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Objective: To compare the value and effectiveness of different prioritization strategies
of pre-exposure prophylaxis (PrEP) in New York City (NYC).

Design: Mathematical modelling utilized as clinical trial is not feasible.

Methods: Using a model accounting for both sexual and parenteral transmission of
HIV, we compare different prioritization strategies (PPS) for PrEP with two scenarios –
no PrEP and PrEP for all susceptible at-risk individuals. The PPS included PrEP for all
MSM, only high-risk MSM, high-risk heterosexuals, and IDUs, and all combinations of
these four strategies. Outcomes included HIV infections averted, and incremental cost-
effectiveness (per-infection averted) ratios. Initial assumptions regarding PrEP included
a 44% reduction in HIV transmission, 50% uptake in the prioritized population and an
annual cost per person of $9762. Sensitivity analyses on key parameters were
conducted.

Results: Prioritization to all MSM results in a 19% reduction in new HIV infections.
Compared with PrEP for all persons at-risk, this PPS retains 79% of the preventive effect
at 15% of the total cost. PrEP prioritized to only high-risk MSM results in a reduction in
new HIV infections of 15%. This PPS retains 60% of the preventive effect at 6% of the
total cost. There are diminishing returns when PrEP utilization is expanded beyond this
group.

Conclusion: PrEP implementation is relatively cost-inefficient under our initial
assumptions. Our results suggest that PrEP should first be promoted among MSM who
are at particularly high risk of HIV acquisition. Further expansion beyond this group may
be cost-effective, but is unlikely to be cost-saving.
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Introduction

Evidence suggests that pre-exposure prophylaxis (PrEP)
using antiretroviral therapy (ART) is an efficacious tool
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to reduce HIV transmission. In 2010, the Pre-exposure
Prophylaxis Initiative (iPrEx) study demonstrated that
daily oral tenofovir-emtricitabine (TDF-FTC) led to a
44% reduction in HIV incidence overall in MSM [1]. In
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two other studies conducted in sub-Saharan Africa,
similar PrEP regimens among heterosexual persons
demonstrated a 62–75% reduction in HIV incidence
[2,3]. As a result of these findings, the US Food and Drug
Administration (FDA) approved the use of TDF-FTC for
the indication of reducing the risk of sexually acquired
HIV infection [4]. More recently, PrEP has been
demonstrated to have similar efficacy in IDUs [5]. In
addition, both the US Centers for Disease Control and
WHO have issued clinical guidelines for the usage of
PrEP in the United States and abroad for these pop-
ulations [6–10].

Although PrEP may be efficacious in preventing new
HIV infections, its costs are substantial. Several prior
studies have evaluated the cost-effectiveness of PrEP
specifically among MSM each reaching different con-
clusions. Desai et al. [11] first estimated that prioritizing
PrEP to high-risk MSM (�5% of all susceptible MSM) in
New York City (NYC) would cost $32 000 per quality-
adjusted life year (QALY) gained and could avert nearly
9% of new HIV infections within MSM. Other studies
have suggested that PrEP use within the MSM population
more generally would not necessarily be considered cost-
effective based on historical guidelines and definitions of
cost-effectiveness [12,13], although prioritization to the
higher risk portions of the MSM community were
associated with gains in value [14–16].

Previous mathematical models of PrEP implementation
captured the dynamics of HIV transmission and PrEP’s
impact on transmission among MSM. We used a previously
developed epidemic model of both sexual and injection
drug use transmission to simulate PrEP use among various
populations [17]. We sought to examine and compare both
the effectiveness and value of PrEP implementation among
different communities at risk of HIV acquisition (prior-
itization strategies) including both those addressed in
previous models (e.g. MSM) and those previously
unaddressed, such as IDUs and high-risk heterosexuals
in New York City (NYC), a metropolitan area highly
impacted by the HIV epidemic.
Table 1. Pre-exposure prophylaxis prioritization strategies.

