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Strengths and limitations of this study

 ► First study to explore the efficacy of carrageenan 
as a topical microbicide for preventing anal human 
papillomavirus (HPV) acquisition in gay, bisexual and 
other men who have sex with men (gbMSM).

 ► Randomised controlled trial design comparing car-
rageenan lubricant gel to placebo is optimal to eval-
uate the efficacy of carrageenan in gbMSM with and 
without HIV.

 ► Due to design limitations, dosage efficacy will not 
be evaluated.

 ► The exact time of HPV acquisition will be unknown.
 ► The proportion of incident infections that could be 
due to reactivation of previously acquired HPV types 
is unknown.

AbStrACt
Introduction Gay, bisexual and other men who have 
sex with men (gbMSM) have an increased risk of human 
papillomavirus (HPV) infection and HPV- associated 
diseases, such as anal cancer and anogenital warts. 
A carrageenan- based lubricant could prevent HPV 
infection, thereby reducing the disease burden in this 
population. This paper describes the protocol for the 
Lubricant Investigation in Men to Inhibit Transmission 
of HPV Infection (LIMIT- HPV) study, an ongoing 
randomised controlled trial (RCT), evaluating efficacy 
of a carrageenan- based personal lubricant in reducing 
type- specific anal HPV incidence and prevalence among 
sexually active gbMSM, efficacy by HIV status, safety 
and tolerability of the gel and participant adherence to 
the intervention.
Methods and analysis The study is a double- blinded, 
placebo- controlled RCT. Volunteer gbMSM 18 years 
and older are randomly assigned 1:1 to receive the 
treatment (a self- applied anal microbicide gel with 
carrageenan) or placebo (a self- applied placebo gel). 
At each visit, computerised questionnaires are used 
to collect data on sociodemographic and clinical 
variables, lifestyle, sexual behaviour and the gels’ 
safety and tolerability. At baseline and each follow- up 
visit (months 1, 2, 3, 6, 9 and 12), nurses collect anal 
specimens tested for 36 HPV types (linear array assay). 
HIV status is determined at baseline and 12 months. 
The primary outcome is incidence of type- specific anal 
HPV infection(s) undetected at baseline. Secondary 
outcomes are prevalence of type- specific anal HPV 
infection, safety, tolerability and adherence. We aim to 
recruit 380 participants to attain the study’s objectives. 
Data will be analysed using intention- to- treat and per- 
protocol approaches with subgroup analyses by HIV 
status.
Ethics and dissemination Ethics approval was 
obtained by the Research Ethics Boards of McGill 
University, the McGill University Health Centre, Concordia 
University and Centre Hospitalier de l’Université 
de Montréal. Trial results will be disseminated 
through peer- reviewed publications and conference 
presentations.
trial registration number NCT02354144.

IntroduCtIon
background and rationale
Human papillomavirus (HPV) is one of the 
most common sexually transmitted infec-
tions (STIs) worldwide.1 A 2012 meta- analysis 
found that 93% of HIV- positive gay, bisexual 
and other men who have sex with men 
(gbMSM) and 65% of HIV- negative gbMSM 
are currently infected with HPV.2 Recently, an 
updated meta- analysis reported an HPV prev-
alence for HIV- positive and negative gbMSM 
of 81% and 47%, respectively.3 Canadian 
statistics included in this meta- analysis were 
from a cohort study of HIV- positive gbMSM 
in Montreal, Quebec, which reported an HPV 
prevalence of 97.9%4 and a cross- sectional 
study in Vancouver, British Columbia, which 
reported an HPV prevalence of 78.6% and 
56.9% among HIV- positive and negative 
gbMSM, respectively.5 There is overwhelming 
evidence that persistent HPV infection with 
high oncogenic risk HPV types is the primary 
risk factor leading to precancerous anal 
lesions.6–15
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While the incidence rate of anal cancer is 1–2 per 
100 000 per year,16 the rate is 5.1 per 100 000 among 
HIV- negative gbMSM, and 45.9 per 100 000 among HIV- 
positive gbMSM, based on multinational data.2 There is 
a lack of consensus on an anal screening strategy, and 
screening for high- grade lesions has not yet been shown 
to reduce the incidence of anal cancer.17 The risk of other 
HPV- related lesions, such as genital warts, may decrease 
with condom use, but there is no consensus on whether 
condom use decreases the risk of HPV positivity.18 Addi-
tionally, of the three current prophylactic HPV vaccines 
available, two are recommended for gbMSM19 and offer 
protection from two (Gardasil)20 or seven (Gardasil 9) 
high- risk HPV types.21 There is thus a need for additional 
primary prevention measures.

