SUPPLEMENT ARTICLE

Biomedical Prevention: State of the Science

Sheena M. McCormack,' Mitzy Gafos,' Monica Desai,' and Myron S. Cohen?

'Medical Research Council, Clinical Trials Unit at University College London, United Kingdom; and Department of Epidemiology, University of North
Carolina at Chapel Hill

Preexposure prophylaxis (PrEP) and treatment as prevention (TasP) involve the use of antiretroviral (ARV)
drugs by human immunodeficiency virus (HIV)-negative and -positive individuals to reduce HIV acquisition
and transmission, respectively. Clinical science has delivered a consistently high effect size for TasP and a range
from 0%-73% reduction in incidence across placebo-controlled PrEP trials. However, the quality of evidence for
PrEP compares favorably with evidence for postexposure prophylaxis (PEP). It is clear from treatment programs
and PrEP trials that daily adherence presents challenges to a large proportion of the population. Although there
are factors associated with inconsistent use (ie, younger age), they do not assist clinicians at the point of care.
There are additional provider concerns about PrEP (covering cost of drug and delivery, undermining condom
promotion, and facilitating resistant strains) that have delayed widespread acceptance. These issues need to be

addressed in order to realize the full public health potential of antiretrovirals.
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The first demonstration that human immunodeficiency
virus (HIV) could be prevented with a biomedical inter-
vention was the dramatic reduction of transmission
from mother to child in 1994 with use of a single
drug, zidovudine, in a complex regimen that was not
practical to implement in all settings [1]. Randomized
placebo-controlled trials of more practical regimens
were undertaken, eliciting controversy in the literature
but providing the necessary evidence for the World
Health Organization (WHO) to modify guidelines
and incorporate a range of options. More potent regi-
mens have followed; however, in 2012 an estimated
260 000 babies in low- and middle-income countries
were infected with HIV from their mother [2].
Scientific endeavors have delivered robust evidence
for the biological efficacy of preexposure prophylaxis
(PrEP) [3] and treatment as prevention (TasP) [4].
There is cautious optimism for tenofovir 1% vaginal
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microbicide [5] and a glimmer of hope for combination
vaccine regimens, with significant protection demon-
strated in 1 trial (RV144) [6]. In contrast, the evidence
base for postexposure prophylaxis (PEP) following sex-
ual exposure is weak, with supporting preclinical and
cohort data only (mainly occupational) [7].

This review, which is based on the 2013 International
Association of Providers of AIDS Care (IAPAC) summit
“Controlling the HIV Epidemic With Antiretrovirals,”
held in London, focuses exclusively on the use of antire-
troviral (ARV) drugs to prevent onward transmission to
sexual partners (TasP), as postexposure prophylaxis after
sex (PEPSE), and before the event (PrEP, microbicides).
We identify the challenges in translating the science for
prescribers and users, and the difficulty that the lack of
precision around the estimates of effect presents for pro-
gressing drugs that are currently in early development.

EVIDENCE FOR EFFICACY

Academic groups working independently of each other
have collected the evidence for each biomedical interven-
tion. Whether by serendipity or Gilead Sciences’ fore-
sight in making tenofovir and Truvada accessible, there
is a comprehensive portfolio for these ARV drugs
when used as oral and topical PrEP. This includes
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preclinical challenge experiments [8, 9], pharmacokinetic data
with and without a pharmacodynamic endpoint [10-14], and
randomized placebo-controlled clinical trial data in a range of di-
verse populations [5, 15-20].

THE CHALLENGE OF NO TRIAL:
POSTEXPOSURE PROPHYLAXIS

The evidence base for PEPSE is at the bottom of the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) system for rating evidence [21], relying heavily on
preclinical data and cohort data (mainly following occupational
injury) [7]. Despite this, it is widely available in all countries
using ARV drugs licensed for the treatment of HIV. The
72-hour limit for starting PEPSE after exposure is derived
from preclinical data [22, 23] but endorsed by clinical data col-
lected after known exposure [24-26]. Earlier is clearly better.
Therefore, it is not appropriate to assess time to start in a
randomized trial; however, surely it is time to assess shorter reg-
imens given the evidence that HIV is disseminated 5-10 days
after exposure [27].