Abbreviation Description

None (base case)b No PrEP available
High-risk HET High-riska, susceptible (i.e. HIV

negative) heterosexuals
MSM Any susceptible MSM
High-risk MSM High-riska, susceptible MSM only
IDU Susceptible IDUs only
All at riskb (’best’ case) Any susceptible person from all

the above categories

PrEP, pre-exposure prophylaxis.
apopulation that consists of IDUs and or those participating in
multiple, concurrent sexual partnerships.
bConsidered as comparator strategies.
Methods

Overview
This mathematical model integrates equilibrium results
from a Monte Carlo simulation of HIV progression with a
deterministic compartmental model of HIV transmission
[17]. The model incorporates both sexual transmission
and transmission through needle-sharing during injection
drug use. The probability of transmission between
partners is adjusted to account for the infected partner’s
sex (in the case of sexual transmission), viral load and
treatment status (on antiretroviral treatment or not). The
considered time horizon is 20 years.
pyright © Lippincott Williams & Wilkins. Unautho
Costs of PrEP (including drugs, monitoring, and care)
were estimated on an incremental basis in 2012 US Dollars.
Benefits were measured as number and percentage of
infections averted (as compared with the counterfactual
scenariowherein no PrEP is available, but other prevention
mechanisms currently employed are in place).

Economic value was evaluated through determination of
cost-per-infection averted ratios and incremental cost-
effectiveness ratios for each PrEP implementation prior-
itization strategy. For the purposes of this analysis, a
threshold of $360 000 per infection averted was selected as
cost-saving (as the downstream medical costs averted from
preventing a new infection would offset the programmatic
costs of preventing that new infection) [18]. A cost-per-
infection averted ratio between $0.36 million and $1
million was considered as likely cost-saving because a more
recent evaluation of the lifetime costs of care for individuals
with HIV/AIDS suggests higher costs [19]. More complete
details of model specification, initial population structure
and parameterization have been published elsewhere [17].

Pre-exposure prophylaxis prioritization
strategies
Several independent PPS were considered and compared
with a base case scenario where no PrEP was available and
a scenario where PrEP was available for all HIV-negative
persons for whom PrEP might be considered a prevention
option (including MSM, IDUs and heterosexuals at
substantial risk for HIVacquisition) [9] (Table 1). Not all
prioritized groups represent mutually exclusive categories
and some represent subsets of larger populations.

Three parameters – uptake among prioritized population,
effectiveness and cost – determined the impact, and value
of PrEP in our model (Table 2). We assumed a 44% risk
reduction in the probabilityof HIVacquisition as a result of
sexual contact between discordant partners as our base case
estimate of PrEP efficacy corresponding to the estimates
obtained in the iPrEx trial [1]. This was selected as the
global point estimate as MSM are a key population at risk
in NYC, accounting for the largest proportion of new
infections within the city [32]; the generalizability of the
rized reproduction of this article is prohibited.
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Table 2. Key input parameters to computer simulation.

Parameter description Point estimate Range Source

PrEP characteristics
Relative risk reduction on sexual transmission of HIV
associated with PrEP use

44% 25–75% [1–3]

Relative risk reduction on parenteral transmission of
HIV associated with PrEP use

49% 25–75% [5]

Uptake of PrEP in prioritized population 50% 10–90% [20–25]
Cost of PrEP per person per year $9672 $4836–19 345 [11,14,16]
Population characteristics

Proportion of population who are abstinent 21% 15–25% [26]
Proportion of men who are MSM (exclusively or
non-exclusively)

6% 4–10% [27]

Probability of monogamous relationship (if sexually active)
MSM 56% 44–75% [27]

Men who have sex with women (MSW) 78% 76–84% [27]
Probability of multiple partnerships (if sexually active)

MSM 44% 25–64% [27]
MSW 22% 16–24% [27]
WSM 9% 7–10% [27]

Proportion of population that are IDU 1.4% 1.0–1.9% [28]
Proportion of IDU that have unsafe injection practices 32% 23–50% [29]
Shared injections per year (if unsafe IDU) 70 25–100 Expert opinion
Sex acts (per partnership) per year 89 50–100 [30]
HIV-related characteristics
Probability of annual HIV test 31% 10–50% [27]
Probability of adherence to ART 63% 50–75% [31]

ART, antiretroviral therapy; PrEP, pre-exposure prophylaxis.
results of other PrEP randomized controlled trials to the
heterosexual population of NYC is of serious concern
[2,3,33]; and this estimate is generally a more conservative
assumption than other estimates from these international
trials. However, we explored a range of effectiveness
estimates in sensitivity analysis from 25 to 75%.