Carrageenan, a gelling agent derived from red algae, 
is used as a stabiliser and emulsifier in food and cosmetic 
products.22 Previous research demonstrated that carra-
geenan can block HPV transmission in vitro23 and in 
animal studies.24 25 Carrageenan interferes with virion 
surface proteins required for infection primarily by 
binding to the viral capsid thereby preventing attach-
ment to the heparan sulphate proteoglycan receptor.23 
This interaction is long enough to allow natural inactiva-
tion of HPV by the immune system, which may increase 
natural HPV clearance.26 The safety and acceptability 
of a carrageenan- containing gel was demonstrated for 
vaginal27 and vaginal and penile use.28 29 Because of the 
high prevalence of HPV and the greater risk of anal 
cancer and its precursor lesions in gbMSM, compared 
with men in the general population, it is critical to deter-
mine whether a carrageenan- based lubricant can prevent 
HPV transmission among this at- risk group. Moreover, as 
carrageenan’s primary mechanism of action against HPV 
may be affected by innate and adaptive immunity,26 it is 
essential to verify if similar efficacy is observed in men 
with and without HIV. The aim of this paper is to describe 
the protocol for the ‘Lubricant Investigation in Men to 
Inhibit Transmission of HPV Infection’ (LIMIT- HPV) 
study, an ongoing, phase IIB, placebo- controlled, double- 
blinded randomised controlled trial (RCT) to evaluate 
the effect of a carrageenan- based lubricant on anal HPV 
infections in gbMSM.

Study objectives
The primary objective is to evaluate the efficacy of 
carrageenan in reducing type- specific anal HPV inci-
dence, that is, in preventing incident infections by HPV 
types undetected at baseline in sexually active gbMSM, 
overall and by HIV status. Secondary objectives are to: 
(1) evaluate the efficacy of carrageenan in reducing 
type- specific anal HPV prevalence, that is, in acceler-
ating clearance of existing infections in sexually active 
gbMSM; (2) assess the safety and tolerability of the 
proposed gel; and (3) assess participant adherence to 
the intervention.

MEthodS And AnAlySIS
Study design
LIMIT- HPV is an exploratory, phase IIB, parallel group, 
block- randomised, placebo- controlled, RCT with 1:1 
random assignment to the treatment (a self- applied anal 
microbicide gel with carrageenan) or placebo (a self- 
applied placebo gel) group. The trial was registered on  
clinicaltrials. gov as of February 2015. Health Canada 
authorised the gel for use in a clinical trial (file number 
169160).

Patient and public involvement statement
Prior to study initiation, a focus group was conducted to 
gather recommendations from 20 volunteer gbMSM and 
adapt our protocol accordingly. Participants answered a 
self- administered questionnaire, providing their perspec-
tive on sexual behaviour; lubricant and condom usage; 
candidate gels; partner’s support and potential impact 
on compliance; sample collection; willingness to enrol in 
the trial; as well as other concerns and suggestions. This 
preliminary research in itself did not inform the research 
question; however, the trial design was directly impacted; 
for example, participants were asked about the maximum 
frequency they would be willing to have an anal spec-
imen collected, which directly informed the frequency 
of testing in the actual RCT. Additionally, the question 
of whether the sample should be nurse collected rather 
than self- collected was supported by 6/20 gbMSM, while 
10/20 had no preference. Gel packaging was also adapted 
for their preferences. The recommended average mone-
tary compensation to participate in the trial was $26.50 
per visit.

