-value of 0.05 was regarded as
statistically signi®cant.

Only the blinded results on colposcopy will be pre-
sented, because the other outcomes (gynaecological
signs, visual pelvic examination, STDs and acceptabil-
ity) are part of the phase III endpoints.

Results

Study population
A total of 320 women had at least one colposcopic
evaluation: 158 in group A, 162 in group B. At
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baseline all characteristics were similar in both arms as
summarized in Table 1. Women in Hat Yai had on
average fewer clients (mean of 1.6) than women in the
other centres. There was a major difference between
the centres with regard to condom use. In Bangkok all
women reported more than 75% condom use, in
Durban 63% used condoms for less than 25% of their
sexual acts and 91% for less than 50%, whereas in Hat
Yai and Johannesburg almost all women (98 and 91%
respectively) used condoms for more than half of their
sexual acts.

The mean daily gel use was 1.2 (range, 0±9.9) and 1.3
applicators (range, 0±5.9) in groups A and B respec-
tively.

Colposcopy results
At baseline around 10% of participants in both groups
had an abnormality on colposcopy. These women were
excluded from the survival analysis.

During product use few lesions as described in the
WHO manual were observed. In group A ®ve ulcers
occurred in the vagina and on the external genitalia. In
group B seven ulcers were diagnosed. All ulcerations
had disappeared at the next visit. Abrasions were diag-
nosed on the cervix and the external genitalia. These
had also healed at the next visit. In lesions without
epithelial disruption, erythema occurred most fre-
quently and was mostly observed on the cervix. In
logistic regression, controlling for centre, there was no
difference at any visit (up to week 12) between the
treatment groups for the probability of having a lesion.

The incidence of colposcopic lesions was low with no
difference between group A and B (Table 2), and this
for lesions with or without epithelial disruption. In
both groups, the chance of having a lesion increased

with an increase in the mean daily use of the product
(P , 0.001). No other factors could be associated with
the observation of lesions.

Discussion

The reported data show that the multiple daily use of
COL-1492, a 52.5 mg N-9 gel, by female sex workers
is non-toxic. The incidence of lesions with epithelial
disruption was low, 0.06 and 0.09/100 woman±days in
groups A and B, respectively. Lesions without an
epithelial disruption occurred at similar rates in both
groups.

At the present time there is some hesitation and doubt
about the role of colposcopy in microbicide trials.
Researchers were concerned about the potential toxi-
city of spermicides, and as a consequence a possible
increased risk of HIV infection [14,18]. A consensus
was reached that before effectiveness trials could start,

Table 1. Description of the study population.

Treatment group

A B

Number of women with at least one colposcopic examination per centre 158 162
Bangkok 27 31
Durban 44 42
Hat Yai 30 34
Johannesburg 57 55

Age (years) 26.8 � 0.5a 27.1 � 0.51
16±44b 15±46

Duration as FSW (years) (SD) 2.5 � 0.24a 2.9 � 0.32
0±20b 0±30

Number of daily partners 3c 3
1±7b 1±8

Condom use
,25% 31 (19.6%) 26 (16.0%)
.75% 69 (43.7%) 79 (48.8%)

Use of hormonal contraception 79 (50%) 92 (56.8%)

a Mean � SD; bRange; cMedian.

Table 2. Absolute number and incidence of colposcopic lesions (per
100 woman±days).

Treatment group

A B P

Total follow-up 15974 16246
time (woman±days)

Ulcer 5 7
0.03 0.04 0.60

Abrasion 4 8
0.03 0.05 0.28

Ulcer and abrasion 9 15
0.06 0.09 0.25

Lesions without 47 42
epithelial disruption 0.29 0.26 0.54
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the safety of a product should be established. One tool
for monitoring vaginal toxicity is colposcopy. It is a
good light source, gives an enlarged view, the vascular
pattern can be assessed and photographs can be taken.
An international team developed the WHO manual
with a primary objective of de®ning the standardization
of colposcopy in the evaluation of vaginal products
[17]. However, researchers are now aware of some
limitations to colposcopy. Firstly, it is not clear how
one should interpret lesions without an epithelial
disruption. Do they enhance HIV infectivity and/or
infectiousness? Therefore the relevance of recording
them has been questioned. Secondly, lesions with an
epithelial disruption, which are likely to enhance HIV
transmission in analogy with ulcerative STDs [19,20]
can be seen with the naked eye. Thirdly, implementing
and standardizing colposcopy in the ®eld is dif®cult.
Fourthly, no association between colposcopic and
histologic ®ndings has been established so far [21]. In
January 1999 the Contraceptive Research and Devel-
opment Program (CONRAD) organized a meeting on
colposcopy in microbicide trials. Among other subjects,
a revision of the WHO manual was discussed. The
main changes proposed were dropping the use of acetic
acid, a green ®lter and a high magni®cation. Colpo-
scopy was de®ned as `a magni®ed visualization of the
cervix and vagina' for which the use of a colposcope is
not necessary as long as there is an ability to magnify
between 43 and 103, a self-contained light source and
a bi- or monocular visual tool.

In the trial presented here, colposcopy was discontin-
ued in the autumn of 1997. Together with the effect
on HIV infection and other STDs, the toxicity of the
product continues to be assessed through simple visual
examination.
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Summary

Background Nonoxynol-9 (rINN, nonoxinol-9) is an over-the-
counter spermicide that has in-vitro anti-HIV-1 activity. Results
of studies of its effectiveness in prevention of HIV-1 infection in
women have been inconclusive. We aimed to assess
effectiveness of this vaginal gel.

Methods We did a randomised, placebo-controlled, triple-
blinded, phase 2/3 trial with COL-1492, a nonoxynol-9 vaginal
gel, in 892 female sex workers in four countries: Benin, Côte
d’Ivoire, South Africa, and Thailand. 449 women were
randomly allocated nonoxynol-9 and 443 placebo. Primary
endpoint was incident HIV-1 infection. Secondary endpoints
included Neisseria gonorrhoeae and Chlamydia trachomatis
infections. Analysis was by intention to treat.

Findings 765 women were included in the primary analysis.
HIV-1 frequency in nonoxynol-9 users was 59 (16%) of 376
compared with 104 (27%) of 389 in placebo users (402·5 vs
435·0 woman-years; hazard ratio adjusted for centre 1·5; 95%
CI 1·0–2·2; p=0·047). 239 (32%) women reported use of a
mean of more than 3·5 applicators per working day, and in
these women, risk of HIV-1 infection in nonoxynol-9 users was
almost twice that in placebo users (hazard ratio 1·8; 95% CI
1·0–3·2). 516 (68%) women used the gel less frequently than
3·5 times a day, and in these, risk did not differ between the
two treatments. No significant effect of nonoxynol-9 on 
N gonorrhoeae (1·2; 0·9–1·6) or C trachomatis (1·2; 0·8–1·6)
infections was reported. 

Interpretation This study did not show a protective effect 
of COL-1492 on HIV-1 transmission in high-risk women.
Multiple use of nonoxynol-9 could cause toxic effects
enhancing HIV-1 infection. This drug can no longer be
deemed a potential HIV-1-prevention method. Assessment of
other microbicides should continue.

Lancet 2002; 360: 971–77
See Commentary page 962

Introduction
Although the male condom, when used consistently and
correctly, provides high levels of protection against HIV-1
and other sexually transmitted infections, negotiating its
use is not always feasible for many women. Therefore,
there is need for a female-controlled method for
prevention of HIV-1. Research on microbicides is part of
this global effort.

The product that has been tested most is the spermicide
nonoxynol-9 (recommended international name
nonoxinol-9), which shows in-vitro activity against HIV-1
and other sexually transmitted infections1–5 and can
prevent simian immunodeficiency virus infection in
macaques.6 Results of several studies in women showed
that nonoxynol-9 had a protective effect against Neisseria
gonorrhoeae and Chlamydia trachomatis infection.7–10

At the time we planned our study, data for HIV-1
prevention were conflicting. Although results of an
observational study in female sex workers in Cameroon
showed a protective effect in more consistent spermicide
users than less consistent users (relative risk 0·1; 95% CI
0·1–0·6),11 results of a randomised placebo-controlled 
trial did not show a significant protective effect (1·6;
0·8–2·8).12 The high number of toxic effects seen in this
study was thought to be attributable to the high dose of
nonoxynol-9—ie, 1000 mg, with about 50% of this dose
bioavailable.

Because nonoxynol-9 is readily available, low in price,
and has been on the US market as an over-the-counter
product since the 1960s, we thought controversy
surrounding the drug as a potential HIV-1-prevention
method needed to be resolved. We decided to study a new
gel formulation with a low nonoxynol-9 dose (52·5 mg),
COL-1492, which covers the cervix and the vaginal walls
and gives immediate availability of the drug. Because of
the known dose-dependent effect of this drug,13 the
absence of any local toxic effects of the gel was
documented first in women in developed countries, 
then by a study of the phase 3 target population.14,15

Results of both trials showed no difference between
nonoxynol-9 and placebo with respect to frequency of
lesions.

Our aim was to compare the effectiveness of
nonoxynol-9 with placebo gel in prevention of HIV-1
infection in HIV-1-negative female sex workers. 

Effectiveness of COL-1492, a nonoxynol-9 vaginal gel, on HIV-1
transmission in female sex workers: a randomised controlled trial

Lut Van Damme, Gita Ramjee, Michel Alary, Bea Vuylsteke, Verapol Chandeying, Helen Rees, Pachara Sirivongrangson,
Léonard Mukenge-Tshibaka, Virginie Ettiègne-Traoré, Charn Uaheowitchai, Salim S Abdool Karim, Benoît Mâsse,
Jos Perriëns, Marie Laga, on behalf of the COL-1492 study group*

*Study group members listed at end of report

Institute of Tropical Medicine, Antwerp, Belgium (L Van Damme MD,
B Vuylsteke MD, M Laga MD); Medical Research Council, Durban,
South Africa (G Ramjee PhD, S S Abdool Karim MD); Groupe de
Recherche en Epidémiologie, Centre Hospitalier Affilié Universitaire
de Québec et Université Laval, Québec, Québec, Canada (M Alary
MD, L Mukenge-Tshibaka MD, B Mâsse PhD); Projet SIDA 2, Cotonou,
Bénin (M Alary); Projet RETRO-CI, Abidjan, Côte d’Ivoire
(B Vuylsteke, V Ettiègne-Traoré MD); Faculty of Medicine, Prince of
Songkla University, Hat Yai, Thailand (V Chandeying MD);
Reproductive Health Research Unit, Department of Obstetrics and
Gynaecology, University of the Witwatersrand, Johannesburg,
South Africa (H Rees MD); Ministry of Health, Venereal Disease
Division, Bangkok, Thailand (P Sirivongrangson MD); Dispensaire
Maladies Sexuellement Transmissibles, Centre de Santé de la
Circonscription Urbaine de Cotonou 1, Cotonou, Benin 
(L Mukenge-Tshibaka); Venereal Disease Center Region 12,
Songkla, Thailand (C Uaheowitchai MD); Fred Hutchinson Cancer
Research Center, Seattle, WA, USA (B Mâsse); and UNAIDS,
Geneva, Switzerland (J Perriëns MD) 

Correspondence to: Dr Lut Van Damme, CONRAD, 1611 North Kent
Street, Suite 806, Arlington, VA 22209, USA
(e-mail: lvandamme@conrad.org)



Participants and methods
Participants
Between September, 1996, and June, 2000, we did a
randomised, placebo-controlled, triple-blind trial, in which
we screened healthy, HIV-1-negative female sex workers in
South Africa (Durban and Johannesburg), Thailand
(Bangkok and Hat Yai), Benin (Cotonou), and Côte
d’Ivoire (Abidjan) for inclusion in our study. Women were
recruited from clinics for sexually transmitted infection in
Bangkok, Hat Yai, and Johannesburg; from clinics for
female sex workers in Cotonou and Abidjan; and in Durban
through the Medical Research Council, which has close
links with sex workers at truck stops along the main road
between Durban and Johannesburg. 

We used the following criteria for enrolment: age 
18 years or older in Benin, Côte d’Ivoire, and Thailand, or
16 years or older in South Africa; willingness and ability to
give informed consent and to adhere to the study protocol;
not users of intravenous drugs or intravaginal spermicides
other than the study drug; not pregnant or no wish to
become pregnant in the next 6 months; and not allergic to
latex or a study-gel ingredient.

The study was approved by all local institutional and
national ethics review committees in South Africa,
Thailand, Benin, and Côte d’Ivoire, and by the ethics
review committees of UNAIDS, Centre Hospitalier Affilié
Universitaire de Québec (Quebec, Canada), the US
Centers for Disease Control and Prevention (CDC,
Atlanta, USA), and the Institute of Tropical Medicine
(ITM, Antwerp, Belgium).

Procedures
At screening we obtained verbal consent and gathered
sociodemographic characteristics and data on sexual
behaviour, including methods used for contraception 
and prevention of sexually transmitted infections. A
gynaecological examination and urine pregnancy test were
done. We took a swab from the posterior fornix for
diagnosis of candidiasis and Trichomonas vaginalis by wet-
mount microscopy. We took three endocervical swabs: one
for N gonorrhoeae culture; one for diagnosis of C trachomatis;
and one for storage and for further testing at ITM. Blood
was drawn for HIV-1 and syphilis serological testing. In
Cotonou, we used a fingerprick to obtain blood for HIV-1
testing. Details of laboratory methods are given on The
Lancet’s website (http://image.thelancet.com/extras/02art
3365webmethods.pdf). All women received HIV-1 pre-test
counselling and safer-sex messages. If a curable sexually
transmitted infection was diagnosed, we gave treatment in
accordance with local guidelines. We asked women to
return to the centre within 28 days for study enrolment. 

At enrolment, comprehensive study information was
given to every participant, and we obtained written
informed consent. If the woman fulfilled all criteria for
enrolment, she was randomly allocated to one of the
treatment groups (see below for randomisation procedure).
All women received post-test HIV-1 counselling. We did a
gynaecological examination and urinary pregnancy test (see
screening visit) and took venous blood for HIV-1 and
syphilis tests. Again, women received HIV-1 pre-test
counselling, safer-sex messages, and treatment for sexually
transmitted infections if needed. We asked women to return
to the clinic every month for a follow-up visit. 

At every follow-up visit, we asked questions about any
difficulties that might have arisen, and also about sexual
behaviour, including gel and condom use, and the gel’s
acceptability. We did a gynaecological examination (see
screening visit) and took a blood sample for HIV-1 and
syphilis serological testing. In Abidjan and Cotonou, we

took venous blood at enrolment and then every 6 months;
between these visits, we took blood by fingerprick every
2 months. Whenever a curable sexually transmitted
infection was diagnosed, treatment was given free of
charge. Women who seroconverted received appropriate
counselling. HIV-1 pre-test messages and advice on male
condom use were given at every visit. We assessed the
participants’ understanding of the study procedures on a
regular basis. 

Women received a supply of study gel (nonoxynol-9 or
placebo) and of male condoms to fulfil their needs until the
next visit. They were asked to use the male condom for
every sexual act and to apply the gel for vaginal intercourse
if they had cleaned their vagina after last intercourse. There
was no set limit on the number of gel doses that could be
used per day.

COL-1492 gel (Columbia Laboratories, New York, NY,
USA) contains 3·5% (52·5 mg) nonoxynol-9; other
constituents include carbomer, a polymer with bioadhesive
properties. The placebo gel, a vaginal moisturiser marketed
as Replens (polycarbophil; Columbia Laboratories, Paris,
France), was the same as COL-1492 but did not contain
nonoxynol-9 and had more carbomer. The nonoxynol-9
and placebo gels had slightly different pH ranges. Both gels
were packaged in single-dose, disposable plastic applicators
designed to deliver 1·5 g gel, and were supplied by
Columbia Laboratories (Paris, France). We also provided
male latex condoms, not lubricated with spermicides.

Randomisation was done per centre, by computer in
blocks of 16. There were eight allocation groups (A to H),
four groups were randomly allocated placebo and four
nonoxynol-9. Centres were provided with sealed
envelopes—one per participant—containing a piece of
paper showing to which group (A to H) the woman was to
be allocated. Envelopes were prepared by Columbia
Laboratories, and had the participant number printed 
on the outside. Participant numbers were assigned
consecutively. Participants, investigators, data managers,
statisticians, and trial coordinators were masked to
treatment allocation.

Our study was set up as a phase 2/3 trial. Women who
were enrolled in the introductory phase 2 could continue
their participation without discontinuation or interruption
of treatment, and were followed-up until the start of 
phase 3 (Durban only). Results of colposcopy examinations
done during phase 2 have been presented elsewhere.15

320 women were included in that analysis.
The phase 3 part of the study, in which colposcopy was

not done, started after a data safety and monitoring board
decision in August, 1997. The Bangkok centre participated
in the phase 2 study only, because of the low incidence of
HIV-1 in their sex-worker population. Similarly, enrolment
in Hat Yai was switched to another clinic for the phase 3
study because of the low HIV-1 incidence in the first clinic.
The centre in Johannesburg was closed because of a noted
retention rate of 29% after 6 months, which compromised
quality and interpretation of data. Data from this centre
were thus excluded from all analyses.

In the introductory phase 2, we used a simple monthly
pictorial coital log chart, on which we asked women to
record the type of each sexual act (vaginal, oral, anal), if
they had used the gel and the condom, and if they had
cleaned their vagina. Later, at the start of phase 3, we used
a more complex monthly coital log chart, on which women
were asked to record the type of each sexual act (vaginal,
oral, anal), the type of partner (client or regular partner),
use of condom and gel, if any condom difficulty (ie,
breaking or slipping) had occurred, and if they had washed
their vagina. We changed this procedure a second time in
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November, 1998, because we questioned the value of the
recorded data because we saw women completing their
booklets while waiting at the clinic. From then on, this
information was obtained by interviewing of women about
their last working day for clients and the last week for
regular partners.

The primary endpoint of the study was incident HIV-1
infection. Secondary objectives included the effectiveness of
this drug in prevention of chlamydial infection, gonorrhoea,
trichomoniasis, and genital ulcer disease; and safety and
acceptability of the gel under situations of long-term use. 

Incident HIV-1 infections were confirmed at the
reference laboratory (ITM). Time of seroconversion was
defined as the midpoint between the last HIV-1-negative
test and the first HIV-1-positive test confirmed at ITM.

For N gonorrhoeae and C trachomatis infections, we
analysed the first episode only. A woman was judged
positive for N gonorrhoeae when she had a positive culture at
the centre or when both PCR tests at ITM were positive.
We deemed her positive for C trachomatis if she had a
positive enzyme immunoassay test confirmed by a blocking
assay or a positive PCR test at ITM. If there was a
discrepancy between results reported in the case-record
form and in the local laboratory file, we judged ITM result
the correct one. In cases of inconsistency for which no swab

was available at the ITM, we recorded the result as
unknown.

We classified lesions in the genital area—ie, cervix,
vagina, vulva—noted on clinical examination (naked eye),
as being with or without epithelial disruption, having
unknown epithelial disruption, or as ulcerations for which
localisation was not specified. We included all lesions,
irrespective of their possible cause.