THE ADVANTAGE OF THE SINGLE TRIAL
AND A SURROGATE MARKER

When HIV Prevention Trials Network (HPTN) 052 random-
ized the first participant to early or deferred antiretroviral ther-
apy (ART), there was already a body of evidence that supported
negligible risk of onward transmission from positive individuals
with undetectable virus in the plasma [28, 29]. The evidence
available in 2008 was sufficient to lead the Swiss to issue a state-
ment to this effect [30]; this statement led to considerable con-
troversy when presented at the XVII International AIDS Society
Conference in Mexico City [31]. The controversy created uncer-
tainty, and the majority of healthcare workers felt uncomfort-
able advising patients they were not infectious and deemed it
necessary to mention the caveats to them (eg, unable to extrap-
olate from cohort populations due to differing sexual practices,
virus in the genital compartment if not the plasma, the possibil-
ity that other sexually transmitted infections [STIs] are present
to increase susceptibility or viral shedding). HPTN 052 changed
that by providing a single, very high estimate of effect, that is,
96%, together with the explanation that the single infection
that was transmitted most likely occurred before the positive
individual became undetectable [28]. The caveats have not en-
tirely disappeared, but the message for the individual consider-
ing this option is clear, with the WHO strongly recommending
initiation of treatment for the HIV-infected partner in a dis-
cordant sexual relationship, regardless of CD4 count or WHO
stage of disease, so as to prevent onward transmission [32]. This
recommendation is for serodiscordant couples of any

orientation, although data for men who have sex with men
(MSM) are lacking [33].

The public health benefit of TasP is not so clear and is being
specifically addressed in 4 randomized trials being conducted in
heterosexual populations in countries in sub-Saharan Africa
with generalized epidemics [34, 35]. However, the incidence of
HIV in gay and other MSM is rising in several countries that
have robustly implemented ART programs, leading some ex-
perts to conclude that TasP alone will not eradicate HIV in
these focused epidemics [33, 36, 37].

THE PROS AND CONS OF MULTIPLE, WIDE-
RANGING ESTIMATES FOR PrEP

Statistically significant reduction in HIV incidence is a clear
endpoint, and the demonstration of this in diverse populations
leaves no room for doubt that daily oral Truvada has biological
efficacy. However, there is uncertainty about the size of the
effect, as the range of benefits observed in clinical trials goes from
no benefit to 73% reduction in HIV incidence compared with
placebo. This uncertainty makes it difficult to articulate a
simple, clear message for prescribers and users of PrEP regard-
ing how much protection daily Truvada will provide, although
it is clear that it can only work if it is taken. Even though the
differences between the trials can be explained by the differenc-
es in the proportion who were taking the drug [38], there
are distracting caveats in the literature that include lower
levels of drug in the female genital tract [39], the vulnerability
of rectal epithelial cells [40, 41], and the presence of facilitating
STIs [42].

The uncertainty around the effect size for Truvada, the only
licensed drug for PrEP, also presents a challenge for those wish-
ing to demonstrate the effectiveness of alternative drugs for
PrEP. Where biological efficacy is uncertain, the most robust
control remains a placebo [43]. This is why the tenofovir vaginal
microbicide trial FACTS001, the “before and after sex” Truvada
PrEP trial iPerGay, and the 2 dapivirine vaginal ring studies
(ASPIRE and the Ring) are using placebo controls [44]. In the
absence of a validated surrogate marker for efficacy, it is difficult
to see a future for oral PrEP that does not include large nonin-
feriority trials with extensive pharmacokinetic sampling in
order to determine the proportion taking the drug in each
group so that the analyses can be adjusted for differences in ad-
herence. What level of efficacy should these designs assume for
the daily Truvada control? Should it be 90%, as suggested by the
2 nested case-control studies in iPrEx and Partners? Or some-
where between the 44% seen in iPrEx and the 73% seen in Part-
ners? The choice is likely to be driven by practicalities such as
the sample size that can be achieved, which can be a recipe for
underpowered trials. Interpretation of the results of such trials is
guaranteed to be challenging [45].
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ADHERENCE BEHAVIOUR

TasP, PrEP, microbicides, and PEPSE are better understood as
biobehavioral interventions as they are all user dependent,
whether they are pills that need to be taken at a certain frequen-
cy, microbicide gels or rings that need to be inserted and left in
situ for specified periods, or injectables that require clinic atten-
dance at particular intervals.

