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Introduction
Since the discovery of the human immunodeficiency virus (HIV) 

in the 1980s, the AIDS epidemic has been responsible for the deaths of 
an estimated 30 million individuals [1]. In recent years, advances in the 
treatment of HIV have reduced overall AIDS-related mortality, but the 
continued transmission of HIV results in roughly 7,000 new infections 
daily. Current methods to prevent new infections, including the use of 
condoms, reduction of high-risk behaviors, and male circumcision, 
have remained relatively unchanged. Although these strategies have 
contributed to the stabilization or decline of new infections in many 
countries, the success of antiretroviral therapy (ART) has increased the 
global prevalence of HIV with more than 34 million individuals living 
with HIV worldwide, including approximately 1.2 million persons 
within the United States [2]. The improved survival of these individuals 
that now require lifelong therapy and care creates unsustainable 
economic and logistic burdens on healthcare systems, thus highlighting 
the need for novel preventative measures.

Past experiences in the prevention of infectious diseases throughout 
human history underscored the utility of vaccines as the optimal tool to 
prevent viral infections. With regards to vaccines for HIV, initial phase 
III trials were terminated early due to lack of efficacy. The more recent 
ALVAC-AIDSVAX B/E trial that utilized the prime-boost concept 
with a combination of vaccines demonstrated a modest relative risk 
reduction of approximately 30% [3]. Although this proof-of-concept 
study represents an important milestone in HIV vaccine research, 
response rates were far from optimal, and a viable candidate is likely 
several years away. Taking into additional consideration the time 
needed to manufacture and distribute these products, estimates project 
up to 60 million new infections before the widespread implementation 
of an effective vaccine [4]. In the interim, novel prevention strategies 
will likely involve the use of antiretroviral agents.

Pre-Exposure Prophylaxis
The use of antiretroviral agents to prevent the acquisition of 

HIV in uninfected individuals is primarily used in two scenarios–
perinatal and post-exposure prophylaxis. However, these strategies 
are constrained by their limited populations and narrow timeframe in 
which ART needs to be administered. More effective widespread use 
of antiretrovirals to prevent new HIV infections will require the use of 
ART prior to exposure. Although pre-exposure prophylaxis (PrEP) is 

currently used in other clinical situations, such as to prevent malaria 
in travelers to endemic regions, PrEP was not initially thought to be 
feasible for HIV due to significant toxicities and pill burdens of older 
antiretroviral agents.

The rationale for using PrEP to prevent HIV transmission is to limit 
the founder population of virus below a theoretical threshold needed to 
establish infection and to block viral replication to allow host immune 
responses to eliminate this smaller inoculum [4]. Although the use 
of multiple agents results in greater drug costs and risk of toxicities, 
single agent therapy increases the risk of inadvertent monotherapy. 
Because of the resultant increased risk of resistance, single agent 
therapy may also require more intensive HIV testing than has ever been 
achieved to date. Furthermore, preliminary animal studies with simian 
immunodeficiency virus (SIV) in macaques demonstrated superior 
benefits of combination therapy through more robust protection as well 
as decreased potential for the development of resistance [4]. Therefore, 
antiretroviral combinations were further pursued in human clinical 
studies.

Since PrEP involves long-term drug exposure in healthy 
asymptomatic individuals, antiretrovirals used for this indication 
require simple dosing schedules and favorable toxicity and interaction 
profiles. Additionally, ideal agents for PrEP should also exhibit 
adequate penetration into the rectal and genital mucosa, higher 
barriers to resistance, and activity before the integration of viral 
genetic material into the host genome. For these reasons, tenofovir 
disoproxil fumarate (TDF) and emtricitabine (FTC) emerged as viable 
candidates for PrEP and have been utilized in several clinical trials 
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(Table 1). Both agents have an extensive track record of safety in the 
past decade of use in HIV-infected individuals with few reports of 
serious toxicities. Moreover, two phase II safety studies revealed no 
short-term differences in the frequency of adverse events between 
subjects taking oral tenofovir and placebo in both men who have sex 
with men (MSM) in the United States and female sex workers in sub-
Saharan Africa [5,6]. Nevertheless, longer-term exposures to TDF or 
TDF-FTC in HIV-infected populations increase the risk of side effects, 
such as the potential for kidney injury, decreased bone mineral density, 
and gastrointestinal effects.