We judged women who were in active follow-up—ie,
they had a visit in the previous 6 weeks—on the date
enrolment in the study stopped, and who did not return
within 45 days for a closeout visit, to have completed the
trial, because participants were reluctant to return to the
clinic once they heard that the gel was no longer being
distributed.

Statistical analysis
We assumed a 5% annual HIV-1 incidence, thus we
needed 2500 woman-years to detect a 50% reduction in
risk with 90% power, a two-sided test at a significance
level of 5%, one to one random allocation, and 60%
retention per year. We needed 100 endpoints to meet
these assumptions.  

We planned an interim analysis at every 25 HIV-1-
seroconversions on the basis of the masked randomisation
codes. We presented the results of these interim analyses
to an independent data safety and monitoring board. In
the event of a significant result (p<0·001), the
randomisation code would have been broken. The data
safety and monitoring board decided to stop the trial
when the required 100 events had arisen.

The main analyses were by intention to treat, judged
time to the first event, and were stratified by centre. We
used medians and proportions to compare baseline
characteristics of the two treatment groups. Time to first
event was analysed with log-rank tests for differences
between treatment groups and Kaplan-Meier estimates
for survival. Hazard ratios were calculated with Cox
proportional-hazards regression models. 
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2146 screened

1141 excluded

1005 enrolled and
         randomised

892 analysed
       

449 nonoxynol-9

73 no follow-up 54 no follow-up

26 visit within 90
     days of stopping
     enrolment in the
     study
75 did not return for
     follow-up
10 voluntary 
     withdrawals
  2 withdrew for 
     safety reasons
  1 died
  1 withdrew for 
     general health 
     reasons
  4 withdrew for 
     pregnancy

31 visit within 90
     days of stopping
     enrolment in the
     study
90 did not return for
     follow-up
11 voluntary 
     withdrawals
  2 died
  6 withdrew for 
     pregnancy

443 placebo

376 included in
       primary
       analysis

389 included in
       primary
       analysis

113 from Johannesburg 
       excluded from all 
       analyses

Nonoxynol-9 Placebo 
(n=376) (n=389)

Age (years, median [IQR])* 26·0 (22–31) 26·0 (22–31)

Clients per day (median [IQR])† 3 (2–5) 3 (2–5)

Years of education (median [IQR]) 6 (4·0–9·5) 6 (4·0–9·0)

Condom used for �50% of sexual acts
With clients‡ 253 (67%) 256 (66%)
With partners 27/225 (12%) 14/230 (6%)

Routine washing of the vagina done 264/264 (100%) 277/277 (100%)
Number of times per day 3·0 (2·0–3·0) 3·0 (2·0–3·0)
(median [IQR])§

Anal sex
Ever 52 (14%) 56 (14%)
Frequency per week (median [IQR])¶ 2·0 (2·0–4·0) 2·0 (1·0–3·0)

Abnormal vaginal discharge||** 51 (14%) 63 (16%)

Clinical evidence of cervicitis** 31 (8%) 39 (10%)

Infection
Trichomonas vaginalis** 14 (4%) 13 (3%)
Candida albicans** 55 (15%) 55 (14%)
Syphilis** 39 (10%) 47 (12%)
Chlamydia trachomatis** 18 (5%) 16 (4%)
Neisseria gonorrhoeae** 17 (5%) 22 (6%)

Data are number (%) unless otherwise stated. *Data for one participant
missing in nonoxynol-9 group. †Data for one participant missing in placebo
group. ‡Data for three participants missing in placebo group. §Nonoxynol-9,
n=255; placebo, 269. ¶Nonoxynol-9, n=51; placebo, 55. ||Seen at clinical
examination. **Seen at admission.

Table 1: Baseline characteristics of women with at least one
follow-up visit

Trial profile



The population included in the primary analysis
comprised all HIV-1-negative women enrolled in the trial
who had at least one HIV-1 test during follow-up. Genital
lesions at baseline were not counted as incident lesions.
Women in the primary analysis were included in the
analysis of gonorrhoea or chlamydia incidence if they did
not have the corresponding infection at baseline. 

We did exploratory analyses of HIV-1 and genital lesion
endpoints with the Cox proportional-hazards model for
time-dependent covariates to investigate the effect of
different measures of exposure derived from the coital log
books.

Role of the funding source
UNAIDS was the main sponsor of the trial and had an
input in protocol design and in submission of the article.
Columbia Laboratories provided the study product and
did randomisation. 

Results
2146 women were screened and 1005 were enrolled. A
total of 892 women (excluding 113 from Johannesburg)
were randomly allocated (figure), of whom 127 had no
HIV-1 test after enrolment. These women were excluded
from the primary analysis, which thus included 765
women. 563 women completed the study, including 57
women with a follow-up visit within 6 weeks before the
end of study enrolment. 37 women withdrew during the
study (figure).

The overall retention rate of participants in the study
was 71% after 24 weeks and 68% after 48 weeks, which 
is closely similar to rates assumed for sample-size
calculations. The retention rate differed substantially
between centres, ranging from 58% at 48 weeks in
Cotonou to 88% in Durban (data for individual centres
available from authors). The rates by treatment at 
24 weeks were 69% and 73% in the nonoxynol-9 and
placebo groups, respectively, and at 48 weeks, 65% and
70%, respectively.  

Both treatment groups were balanced with respect to
baseline characteristics (table 1). However, differences
were noted between centres. Women in Durban were on
average younger than women in Bangkok (24 vs 29 years).
Condom use with clients at baseline differed substantially,
with all women in Bangkok (n=51) reporting 100%
condom use and only 31 (17%) of 187 women in Durban
reporting that they were protected by condoms for more

than 50% of sex acts. At baseline, anal sex was reported by
76 (41%) of 187 women in Durban, 17 (8%) of 203 in
Cotonou, and fewer than 5% in Abidjan and Hat Yai.

When looking at the number of vaginal sex acts with
clients, in 19 225 (9%) of 201 585 acts in the nonoxynol-9
group, the gel was used without a condom, in 35 825
(17%) the condom was used without the gel, and in
146 536 (70%) condom and gel were both used. For the
placebo group, these numbers were 22 829 (9%), 45 826
(18%), and 186 348 (72%) of 255 003, respectively.

199 (53%) and 202 (52%) women in the nonoxynol-9
and placebo groups, respectively, reported use of the gel in
95% or more vaginal acts with clients, and 128 (34%) and
121 (31%), respectively, reported use of the gel for all
their vaginal sex acts with clients. Median gel use per
working day was 2·2 applicators (IQR 1·1–4·0) in
the nonoxynol group and 2·4 (1·0–3·9) in the placebo
group. 

104 seroconversions arose during follow-up, of which
59 were in the nonoxynol-9 group (table 2). A higher
incidence of HIV-1 in the nonoxynol-9 group than in the
placebo group was noted in three of the four centres in the
phase 3 study. In only one centre (Abidjan) was the
reported HIV-1 incidence lower in the nonoxynol-9 group
than in the placebo group (treatment by centre
interaction, p=0·003). In one centre (Cotonou) the
incidence of HIV-1 infection in the nonoxynol-9 group
was higher than in the placebo group in the first year of
follow-up but was lower than placebo in the second year.
The non-proportionality of risks was significant in this
centre (p=0·04), but was not seen in other centres nor in
the study overall. 

Overall incidence of gonococcal infection was almost a
quarter higher in the nonoxynol-9 than in the placebo
group (table 3), and overall incidence of chlamydial
infection was slightly increased in the nonoxynol-9 group
(p=0·37). 

We assessed whether condom use and anal sex
confounded our results. In Durban, 140 (75%)
participants reported unprotected anal sex during follow-
up, with 5060 (33%) of 15 255 anal acts in the
nonoxynol-9 group and 3383 (19%) of 18 054 in the
placebo group not protected by condoms. However, these
findings did not seem to confound our results. Hazard
ratio was 1·7 (95% CI 1·0–3·1) and 1·3 (0·8–2·3) in the
groups with and without unprotected anal sex, respectively
(p=0·42 for comparison of the two hazard ratios). For
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Nonoxynol-9 Placebo Hazard ratio p

n Woman-years Number of HIV-1 incidence per n Woman- Number of HIV-1 incidence per (95% CI)

seroconversions 100 woman-years years seroconversions 100 woman-years 

Centre
Abidjan 78 67·9 0 0 84 67·3 5 7·4 0 (0·0–0·8)* 0·03
Bangkok 26 5·8 0 0 25 5·3 0 0 NA ··
Cotonou 100 107·2 12 11·2 103 121·1 10 8·3 1·4 (0·6–3·1) 0·39
Durban 94 162·1 42 25·9 93 182·3 30 16·5 1·6 (1·0–2·5) 0·06
Hat Yai phase 2 22 6·8 0 0 25 9·0 0 0 NA ··
Hat Yai phase 3 56 52·7 5 9·5 59 50·0 0 0 ∞ (1·2–∞)* 0·03

All centres 376 402·5 59 14·7 389 435·0 45 10·3 1·5 (1·0–2·2)† 0·047

NA=not available· *Exact 95% CI. †Adjusted for centre.

Table 2: HIV-1 incidence per treatment group per centre, and overall

N gonorrhoeae C trachomatis

n Woman- Number Incidence per Hazard ratio p n Woman- Number Incidence per Hazard ratio p
years of events 100 woman-years (95% CI)* years of events 100 woman-years (95% CI)*

Nonoxynol-9 356 263·2 106 40·3 1·2 (0·9–1·6) 0·19 353 280·9 72 25·6 1·2 (0·8–1·6) 0·37
Placebo 366 290·9 97 33·3 – – 371 329·6 73 22·1 – –

*Adjusted for centre.

Table 3: Incidence of sexually transmitted infections (time to first event)



most vaginal sex acts, women reported condom use—
ranging from 204 695 (74%) of 278 227 reported acts in
Durban to 8580 (99%) of 8636 in Bangkok. Hazard ratio
was 1·6 (0·5–5·7) for women who reported no
unprotected vaginal sex, 1·3 (0·6–2·6) for women who
reported a mean of 0·5 or fewer unprotected vaginal acts
per working day, and 1·5 (0·9–2·5) for women who
reported a mean of more than 0·5 acts (p=0·95 for
comparison of the three hazard ratios). Our categories for
unprotected vaginal sex were based on approximate
tertiles.

Overall incidence of lesions, combining those with or
without epithelial breach, did not differ significantly
between the two treatment groups, 34·3% versus 29·4% in
the nonoxynol-9 and placebo groups, respectively (relative
risk 1·2; 95% CI 0·9–1·5; p=0·80). 

To test our hypothesis of dose-dependent toxic effects
of nonoxynol-9, we divided the mean gel use per working
day into three categories based on tertiles. We assessed
HIV-1 incidence per treatment group and per category of
gel use. HIV-1 incidence increased most rapidly with
increasing gel use in the nonoxynol-9 versus the placebo
group (table 4). In the nonoxynol-9 group, HIV-1
incidence rose from 8·8 per 100 woman-years in women
reporting mean use of 3·5 or fewer applicators per day to
30·6 in women reporting a higher mean daily use (hazard
ratio 3·5; 95% CI 2·1–5·8, p<0·0001). In the placebo
group, HIV-1 incidence in those categories was 8·1 and
14·5 per 100 woman-years, respectively (1·8; 1·0–3·3;
p=0·05). The p value for the interaction between gel use
and HIV-1 incidence was 0·50 (adjusted for centre, anal
sex, and condom use).

We divided lesions into those with or without an
epithelial breach and assessed whether incidence of lesions
with a breach also increased with increasing gel use. We
noted the same effect as above—ie, incidence of lesions
rose with increasing gel use (table 5). The increase in
incidence of lesions was seen in both groups, but it
happened most rapidly in the nonoxynol-9 group. The
p value for the interaction between gel use and lesions with
breach was 0·11 (adjusted for centre, anal sex, and
condom use).

Hazard ratio of HIV-1 infection in women who had at
least one episode of a lesion with an epithelial breach
(irrespective of treatment group) was twice that in those
who never had such a lesion (2·2; 1·4–3·5, p=0·0003).
Lesions without an epithelial disruption did not increase a
woman’s risk of HIV-1 infection (0·7; 0·4–1·4, p=0·34).

Discussion
Our results show that nonoxynol-9 increased risk of
HIV-1 infection compared with placebo. Risk was
especially high in women who used the study drug gel
more than 3·5 times per day and who also had a high
incidence of lesions with epithelial disruption. This
finding suggests that nonoxynol-9 has an adverse effect
on vaginal integrity when used frequently, thus
increasing women’s susceptibility to HIV-1 infection. 
At low frequency use, nonoxynol-9 had no effect, 
either positive or negative, on HIV-1 infection. This
conclusion did not change after adjustment for sexual
behaviour (frequency of vaginal sex not protected by
condoms or unprotected anal sex). 

Midway through our trial, the results of a randomised
controlled trial with a nonoxynol-9 vaginal film became
available, showing no effect on prevention of HIV-1 (rate
ratio 1·0; 95% CI 0·7–1·5).16 This study was done in
female sex workers who were asked to insert the film
before every vaginal sexual act. An expert committee
advised continuation of our trial since the gel we used 
is easier to apply and covers vaginal walls as well as 
the cervix. Furthermore, nonoxynol-9 in the gel is
immediately available whereas the film must first dissolve,
which could take too long in a sex-worker population.
Moreover, the higher nonoxynol-9 dose in the film 
(72 mg) could have caused more lesions, possibly
enhancing risk of HIV-1 infection. 

An increasing frequency of lesions with an escalating
dose of nonoxynol-9 accords with results of the study by
Roddy and colleagues.13 We did not note a toxic effect of
nonoxynol-9 in the safety studies we did before phase 3,14,15

probably because phase 2 studies are short in duration, and
are underpowered to see the size of an effect that is noted in
a phase 3 trial. Increasing frequency of lesions in the
placebo group can be expected. Women who frequently use
gels are highly sexually active and thus will have more
lesions than women with low sexual activity.  

The noted effect of nonoxynol-9 was consistent in
three of the four phase 3 centres. The drug seemed 
to have a significant protective effect against HIV-1
infection in only one centre (Abidjan). The significant
treatment by centre interaction is mainly attributable to
extremes in centre-specific hazard ratios in Abidjan and
Hat Yai, both with small numbers of events (five in total
in each centre). We expected differences in treatment
effect between centres, in view of the differences in study
populations, condom use, and sexual behaviour. We
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Nonoxynol-9 Placebo Hazard ratio p

Woman- Number of HIV-1 incidence per Woman- Number of HIV-1 incidence per 
(95% CI)*

years seroconversions 100 woman-years years seroconversions 100 woman-years 

Gel use†
Low (<1·5) 119·2 13 10·9 127·3 13 10·2 1·1 (0·54–2·4) 0·87
Medium (1·5–3·5) 174·5 13 7·4 169·1 11 6·5 1·3 (0·6–2·9) 0·56
High (>3·5) 107·8 33 30·6 137·5 20 14·5 1·8 (1·0–3·2) 0·03

*Adjusted for centre, anal sex, and condom use· †Reported mean applicator use per working day.

Table 4: HIV-1 incidence per treatment group and frequency of gel use 

Nonoxynol-9 Placebo Hazard ratio p

Woman- Number of HIV-1 incidence per Woman- Number of HIV-1 incidence per 
(95% CI)*

years seroconversions 100 woman-years years seroconversions 100 woman-years 

Gel use†
Low (<1·5) 117·4 8 6·8 119·4 11 9·2 0·9 (0·4–2·3) 0·85
Medium (1·5–3·5) 158·4 12 7·6 150·5 16 10·6 0·6 (0·3–1·2) 0·14
High (>3·5) 87·4 28 32·0 123·8 22 17·8 1·6 (0·9–2·8) 0·14

*Adjusted for centre, anal sex, and condom use. †Reported mean applicator use per working day.

Table 5: Incidence of lesions with an epithelial breach per treatment group and frequency of gel use



could find no explanation for the apparent protective
effect of nonoxynol-9 in Abidjan, and judged it to be the
result of random variation. The placebo we used in our
study—Replens—could have had a protective effect against
HIV-1, however our study was not designed to estimate the
effectiveness of this placebo on HIV-1 risk. 

We chose an open cohort design with continuous
enrolment because of the high mobility of the study
population, and this design allowed long-term follow-up of
some women, kept the decrease of HIV-1 incidence with
time to a minimum (a characteristic of a closed cohort
design), and yielded a feasible sample size.

Some factors in study design could affect validity of
results. The retention rate in the study was 68% after 
48 weeks. Our trial was designed with the assumption of
an annual retention rate of 60%. Apart from Durban,
female sex workers are very mobile, and in west Africa
they frequently travel between countries. In Cotonou for
example, 80% of sex workers were foreign. We recorded
that most participants who did not return for follow-up
had moved either to another city or to another country.
Furthermore, the adverse effect of nonoxynol-9 was seen
in Durban (hazard ratio 1·6; 1·0–2·5), which was the
largest centre in the study that had a retention rate of
almost 90% after 48 weeks. Since HIV-1 infection is
usually a silent endpoint and there is little morbidity at the
time of seroconversion, we do not think that women lost
to follow-up were more likely to be infected than those
retained. However, since the rate of loss to follow-up was
slightly higher in the nonoxynol-9 than the placebo group,
if loss was associated with incident HIV-1 infection, the
adverse effect of the study product would have been
underestimated. 

Some baseline differences between women who were lost
to follow-up and women who stayed in the trial were
recorded. Women who stayed in the trial were older,
less educated, and had longer average duration of sex work
at enrolment than were those who were lost to follow-up.

Although risk of HIV-1 infection in users of 
nonoxynol-9 was higher than in users of placebo,
participants benefited from intensive safer-sex counselling
and condom promotion activities. Although we do not have
comparable data on HIV-1 incidence in women not
included in the trial, data from Hlabissa (South Africa) on
women attending antenatal clinics in 1998 (not female sex
workers) showed HIV-1 incidence of 15 per 100 woman-
years.17 In Abidjan, HIV-1 incidence was 16·5 per 100
woman-years in female sex workers who did not have any
intervention, and 6·5 per 100 woman-years in those who
were diagnosed with and treated for a sexually transmitted
infection,18 compared with 3·7 per 100 woman-years in this
centre in our study. Although direct comparisons are
difficult, these data suggest that trial procedures helped to
reduce risk of HIV-1 infection in study volunteers. 

The absence of any effect of nonoxynol-9 gel on
N gonorrhoeae and C trachomatis infections accords with
results of two other randomised controlled trials of
nonoxynol-9 of these gels.16,19

Since data on sexual behaviour are observational, 
results of exploratory analyses have to be interpreted with
some caution. 

One concern about our study remains the validity of self-
reported sexual behaviour data obtained by interview and
diary cards. These limitations affect both study groups
equally. The overall result based on the intent-to-treat
analysis is independent of these data and shows the adverse
effect of nonoxynol-9. Analyses of HIV-1 incidence rates on
the basis of self-reported patterns of anal sex and frequency
of condom use gave biologically plausible results.  