Setting and recruitment
Participants are recruited at the participating clinical sites 
or via advertisements in various media (classified ads on 
Kijiji, Craigslist and Les Pacs; Facebook; Fugues maga-
zine, Quebec’s gay and lesbian magazine; McGill and 
Concordia Classifieds; an interview on McGill/Montreal 
CKUT Campus Community radio station; promotional 
videos; ‘What’s New’ blurbs emailed to McGill students; 
study announcements emailed to Université de Montréal 
students; and class presentations) and through printed 
promotional materials, including posters, business cards, 
posters and button pins. Study recruitment began in 
February 2016 and study visits are conducted at the 
following clinical sites: McGill University Health Centre 
(MUHC), Clinique Médicale Urbaine du Quartier- Latin, 
Clinique OPUS, McGill Health Service Clinic, Concordia 
Health Services or at the Gerald Bronfman Department 
of Oncology at the Division of Cancer Epidemiology of 
McGill University.

Study population and procedures
Individuals are screened directly for eligibility at the clin-
ical sites or prior to that over the telephone (online supple-
mentary appendix 1). Alternatively, subjects interested 
in the study can first fill out an online, self- administered 
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Figure 1 Potential participants are screened for eligibility based on predefined inclusion and exclusion criteria. Eligible 
participants provide informed consent and are randomised 1:1 to receive either the carrageenan- based gel or the placebo gel. 
They fill out an enrolment questionnaire, provide an anal HPV sample, receive a supply of the gel, are tested for HIV if HIV- 
negative and a chart review is completed if HIV- positive. The participants return for each follow- up visit (months 1, 2, 3, 6, 9 and 
12). At follow- up visits (months 1–9), participants fill out a follow- up questionnaire, provide an HPV sample, are provided gel and 
report on adverse events. At month 6 and 12, there is a blinding assessment and a chart review is completed for HIV- positive 
participants. At month 12, participants fill out a follow- up questionnaire, provide an HPV sample and report on adverse events, 
and HIV- negative men are tested again for HIV.

eligibility pre- enrolment questionnaire (online supple-
mentary appendix 2). If eligible, they are contacted to 
confirm their eligibility and schedule the enrolment 
visit. Otherwise, they are emailed to thank them for their 
interest and explain their ineligibility.

Eligibility is based on the following criteria:
 ► Men aged 18 or older.
 ► Living in Montreal and planning to remain in the city 

for the next 12 months.
 ► Having had receptive anal sex with one or more men 

during the previous 3 months and intend to continue 
being sexually active for the duration of their involve-
ment in the study, irrespective of whether their sexual 
partner will change.

 ► Planning on having receptive anal sex with one or 
more men but less than 50 different partners per year.

 ► Understanding French or English.
 ► Willing to follow study instructions and comply with 

follow- ups for 12 months.
 ► Willing to do an HIV test (for men who were never 

tested seropositive for HIV).
Exclusion criteria:
 ► Participants must not be receiving treatment for 

anal or perianal condylomas or anal intraepithelial 
neoplasia lesions during the trial.

 ► Must not have a known allergy or hypersensitivity to 
any of the ingredients in either gels.

Study procedures according to each visit are summa-
rised in figure 1. Eligible men attend an enrolment visit, 
where the research nurse obtains written, site- specific 
informed consent (online supplementary appendix 3 

McGill site) and instructs the participant on proper gel 
use. A 1- month gel supply is provided, and the first spec-
imen is collected. The nurse also provides details about 
HPV infection and advice about condom use and sexual 
health (ie, importance of condom use to prevent HIV and 
other STIs). At subsequent visits, additional bottles of gel 
are provided, and patients are reminded to use the gel.