Current topical preparations of tenofovir in development achieve 
much higher rectal and genital tissue concentrations while minimizing 
the potential for systemic toxicities. However, the hyperosmolarity of 
these formulations may increase susceptibility to HIV by disrupting 
genital and rectal epithelium [7]. Due to stability issues, these 
microbicides are not formulated with the disoproxil prodrug of 
tenofovir, which has demonstrated better tissue penetration and more 
potent antiviral activity compared with tenofovir alone [7]. These factors 
may help to partially explain the conflicting clinical evidence regarding 
topical formulations of tenofovir. Results from the CAPRISA-004 study 
demonstrated a 39% relative reduction in the incidence of HIV with 
topical tenofovir, but the topical arms of the VOICE MTN-003 were 
discontinued due to futility [8,9]. Given these divergent results and the 
lack of licensed topical antiretrovirals, clinical studies examining the 
effects of PrEP focused on oral TDF-FTC.

Clinical Efficacy and Safety
The safety and efficacy of TDF-FTC for HIV PrEP was evaluated in 

four randomized, controlled trials. These trials included young healthy 
subjects from broad patient populations at high-risk of acquiring 
HIV infection. All four studies stipulated subjects’ participation in 
comprehensive prevention programs as adjunct interventions to PrEP, 
which included counseling on the importance of adherence, reduction 
of high-risk behaviors, and continuation of traditional prevention 
methods. The subjects in these studies represented individuals at 
substantial risk for acquiring HIV. Roughly 80% of the MSM in the 
iPrEx study practiced unprotected receptive anal intercourse with an 
average of 18 sexual partners over a span of only 12 weeks [10]. The 
HIV-negative subjects of serodiscordant couples in Partners-PrEP 
were consistently engaging in intercourse with their untreated HIV-
positive partners [11]. Both TDF2 and FEM-PrEP were conducted in 
sub-Saharan Africa where the prevalence of HIV is greater than 20% in 
some countries [12,13].

Significant risk reductions were demonstrated in three of these 
studies, specifically in high-risk MSM, serodiscordant couples, and 
high-risk heterosexuals [10-13]. However, the FEM-PrEP study 
was terminated due to futility, but this lack of efficacy was primarily 
attributed to high rates of nonadherence. Self-reported rates of 
adherence exceeded 90%, but less than 40% of subjects had detectable 

drug levels [13]. The low level of adherence was likely due to the 
majority of individuals perceiving themselves to be a little to no risk 
of acquiring HIV. Interestingly, relatively high rates of pregnancy were 
observed in the female subjects taking oral contraceptives possibly 
indicating difficulty maintaining daily pill regimens.

Although the absolute risk reductions of 2-3% appear unimpressive, 
these reductions are potentially compounded by downstream effects 
particularly since the sexual partners of the MSM in iPrEx presumably 
also had an average of 18 sexual partners. Similarly, the benefits of 
PrEP are likely amplified in serodiscordant couples in which the HIV-
positive individual remains untreated due to their partner’s lifetime 
HIV exposure. On the other hand, the results of TDF2 are less likely to 
be applicable to countries with low HIV prevalence, such as the United 
States. Given the prevalence rates of greater than 10% in many sub-
Saharan countries, the probability of encountering an HIV-infected 
individual is 1 in 5-10 persons as compared to 1 in 100 compared to 
countries with lower prevalence rates. Therefore, although the results 
from trials are promising, they need to be considered in the context of 
not only the subjects’ baseline characteristics but also the environment 
in which they were studied.

TDF-FTC has a strong track record of safety for almost a decade in 
HIV-infected individuals, and these four landmark trials demonstrated 
a similar safety profile in uninfected persons. No differences in serious 
adverse events or laboratory abnormalities defined as Grade 3 or 
higher were observed in subjects receiving TDF-FTC for PrEP across 
all four trials [10-13]. Although bone mineral density scores were 
significantly lower in patients receiving TDF-FTC in the TDF2 study, 
these differences were small and of unknown clinical significance [12]. 
Discontinuation rates due to adverse events were also similar to placebo 
across all trials with complete resolution of toxicities once the study 
drugs were stopped. Thus, TDF-FTC has similar safety profiles in both 
HIV-infected and uninfected persons at least in the short-term, but 
longer-term safety data with drug exposures greater than 2 years are 
needed.