In one centre (Cotonou) we noted that a batch of study
gels became liquid during a period of the study (March 1,
1999, to July 15, 1999), and a new batch of gels was thus
supplied. This drawback did not recur, nor was it seen in
other centres. Analysis excluding the data from Cotonou
during this period did not affect our conclusions. After
breaking of the randomisation code, we noted that the
nonoxynol-9 gels had become liquid, but the reasons
remain unclear.

We did not give antiretroviral treatment to participants
in our study. When we implemented the trial, this
treatment was not available in the countries participating
in this study. During the trial, the Trial Management
Committee decided not to provide antiretrovirals because
this could be a coercive factor on study participation,
since treatment was not widely available in those
countries.

In conclusion, nonoxynol-9 no longer has a part to play
in HIV-1-prevention. Our data show that low frequency
use of nonoxynol-9 causes neither harm nor benefit; but
that frequent use increases a woman’s risk of HIV-1
infection by causing lesions. 

Although efforts to promote condoms should be
increased, research on additional HIV-1-prevention
methods, such as other female-controlled methods,
microbicides, and vaccines, should be reinforced. 

Contributors
L Van Damme was the overall study coordinator and was involved in
protocol design, data management and interpretation, and in writing and
editing the report. G Ramjee, V Chandeying, H Rees, P Sirivongrangson, 
L Mukenge-Tshibaka, S Abdool Karim, and M Alary were involved in
protocol design, data collection, and revision of the report. M Alary was
also involved in data analysis and interpretation. B Vuylsteke, 
V Ettiègne-Traoré, and C Uaheowitchai were involved in data collection
and revision of the report. J Perriëns contributed to protocol design and
report revision. M Laga was involved in protocol design, data
interpretation, and revision of the report. B Mâsse was the study
statistician.

The COL-1492 study group
Institute of Tropical Medicine, Antwerp, Belgium (Eddy Van Dyck,
Said Abdellati); Medical Research Council, Durban, South Africa
(David Ngotho, Neetha Morar, W Sturm); Projet SIDA 2, Cotonou, 
Benin (Nassirou Geraldo, Olga Jimaja, Odette Azonnadou, 
Margaret Kpikiptse, Esther Mark, Jeannette Tchibozo); Programme
Nationale de la Lutte Contre le SIDA et les MST, Benin (Severin
Anagonou, Edgard Lafia); Projet RETRO-CI, Abidjan, Côte d’Ivoire 
(Peter Ghys, Mamadou Diallo, Camille Anoma, Chantal Maurice, 
Andre Tehe, Dramane Soroh, Ben Monga, Odette Tossou); Faculty of
Medicine, Prince of Songkla University, Hat Yai, Thailand
(Jintana Pradutkanchana, Sukone Pradutkanchana,
Marisa Kemapunmanus, Paiwon Khuntigij, Yaowalak Pongpitak,
Sumalee Kondo, Warapon Boonya, Patjanat Jornkrajag,
Chutima Tantapiwant, Janchay Jaroensuk, Vipavadee Boonrit); and 
Groupe de Recherche en Epidémiologie, Université Laval, Québec,
Canada (Lucie Ross, Claudia Coté, Caroline Pelletier,
Marie-Claude Lambert, Lissa Cormier, Eric Demers, Richard Bois,
Myrto Mondor, Céline Valin).

Conflict of interest statement
None declared.

Acknowledgments
We thank all study participants; all the staff who worked on this trial and
the study monitors; Tim Farley (Special Programme of Research and
Development and Research Training in Human Reproduction, WHO)
and Prof Els Goetghebeur (Department of Applied Mathematics and
Computer Science, University of Ghent) for their support in analysis and
interpretation of data and in writing the report.

This study was sponsored by UNAIDS and Columbia Laboratories,
Paris, France. 

References
1 Benes S, McCormack WM. Inhibition of growth of Chlamydia

trachomatis by nonoxynol-9 in vitro. Antimicrob Agents Chemother 1985;
27: 724–26.

ARTICLES

976 THE LANCET • Vol 360 • September 28, 2002 • www.thelancet.com



2 Bourinbaiar AS, Fruhstorfer EC. The efficacy of nonoxynol-9 from an
in vitro point of view. AIDS 1996; 10: 558.

3 Hicks DR, Martin LS, Getchell JP, et al. Inactivation of HTLV-
III/LAV-infected cultures of normal human lymphocytes by
nonoxynol-9 in vitro. Lancet 1985; 2: 1422–23.

4 Polsky B, Baron PA, Gold JWM, Smith JL, Jensen, RH, Armstrong D.
In-vitro inactivation of HIV-1 by contraceptive sponge containing
nonoxynol-9. Lancet 1988; 1: 1456.

5 Kelly JP, Reynolds RB, Stagno S, Louv WC, Alexander WJ. In vitro
activity of the spermicide nonoxynol-9 against Chlamydia trachomatis.
Antimicrob Agents Chemother 1985; 27: 760–62.

6 Miller CJ, Alexander NJ, Gettie A, Hendrickx AG, Marx PA. The
effect of contraceptives containing nonoxynol-9 on the genital
transmission of simian immunodeficiency virus in rhesus macaques.
Fertil Steril 1992; 57: 1126–28.

7 Louv WC, Austin H, Alexander WJ, Stagno S, Cheeks J. A clinical
trial of nonoxynol-9 for preventing gonococcal and chlamydial
infections. J Infect Dis 1988; 158: 518–23.

8 Niruthisard S, Roddy RE, Chutivongse S. Use of nonoxynol-9 and
reduction in rate of gonococcal and chlamydial cervical infections.
Lancet 1992; 339: 1371–75.

9 Roddy RE, Schulz KF, Cates W Jr. Microbicides, meta-analysis, and
the N-9 question: where’s the research? Sex Transm Dis 1998; 25:
151–53.

10 Rosenberg MJ, Rojanapithayakorn W, Feldblum PJ, Higgins JE. Effect
of the contraceptive sponge on chlamydial infection, gonorrhea and
candidiasis. JAMA 1997; 257: 2308–12.

11 Zekeng L, Feldblum PJ, Oliver RM, Kaptue L. Barrier contraceptive
use and HIV infection among high-risk women in Cameroon. AIDS
1993; 7: 725–31.

12 Kreiss J, Ngugi E, Holmes KK, et al. Efficacy of nonoxynol-9
contraceptive sponge use in preventing heterosexual acquisition of
HIV in Nairobi prostitutes. JAMA 1992; 268: 477–82.

13 Roddy RE, Cordero M, Cordero C, Fortney JA. A dosing study of
nonoxynol-9 and genital irritation. Int J STD AIDS 1993; 4: 165–70.

14 Van Damme L, Niruthisard S, Atisook R, et al. Safety evaluation of
nonoxynol-9 gel in women at low risk of HIV infection. AIDS 1998;
12: 433–37.

15 Van Damme L, Chandeying V, Ramjee G, et al. Safety of multiple
daily applications of COL-1492, a nonoxynol-9 vaginal gel, among
female sex workers. AIDS 2000; 14: 85–88.

16 Roddy RE, Zekeng L, Ryan KA, Tamoufé U, Weir SS, Wong EL.
A controlled trial of nonoxynol-9 film to reduce male-to-female
transmission of sexually transmitted diseases. N Engl J Med 1998; 339:
504–10.

17 Williams B, Gouws E, Wilkinson D, Karim SA. Estimating HIV
incidence rates from age prevalence data in epidemic situations. 
Stat Med 2001; 20: 2003–16.

18 Ghys PD, Diallo MO, Ettiègne-Traoré V, et al. Effect of interventions
to control sexually transmitted disease on the incidence of HIV
infection in female sex workers. AIDS 2001; 15: 1421–31.

19 Roddy RE, Zekeng L, Tyan KA, Tamoufé U, Tweedy KG. Effect of
nonoxynol-9 gel on urogenital gonorrhoea and chlamydial infection.
JAMA 2002; 287: 1117–22. 

ARTICLES

THE LANCET • Vol 360 • September 28, 2002 • www.thelancet.com 977

ybaeten

ybaeten


ybaeten

ybaeten



140



For personal use. Only reproduce with permission from The Lancet Publishing Group.

1892 THE LANCET • Vol 360 • December 7, 2002 • www.thelancet.com

CORRESPONDENCE

management role, as well as for
monitoring equalities best assessed at a
regional level—eg, revascularisation
rates. 

Research support is also required 
to address areas such as socio-
demographic differences in patients’
treatment preferences and their
involvement in treatment decisions, as
well as whether inequalities in use can
be explained by differences in clinical
judgment which could be subject to
bias. 

To expect the NHS alone to 
reduce health inequalities is unhelpful,
but not to expect the NHS to make 
a meaningful contribution to the
problem by tackling health-care
inequalities is negligent. With cash
being injected into the NHS, and 
with the establishment of national
standards, now is an opportunity 
to turn honourable intentions into
essential policy.
*Rosalind Raine, Ian Basnett
*London School of Hygiene and Tropical
Medicine, London WC1E 7HT, UK; and Camden
Primary Care Trust, London.
(e-mail: Rosalind.Raine@lshtm.ac.uk)
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A, Wynn A. Sex inequalities in ischaemic
heart disease in general practice: cross
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The Guardian June 24, 2002.

William Harvey trophy

Sir—Your News item on the second
running of the William Harvey trophy
for the world’s cardiologists (Aug 10, 
p 468)1 hinted at an error more patent
than any ductus arteriosus. You
referred to the “preference expressed by
the British/Irish players to compete by
themselves without the Continental
Europeans” and the fact that the
European team logo therefore “shows
the western coast of Europe without any
island (sic) to the left”.

It is very true that there is a great 
deal of collegiality between clinical
practitioners in Britain (England,
Scotland, and Wales) and those in
Ireland (north and south of the border).
Irish psychiatrists ally themselves with
the Royal College of Psychiatrists in
London, and there exists an Irish
faculty of the UK Royal College of
General Practitioners despite the
establishment of an Irish College.
Collective awareness of a shared
profession has resulted in links both
across the border, between Northern
Ireland and the Republic, and across
the Irish Sea, which separates the Irish
from their British neighbours.

Notwithstanding all this medical and
golfing camaraderie, Britain and Ireland
doggedly remain separate islands, and
their joint and several absence should
surely have been noted by your
correspondent with a reference to the
islands off the western coast of Europe.
Simon Mills
27 John Dillon Street, Christchurch, Dublin 8,
Republic of Ireland
(e-mail: drsimonmills@hotmail.com)

1 Schwartz PJ. Continental Europe triumph in
golf competition. Lancet 2002; 360: 468.

DEPARTMENT OF ERROR
Effectiveness of COL-1492, a nonoxynol-9 vaginal
gel, on HIV-1 transmission in female sex workers:
a randomised controlled trial—In this Article by
Lut Van Damme and colleagues (Sept 28,
p 971), the second sentence in the Findings
section of the Summary should have read
“HIV-1 frequency in nonoxynol-9 users was 59
(16%) of 376 compared with 45 (12%) of 389 in
placebo users (402·5 vs 435·0 woman-years;
hazard ratio adjusted for centre 1·5; 95% CI
1·0–2·2; p=0·047)”. In table 5 (p 975), the
second column under both Nonoxynol-9 and
Placebo should have read “Number of lesions”
and the third column for both groups should
have read “Incidence of lesions per 100 woman-
years”.

Association of IL12B promoter polymorphism with
severity of atopic and non-atopic asthma in
children—In this Mechanisms of disease article by
G Morahan and colleagues (Aug 10, p 455), the
second primer in the first paragraph of the proto-
col section of the methods on page 456 should be
“5�TAATGTGGTCATTGGCAGGT3�”.

sunshine (daylight hours) in 1999 for
all 47 prefectures (Rika-nenpyo CD-
ROM 2002 version). Since economic
factors are also associated with suicide
rate in Japan,3 yearly mean individual
income and yearly unemployment
rates of each prefecture in 1999 were
included in the analysis (Nihon-
kokusei-zue 2002 version). 

Pearson’s correlation was used to
calculate correlations of suicide rate
with latitude, longitude, yearly mean
temperature, yearly total sunshine,
yearly mean individual income, and
yearly unemployment rate in the 47
prefectures. There was a significant
correlation for yearly total sunshine
(p=0·003), yearly mean temperature
(p=0·007), latitude (p=0·012), and
yearly mean individual income
(p=0·045), but not with the other
variables. We used multiple regression
analysis to assess these four variables
as independent variables with suicide
rate as the dependent variable. Yearly
total sunshine was the only individual
variable to predict significant variance
in suicide rate (p=0.029).

Although epidemiological data
cannot always be extrapolated to
individuals, our findings indicate a
possible link between suicide rate and
yearly total sunshine, with an
increased risk in places with fewer
daylight hours. These findings also
suggest that light therapy may help to
reduce the risk of suicide, especially in
northern latitudes. Since the effect of
light therapy in people with seasonal
depression and suicidal ideation is
unclear,4,5 further studies are needed
to investigate whether light therapy
can be effective for prevention of
suicide. 
*Takeshi Terao, Shuji Soeda,
Reiji Yoshimura, Jun Nakamura,
Noboru Iwata
*Department of Psychiatry, University of
Occupational and Environmental Health
School of Medicine, Kitakyushu 807–8555,
Japan; and Division of Health Science,
University of East Asia, Shimonoseki, Japan 
(e-mail: t-terao@med.uoeh-u.ac.jp)
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Effect of latitude on
suicide rates in Japan

Sir—Ronald Maris (July 27, p 319)1

provides a comprehensive review of
suicide research. We wish to add to
the risk and protective factors he
reports. We postulated that suicide
rates may be affected by latitude,
since there is a northern pre-
dominance in the prevalence of
seasonal affective disorders in Japan.2

Japan has a wide range of latitude and
also has one of the highest rates of
suicide in the world.

We examined government statistics
on suicide in Japan for 1999, which
detailed suicide rate for each of the 47
prefectures in Japan (Journal of Health
and Welfare Statistics, 2001 version).
The overall yearly suicide rate in
Japan was 25 per 100 000 population
in 1999. We analysed variables
associated with latitude effect, yearly
mean temperature, and yearly total
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Ethical and technical aspects of microbicide effectiveness trials

Van Damme L, Laga M. International Antiviral News 1999; 7: 32-33.
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L Van Damme and M Logo

acceptability.
In this ongoing study, eIigible women are randomly assigned

to the active or the placebo group. They are required to under-

take monthly visits to a medical centre, involving a gynaecolog-

ical examination. Samples are taken for the diagnosis of Candida

IIlbialns, Trichomon#S mginalis, N. go7IOrI'hoeIIe and c. tnlchollllltis,

and blood is drawn lor mv and ~ pai/idum (syp1û1is)

serology. At each visit, intensive condom counselling is carried

out and any sm found is treated. To begin with, the gel's safe-

ty, when applied multiple times a dar by wamen who orten use

intravaginal products, was monitored by rolposcopy. No differ-

ences between the active and placebo study groups were found

(Van Damme L, O\andeying V, Ramjee G, Rees VH, Sirivoogr8nP)I\ P,

Laga M .. Perrins J. Safety of multiple daiIy applications of 001.-1492, a

JIIXIOXYnoi-9 vaginal gel, among femaJe ~ workers. 12th Worl4 AIDS

Omfrtma, Geneva, Switzerland. fune 1~, abstract 33145J. As a conse-

quence, rolposcopy was discontinued in the autumn of 1997.

The main problems encolmtered in such an undertaking cm

be divided into two major group5; technica1 and ethical

Technica) problems indude the standardjzation of aD proce-

dures; the laboratory tests, the gynaecological examination, sm

sampling and the interview.

Standardization is essential to obtain romparabie data from

aD the different sites. It is of ten difficult for the staff to keep to

these standardized guidelines when they have followed a local

routine lor many years, and are still following this routine lor

non-study participants. In Thailand, lor example, a loop is used

lor N. gonorrhOelle sample collection, whereas the study protocol

requires the use of a swab. In each centre the same laboratory

test is used and the staff are fully trained. For exampJe, enzyme

immunoassay (ErA) is used to detect C. tr4chomatis infections.

The quality of tests carried out in the field is often poor and so

training at the start and thn:iughout the study is essential.

Problems maf arise for different reasons; quality of the N. gon-

orrhoeae culture media, electricity cuts (often occurring in Benin),

absence of control samples and inadequate measurement of the

temperature for EIA tesb. The numbering of samples was stan-

dardized to aDow easy tracing at the centrallaboratory.

Ethical ronsiderations include safe-sex rounselling, infonned

consent, mv treatment and enrolment of mv-negative women

only. At the present time the only effective mv prevention

method is the male condom. According to international guide-

1ines on good clinica1 practice, study participants should receive

the best standard of care and benefit Erom study participation

should be mt.ximized lInd harm minimized [13]. Thus, at every

visit each participant is rounselled on rondom use for each sex-

The onJy proven efficacious human immunodeficiency virus

(HIV) prevention method today is consistent male rondom use.

However, femaie sex workers often cannot negotiate rondom
use for a number of reasons, for example, fear of physical vio-

lence and their economic situation. Therefore, for several years
now, resean:h and development into HIV prevention methods

that can be controlled by women has been a large focus area for

research [1-4].
FemaIe-controlled methods can be divided into two major

groups; mechanical and chemical barriers. The former include

the fema1e rondom, cervical cap and diaphragm. The latter are

also referred to as 'topical microbicides' , enlarging their scope

from vaginal to rectal use. The researcl\ into microbicides has

focused on existing productS, btown for years as spermicides,
and on the development of new rompounds. The latter are

mostlya ronsequence of researcl\ into HIV therapy, and there-

fore are more HIV~ Existing active products include

nonoxynol-9 (N-9) (Figure 1), octoxynol-9, menfegol and ben-

zalkonium chloride. These have been on the market for many

years as spermicides and show anti-HIV activity În vitro [5].
Only N-9 has been tested in effectiveness trials. So far, the În

viro data for N-9 have been inconclusive. lWo observational

studies showed a protective effect [6 .7] and one randomized

rontrolled trial showed a negative impact [8]. In this study the

HIV incidence was higher among female sex workers using N-

9 than among placebo users. However, this trial has been criti-

cized because of methodological issues [9,10]. A recently pub-

lished randornjzed controlled trial of a vaginal rontraceptive

film containing 70 mg N-9 showed that while the use of the

product was safe, there was no added effect on HIV, Chlamydia
trachomatîs or NeîsseriA gonoTrhl>ttIe; above and beyond condom

use and sexually transmitted disease (STD) treabnent [11].