Clinical trials of PrEP and ARV-based microbicides have
demonstrated that although adherence to visits was high in
all trials, adherence to product measured objectively through
detection of drug varied considerably [16-18, 20, 46]. In roll-
out programs, uptake of ARV prevention options is more like-
ly to be driven by need than by the benefits inherent in clinical
trial participation [47, 48]. Later in this supplement, Amico
and Stirratt describe the evidence highlighting demographic,
psychological, and socioecological factors related to product
use in placebo-controlled trials to date [49]. Although evi-
dence from FemPrEP and VOICE suggest insufficient levels
of adherence to daily study products, the underlying reasons
for nonadherence are not clear. Until this is understood, we
should not dismiss the potential of daily oral PrEP in similar
populations. Amico and Stirratt highlight the substantial gaps
that remain in our understanding of how and why open-label
PrEP will be adhered to, interrupted, and discontinued. These
gaps hinder our ability to define clear-cut messages for users
in open-label studies and in real life. Although adherence to
an ARV prevention option will be less obscured by unknown
safety and efficacy of a study product, how will healthcare pro-
viders and users interpret the level of efficacy? And what
impact will the uncertainty around the effect size have on pol-
icy, practice, and adherence?

And what of adherence to TasP in the absence of real-time
feedback of viral load measurements to identify those who
need additional support and to reinforce the value of adher-
ence? The additional benefit of negligible risk of onward trans-
mission may add incentive to receive ART, although,
interestingly, 13% of the HPTN 052 cohort chose to remain
off ART 18 months after unblinding [50].

In addition to noting the extent to which product use in trials
may differ from product adherence in real life, it is likely that
usage patterns will be influenced by product modality and reg-
imen. CAPRISA 004 evaluated a “before-and-after” dosing of
topical PrEP, whereas FemPrEP and VOICE evaluated daily
dosing strategies of oral and oral-topical PrEP, respectively.
Prior efficacy trials assessed a simple “before-sex” application
of non-ARV vaginal microbicide gel. It is important not to
dismiss the large body of evidence on product use from these
trials because of a lack of biological measures of adherence. Sev-
eral non-ARV microbicide trials used multiple measurement
methods [51] and reported similar disparities between self-

reported point prevalent product use and composite or indirect
measures of product use, as seen in ARV-based trials between
self-reported point prevalent use and drug level counts. In spite
of the limitations of the clinical trial setting, it was possible to
collect data that went beyond acceptability to provide a more
holistic picture of how women incorporated gel into their
lives and partnerships across cultures that will be relevant to
real-life use [52].

ACTUAL RISK AND PERCEIVED RISK

We already know from models of HIV transmission, repeated
cross-sectional studies, and surveillance data collected in the
United Kingdom and the United States that risk behaviors
and markers of risk behavior, such as STIs, continue to in-
crease among MSM [53-58]. This resurgence in STIs com-
pared with the early years of HIV infection predates the
introduction of PrEP. New diagnoses of HIV are also increas-
ing in key populations with stable epidemics. Although use of
new diagnoses to estimate incidence is subject to ascertain-
ment bias due to increased testing, the incidence of HIV in
the placebo group of several HIV prevention trials has been
higher than anticipated [5, 20]. Therefore, it seems likely that
the increase in reported condomless sex is real and prevalent
among HIV-positive and -negative populations. The drivers
are complex and include a change in the sexual environment,
with networks broadening through social networking sites,
changes in sexual risk behaviors [59, 60], and the impact of
modifying a simple “no-sex or condoms-only” instruction to
more nuanced “safer-sex” messages. The role that repeatedly
testing HIV negative while having condomless sex plays in
reinforcing an individual’s perception of their low-risk status
merits evaluation.

