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Abstract About 50,000 people are infected with HIV

in the US each year and this number has remained vir-

tually the same for the past decade. Yet, in the last few

years, evidence from several multinational randomized

clinical trials has shown that the provision of antiretro-

viral drug to uninfected persons (i.e. pre-exposure pro-

phylaxis) reduces the incidence of HIV by about 50 %.

However, evidence from cost-effectiveness studies con-

ducted in the US yield widely varying estimates of the

cost per quality-adjusted life-year (QALY) gained, and

this variation reflects the substantial uncertainty sur-

rounding the determinants of HIV transmission (e.g.

adherence rates to prophylactic medications, the average

number of sexual partners, the number and types of

sexual acts, the viral load of infected partners, and the

proportion of contacts where condoms are used), as well

as different approaches to translating a reduction in HIV

cases into an estimate of the increase in the number of

QALYs.

Key Points for Decision Makers

• Pre-exposure prophylaxis programs have the potential

to lower the cost of the HIV epidemic in the US.

• Studies of the cost effectiveness of pre-exposure

prophylaxis programs should explain and justify

assumptions underlying their economic model of HIV

transmission.

• It is important to recognize that different assumptions

about the patterns of sexual behaviour of men who

have sex with men may produce very different esti-

mates of the cost effectiveness of pre-exposure pro-

phylaxis programs.

1 Introduction

The diffusion of new and powerful drugs to treat persons

with HIV disease is responsible for decreases in mortality

attributable to HIV and this has altered the way many

people think about HIV disease. Today, HIV disease may

be thought of more as a moderately expensive chronic

illness than as a catastrophically expensive fatal illness

[1–3]. Persons diagnosed with HIV today in the US may

live almost as long as persons without HIV [4].

Yet, the progress made in the treatment of persons with

HIV in the US contrasts starkly with the limited success of

efforts to prevent the spread of HIV. In fact, each year

about 50,000 people are newly infected with HIV in the US

[5] and this number has remained relatively unchanged

over the past 10 years. The number of persons who die

from HIV each year in the US is about 15,000, and the

number of persons living with HIV in the US has been

steadily increasing and now approaches 1.2 million [6, 7].
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Disappointing progress in slowing the spread of HIV in

the US has led to calls for the implementation of new

prevention strategies [6, 8]. One of the approaches pro-

posed by public health officials involves the use of anti-

retroviral therapy to reduce the infectivity of persons with

HIV and to reduce the likelihood of persons without HIV

acquiring HIV [9–11].

Indeed, there is some optimism that both treatment-based

HIV prevention strategies (i.e. the provision of antiretroviral

drugs to infected persons and the provision of antiretroviral

drugs to uninfected persons) will help restrain the growth in

the number of HIV infections in the US. A recent article

states that ‘‘The role of antiretroviral therapy in reducing

HIV incidence will probably be among the most important

topics in the field of HIV prevention for years to come, and

it already is being debated urgently at national and inter-

national levels within major normative agencies and chari-

ties, and by donors and implementers.’’ [12]

In August 2011, evidence from a large, international,

randomized controlled clinical trial conducted by the HIV

Prevention Trials Network (HPTN) Study Team 052 on the

efficacy of providing antiretroviral therapy to infected

persons was published in a leading health care journal [9].

The HPTN 052 trial revealed that antiretroviral therapy for

infected partners in a serodiscordant couple reduced the

probability that the virus is transmitted to the uninfected

partner by up to 96 %.

Less than a year earlier in December 2010, evidence

from a large, international, randomized controlled trial,

which revealed that antiretroviral therapy for uninfected

men who engaged in high-risk sexual activity reduced the

likelihood of infection by 44 %, was published in the same

health care journal [13]. Since the publication of this study,

results from three more large, international, randomized

controlled trials have become available and each supports

the finding that pre-exposure prophylaxis reduces the

incidence of HIV.

Evidence from the aforementioned trials led to the

approval on 16 July 2012 by the US FDA of the use of

Truvada (a fixed-dose combination of tenofovir disoproxil

fumarate and emtricitabine) for uninfected, high-risk indi-

viduals. In the associated boxed warning for Truvada, the

FDA emphasized that pre-exposure prophylaxis with Tru-

vada is only one part of a comprehensive prevention

approach that should consist of counselling, condom use, and

other safe-sex practices, along with periodic HIV testing.

At the present time there is little information available

about the number of uninfected persons who are taking

antiretroviral therapy. This is consequential because the

cost of pre-exposure prophylaxis with Truvada is more than

$10,000 per year in the US (2010 US$) and there are

several million uninfected persons who might benefit from

this course of therapy [14–19].

In order to identify cost-effectiveness studies of pre-

exposure prophylaxis in the US, free text (cost-effectiveness

analysis and HIV and prevention and Truvada OR tenofovir)

was used to search PubMed/MEDLINE. About 150 articles

were identified, but only four studies that included a control

group, an estimate of the cost of the intervention, an estimate

of the number of HIV cases averted as a result of the pro-

phylaxis, and estimates for the cost effectiveness of this

intervention were included in this review.

2 Treatment-Based Prevention Strategies

2.1 Treatment of Infected Persons

Evidence from the HPTN 052 Study Team’s evaluation of

the impact of the treatment of infected individuals earlier in

the course of illness revealed that the probability of

transferring HIV was significantly reduced [9]. The HPTN

052 randomized clinical trial examined transmission of

HIV among serodiscordant couples at 13 sites in nine

countries (Botswana, Kenya, Malawi, South Africa, Zim-

babwe, Brazil, India, Thailand, and the US) and it com-

pared the efficacy of antiretroviral therapy plus HIV

primary care versus HIV primary care alone to prevent the

sexual transmission of HIV in serodiscordant couples [9].

In this trial, one half of the infected partners in 1,763 se-

rodiscordant couples who had CD4? cell counts between

350 and 500 cells per cubic millimetre received immediate

antiretroviral therapy, and the infected partner in the other

half of the serodiscordant couples who also had CD4? cell

counts between 350 and 500 cells per cubic millimetre did

not receive antiretroviral therapy.

This study found that of the 28 virologically linked HIV

transmissions observed during the study period among

participants in HPTN 052, only one occurred in the treat-

ment arm and the remaining 27 occurred in the control

group. Yet, since guidelines for the commencement of

antiretroviral therapy in the US already suggest that early

treatment be considered for all infected patients, the find-

ings from HPTN 052 were not expected to have a signifi-

cant impact on HIV incidence rates.

