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Abstract: Despite significant efforts, the rate of new HIV infections worldwide remains 

unacceptably high, highlighting the need for new HIV prevention strategies. HIV pre-exposure 

prophylaxis (PrEP) is a new approach that involves the ongoing use of antiretroviral medications 

by HIV-negative individuals to reduce the risk of HIV infection. The use of daily tenofovir/

emtricitabine as oral PrEP was found to be effective in multiple placebo-controlled clinical tri-

als and approved by the United States Food and Drug Administration. In addition, the Centers 

for Disease Control and Prevention in the United States and the World Health Organization 

have both released guidelines recommending the offer of oral PrEP to high-risk populations. 

The scale-up of PrEP is underway, but several implementation questions remain unanswered. 

Demonstration projects and open-label extensions of placebo-controlled trials are ongoing 

and hope to contribute to our understanding of PrEP use and delivery outside the randomized 

controlled trial setting. Evidence is beginning to emerge from these open-label studies and will 

be critical for guiding PrEP scale-up. Outside of such studies, PrEP uptake has been slow and 

several client- and provider-related barriers are limiting uptake. Maximizing the public health 

impact of PrEP will require rollout to be combined with interventions to promote uptake, sup-

port adherence, and prevent increases in risk behavior. Additional PrEP strategies are currently 

under investigation in placebo-controlled clinical trials and may be available in the future.
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Introduction
Despite significant efforts, the rate of new HIV infections worldwide remains unaccept-

ably high. According to the Joint United Nations Programme on HIV/AIDS (UNAIDS), 

there were an estimated 2.1 million new HIV infections in 20131 and country-level 

surveillance suggests that HIV incidence is rising among certain populations, such 

as among men who have sex with men (MSM) in North America, Western Europe, 

and Australia,2 and people who inject drugs (PWID) in Central Asia.3 This continuing 

epidemic highlights the urgent need for new HIV prevention strategies.

HIV pre-exposure prophylaxis (PrEP) involves the ongoing use of antiretroviral 

medications by HIV-negative individuals to reduce the risk of HIV infection. This pre-

vention approach was found to be effective in multiple randomized, placebo-controlled, 

double-blinded clinical trials (RCTs). Within the past 3 years, the United States Food 

and Drug Administration (FDA) has approved tenofovir (TDF) plus emtricitabine 

(FTC) for use as oral PrEP and the US Centers for Disease Control and Prevention 

(CDC) and the World Health Organization (WHO) have both released guidelines 

recommending the offer of oral PrEP to individuals at high risk of HIV infection.4,5 
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Open-label extensions (OLEs) of PrEP RCTs and demon-

stration projects are currently underway in several countries 

to evaluate “real-world” implementation issues. This paper 

discusses the current and future state of PrEP science and 

implementation.

Interpreting RCT evidence  
on PrEP efficacy and safety
Efficacy
Several RCTs have found that the use of a daily pill con-