randomisation and blinding
Once written informed consent is obtained and HIV 
status is confirmed, participants are randomised 1:1 to 
receive either a carrageenan- containing gel or a placebo 
gel. Intervention assignment occurs via a computer- 
assisted block randomisation with randomly variable 
block sizes. Each participant is assigned an individual 
code for the duration of the study, which is used to 
match him to the study arm. The trial is double blinded: 
participants, care providers, investigators and outcomes 
assessors are unaware of treatment allocation. To ensure 
blinding, the two gels and their containers look and feel 
almost identical. Additionally, four random product 
codes are assigned to the treatment gel and a different 
set to the control gel (eight in total) to minimise the risk 
of unblinding. The success of blinding is evaluated at 6 
and 12 months by asking subjects to guess their assign-
ment. If the majority guess correctly, it would suggest that 
blinding was ineffective.

Intervention
The intervention and placebo gels used in this trial are two 
commercially available gels. The differentiating feature 
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is that one gel contains carrageenan (intervention) and 
the other does not (placebo). Both gels are water based, 
latex condom compatible, clear, odourless, tasteless and 
have similar viscosity. Both are packaged in a plastic bottle 
with a disk cap that can be operated with one finger and 
must be applied prior to receptive anal intercourse (RAI) 
during the entire study period. Participants are instructed 
to dispense around 15 mL of the gel into the hand and 
apply directly to genital, anal and condom surfaces 
prior to and as needed during RAI. When sexual activity 
ceases, the water- based formulation of the gel allows it to 
be easily removed with lukewarm water. Participants are 
asked to use the assigned gel for the entire 12 months of 
follow- up, independently of other methods of protection 
against STIs (eg, condoms).

Adherence
To improve adherence, participants are provided with 
an unlimited gel supply until the end of the study. Up 
until April 2019, a monetary compensation of $25/visit 
was provided to each participant. This amount was since 
increased to $50 for visits 1 and 7 and $40 for visits 2–6 
to better reflect the market for compensation in clin-
ical research, to improve recruitment and to help retain 
participants.

Concomitant care
The nurse informs unvaccinated individuals that the 
HPV vaccine has now been approved for men between 9 
and 26 years of age and reminds them that protection is 
prophylactic and restricted to nine vaccine- target types. 
In addition to the required intervention gel, we recom-
mend condom use for the prevention of HIV and other 
STIs. Condoms are easily accessible: many community 
organisations in Montreal such as REZO, a community- 
based organisation dedicated to health promotion and 
prevention of HIV/AIDS and other STIs, already provide 
condoms free of charge as a public health intervention. 
We also offer participants with latex allergies non- latex 
condoms free of charge that are compatible with the 
study gels. Condoms are available from the study nurse 
on request.

Sample size
Data from the Montreal (Human Immunodeficiency and 
Papilloma Virus Research Group) HIPVIRG cohort study 
of gbMSM living with HIV4 and a multinational meta- 
analysis representing both gbMSM subgroups2 informed 
our calculation of sample size. The reported prevalence 
in the HIPVIRG population4 was very similar to studies 
that were conducted outside of Montreal in gbMSM 
living with HIV,2 justifying adopting incidence data from 
gbMSM without HIV from settings outside of Montreal. 
The technique of Dupont and Plummer30 was used to esti-
mate the hazard rate of acquisition. Among HIV- negative 
gbMSM, we estimated a conservative preventive effect size 
of 50% based on the expert opinion of Dr John Schiller, 
who discovered carrageenan’s inhibitory properties 

(personal communication).23 We expect a lower effect 
size of 30% among HIV- positive gbMSM, as carrageen-
an’s primary inhibition mechanism relies on the immune 
response. The power calculations were separately tailored 
to satisfy our primary endpoint in each gbMSM popula-
tion; however, if results are homogeneous across groups, 
we will consider pooling results to improve the precision 
of our estimates. Additionally, we specified 80% power 
to evaluate our primary objective with a type 1 error of 
0.05 and two- sided hypothesis. Assuming an incidence 
proportion of 30% at 12 months among HIV- negative 
gbMSM2 and accounting for 10% loss to follow- up, the 
sample size required for an effect size of 50% was calcu-
lated to be 270. Similarly, assuming an 85% incidence of 
HPV infection at 12 months among HIV- positive gbMSM2 
and accounting for 10% loss to follow- up, the estimated 
sample size required for an effect size of 30% was calcu-
lated to be 107. Hence, recruiting 380 participants (110 
HIV- positive and 270 HIV- negative) would ensure suffi-
cient power at the end of follow- up to assess the study’s 
objectives. With the high frequency of new sex partners 
among gbMSM in a similar study by our group,4 a 1- year 
follow- up period would be sufficient to allow HPV expo-
sure opportunity and evaluate compliance.