Effectiveness of Pre-Exposure Prophylaxis in Real-
World Settings

The divergent results from these studies raise concerns about the 
real-world effectiveness of PrEP. Although the primary driver for futility 
in the FEM-PrEP trial was non-adherence, other potential limitations 
of PrEP include risk compensation and the development of resistance.

Adherence

Currently, we lack standardized, objective measures of adherence 
forcing us to rely on self-reporting and its inherent problems as seen 
in the FEM-PrEP study. Self-reported rates in the FEM-PrEP study 
were about 95%, but drug testing revealed detectable levels in less than 
40% of subjects sampled [14]. Throughout the published PrEP trials, 

Study Design Location Population Intervention arms RR (95% CI) ARR
iPrEx Phase III, safety and efficacy Brazil, Ecuador, Peru, South Africa, 

Thailand, United States
2499 MSM Daily oral TDF-FTC 44% (15,63) 2.2%

TDF2 Phase III, safety and efficacy Botswana 1219 heterosexual men and women Daily oral TDF-FTC 75% (55,87) 2.5%
Partners PrEP Phase III,  safety and efficacy Kenya, Uganda 4758 serodiscordant heterosexual 

couples
Daily oral TDF;
Daily oral TDF-FTC

62% (22,83) 2.4%

FEM-PrEP Phase III, safety and 
effectiveness

Kenya, Tanzania, South Africa 2120 heterosexual women Daily oral TDF 6% (-52,41) 0.2%

RR: Relative Risk; ARR: Absolute Risk Reduction; MSM: Men Who have Sex with Men; TDF-FTC: Tenofovir-Emtricitabine; TDF: Tenofovir disoproxil fumarate
Table 1: Clinical trial design and results from published PrEP studies.
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high levels of adherence were also associated with greater efficacy. In 
the iPrEx study, increased risk reduction was seen at higher rates of 
adherence. Specifically, pill use greater than 50% and 90% resulted in 
relative risk reductions of 50% and 73%, respectively [10]. Furthermore, 
detectable drug levels were indicative of recent pill use and thus, 
adherence and efficacy. Seroconverters had lower rates and levels of 
detectable drug concentrations compared to nonseroconverters across 
all four trials. Moreover, both iPrEx and Partners-PrEP demonstrated a 
risk-reduction of more than 90% associated with detectable drug levels.

Similar to HIV-infected individuals, clinicians need to identify 
barriers to adherence in uninfected individuals to optimize the 
effectiveness of PrEP. Addressing these barriers is particularly important 
in this patient population since the majority of women in the FEM-PrEP 
study perceived themselves to be at little to no risk for HIV infection. 
Additionally, qualitative studies have demonstrated that persons most 
willing to use PrEP also have the lowest self-perceived risk and may not 
be as conscientious about strict adherence to daily TDF-FTC [15,16]. In 
serodiscordant couples, trust and commitment between partners will 
also likely play an important role in levels of adherence.

Risk compensation

Risk compensation has the potential to mitigate the benefits of any 
preventative measure through increases in risk-taking behavior. With 
regards to PrEP, potential users may perceive themselves to be better 
protected against HIV, and thus, become more lax about consistent 
condom use and other high-risk sexual behaviors. Evidence from 
non-PrEP settings has shown varying amounts of risk compensation 
that depended on the degree of perceived benefits as well as associated 
toxicities and cost of therapy. Although HIV-positive patients receiving 
antiretroviral therapy (ART) did not exhibit increased high-risk 
sexual behaviors, subjects with any HIV status that believed ART 
and undetectable viral load protected against HIV transmission were 
more likely to engage in unprotected sex [17]. On the other hand, a 
longitudinal cohort study of patients receiving an advanced supply of 
antiretrovirals for post-exposure prophylaxis demonstrated no increases 
in risk behavior due to uncertain protection from HIV infection [18]. 
Therefore, risk compensation varies between different modalities based 
on their perceived benefits as well as adverse events and financial cost.

Recent media reports of the underground use of tenofovir by MSM 
at dance clubs in a practice commonly referred to as “taking a T” or 
as part of a cocktail known as the 3 V’s (Viread, Valium, and Viagra) 
raises concern about potential abuse and misuse of TDF-FTC [19,20]. 
In context of clinical trials, there was no evidence of increase in risky 
behaviors and actually increases in safer sex practices in some studies. 
However, these patients received PrEP in conjunction with intensive 
monthly counseling on risk-reduction behaviors. As mentioned earlier, 
qualitative studies evaluating the potential for risk compensation 
in PrEP candidates revealed significant differences between their 
actual and perceived risks for acquiring HIV. Taken together, these 
findings further underscore the role of PrEP as one component of a 
comprehensive prevention program.