taining TDF alone, or in combination with FTC, can reduce 

the risk of HIV transmission in key populations, including 

heterosexual serodiscordant couples, sexually active het-

erosexual men and women, MSM, and PWID.6–11 While the 

RCT demonstrating effectiveness among MSM also included 

transgender women who have sex with men, they represented 

a minority (1.2%) of participants enrolled.6

In these RCTs, the overall reduction in HIV risk provided 

by oral PrEP ranged from 0%–75% (Table 1). There is a 

general consensus that different levels of adherence among 

participants are responsible for this wide range in efficacy 

estimates.12 While adherence to daily pill-taking, according 

to self-report and pill counts, in all clinical trials was high 

(84%–95%), the proportion of participants in the PrEP arms 

with detectable serum drug levels was lower and ranged from 

24%–82%. In the two studies where the proportion with 

detectable drug levels was 30% or less, there was no statis-

tically significant difference in HIV incidence between the 

PrEP and placebo arms.10,11 Both of these trials  (FEM-PrEP10 

and VOICE11) enrolled high-risk heterosexual women in 

sub-Saharan Africa, raising initial concerns that PrEP may 

not work for women. However, TDF-based oral PrEP was 

effective for women in the Partners PrEP and TDF2 studies.7,8 

Factors other than adherence, such as mucosal inflammation 

or differential drug penetration in the female genital tract, 

may have partially contributed to the lack of efficacy in the 

FEM-PrEP and VOICE studies.12

PrEP efficacy was higher among participants who adhered 

more consistently to daily pill-taking, as determined by self-

report, pill counts, and drug levels. In two nested case-control 

analyses, the risk of HIV infection was between 86%–92% 

lower among those with detectable drug in their blood when 

compared to those without.6,13 Drug levels equivalent to 

taking TDF/FTC daily were associated with a 99% reduc-

tion in HIV risk in a pharmacokinetic-based modeling study.14 

Interestingly, this pharmacokinetic model demonstrated a 

PrEP efficacy of 96% with four doses per week, suggesting 

intermittent strategies may be a viable option. Indeed, an RCT T
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investigating intermittent TDF/FTC was recently stopped 

early due to high efficacy.15

Topical PrEP strategies have been evaluated in two 

clinical trials. In the CAPRISA 004 study,16 a TDF-based 

vaginal gel, applied before and after sex, reduced the over-

all risk of HIV infection among high-risk women in South 

Africa by 39%. The reduction in HIV risk was 74% among 

women who used the gel more consistently.17 The daily use 

of this  TDF-based vaginal gel did not protect female study 

participants in the VOICE study,11 most likely due to low 

adherence.

Safety
TDF-based oral PrEP appears to be generally safe and well 

tolerated. This type of PrEP did not increase rates of serious 

(grade 3 or 4) adverse events in any studies. In some trials, 

oral PrEP did increase the risk of nausea, vomiting, diarrhea, 

unexplained weight loss, fatigue, and dizziness compared to 

placebo.6–11 However, side effects were generally mild, infre-

quent (affected 1%–10% of participants), and disappeared 

after 1 month or 2 months of use. Babies born to women 

who became pregnant while taking oral PrEP in the Partners 

PrEP study18 did not appear to have negative health outcomes. 

However, women discontinued PrEP when pregnancy was 

detected, which may have limited potential toxicity. The use 

of a TDF vaginal gel before and after sex was associated with 

a small increase in mild, self-limited diarrhea.16

PrEP has been associated with other, potentially more 

serious toxicities. TDF-based oral PrEP can cause small 

but statistically significant decreases in kidney19,20 and liver 

function9,10 and bone mineral density (BMD).21,22 Promisingly, 

renal function tended to return to normal after discontinua-

tion of PrEP and decreases in BMD did not increase the risk 

of fracture. However, the long-term clinical significance of 

these changes remains unclear, as most trials only followed 

participants for a median of 1–2 years.

Development of drug resistance is a concern for indi-

viduals who use PrEP while unknowingly infected with 

HIV, because HIV treatment generally requires three anti-

retroviral drugs to fully suppress viremia. Fortunately, drug 

resistance was relatively rare among PrEP users who were 

HIV-negative at enrolment and became infected during follow 

up (0%–12% of incident cases).6,8,12,23–25 However, resistance 

was frequently observed in participants who started PrEP 

when they were already infected (up to 100% of such cases). 

These individuals were likely in the acute stage of HIV infec-

tion at enrolment, as their infection was missed by antibody 

tests used at baseline to determine study eligibility. The high 

viral load during this stage may create optimal conditions 

for development of resistance. Promisingly, levels of drug-

resistant virus in those initiating PrEP during acute HIV 

infection in the iPrEX study25 decreased to low background 

levels 24 weeks after PrEP was discontinued. As such, the 

impact of PrEP-related drug resistance on future treatment 

options is unclear.

Importantly, clinical trials may have underestimated 

the rate of side effects, toxicities, and drug resistance due 

to low adherence among study participants. Furthermore, 

clinical trials had strict eligibility criteria and only enrolled 

generally healthy individuals. Therefore, the safety of PrEP 

when used by individuals with underlying health conditions 

is not known. What is evident, however, is the importance of 

baseline assessment and ongoing monitoring of HIV status, 

BMD, renal and liver function, and pregnancy. Ruling out 

acute HIV infection prior to PrEP initiation is critical, by 

screening for acute HIV symptoms and by using testing 

technologies with shorter window periods, such as nucleic 

acid amplification tests and antigen/antibody combination 

tests.