Science has facilitated a precise measure of risk of transmis-
sion following sexual exposure based on a composite of the
chance that the person was HIV positive and on the type of
sex. For example, in central London, where prevalence in
MSM is 8.1%, the risk from unprotected receptive anal inter-
course is calculated to be 1 in 1112 with a partner of unknown
status [61]. This creates an impression of low risk, even more so
for insertive anal intercourse where the calculated risk is 1 in
20408. Are these messages appropriate when we see mean
viral loads of 8 million copies/mL in seroconvertors [62] who
believe themselves to be HIV negative based on their most
recent test?

The longitudinal self-reported risk behavior observed in the
iPrEx cohort [63] suggests that the need for PrEP is more likely
to be periodic than constant. The extent to which PrEP increases
condomless sex with and without an increase in the number of
partners has yet to be characterized. Although PrEP will render
most, if not all, sex acts protected against HIV, it will not
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prevent other STIs and may not prevent HIV transmission
when the viral load is very high, as is the case in seroconversion.
The impact of “risk compensation” on effectiveness and cost-
effectiveness cannot be measured in placebo-controlled trials
when participants know they could be on an inactive drug. Lim-
ited data from open-label extensions of the placebo-controlled
studies in heterosexuals are reassuring [64], but this may not
extrapolate to populations with a greater frequency of partner
change, as is the case with some MSM populations [65].

COST SAVINGS, COST EFFECTIVENESS,
COST BENEFIT

Wilson and Fraser provide a detailed review of the economics of
ARV drugs for prevention in this supplement [66]. They have
highlighted the 4-fold difference between current spending on
AIDS care and treatment and the funds required to treat every-
one living with HIV [37]. There are opportunities for efficien-
cies (task shifting, declining drug costs, cheaper diagnostics),
and it is encouraging to see several low- and middle-income
countries that are now independent of external assistance and
able to consider the cost effectiveness of these new strategies,
with projected cost savings for HIV treatment programs in
the long term. Nonetheless, there remain high-burden countries
that cannot contemplate new options regardless of how good
they appear to be, as they have not yet managed to treat all
those with CD4 <200 cells/mm?®. In all settings, the cost benefit
of each strategy has to be considered against the alternatives in
the context of finite resources within the healthcare sector.

CONCLUSION

The state of the science for biomedical interventions ranges from
weak (for PEPSE), to robust with complex messages (for PrEP),
to robust and clear (for TasP). Postexposure prophylaxis for sex-
ual exposure has been available for some time, and it was possible
to advocate for this with virtually no evidence. For TasP, the US
President’s Emergency Plan for AIDS Relief, WHO, Internation-
al Association of Providers of AIDS Care, International AIDS
Society, US Agency for International Development, and US
Department of Health and Human Services have embraced a
much more aggressive promotion of ART, in part, for the public
health potential. The policy and practice response to PrEP, in
contrast, has been slow and likely reflects the more complex mes-
sages that accompany this biomedical intervention, which has
proven to be more behavioral than anticipated. Guidelines and
position statements have been developed; however, uptake, as
measured by prescriptions in the United States, has been poor.
Now is not the time to stand still in admiration of what has
been achieved but rather to double our efforts to answer the ques-
tions that will accelerate implementation of the most appropriate

strategies for each epidemic setting in order to achieve a 50%
reduction in HIV incidence. Failure is not an option.

Notes

Acknowledgments. The authors acknowledge the dedication of the
study participants, study teams, and communities that supported the clinical
research, providing the evidence for biomedical prevention.

Financial support. The authors did not receive any funding for the
preparation of this paper. The institutions that employ the authors receive
public-sector funding for HIV prevention research.

Supplement sponsorship. This article is published as part of a supple-
ment entitled “Controlling the HIV Epidemic With Antiretrovirals,” spon-
sored by the International Association of Providers of AIDS Care.