2.2 Treatment of Uninfected Persons

Treatment-based HIV prevention involving uninfected per-

sons includes treatment of uninfected persons immediately

after exposure to HIV (post-exposure prophylaxis) as well as

the treatment of uninfected persons before exposure to HIV

(pre-exposure prophylaxis). While post-exposure prophy-

laxis has been accepted treatment for accidental exposure to

HIV from needle sticks for many years, pre-exposure pro-

phylaxis is a relatively new strategy for HIV prevention.
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Yet, pre-exposure prophylaxis is not a new strategy for

the prevention of a number of other diseases. For example,

individuals who are planning to travel to countries where

malaria and tuberculosis are common are often given drugs

to protect them from getting these diseases. In particular,

most US citizens who travel to areas with a high prevalence

of malaria and tuberculosis are told to take prophylactic

drugs, and the drugs used to prevent malaria and tubercu-

losis are generally the same drugs that are used to treat

these disease (chloroquine tablets for malaria, and isoniazid

tablets for tuberculosis).

Interest in pre-exposure prophylaxis for HIV has grown

since findings from a number of randomized clinical trials

have shown that persons without HIV who receive anti-

retroviral drugs (specifically tenofovir disoproxil fumarate

and/or emtricitabine) are less likely to become infected

than persons who do not receive these drugs [20–22].

This study briefly reviews randomized controlled trials

where the treatment group includes uninfected individuals

who receive antiretroviral drugs and where the control

group includes uninfected individuals who do not receive

antiretroviral drugs (see Table 1). Each of the studies

includes information about the number of subjects who

became infected over a specific period of time and the

results of each of these studies has been published in a peer

reviewed medical journal. Although this manuscript does

not review each and every effort to prevent HIV infection

by providing uninfected individuals with antiretroviral

drugs, it does review the largest and most influential studies

of pre-exposure prophylaxis against HIV infection.

One of the earliest trials of the efficacy of pre-exposure

prophylaxis involved testing the use of tenofovir disoproxil

fumarate as a microbicide gel [20]. In this trial [the Centre

for the AIDS Program of Research in South Africa

(CAPRISA) 004 trial], 1085 women were enrolled and

randomly assigned in equal proportions to the treatment

and placebo groups between May 2007 and January 2009.

This study examined a coitally-related strategy where

doses were applied both before and after sexual contact.

The tenofovir disoproxil fumarate and placebo gels were

packaged in the same type of vaginal applicators and were

indistinguishable. Women were followed at monthly visits

for 30 months and tenofovir disoproxil fumarate gel

reduced acquisition by 39 % overall (HIV incidence was

5.6 per 100 women-years for the treatment group and 9.1

per 100 women-years in the placebo group). Efficacy was

Table 1 Trials of pre-exposure prophylaxis with antiretroviral drugs

Trial name High-risk

population

Location Drug N (enrollment

dates)

Results

iPrEx [13] MSM and

transgender

women

Brazil, Ecuador,

Peru, South

Africa,

Thailand, US

Oral TDF-FTC 2,499 (July

2007–Dec

2009)

Tenofovir and emtricitabine

reduced incidence by 44 %

CAPRISA [20] Heterosexual

women

South Africa Topical vaginal

TFV

1,085 (May

2007–Jan

2009)

Tenofovir gel reduced

acquisition by 39 %

FEM-PrEP [23] Heterosexual

women

Kenya, South

Africa,

Tanzania

Daily oral TDF-

FTC

2,120 (June

2009–April

2011)

Trial was terminated because

there was not a significant

difference in the number of

HIV infections

TDF2 [22] Heterosexual

men and

women

Botswana Daily oral TDF-

FTC

1,219 (March

2007–May

2010)

Efficacy of tenofovir and

emtricitabine was 62.2 %

VOICE [24] Heterosexual

women

Uganda, South

Africa, and

Zimbabwe

Oral TDF-FTC

and vaginal

microbicide

5,029 (Sept

2009–Aug

2012)

Neither oral tenofovir tablets

nor tenofovir gel were

effective in preventing HIV

among the women in the

study

Partners PrEP [21] Serodiscordant

heterosexual

couples

Kenya, Uganda Daily oral

tenofovir or

TDF-FTC

4,747 (July

2008–Nov

2010)

75 % reduction in incidence

among the tenofovir and

emtricitabine group; 67 %

reduction in tenofovir only

group

iPrEx Pre-Exposure Prophylaxis Initiative, CAPRISA Centre for the AIDS Program of Research in South Africa, FEM-PrEP Pre-exposure

Prophylaxis Trial for HIV Prevention among African Women, VOICE Vaginal and Oral Interventions to Control the Epidemic, MSM men who

have sex with men, TDF-FTC tenofovir disoproxil fumarate–emtricitabine, PrEP pre-exposure prophylaxis
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closely related to adherence, with high adherers (defined as

more than 80 %) experiencing 54 %, and low adherers

(defined as \50 %) experiencing 28 %.

In another early trial of pre-exposure prophylaxis (the

Pre-Exposure Prophylaxis Initiative—iPrEx), clinicians

screened 4,900 subjects for inclusion between July 2007

and December 2009 [13]. Participants in iPrEx included

men who have sex with men (MSM) and transgender

women who were being treated at 11 sites in six countries

(Peru, Ecuador, South Africa, Brazil, Thailand, and the

US). This trial was supported by the National Institute of

Allergy and Infectious Diseases (NIAID) of the National

Institutes of Health, and by the Bill and Melinda Gates

Foundation. The trial included 2,400 participants, with half

of those receiving Truvada and the remaining half a pla-

cebo. Of the 100 subjects who seroconverted during this

trial, only 36 were in the tenofovir disoproxil fumarate and

emtricitabine group and the remaining 64 in the placebo

group. This indicates a 44 % reduction in the incidence of

HIV in the tenofovir disoproxil fumarate and emtricitabine

group.

In a third randomized clinical trial of pre-exposure

prophylaxis (the Partners Pre-exposure Prophylaxis study),

1474 HIV serodiscordant heterosexual couples from Kenya

and Uganda were randomized into three groups between

July 2008 and November 2010 [21]. The first group

received once-daily tenofovir disoproxil fumarate. The

second group received daily tenofovir disoproxil fumarate

and emtricitabine (i.e. Truvada). The third group did not

receive either. Of the 82 infections that occurred among the

seronegative partners in this study, only 13 occurred in the

tenofovir disoproxil fumarate and emtricitabine group, 17

occurred in the tenofovir disoproxil fumarate group, and

the remaining 52 infections occurred in the placebo group.

This indicates that the relative reduction was 75 % in

incidence among the tenofovir disoproxil fumarate and

emtricitabine group and 67 % reduction in incidence

among the tenofovir disoproxil fumarate-only group.