Translating PrEP into a reduction  
in HIV incidence in the “real world”: 
challenges and opportunities
Evidence of safety and reduced HIV risk at the individual 

level (ie, efficacy) from RCTs has led the WHO and CDC 

to recognize PrEP as an important component of a com-

prehensive approach to HIV prevention.4,5 PrEP scale-up is 

thus underway, but several implementation questions remain 

unanswered. For instance, the extent to which PrEP can 

contribute to reductions in HIV incidence outside of clini-

cal trial settings (ie, effectiveness) is unknown. Modeling 

studies suggest that the public health impact of PrEP could 

be limited by slow uptake, poor adherence, and increases in 

risk behavior (risk compensation).26 To address these issues, 

more than 20 demonstration projects and OLEs of PrEP 

RCTs are currently planned or ongoing and will contribute 

to our understanding of PrEP use and delivery outside the 

RCT setting (Table 2).

Uptake and hypothetical acceptability
Overall, PrEP uptake among at-risk populations has been 

slow in the US, the country where the most progress has 

been made to move PrEP into practice. While surveys gener-

ally suggest that willingness to use PrEP among MSM (the 

population most affected by HIV in the US) is moderate to 

high, the proportion reporting PrEP use has not exceeded 
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Table 2 Summary of planned and ongoing demonstration projects evaluating “open label” use of daily oral TDF/FTC

Study details Population(s) Location(s) Study design Timeline

The US 
Demonstration 
Project, 
NCT01632995

MSM (n=600) United States (San  
Francisco, CA; Miami,  
FL; washington, DC)

PreP offered to patients at two STD clinics and a  
community health center.

2012–2015

CRUSH, 
NCT02183909

Young MSM of color aged 
18–29 years (n=670)

United States  
(Oakland, CA)

evaluating a set of evidence-based interventions to address  
the sexual health of young MSM of color by enhancing  
activities at a youth clinic.

2013–2017

PATH-PreP, 
NCT01781806

MSM (n=375) United States (Los 
Angeles, CA)

evaluating the addition of PeP or PreP to a CPP. Program  
stratifies participants into two cohorts based on risk:  
1) high-risk cohort (CPP includes PreP); 2) low/moderate-risk  
cohort (CPP includes PeP). Using an escalating-intensity  
adherence intervention based on real-time serum drug levels.

2013–2017

CCTG 595, 
NCT01761643

MSM (n=400) United States (Long  
Beach, Los Angeles,  
and San Diego, CA)

evaluating a text message-based adherence intervention  
(iTAB) using a controlled, randomized study design.

2013–2016

PrePared and  
Strong (P&S), 
NCT02167386

Black MSM (n=200) United States  
(New York, NY)

evaluating an enhanced adherence intervention  
(peer navigators, text message reminders) using a  
controlled, randomized study design.

2014–2017

PrePare, 
NCT01632397

MSM (n=55) United States  
(Boston, MA)

evaluating adherence interventions using a two-arm,  
randomized study design (cognitive–behavioral-based  
adherence intervention versus health education with  
supportive counseling). Primarily a feasibility pilot  
randomized controlled trial.

2011–2014

SPARK, 
NCT02037594

MSM (n=445) United States  
(New York, NY)

A randomized, four-arm study evaluating interventions  
to enhance uptake and adherence.

2014–2017

Project PrePare,  
NCT01772823  
and NCT01769456

Young MSM aged  
15–17 years (n=100) and  
18–22 years (n=200)

United States enrolling youth from Adolescent Medicine Trial Units.  
Comparing two risk-reduction interventions: 1) Many Men,  
Many Voices (3MV); 2) personalized cognitive counseling.  
Assignment to intervention will occur at the site-level.

2012–2016

HPTN 073, 
NCT01808352

Black MSM (n=225) United States  
(Los Angeles, CA;  
washington, DC;  
Chapel Hill, NC)

Using a Client Centered Care Coordination (C4) model  
to deliver PreP.

2013–2015

SHIPP, 
NCT02074891

MSM, IDU, heterosexual  
men and women  
(n=1,200)

United States  
(Chicago, IL; Newark,  
NJ; Philadelphia, PA;  
Houston, TX)

A health services implementation study at four federally  
qualified health centers. Measuring outcomes related to  
costs and clinical practice variation.