A triple-blinded, randomized, placebo-controlled effective-

ness trial with a 52.5 mg N-~taining gel, COL-1492, is cur-
rently ongoing among HlV-negative femaIe sex workers in

DUIban, South-Africa; HatYai,Thailand; Cotonou, Benin; and

Abidjan, Ivory Coasl The product was fust tested for safety
among women with low risk of HlV infection [12]. The trial is

being coordinated by the Institute of Tropical Mediane

(Antwerp, Belgium). The mam study sponsor is UNAIDS

(Geneva, Switzerland).
The study population was chosen because of the high HIV

incidence, ranging from 3 per 100 person-years in Hat Yai to 15

per 100 in Durban. The mam outcome of the study is the HIV

incldence. Secondary outcomes are the inddence of c. frQ-

chomatîs and N. gono~, genitallesions and the product's

C InIenlOtiond ~ PIWSI , 999
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treatment issue were held during a Trial Management

Committee Meeting. Highly acûve antiretroviral therapy

(HAART) is available in some pham\ades in aU the countries

where the trial is perfonned. However HAART is certainly not

standard care in those countries. Therefore HAART is not given

to study partidpants. This is to avoid a situation where the trial

population has better care than the non-partidpating popula-
tion. This would mean a coerdon to partidpate in the trial,

whidt is ethicaUy unacceptable.
In spite of the difficulties, enthusiasm has not decreased. The

study maf give an answer to a long standing question on N-9

and HIV prevention: harmful, benefidal or neutral? However,

no matter what the result. research on other products that maf

have an effect on HIV and other STDs hasto continue because

the wider the range of available prevention methods, a greater

number of HIV infections maf be prevented.

References

ua! act. As a consequence the HIV inddence among study par-

tidpants, active and placebo group alike, will deaease, which

has a direct impact on sample size. Before the study, the HIV

incidence in CotIXtou and Dwban was estîmated to be around

or above 10 per 100 person-years. For sample size calculations

an incidence of 5 per 100 person-years was used, resu1ting in a

sample size of 2SOO person-years. Another impact on the HIV

incidence romes Erom the treabnent of any STDs d\at occur

because STD treabnent maf decrease the HIV incidence in a

population [14.].
h\formed oonsent is a major challenge. The study population

consists of female sex workers who often have little or no formal

education. Making them understand what placebo, randomiza-

tion and double blind means, is not an easy task. Concise infor-

mation is given at screening and women who are eligible receive

detailed explanations before enrolment. Questions are asked to

assess the woman's undeIStanding. However, it is unrealistic to

think tOOt one session, even of 1 or 2 h, is sufficient. At eam visit,

more questions are asked and more explanations given. To

improve women's understanding, group sessions, face-to-face

discussions and the involvement of peers are used. One a1so has

to deal with the belief tOOt 'what your doctor gives rou, is good

lor rou'. The idea tOOt a medical dOCtor does not know what he

is giving rou (p~ or active gel) and tOOt he does not know

whether the product is effective or not, is difficult to grasp.

Moreover, since most women suffer Erom fewer STDs once they
are enrolled because of the increased condom use and the

monthly gynaecok>gical examination with sm treatment if

required, the link to 'this product is good' is easily made.

The primary endpoint of the trial is HIV infection. The HIV

prevalence among most of the study populations (Cotonou.
Abidjan and Dwban) is 50% or above. Enrolling all women

would mean tOOt half of the participants could not contribute to

the main endpoint. Given the rost of effectiveness trials, the
sponsor cannot do anything else but dedde to allow the enrol-

ment of HIV-negative women onIy. Positive women are given

psychological support and referred to any available clinic

and/or counselling service. Numerous exdusion reasons are
explained to them so tOOt if they do not want to, they do not

have to disd~ their HIV status. No treabnent is given, either
to them or to HIV seroconverteIS in the trial The latter maf con-

tinue their partidpation. Al1 centres are encouraged to perform

other studies among the HIV-positive women. This is being

done in Abidjan and in Durban. In-depth discussions on the
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Challenges in the conduct of vaginal microbicide
effectiveness trials in the developing world

Gita Ramjee, Neetha S. Morar, Michel Alarya,

Leonard Mukenge-Tshibakaa, Bea Vuylstekeb, Virginie EttieÁgne-

TraoreÂb, Verapol Chandeyingc, Salim Abdool Karim and Lut Van

Dammed on behalf of the COL 1492 study group�

Conducting a phase III trial of a vaginal microbicide in a developing country poses
several important and complex ethical challenges. As part of a process to bridge the
gap between ethical theory and practice, we share our experiences in performing a
phase III trial of Col 1492 (Advantage S) among female sex workers at four sites world-
wide; Durban, Abidjan, Cotonou and Hat Yai. The ethical challenges included: (i)
dif®culties in obtaining informed consent. Participants were unable to grasp the
concepts of a clinical trial for several weeks to months. In Cotonou, 30% of the
women did not know the gel was tested for HIV prevention. Only 25% understood
what a placebo was. In Durban, 70% of the women did not fully understand the study
after 3 months; (ii) in sustaining the use of known HIV prevention strategies.
Participants at the Durban site had dif®culty in sustaining condom use due to ®nancial
and client preferences. Sex without condoms was worth more ($20) than sex with
condoms ($10); (iii) in maintaining the con®dentiality of the subject's HIV status.
Novel approaches such as role plays and emphasis on other exclusion criteria were
needed to maintain the con®dentiality of women not included in the trial due to their
HIV status; (iv) in providing care and support to the subjects who became infected
with HIV during the trial. Women could only be offered routine sexually transmitted
disease treatment and counselling. Anti-retrovirals were not offered. The successes
and failures of the solutions attempted are described. & 2000 Lippincott Williams & Wilkins
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Keywords: Africa, clinical trials, ethics, female sex workers, HIV prevention
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Introduction

A number of potential microbicides have reached the
stage of human clinical trials to assess their tolerance,
preliminary safety and acceptance (phase I), expanded
safety, acceptability and preliminary effectiveness (pha-
se II) and effectiveness (phase III). Whereas phase I
trials are usually conducted in the country where the
microbicide was developed (i.e. industrialized coun-
tries), ef®ciency considerations dictate that some pha-

se II and all phase III trials be conducted among
women in the developing world, where the incidence
rates of HIV and other sexually transmitted diseases
(STDs) are higher.

The United Nations Joint programme on AIDS spon-
sored a multicentre trial of a vaginal microbicide
COL 1492 (Advantage S; Columbia Laboratories, Paris,
France) in the prevention of male to female transmis-
sion of HIV and other STDs in female sex workers.
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The study was conducted at four sites worldwide:
Durban (South Africa), Cotonou (Benin), Hat Yai
(Thailand) and Abidjan (CoÃte d'Ivoire).

In Durban, the women were recruited from truck stops
along the main trucking route between the port city of
Durban and the commercial capital Johannesburg.
They were recruited using participatory methods, by
using one sex worker at each truck stop as a commu-
nity liaison person. Details of the recruitment proce-
dure are described elsewhere [1]. Most women were
Zulu speaking and were migrants from rural areas in
the province of Kwazulu-Natal. They travelled every
month to Durban (300 Km) for their clinic visit. A
total of 198 women were enrolled in the study.

In contrast, women in Cotonou were recruited from a
clinic dedicated to female sex workers at a primary
health care centre in the heart of the city. Most sex
workers at this site were foreigners, mainly from
Nigeria, Ghana and Togo. Only 15% were Beninese.
A total of 235 women were recruited in the study.

In Thailand, Thai sex workers were recruited from a
STD clinic located in the city of Songkla, in the south
of Thailand. The clients were ®shermen and blue collar
workers. The women often worked in brothels, bars
and restaurants. A total of 194 women participated in
the study.

Women in Abidjan were recruited from a con®dential
clinic for female sex workers and their partners, which
has offered diagnosis and treatment for STDs since
1992. Women were contacted by peer health educators
and through group health education sessions. The
majority of the women were Nigerians. A total of 129
women were recruited into the study.

This article discusses some of the practical dif®culties
we have encountered in implementing a phase III
protocol in developing countries, with special reference
to informed consent, condom promotion and care and
support for HIV-positive participants. Our aim is to
outline the strategies developed by us to overcome
some of the obstacles and ethical dilemmas faced by
many investigators, in the hope of bridging the gap
between theory and practice in vaginal microbicide
clinical trials.

Informed consent

Trial participants are required to sign an informed
consent form after receiving detailed information on
the study aims, methods, anticipated bene®ts, potential
hazards, discomfort, and the voluntary nature of parti-
cipation in the trial [2]. However, in practice, obtain-

ing truly informed consent was dif®cult to achieve.
Despite extensive counselling and explanation of the
study, some of the study subjects at all sites did not
fully understand the details of the study procedures and
the full implications of study participation when the
informed consent was initially administered.

At the Durban site, assessment of the women's know-
ledge of the study and its procedures at 3 months
revealed that up to 70% of the women did not under-
stand the study fully. While many (90%) understood
that there were two types of products, namely placebo
and experimental product, and that they had a 50%
chance of receiving either, data from the acceptability
questionnaire suggested that most (98%) did not
appreciate that the potential effect of each of the two
products against HIV and STDs might differ. The most
frequent misconception was that the gels, placebo and
experimental, protected them from STDs. For exam-
ple, when women were asked for the reason why they
liked the gel, most responded that the gel they were
allocated protected them from STDs. This belief had
further credence because women in both arms of the
study experienced fewer symptoms of STD (such as
vaginal discharge and lower abdominal pain) since their
enrolment in the trial, and this was attributed to the gel
rather than to their increased condom use or the STD
syndromic treatment they received at every study visit.
Similar experiences were reported from the other two
sites.

To overcome the literacy problems in Durban, more
Zulu-speaking staff (counsellors and translators) were
employed to provide longer, more detailed and re-
peated counselling to the subjects. The liaison persons
were trained to explain scienti®c terms such as `place-
bo', `randomization' and `double-blind' in several dif-
ferent ways. For example, we explained that if the
women had a headache they could either be rando-
mized to receive an aspirin or a vitamin tablet, which
looks similar to aspirin. The aspirin will have an effect
on the headache but the vitamin tablet will not. In
addition, we used role-plays to determine the women's
understanding of the informed consent form. The
women were asked to obtain informed consent from
the study staff. They were asked to explain the study
procedures, placebo versus active product, the purpose
of the HIV test and speculum examination etc.

A study was conducted at the Cotonou site to assess
the internalization of the contents of informed consent
and to evaluate a ®eld intervention aiming at increasing
the women's understanding of the study. Data were
collected on a subset of the cohort by ®eld workers by
means of a questionnaire and after administration of the
informed consent form. At the ®rst visit, 58.1% of the
women did not remember the name of the gel under
study; 30% of the women did not fully understand that
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the gel was being tested to prevent HIV and STD; only
25% of the women could understand what a placebo
was and 35% understood the importance of remember-
ing their study and randomization number, which
identi®ed the gel they were receiving. Forty-seven per
cent did not know why the doctor was requesting to
use the gel and a condom during sexual intercourse. Of
the women, 48.5% had completed primary level or less
(6 years or less) and low education was associated with
poor understanding. The intervention of reiterating the
informed consent procedure at each visit was effective
(although not 100%) in increasing understanding. At
the ®fth follow-up (5 months later), 82.5% of the
women were able to explain the notion of a placebo
and 85.4% knew the name of the gel.

In Thailand, it was initially believed that the informa-
tion in the informed consent form was understood.
However, testing of the women's knowledge by the
study co-ordinator revealed that women did not under-
stand many aspects of the trial. The study team set up
colourful charts with graphic presentations to explain
the trial concepts. This method proved to be successful.

In Abidjan, the informed consent procedure was con-
ducted twice at enrolment and thereafter at every visit.
Unfortunately the women's understanding of different
issues was not evaluated.

Condom promotion

The study protocol stated that the subjects should be
encouraged to use condoms during each sexual act, in
keeping with the Council for International Organiza-
tions of Medical Sciences guideline [3]. At baseline,
prior to screening for the trial, a questionnaire survey
showed that condom use at the Durban site was low;
on average about 25% of sexual acts were protected by
condoms [1]. In contrast, condom use with clients was
already high at the other centres, 70% in Cotonou,
95% in Hat Yai and 80% in Abidjan.

In order to strengthen condom use in Durban, the
subjects were asked to attend a workshop on preven-
tion methods for HIV and STD prior to trial admis-
sion. Despite these efforts, post-enrolment increases in
condom use were seldom (, 50% of sexual acts)
sustained. Although condom use increased from , 25%
to 50%, one of the major problems in sustaining this
was condom negotiation. Face-to-face interviews with
sex workers suggested that ®nancial and client prefer-
ence resulted in poor condom use. Clients perceive
condoms as barriers to sexual pleasure and therefore
pay less for vaginal or anal sex when condoms are used.
Unprotected vaginal sex commands a price of Rand
120 (US$20) whereas vaginal sex with a condom is

worth only Rand 60 (US$10). In the context of sex
work at the truck stops, our efforts to maintain
sustained high levels of condom use have had only
limited success. More effort, well beyond that available
in a trial, is needed to organize these women (who
compete with each other for clients on a daily basis) so
that they can set prices and refuse clients who will not
use condoms.

Con®dentiality of HIV test results at
baseline

Because HIV seroconversion was the study's primary
endpoint, only HIV-negative women were included in
the study. At baseline, all potential participants were
tested for HIV infection in the strictest con®dence with
pre- and post-test counselling.

In practice, it was dif®cult to maintain the con®denti-
ality of HIV results at screening in some centres. Each
site had to develop strategies to overcome this dilem-
ma.

In Durban, because the women in our cohort lived and
worked together and knew who was included in the
trial, the issue of con®dentiality posed as a major
problem. As there were several exclusion criteria in
addition to HIV positivity (e.g. wanting to become
pregnant, pregnancy, genital abnormality etc.) the
approach of saying that there were several criteria for
eligibility and that a participant had to satisfy all of
them to be included seemed best. For example, a
women could tell her peers that `her vagina was
unhealthy', `she intends to have a baby soon' etc. In
addition, role-plays were used to help HIV-positive
women to discuss their exclusion from the study. The
women were counselled individually on how to deal
with the issue of con®dentiality. This strategy appears
to have been successful as none of the women have
reported any violence or stigmatization.

In Cotonou, only women who were prepared to
receive their results were enrolled (this was not done at
the other centres). As the physician individually coun-
selled the women in Cotonou, and as the women were
from neighbouring countries, excluding HIV-positive
women from the study was not a major problem. In
addition, as in Durban, women were informed about
the other exclusion criteria used in the study and were
counselled on how to deal with the issue of con®denti-
ality.

In Thailand, the HIV prevalence was lower (11.4%).
Women who tested HIV positive often returned back
to their home town mainly to the north and north-east
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of the country thus restricting their interaction with
other participants in the trial.

In Abidjan, the decision was made to include HIV-
positive women in the study (external funding had to
be sought for this). In this way all women screened
could be enrolled if they satis®ed the other inclusion
criteria.

Care and support for HIV seroconverters

Besides the women found to be HIV-positive on pre-
enrolment screening, women who seroconverted dur-
ing the study also needed support and assistance to deal
with their HIV status and maintain their con®denti-
ality. Experiences in providing post-test counselling to
HIV-positive women on screening was totally different
to those who seroconverted during the trial.

For women who seroconverted during the trial in
Durban, the HIV results were not divulged until after
at least two consecutive visits with a positive test result.
During this time, general counselling was conducted to
determine the preparedness of a woman to accept a
HIV-positive result. This was achieved by exploring
the support networks accessible to the woman, whether
assistance was needed to disclose her status to her
partner and family members and her attitude to safe
sex. HIV status was not disclosed to women who did
not want to know, but the implications of being HIV
infected were continually emphasised.

In keeping with the protocol, women who serocon-
verted during the trial were not required to leave the
study. All HIV-positive women received the routinely
available standard of care at KwaZulu-Natal Provincial
Hospitals. This did not include antiretroviral drugs.

In Cotonou, the women were informed of their HIV
status after every HIV test. As the women were told at
the outset that their HIV status would be revealed to
them, the investigators did not experience similar
problems as in other centres. Further, the women were
offered routine STD care and counselling.

Thailand had minimal seroconversions. These women
were given conventional management such as tubercu-
losis prophylaxis and were offered a choice of a
permanent or long-term contraception (Norplant).
Antiretroviral agents were not provided. The women
left the study once they seroconverted.

In Abidjan, there were very few women who serocon-
verted. Despite intensive counselling, the women left
the study as soon as they became aware of their
infection. All HIV positive women were referred to

other organisations of HIV positive people. These
organisations could help the women to get access to
antiretroviral therapy at a reduced rate.

Discussion

Our ®ndings suggest that informed consent is not a
once-off event, but an ongoing process. It may take
several weeks or even months before the women
understand the concepts of a clinical trial. We recom-
mend that future trials have a short `run-in' period
prior to implementation of the study to allow for
dif®culties in the understanding of the trial procedures.
In this way the participants will have enough time to
think and consult their peers before they agree to
enrol in the trial. In addition, women should be asked
of their knowledge of the study, their reasons for
participation and whether their participation was vo-
luntary.

Current Good Clinical Practice [2] guidelines do not
provide such information to investigators. Our study
clearly suggests that the mechanism and guidelines of
achieving informed consent need to be extensively
revised.

Provision of routine STD care for participants re-
cruited from non-clinic facilities such as in Durban,
poses a major dilemma. Involvement of a local HIV
prevention and care organization in providing addi-
tional ongoing HIV prevention, education and coun-
selling at a hospital closer to the truck stop has not
been very successful. The women were reluctant to go
to these clinics for fear of being stigmatized. One of
the dif®culties in actively promoting condom use in a
population reluctant to use it is that the women are
likely to lie to the study members about their condom
use.

Partnerships with HIV prevention organizations need
to be fostered prior to and after the study, to avoid the
ethical dilemma faced by the investigators who may
have limited facilities for intensive counselling necessary
in high HIV prevalence areas. Further, if the partici-
pants become familiar with the representatives of
external organizations, the transition from one care-
giver to another would not be dif®cult.

Dealing with issues of con®dentiality was a learning
curve for all of us. As researchers we need to take
cognisance of the impact of HIV testing on the
individual and her community, speci®cally if we are
going to draw the population under study from the
same geographic location or community.

Disclosure of the HIV-positive result to a trial partici-
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pant takes time and can only be done if the participant
wishes to know her HIV status. Our ®ndings suggest
that it is not always possible to disclose an individual's
HIV status immediately. Many women felt that as
treatment for HIV was not affordable to them, life
would be less stressful not knowing their results. Like
informed consent, it is a process to prepare the women
to receive a positive result. As effectiveness clinical
trials are now moving away from high risk individuals
such as sex workers to women who may not have
many sexual partners, community awareness and parti-
cipation in clinical trials will be essential. Lack of
preparedness in the community being investigated may
result in tension and uncertainties for both the investi-
gators and trial participants.

Conclusion

The HIV epidemic has thrown up many new chal-
lenges in the ethical conduct of research. Cultures,
traditions, and beliefs from different countries world-
wide, have thus in a unique way been brought into an
international forum. A critical mass of scientists in the
developing countries is urgently needed to foster
partnerships in research with the developed countries at
all levels. Further, investigators from resource-poor
countries should be encouraged to become involved in
biomedical research ethical guidelines in order to close
the gap in standards between countries. Appropriate
guidelines for research in resource poor countries are
limited and need to be developed together with a
system for implementing them.