Adherence among those in the treatment group who sero-

converted during the trial was low (31 % had detectable

tenofovir disoproxil fumarate levels in a plasma sample)

compared with adherence among those in the treatment

group who did not seroconvert during the trial (82 % of

this group had detectable tenofovir disoproxil fumarate

levels). When comparing those who had a detectable level

of tenofovir disoproxil fumarate in their plasma to those

who did not, the estimated reduction in the relative risk of

seroconverting during the trial was 86 % for the tenofovir

disoproxil fumarate group and 90 % lower for the tenofovir

disoproxil fumarate and emtricitabine group. This trial was

funded by the Bill and Melinda Gates Foundation

In a fourth trial (the TDF2 study), 1219 seronegative

men and women in the Botswana cities of Francistown

and Gaborone (Botswana has the world’s second highest

prevalence of HIV) were randomly assigned to receive

tenofovir disoproxil fumarate and emtricitabine or a

matching placebo once daily [22]. The first participants

in the TDF2 trial were enrolled in March 2007 and the

last were enrolled in October 2009. All enrollees exited

the trial by the end of May 2010, and at this time there

were 33 participants who had become infected; nine

were in the treatment group and 24 in the placebo

group. There were 1.2 and 3.1 infections per 100 per-

son-years, respectively, in each group, indicating that

the efficacy of tenofovir disoproxil fumarate and em-

tricitabine was 62.2 %. The authors concluded that

tenofovir disoproxil fumarate and emtricitabine prophy-

laxis prevented HIV infection in sexually active heter-

osexual adults.

Not all randomized clinical trials have found pre-expo-

sure prophylaxis with antiretroviral drugs to be effective in

the prevention of HIV infection. In fact, a recent random-

ized, double-blind, placebo-controlled trial of HIV nega-

tive women aged 18–35 years in Kenya, South Africa, and

Tanzania [the Pre-exposure Prophylaxis Trial for HIV

Prevention among African Women (FEM-PrEP)] was ter-

minated early because of a lack of efficacy [23]. Between

June 2009 and April 2011, the FEM-PrEP trial randomly

assigned 2120 HIV-negative women to receive either a

combination of tenofovir disoproxil fumarate and emtri-

citabine or a placebo once daily. At the time it was dis-

continued, there was not a significant difference in the

number of HIV infections between the two groups (a total

of 68 women had seroconverted—33 of these were in the

treatment group and 35 in the placebo group). This study

also found that more women discontinued therapy in the

treatment group due to hepatic and renal abnormalities, and

that more women in the treatment group experienced

nausea, vomiting and elevated alanine aminotransferase

levels.

Just as in other pre-exposure prophylaxis trials, the

FEM-PrEP included extensive educational activities

designed to promote adherence. Yet, just as in the other

trials, low levels of adherence were a problem. In fact,

drug-level testing revealed that only 26 % of treated par-

ticipants who seroconverted had positive results for the

existence of tenofovir disoproxil fumarate in their plasma

at the beginning of the infection window and 21 % had

positive results for the existence of tenofovir disoproxil

fumarate at the end of the window, while only 15 % were

positive for the existence of tenofovir disoproxil fumarate

at both time periods. These findings belie the accuracy of

self-reported data about adherence because 95 % of

women indicated that they were compliant with the drug

regimen when asked about adherence in a survey con-

ducted at the discontinuation of the trial.
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A recent randomized clinical trial whose results are still

being analyzed is the Vaginal and Oral Interventions to

Control the Epidemic (VOICE) trial [24–26]. This trial was

conducted by researchers in the Microbicide Trials Net-

work, which is funded by the NIAID, the National Institute

of Child Health and Human Development, and the National

Institute of Mental Health. The VOICE trial conducted a

study of the daily use of tenofovir disoproxil fumarate gel

and oral tenofovir disoproxil fumarate tablets on the inci-

dence of HIV infection among 5,029 women in Uganda,

South Africa, and Zimbabwe who were enrolled in this

study, beginning in September 2009.

The tenofovir disoproxil fumarate gel arm of the VOICE

trial was discontinued in September 2011 due to the lack of

evidence that the intervention was reducing the incidence

of HIV infection (e.g. the HIV incidence rate in the placebo

group of the tenofovir disoproxil fumarate gel arm was 6.1

per 100 women-years, while the HIV incidence rate of the

treatment arm was 6.0 per 100 women-years), and the

tenofovir disoproxil fumarate tablet arm of the VOICE trial

was discontinued in November 2011 for the same reason.

Yet, even though self-reported adherence rates were quite

high for all participants in the VOICE trial, it is certainly

possible that these rates were overstated by the participants.

Indeed, the congruence between self-reported adherence

rates and actual adherence rates in studies of pre-exposure

prophylaxis for HIV infections has been relatively low

(note, some studies conduct laboratory tests to determine

whether or not participants are taking the recommended

medications).

3 Models of HIV Transmission

One of the challenges facing health care decision makers is

how to reduce the number of persons who are infected with

HIV each year. Efforts to devise a successful strategy must

target those communities most deeply affected by this

epidemic, and this is especially difficult because these

communities are often in the poorest and most neglected

sections of our large cities. Furthermore, the extended and

unpredictable time period between exposure to HIV and

when symptoms and signs are initially evident, coupled

with the low probability of transmission due to a single

contact, mean that the composition and diversity of the

targeted population are key variables in determining how to

organize a campaign to slow the spread of the virus.

Analysts construct mathematical models based on the

underlying transmission mechanisms of the HIV virus to

help them predict the effectiveness of various strategies to

slow the spread of this virus. The more accurate and robust

the model, the better able analysts are to design an effective

strategy to slow the spread of the virus.

Stanley [27] stated that,

Mathematical modelling studies have shown that the

AIDS epidemic is very sensitive to the human

behaviours that spread HIV, including: the amount of

risky behaviour; the manner in which that risky

behaviour is distributed in the population; and the

social network structures within which people prac-

tice those risky behaviours.

Individual risk-based models of the dynamics of the

spread of HIV infection require data on the behavioural

patterns of MSM and injection drug users [28]. In partic-

ular, these models require estimates of the number of new

partners per year, the number and type of sexual contacts,

the viral load of each infected partner, the proportion of

sexual contacts where a condom was used, the number of

instances of needle sharing, and the probability of infection

from a single sexual contact or a single instance of needle

sharing.

The accuracy of individual risk-based models depends

on the validity of the assumptions about risky behaviour.

For example, in a recent study Juusola and colleagues [29]

assumed that there are 6.4 million MSM aged 13–64 years

in the US, that the average number of partners per MSM

per year is three, that a condom is used with 40 % of

partners, and that the annual transmission rate per MSM

partnership is 0.21 when the infected partner is in the acute

phase, 0.039 in the asymptomatic phase, 0.039 in the

symptomatic phase, and 0.16 when the infected partner has

AIDS. Juusola and colleagues [29] also assumed that there

is no serosorting (i.e. proportional mixing), which implies

that men do not alter their behaviour in response to the

perceived serostatus of their partner. Each of these

assumptions is important and each involves substantial

uncertainty.