2014–2017

PrePARATORY-5, 
NCT02149888

MSM (n=50) Canada  
(Toronto, ON)

evaluating an adherence intervention (using a before/after  
study design) administered through a local  
community-based organization.

2014–2015

VicPreP105 MSM and heterosexual  
men and women (n=200)

Australia  
(Melbourne, VIC)

PreP will be offered to 100 participants. Another 100  
who decide to not take PreP will also be followed.

2014–2018

PReLUDe, 
NCT02206555

MSM and heterosexual  
men and women (n=400)

Australia (New South  
wales)

– 2014–2016

PROUD, 
NCT02065986

MSM (n=500) United Kingdom  
(London)

Participants will be randomized to 1) start PreP immediately,  
or 2) defer PreP initiation for 12 months (note: deferred  
arm was discontinued in 2014 due to high effectiveness).

2012–2016

Benin Demo  
Project, 
NCT02237027

Female sex workers  
(n=250)

Benin (Cotonou) Integrating treatment as prevention and PreP into a  
combination prevention package. Plans to develop and  
evaluate an education adherence program.

2014–2016

PreP-India, 
NCT02148094

Female and transgender  
sex workers (n=2,000)

India (Mysore,  
Kolkata)

Comparing two approaches to PreP delivery: 1) peer  
educator home visits every other day; 2) weekly clinic  
pick-up. Plans to design and evaluate a risk assessment tool.

2014–2016

CHAMPS, 
NCT02213328

Young heterosexual  
men and women aged  
15–19 years (n=150)

South Africa every 12 weeks, participants offered the following options:  
to continue PreP, to stop PreP but continue in the study,  
or to restart PreP if previously stopped.

2014–2016

MP3-Youth, 
NCT01571128

Young men and women  
aged 15–24 years  
(n=1,320)

Kenya (Kisumu,  
Nairobi)

Evaluating a sex-specific combination HIV prevention  
package for youth. Using a mobile delivery approach to  
PreP provision. Only women are being offered PreP.

2014–2016

(Continued)
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Table 2 (Continued)

Study name Population(s) Location(s) Study design Timeline

Sibanye Health  
Project, 
NCT02043015

MSM (n=200) South Africa  
(Cape Town, Port  
elizabeth)

evaluating a combination package of biomedical, behavioral,  
and community-level prevention interventions for MSM.

2014–2015

PrePBrasil, 
NCT01989611

MSM (n=400) Brazil (Sao Paulo,  
Rio de Janeiro)

– 2014–2016

PARTNeRS  
demonstration 
Project104

Serodiscordant  
heterosexual couples  
(n=1,000)

Kenya, Uganda evaluating delivery of treatment for prevention and PreP.  
PreP offered as a “bridge” to ART use and is discontinued  
once HIV-positive partner starts ART.

2012–2015

Notes: Transgender women are eligible to participate in the majority of studies enrolling MSM. Unless otherwise specified, participants must be 18 years or older to meet 
eligibility criteria. Data from http://www.clinicaltrials.gov, http://vicprep.csrh.org105 and http://depts.washington.edu/uwicrc.104

Abbreviations: TDF, tenofovir; FTC, emtricitabine; MSM, men who have sex with men; n, number; PreP, pre-exposure prophylaxis; STD, sexually transmitted disease;  
PeP, postexposure prophylaxis; CPP, customized prevention package; iTAB, individual Texting for Adherence Building; IDU, intravenous drug users; ART, antiretroviral therapy.

5% in any of these early studies.27–32 Similar levels of 

 hypothetical acceptability have been observed in MSM in 

other countries,27,28,33–35 as well as in sex workers,27,36 PWID,37 

and women.38,39 However, populations other than MSM in the 

US remain understudied.

The most comprehensive study of PrEP uptake to date 

was based on prescription data from 55% of the retail phar-

macies across the US; it determined that 3,253 individuals 

started PrEP between January 2012 and April 2014.40 While 

this study did not capture individuals accessing PrEP through 

demonstration projects or OLEs, the total number of PrEP 

users in the US at that time was undoubtedly much lower 

than the 500,000 that the CDC estimates would benefit from 

this strategy.41 The discordance between high hypothetical 

acceptability and low actual use suggest that barriers to 

PrEP uptake exist.