Uptake was assumed to be 50% under our initial ass-
umptions, which corresponds to an approximate midpoint
value from a numberof studies evaluating willingness to use
PrEP across different populations and settings [20–21,34–
36]. Additionally, PrEP uptake was assumed to be imm-
ediate and continued for the entiretyof the simulation time
horizon (20 years). Finally, annual PrEP cost was derived
from previous literature estimates. We used $9672 per year
as our base case estimate, the midpoint between two
published estimates [11,14]. These estimates included not
only drug costs but costs associated with screening and
monitoring as well. Annual total costs for PrEP were
aggregated using a ‘prepurchasing’ perspective – total cost
of intervention equals per unit cost times the total number
of persons in the prioritized population. Costs were
considered from a healthcare payer perspective and are
expressed in 2012 US dollars. We did not discount costs or
benefits. Of note, MSM exclusively represent 4.8% of the
male population, whereas 0.8% of men have sex with both
genders (Table 2) [27].

Analysis plan
We simulated a base case scenario wherein no PrEP was
available starting from 2010, aswell as a best casewherein all
at-risk susceptible adults would be able to use PrEP, and
Copyright © Lippincott Williams & Wilkins. Unaut
estimated the number of new HIV infections during the
next 20 years. We then examined scenarios wherein PrEP
was implemented among the different groups outlined
above to determine the impact on HIV infections averted,
and cost-per-infection averted as compared with base case
and determine the proportion of maximal effect and cost
each PPS had in comparison to the all at-risk case. We
compared our initial estimates of PrEP effectiveness and
cost under each of the utilization strategies. We additionally
sought to define specific scenarios that would result in a
cost-saving implementation of PrEP (cost-per-infection
averted less than $0.36 million) by varying the three
defined PrEP characteristics within each PPS across the
plausible ranges of values we considered.

We then conducted simulations of every mutuallyexclusive
combination of the PPS (n¼ 12) (e.g. a combination of
MSM and high-risk MSM would be considered non-
mutually exclusive, whereas a combination of MSM and
IDU would be considered mutually exclusive) under initial
effectiveness and cost assumptions. We sought to identify
the combination(s) of PPS delivering the greatest health
benefit, given a plausible budget scenario by calculating the
incremental cost-effectiveness ratio (ICER) of all possible
combinations of strategies. ICERs measure the additive
benefit of each strategy compared with its next best
alternative and interpret this benefit together with its
additive cost. We plotted the incremental cost of each
combination against infections averted (efficient frontier)
to highlight strategies that are not preferred because of their
inability to deliver the greatest benefit regardless of budget
[37]. We conducted one-way sensitivity analyses on key
horized reproduction of this article is prohibited.
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model parameter inputs (Table 2) varying these across their
considered ranges and calculating cost-per-infection
averted ratios for PrEP under these assumptions.
Results

Comparator scenarios
Under base case conditions our model predicts the
occurrence of 58 024 new HIV infections over a 20-year
time horizon. Under best case conditions, the model
predicts that 13 953 (24%) of these new infections would
be averted which represents the maximal effect expected.
The cost-per-infection averted under the best case
scenario is $11 million. The total estimated budgetary
cost is $7600 million annually.

Under extremely hypothetical conditions wherein PrEP
was available for all susceptible individuals (i.e. the entire
HIV-negative population of NYC) the model predicts
that 16 886 (29%) of these new infections would be
averted. The cost-per-infection averted under this
scenario is more than $54 million. The total estimated
budgetary cost for implementation of PrEP throughout
the entire population is $52 000 million annually.