This multicentre trial has underscored the dif®culties in
standardizing non-clinical procedures. Vigilant co-ordi-
nation was required to strive for scienti®c excellence
without compromising traditions and beliefs at various
centres world-wide. Since phase III vaginal microbicide
trials are just beginning, with only one study having
been completed to date [4], this is a good opportunity
for us to re¯ect on the challenges we have faced and
the approaches and solutions we have tried. One of the
main lessons learned is that there needs to be ongoing
vigilance for the ethical conduct of microbicide trials
and that there is a need for a close partnership between
the investigators, local health service providers, HIV
support organizations and the community for practical
implementation of the trial. These partnerships serve as
the building blocks that bridge the gap between
scienti®c knowledge, ethical standards and practice.
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Recommendations for the clinical development of
topical microbicides: an update

Christine Maucka, Zeda Rosenbergb and Lut Van Dammec for the

International Working Group on Microbicides�

Topical microbicides are products that are being developed to prevent HIV infection
and other sexually transmitted diseases (STD) through topical application to the genital
and rectal epithelial surfaces. This paper is an update of the clinical section of a
general guidance for the development and evaluation of microbicidal products that
was ®rst published by the International Working Group on Microbicides (IWGM) in
1996. (The preclinical section of that document will be updated separately later.)

All topical microbicides should be clinically evaluated in humans for safety and
effectiveness. Safety studies are necessary to evaluate the potential for systemic
absorption and toxicity as well as local toxic effects, such as irritation, ulceration,
burning, and itching. Reported symptoms of burning and itching are relevant to future
product use and acceptability. Irritation and ulceration of the vaginal, cervical, penile,
or rectal epithelium have the potential to result in an increased transmission of HIV
and other STD. Effectiveness studies to assess the prevention of HIV infection or STD,
depending upon the product indication, are subsequently conducted. These trials
need to be large enough to detect clinically meaningful levels of protection. For
spermicidal microbicides, additional contraceptive effectiveness studies are also
needed. & 2001 Lippincott Williams & Wilkins

AIDS 2001, 15:857±868

Keywords: Clinical trials, guidelines, microbicides, vaginal

Introduction

Heterosexual transmission of HIV is a serious public
health concern, as it accounts for the vast majority of
all HIV-1 infections worldwide. As we enter the new
millennium, the Joint United Nations Programme on
HIV/AIDS (UNAIDS) estimate that some 33.6 million
men, women, and children are HIV infected. During
1999, 5.6 million people were newly infected with
HIV and 2.6 million people died from HIV/AIDS.
More than 95% of HIV-infected individuals live in
developing countries, and approximately half of them
are women [1].

Although condoms, when used consistently and cor-
rectly, are effective in preventing the sexual spread of
HIV, there is an urgent need for methods a woman can
use for HIV prophylaxis, such as topical microbicides
[2]. Topical microbicides are designed for genital or
rectal administration to prevent HIV infection or other
sexually transmitted diseases (STD). An ideal microbi-
cide would be safe, effective, acceptable to potential
users, affordable, stable in most climates, and ef®cacious
in situ for a reasonable period of time. Currently
available detergent-based spermicides, such as nonox-
ynol-9, octoxynol-9, and benzalkonium chloride, are
being clinically evaluated for the prevention of infec-

From the aContraceptive Research and Development (CONRAD) Program, Arlington, VA, USA; bFamily Health International,
Arlington, VA, USA; and cInstitute of Tropical Medicine, Antwerp, Belgium. �For the remaining members of the International
Working Group on Microbicides see Appendix.

Disclaimer: This paper was endorsed by the International Working Group on Microbicies, but does not necessarily re¯ect the
policies of individual members or their respective agencies and/or organisations.

Correspondence and reprints requests to: Christine Mauck, CONRAD, 1611 North Kent Street, Suite 806, Arlington, VA
22209, USA.

Tel: �1 703 276 3912; fax: �1 703 524 4770; e-mail: cmauck@conrad.org

Received: 19 July 2000; revised: 30 November 2000; accepted: 20 December 2000.

ISSN 0269-9370 & 2001 Lippincott Williams & Wilkins 857



tion because they have been shown to have antiviral
and antibacterial activity in vitro. Among the new
classes of microbicidal compounds, e.g. sulphated poly-
saccharides and inhibitors of virus attachment, fusion,
or replication, some appear not to be spermicidal and
would permit the design of non-contraceptive micro-
bicides [3±9].

This paper outlines the current deliberations of the
International Working Group on Microbicides
(IWGM) on the evaluation of topical microbicides.
The IWGM was formed in November 1993 at a
meeting held at WHO, Geneva, Switzerland [4]. The
role of the IWGM is to facilitate the development and
approval of safe and effective, affordable and acceptable,
self-administered topical preparations to prevent the
sexual transmission of HIV and other STD. Its mem-
bers are experts in relevant scienti®c areas from govern-
mental and non-governmental organizations. They
meet regularly to facilitate communication, consulta-
tion and collaboration on scienti®c and technical, social
and ethical, and industrial issues relevant to microbicide
development. The group also works to establish a
consensus on important matters such as recommenda-
tions for pre-clinical and clinical investigations and
criteria for selecting promising leads for evaluation.
The clinical considerations for microbicide develop-
ment detailed below represent an effort to make safe
and effective products available as rapidly as possible to
women and men at risk of acquiring HIV infection
through sexual contact.

In 1996, the IWGM published a document entitled
`Recommendations for the development of vaginal
microbicides', which outlined the guidelines the
IWGM had developed at that time for the evaluation
of new vaginal microbicides [10]. Since 1996, however,
microbicide research and development have grown
rapidly, as measured by the increase in the number of
products undergoing pre-clinical and clinical testing
[11±13]. This preclinical and clinical experience has, in
turn, raised new scienti®c, practical, and ethical issues
that have necessitated updating the guidelines.

Important among the issues raised in the implementa-
tion of several phase I/II safety studies were those
related to technological approaches for measuring
microbicide effects on cervical and vaginal epithelium.
To address these, the IWGM, together with the
Contraceptive Research and Development Program
(CONRAD), sponsored a workshop entitled `The role
of colposcopy in assessing vaginal irritation in research',
held in January 1999 in Washington, DC [14]. This
workshop made recommendations regarding the type
of colposcopy to be used in vaginal product research,
alternatives to colposcopy, and areas requiring addi-
tional study, and are incorporated into the material that
follows.

The ®rst phase III trials of microbicides raised other
issues, largely related to study design, which will be
critical to the planning and implementing of future
trials. Results from a phase III study of the effect of
vaginal contraceptive ®lm (VCF) on the acquisition of
HIV and other STD in Cameroon [15] highlighted
problems in the measurement of compliance with study
product use. In addition, the high level of reported
male condom use during the study complicated the
interpretation of microbicide effectiveness, as did the
fact that the study participants were sex workers whose
rate of condom use with their clients was higher than
the rate of condom use with their primary partners.
Similar concerns arose during the phase II/III effective-
ness study of Advantage-S N-9 gel in sex workers in
Kenya [16]. Finally, both studies experienced less than
optimal participant retention rates because of the gen-
erally high mobility of sex worker populations. Indeed,
poor participant retention was a principal factor in the
early closure of the Kenya study.

As a result of the urgency of the present situation,
discussions about ways to streamline the development
and evaluation of topical microbicides have taken place
in numerous workshops and conferences over the past
few years and have involved microbicide researchers,
regulatory agencies, sponsoring organizations, and com-
munity groups. On the basis of these discussions, it was
decided to issue an update to the 1996 recommenda-
tions. The clinical update is presented below; an update
on the preclinical recommendations will be issued at a
later date.

Balancing considerations of ef®ciency and
ethics in microbicide clinical trials

The following text should serve as a guide to the
clinical testing of microbicide products that is both
expeditious and ethical. It proceeds from two basic
premises. The ®rst is that, because of the urgent need
for additional means of preventing HIV transmission,
all phases of microbicide development should be
carried out as expeditiously as possible. The clinical
phase of development may be streamlined by: (i)
running different studies on a given product in parallel
whenever possible; (ii) testing multiple products (in-
cluding products from different sponsoring agencies) in
a single trial, thereby reducing the number of women
enrolled in control arms; and (iii) using a phase II/III
`run-in' study whenever possible. These are discussed
in more detail below.

The second premise is that all trials should be con-
ducted in accordance with the current version of the
Declaration of Helsinki [17] and the clinical practice
guidelines applicable in the country where the trial will
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take place. Studies must be ethically sound, at the same
time taking into account the reality that standards of
care may vary by locality. It is critical that discussions
with the local institutional (ethical) review board,
regulatory agency, and community groups take place
early in the planning of microbicide trials.

Other ethical considerations must be integrated into
the planning of microbicide trials, both by investigators
and all concerned institutional review boards. The
report of a conference convened in 1997 by Women's
Health Advocates on Microbicides and the Population
Council provides in-depth discussion of these consid-
erations and presents the consensus reached at that time
[18]. However, understanding of these issues continues
to evolve and will require continuing attention. One
approach to ensuring that such attention occurs early in
trial design has been taken by the HIV Prevention
Trials Network, which has incorporated speci®c ethical
guidance into each of its study protocols. Among the
most crucial elements of that guidance are matters of
informed consent, responsibilities to the community,
condom counselling, use of placebo, and STD/HIV
treatment.

Informed consent
Each participant must be competent to grant consent in
an entirely voluntary manner after all relevant informa-
tion has been provided in a language and style that the
participant can understand. Informed consent should be
viewed as an ongoing process across the entire course
of the study.

Responsibilities to the community
Sponsors must recognize that they have numerous
responsibilities to the communities in which their
studies are carried out. Community-based organizations
should be involved as much as possible in the study
design and implementation, especially with regard to
feasibility, acceptability, and the establishment and
maintenance of the appropriate clinical and social infra-
structure. Trial results should be shared with the
community, and a decision about the availability of the
drug, if it is shown to be effective, should be made
before the trial starts, recognizing that drug approval
may occur several years after the trial is concluded.

Condom counselling
Because the correct and consistent use of the male latex
condom during vaginal intercourse prevents HIV infec-
tions and reduces the risk of other STD, condom use
must be recommended and condoms made available to
all study participants. It is recognized that, despite
condom counselling and condom availability, some
women are unable to have their partners use condoms
correctly and consistently [19]. An experimental study
design using a `condom promotion run-in phase' is
being tested in HIVNET/HIV Prevention Trials Net-

work sites in Zimbabwe and Malawi. In this approach,
women are ®rst recruited into a study for condom use
assessment and are followed for 2±3 months. Women
who successfully adopt consistent condom use are
provided with a supply of condoms and referred to a
continuing source. Women who are `unsuccessful', that
is, women with partners who use condoms at a less
than predetermined frequency, will be offered enrol-
ment in a future microbicide study. Although condom
use is encouraged throughout the trial and condoms are
supplied, the expectation is that this group of study
participants will, nevertheless, represent a population
unlikely to use condoms consistently, in which the
study product can be directly compared with placebo
without compromising fundamental ethics. There may
be alternative ways to select for a population unlikely
to use condoms using other study designs [20].

Use of placebo
The advantages and disadvantages of enrolling placebo
groups are discussed in more detail below. However, it
should be pointed out at the outset that the use of a
placebo can only be considered as long as no micro-
bicide known to be effective is available.

Treatment of sexually transmitted diseases and
HIV acquired during a study
There is no debate about the treatment of STD
acquired during a study, because some form of treat-
ment is available in most areas. However, because the
acquisition of an STD by a study participant may lower
the infectious dose of HIV required for seroconversion,
STD treatment may itself lower HIV incidence in the
study population and require a corresponding increase
in sample size [21].

There is, however, no clear consensus regarding the
provision of antiretroviral therapy to study participants
who seroconvert during a trial. The Women's Health
Advocates on Microbicides report [18] recommends
that a package of services that is likely to be `appro-
priate, feasible, and replicable' in the given setting
should be offered.

Design and implementation of microbicide
clinical trials

The current recommendations of the IWGM for the
design and implementation of microbicide trials are
presented below, with the caveat that this is an
evolving ®eld of study, requiring that investigators and
sponsors stay abreast of developments in both the
scienti®c and ethical aspects of microbicide trials.
Recommendations are presented by the phase of
product development, phase I meaning initial safety
and acceptability studies, phase II studies aimed at
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providing supplementary information on safety and
acceptability, and phase III studies of clinical effective-
ness. The recommendations for each phase are sum-
marized in Table 1, Table 2 and Table 3.

Phase I studies
Study objectives
The main objective of phase I trials (Table 1) is the
determination of product safety in human subjects,
gathering initial data on: (i) the incidence and extent of
local and systemic adverse effects after administration of
the product; (ii) the pharmacokinetics of the product;
(iii) preliminary information on acceptability of the
product; and (iv) the selection of dose and formulation
for phase II/III.

Study design options
The simplest study design is an open-label trial in
which each participant serves as her own control; in
other words, there is no control group. For the initial
safety study, the number of participants per group
should be small (e.g. 10±20). Product application
should occur at least once a day for 7 days between
monthly menses. Longer exposure can be considered,
and may have the advantage of detecting signs of
irritation that might otherwise not become apparent
until later studies. Exposure for 14 days is probably the
longest feasible time-span that avoids product applica-
tion during menses. To determine the range of product
safety, multiple doses and frequencies of application can
be tested in a sequential fashion (dose escalation)

in different cohorts of participants, an example of
which is outlined here: low dose once per day for
7 days, followed by low dose twice per day for 7 days,
followed by high dose once per day for 7 days,
followed by high dose twice per day for 7 days.

Alternatively, women can participate in such a study in
a crossover fashion, by each woman testing the low-
dose product once per day for 7 days, then undergoing
a `wash-out' period if required, testing the low dose
twice per day, undergoing another wash-out period,
and so on. This approach may, however, result in a
bias towards the selection of women most tolerant of
adverse events in the highest dose/frequency cohort,
because women reporting adverse experiences may
have discontinued at a lower dose.

In a population in which genital lesions are common in
the absence of product use, the interpretation of study
results may be dif®cult if a control group is not
included. Other phase I study design options therefore
include: the addition of a separate placebo or vehicle
control group (when feasible), or the addition of a
comparison arm using a product for which previous
safety data are available; and a randomized cross-over
design in which each participant uses one product or
placebo, followed by a wash-out period, followed by
the use of a second product or placebo. When such
alternative study designs are used, the study should be
randomized and, whenever possible, double-blinded,
recognizing the dif®culty in blinding a volunteer to the

Table 1. Phase I studies: summary.

Objectives: Safety, local and systemic
Pharmacokinetics
Acceptability
Dose and formulation section

Study designs: (a) Open-label
No control group
Once then twice daily application for 7 days, escalating doses
Parallel or crossover design

(b) Inactive or active control group
Parallel or crossover design

Population: 10±20 per treatment group
HIV-uninfected, in good health
Not at risk of pregnancy or STD
Sexually abstinent, then sexually active with condom, then sexually active without condoms: parallel or crossover
design
HIV-infected women may be studied in later phase I trials

Site: First trial or cohort: country of product origin

Endpoints: Local safety: genital symptoms, gross exam, colposcopic exam, vaginal micro¯ora
Systemic absorption: blood levels of the product or its active metabolites
Systemic safety: appropriate lab tests
Acceptability: interview, focus groups, questionnaires

Ancillary studies: Vaginal lavage for viral load
Spreading and bioadhesiveness

STD, Sexually transmitted diseases.
Note: This table must be viewed in the context of details presented in the text.
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identity of two products. The use of a vehicle placebo
(i.e. the product formulation without its active ingredi-
ent) group enables an assessment of the safety character-
istics of the vehicle, information that may be important
to future studies. For example, if irritation is observed in

the study product arm, results from the vehicle control
arm can help distinguish between adverse effects caused
by the active ingredient and those caused by the vehicle.
If adverse effects can be attributed to the vehicle, the
active agent can be reformulated in a less irritating

Table 2. Phase II studies: summary.

Objectives: Local safety
Acceptability
If conducted as run-in to phase III, will have eventual objective of effectiveness against HIV/STD

Study designs: (a) Stand-alone study
Randomized, double-blind comparison with inactive control
Parallel or crossover design
Monthly visits for 2±6 months

(b) Run-in to phase III (`phase II/III')
Preferred over stand-alone design due to urgency of need for microbicide
Interim analysis to determine whether study can be expanded to phase III
Should include condom promotion run-in phase whenever possible

Population: Several hundred participants
HIV-uninfected
Representative of target population for product
Sexually active; condoms encouraged (condom promotion run-in phase to be utilized whenever possible)
Parallel design

Endpoints: Local safety: genital symptoms, gross exam, colposcopic exam on subset
Acceptability: questionnaires

Ancillary studies: Additional pharmacokinetic studies
Use in anal intercourse

STD, Sexually transmitted diseases.
Note: This table must be viewed in the context of details presented in the text.

Table 3. Phase III studies: summary.

Objectives: Evaluate effectiveness in preventing HIV/STD
Local safety
Acceptability and compliance

Study designs: (a) Stand-alone study
(b) Follow-on to phase II (`phase II/III')

Preferred over stand-alone design due to urgency of need for microbicide
Interim analysis to determine whether phase II study can be expanded to phase III

In either case:
Should include condom promotion run-in phase whenever possible
Randomized, double-blind, inactive control(s)
Inactive controls include placebo and no-treatment arm. Latter to be used if placebo may reduce HIV/STD
incidence, although behavioral differences in no-treatment group should be evaluated
May test several products against one inactive control
Multicenter whenever possible
Follow-up about every 3 months for 12 months

Population: Several hundred to several thousand participants
HIV-uninfected (although con®dentiality issues may preclude exclusion of HIV-infected women)
Representative of target population for product
Sexually active; condoms encouraged (condom promotion run-in phase to be utilized whenever possible)
Parallel design

Endpoints: HIV/STD incidence
Local safety: genital symptoms, gross exam, possibly colposcopic exam on subset
Acceptability: questionnaires
Compliance: product use for coital acts closest in time to study visits

STD, Sexually transmitted diseases.
Note: This table must be viewed in the context of details presented in the text.
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formulation. Without a vehicle control, otherwise
promising candidates may be unnecessarily discarded.

Study populations
Phase I microbicide study populations generally consist
of healthy, HIV-uninfected women volunteers who are
18±45 years of age and not at risk of pregnancy or
STD. Women who are pregnant or nursing should be
excluded, as well as women with: (i) abnormal liver or
renal function if the product may be absorbed; (ii) a
history of genital problems that might interfere with
the interpretation of results; (iii) colposcopically ob-
served abnormalities of the epithelium felt to be of
possible clinical signi®cance, e.g. full-thickness disrup-
tion; and (iv) unwillingness to suspend the use during
the study period of other vaginal products such as
douches, tampons, spermicides, or herbal preparations.
Preclinical data and regulatory requirements should
ultimately guide the approach to populations to be
studied.