Potential client-related barriers to uptake
Uptake of PrEP can be initiated by a client or a provider, but 

several individual- and structural-level barriers may limit 

both. A major barrier to client-initiated PrEP (self-referral) 

is the lack of awareness among those at risk.27,28 Among 

individuals who are aware of PrEP and are interested in 

using it, a lack of access to a health care provider or a lack 

of comfort talking to a provider about PrEP may present 

additional barriers.30,32 In a recent survey of over 9,000 

MSM in the US, 16% did not have a primary care provider 

(PCP), and only half of those with a provider felt comfort-

able talking to them about sex.32 Race-based medical distrust 

has been identified as a barrier to PrEP use among black 

MSM in the US.30

The high cost of PrEP is undoubtedly a major barrier 

to uptake worldwide, particularly in high-income coun-

tries where only branded TDF/FTC is available. In the 

US, financial coverage through private health insurance 

appears to be widespread, and Gilead Sciences has 

developed a financial assistance program for individuals 

without insurance. The extent of financial coverage in 

other countries is unclear.

Potential provider-related  
barriers to uptake
Provider-level barriers include a lack of PrEP awareness and 

knowledge, as well as negative opinions and attitudes toward 

PrEP. These barriers may deter service providers from rec-

ommending or prescribing PrEP to those who may benefit. 

Surveys of physicians in North America generally suggest 

that awareness, support, and willingness to prescribe are 

moderate to high.42–49 However, some surveys were biased 

by the high proportion of providers with experience working 

in HIV and, indeed, familiarity with HIV and PrEP has been 

associated with willingness to prescribe.43,48 Other potential 

barriers to prescribing include concerns about cost, safety, 

efficacy, risk compensation, adherence, time commitment, 

and a lack of guidelines.42–49

Confusion exists as to which health care providers are best 

suited to prescribe PrEP. While HIV specialists may have the 

most experience prescribing antiretrovirals, PCPs are more 

likely to have contact with uninfected, high-risk populations.50 

In a Boston-based study,50 HIV care providers indicated that 

PrEP delivery would be more feasible in primary care clinics. 

In another US study, willingness to prescribe PrEP among 

PCPs was between 20%–45%, and this was associated with 

self-efficacy (ie, perceived ability to identify at-risk individu-

als, prescribe PrEP, and support PrEP users).46 This finding 

emphasizes the need for interventions to increase physician 

comfort and confidence in prescribing PrEP. Arguments have 

also been advanced to involve other health care providers in 

PrEP prescribing and monitoring, such as pharmacists and 

nurses, potentially increasing capacity and limiting costs.51

Nonprescribing service providers, such as staff at HIV 

testing sites and AIDS service organizations (ASOs), also 
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have an important role to play in the implementation of 

PrEP.52 These organizations have regular contact with people 

at high risk of HIV infection and are in an ideal position to 

educate and link clients to locations where it is available. 

Similar to health care providers, a lack of awareness and 

negative PrEP attitudes among nonprescribing service provid-

ers may limit uptake. However, few studies have focused on 

these providers. In a Canadian survey of ASO staff, almost 

half (49%) supported regulatory approval of PrEP, 26% had 

been asked about PrEP, but the majority (61%) felt that they 

did not have enough PrEP knowledge.53 More research is 

needed to understand the opinions of nonclinical providers 

and explore their role in PrEP implementation within the 

context of increasing medicalization of HIV prevention.54

“Real-world” barriers to uptake  
and emerging data from demonstration 
projects and OLes
Few empirical studies have assessed “real-world” barriers to 

PrEP uptake. While client and provider education, PrEP refer-

rals and linkage, and willingness to prescribe are important, 

one study found that they may not be sufficient to maximize 

uptake.55 In this study, “high risk” MSM presenting at HIV 

testing sites in San Diego, CA, USA from May 2012 to 

October 2012 were educated about PrEP and asked if they 

would consent to a referral to a clinic willing to prescribe 

PrEP at-cost.55 Referrals were offered to 416 men, but only 14 

consented and even fewer (number [n] =2) started PrEP. The 

most common reasons for not consenting to referral were low 

perceived risk of HIV infection (30%) and concerns about 

cost (48%), long-term side effects (41%), and taking daily 

medications (30%). The two individuals who started PrEP 

covered the cost through their private health insurance.