Impact and cost-effectiveness of pre-exposure
prophylaxis using different prioritization
strategies
Prioritization to all MSM prevents 19% of new HIV
infections overall compared with the absence of a PrEP
intervention (Fig. 1); 92% of all infections averted under
this prioritization strategy would be among MSM. The
cost-per-infection averted for prioritization to all MSM is
estimated at $1.6 million. The estimated budgetary cost
for PrEP scale up among all MSM is $1000 million
annually. This PPS retains 79% of the maximal estimated
effectiveness of PrEP (i.e. all at risk) at only 15% of the
total cost.

If PrEP were prioritized to only those MSM who were
considered to be at highest risk of HIV acquisition
through their multiple, concurrent sexual partnerships or
because of injection drug use, the model predicted that
the intervention could avert 15% of new HIV infections
in the population (Fig. 1). The cost-per-infection averted
for prioritization to only high-risk MSM is estimated at
$1.1 million. The estimated budgetary cost for PrEP scale
up to all high-risk MSM is $467 million annually. This
PPS retains 60% of the maximal estimated effectiveness of
PrEP at 6% of the total maximal cost.

PrEP prioritized to IDUs alone results in 2% of new
infections being averted over 20 years. The average annual
cost is $610 million and the cost-per-infection averted is
estimated to be more than $9 million. PrEP prioritized to
only higher-risk heterosexuals, as defined earlier (Table 1)
results in 5% of new infections averted with an average
pyright © Lippincott Williams & Wilkins. Unautho
annual cost of $6500 million and a cost-per-infection
averted estimated to be $43 million. Compared with
PrEP for all at-risk persons, with a cost of $7600 million
annually, these two strategies retain 8 and 21% of the
maximal effect of PrEP at 8 and 85% of the annual
cost, respectively.

Combinations of pre-exposure prophylaxis
prioritization strategies and their relative value
When all mutually exclusive combinations of PPS were
compared, the following PPS or combinations of PPS
were found to provide the greatest value for resource
expended (i.e. lie on cost-effectiveness frontier) –
prioritization to high-risk MSM; prioritization to all
MSM; prioritization to all MSM and all IDUs; and
prioritization to all high-risk heterosexuals, all MSM and
all IDUs – the remaining PPS or PPS combinations
(n¼ 7) were dominated by these five (Fig. 1).

Increasing access to PrEP beyond high-risk MSM leads to
diminishing returns as the incremental cost-per-infection
averted for a PPS of only high-risk MSM is estimated to
be $1.1 million, whereas for a PPS of all MSM, the cost-
per-infection averted was $2.1 million when compared
with no PrEP and the ICER compared with high-risk
MSM was $5.2 million. Furthermore, expanding access
to all those populations considered at risk (e.g. high-risk
heterosexuals, MSM and IDU) results in a cost-per-
infection averted ratio of $10.9 million when compared
with no PrEP, and an ICER of $49.6 million when
compared with the next most cost-effective PPS (all
MSM and all IDU).

Sensitivity analysis
One-way sensitivity analyses revealed that the operating
characteristics of PrEP implementation, including uptake,
effectiveness and cost, had a profound impact on the value
of PrEP, as measured by cost-per-infection averted (>75%
difference in cost-per-infection averted) across all PPS (see
supplementary material, http://links.lww.com/QAD/
A576). Only the assumed number of sex acts per
partnership (annually) exhibits this magnitude of influence
across more than one PPS. Among the different PPS, if the
cost of PrEP is reduced by 50% ($4836 annually) and
uptake of PrEP is at least 50%, prioritization to all MSM
could potentially reach the threshold of cost savings
(Fig. 2). In addition, under the most optimistic assumptions
(uptake 90%, cost $4836 annually, effectiveness 75%),
prioritization to all MSM could prevent nearly 50% of new
infections (as compared with 19% under initial assum-
ptions). If uptake of PrEP is 70–100% and cost is
approximately 50% of initial estimates, prioritization to
high-risk MSM would achieve cost savings (i.e. cost-per-
infection averted $0.36 million or less) while preventing as
many as 40% of new HIV infections (Fig. 2). Under
no scenario investigated was prioritization to high-risk
heterosexuals alone cost saving.
rized reproduction of this article is prohibited.
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Total cost
(Millions USD)