Phase I studies may be designed to enrol either
sexually abstinent or sexually active women, although
it should be recognized that self-reports of sexual
activity or the absence of it cannot be validated. If
sexually active women are enrolled, they should be in
mutually monogamous relationships to the best of their
knowledge to reduce the chance of exposure to STD.
Allowing sexual activity in the phase I study presents
several challenges: accounting for the mechanical effect
of intercourse on epithelial integrity, the need to
prevent conception until the level of systemic absorp-
tion and potential contraceptive/reproductive effects of
the product are known, and the need to control for
condom use. In the ®rst cohort that includes sexually
active women, male partners should thus use condoms
in order to: (i) prevent exposure to STD/HIV patho-
gens until the level of epithelial disruption from the
product used with intercourse is characterized; (ii)
protect the male partner from the effects of the
product until the level of female and male epithelial
disruption is better known; and (iii) prevent preg-
nancy, although it is expected that women will be
relying for contraception on something other than
whatever contraceptive effect the microbicide may
have, if any.

The product may then be tested in a second cohort of
women who are sexually active, monogamous, and not
using condoms, in order to assess the effect in both
partners of product use in the presence of intercourse
without condoms (for the man, this includes an assess-
ment of penile irritation). Alternatively, the same
couples may participate in three stages: product use plus
abstinence, followed by product use plus sexual activity
with a condom, followed by product use plus sexual
activity without a condom. The possibility of bias
arising from allowing the same couples to participate in

different stages, and thereby selecting for the most
tolerant couples to be included in the later stages
should be recognized.

If the product appears to be safe and acceptable in
sexually active, HIV-uninfected women, the study may
be extended to include HIV-infected, sexually abstinent
and then sexually active women. The purpose of
enrolling HIV-infected women in early studies is to
assess whether the safety pro®le in HIV-infected
women differs from that of uninfected women. Safety
data in an HIV-infected population in phase I are
needed because: (i) during phase II/III trials, some
participants will become infected with HIV and yet
continue to use the product; and (ii) once a product is
marketed, it may be used by women who may not
know their infection status.

Study site
For ethical reasons, the ®rst exposure of women to a
product in initial safety studies should take place in the
country in which the product was developed.

Study endpoints
Phase I study endpoints for evaluating product safety
include local adverse effects, systemic absorption, and
systemic adverse effects.

Local adverse effects: These safety endpoints can be
assessed by participant report of subjective ®ndings
(symptoms of burning, itching, pain, fullness, urinary
frequency, etc.). However, objective changes in the
genital epithelium may occur independently of symp-
toms, so that it is necessary to evaluate the vaginal and
cervical epithelium for disruption and in¯ammation by
objective methods, such as vaginal speculum examina-
tion and colposcopy [22±25]. Recent research suggests
that consideration be given to making such assessments
both as soon as possible after product administration
(within an hour) in order to detect any transient but
potentially harmful effects of the product, and at a later
time (8±24 h). Consideration should be given to
determining whether changes seen represent simple
chemical irritation of the epithelium versus a contact
allergy, although making this distinction will be dif®-
cult. Changes in vaginal pH and micro¯ora, including
lactobacilli (hydrogen peroxide producers and non-
producers), should be tracked, and the detection of
STD and other genital infections is also recommended
so as to exclude them as confounders in analysis of the
data. Information on penile irritation should be col-
lected when stable couples are enrolled or by a separate
penile irritation study enrolling men only.

It is important to note here that there is signi®cant
controversy regarding the utility of colposcopy in
assessing the local adverse effects of microbicides. In
1993, WHO convened a meeting to devise a standar-
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dized procedure for colposcopy to be used in vaginal
product development and, in 1995, a manual present-
ing that procedure was published [26]. In January 1999,
the CONRAD/IWGM colposcopy workshop devel-
oped suggestions for simplifying the procedure for use
in microbicide trials [14].

The present controversy regards the clinical signi®cance
of colposcopic ®ndings, that is, their importance in
determining susceptibility to infection with HIV or
other STD. It seems reasonable to assume that disrup-
tions in the integrity of the genital epithelium are
®ndings of concern, as are obvious in¯ammatory or
vascular changes. What is presently unclear is whether
colposcopy enhances the likelihood of detecting disrup-
tions or changes in the genital epithelium that are really
of clinical importance. A related question is whether
colposcopic lesions can be attributed to the study
product or vehicle, particularly in the absence of a no-
treatment arm and particularly in areas with a high
background rate of lesions. Studies assessing the degree
of agreement between colposcopically visualized er-
ythema and vaginal in¯ammation, as measured by
biopsy of colposcopically normal-appearing areas,
found little correlation [24]. Our ability to resolve this
controversy is currently limited by the lack of data, so
that the continued use of a simpli®ed colposcopic
procedure in phase I clinical trials continues to be
recommended here. As more data on colposcopy
become available, recommendations regarding its use
will be revised.

Systemic absorption: Clinical studies of vaginal absorption
will be required unless the chemical characteristics of
the product and the results of animal testing have
produced strong evidence against systemic absorption.
In the absence of such evidence, drug pharmacokinetics
should be assessed by measuring blood levels of the
study product or its active metabolites. Quanti®cation
of the study product remaining in the genital tract (e.g.
by vaginal lavage) or physically expelled (e.g. collection
on panty liners) may aid in determining actual product
exposure. The presence or absence of vaginal epithelial
breaks may affect absorption and should be assessed.
Penile absorption studies should also be carried out in
men if absorption is detected in women, provided that
the level seen in women does not preclude further
product development.

Systemic adverse effects: Standard systemic effects may be
assessed by appropriate laboratory tests at enrolment
and at the end of each observation period. Coagulation
parameters should be tested when a product has shown
anti-clotting effects in preclinical studies.

Acceptability: phase I trials offer the opportunity to
obtain early information about the acceptability of
both the product and the method of its administra-

tion. The small size of the trials also permits the use
of key informant and in-depth interviewing; focus
group techniques, with both participants and (possi-
bly) with their partners; and what is, in effect,
pretesting of acceptability instruments for later-stage
trials.

Selection of dose and formulation: The selection of dose(s)
and formulation(s) to be carried into phase II will be
based on the three categories of safety data described
above: adverse events, pharmacokinetic/pharmacody-
namic results, and acceptability.

Ancillary phase I studies
At least two types of studies may be considered as
ancillary to more standard phase I studies. One is the
measurement of viral load in vaginal lavage specimens
from HIV-infected women in phase I studies, which
may allow a crude estimate of product activity against
HIV or other viral pathogens. However, the amount of
background variability in such measurements is likely
to make the interpretation of results very dif®cult. That
said, if other methods become available, it should be
kept in mind that looking for markers of activity early
in development may help distinguish more promising
from less promising products.

Another category of potential ancillary study looks to
evaluate the spreading and bioadhesiveness of products
within the vagina through techniques that include
®beroptic probes, gamma scintigraphy, and magnetic
resonance imaging. Information on the rate of spread
from the point of initial placement of the product,
extent and uniformity of coverage of the cervix and
vagina, rate of leakage from the vagina, and the effects
of intercourse are all of interest. Any disadvantages of
bioadhesiveness, such as accumulation of the product,
increased irritation from close apposition of the active
ingredient to the epithelium, and dif®culty in removing
the product in case of irritation should also be
evaluated.

Phase II studies
Study objectives
There are two options for initiating a phase II study
(Table 2), each with slightly different objectives:

A stand-alone study preceding phase III: In this option, the
objective is to gather data on: (i) the incidence and
extent of local adverse effects after the administration of
a speci®c dose, formulation, and frequency regimen of
the product; and (ii) quanti®ed data on product accept-
ability. In many cases, suf®cient information of this
type has been obtained in phase I testing or can be
obtained from a phase II trial that is designed as a run-
in to a phase III trial, making a separate, stand-alone
phase II trial unnecessary.
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A run-in study to phase III (`phase II/III' study): In this
scenario, an interim assessment of safety is performed to
determine whether enrolment can be expanded and the
study considered phase III with the additional objective
of assessing effectiveness against HIV/STD. The urgent
need for microbicides recommends that phase II trials
be designed as run-in studies to phase III trials when-
ever possible, rather than as more time-consuming
stand-alone studies. Beginning the phase II/III study
with a condom promotion run-in phase should be
seriously considered.

Study design
Phase II trials should be randomized, double-blind
comparisons of the study product to an inactive
control. A placebo arm may enrol fewer participants
than the test product arms if suf®cient information
about the placebo was obtained in phase I. The use of
a no-treatment group should also be considered. A
cross-over design, in which the product(s), placebo,
and non-use would be tested sequentially by each
participant, would also be acceptable, although partici-
pant loss to follow-up and the possible need to include
a wash-out period to decrease carryover effects are
limitations of this design and should be weighed
carefully.

In phase II studies, participants use the study product
over a longer time period than in phase I trials, ranging
from 2 to 6 months, and they should be observed at
monthly intervals.

Study population
Phase II microbicide studies are generally conducted in
several hundred healthy, sexually active, non-pregnant
women who are representative of the target population
for the product under study. Women who are pregnant
or nursing must be excluded. The study site should
provide condoms that are either non-lubricated or
lubricated with something without a microbicidal effect,
and care should be taken to ensure that the supply of
condoms is adequate for the duration of the study.

Study endpoints
Phase II endpoints must include:

Local adverse effects: Methods to determine local adverse
effects are described above (see phase I study end-
points). There is, however, some variance with respect
to assessment methodology. Whereas there is consensus
that symptomatic and gross clinical ®ndings should be
documented for all participants in all trial phases, there
is substantial debate concerning the need for colpo-
scopy in phase II trials. One approach is to perform
colposcopy on a subset of women enrolled in phase II
or later studies. Until some resolution of this question
is achieved, sponsors and researchers are advised to
request input from the appropriate regulatory agency.

Acceptability: Participants in phase II microbicide trials
should be more representative than phase I enrollees of
the populations that will be recruited into later effec-
tiveness trials and, to some extent, of microbicide end-
users. Phase II measurements of acceptability will thus
be critical not only in assessing product compliance in
later studies, but in the design of future products and
their introduction into user populations. As in phase I,
acceptability data should be collected and analysed with
an eye towards optimizing the design of the question-
naire to be used in phase III for the purpose of
accumulating a large body of quantitative data.

Ancillary phase II studies
Pharmacokinetics (absorption) may be further studied
in a subset of phase II volunteers early in their
participation. In addition, recognizing that anal inter-
course is more common among women than pre-
viously thought, and recognizing that approved
microbicides will be used for anal intercourse by both
men and women regardless of labelling, evaluation of
the local and systemic safety of a product in anal use
should be considered in phase II product testing.

Phase III studies
Study objectives
The main objectives of phase III microbicide trials
(Table 3) are to determine: (i) the effectiveness of the
study product in preventing the acquisition of HIV or
other STD; (ii) the safety of exposure to the study
product over prolonged usage (e.g. 12 months); and (iii)
the compliance with and acceptability of product use.

Study design
Whenever possible, the phase III trial should be a
follow-on to the phase II trial. Ideally, what is in effect
a `phase II/III trial' should begin with a condom
promotion run-in phase. There are several study design
variants.

The randomized, double-blind, placebo-controlled de-
sign remains the gold standard for microbicide effec-
tiveness studies, and should be integral to the design of
phase III or phase II/III trials. Depending on the
availability of study products, multi-arm trials can be
constructed to test several microbicides simultaneously.
A major advantage to this approach is the use of a single
placebo arm for multiple products, which reduces the
number of participants required to demonstrate effec-
tiveness, and thus contains time and costs overall. At
the same time, if two products that are obviously
different in appearance or other characteristics are to be
tested, it may be necessary to employ two placebos, one
for each product, within a single control arm.

One alternative is an open-label design, in which the
study product is compared with a no-treatment arm
and a vehicle-only arm. This design has been em-
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ployed in circumstances in which the vehicle alone
can reasonably be expected to have a preventive effect
on HIV/STD transmission because of inherent barrier,
lubricating, or other properties, and may also permit
an assessment of any harmful effects of the vehicle. It
may be prudent to power such studies to assume that a
low level of both bene®cial and harmful (as opposed
to no) effects could be seen in the vehicle group. It
should be recognized that, if this design is used, the
behavior of participants in the no-treatment arm may
differ from that of participants in the other arms, thus
introducing potential bias in risk exposure. For exam-
ple, women who are not using a product may try to
minimize their risk of HIV by having intercourse less
frequently, by more carefully selecting partners, or by
using condoms more frequently. Concerns have also
been raised about women in the no-treatment arm
receiving products from women who did receive
treatment. The US Food and Drug Administration
does not generally recommend the use of a no-
treatment arm in phase III studies. It should also be
noted that inactive controls of any kind are recom-
mended only as long as microbicides proved to be
effective remain unavailable.

Multi-center studies should be carried out whenever
feasible; this will allow assessment of the drug in diverse
populations in both developing and developed coun-
tries. This approach will be more informative of the
ef®cacy of the agents under study, and provide `brid-
ging' data that may be required for regulatory approval.
In addition, multi-center trials make it possible for
participants to be enrolled faster, and study endpoints
are reached over a shorter time-frame. At the same
time, multi-center studies present challenges in terms
of the standardization of procedures, language, and
consent, as well as higher monitoring costs.

As microbicide HIV effectiveness trials may require
thousands of participants (see below), phase III study
follow-up can be simpli®ed to include visits at enrol-
ment and, possibly, every 3 months until the end of
the study. More frequent visits will be needed if
bacterial STD are being studied, because they are both
curable and occur with higher frequency than HIV.
Whatever the design, both the study protocol and
follow-up schedule should be structured to minimize
the number of participants lost to follow-up, and
should strike a balance between the need to estimate
the time of seroconversion and the need to simplify
clinic visits in terms of blood draws, transportation, and
child-care issues.

As in the development of all new drugs, post-market
studies will be advisable, if not essential for those
vaginal microbicides that will be available, at least
initially, only by prescription. Even over-the-counter
microbicides will, again at least initially, require post-

market monitoring of some sort, although it is pre-
mature to speculate on the characteristics of such
studies at this time.

Study population
Microbicide effectiveness trials should be conducted in
HIV-negative, sexually active women at risk of HIV/
STD infection. The baseline incidence of study end-
points (notably HIV/STD incidence), the incidence of
high-risk behaviors, the likely use of condoms, and the
likely use±effectiveness of the test product(s) must be
known at the outset in order to power the study
adequately. Numbers suf®cient to show the desired
level of effectiveness will probably be in the hundreds
or thousands. Even more so than in phase II and II/III
studies, phase III study populations should represent the
intended target population for the product. Enrolling
discordant couples in which the male partner is infected
may allow a reduced sample size, but condom counsel-
ling will be of critical importance in this population.

Women who are pregnant or nursing may be included
in the study if the product has been shown not to be
absorbed, and teratogenicity studies have been com-
pleted. Women using steroidal contraception should be
permitted to enrol. Although the effect of steroids on
HIV acquisition is unknown, any effect should be
equally distributed among the study groups. Women
presenting with clinically apparent genital infections or
lesions at enrolment should be treated before inclusion
in order to classify infections seen later in follow-up as
incident infections. When resources permit, laboratory
screening for baseline STD should be carried out.
Because intravenous or rectal HIV transmission would
be obvious confounders, it is preferable to exclude
women who report intravenous drug use or anal inter-
course, if possible (see Ancillary phase II studies above).

In some settings, it may be unethical to exclude HIV-
infected women because the fact of exclusion may, in
effect, reveal their infected status and thus compromise
the ethical requirements for con®dentiality. Further-
more, if such women use the test products, they can
provide additional information on product safety and
acceptability, as well as effects on other STD and HIV
shedding. The management of women who serocon-
vert or become pregnant during the trial should be
decided before it begins.

Study endpoints
There are three primary phase III endpoints: HIV/STD
incidence; safety; and acceptability and compliance.

HIV/STD incidence: The long-term effectiveness of
microbicides will be measured ultimately by rates of
HIV or STD acquisition. Infection with herpes simplex
virus and human papillomavirus are not presently
recommended as endpoints for several reasons: both are
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usually seen in high prevalence in target populations;
the diagnosis of pre-existing infection is not straightfor-
ward; and the site of infection includes the perineum,
which is not the site of product application.

State-of-the-art laboratory methods should be used to
screen for incident HIV and other sexually-transmitted
infections, and laboratory methods should be standar-
dized across sites. Tests based on saliva or urine may be
considered. Other than HIV, the most common STD
presently measured in microbicide trials are gonorrhea
and chlamydia. Trichomonas may now be included
because there are new methods of detection that are more
accurate than wet mounts. All diagnostic assays to be used
in the study should be evaluated for adequacy of perform-
ance in the presence of both the active agent and placebo.

Safety: Long-term safety is determined by the presence
or absence of local adverse effects, as diagnosed by
examination and reported symptoms. As was noted in
connection with phase II trials, the performance of
colposcopy in a subset of women may be indicated if
the results of earlier studies suggest that more data
would be informative. In the current regulatory climate
in the USA, it should be expected that colposcopy in a
subset of phase III participants will be required. Phase
III `real use' data may produce ®ndings and raise safety
issues not found in earlier studies.

Acceptability and compliance: Estimates of the measurement
of compliance with the use of the study product (de®ned
as the estimated percentage of coital acts in which the
product was used) and of study condoms are critical to
an interpretation of study outcomes. A product may be
shown to be ineffective in preventing HIV/STD be-
cause it was rarely or inconsistently used by most of the
study population. At the same time, it may have been
highly effective among women who used it consistently.
If compliance levels are not documented with reasonable
certitude, further development of what may have been
an intrinsically ef®cacious product may be curtailed for
the wrong reason. Experience with the use of coital
diaries in clinical trials of vaginal products has generally
been negative for a variety of reasons. An alternative
approach to such diaries is the documentation of product
use for the coital acts occurring closest in time to study
visits. In phase III trials, quantitative acceptability data
should be obtained from all participants and validated as
much as possible. Issues related to accurately measuring
compliance need more thought and further research.

Phase III statistical and quality assurance
considerations

Every phase II/III and phase III study should be carried
out according to the applicable regulatory guidelines

and monitored to ensure the completeness and accu-
racy of study data. A standardized approach to collect-
ing all clinical data, administering subject interviews,
and analysing data should be used. Laboratory tests
should be conducted in laboratories with proper quality
assurance procedures or with accredited supervision.
The sensitivity and speci®city of various diagnostic tests
for STD detection are not known, especially in the
context of microbicide trials. Whenever possible, the
trial should include the testing of performance charac-
teristics as well as validation studies of diagnostic tests.

A Data and Safety Monitoring Board (DSMB) should
oversee the conduct of all phase III trials and, when
deemed appropriate, phase II trials as well. The DSMB
should include at least one physician, trialist and/or
statistician, and a representative from each participating
country. Inclusion of an ethicist should be strongly
considered, even if not required.

The study sample size will depend on a number of
factors, most importantly the expected incidence of the
endpoint, the level of product effectiveness being
sought, rates of expected drop-out and loss to follow-
up, and the planned duration of follow-up. Sample size
estimates should also be based on detecting a clinically
meaningful difference between the inactive control and
the test product. Data accumulated from previous trials
should inform decisions about plausible effect sizes in a
given population.