Information emerging from demonstration projects and 

OLEs (where PrEP is offered free of charge by knowledgeable 

providers) suggests that uptake can be high in settings where 

cost and provider-related barriers have been removed. Set-

tings explored in these open-label studies include a commu-

nity health center, sexually transmitted disease (STD) clinics, 

and a private health organization in the US;56,57 reproductive 

health programs in high-income countries;56,58,59 genitouri-

nary medicine clinics in the United Kingdom;60 prevention 

services for heterosexual serodiscordant couples in Eastern 

Africa;61 and the TDF2, iPrEX, and Partners PrEP OLEs.62–64 

For example, the US Demonstration Project has integrated 

PrEP into STD clinics in San Francisco, CA, USA and Miami, 

FL, USA, and into a community health center in Washington, 

DC, USA.56,57 From September 2012 to January 2014, 922 

eligible MSM and transgender women were offered PrEP and 

557 (60%) initiated it.57 Of note, self-referrals (n=299) and 

clinic referrals (n=258) differed in terms of several socio-

demographic characteristics, emphasizing the importance 

of promoting both in order to reach a wide range of at-risk 

individuals. The high acceptability in the OLEs is particularly 

reassuring as these individuals have already experienced 

several months of daily pill-taking and quarterly study visits. 

The most common client-related barriers to uptake among 

MSM in the iPrEX OLE and US Demonstration Project were 

low perceived risk of HIV infection, concerns about safety, 

and not wanting to take a pill every day.56,57,63

PrEP-related stigma has also emerged as a particularly 

concerning issue. In one demonstration project, the social harm 

most commonly reported by MSM was stigma from peers and 

health care providers as a result of their PrEP use.56 This stigma 

has also emerged in the media, with a Huffington Post article 

denouncing PrEP users as “Truvada Whores”.65 Some PrEP 

users have reappropriated this term by posting images on social 

media sites of themselves wearing “#TruvadaWhore” T-shirts 

(Figure 1). This sex-negative and judgmental reaction to PrEP 

draws parallels to the emergence of oral contraceptive pills in 

the 1960s, which are now widely accepted.66

Improving access and increasing uptake
Increasing the awareness and knowledge of PrEP’s proven 

efficacy and safety among at-risk populations and service 

providers will be an important first step to maximizing its 

appropriate uptake. Application of diffusion of innovation 

theory and lessons learned from the health communication 

field may be useful in designing interventions to increase 

Figure 1 Truvadawhore T-shirt.
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uptake.67 Research is needed to understand how PrEP 

 messaging affects uptake and how social and sexual net-

works can facilitate awareness and self-referrals for PrEP.68,69 

Promoting PrEP as a healthy, responsible choice may help 

decrease stigma and increase uptake.

Other important interventions include those to bridge 

the disconnect between subjective and objective percep-

tions of HIV risk,70 empower individuals to self-advocate 

and self-refer, and facilitate financial coverage. In countries 

outside the US, regulatory approval and provider guidelines 

may help improve awareness, increase provider comfort in 

recommending/prescribing PrEP appropriately, and pave the 

way to wider financial coverage through public and private 

health insurance.

Prioritizing PreP uptake
The public health impact of PrEP not only depends on how 