# of new HIV infections
(#infections averted;%)

ICER
(Millions USD)

No PrEP

(a)

(b)

IDU

MSM HR

$11,292

58,024 (---)--- ---

56,767 (1,257; 2.2%) Dominated †(a)

Dominated (c)

Dominated (d)

Dominated (e)

Dominated (f)

$1.1 (1)

Ex. Dominance†† (b)

Ex. Dominance (g)

$14.8 (3)

$49.6 (4)

$5.2 (2)

49,635 (8,390; 14.5%)

49,100 (8,925; 15.4%)

47,035 (10,989; 18.9%)

46,501 (11,524; 19.9%)

55,031 (2,994; 5.2%)

54,320 (3,704; 6.4%)

46,670 (11,354; 19.6%)

46,667 (11,357; 19.6%)

44,074 (13,950; 24.0%)

44,072 (13,953; 24.0%)

$9,345

$17,269

$22,941

$30.865

$128,446

$131,866

$137,802

$137,845

$151,399

$151,442

†Dominated strategies are those that cost more, and are less effective than other available strategies
††Extended dominance refers to strategies that deliver more benefit for more cost, but yield less incremental benefit than other

available strategies
Abbreviation: PrEp- pre-exposure prophylaxis; IDU- injection drug user; MSM- men who sex with men; HR MSM-MSM who are

IDU and or engage in multiple, concurrent sexual partnerships; HET- heterosexuals who are IDU and or who engage in multiple,
concurrent sexual partnerships
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Fig. 1. a,b. Cost-effectiveness analysis of all mutually exclusive prioritization strategies for pre-exposure prophylaxis in New
York City. (a) All independent prioritization strategies (PPS) listed. Incremental cost-effectiveness ratios (ICER) represent
incremental cost-per-infection averted. If PPS resides on efficient frontier, it is labelled with (#) which corresponds to number
in figure (b). All other PPS are labelled with lower case letters. (b) Incremental costs and number of HIV infections averted are
plotted for each pre-exposure prophylaxis (PrEP) PPS with the origin corresponding to the base case of no PrEP. Under each PrEP
scenario, persons initiate PrEP immediately and continue PrEP for 20 years.
If PrEP effectiveness were assumed to be 25%, there is no
scenario under which PrEP would be considered cost
saving. However, if it were prioritized to high-risk MSM,
provided at lower cost, utilized by a majority of the
community (50–100%), and estimated to be equally
effective as initial estimates, it may still be cost-effective
(Fig. 2). Although an improvement in effectiveness to
75% would increase the overall impact of PrEP, it would
Copyright © Lippincott Williams & Wilkins. Unaut
not alter which PPS would potentially be cost saving
under certain conditions (i.e. only high-risk MSM).
Discussion