data collection
The initial visit takes approximately 30 min, while all 
subsequent follow- up visits (1, 2, 3, 6, 9 and 12 months) 
require about 20 min each. Men are asked to abstain from 
RAI and gel use 48 hours before specimen collection to 
minimise the risk of contamination.31

Computerised questionnaire
Participants complete a self- administered baseline ques-
tionnaire at enrolment and six follow- up questionnaires 
(online supplementary appendices 4 and 5, respectively). 
These measure HPV risk factors, compliance and monitor 
the gels’ safety and tolerability. Between follow- up visits, 
participants are asked to log into a secure web module 
at least once a week to answer questions on daily sexual 
activities, condom and study gel use and adverse events 
(AEs). To minimise recall bias, information can only be 
updated for the past 7 days (incomplete surveys expire 
after a week). Web- based diaries have been shown to be 
effective for logging sexual activities and superior to ques-
tionnaires completed during visits for reducing recall 
bias.32 This ensures high compliance and improves data 
quality. Responses are employed to evaluate adherence 
and assist in developing future studies.

Reporting AEs 
To gauge the severity of AEs related to the study interven-
tion, we refer to the Rectal Genital Grading Table for Use 
in Microbicide Studies33 and Male Genital Grading Table 
for Use in Microbicide Studies.34 If a stable, chronic condi-
tion is noted in the enrolment medical history question-
naire but does not exacerbate during the trial, symptoms 
are recorded in the AE report but are not considered to 
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be attributable to the gel. Subjects are advised to promptly 
notify the nurse of any AE; the event is documented, and 
the participant is triaged and treated at the discretion of 
the study physicians. Nonetheless, should subjects fail to 
immediately report an AE, they are also asked about any 
recent medical visits/AEs at each follow- up visit in the 
questionnaire.

Anal sample collection
HPV infection status is assessed by testing anal specimens. 
Trained study nurses collect specimens according to the 
Protocol for Anal Swab Collection (online supplementary 
appendix 6).4 The swab sample is immediately preserved 
in PreservCyt and kept at 4°C pending transfer to FC’s 
laboratory, a WHO- accredited HPV diagnostics centre. 
Samples are batched and transported every 2–3 months.

hPV dnA detection and typing
The swab sample is subject to centrifugation at 13 000 g 
for 15 min at 22°C; the supernatant is discarded, and 
the pellet is resuspended in 300 µL of 20 mmol/L Tris 
buffer (pH 8.3). DNA is purified using a Master- Pure Kit 
(Epicentre) and tested in each PCR assay.35 HPV detec-
tion and typing is done via the PGMY PCR protocol 
coupled with the linear array method, commercially avail-
able from Roche.36 This test permits testing and typing 
for 36 different genital HPV types.36 These types can be 
categorised into three alphapapillomavirus subgenera 
based on oncogenicity and tissue tropism: subgenus 1 
includes low oncogenic risk types (HPVs 6, 11, 40, 42, 44 
and 54), subgenus 2 includes high oncogenic risk types 
(HPVs 16, 18, 26, 31, 33, 34, 35, 39, 45, 51, 52, 53, 56, 
58, 59, 66, 67, 68, 69, 70, 73 aand 82), and subgenus 3 
includes mostly commensal types (HPVs 61, 62, 71, 72, 
81, 83, 84 and 89).37–40

hIV testing
For participants who report being HIV- negative, the nurse 
performs a rapid HIV test at baseline and at 12 months, 
as is standard of care in high- risk populations (online 
supplementary appendix 7). If positive, the participant 
is referred immediately to AdP at the MUHC to ensure 
rapid engagement with HIV care. For HIV- positive partic-
ipants, a brief chart review is done at 0, 6 and 12 months 
to collect information on CD4 count, HIV viral load and 
current antiretroviral regimen.