Nevertheless, useful insights may still be gleaned from

individual risk-based models of HIV transmission. Indeed,

the growth of qualitative research attests to the need to

define questions and offer answers to questions that are not

easily formulated, quantified, or solved using convenient

mathematical solutions. Researchers who model HIV

transmission have been able to provide insights into the

factors that explain why the epidemic has diffused in a

specific manner. For example, modellers have shown that if

there is no serosorting and individuals seek partners with-

out regard to their risk-taking behaviour then the spread of

the HIV epidemic among low-risk users should be quite

rapid even in the early stages of the epidemic [30]. Alter-

natively, if there is relatively little contact between high-

risk and low-risk individuals then the spread of the epi-

demic among high-risk users should be quite high when

compared with the spread among low-risk users. Indeed,

the latter is true, which suggests that the amount of sexual
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contact and needle-sharing between the relatively small

groups of high-activity individuals and the larger group of

low-activity individuals is limited.

This feature of the epidemic requires models where

partners are not chosen proportionally but are chosen based

on the similarity of demographic and behavioural charac-

teristics. Yet, biased mixing models require detailed

information about the behavioural patterns of potential

partners and this type of information about social networks

is generally unavailable. They also require information on

racial and ethnic characteristics of persons who engage in

risky behaviour. Again, this type of information is nor-

mally unavailable to model builders.

Another important feature of the epidemic relates to the

age and sex of persons who become infected through

homosexual sexual acts, heterosexual sexual acts, and

needle sharing. In general, heterosexual women who

become infected are younger than their male partners, and

this suggests that the age structure of heterosexual women

who become infected in an area is younger than for the

heterosexual men who become infected. Furthermore, in

many areas there is little mixing between MSM and

injection drug users. Thus, modellers may treat the epi-

demic in homosexual men and injection drug users as

separate epidemics because although it is possible for

persons to engage in both types of risk behaviour and to

interact with both homosexual men and injection drug

users, research suggests that the practical consequences of

HIV transmission by homosexual injection drug users is

nominal. Researchers have also concluded that it is unli-

kely that a primary epidemic in one of these risk categories

could maintain a secondary HIV epidemic in the other risk

category as a result of the activities of homosexual drug

users.

HIV disease transmission models often explain the dif-

fusion of HIV by defining a set of equations that specify the

movement of individuals through a particular array of

health states that include an uninfected state (often referred

to as a susceptible state) and an infected state. These

models frequently use differential equations where the

dependent variable of interest is the transmission of HIV

[31–34]. In particular, these models delineate the likeli-

hood of an individual with a specific set of demographic

and behavioural characteristics of engaging in risky

behaviour and of becoming infected.

The probability that a person moves from one state to

another is often modelled using difference or differential

equations. Since HIV transmission models involve pro-

ducts of the number of susceptible individuals and the

number of infected individuals, these equations are almost

always non-linear. Yet, only the simplest differential

equations may be solved explicitly with a self-contained

formula so analysts normally rely on numerical analysis,

and in most instances this involves the use of approxima-

tion methods that express the solution in terms of infinite

series.

Because individual risk-based models of HIV trans-

mission require a great deal of information about the nat-

ure, frequency, and characteristics of sexual activity of

MSM, modellers must make strong assumptions. The dif-

ficulty in verifying these assumptions and the absence of

information about many of the important variables related

to the sexual activities of individuals has limited the value

of individual risk-based HIV transmission models in fore-

casting the course of the HIV epidemic.

If at all possible, individual risk-based models of HIV

transmission should be corroborated before they are uti-

lized, to predict the number of new HIV infections in a

given population. Yet, individual-based risk models of HIV

transmission are difficult to corroborate and few attempts

have been made to utilize these models to estimate the

number of new HIV infections for large populations.

Accordingly, individual risk-based transmission models

have not been shown to be particularly helpful in fore-

casting HIV incidence in the US or even for regions of the

US, and virtually all of the models used to forecast the

number of new HIV infections in the US are based on

straightforward exponential or polynomial extrapolations

of current trends in the relevant population.

Indeed, extrapolation models represent the most com-

mon and most clear-cut means of predicting the number of

future cases of HIV infection. Most often modellers simply

fit existing incidence data to an assumed form for the

incidence curve and then lengthen this curve to predict the

number of future HIV cases. The obvious benefits of

extrapolation techniques are its straightforwardness and its

ease of use. Modellers may utilize this technique to esti-

mate future HIV incidence without making specific

assumptions about the nature and frequency of sexual

contacts about populations with a high risk of contracting

HIV.

One of the major limitations of population-based HIV

forecasting models is the assumption that the process

which determines the number of new HIV infections does

not change through time. This assumption may be defen-

sible if predictions are made for short time periods but it is

clearly untenable when used to predict future activity many

years into the future.

Moreover, population-based extrapolation models are

not especially useful in assessing the importance of pre-

vention strategies because they do not replicate the trans-

mission processes of HIV. Manifestly, such models are

useful over the short term but are incapable of providing

information about the impact of changes in the demo-

graphic characteristics and behavioural patterns of the

relevant populations. Consequently, they are unable to
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elucidate how the epidemic will diffuse through various

population groups and how new medical treatments,

changing behavioural patterns, and increased access to

antiretroviral therapies will alter these diffusion patterns.

4 HIV Disease Transition Models

After an individual is infected with HIV, analysts may

employ disease transition models to study the clinical

evolution of HIV [35–37]. Most HIV disease transition

models define a number of health states and specify the

probability of persons to remain in a given health state or

transition forward to the next health state.

These models generally define a large number of health

states using CD4 cell counts, HIV RNA levels (i.e. mea-

sures of viral load), and the patient’s history of clinical

events, and then specify the probability of moving from

one state to another. These models customarily assume that

the probability of clinical progression depends only on the

health state and not on the patient’s previous history (this

assumption is referred to as the Markovian assumption and

these models are referred to as Markov models) [38, 39].

A large number of health states are generally defined in

these models because patients with different clinical and

demographic characteristics often have distinct prognoses.

For example, the indefinite persistence of drug-resistant

variants in resting CD4-positive T cells, monocytes, mac-

rophages, and other cells suggests that patients with such

variants may have different clinical prognoses than patients

without such variants [31, 40, 41]. Furthermore, there is

evidence that the nadir CD4-positive T-cell count predicts

a patient’s response to future therapies, suggesting that

patients should be grouped according to this variable [42],

and there is evidence that patients with multidrug-resistant

HIV-1 infection have a poorer prognosis than patients

without drug-resistant HIV-1 infection [43, 44]. There is

also evidence indicating that initial HIV-1 RNA levels, a

history of substance abuse, age, and drug metabolism affect

the clinical outcome of drug therapy.