Our results indicate that expansion of PrEP usage within
NYC could have a significant impact on HIV prevention,
horized reproduction of this article is prohibited.
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Fig. 2. Effectiveness and value of pre-exposure prophylaxis as a function of prioritization strategy and PrEP characteristics.
Tables organized as different prioritization strategies (PPS) (top!bottom); different pre-exposure prophylaxis (PrEP) effectiveness
assumptions (left!right). Number in each cell is percentage of new HIV infections averted. Green cell – Cost-per-infection averted
<$360 000 (cost-saving) [38]; Yellow cell – cost-per-infection averted $360 000 to -$1 million (potentially cost saving) [19];
Orange cell – cost-per-infection averted $1M-$2 million [likely not cost-saving]; Red cell – cost-per-infection averted more than
$2 million [not cost saving]. Lower bound of PrEP effectiveness¼25% risk reduction of transmission; mid-point PrEP effectiveness
¼ 44% risk reduction; Upper bound of PrEP effectiveness ¼ 75% risk reduction.
although prioritization strategies and cost considerations
must be taken into account. We have shown that 24% of
new HIV infections could be averted with modest
assumptions about PrEP uptake and effectiveness when
pyright © Lippincott Williams & Wilkins. Unautho
utilized within the larger community at risk of HIV
acquisition in NYC. We have previously reported on less
expensive combination prevention strategies that are able
to avert similar proportions of HIV infections over a
rized reproduction of this article is prohibited.
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similar time frame [17]. Prioritizing PrEP to high-risk
populations would be reasonable to produce health gains
in an economically feasible and efficient manner [39].

In our study, when we prioritize PrEP to all MSM, the
model predicted that 19% of new HIV infections could be
averted within the population at a cost-per-infection
averted of $2.1 million. In addition, if we further constrain
PrEP roll out to those MSM who are at highest risk of HIV
acquisition, the model predicts that fewer infections are
averted overall (15%), but at a cost-per infection averted of
$1.1 million. Although not cost-saving, this resource
investment may fall within current standards of cost-
effectiveness. Indeed, our results suggest that PrEP may
have favourable value when offered to HIV-negative
individuals with a risk of infection approximating those of
high-risk MSM, meaning an infectivity rate (probability of
infection per year) of at least 4% per year.

When PrEP is prioritized to MSM, which represents
approximately 3% of the entire population in our model,
79% of the estimated benefit of the PrEP intervention
(numberof infections averted) is retained at 15% of the total
cost. When PrEP is prioritized to only MSM considered at
highest risk (�1.5% of the total population), 60% of the
overall effect is retained at less than 6% of the total cost
of expansion of PrEP to the entire at-risk population.
Furthermore, our findings indicate that under certain
prioritization strategies (e.g. PrEP for high-risk MSM
only), there may be scenarios in which programmatic PrEP
implementation could be considered cost saving, such as if
annual costs of PrEP were 50% of base case estimates
(which may be achievable with public health pricing and or
with the advent of generic formulations of tenofovir and
emtricitabine) and effectiveness were assumed to be similar
to the upper range of findings in published PrEP ran-
domized controlled trials [3].

Expanding access beyond high-risk MSM provides more
benefit in terms of HIV infections averted; however, there
are diminishing returns associated with this strategy. A PPS
strategy in which PrEP is implemented across those
communities at highest risk of HIVacquisition, including
high-risk heterosexuals, IDUs and MSM result in a 24%
reduction in new HIV infections but with a cost-per-
infection averted of more than $10 million or an ICER of
more than $49 million. However, it should be noted that
there likely is a level of risk (e.g. heterosexuals in discordant
partnerships) for which PrEP would achieve high value
among heterosexuals, but we did not explore these very
high echelons of heterosexual risk in our analysis because
they are not important drivers of the epidemic in NYC.

Interestingly, we found that PrEP usage among IDUs in
NYC may neither have as significant an impact nor provide
the same value for resources expended as prioritization to
the MSM population. This is likely related to the
assumptions we made based on the limited data regarding
Copyright © Lippincott Williams & Wilkins. Unaut
the prevalence of IDU, the prevalence of HIV within the
IDU population, the transmission risk associated with IDU
activity and the partnership mixing between populations at
risk (non-random mixing).

It is apparent that PrEP provides the greatest benefit in
reducing HIV transmission for the resource expended
when used in certain populations that are at highest risk for
acquisition. However, risk-based assessment for HIV
acquisition has significant obstacles to success [40,41].
The ultimate effectiveness of PrEP will require improve-
ments in identifying and reaching individuals at higher risk
and/or use of different approaches such as community-
based prioritization. Such a strategy could potentially
prioritize specific neighbourhoods where concentrati-
ons of high-risk individuals reside (and the providers that
serve them) with appropriate messaging, education and
resources. Further work on the comparison between these
two (or other) approaches could be of value for policy
makers when determining how to roll out PrEP.