loss to follow-up
Discontinuing participation of a study subject occurs if 
the participant voluntarily withdraws from the trial, or 
has AEs, illness or other medical conditions determined 
by a physician to be serious enough to terminate his 
involvement in the study. Loss to follow- up is described 
as failure to reach a participant for a follow- up visit 6 
months postrandomisation, or the potential for a partici-
pant to jeopardise the study’s integrity through protocol 
non- compliance.

outcome measures
The primary outcome is presence of a newly detected 
anal infection of a specific HPV type(s) in an individual 
who was negative for that HPV type(s) at enrolment. The 
secondary outcome is clearance of type- specific anal HPV 
infections found at baseline. Analyses will be conducted 
for a conservative (one negative HPV result after a posi-
tive result) and liberal (two consecutive negative results 
after a positive result) definition of clearance. Other 
secondary outcomes include participant adherence and 
AEs reporting.

data management
Study and data management are facilitated through the 
use of a secure, password- protected web- based database 
to record and manage study procedures. The database 
is used to record participant and clinic visit information, 
plan visits and export data. It is only accessible from 
specific IP addresses. A coded numeric system is used to 
identify subjects. All data, including but not limited to 
records, case report forms and laboratory results, remain 
confidential and stored in a secure location. Research 
staff are the only individuals with access to these personal 
documents. They are available to the study sponsor or 
participating regulatory agencies on request. For quality 
control, data are downloaded from the server each month 
and checked for possible errors. Data management is 
done using SAS V.9.4. Any missing data will be handled 
by multiple imputations if appropriate.

data analysis
Analyses will be conducted separately among gbMSM 
with and without HIV and pooled if appropriate. These 
will use intention- to- treat (ie, including all participants 
who were randomised and received at least 1 month’s 
supply of gel) and per- protocol (ie, including only 
‘adherent’ participants who complied with the protocol) 
approaches. Because of randomisation, we expect the 
rates of type- specific HPV infections to be comparable 
between study arms at enrolment.

Primary aim 1 (prevention)
Carrageenan’s efficacy will be evaluated by testing the null 
hypothesis of no difference in time to anal type- specific 
HPV incident infection between treatment groups using 
the log rank test. Time to HPV infection will be defined as 
the difference in days between an incident HPV detection 
date and time zero at enrolment. We will use Cox propor-
tional hazards regression to estimate the HR and 95% 
CI of HPV infection for treatment versus placebo. If the 
proportionality assumption is not met or the HR changes 
over time, we will fit a discrete- time hazards model.41

A sensitivity analysis will be conducted restricting to the 
most adherent participants in terms of gel usage. Adher-
ence will be calculated as the number of times the gel was 
used during RAI divided by the number of RAIs reported 
in the same interval. A participant will be considered 
adherent if he reported, as recommended, gel use at 
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least >50% of the time prior to every act of intercourse. 
Additional analyses will allow for time- varying adher-
ence, defined as adherence since the last administered 
questionnaire.

Secondary aim 1 (clearance)
Time- to- event analysis techniques will be used to measure 
type- specific clearance of HPV infections present at enrol-
ment, according to the intervention. Time to clearance 
and HRs of clearance will be calculated as above.

Secondary aim 2 (safety, tolerability and adherence)
Safety and tolerability of the interventions will be eval-
uated using the AE reports from both groups. For each 
participant, mean adherence will be calculated for the 
time period between two consecutive visits and for the 
whole follow- up period, and it will be compared between 
the intervention and placebo groups using a t- test. If 
adherence is not normally distributed, median adher-
ence will be compared between groups using the Mann- 
Whitney test. As mentioned previously, adherence will also 
be evaluated as a binary variable and compared between 
groups using the χ2 test for each interval and overall.