Yet, analysts generally do not create categories based on

the existence of the resistance characteristics in patients

before therapy, the nadir CD4-positive T-cell count, the

existence of multidrug-resistant HIV-1 infection under

therapy, initial HIV-1 RNA level, a history of substance

abuse, age, and drug metabolism because data on all these

characteristics of patients are often unavailable and it

would be an exceedingly difficult task to assign progression

probabilities to each of the stages defined by these vari-

ables. Consequently, analysts must make simplifying

assumptions in order to reduce the number of disease

stages to a manageable number.

5 Cost-Effectiveness Analysis

It is important for planners and policy makers to have good

information about the cost of the health care services uti-

lized by persons with HIV disease. The Federal govern-

ment spent more than $28 billion in the fiscal year 2012

(2012 US$) on assistance to persons with HIV disease, and

most persons with HIV disease in the US depend upon

public sources to pay for services [45, 46]. The bulk of

these funds were spent on providing health care services,

and, in order to ensure that all patients have access to

appropriate services, planners and policy makers must have

information about the cost effectiveness of various pre-

vention and treatment strategies.

Estimates of the cost effectiveness of pre-exposure

prophylaxis for HIV infection are derived by combining

findings from epidemiological models of the dynamics of

HIV transmission, findings from models of the transition of

infected individuals through a series of health states, and

findings from economic models. Information about the cost

of resources used by uninfected individuals who are taking

antiretroviral drugs (e.g. prophylactic drugs, HIV testing,

HIV counselling, physician services, outpatient facility

charges, and a variety of laboratory procedures) and about

the cost of resources used by infected individuals in a given

health state enable analysts to estimate the cost effective-

ness of pre-exposure prophylaxis.

Defining an economic model of HIV disease as one

which measures the economic value of the resources con-

sumed in the care of a person with HIV disease, researchers

have used economic models of HIV disease to examine a

myriad of issues. For example, economic models have been

used to compare the desirability of alternative interventions

to prevent the spread of HIV disease as well as to compare

the desirability of alternative treatment regimens. In most

instances, the desirability of interventions and treatments

has been measured using cost-effectiveness analyses.

Cost-effectiveness analysis may be used to measure the

cost per unit of effect for HIV pre-exposure prophylaxis

prevention interventions. For prevention interventions, the

unit of effect may be the number of HIV cases averted or

the number of quality-adjusted life-years (QALYs) gained.

Whether a specific value for the cost per unit of effect is

cost effective is related to the frame of reference of the

observer. What is cost effective in the US may not be cost

effective in a nation with more limited resources. For

example, two studies found that the cost per QALY for

routine screening for HIV infection in the US was about

$40,000 (US$), which was below the common threshold of

$50,000 per QALY for interventions in the US but con-

siderably higher than common thresholds in less developed

nations [47, 48].
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Before the diffusion of highly active antiretroviral

therapy in 1996 there were relatively few drug combina-

tions used to treat persons with HIV disease and the impact

on survival of the various NRTI drug regimens was com-

parable. Drug therapy often involved only one medication,

and patients generally stayed on the same drug regimen

unless they developed a serious adverse reaction. As a

result, the economic models used to estimate the annual

and lifetime costs of therapy during this time were rela-

tively simple.

Economic models of HIV therapy join estimates of the

cost of treating HIV patients in a number of disease stages

(usually defined using CD4 cell counts and AIDS status)

with estimates of the average time spent in each stage. The

estimates for the cost of care in a given disease stage are

derived by multiplying the number of hospital days, out-

patient visits, drugs, and other resources (e.g. home health

visits, days of long-term care) by estimates of the unit cost

of each of these services. The costs across stages are then

summed to obtain an estimate of the yearly or lifetime cost

of care.

6 Cost-Effectiveness Studies of Pre-Exposure

Prophylaxis

Cost-effectiveness studies reviewed in this manuscript

were identified by screening the PubMed/MEDLINE

database for several phrases (cost-effectiveness analysis

and HIV and prevention and Truvada OR tenofovir diso-

proxil fumarate). In addition, one study of the cost effec-

tiveness of sexually active women in South Africa [49] was

included because it was rigorously constructed, widely

cited, and published in a peer reviewed journal.

The cost effectiveness of pre-exposure prophylaxis for

HIV infection studies reviewed in this manuscript have

been published between 2008 and 2012 (see Table 2). Yet,

findings from these studies are inconsistent and it is

important for those who rely on these models to understand

the reasons for the wide variation in estimates of the cost

per QALY gained.

A 2008 study of pre-exposure prophylaxis by Desai and

colleagues [50] calculated that the incremental cost per

QALY gained in the US was $31,970 (2007 US$), while a

year later Paltiel and colleagues [51] calculated that the

incremental cost per QALY saved was $298,000 (2006

US$). Both of these studies used HIV transmission and

progression models to estimate the cost of reducing the

number of new HIV infections, and both used published

estimates of the cost of HIV treatment to generate their

estimates of the incremental cost of a QALY.

The study by Desai and colleagues assessed the cost

effectiveness of a 5-year program of chemoprophylaxis and

they found that more than one-half of the number of HIV

infections averted was not among those who were taking

prophylactic drugs but among those who benefited from

reduced prevalence in the target population. They con-

verted the decrease in the number of HIV infections to an

Table 2 Cost-effectiveness studies of pre-exposure prophylaxis with antiretroviral drugs

References Target

population

Drug Approach Prevalence/

incidence

Effectiveness Cost per

QALY

Desai et al.

[50]

High-risk

MSM in

the US

Oral TDF-

FTC

Uses population-based HIV

transmission dynamic model

Prevalence is

14.6 %

Assumes PrEP reduces

HIV transmission

probabilities by between

50 and 70 %

$31,970

(2007

US$)

Paltiel et al.

[51]

High-risk

MSM in

the US

Oral TDF-

FTC

Uses individual-level state

transition Monte Carlo

simulation model of HIV

acquisition

MSM population

with 1.6 %

annual HIV

incidence rate

Assumes PrEP reduces

HIV transmission rate by

50 %

$298,000

(2006

US$)

Walensky

et al. [49]

South

African

women

Tenofovir-

based

vaginal

microbicide

Uses individual-level state

transition Monte Carlo

simulation model of HIV

acquisition

Annual incidence

is 2.2 %

Assumes PrEP reduces risk

by 39 %

$2,700

(2010

US$)

Juusola et al.

[53]

MSM in

the US

Oral TDF-

FTC

Uses risk-based dynamic

compartmental model of HIV

transmission

Annual incidence

is .8 %

Assumes 44 % reduction

in risk due to PrEP

$172,000

(2009

US$)

Koppenhaver

et al. [54]

Urban

MSM in

the US

Oral TDF-

FTC

Uses a dynamic compartmental

HIV transmission simulation

model for MSM in an urban

community

Prevalence is

17.5 %

Assumes 44 % reduction

in risk due to PrEP

$31,970

(2010

US$)

MSM men who have sex with men, TDF-FTC tenofovir disoproxil fumarate–emtricitabine, PrEP pre-exposure prophylaxis, QALY quality-

adjusted life-year
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estimate of the incremental cost per QALY using a base-

case HIV-related lifetime treatment cost of US$343,130

(2007 US$) and an estimate of 6.95 QALYs saved per case

of HIV prevented [50].

