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Antiretroviral prophylaxis for the prevention of HIV

infection: future implementation challenges

“The concept of PrEP is not new; it builds on the premise that effective therapeutic
medications can be used by healthy people to prevent certain infections; for example,

chloroquine to prevent malaria or isoniazid prophylaxis to prevent tuberculosis.”

The search for safe and effective methods of
HIV prevention continues 25 years into the
HIV/AIDS epidemic. In the last decade, several
biomedical prevention technologies have been
tested for the prevention of sexual transmission
of HIV, but only medical male circumcision has
proven to be effective [1]. Trials of microbicides,
herpes simplex virus-2 therapy, diaphragms
and vaccines have all failed to show protection
against HIV infection and, in some instances,
may have even enhanced HIV infection. Much
hope now rests on efficacy trials of antiretrovirals
(ARVs) as pre-exposure prophylaxis (PrEP).

ARVs have been shown to be effective in
suppressing HIV replication in infected individu-
als [2]. However, PrEP involves the long-term use
of ARVs prior to HIV exposure so that the ARVs
are already biologically active in the target cells
when exposure occurs, with the aim of either pre-
venting HIV infection or, at least, favorably alter-
ing the natural course of infection to improve
prognosis or decrease infectiousness. The concept
of PrEP is not new; it builds on the premise that
effective therapeutic medications can be used by
healthy people to prevent certain infections; for
example, chloroquine to prevent malaria or isoni-
azid prophylaxis to prevent tuberculosis. The use
of ARVs as PrEP is effective in animal models;
several studies since 1995 have shown that teno-
fovir used as PrEP can prevent SIV infection [3.4].
Even a single PrEP dose has been shown to be
effective in the macaque model [s].

Further evidence to support the idea of test-
ing ARVs for PrEP in humans comes from
two sources: clinical trial data on the efficacy of
ARVs in preventing mother-to-child transmis-
sion of HIV [6], and observational data show-
ing ARVs used as postexposure prophylaxis can
prevent HIV infection from needlestick expo-
sure [7]. These create the grounds for cautious
optimism as the results of efficacy trials assessing
ARVs as PrEP are awaited.

Clinical trials assessing PrEP

To date, one trial of oral tenofovir disoproxyl
fumarate (Viread®) involving 936 women in
Ghana, Nigeria and Cameroon has been com-
pleted but was unable to address the question of
effectiveness owing to the premature closure of
two study sites and the low HIV incidence in
the study population [8]. Other PrEP trials in
Cambodia and Malawi were halted or prevented
from proceeding owing to community and activ-
ist concerns [9.10]. Current PrEP trials underway
are listed in Tasie 1.

Three more trials to assess topical tenofovir,
Viread and oral Truvada® (oral tenofovir diso-
proxyl fumarate and emtricitabine) in high-risk
women and discordant couples are expected to
begin in 2009. The first results from the ongo-
ing trials are expected in early 2010. If these
trials demonstrate effectiveness, mathematical
modeling suggests a substantial potential public
health benefit; up to a 74% decline in cumula-
tive HIV infections in 10 years from a product
with 90% effective and with 75% coverage of
the general population [11]. Hence, there is likely
to be immense pressure for immediate imple-
mentation of PrEP if the trials are successful.
However, there are several important ethical and
public health issues that will need careful con-
sideration before the widespread implementation
of such an intervention.

Future PrEP

implementation challenges

m |s it safe to give ARV drugs to
healthy asymptomatic people?
Tenofovir has an excellent safety profile and low
rates of adverse effects. Less than 1% of patients
with HIV taking tenofovir in clinical trials had
serious drug-related adverse events [3], although
tenofovir may reduce bone density and exacer-
bate existing renal impairment. Emtricitabine
has a similar safety profile as tenofovir and
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Trial

Bangkok tenofovir study
CAPRISA 004 tenofovir gel trial

Botswana TDF/FTC Oral HIV
Prophylaxis Trial

iPREX trial

PartnersPrEP trial

Product
Viread®*

Target population

Tenofovir gel 1000 women

Truvada® 1200 men & women
Truvada®

Viread® and Truvada®”

“Tenofovir disoproxyl fumarate and emtricitabine.

*Tenofovir disoproxyl fumarate.

adverse events occurring in clinical trials were
generally of mild or moderate severity [12]. While
mild side effects are readily tolerated when
medication is taken for therapeutic reasons, the
same is not necessarily true when medication
is taken by healthy asymptomatic individuals,
where even mild side effects may compromise
adherence. Ongoing drug safety surveillance
will need to be a component of plans for large-
scale rollout of ARVs for PrEP.