Monitoring
An independent data safety monitoring board oversees 
the trial to ensure that it is conducted in accordance with 
the ethical principles of good clinical practice. The board 
will review the results of the interim analysis and make 
recommendations regarding safety concerns and/or 
suspension or early termination of the study (eg, unequiv-
ocal evidence of efficacy). The same board members also 
oversee the Carrageenan gel Against Transmission of 
Cervical HPV (CATCH) RCT, which is similar in design to 
LIMIT- HPV; however, it evaluates the efficacy of a carra-
geenan gel among heterosexually active women.42

EthICS And dISSEMInAtIon
This is the seventh study protocol version, last revised 
30 January 2019. When 50% of the targeted population 
(380 gbMSM) are recruited, an interim analysis will be 
conducted. Reports of trial findings—in the form of 
abstracts and manuscripts to be submitted, respectively, 
to peer- reviewed journals and conferences—will be 
presented according to the CONsolidated Standards of 
Reporting Trials statement.43 The coinvestigators involved 
in the study will assist in dissemination of research find-
ings directly to health clinics and the gbMSM community.

dISCuSSIon
Presently, there is no effective way to treat anal HPV infec-
tions. With the potential for broad- spectrum anti- HPV 
activity, carrageenan could be a useful adjunct to HPV 
vaccination as a primary means of preventing HPV infec-
tions. Given the high burden of HPV infections in the 
gbMSM community, regular application of a carrageenan- 
based lubricant could be a cost- effective preventive 

approach, especially considering that most gbMSM regu-
larly use lubricants for anal sex. Furthermore, treatments 
for condyloma and high- grade lesions are costly and often 
need to be repeated, as the recurrence rate is very high 
(particularly among people with HIV).44 Also, vaccination 
is generally only maximally effective at preventing infec-
tion if administered prior to becoming sexually active.45

To the best of our knowledge, the LIMIT- HPV study is 
the first to test carrageenan against anal HPV infections. 
Its main strength is the blinded RCT design. Addition-
ally, considering HIV- positive and negative gbMSM would 
allow for the evaluation of the gel’s efficacy in both groups. 
There are study limitations. An evaluation of dosage effi-
cacy is not possible, as we do not collect information on 
the exact amount of gel used. While biannual4 46–48 and 
annual49–53 anal HPV sampling in longitudinal studies 
is common, that length of follow- up will not give suffi-
cient detail to evaluate the study’s objectives. In an ideal 
research setting, HPV status would be ascertained daily 
to have a more precise measurement of the time of HPV 
acquisition; however, to minimise burden on the patient, 
the current schedule was deemed optimal. HPV incidence 
is consequently interval censored, that is, infection date 
occurs sometime between the last negative and the first 
positive test, but the exact date is unknown. However, as 
the time interval between each visit is relatively short, the 
interval would represent an appropriate approximation. 
An additional limitation is the possibility that some ‘inci-
dent’ HPV infections are due to reactivation of previously 
acquired HPV, as opposed to acquisition from sexual 
activity.54 However, because the proportion of incident 
infections that could be due to viral latency is expected 
to be balanced between groups as a result of (successful) 
randomisation, the effect on the risk estimate could be 
biased towards the null.

The LIMIT- HPV study may show a similar protective 
effect as was demonstrated in an interim analysis of a 
related study (CATCH RCT) conducted by our team. A 
reduction in the risk of incident HPV infection among 
participants randomised to the carrageenan gel was 
demonstrated, and importantly, the gels appeared safe: 
none of the reported AE were attributed to the gels.42 
If efficacy of the carrageenan gel is demonstrated, the 
current trial has the potential to improve the health of 
individuals in the gbMSM community by providing protec-
tion against all HPV genotypes and ultimately reducing 
the risk of HPV- associated diseases in this at- risk group.
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