Potential conflicts of interest. S. M., M. G., and M. D. are investigators
on the PROUD Pilot study, for which Gilead Sciences has provided a grant
for diagnostics and free drugs. S. M. is a member of the Population Council
Microbicides Advisory Board, and M. S. C. has served as a consultant to
Roche Molecular Systems and Janssen Global Services.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Connor EM, Sperling RS, Gelber R, et al. Reduction of maternal-infant
transmission of human immunodeficiency virus type 1 with zidovudine
treatment. Pediatric AIDS Clinical Trials Group Protocol 076 Study
Group. N Engl ] Med 1994; 331:1173-80.

2. UNAIDS. Global Report: UNAIDS report on the global AIDS epidemic
2013. Geneva, Switzerland, 2013.

3. Mayer K. Antiretroviral chemoprophylaxis: state of evidence and the re-
search agenda. Clin Infect Dis 2014; 59(S1):S47-51.

4. McNairy ML, El-Sadr WM. A paradigm shift: focus on the HIV preven-
tion continuum. Clin Infect Dis 2014; 59(S1):S12-15.

5. Abdool Karim Q, Abdool Karim SS, Frohlich JA, et al. Effectiveness and
safety of tenofovir gel, an antiretroviral microbicide, for the prevention
of HIV infection in women. Science 2010; 329:1168-74.

6. Rerks-Ngarm S, Pitisuttithum P, Nitayaphan S, et al. Vaccination with
ALVAC and AIDSVAX to prevent HIV-1 infection in Thailand. N Engl
] Med 2009; 361:2209-20.

7. Bryant J, Baxter L, Hird S. Non-occupational postexposure prophylaxis
for HIV: a systematic review. Health Technol Assess 2009; 13:1-82.

8. Garcia-Lerma JG, Cong ME, Mitchell J, et al. Intermittent prophylaxis
with oral Truvada protects macaques from rectal SHIV infection. Sci
Transl Med 2010; 2:14ral4-14ra4.

9. Tsai CC, Follis KE, Sabo A, et al. Prevention of SIV infection in ma-
caques by (R)-9-(2-phosphonylmethoxypropyl) adenine. Science
1995; 270:1197-9.

10. Karim SS, Kashuba AD, Werner L, Karim QA. Drug concentrations
after topical and oral antiretroviral pre-exposure prophylaxis: implica-
tions for HIV prevention in women. Lancet. 2011; 378:279-81.

11. Schwartz JL, Rountree W, Kashuba AD, et al. A multi-compartment,
single and multiple dose pharmacokinetic study of the vaginal candidate
microbicide 1% tenofovir gel. PloS One 2011; 6:¢25974.

12. Anton PA, Cranston RD, Kashuba A, et al. RMP-02/MTN-006: a phase
1 rectal safety, acceptability, pharmacokinetic, and pharmacodynamic
study of tenofovir 1% gel compared with oral tenofovir disoproxil fuma-
rate. AIDS Res Hum Retroviruses 2012; 28:1412-21.

13. Hendrix CW, Chen BA, Guddera V, et al. MTN-001: randomized pharma-
cokinetic cross-over study comparing tenofovir vaginal gel and oral tablets
in vaginal tissue and other compartments. PloS One 2013; 8:e55013.

14. Anderson PL, Glidden DV, Liu A, et al. Emtricitabine-tenofovir concen-
trations and pre-exposure prophylaxis efficacy in men who have sex
with men. Sci Transl Med 2012; 4:151ral25.

S44 o CID 2014:59 (Suppl 1) e McCormack et al

GTOZ ‘G aunc uo uopuo aba|0D AISIBAIUN T /610°S[euIno [pJoJX0°pId//:0ny WoJ) pepeoumoq


http://cid.oxfordjournals.org/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Baeten JM, Donnell D, Ndase P, et al. Antiretroviral prophylaxis for
HIV prevention in heterosexual men and women. N Engl ] Med
2012; 367:399-410.

Thigpen MC, Kebaabetswe PM, Paxton LA, et al. Antiretroviral preex-
posure prophylaxis for heterosexual HIV transmission in Botswana. N
Engl ] Med 2012; 367:423-34.

Grant RM, Lama JR, Anderson PL, et al. Preexposure chemoprophylax-
is for HIV prevention in men who have sex with men. N Engl ] Med
2010; 363:2587-99.