Will people adhere to
tablets or topical formulations
for long periods?
Long-term adherence to PrEP will be neces-
sary for its success. Concerns about adherence
to ARV therapy, especially in Africa, which
emanated from preconceived notions about low
education and literacy levels and knowledge of
time-keeping, have repeatedly been shown to be
unfounded. Studies in several African countries
have convincingly demonstrated that high levels
of adherence to ARVs in AIDS patients is pos-
sible 13-15]. Although this is encouraging, this
may not be readily applicable to adherence in
healthy asymptomatic people. While clinical
trials may achieve high adherence, the same
may not pertain to ‘real-world’ settings where
PrEP would be implemented in underdeveloped
public healthcare facilities without adequate
attention to adherence support. On the other
hand, adherence may not be an issue, as the
product’s effectiveness serves as strong motiva-
tion for adherence. Women have a precedent
for daily pills for protection against pregnancy;
however, several parts of Africa have had high
pregnancy rates among women purportedly tak-
ing oral contraceptives and have switched as a
result to injectables. Poor adherence may lead
not only to suboptimal protection but may also
impact on drug resistance. PrEP programs will
need to include practical and proven adherence
support programs.
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2000 intravenous drug users

3000 men who have sex with men

3900 discordant couples

Sites
Thailand

South Africa

Botswana

Peru, Ecuador, USA, South Africa
and Brazil
Kenya, Uganda

Will those who get infected

have HIV that is resistant to
the PrEP antiretrovirals?
PrEP is proposed for use by HIV-uninfected
persons, and resistance cannot develop in people
who do not have the virus. However, drug resist-
ance could possibly develop if the person tak-
ing the prophylactic regimen becomes infected
with HIV while continuing to take the drugs.
In the Ghana trial, no tenofovir-related resist-
ance mutations were found in one seroconvertor
in the tenofovir arm [8]. In a Phase II trial of 1%
tenofovir gel (HPTN 050), no new resistance
mutations were detected in plasma and cervico-
vaginal lavage after 14 days of product use in
HIV-infected women [16].

Ultimately, the best way to prevent drug resist-
ance in HIV is to prevent infection entirely,
which is the aim of PrEP; high efficacy levels
and high adherence will be important to reduc-
ing the risk of resistance. Furthermore, it is not
known if the development of viral resistance
mutations in persons on PrEP may lead less fit
viruses, which may be rapidly replaced by wild
virus, and therefore the future ARV treatment
options are difficult to predict.

“ .there is likely to be immense
pressure for immediate implementation
of PrEP if the trials are successful.
However, there are several important
ethical and public health issues
that will need careful

. . ”»
consideration...

A separate concern about resistance is the use
of the same drugs (e.g., tenofovir) in therapy and
prevention. Therapy failure is associated with
the development of resistance and thereby the
spread of resistant viruses, which in turn may
compromise the efficacy of the same drugs (or,
occasionally, the same class of drugs) used for
prophylaxis. If PrEP is shown to be effective,
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serious consideration will need to be given to
setting aside a class (or classes) of ARVs for use
in prevention only. The current trials are unlikely
to be able to reliably assess the full extent of the
problem of drug resistance, as several hundred
infections will be needed in the active product
arm for this purpose.

Will there be behavioral

disinhibition/risk compensation?

A common concern when introducing new
prevention technologies is whether people will
stop using a more efficacious intervention for
a less efficacious one. This concern is also per-
tinent to PrEP (17]. Mathematical modeling
based on HIV epidemics in Botswana, Kenya
and southern India suggests that the impact
of PrEP may be diminished or even reversed
by behavioral disinhibition, especially in sce-
narios with low coverage and low effectiveness
(18]. Reassuringly, the results from the Ghana
PrEP study showed that sexual risk behav-
ior did not increase during the trial and the
number of sexual partners and rate of unpro-
tected sex acts actually decreased, probably
owing to the counseling received as part of the
trial 19]. Careful attention will need to be paid
to messaging if PrEP is implemented to ensure
existing risk-reduction behavior messaging is
not undermined.

“If PrEP is shown to be safe and
effective, implementation programs
will require substantial resources
with extensive community education
about the indications, availability
and effectiveness of
the intervention...”

Is this an affordable
& practical HIV prevention
strategy for scale-up?
Current HIV prevention programs are substan-
tially underfunded and many highly effective
prevention options such as condoms are not
being used at the scale and intensity necessary
to alter the epidemic trajectory [101]. Against this
backdrop, the implementation of PrEP programs
will have to deal with substantial logistical and
financial challenges; these include HIV and hep-
atitis B virus testing, as well as renal function
assessment prior to tenofovir-containing PrEP
initiation and then at regular intervals of as yet
unknown duration. Besides the drug costs, the
programmatic and laboratory monitoring costs
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are likely to be substantial. One approach to
reduce some of these costs is to integrate PrEP
as a component of existing comprehensive HIV
prevention programs and services.

Conclusion

PrEP, using ARVs, is a promising HIV-
prevention approach under development, and
the results of current human trials are eagerly
anticipated. If PrEP is shown to be safe and
effective, implementation programs will require
substantial resources with extensive community
education about the indications, availability and
effectiveness of the intervention while empha-
sizing the concomitant use of other proven
prevention strategies. The provision of PrEP
will require integration into existing HIV-
prevention services, which currently need to be
strengthened, especially in Africa, where the
need is greatest. Furthermore, there will be a
need to include long-term follow-up and sur-
veillance in sentinel groups to monitor adverse
events, adherence, drug resistance, impact of
drug resistance on later AIDS treatment and
behavioral disinhibition.

Future questions

Which formulation (oral or topical) of ARVs
is better in terms of efficacy and safety?

Which dosing (daily vs intermittent vs coitally
related) strategy is better in terms of adherence,
efficacy and safety?

Do long-acting formulations such as vaginal
rings or slow-release bolus dosing impact on
adherence and risk of drug resistance?

Are combinations of ARVs better in terms of
safety, efficacy and drug resistance?

Should a particular ARV or class of ARVs be
set aside for PrEP?
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