Paltiel and colleagues [51] used an individual level

model to simulate the impact of pre-exposure prophylaxis

on the incidence of HIV infection, and they assumed that

pre-exposure prophylaxis lowers age-specific incidence

rates by 50 %. They derived their estimate of $298,000

(2006 US$) per QALY by transforming clinical and eco-

nomic data in their population-based HIV disease state-

transition model, referred to as the Cost-Effectiveness of

Preventing AIDS Complications (CEPAC) model [52].

Paltiel and colleagues [51] generated estimates of the

costs of treatment and measures of the outcomes of partic-

ular treatment regimens. Their study estimated that pre-

exposure prophylaxis would reduce the lifetime HIV infec-

tion risk from 44 to 25 % (under the base-case assumption

of 50 % efficacy in a population with a 1.6 % mean annual

incidence of HIV infection) while increasing mean life

expectancy by 1.7 years (39.0–40.7) and lifetime treatment

costs from $81,000 to $252,700 per person (2006 US$).

Juusola and colleagues [53] hypothesized that the effi-

cacy of pre-exposure prophylaxis was 44 % (based on

findings from the iPrEx trial) and then calculated the cost

effectiveness of a pre-exposure prophylaxis program that

treated 20 % of MSM in the US. The authors used a

dynamic model of HIV treatment and progression and

found that the pre-exposure prophylaxis program reduced

the number of new HIV infections by 13 % and increased

the number of QALYs by 550,000 at a cost of $172,000 per

QALY (2010 US$). They also calculated that 62,800 cases

of HIV would be prevented and that the program would

cost $98 billion (2010 US$).

The authors also noted that the cost effectiveness of an

HIV pre-exposure prophylaxis program could be increased

significantly if it could be initiated for only high-risk MSM.

This observation is true for all pre-exposure prophylaxis

programs. However, restricting the availability of prophy-

lactic drugs to only those who are at the highest risk for

becoming infected may not be possible because the infor-

mation necessary to identify such individuals is difficult to

obtain and because all those at risk have an incentive to

participate in the program.

In a recent study, Walensky and colleagues [49]

employed a sophisticated, well-documented, and widely

referenced HIV disease transition model, referred to as the

CEPAC-international model, to estimate the cost effec-

tiveness of pre-exposure prophylaxis using a tenofovir

disoproxil fumarate-based vaginal microbicide among

heterosexual South African women. The CEPAC-interna-

tional model is a dynamic, compartmental, health state

transition model that follows persons (index patients) from

the occasion of infection to death. Uninfected women enter

into the transmission module and transition into the disease

module if they acquire the AIDS virus.

In the model constructed by Walensky and colleagues,

the impact of pre-exposure prophylaxis in the transmission

module was calculated by reducing incidence rates down-

wards by 39 % (the authors used 39 % as an estimate of the

protective efficacy because this is the value estimated by

the CAPRISA 004 trial that examined women who

received pre-exposure prophylaxis using a tenofovir diso-

proxil fumarate-based vaginal microbicide in South

Africa). Subsequently, the number of HIV infections

averted was converted into an estimate of the cost per year

of life gained using the parameters of a simulated cohort in

the CEPAC-international disease progression module

where the parameters were obtained from several South

African studies. In particular, the authors used an estimate

of $0.32/dose (applicator and gel) and assumed that two

doses per act were used (before and after the act) and that

the mean number of acts per woman per month was 7.2.

Using a simulated cohort of HIV-infected South African

women, the authors found the incremental cost-effective-

ness ratio was $2,700 (2010 US$) per year of life saved for

the pre-exposure prophylaxis program using tenofovir

disoproxil fumarate-based vaginal microbicide.

A group of researchers at the Centres for Disease Con-

trol and Prevention (CDC) [54] recently developed a

dynamic compartmental model of the cost effectiveness of

an HIV pre-exposure prophylaxis program for MSM in an

urban setting. They obtained epidemic data for New York

City and assumed that the pre-exposure prophylaxis pro-

gram reduces the incidence of HIV by 44 % among the

general population of MSM and 73 % among highly

adherent participants, defined as those who took 90 % of

the medication at the appropriate time.

This model assumes that oral tenofovir disoproxil

fumarate and emtricitabine cost $8,000 a year, and the

authors calculated that the cost of preventing an HIV

infection was $870,590 and that the cost per QALY gained

was $570,273 (2010 US$). For persons who were highly

adherent, the cost of preventing an HIV infection was

$631,971 and the cost per QALY gained was $353,739 per

person. These costs were high, primarily because the esti-

mated increase in QALYs attributable to the pre-exposure

prophylaxis program was quite small (\2 QALYs) and the

benefits were discounted at 3 % per year and these benefits

materialize many years in the future.

7 Discussion

Several cost-effectiveness studies of pre-exposure pro-

phylaxis for HIV have been discussed in this manuscript,
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and differences in estimates of the cost effectiveness of

pre-exposure prophylaxis programs for HIV infection vary

widely. One reason for this is the variation in the cost of

drugs in various countries. For example, Walensky and

colleagues [49] estimated the cost of drugs for a tenofovir

disoproxil fumarate-based vaginal microbicide was $55 a

year per person in South Africa (2010 US$), and Juusola

and colleagues [53] estimated the cost of drugs for an oral

tenofovir disoproxil fumarate-based pre-exposure prophy-

laxis program was $15,589 a year per person in the US

(2010 US$).

If the cost of drugs in South Africa were similar to the

cost of drugs in the US, the cost per QALY associated with

a tenofovir disoproxil fumarate-based vaginal microbicide

pre-exposure prophylaxis program for HIV [49] would

increase from $2,700 to a figure closer to $270,000. Such a

program would not be cost effective in South Africa or in

the US.

In the US, programs with costs per QALY less than

$50,000 are generally considered to be cost effective [55,

56]. The cost of Truvada is at least $10,000 a year in the

US (2010 US$), and it is available in many poor nations for

substantially less. In fact, Gilead Sciences Inc. indicate that

a generic version of Truvada is available in more than 100

countries at prices as low as $108 a year under provisions

with 12 generic partners in India [57, 58]. Thus, if the cost

of Truvada were the same in the US as in many less-

developed nations, the cost per QALY in the three cost-

effectiveness studies cited in Table 2 would be reduced to a

figure far less than the figure in Table 2 and each of these

three pre-exposure prophylaxis programs for HIV would be

cost effective.