Van Damme L, Corneli A, Ahmed K, et al. Preexposure prophylaxis
for HIV infection among African women. N Engl ] Med 2012; 367:411-22.
Choopanya K, Martin M, Suntharasamai P, et al. Antiretroviral prophy-
laxis for HIV infection in injecting drug users in Bangkok, Thailand
(the Bangkok Tenofovir Study): a randomised, double-blind, placebo-
controlled phase 3 trial. Lancet 2013; 381:2083-90.

Marrazzo J, Ramjee G, Nair G, et al. Pre-exposure prophylaxis for HIV
in women: daily oral tenofovir, oral tenofovir/emtricitabine or vaginal
tenofovir gel in the VOICE study (MTN 003). In: 20th Conference on
Retroviruses and Opportunistic Infections, Atlanta, GA, 2013.

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus
on rating quality of evidence and strength of recommendations. BMJ
2008; 336:924-6.

Tsai CC, Emau P, Follis KE, et al. Effectiveness of postinoculation (R)-9-
(2-phosphonylmethoxypropyl) adenine treatment for prevention of
persistent simian immunodeficiency virus SIVmne infection depends
critically on timing of initiation and duration of treatment. ] Virol
1998; 72:4265-73.

Otten RA, Smith DK, Adams DR, et al. Efficacy of postexposure pro-
phylaxis after intravaginal exposure of pig-tailed macaques to a
human-derived retrovirus (human immunodeficiency virus type 2). J
Virol 2000; 74:9771-5.

Sperling RS, Shapiro DE, Coombs RW, et al. Maternal viral load, zido-
vudine treatment, and the risk of transmission of human immunodefi-
ciency virus type 1 from mother to infant. Pediatric AIDS Clinical Trials
Group Protocol 076 Study Group. N Engl ] Med 1996; 335:1621-9.
Wade NA, Birkhead GS, Warren BL, et al. Abbreviated regimens of zi-
dovudine prophylaxis and perinatal transmission of the human immu-
nodeficiency virus. N Engl ] Med 1998; 339:1409-14.

Cardo DM, Culver DH, Ciesielski CA, et al. A case-control study of HIV
seroconversion in health care workers after percutaneous exposure.
Centers for Disease Control and Prevention Needlestick Surveillance
Group. N Engl ] Med 1997; 337:1485-90.

Cohen MS, Gay CL, Busch MP, Hecht FM. The detection of acute HIV
infection. J Infect Dis 2010; 202(Suppl 2):5270-277.

Ping LH, Jabara CB, Rodrigo AG, et al. HIV-1 transmission during early
antiretroviral therapy: evaluation of two HIV-1 transmission events in
the HPTN 052 prevention study. PloS One 2013; 8:¢71557.

Attia S, Egger M, Muller M, Zwahlen M, Low N. Sexual transmission of
HIV according to viral load and antiretroviral therapy: systematic review
and meta-analysis. AIDS 2009; 23:1397-404.

Vernazza P, Hirschel B, Bernasconi E, Flepp M. Les personnes séropos-
itives ne souffrant d’aucune autre MST et suivant un traitment antiré-
troviral efficace ne transmettent pas le VIH par voie sexuelle. Bulletin
des Médecins Suisses 2008; 89:165-9.

Bernard E. Swiss statement that ‘undetectable equals uninfectious’ creates
more controversy in Mexico City. Aidsmap. Available at: http://www.
aidsmap.com/Swiss-statement-that-undetectable-equals-uninfectious-
creates-more-controversy-in-Mexico-City/page/1431075/. Accessed 22
May 2014.

World Health Organization. Consolidated guidelines on the use of
antiretroviral drugs for treating and preventing HIV infection: Recom-
mendations for a public health approach. Geneva, Switzerland, 2013.
Muessig KE, Smith MK, Powers KA, et al. Does ART prevent HIV
transmission among MSM? AIDS 2012; 26:2267-73.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Cohen MS, Smith MK, Muessig KE, et al. Antiretroviral treatment of
HIV-1 prevents transmission of HIV-1: where do we go from here? Lan-
cet 2013; 382:1515-24.