Although some investigators suggest that studies should
be powered to measure only very high product effec-
tiveness, others suggest that even products with rela-
tively low effectiveness have the potential to provide
bene®t at both an individual and a population level,
especially if the product is highly acceptable, affordable,
and consistently used [27]. The theory has been ad-
vanced that a product found to have a low but
demonstrable level of effectiveness in the trial context
may be used more consistently after the trial results are
known and the product becomes available, thus in-
creasing its effectiveness in actual use. If this were the
case, failure to use a suf®ciently large sample size could
result in type II errors; that is, the failure to detect small
but meaningful effects. Furthermore, if product effec-
tiveness is modestly estimated from the outset, the
study may prove to have more power than expected to
show a difference, or it may be possible to end the trial
sooner. For these reasons, trials recently completed or
being planned have used effectiveness levels in the 30±
50% range. Nevertheless, an increasing number of
studies have indicated that product ef®cacy will be a
critical determinant of compliance and, thereby, of
ultimate product effectiveness.

Analyses of phase III data should include covariate
adjustment by important baseline factors (after the
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unadjusted analyses have been performed), and esti-
mates of effect size should be accompanied by con-
®dence intervals. Subgroups of interest based on key
prognostic factors need to be pre-de®ned and strictly
limited in number. When testing for a signi®cant
treatment effect within the subgroup, the complemen-
tary group should also be tested. Studies should be
powered to assess whether there is evidence of a
treatment±subgroup interaction of major interest. Re-
sults of subgroup analyses not de®ned a priori should be
used only for generating new hypotheses.

Stopping rules should be clearly set out in the protocol.
The DSMB has the responsibility for reviewing the
data and making recommendations regarding stopping
or modifying a study. As a general matter, only in very
exceptional circumstances should a study be stopped
for reasons other than serious drug toxicity, and
stopping rules for toxicity cannot be pre-speci®ed. In
contrast, because relatively small effects are of interest,
as noted in the preceding paragraph, only rarely can
there be suf®cient power to stop a trial for futility; this
should only occur when there are convincing data from
other studies demonstrating no effect. Similarly, stop-
ping for bene®t should be rare unless the effect is very
large. Interim analyses of safety data should be made
available to the DSMB every 4±6 months. Given the
stopping rules recommended here, it would be inap-
propriate to perform more than a very limited number
of interim ef®cacy analyses. One interim analysis
performed approximately two-thirds of the way
through a study should generally be suf®cient.

If a phase II trial is designed as a run-in to a phase III
trial, it will be important to specify how many women
should be assessed in detail and for what period of time,
and what level of serious adverse events are acceptable
within that phase. In this case, it is recommended that

safety data be assessed by the DSMB at the completion
of phase II, in order that appropriate recommendations
can be made and stop±go decisions can be made
accordingly.

Conclusion

The development of topical microbicides for the
prevention of HIV/STD infection is urgently needed
to help stem the rapid growth of the AIDS epidemic
throughout the world. These guidelines are intended to
provide a strategic framework for the ef®cient clinical
evaluation of candidate microbicide products. These
guidelines, however, as well as the preclinical guide-
lines that will be forthcoming, must be seen as a work
in progress in this critical area of reproductive health.
Questions that deserve further thought and research are
listed in Table 4. As development continues and these
questions are addressed, these guidelines will almost
certainly require further updating in the future.

Terminology

Throughout this paper, the term `sexually transmitted
disease' or `STD' is used to refer to a study endpoint
consisting of signs and symptoms of infection by
sexually transmitted pathogens. However, it is recog-
nized that infections may exist in the absence of a
disease syndrome and that if laboratory results are an
endpoint of a study as opposed to symptoms and signs,
the proper term is `sexually transmitted infection'. In
addition, some conditions predispose to STD and
sexually transmitted infection but are not sexually
transmitted, such as bacterial vaginosis. These condi-

Table 4. Areas requiring further thought and research.

1. Selecting populations unlikely to use condoms consistently:
Does the condom promotion run-in phase work?
Are there alternative mechanisms that should be tried?

2. The role of colposcopy:
Do epithelial changes predispose to HIV/STD?
Are these changes better detected by colposcopy than by other methods?
Is it possible to attribute such changes to microbicides in the setting of a high

background incidence of changes and in the absence of a no-treatment arm?
3. Vaginal lavage for viral load:

Can this methodology be made useful given the high level of background variability?
4. Testing for STD:

Are current diagnostic tests affected by the presence of a microbicide?
5. Assessing spreading and bioadhesiveness:

What are the best method(s)?
6. Assessing compliance:

What are feasible means for accurately following compliance?
7. Understanding evolving ethical issues:

Requires constant attention and reassessment

STD, Sexually transmitted diseases.
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tions are properly referred to as `reproductive tract
infections'.
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I

COL-1492 RESULTS: THE IMPACT ON N-9 RESEARCH AND USE

The COL-1492 trial results have had important implications. Research with nonoxynol-9 as a

potential HIV prevention method stopped, and since nonoxynol-9 is available as an over-the-

counter product, the guidelines for its use have been revised. The results have also triggered

discussions in the community of microbicide researchers on how to perform future phase III

trials (see below).

 

As soon as the preliminary results of the COL-1492 trial were presented at the XIII

International AIDS Conference in Durban (July 2000), the National Institutes of Health

(NIH) stopped its plans to study another N-9 containing gel as potential HIV prevention

method. 

On 8 August 2000, the US Center for Disease Control and Prevention (CDC) published a

“Dear Colleague” letter (CDC website). Their conclusions and recommendations were:

“given that N-9 has now been proven ineffective against HIV transmission, the possibility of

risk, with no benefit, indicates that N-9 should not be recommended as an effective means of

HIV prevention. The scientific evidence on N-9 as an HIV prevention strategy is now
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conclusive and significant. As a result, prevention guidelines must be re-evaluated. In the

interim, these findings have several immediate implications. First, any community delivering

hierarchical prevention messages should immediately revise these messages. This study

suggests that the use of N-9 for HIV prevention may be harmful. Second, anyone currently

using N-9 as a microbicide to protect themselves from HIV transmission during anal

intercourse should be informed of the ineffectiveness of this agent and warned of the

potential risk of this practice.”

In October 2001, the World Health Organization (WHO) convened a technical consultation

on nonoxynol-9 in Geneva, in partnership with CONRAD, to review the available evidence

and provide advice to member states on the use of N-9. The recommendations (CONRAD

website) were that nonoxynol-9 should not be used for the purpose of STI or HIV

prevention. Among women at low risk of HIV infection, the use of N-9 remains a

contraceptive option. Women who have multiple daily acts should be advised to choose

another method of contraception since high frequency use may cause epithelial damage and

increase the risk of HIV infection. Women at high risk of HIV infection should not use N-9.

N-9 should not be used rectally. N-9 lubricated condoms should not be promoted since there

is no evidence for any additional protection and adverse effects cannot be excluded. 

Both CDC and WHO recommended the use of N-9 lubricated condoms over no condom use

at all. 

The USA Food and Drug Administration (FDA) invited me on 9 January 2003 for a seminar

on the study results. On 16 January 2003 they proposed a new labeling for all over-the-counter

vaginal contraceptive drug products containing nonoxynol-9. The new label would include

warning statements (Federal register, Volume 68, number 11, pages 2254-2262) with regard to

the potential risk of N-9.  
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II

THE IMPACT OF THE COL-1492 STUDY ON MICROBICIDE PHASE III

TRIAL DESIGN

The trial results have had an impact on N-9 research and use, and questions on design issues

for phase III trials have been raised among microbicide researchers and advocates. The main

topics have been the use of a placebo or not, and if so which placebo, and the inclusion of a

no-treatment arm in the trials. 

On 20 August 2003 the FDA had an Advisory Committee Meeting on clinical trial design

issues in the development of topical microbicides for the reduction of HIV transmission. I

was invited as a Guest Speaker and gave a presentation on “(The Methodological) Lessons

learned from the COL-1492 trial”. 
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The inclusion of a” no-treatment” arm, i.e. an arm where women would be using

condoms only without any gel

When the COL-1492 trial results became available, there was a discussion as to whether the

placebo, Replens®, was protective and COL-1492 harmless. The placebo had a slightly lower

pH and contained more carbomer making it more viscous. Since the trial did not include an

arm in which participants used condoms only, the HIV incidence among women who did not

use any gel was unknown. If such a “no-treatment” arm would indeed be a good comparison

and would allow drawing a definite conclusion with regard to the effect of the placebo is

doubtful, as I will discuss below. In the COL-1492 trial only very rough comparisons could be

made with HIV incidence data from outside the trial (i.e. of women and populations not

enrolled in the study). The incidence rates in these outside populations seemed to be higher.

However, the lower HIV incidence in the trial may largely be attributed to the intensive safer

sex counseling and STI treatment as part of the trial procedures. We are convinced that our

data, which are biologically plausible, strongly point towards a negative effect of COL-1492,

although indeed a minor protective effect of Replens® cannot be excluded. Some researchers

are in favor of a no-treatment arm to assess the incidence in women not using any gel. They

argue this may give an idea of the effect of the placebo gel. However, there are potentially

serious problems with this design.

The sample size of a three arm trial (experimental gel, placebo gel and condom-only arm) will

be bigger than that of a two arm trial and thus the study will be more expensive and more

difficult to implement and to carry out, and trial duration will be prolonged. Recruiting

sufficient participants and keeping them in the trial are major challenges for any long-term

follow-up study. 

Such a trial will be partially open-label, per definition. Therefore there will be the potential of

prospective bias. Women assigned to a condom-only arm may change their behavior in a

different way than women assigned to a gel arm. This differential behavior change could go in

opposite directions: women assigned to a no-gel arm may adhere more strictly to safer sex

behavior and increase their condom use. In Cameroon such an open-label two arm trial was

implemented (Roddy et al, 2002). Women were assigned to condom plus gel or condom-only.
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Women in the condom-only group reported a higher proportion of acts protected by condom

than women in the gel group. Condom use at baseline was similar between the two arms, after

randomization it increased in the condom-only arm but decreased in the gel plus condom arm.

This difference may be attributed to women in the condom-only arm adhering more strictly to

safer sex counseling guidelines, and women in the gel group substituting gel use for condom

use. Whatever the reason, after randomization condom use was higher among women in the

condom-only arm and there was a differential behavior change between the two arms. In such

a scenario equal HIV incidence may be due to women in the no-gel arm using more condoms

and thus masking a protective effect of the placebo.  The opposite change could also happen:

women assigned to a gel may be very motivated to adhere strictly to all protocol procedures,

including safer sex guidelines and increase their condom use and/or limit their number of

partners more than women in the no-treatment arm. Although one can control for

confounding factors present at baseline through the randomization process, one hardly can

control for this differential behavior occurring after randomization. This will make trial results

difficult to interpret.

Despite intensive counseling on trial design issues, and on the unknown and possibly negative

effect of the gels, women often hope that “the” study gel will be effective and that any gel may

be better than no gel at all. As a consequence women in the gel arms may be tempted to share

their assigned product with women who do not have a gel. In the COL-1492 trial women

liked the gel very much, even in areas like Durban where dry sex is the norm (Vandebosch et

al, 2003). They often reported that the gel made sex less painful. These positive attitudes

towards the gel may increase the sharing tendency.

Some investigators express concern about recruitment potential when women get to know

they may be assigned to a no-treatment arm. These women may also be less motivated to stay

in the trial and thus there may be a differential loss-to-follow-up, making trial results even

more difficult to interpret.

Some of these issues have also been addressed in an article by Stein et al (2003), and had

already been raised in an article colleagues and I had written on the clinical development of

microbicides (Mauck et al, 2001).
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The discussion on a “no-treatment” arm would not be necessary if there was an “ideal, true”

placebo gel available for vaginal use.

The unavailability of an “ideal” placebo for vaginal use

It was said that Replens® may have had an effect through different mechanisms: its low pH

and/or a mechanical effect by coating the vaginal walls. Since there is no established product

known to have no effect at all when applied in the vagina, some investigators advocate the

inclusion of a no-treatment arm to overcome the problem of not knowing the true effect of

the placebo (Kilmarx et al, 2003) as discussed above.

Efforts have been made to develop a “true” placebo gel for vaginal use, i.e. with no effect at

all. However, the importance of such a placebo gel should not be overestimated since

although a placebo with a small (protective) effect will somewhat reduce the estimated

effectiveness of the active study product, but it will not totally mask the effect of a truly

effective product. 

Tom Moench (ReProtect), in collaboration with colleagues of CONRAD and people involved

in the planning of the NIH HIV Prevention trial network (HPTN) phase II/IIb trial with

PRO2000 and BufferGel™, has developed a gel that should be the “ideal” placebo. The gel

has no effect in vitro on STI, including HIV, or on the vaginal flora. It has a pH of 4.4 with

minimal buffering capacity. The gelling agent is hydroxyethylcellulose, which has no

mechanical protective effect. If this gel will indeed have no effect at all when applied vaginally

by women will be difficult to assess (problem of the interpretation of results in comparison to

a no-treatment arm – see above). 

The gel is currently being tested in the CONRAD clinical facility (Norfolk, USA) in a 14-day

twice daily use safety study among sexually abstinent women who are randomized to either

this placebo gel or to the placebo gel of Polystyrene Sulfonate. 

The development of this “true” placebo would solve the problems of result interpretation and

would overcome the difficulty of a no-treatment arm.
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The impact of condom counseling

A very important lesson, I think, was that phase III trials are feasible and can yield a

conclusive result despite intensive condom counseling being part of the trial procedures. 

The intensive condom counseling procedures had often been criticized for making the trials

unnecessaryly more difficult since the effect of this procedure is an increased condom use

among study participants and thus a decline in HIV incidence compared to before or outside

the trial. As a consequence, the required sample size increases. Potts (2000) advocates to do

only whatever is done routinely in the population. Others advocate a run-in condom

promotion phase. During this phase, women receive intensive condom counseling and only

women who do not increase condom use are eligible for the trial. 

Since the COL-1492 trial results however, most microbicide researchers and advocates are in

favor of condom counseling procedures. I think a design that does not include intensive

condom counseling is unethical since as researchers, we have the obligation to provide the

best available standard of care, i.e. safer sex counseling for HIV prevention among sexually

active people, and to limit the potential harm done by the study to participants. The very basic

of the development of ethical guidelines for clinical research was the protection of

participants. In phase III trials, the women who are recruited are women at risk of HIV

infection because of their sexual behavior, and thus the research staff needs to advocate

condom use as the only available effective method for preventing HIV transmission during

sex. One should also not lose sight of the main objective of FCM research, i.e. HIV

prevention, and I think how that goal is achieved, through condoms or through any other

method, is secondary. 

I also have ethical objections to the condom run-in design since this gives a message of

rewarding unsafe sex behavior. Phase III trials are done in developing countries and for many

women in these settings trial participation may have advantages: free examination, free

condoms, free treatment of any curable STI and often of some other minor illnesses, a drink,

a sandwich, transport etc. In the condom run-in design only women who report to fail

consistent condom use can be enrolled. This design could be an option if one could enroll

women who report high levels of consistent condom use in another trial. Thus I think that in
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the current setting we cannot have consistent condom use as an exclusion criterion for the

study and we have to provide safer sex counseling to all participants.

Study population: which women should be enrolled?

In most phase III trials done so far the study population consisted of female sex workers

(FSW) because of the high HIV incidence among this population.

The enrollment of FSW has been debated because SW are not representative of the general

population and therefore trial results cannot be generalized. Sex workers may differ by having

multiple partners in a short time period, by having multiple acts in a short time period, and

maybe by using intravaginal substances to make the vagina tight and make the women more

attractive to men. Research into vaginal substance use has documented, mainly in sub-Saharan

Africa, that these substances are indeed used, but by all women alike, not only sex workers

(Dallabetta et al, 1995; Sandala et al, 1995; Gresenguet et al, 1997; van de Wijgert et al, 2000). 

Also with regard to number of sex acts and number of partners, defining the “general

population” is very difficult. Young girls starting their sexual life may also have multiple acts

of intercourse when going out on a weekend night. For economic reasons, women may be

forced to engage in paid-for sex on an irregular basis, but without considering themselves to

be sex workers. 

Moreover, one always has to be careful about generalizing results to populations outside the

study since the conditions in the trial are not real life conditions. After market introduction

women will use the gel differently than during the trial since the pressure of trial participation

with regular follow-ups and regular contacts with study staff will be gone. Besides, women

who volunteer and enroll in a study have an interest in the product, it is unknown how much

interest other women will have in such a product, once available on the market. 

As mentioned above, one of the arguments used against sex worker populations is their high

frequency of product use triggering its toxicity. In this way one may be withholding products

that might be effective among women who would use the product less frequent. This may be
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correct.  The COL-1492 data e.g. do not suggest a negative effect among women using the gel

less than three times a day. However, as shown by the nonoxynol-9 story, it is very important

to know if such a negative effect exists when used in high frequency. Marketing a product that

has a negative effect when used multiple times a day may help spread the virus instead of

preventing its transmission. As I said before, many women may use, at one time or another,

the product multiple times in a short time period. 

I am in favor of enrolling sex workers because they constitute a group of women at high risk

with often a high incidence and thus enrolling them makes the trials more feasible; because it

is always difficult to generalize results to populations who were not enrolled and because I

think it is extremely important to know the effect of the product when used multiple times in

a short time period. 

How to assess genital safety and how to interpret the results of these trials? 

After the early microbicide trials, the assessment of a product’s safety for the vaginal

epithelium was considered a condition sine qua non before starting phase III trials. However,

the current research is faced with the limitations of how to assess safety. 

In 1995 the World Health organization (WHO) convened a meeting on colposcopy and a

manual on the standardization for colposcopy in microbicide research was issued. This manual

was revised after a meeting in 1999 organized by CONRAD and WHO (2000). Microbicide

researchers assumed that diagnosing lesions in the vagina and on the cervix, would provide

enough evidence and data to decide whether or not to continue with a product. They hoped

that by using a magnifying tool like the colposcope, more lesions that might possibly enhance

HIV transmission would be diagnosed. As mentioned in the overview (chapter 2), it was

thought that lesions with an epithelial breach could facilitate HIV infection, similar to genital

ulcer disease (Rottingen et al, 2001). The significance of lesions without an epithelial breach

was unknown.  It was thought that the collection of more data could lead to determining the

threshold for lesions and to clearly understand their clinical significance. 
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Two safety trials with COL-1492 were carried out before phase III (Van Damme et al, 1998;

Van Damme et al, 2000). In both studies colposcopy was used and none revealed a problem.

The final phase III results showed an increased risk of lesions with an increasing daily dose,

and a significant relationship between a lesion with a breach, independent of its etiology, and

HIV seroconversion (Van Damme et al, 2002). This association did not exist for lesions

without a breach. 

The lack of any significant toxic effect in earlier trials could be due to their sample size being

too small. For measuring a significant effect, a big sample size is required, i.e. a phase III

sample size. 