The variation in the price of drugs in different countries

is widely known, especially when it involves comparisons

involving countries with low incomes and countries with

high incomes. However, there are wide variations in the

prices paid for antiretroviral drugs between countries with

similar levels of development. Indeed, a study by Waning

and colleagues [59] revealed that there are many antiret-

roviral drug purchases where the cost of drugs varied by

tenfold between countries with low per capita incomes.

Although there are wide variations in estimates of the

cost effectiveness for HIV pre-exposure prophylaxis pro-

grams across nations that in part are due to variations in the

cost of drugs, there is considerable variation in estimates of

the cost effectiveness for HIV pre-exposure prophylaxis

programs in the US. In particular, Desai and colleagues

[50] estimated that the cost per QALY saved for a pre-

exposure prophylaxis program for MSM in the US was

$31,970 (2007 US$), and Paltiel and colleagues [48] esti-

mated the cost per QALY saved for a pre-exposure pro-

phylaxis program for MSM in the US was $298,000 (2006

US$). Subsequently, Juusola and colleagues [53] estimated

the cost per QALY saved for a pre-exposure prophylaxis

program for MSM in the US to be $172,000 (2010 US$).

These differences reflect both the manner in which each

study estimated the impact of pre-exposure prophylaxis on

the number of HIV infections and differences in the

timeframes over which the impact of the programs are

evaluated. For example, Desai and colleagues [50] devel-

oped a risk-based HIV transmission model to analyze a

5-year pre-exposure prophylaxis program, while Juusola

and colleagues [53] assume that their pre-exposure pro-

phylaxis program was operational for 20 years.

In the study by Desai and colleagues [50], the authors

adjusted coefficients in their model to produce measures of

incidence and prevalence that coincided with data obtained

from the CDC and the New York City Department of

Health and Mental Hygiene. Then the number of HIV

infections prevented by the chemoprophylaxis program

was derived by comparing the number of infections in the

absence of pre-exposure prophylaxis to estimates of the

number of HIV infections in the presence of pre-exposure

prophylaxis over a 5-year time period.

The model used by Juusola and colleagues [53] took into

account the number of partners, number of sexual acts,

types of sexual acts, viral load of each partner, and whether

an individual adjusts his behaviour based on his assump-

tions about his partner. The length of duration of the

relationship and the risk class of the infected partner also

affected the HIV infection rates. This model incorporated

the chemoprophylaxis program by adjusting a number of

factors, including the estimated number of partners, the

probability of transmission per sexual contact, and the

probability of condom use.

An alternative approach to assessing the impact of HIV

pre-exposure prophylaxis on the likelihood of HIV trans-

mission was employed by Paltiel and colleagues [48] who

employed an individual-level simulation to estimate the

number of HIV infections. The impact of pre-exposure

prophylaxis was incorporated by assuming an efficacy rate

of pre-exposure prophylaxis of 50 % in a high-risk popu-

lation of MSM where the incidence rate of HIV (i.e. mean

cases per 100 person-years incidence) was estimated to be

1.6 %. This approach is based on data from several clinical

trials, indicating that uninfected persons in the target

population experience about one-half the number of HIV

infections as similar individuals in the control arm of the

trial (i.e. persons taking placebos), and that estimates of the

incidence of HIV in prior time periods are good approxi-

mations for the current time period.

If available, analysts may use data about the number of

new HIV cases (i.e. HIV incidence) that occurred in the

previous time period to estimate the number of HIV

infections that would have occurred had the prevention

program under study not been implemented. Yet, such data
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may not be available, in which case the analyst must use

some other incidence rate. At a minimum, analysts should

explain how they came up with their estimate of HIV

incidence in the absence of the pre-exposure prophylaxis

program under study.

Moreover, it is important for analysts to emphasize the

inexactitude of their findings, and it is essential for poli-

cymakers and others who use these results to recognize that

different assumptions about the patterns of sexual behav-

iour of MSM may produce very different estimates of the

cost effectiveness of pre-exposure prophylaxis.

It is also possible that efficacy estimates derived in

clinical trials in countries in Africa, Asia, and South

America are not good estimates of efficacy of similar

interventions in the US. Indeed, only one of the four

clinical trials in Table 1 (iPrEx) included any individuals

from the US, and only 3 % of the 2,499 individuals in the

iPrEx trial were from the US site in Boston.

Differences in estimates of the cost effectiveness of pre-

exposure prophylaxis programs against HIV also reflect

various approaches for translating a reduction in the

number of infected individuals into an estimate of the

increase in the number of QALYs gained. Because there is

little consensus about how a reduction in one case of HIV

disease translates into an increase in the number of QALYs

(e.g. Desai and colleagues [50] estimate that a reduction in

one case of HIV translates into a gain of 6.95 QALYs,

while Paltiel and colleagues [48] estimated that a reduction

in one case of HIV translated into a gain of only 1.7 QA-

LYs), it makes sense to compare cost-effectiveness studies

of pre-exposure prophylaxis against HIV using the number

of HIV cases averted as the unit of effectiveness.

One method of addressing the uncertainty regarding

estimates of the cost effectiveness of pre-exposure pro-

phylaxis programs derived using mathematical models of

HIV transmission is sensitivity analysis. Analysts may

present information about the findings of the study using

different values for important parameters about which there

is relatively little solid data (e.g. number of sexual partners,

viral load of partners, use of a condom, and type of sexual

contact). In this way, analysts may convey information

about how the conclusions of the study are effected by

changing assumptions and this will inform the reader about

the robustness of the model. In addition, it will indicate

which assumptions are most critical and this may encour-

age future empirical studies to address the parameters of

interest.

8 Final Remarks

During the first two decades of the HIV epidemic, signif-

icant medical progress was made in identifying and

tracking the spread of this epidemic across the US.

Although great strides were also made in the treatment of

HIV, little progress was made in preventing its spread.

Each year an estimated 50,000 persons are infected with

HIV in the US [7, 53] and this number has remained vir-

tually the same for the past decade.

Evidence from multinational randomized clinical trials

has shown that antiretroviral therapy reduces the rate of

HIV transmission by decreasing the vulnerability of high-

risk individuals without HIV (i.e. those who have sexual

contact with a person with HIV disease or share a needle

with an individual with HIV disease). Yet, up to this point,

there is no evidence showing that increases in the number

of uninfected persons receiving antiretroviral therapy has

led to a reduction in the number of persons diagnosed with

HIV in the US.