Boily MC, Masse B, Alsallaq R, et al. HIV treatment as prevention: con-
siderations in the design, conduct, and analysis of cluster randomized
controlled trials of combination HIV prevention. PLoS Med 2012; 9:
€1001250.

Phillips AN, Cambiano V, Nakagawa F, et al. Increased HIV incidence
in men who have sex with men despite high levels of ART-induced viral
suppression: analysis of an extensively documented epidemic. PloS One
2013; 8:e55312.

Wilson DP. HIV treatment as prevention: natural experiments highlight
limits of antiretroviral treatment as HIV prevention. PLoS Med 2012; 9:
€1001231.

van der Straten A, Van Damme L, Haberer JE, Bangsberg DR. Unrav-
eling the divergent results of pre-exposure prophylaxis trials for HIV
prevention. AIDS 2012; 26:F13-19.

Patterson KB, Prince HA, Kraft E, et al. Penetration of tenofovir and
emtricitabine in mucosal tissues: implications for prevention of HIV-
1 transmission. Sci Transl Med 2011; 3:112rel14.

Anton PA, Elliott ], Poles MA, et al. Enhanced levels of functional HIV-
1 co-receptors on human mucosal T cells demonstrated using intestinal
biopsy tissue. AIDS 2000; 14:1761-5.

Poles MA, Elliott ], Taing P, Anton PA, Chen IS. A preponderance of
CCR5(+) CXCR4(+) mononuclear cells enhances gastrointestinal mu-
cosal susceptibility to human immunodeficiency virus type 1 infection.
] Virol 2001; 75:8390-9.

Cohen MS. Classical sexually transmitted diseases drive the spread of
HIV-1: back to the future. J Infect Dis 2012; 206:1-2.

FDA. Vaginal microbicides: Development for the prevention of HIV in-
fection Draft Guidance, 2012. Available at: http:/www.fda.gov/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/ucm328834.
htm. Accessed 3 February 2014.

AVAC. HIV Prevention Research and Development Database, 2014.
Available at: http://data.avac.org/Default.aspx. Accessed 5 January 2014.
Donnell D, Hughes JP, Wang L, Chen YQ, Fleming TR. Study design
considerations for evaluating efficacy of systemic preexposure prophylaxis
interventions. J Acquir Immune Defic Syndr 2013; 63(Suppl 2):
S130-134.

Baeten JM, Haberer JE, Liu AY, Sista N. Preexposure prophylaxis for
HIV prevention: where have we been and where are we going? ] Acquir
Immune Defic Syndr 2013; 63:5122-9.

Woodsong C, MacQueen K, Amico KR, et al. Microbicide clinical
trial adherence: insights for introduction. J Int AIDS Soc 2013;
16:18505.

Tolley EE, Friedland BA, Gafos M, et al. Socioeconomic and behavioural
factors influencing choice, adherence and success of microbicide formu-
lations. In: das Neves J, Bruno S, eds. Drug delivery and development of
anti-HIV microbicides, forthcoming.

Amico KR, Stirratt MJ. Adherence to preexposure prophylaxis: current,
emerging, and anticipated bases of evidence. Clin Infect Dis 2014;
59(81):555-60.

Gamble T, McCauley M, Talley J, et al. Acceptance of ART in the Delay
Arm after Notification of Interim Study Results: Data from HPTN 052.
In: 20th Conference on Retroviruses and Opportunistic Infections,
Atlanta, GA, 2013.

Pool R, Montgomery CM, Morar NS, et al. A mixed methods and tri-
angulation model for increasing the accuracy of adherence and sexual
behaviour data: the Microbicides Development Programme. PLoS
One 2010; 5:e11600.

Pool R, Montgomery CM, Morar NS, et al. Assessing the accuracy of
adherence and sexual behaviour data in the MDP301 vaginal microbi-
cides trial using a mixed methods and triangulation model. PLoS One
2010; 5:¢11632.