many people use it, but also who uses it. HIV risk within 

higher incidence populations is not uniform, and prioritiz-

ing PrEP uptake among those at highest risk is important 

to maximize its overall impact and cost-effectiveness.26 

Promisingly, higher-risk sexual behaviors (as determined by 

self-report and the presence of sexually transmitted infections 

[STIs]) were associated with PrEP uptake among MSM in 

the iPrEX OLE.63

An important challenge is therefore finding ways to 

identify those individuals at highest risk. Service providers, 

 particularly physicians, often have difficulty assessing HIV 

risk.71 For instance, surveys suggest that health care provid-

ers would prioritize serodiscordant couples for PrEP,46,49,72 

but because treatment of the HIV-infected partner in such 

relationships is already associated with a 96% reduction in 

transmission risk,73 or perhaps more,74 PrEP may be of limited 

incremental value in this scenario. Indeed, research suggests 

most HIV transmissions originate from those who are unaware 

of their HIV status and a minority originate from those aware 

of their status, particularly if they are on treatment.75,76

Tools are needed to help providers identify those who may 

benefit most from PrEP. HIV risk criteria for determining 

PrEP eligibility in many guidelines and open-label studies are 

broad and nonspecific.77 Clinical HIV risk scoring tools may 

be useful to help screen individuals for PrEP eligibility and 

have been developed for MSM in the US78 and heterosexual 

serodiscordant couples in sub-Saharan  Africa.79 Analyses of 

HIV risk factors in PrEP RCTs have also  provided important 

insight into who should be prioritized for PrEP. A secondary 

analysis of the iPrEX trial found that the number needed to 

treat (NNT) was 62 overall and would be lowest if PrEP was 

targeted to MSM reporting cocaine use (NNT =12), an STI 

(NNT =41), or condomless receptive anal sex with unknown 

status partners (NNT =41), partners known to be HIV-positive 

(NNT =24), or only partners believed to be HIV-negative 

(NNT =15).80 A separate analysis identified syphilis as an 

important predictor of incident HIV infection in the iPrEX 

study.81 These findings highlight the importance of provider-

initiated discussions with clients on sexual behavior, partner 

HIV status, substance use, and STI history in order to assess 

PrEP eligibility.

Adherence
Adherence is critical to reduce HIV incidence among those 

who initiate PrEP. In PrEP RCTs, adherence was generally 

low and several factors were associated with poor compli-

ance, such as substance use, a lack of partner support, longer 

time in study, ambivalence toward research, knowing the pill 

was investigational and may not work, stigma, low perceived 

risk of HIV infection, and lower-risk sexual activity.82–84 The 

most consistent factor associated with lower adherence across 

RCTs was younger age.82

Little information is available on PrEP adherence outside 

RCT settings, but some findings are beginning to emerge 

from demonstration projects and OLEs. These findings sug-

gest adherence may be higher in open-label settings (where 

a person knows the pill they are taking is effective against 

HIV transmission), but it will likely remain a challenge for 

some individuals. In the iPrEX OLE,63 there was evidence that 

adherence was higher when compared to the RCT phase of the 

study, but overall adherence was low. Drug levels equivalent 

to 4–7 pills a week were only present at 33% of study visits 

and most HIV infections occurred during gaps in PrEP use. 

Adherence was high at the beginning of the study, but it 

decreased over the 72-week follow up, suggesting the need 

for intensified interventions as time on PrEP increases. At 

week 4 in the US Demonstration Project, 77% of participants 

had drug concentrations consistent with taking at least four 

pills a week, but a smaller proportion (between 14%–52%, 

depending on the study site) were taking pills every day.57 

Early discontinuation of the deferred arm in the PROUD 

demonstration project85 (due to high efficacy - 86%) suggests 

that adherence in the PrEP arm was high.86

People at risk of HIV infection go through periods of 

higher and lower risk.87 Greater adherence during higher-risk 

periods is important to maximize the effectiveness of PrEP. 

Unfortunately, factors that put someone at higher risk may 
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be the same that compromise adherence (eg, substance use, 

mental health issues). Promisingly, in the iPrEX OLE, higher 

drug concentrations were associated with self-reported HIV 

risk behaviors, such as condomless receptive anal sex, more 

sexual partners, having an HIV-positive sexual partner, and 

having a history of STIs.63 Use of drugs and alcohol were 

not associated with adherence. Ongoing HIV risk assess-

ments of PrEP users may be important for informing uptake 

and intensifying adherence interventions during periods of 

higher risk.

PrEP rollout needs to be combined with interventions to 

support daily pill-taking and engagement in PrEP services. 

Currently, no evidence-based strategy is available to sup-

port open-label PrEP use, although several strategies were 

found to be effective/acceptable in other prevention fields88 

and in PrEP RCTs.89–91 Ongoing and planned demonstration 

projects and OLEs are evaluating several types of approaches 

(Table 2).