In the mean time, as knowledge on vaginal HIV transmission increased, other tools were

developed to try and detect any toxic effect of the product that might give early insight into a

possible increased risk for the woman. These include vaginal biopsies, cytokine assessment in

vaginal lavages, neutrophil counts etc. Simultaneously, other tools to detect lesions were also

being developed, e.g. a hand-held magnifying glass. 

Today the questions of how to assess safety in early trials, and especially of how to interpret

the results, remain unanswered. The role of colposcopy is limited. In the COL-1492 trial, we

documented the increased risk of HIV infection in the presence of lesions with an epithelial

breach. Most of these lesions can be diagnosed without a colposcope. We also documented

the lack of any association for lesions without an epithelial breach and it is for those lesions

one needs a colposcope. The major challenge for microbicide researchers is not to detect

lesions. Rather, it is to establish the threshold for an acceptable incidence level of lesions with

a breach, in that a product that causes limited local toxicity may nonetheless provide

significant protection against HIV. This answer can only be given through a phase III yielding

a positive result, i.e. protection against HIV. If proof of concept will be established, all the

different safety data may be pulled together and linked to the final result. Hopefully, this will

enable the microbicide community to better predict a possible final outcome based on safety

parameters.
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Is it necessary to collect compliance data and if so, how?

For our exploratory analyses we relied on self-reported behavioral data. There is concern as to

the validity of these data (Zenilman et al, 1995; Weir et al, 1999) since women may want to

report a behavior that they conceive as being socially accepted and/or desired by the

researchers and thus overreport safer sex behavior. Today there is no gold standard on the

best way of collecting these data and minimize and/or eliminate the reporting of “desired”

behavior. 

In the COL-1492, trial three different methods were used consecutively and thus they cannot

be compared directly to each other. First, a simple coital log chart was used, then a more

detailed pictorial coital log chart was introduced and finally a direct interview on recent acts

was conducted. We switched from the coital log chart to the interview because of our doubts

about the quality of the data (some women completed their charts while waiting, others

reported the exact same behavior for each day of the month) and because of the huge

workload for the staff, involved in compiling the data from the charts. Coital log charts may

not be useful in a phase III trial because of the difficulty to have them completed correctly. A

face-to-face interview probably does trigger the reporting of desired behavior. 

Therefore I think collecting these data through Computer-Assisted-Self-Interview (CASI) may

indeed be a good alternative. The method allows the reporting of socially undesirable behavior

due to the perceived anonymity (Turner et al, 1998; Kissinger et al, 1999; Metzger et al, 2000;

Macoline et al, 2002). It is possible however that the technique may be confusing or

cumbersome to participants (Bloom, 1998). In this regard staff not only needs to master the

technique themselves but must also be able to quickly and effectively show participants how

to use it. The programming of the computer for such questionnaires is also a difficult and

demanding task and a lot of pretesting is required. Successful implementation however, was

reported in the setting of a developing country (van de Wijgert et al, 2000).

Some argue that these behavioral data should not be used (nor collected) because of their

limited value. The primary analysis of a phase III trial is done following the intent-to-treat

principle and is thus indeed independent of compliance data. However, exploring the data to
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better understand trial results and to explain an observed effect can only be done through

these data. Therefore I think we need to try and collect them as well as we can while keeping

their limitations in mind. 
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III

ETHICAL CONSIDERATIONS IN PHASE III MICROBICIDE TRIALS

Multiple ethical challenges faced previous trials and will face future trials. Most of them also

apply to HIV vaccine trials. The challenges are huge and there is no answer to most of them.

It is a field that evolved a lot over time and will remain to do so.  Only two issues will be

briefly discussed, namely obtaining informed consent and HIV treatment.  Safer sex

counseling has been addressed in the previous section of this discussion.

What does “informed consent” mean?

One of the key principles of ethical research is that researchers must obtain consent before

enrolling participants in studies. The three basic elements of consent are that it must be

informed, given voluntarily, by a person competent to do so. The Declaration of Helsinki

(World Medical Association website) states: “In any research on human beings, each potential

subject must be adequately informed of the aims, methods, sources of funding, any possible

conflicts of interest, institutional affiliations of the researcher, the anticipated benefits and

potential risks of the study and the discomfort it may entail. The subject should be informed

of the right to abstain from participation in the study or to withdraw consent to participate at
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any time without reprisal. After ensuring that the subject has understood the information, the

physician should then obtain the subject's freely given informed consent, preferably in writing.

If the consent cannot be obtained in writing, the non-written consent must be formally

documented and witnessed.” 

But how does one assess that a participant does indeed understand the information given at

enrollment? Is there a necessity to repeat study information at subsequent visits because the

volunteers may forget some of the things explained to them at enrollment? The Nuffield

report on Ethics of Research Related to Healthcare in Developing Countries (Nuffield

website) has a paragraph on understanding study information. The Council for International

Organizations of Medical Sciences (CIOMS website) writes that investigators may administer a

test or otherwise determine if the information was adequately understood by the participant. 

In the COL-1492 trial questions were asked at the end of the informed consent process to

ensure that the woman understood the basic concepts. Since informed consent is not a “once

and for all” event, those questions were regularly repeated throughout the trial and study

information was repeated whenever a woman could not give the correct answer. Kilmarx et al

(2001) described the difficulties faced with informed consent in HIV prevention trials and

gave some recommendations to assure truly informed consent, e.g. the use of lay-language,

repeat study information at subsequent visits. Coletti et al (2003) described the randomized

controlled evaluation of a “Prototype Informed Consent Process for HIV Vaccine Efficacy

Trials”. This prototype existed of a 35-page information booklet. Low literacy participants

were offered an audiotape. After reading the booklet or listening to the tape, participants

could discuss any question with the staff. They were encouraged to take the booklet/tape

home and discuss it with others. At a second visit they completed a self-administered

questionnaire to assess their understanding. The group receiving this prototype had a better

understanding than the group receiving normal study information. This approach may be too

cumbersome in a lot of settings around the world. Conveying the right amount of relevant

information in any given setting is a difficult to find balance between what is considered too

little information, leading to not well informed participants, and too much information, more

likely to confuse rather than inform the volunteers. Edwards et al (1998) found some evidence

in the literature to suggest that there is an optimal amount of information which enhances

patient understanding and which might reduce anxiety. 
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There are also cultural issues in dealing with informed consent (Nuffield report on their

website), e.g. communities and families are more important in many developing countries than

in the developed world. Sensitivity to other cultures, however, cannot override the central

requirement of respect for persons, which requires that one refrains from conducting research

without genuine individual consent (Nuffield report p.77).

An important aspect of consent is also the emphasis on voluntary participation. Abdool

Karim et al (1998) described how participants in a perinatal HIV transmission study were truly

informed but that their participation was not truly voluntary. Most participants (88%) felt they

could not refuse to be in the trial. In many developing countries respect for physicians is very

high. Researchers must take this into account and develop means to ensure that participants

know that they can refuse and stop trial participation. 

More and more the issue of consenting men for microbicide trials is raised. An argument to

consent men for vaginal microbicide trials is the principle of respect for individuals and their

autonomy. In this regard norms for female autonomy may infringe on the principle of respect

for the male partners. The latter may be submitted to trial procedures if sexual intercourse

(and condom use) is required, the study drug may have an impact on his sexual pleasure, and

he may be exposed to the study drug if condoms are not used or if they break/slip. I want to

draw the attention that concurrently with expanded safety trials among women, penile safety

studies are undertaken. These require the gel is applied directly on the penis and left for a

period of 6 – 10 hours. Consenting men precludes the covert use of the study product by the

women, which may be a disadvantage in some populations. The local communities’ view on

partner involvement should be a driving force in any decision taking in this regard. However,

American Institutional Review Boards may not approve studies in which male information or

consent is not addressed, despite local approval of such a design. The topic of male

involvement was also raised at the “International Consultation on Ethical Issues in the Clinical

testing of Microbicides” held in Washington DC, October 2003. One of the presenters

thought the field was more and more evolving towards involvement of men at the women’s

discretion, and is about involvement, not consent. A South African speaker however, was very

opposed to male involvement as very contrary to the objective of our research, i.e.

empowerment of women. 
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I am in favor of the approach to involve men (not consent them) at the woman’s discretion

since empowerment of women is important with regard to HIV prevention.

Is there a requirement to provide anti-retroviral treatment?

One of the most contentious and persistent issues in ethical debates concerns the level of care

provided to participants. I will only describe the evolving issue of providing anti-retroviral

treatment to seroconvertors in the trial and thus I will not address the standard of care in the

control arm. Since there is no effective microbicide available yet, “standard of care” in the

control arm is not a real issue in microbicide research (yet) and consists of safer sex

counseling. 

In an ideal world, there would be no need to have a discussion on providing anti-retroviral

therapy (ART) or not and how this should be done since ART should be available and

accessible to all patients worldwide. The problem today is the cost of the therapy, the

infrastructure required to provide and to monitor this therapy and the requirement of a life-

long treatment. 

 

The provision of ART was not an issue when the COL-1492 study started since ART was not

widely available. However, today it is. A meeting on this topic was organized in Washington in

early 2003 (Bass, 2003) and was attended by researchers from the HIV vaccine world and

from the microbicide field. Most participants agreed that ART does not have to be provided

to people who test positive at the screening visit (i.e. before enrollment) since they did not

participate in the trial. They should be counseled and referred to obtain the local standard of

care. For seroconvertors during trial participation, the issue is very different and in the

microbicide world there is little consensus. There is more agreement in the vaccine world to

provide treatment and care for a limited period of time to seroconvertors. Although some

current microbicide trials do not provide ART, there is growing consensus that access to

treatment should be facilitated and provided. Some argue that providing ART in settings were

it is not available for the general population may constitute undue inducement for trial

participation. Others think there is an ethical obligation to provide the same therapy as in the

sponsor country and this life-long. UNAIDS (2000) writes in its considerations that “care and
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treatment for HIV/AIDS and its associated complications should be provided to participants

in HIV preventive vaccine trials, with the ideal being to provide the best proven therapy, and

the minimum to provide the highest level of care attainable in the host country in light of

circumstances listed. A comprehensive care package should be agreed upon prior to trial

initiation”. This guidance point is endorsed by the Nuffield report. 

In July 2003 UNAIDS organized another consultation on treatment of seroconvertors in

preventive research. Their conclusions (not published yet, presented at the International

Consultation on Ethics mentioned above) were that seroconvertors should have access to

treatment and care, including ART. Consensus needs to be reached before trial initiation on

how to achieve this. This requirement does not apply to HIV positive people at screening (i.e.

before enrollment), nor to the families of seroconvertors.  

There is more to providing ART than the mere distribution of drugs to the participant. There

is the question of which combination to give and for how long will the treatment be paid by

the trial sponsor? The Nuffield report states that equality of people is not that people must

always be treated identically, but that for every difference in the way people are treated, a

reason should be given. It also says that raising the healthcare quality is a long-term goal that

cannot be achieved in a short period. Research in developing countries is necessarily

conducted within this context of inequality. 

Another issue is how many people within one family will be given treatment? If one family

member receives treatment, the drugs may be distributed among other family members who

are also HIV positive but have no access to care. One also has to wonder whether these drugs

will be sold outside the household. 

The infrastructure needs to be available for drug distribution and the treatment needs to be

monitored for success and for side effects.

The question of what treatment should be made available during the trial cannot be separated

from the question of what care will be available once the research is completed.



General discussion

190

I think any sponsor has the moral obligation to provide a fund through which seroconvertors

can have access to treatment (ART and the prevention of opportunistic infections) when

required in the future. However, I do not have a clear answer on how to handle this: how long

should the sponsor pay for the treatment, how many people within one family should receive

treatment, how to ensure that the necessary infrastructure is and will remain available and that

the patients will be monitored?  I hope that the multiple initiatives on “Access to care” will

make these questions redundant.
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IV

THE FUTURE OF RESEARCH FOR A FEMALE CONTROLLED METHOD TO

PREVENT HIV INFECTION

Which products are potential microbicides?

The COL-1492 trial results have spurred pursuit of new products with a different mode of

action and less vaginal toxicity than detergents like nonoxynol-9.  The different categories that

are currently being investigated were discussed in chapter 2. Six microbicides will enter phase

III within this and two years: Carraguard® by the Population Council; Dextrin Sulfate and

PRO2000 by the British Microbicide Development Plan; C31G and Cellulose Sulfate by

Family Health International; the latter will also be tested by CONRAD; and if the HIV

Prevention Trial Network will be able to implement their long planned study, they will test

PRO2000 and BufferGel™. All of these compounds but two, C31G and BufferGel™, belong

to the same category, i.e. viral entry inhibitors. C31G belongs to the same category as N-9 and

thus one will have to wait and see its effect. It is thus important that a lot of effort and

resources will be put in moving ahead with products belonging to other categories, anti-

retrovirals, defensins, antibodies etc. Two antiretrovirals, both reverse transcriptase inhibitors,

are now entering human trials for HIV prevention through vaginal application. Tenofovir®
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(PMPA) will be tested both as locally used microbicide and as oral prevention therapy. UC-

781 is being tested for safety at the CONRAD clinical research facility in Norfolk. Some

groups also work on combining different products hoping that in this way, one can reduce the

dose of a toxic but effective ingredient and make the balance shift towards protective effect. It

is unclear today what the regulatory requirements for such a product will be.

I think the anti-retrovirals may be the best way forward since there is more and more evidence

that products with a non-specific mode of action have the chance of causing safety problems.

One only has to think about N-9, PRO 2000, DS, PSS. The more specific the product, the less

chance there will be of an effect on human cells (in vaginal application). One cannot accept

the same level of toxicity for a prevention method as for a treatment, moreover local toxicity

may increase a woman’s risk of HIV infection.

Does one need to include a mechanical barrier?

Some researchers have advocated the use of a mechanical barrier as a potential HIV

prevention method since there is strong evidence that the cervix is the main port of entry for

HIV (Moench et al, 2001). Therefore it seems to make sense to literally block this entry with a

barrier. The University of California, San Francisco recently implemented a phase III trial that

will assess the effect of the diaphragm on HIV transmission in Zimbabwe and South Africa.

Women are randomized to the diaphragm (plus lubricant) or to condoms-only. 

CONRAD is also involved in research with the diaphragm. Since the cervix is not the only

port of entry, CONRAD, including myself, supports the assessment of a mechanical barrier

combined with a chemical barrier to protect the vaginal walls. It is important to assess if

women are willing and able to use these combined methods over a long period of time before

starting phase III trials. Therefore, CONRAD implemented an acceptability trial among sex

workers in Brazil and shortly trials among low risk women in Zimbabwe and S Africa will

start. 

I think this is a very important path to follow since most chemical barriers may run into one

or another problem: toxicity if frequently used, a different effect in vivo than anticipated on in
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vitro results due to the mixture with vaginal and seminal fluids, the necessity to re-apply for

every act. A big problem is the design of a phase III trial that combines a microbicide and a

mechanical barrier if one wants to keep part of the trial blinded to avoid differential behavior

change in the study arms. As discussed previously in the discussion, women may change their

behavior in a different way when they know what they are assigned to. 

Condom migration: will women move away from condoms and use microbicides

instead?

As research continues, the possible consequences of a market introduction of a microbicide

are being assessed. A big worry is their potential impact on condom use. Will women use

fewer condoms, a phenomenon called condom migration, and thus be less protected down

the line since a chemical barrier will never achieve the effectiveness level of a correctly and

consistently used condom? Foss et al (2003) developed a model that includes the use-

effectiveness of a method, the probability of having an HIV-infected partner, and of having a

partner with an STI, the average number of sex partners and sexual acts, and the probability of

HIV transmission per act taking into account the viral load of an HIV positive partner and the

presence of an STI. They calculated the break-even point at which an individual is equally

protected after a microbicide introduction as before, assuming the microbicide has 50%

effectiveness and that condom use decreases by 10%. This break-even point depends only on

the relative efficacy of the microbicide and on the consistency with which condoms and

microbicides are used. In most scenarios the introduction of microbicides would be beneficial.

The only scenario of potential concern is the one in which condom use is initially very high

(90%), and microbicides are subsequently used in only 50-75% of non-condom-protected acts.

One should also keep in mind how women will be counseled with regard to the use of a

microbicide. A microbicide will be less effective than a condom. Current estimates of

effectiveness used for sample size calculations assume a 50% decrease in HIV incidence, the

FDA thinks that is too high and advocates the use of 30% effectiveness levels for sample size

calculations. Therefore, even when a microbicide will become available, women must receive a

hierarchical message: “The best way to protect yourself when having sex is by using a

condom, if you cannot use a condom, then use a microbicide”. One would expect that such a
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message would decrease the impact of possible condom migration. However, data are

conflicting. In a study in Colombia among sex workers (Farr et al, 1996), condom use declined

among women who received a hierarchical message (“use a spermicide if condoms are

refused”) compared to women who received either a condom-only message or a message to

use condoms and spermicides concurrently. In a RCT in Cameroon (Roddy et al, 2002)

women in the condom-only arm were advised to use a condom for every sexual act, women in

the gel arm were advised to use a condom and the gel concurrently. In this study the data

suggested that women in the gel group may have substituted gel use for condom use. Steiner

et al (1998) found that condom use increased among women who received a hierarchical

message (condom and spermicide use) to protect themselves against STI. This result was

confirmed by Latka et al (2000) among female STI patients. Thus data on the impact of

hierarchical messages are not conclusive and the impact is probably also dependent on the

cultural setting and on the population. In conclusion, the impact on HIV risk will have to be

carefully monitored after a microbicide introduction. 

Conclusion

Everybody involved in the search for female controlled HIV prevention methods is aware of

the urgent need to give proof of concept that a chemical barrier can indeed work. How to

achieve this is an ongoing discussion. Trials should remain ethical and therefore I think we

cannot select women based on their condom use behavior (see above). One should also not

forget that the COL-1492 trial did result in a significant result, not the one hoped for but an

effect of the microbicide was observed. 

I think we should continue with two-arm randomized placebo-controlled phase III trials since

today there is no other design which will allow us to move ahead faster in an ethical way.

Focus should now shift towards products belonging to another category than the entry

inhibitors and maybe to combination products. 

At the same time the assessment of a mechanical barrier in combination with a microbicide

should continue and the most appropriate and feasible designs should be developed. 
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The trials become more and more expensive and help from advocates to raise money is

urgently needed.

What will happen once proof of concept will be given and a microbicide will be available? The

product will have to be available as an over-the-counter product (thus without a prescription)

at a public sponsored price. At this moment, while phase III trials are being prepared, WHO

has already organized meetings to address the regulatory issues that will arise when an

effective microbicide will become available. The International Partnership on Microbicides has

a section of its program dedicated to access. The microbicide will have to be advised in a

hierarchical message as outlined above and the impact on condom migration and HIV

incidence will have to be carefully monitored. 

At that time, research for other HIV prevention methods, including female controlled

methods, has to continue since there will not be one magic bullet ideal for all women in the

world. To truly curb the epidemic, a variety of prevention methods will be needed. 

“An ounce of prevention is worth far more than a pound of cure” (World Bank report

June 2003)
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