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Abstract Mathematical models of HIV prevention interven-
tions often provide critical insights related to programmatic
design and economic efficiency. One recent dynamic model
by Long et al. highlights that a combination prevention ap-
proach – with testing, treatment, circumcision, microbicides
and PrEP – may decrease transmissions by over 60 % and
may be very cost-effective in South Africa. In this analysis, the
authors introduce the critical concept of joint effectiveness of
preventions programs and demonstrate how some programs
operate synergistically (HIV screening coupled with early treat-
ment) while others may create redundancies (microbicides
coupled with pre-exposure prophylaxis). Whether combination
HIV prevention programs performwith additive, multiplicative
or maximal effectiveness will be important to consider in
anticipation of their combined transmission impact.
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Introduction

Once frustrated by a history of negative prevention trials and
of “treatment vs. prevention” antagonism [1], the world of
HIV prevention has had recent remarkable successes

[2••, 3, 4, 5••]. With reductions in transmission demonstrated
through HIV screening, early treatment, circumcision, and
pre-exposure prophylaxis (PrEP, among others), research
now focuses on how to effectively, efficiently, and affordably
coalesce and deploy each of these proven interventions into
populations – the question of “combination prevention.”

The combination prevention question may best be answered
with a randomized, controlled clinical trial (RCT), the research
method long-considered to deliver the most credible form of
scientific evidence [6–8]. However, combination HIV preven-
tion trials are notorious for their obstacles – challenges
which include large sample size requirements, rare out-
comes (incidence), poor adherence to the intervention,
loss to follow-up, and enormous costs. The number of
worthwhile HIV prevention trials clearly outstrips the
available resources.

Despite these challenges, several large randomized
combination prevention trials have recently been select-
ed in partnership with major funding agencies: the Bo-
tswana Combination Prevention Program (Centers for
Disease Control and Prevention and PEPfAR) [9] and
the PopART Trial (South Africa and Zambia, National
Institutes of Health, HPTN) [10]. These trials each
develop a combination prevention package to be exam-
ined in an intervention group that is randomized and
compared to a control group receiving the current stan-
dard of prevention care. The trials are all in their early
stages of development (none yet enrolling), envision 4-5-
year horizons, and together total over $60 million in costs.
One additional trial – the French Agence Nationale de
Recherches Sur le Sida (ANRS) Treatment as Prevention
“TasP” Trial – is slightly ahead of the others, launched in a
pilot phase in South Africa in 2011 [11].

In situations where rare events, long-term outcomes, ethical
considerations, and costs make trials difficult, model-based
analyses may offer important insights and are increasingly
used as an alternative form of information. Outcomes from
such models are inherently linked to their embedded assump-
tions associated with model structure and parameterization.
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Portfolios of Biomedical HIV Interventions in South Africa
[12•]

A recent paper by Long et al. entitled “Portfolios of Biomed-
ical HIV Interventions in South Africa: A Cost-effectiveness
Analysis” sought to examine individual and combination
prevention packages through a cost-effectiveness lens [12•].
Model outcomes included HIV prevalence and incidence,
discounted (3 % per annum) quality-adjusted life expectancy,
costs and incremental cost-effectiveness ratios (ICERs). The
authors built a dynamic HIV transmission model to evaluate
the following prevention strategies, alone and in combination:
HIV screening and counseling (annually), early antiretroviral
therapy (ART, to start at CD4 <350/μl), male circumcision
(75 % uptake of adult men within 5 years), vaginal microbi-
cide (used by 50 % of women) and pre-exposure prophylaxis
(PrEP, used by 50 % of those at-risk).

Outcomes for Single Interventions

In this paper, when individual prevention strategies were
examined in isolation, the largest fraction of infections
averted over a ten-year horizon occurred with PrEP (28 %),
followed by HIV screening (16 %) and early ART (15 %),
and then by microbicide (14 %) and circumcision (12 %).
Though it provided the least individual prevention benefit,
circumcision was the only intervention that was cost-saving,
compared to the status quo over a 10-year horizon. PrEP
averted the most infections and had an incremental cost-
effectiveness ratio of $9000/quality-adjusted life year
(QALY). While this is reported as “very cost-effective” in
South Africa, the PrEP ICER was nearly ten-fold higher than
all of the other individual programs examined.

Outcomes for Multiple Interventions

The authors next examined combination sets of interventions:
1) screening + early ART, which work synergistically – the
more ongoing screening, the larger the pool eligible for early
treatment; 2) “biomedical programs” (circumcision, microbi-
cide and PrEP) which operate at less than the sum of the
efficacy of their parts – because a transmission event cannot
happen more than once per person; and 3) the “combination
portfolio” with all five interventions included together. The
“combination portfolio” resulted in the largest fraction of in-
fections averted (62 %), followed by the “biomedical pro-
grams” (44 %), and finally by screening + early ART
(34 %). Incrementally comparing these three combination
prevention sets, the authors found that “biomedical preven-
tion”was a dominated strategy – that is, it was more expensive
and conferred less prevention benefit than the “combination
portfolio.” The screening + early ART strategy had an incre-
mental cost-effectiveness ratio of $1000/QALY, compared to

the status quo. Compared to screening and early ART (be-
cause “biomedical programs” was dominated), the “combina-
tion portfolio” had an incremental cost-effectiveness ratio of
$9900/QALY, again “very cost-effective” in South Africa.