Risk behavior and risk compensation
Increases in risk behavior as a result of PrEP use may 

offset the impact of this strategy on HIV incidence and 

increase the rates of other STIs. Similar to adherence, most 

information on risk compensation comes from RCTs. In 

these studies, self-reported risk behaviors declined, perhaps 

the result of ongoing risk-reduction services provided to 

participants.92–94 While social desirability bias may partly 

explain decreases in self-reported HIV risk behaviors, 

rates of HIV and syphilis infections (objective measures 

of risk behaviors) also decreased during follow up in the 

iPrEX RCT.92

Risk compensation may be more likely during open-

label use, where a PrEP user knows for certain that the 

pill he or she is taking is effective. However, the limited 

available evidence suggests this is not the case. In the 

Partners PrEP OLE,95 unprotected sex acts within the main 

partnership decreased when compared to the RCT phase, 

and rates of STIs and pregnancy did not increase. There 

was,  however, a small increase in unprotected sex acts with 

outside partners. In the iPrEX OLE,63 self-reported risk 

behaviors decreased over the duration of the study, and 

the incidence of syphilis was similar among those taking 

PrEP and those who were not. These findings suggest that 

risk compensation is not a concern when PrEP is used by 

people who are already engaging in higher-risk behaviors 

and when regular risk-reduction services are provided. 

Combining PrEP rollout with evidence-based HIV risk-

reduction approaches,96,97 as well as baseline/ongoing HIV 

risk assessments to determine PrEP eligibility, may limit the 

potential for risk compensation.

Additional benefits of PrEP
PrEP can provide benefits that go beyond its direct effect 

on HIV risk, as it offers an opportunity to engage high-risk 

individuals in services that they otherwise may not access. 

This includes services that are part of the standard PrEP 

package, such as regular HIV and STI testing, medical 

checkups, and risk-reduction services. These services can 

facilitate earlier identification of health conditions (eg, 

HIV and STIs) or  vulnerabilities (eg, hepatitis B virus 

susceptibility) and provide an opportunity to (re)engage 

individuals in care, treatment, and prevention services. 

This may help improve health and prevent the secondary 

transmission of STIs and HIV. Interestingly, PrEP may also 

have a direct effect on STI incidence, as some research 

suggests that daily TDF/FTC reduces herpes simplex virus 

2 and hepatitis B virus acquisition,98,99 as well as the occur-

rence of ulcers among those already infected with herpes 

simplex virus.100

PrEP also offers the opportunity to link high-risk indi-

viduals to other services to promote health and address an 

individual’s underlying risk of HIV infection. Insight from 

postexposure prophylaxis (PEP) programs shows that MSM 

accessing this biomedical intervention tend to have a high 

prevalence of coexisting health problems, such as depression 

and substance use, which are “syndemic” and can reinforce 

HIV risk.101 Unfortunately, PEP access is rarely used to 

leverage additional services and, as a result, HIV risk often 

remains high after PEP is completed.102 Combining PEP 

and PrEP with routine screening for these health issues, and 

linkage to relevant services, will thus be important. Research 

also suggests that PrEP can have a positive and direct impact 

on mental health by decreasing some of the anxiety, guilt, 

and fear associated with “risky sex” and becoming infected 

with HIV.103

The future state of PrEP
While PrEP is currently synonymous with the use of daily 

TDF/FTC pills, this may not always be the case. Intermit-

tent use of TDF/FTC has been found to be effective in the 

placebo-controlled IPERGAY trial.11 Further PrEP strategies 

under investigation include TDF-based vaginal and rectal 

gels, long-lasting rilpivirine injections, and slow-release 

dapivirine intravaginal rings. Many of these strategies have 

the potential to reduce costs, side effects, and barriers to 

adherence.
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Conclusion
PrEP is an exciting new addition to the armamentarium of 

biomedical and behavioral approaches to HIV prevention. 

However, important knowledge gaps remain and there has 

been limited open-label experience with PrEP. Data are 

beginning to emerge from demonstration projects and OLEs, 

and this information will be critical to guiding PrEP scale-up 

in different populations and geographic settings. As usage 

becomes more routine, close surveillance will be required to 

capture rare events and unintended consequences. Finally, as 

the toolkit of prevention strategies expands, there will be an 

increasing need for program science approaches evaluating 

PrEP as part of a broader suite of complex HIV prevention 

interventions.
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