It is not feasible to obtain evidence from randomized

clinical trials of the cost effectiveness of pre-exposure

prophylaxis because of the complex logistics, elevated

costs, and ethical considerations involved with conducting

trials in large populations over a significant period of time

using a drug regimen that has already been shown to reduce

a person’s probability of becoming infected. The absence

of data from randomized clinical trials has necessitated the

use of mathematical models to conduct economic evalua-

tions of health interventions. Indeed, mathematical models

of HIV transmission are a valuable method of assessing the

effects of pre-exposure prophylaxis because the indirect

effect of pre-exposure prophylaxis may not be apparent for

several years (i.e. a reduction in the number of people

infected in a population in one time period lowers the

likelihood of HIV transmission in forthcoming time

periods).

Nevertheless, the development and calibration of

mathematical models that reflect the impact of HIV pre-

vention programs is challenging because there is rarely

enough good data available to calibrate and compare dif-

ferent models. It is, however, true that clinical trial data

may be used to construct and then to test a specific model

but the analysts who have estimated the cost effectiveness

of pre-exposure prophylaxis are not those who have con-

ducted the clinical trials of pre-exposure prophylaxis.

Moreover, clinical trial data may not include information

about important determinants of HIV transmission (e.g.

number of sexual contacts, proportion of contacts using a

condom, reasonableness of the proportional sampling

assumption, number of partners, probability of acquiring

HIV per contact) and they rarely include data on the cost of

services provided to participants (e.g. physician visits,

medications, laboratory tests, and hospital care).

In addition, it is not clear how well estimates of

adherence rates in clinical trials predict adherence rates in

programs available to whole populations. This issue is
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important because randomized clinical trials show that

persons with poor adherence rates are less likely to benefit

from pre-exposure prophylaxis programs. In sum, the lack

of good information about important parameters makes it

difficult to construct good mathematical models of HIV

transmission and to validate these models.

Indeed, some models are calibrated using available data

on the number of new HIV cases in a specific geographic

area. For example, the model used in the study by Desai

and colleagues [50] was calibrated using data from CDC

and the New York City Department of Health and Mental

Hygiene. In this situation, the prevalence and incidence of

HIV among MSM stratified by age derived using the model

was used to adjust the parameters in the model so that its

forecasts were reasonably close to observed levels. It is still

uncertain, however, how well the predictions derived for

the impact of a pre-exposure prophylaxis program are

using this model.

Even so, the thinking among health care experts has

changed and many policy makers now believe that there

should be greater emphasis on initiating HIV treatment as a

means by which to prevent the transmission of HIV

infection in the US [60]. There are some who believe that

simply stepping up the treatment of people with HIV will

eventually reduce the spread of HIV in the US [12].

In a recent publication, the WHO [17] stressed the need

for research about the best ways to scale up pre-exposure

prophylaxis programs for different risk groups in countries

in different stages of development. Indeed, it remains

unclear whether or not the uptake of antiretroviral therapy

by vulnerable uninfected persons will ever result in

impressive reductions in new HIV infections in the US.

In a 2012 article, Mermin and Fenton [61] stated that:

The United States has an opportunity to shift from

supporting hundreds of different HIV prevention

approaches to objectively assessing current HIV

strategies, focusing on more cost-effective activities,

and conducting research that will establish the

groundwork for the future.

Yet, conducting research on the cost effectiveness of

pre-exposure prophylaxis programs has proved difficult

and findings from these vary widely. One reason for this is

the lack of reliable information about the patterns of sexual

behaviour and drug use of populations where pre-exposure

prophylaxis programs are likely to be implemented. Ana-

lysts estimate risk-based models of HIV transmission

which require detailed information about the sexual pat-

terns of MSM and about the networks of drug sharing

among injection drug users.

Another reason is that these studies translate the

reduction in number of HIV cases into an increase in the

number of QALYs gained, and there is little agreement

about how to estimate the impact of HIV on longevity. Yet,

it is reasonable for those who conduct cost-effectiveness

studies of pre-exposure prophylaxis programs to compare

such programs using the cost per HIV infection averted.

Use of the cost per HIV infection averted instead of cost

per QALY gained obviates the need to convert the cost per

HIV case averted into the cost per QALY gained. None-

theless, it is evident that the high cost of pre-exposure

prophylaxis and uncertainty about the coverage policies of

insurers have hindered the diffusion of this strategy in the

US [62].

One widely cited source of information about the impact

of pre-exposure prophylaxis on the number of infections

among MSM is the iPrEx trial [13]; this trial provides a

glimpse of the costs involved in implementing a large-scale

pre-exposure prophylaxis program aimed at reducing the

number of new infections among MSM. In the iPrEx trial

there were 1,250 MSM who received Truvada and the same

number who received a placebo. There were 64 new

infections in the placebo group and 36 in the Truvada

group, which implies that providing pre-exposure prophy-

laxis to 1,250 uninfected MSM resulted in a reduction in 28

infections. Since the median observed time for participants

in this trial was 1.2 years (here, it is assumed that the

arithmetic mean and the median are comparable), it may be

inferred that placing 1,250 uninfected MSM on Truvada for

1 year reduces the number of infections by 23. The cost of

providing Truvada to persons in the US is at least $10,000

per year, which suggests that the cost of averting one case

of HIV is at least $543,000 [(1,250 9 $10,000)/23].

The high cost of Truvada in the US also suggests that the

cost of a large-scale pre-exposure prophylaxis program

could easily cost billions of dollars. For example, Juusola

and colleagues [53] estimated that the number of MSM

aged 13–64 years in the US was 4.3 million. Thus, if a pre-

exposure prophylaxis program enrolled 4.3 million persons

it would cost about $43 billion. This, of course, is an upper

bound. Indeed, it is doubtful that any pre-exposure pro-

phylaxis program will treat more than a small proportion of

this population given the fiscal constraints on government

payers (e.g. Medicaid, Medicare, and the Department of

Veterans Affairs) and the reluctance of private insurers to

commence a large-scale program that provides expensive

prophylactic drugs to uninfected individuals.

The diversity in methods, assumptions, and models used

to estimate the economic and health-related outcomes of

interventions such as pre-exposure prophylaxis programs

for HIV makes it difficult to compare findings across

studies. This obstacle motivated the development of

guidelines for economic evaluations of health interven-

tions. In particular, the International Society for Pharma-

coeconomics and Outcomes Research (ISPOR) produced

reporting guidelines to facilitate the comparison of study
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findings. These guidelines include 24 items grouped into

six categories (Title and Abstract, Introduction, Methods,

Results, Discussion, and Other). The Methods category is

the largest and includes 14 items (target population, setting

and location, study perspective, type of intervention, time

horizon, discount rate, choice of health outcomes, mea-

surement of effectiveness, measurement and valuation of

preference-based outcomes, costs of intervention, price

data, choice of model, assumptions, and analytic methods).

These guidelines are referred to as the Consolidated Health

Economic Evaluation Reporting Standards (CHEERS) [63]

and their use should help mitigate this problem. However,

the value of these guidelines depends on their widespread

use and it will be some time before this is known.
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