Discussion

Long et al. provide a strong modeling analysis that dem-
onstrates the epidemic impact, costs and cost-effectiveness
of alternative prevention services both alone and when
delivered as a package. The paper highlights that a large
combination portfolio – inclusive of HIV screening, early
treatment, circumcision, microbicides and PrEP – could
collectively decrease new HIV infections by 62 % over
ten years and provide very good value for money in South
Africa.

One unique feature of this paper is that it examined the
“joint effectiveness” of interventions. This concept acknowl-
edges that two prevention programs may work neither addi-
tively nor synergistically when simultaneously employed,
thereby potentially creating programmatic redundancy. Sup-
pose program X reduces incidence by 20 % and program Y
reduces incidence by 30 %. If the effects of these two pro-
grams are additive, the resultant incidence of running both
programs together is I * (1 – 0.2 – 0.3) = 0.5 I. If their effects
are multiplicative, the resultant incidence of running both
programs together is I * (1 – 0.2) * (1 – 0.3) = 0.56 I. Finally
in the most conservative scenario, only the maximal effec-
tiveness applies (i.e., the maximal effectiveness of any single
one of the N programs examined), in this case I*(1 – 0.3) =
0.7 I. While the authors examine multiplicative effectiveness
in the base case, they also consider outcomes under maximal
effectiveness assumptions and thereby demonstrate the poten-
tial for a marked decrease in anticipated prevention effects.

Why is “joint effectiveness” a critical issue in the
design and powering of combination prevention trials?
Consider a scenario where we divide a population in half:
in one half (A), the “test and treat approach” is employed
(frequent testing and immediate treatment) whereby nearly
all HIV-infected persons are virologically suppressed; in
the other half (B), all at-risk persons are PrEP recipients.
If at-risk persons in B (on PrEP), only interact with HIV-
infected persons in B who are not necessarily virologically
suppressed, PrEP will have a multiplicative effect with
“test and treat” provided to those in A. However, if all
at-risk people in B (on PrEP) only interact with HIV-
infected persons in A who are fully suppressed due to
“test and treat,” the used resources for PrEP are largely
wasted. Data regarding populations “mixing” are critical
to the outcomes and value of combination prevention
programs but are a seldom collected or reported behavioral
data point.
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A less innovative but important point in understand-
ing cost-effectiveness analyses related to prevention is
one of discounting. Standard methods of cost-
effectiveness analysis, as employed in the Long paper,
suggest that costs and outcomes over time should be
discounted, generally at 3 % per annum [13•]. At an
annual discount rate of 3 %, a promise to pay $100 five years
from now has a present value of $86 ($100 / (1 + 0.03)^5 =
$86). If those $100 are paid 10 years from now, the present
value of the promise is $74 ($100 / (1 + 0.03)^10 = $74).
Because of this discounting effect, large prevention invest-
ments required today that only pay off in the more distant
future – such as transmission events that may not be averted
and treated until years from now – are generally less attractive
than those investments might be if applied to interventions
that might have a more immediate pay off. For example, Long
et al. used PrEP and early ART costs each at $800 annually
[12•]. The impact of the PrEP intervention will only be real-
ized later, when averted transmissions occur and then present
to care; the benefits of early ARTwill be realized immediately
as clinical benefit to the treated patient as well as later when
averted transmissions occur.

Finally, Long et al. demonstrate that the combination
portfolio is “very cost-effective” in South Africa,
according to the standards suggested by the WHO [14].
The WHO’s Commission on Macroeconomics and Health
has offered that an intervention be considered “very cost-
effective” if its incremental cost-effectiveness ratio is less
than the per capita gross domestic product (GDP) based
on purchasing power parity (PPP) of the country of inter-
est, 10,520 for South Africa, 2010 [15]. Because the cost-
effectiveness benchmark is set by country, it is critical to
recognize that combination prevention interventions
deemed “very cost-effective” in South Africa, may not
be so (even when accounting for alternative cost and care
structures) in other sub-Saharan nations such as Malawi
and Mozambique (2010 per capita PPP GDPs of 820 and
1010, respectively) [15].

Conclusions

In a modeling analysis examining the dynamics of HIV
transmission in South Africa, Long et al. found that a
combination prevention package may lead to a large
reduction in transmission and may be very cost-
effective. The analysis is novel in its examination of
the potential redundancies in certain prevention programs
and in its demonstration that the efficacy of all preven-
tion programs may not be additive. Caution should be
taken when generalizing the cost-effectiveness findings to
other international settings, where resources may be more
severely limited than those in South Africa.
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