Biomedical Prevention e CID 2014:59 (Suppl 1) e S45

GTOZ ‘G aunc uo uopuo aba|0D AISIBAIUN T /610°S[euIno [pJoJX0°pId//:0ny WoJ) pepeoumoq


http://www.aidsmap.com/Swiss-statement-that-undetectable-equals-uninfectious-creates-more-controversy-in-Mexico-City/page/1431075/
http://www.aidsmap.com/Swiss-statement-that-undetectable-equals-uninfectious-creates-more-controversy-in-Mexico-City/page/1431075/
http://www.aidsmap.com/Swiss-statement-that-undetectable-equals-uninfectious-creates-more-controversy-in-Mexico-City/page/1431075/
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm328834.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm328834.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm328834.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm328834.htm
http://cid.oxfordjournals.org/

53.

54.

55.

56.

57.

58.

59.

Paz-Bailey G, Hall I, Wolitski R], et al. HIV testing and risk behaviours
among gay, bisexual, and other men who have sex with men—United
States. Morb Mort Wkly Rep 2013; 62:958-62.

Mercer CH, Fenton KA, Copas AJ, et al. Increasing prevalence of male
homosexual partnerships and practices in Britain 1990-2000: evidence
from national probability surveys. AIDS 2004; 18:1453-8.

Dodds JP, Mercey DE, Parry JV, Johnson AM. Increasing risk behaviour
and high levels of undiagnosed HIV infection in a community sample of
homosexual men. Sex Transm Infect 2004; 80:236-40.

Elford J, Bolding G, Davis M, Sherr L, Hart G. Trends in sexual behaviour
among London homosexual men 1998-2003: implications for HIV pre-
vention and sexual health promotion. Sex Transm Infect 2004; 80:451-4.
Williamson LM, Dodds JP, Mercey DE, Johnson AM, Hart GJ. Increases
in HIV-related sexual risk behavior among community samples of gay
men in London and Glasgow: how do they compare?. ] Acquir Immune
Defic Syndr 2006; 42:238-41.

Dougan S, Elford ], Chadborn TR, et al. Does the recent increase in HIV
diagnoses among men who have sex with men in the UK reflect a rise in
HIV incidence or increased uptake of HIV testing? Sex Transm Infect
2007; 83:120-5; discussion 125.

Birrell PJ, Gill ON, Delpech VC, et al. HIV incidence in men who have
sex with men in England and Wales 2001-10: a nationwide population
study. Lancet Infect Dis 2013.

60.

61.

62.

63.

64.

65.

66.

Mayer KH, Mimiaga M]J. Past as prologue: the refractory and evolving
HIV epidemic among men who have sex with men. Clin Infect Dis
2011; 52:1371-3.

Benn P, Fisher M, Kulasegaram R. UK guideline for the use of post-
exposure prophylaxis for HIV following sexual exposure (2011). Int J
STD AIDS 2011; 22:695-708.

Pilcher CD, Joaki G, Hoffman IF, et al. Amplified transmission of HIV-
1: comparison of HIV-1 concentrations in semen and blood during
acute and chronic infection. AIDS 2007; 21:1723-30.

Grant Rea. No Excess in HIV Incidence After Stopping Oral FTC/TDF
Pre-Exposure Prophylaxis (PrEP) in the iPrEx trial. In: 20th Conference
of Retroviruses and Opportunistic Infections, Atlanta, GA, 2013.
Mugwanya K, Donnell D, Celum C, et al. for the Partners PreP Study Team.
Sexual behaviour of heterosexual men and women receiving antiretroviral
pre-exposure prophylaxis for HIV prevention: post-unblinding analysis of
the partners PrEP study. Sex Transm Infect 2013; 89:A46.

Rosenberg ES, Sullivan PS, Dinenno EA, Salazar LF, Sanchez TH. Num-
ber of casual male sexual partners and associated factors among men who
have sex with men: results from the National HIV Behavioral Surveillance
system. BMC Public Health 2011; 11:189.

Wilson D, Fraser N. Who pays and why? Costs, effectiveness, and feasi-
bility of HIV treatment as prevention. Clin Infect Dis 2014; 59(S1):
S28-31.

$46 o CID 2014:59 (Suppl 1) e McCormack et al

GTOZ ‘G aunc uo uopuo aba|0D AISIBAIUN T /610°S[euIno [pJoJX0°pId//:0ny WoJ) pepeoumoq


http://cid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