Our results align with results from other published models
on the impact and value of PrEP. Desai et al. [11] found that
�9% of infections would be averted among MSM living in
NYC with a coverage of 25% of high-risk MSM (assuming
50% would be fully adherent to daily PrEP and assuming
effectiveness of 50%). When we match these assumptions as
closely as possible, we arrive at a similar measure of PrEP’s
effectiveness (12% infections averted). In a follow-up study,
Koppenhaver et al. [14] found a 61% decrease in HIV
infections when PrEP coverage is expanded to include all
MSM and was associated with a cost-per-infection-averted
of �$0.9 million. Again, when we match these assump-
tions closely, we estimate that 53% of HIV infections would
be averted at a cost-per-infection averted of $1.2 million.

Similarly, Juusola et al. [16] recently reported results
suggesting 51% of new HIV infections would be averted
under a scenario wherein all MSM received PrEP. In
addition, they found that the value of PrEP was noticeably
higher when prioritized to high-risk MSM rather than all
MSM given similar rates of coverage and adherence
($52 443/QALY vs. $216 480/QALY). This is in con-
cordance with our findings of improved value as measured
by cost-per-infection averted under the more focused
prioritization strategy. Similar factors and model inputs in
these studies play a key role in the determination of
economic value between these published reports and ours
[42].

Our analysis has a number of important limitations. There
are critical elements relating to the norms of people of
various sexual identities and behavioural patterns, includ-
ing differential condom use with casual partners, ser-
osortive and seroadaptive practices, and alterations in risk
behaviour as a result of HIV awareness, that are not
explicitly accounted for in our computer simulation due to
inherent choices and trade-offs made between model
horized reproduction of this article is prohibited.
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complexity and transparency. Many of these elements may
act to reduce individual level risk for HIVacquisition, and
therefore, our results may overestimate the actual health
benefits of PrEP assuming that PrEP use itself does not
further modify these practices [43–46]. Furthermore, we
made assumptions about the likelihood of mixing between
different sexual risk groups (e.g. individuals who
participate in multiple, concurrent partnerships, individ-
uals who are monogamous) though we undertook
sensitivity analysis to determine the impact that these
assumptions may have had on our results. We did not
stratify the effect of PrEP on HIV transmission by the type
of sexual partnership or positioning (e.g. anal vs. vaginal
intercourse, insertive vs. receptive anal intercourse) but
rather used a conservative, fairly generalizable global
estimate of effectiveness. Furthermore, we did not account
for potential improvements over time in PrEP uptake and
or costs resulting from increased awareness of this modality
and perhaps easier, cheaper regimens becoming available.

We did not account for any increases in morbidity
associated with PrEP usage nor did we explicitly include
anyassumptions about behavioural disinhibition because of
limited evidence suggesting these are significant issues
related to the use of PrEP [1–3,47]. Furthermore, we
assumed immediate uptake of PrEPand we did not account
for the possible role that PrEPmay have in the development
of ARTresistance among patientswho acquire HIV despite
PrEP use or among those who mistakenly start PrEP
despite undiagnosed acute HIV infection. Randomized
control trial data to date have not demonstrated
significantly increased risks of development of resistance
among such patients [1]. Our analysis has particular
strengths, as well, which include the ability to evaluate the
cost and effectiveness of PrEPon both sexual and parenteral
transmission of HIVand the ability to account for mixing
between risk groups, although with substantial abstraction.
Conclusion

We have demonstrated in our analysis that the thoughtful
implementation of PrEP among the most at-risk
populations, most notably high-risk MSM, could have a
significant impact on the HIVepidemic in this setting. In
addition, prioritization to high-risk MSM could achieve
cost savings under set(s) of assumptions regarding
effectiveness and cost that are potentially achievable.
Further expansion wouldprovide greater impact; however,
the attendant costs may be prohibitive.
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