Resistance

The primary resistance pathways for FTC and TDF involve the 
mutations M184V and K65R, respectively. FTC induces the M184V 
resistance mutations relatively rapidly within 15 days of monotherapy, 
but it also confers reduced replicative capacity of the mutated virus. 
Furthermore, the development of M184V during combination 

therapy with TDF-FTC has been shown to delay the emergence of 
K65R [21,22]. Since both TDF and FTC are components of preferred 
antiretroviral combinations for the treatment of HIV, the development 
of resistance in patients failing PrEP could have important implications 
for the treatment of HIV in these individuals. Resistance to first-line 
combinations limit treatment options in PrEP failures to alternative 
regimens with significantly more toxicities and greater pill burdens 
potentially compromising adherence and efficacy.

Current clinical trial evidence revealed no resistance mutations 
detected in patients that became HIV-positive after enrollment, but 
this may be a byproduct of low adherence levels in these subjects. Since 
seroconverters were less likely to have detectable drug levels, their 
infecting HIV strain had minimal drug exposure thereby decreasing 
the potential for resistance in these individuals. Of greater concern is 
the development of resistance in HIV-infected patients inadvertently 
started on PrEP. Resistance mutations may emerge in individuals 
with undetected HIV-1 infections because FTC-TDF only does not 
comprise a complete treatment regimen for HIV-infected individuals. 
These mutations were evident in all six subjects who were found to be 
HIV-positive at baseline and initiated on TDF-FTC. The development 
of resistance in these subjects illustrates the importance on establishing 
seronegativity in potential PrEP candidates.

Cost-effectiveness

Since the combination of TDF-FTC is currently available as 
branded Truvada®, widespread implementation of PrEP will require 
significant financial investments. The average monthly cost of once-
daily TDF-FTC ranges from $700-$900 in the United States. Three 
analyses to date have been conducted to evaluate the cost-effectiveness 
of implementing PrEP in MSM populations [23-25]. Conservative 
estimates of PrEP use in all MSM resulted in a cost of $298,000 per 
quality-adjusted life years (QALYs) gained with the most optimistic 
predictions of approximately $30,000 per QALY gained. Across all 
analyses, lower cost per QALY and potentially even cost-savings were 
seen if PrEP was only implemented in the highest risk patients (e.g. an 
average of 5 annual partners). Currently, the average American appears 
willing to accept a cost of a little over $100,000 per QALY gained for 
most general health interventions [26]. Although Gilead Sciences, 
the manufacturer of both drugs, is working with the World Health 
Organization (WHO) to provide TDF-FTC at discounted prices of 
$26 per month to developing countries, implementation of PrEP will 
still require significant costs due to training of healthcare workers for 
adequate screening, monitoring, and counseling [27]. Therefore, the 
cost-effectiveness of PrEP may ultimately vary depending on the drug 
costs as well as degree and setting of implementation.

The End of AIDS?
PrEP with TDF-FTC represents the newest biomedical 

intervention to help turn the tide of the AIDS epidemic, but it should 
not be considered the magic bullet to prevent HIV transmission. The 
success of PrEP will be limited by levels of adherence, degree of risk 
compensation, and emergence of resistance as well as resource and 
financial limitations. PrEP should be optimally reserved for individuals 
with ongoing high-risk exposure to HIV, such as serodiscordant 
couples in which the HIV-positive partners are either unwilling or 
ineligible to start ART or high risk MSM. In terms of implementation 
in high-risk heterosexuals, PrEP will likely have its greatest impact in 
persons living in HIV endemic regions. PrEP should be initiated in 
conjunction with other preventative measures, including the proper 
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use of condoms, counseling on the reduction of high-risk behaviors, 
and the importance of strict adherence, regardless of the population in 
which it is implemented. If used appropriately, PrEP has the potential 
to further accelerate the decline in the incidence of new HIV infections, 
particularly in the absence of an effective vaccine on the horizon. 
Ongoing clinical studies and demonstration projects with anticipated 
completion dates within the next two years will hopefully address some 
of the concerns regarding the real-world effectiveness of PrEP.
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