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The HIV/AIDS epidemic represents one of 
the greatest public health challenges of the 
past century. Since its discovery in 1981, an 
estimated 35 million people have died and an 
estimated 37 million people currently live with 
this viral infection [1,2]. The effects of this pan-
demic have devastated relationships, house-
holds and economies. While the disease dis-
proportionately affects people in low-income 
settings, particularly Africa, research related 
to the effectiveness of interventions has pre-
dominantly been conducted in low endemic 
settings, such as the western world  [3]. Until 
the roll-out of antiretroviral therapy (ART) 
under the direction of the President’s Emer-
gency Plan for AIDS Response (PEPFAR) in 
2003, few policy-makes expected to be able to 
provide lifelong ART to patients in poor set-
tings, including Africa and Asia. However, 
using a simple public health approach based 
on treating the sickest patients and the most 
vulnerable (typically mothers to avoid vertical 
transmission to babies) first, the expansion of 
ART in developing settings has had remark-
able success and now provides lifelong ART to 
an estimated 18.2 million patients  [4]. These 
successes were built on a framework that 
provides simplified therapy using a choice of 
ART that minimizes adverse events and resis-
tance and is associated with negotiated price 
reductions according to the payers.

As the epidemic now approaches a less emer-
gency-like scenario, there have been increas-

ing efforts to stratify services and choice of 
drugs according to the needs of patients, the 
healthcare system and the evidence support-
ing choice of ART combination. Given that 
more than 40 different ART regimens exist, 
the choice of regimen is challenging for deci-
sion-makers as most ART regimens include 
a combination of at least two (and more 
typically three) drugs. In more developed 
settings, the choice of ART is often based 
on local clinical guidelines, physician experi-
ence and the history of the patients exposure 
to ART in an effort to reduce adverse events 
and resistance  [5]. The International Antivi-
ral Society, USA, that produces US relevant 
guidance, uses systematic searches and sup-
plements this with expert consensus to derive 
guidance  [5]. In low-income settings, the 
choice of ART is more challenging as the cost 
of drug regimens can vary importantly and 
access to the specific drugs may be limited. As 
a result, major international policy organiza-
tions, such as PEPFAR, the WHO and the 
Clinton Health Initiative, have been involved 
in advocacy related to price negotiation and 
access to regimens with both drug develop-
ers and generic developers. Determining the 
choice of regimen that these policy-makers 
would advocate for has historically been 
driven by expert advisory panels and has not 
included a formal comparative effectiveness 
approach. We were most recently involved in 
the 2015 guideline development for WHO 
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Figure 1. Network of all 71 trials included in the principal analyses. Circles (nodes) in the diagrams represent individual treatments, 
lines between circles represent availability of head-to-head evidence between two treatments and the numbers on the lines are the 
number of randomized clinical trials informing each head-to-head comparison. The colors represent antiretroviral therapy classes, 
with gray representing older protease inhibitors included in the network as connectors.
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to determine recommended ART regimens related to 
low-income settings [6].

Working with WHO, we advocated for a Health 
Economics and Outcomes Research (HEOR) approach 
to use a formal comparative effectiveness analysis and, 
in particular, to apply a network meta-analysis for 
both first- and second-line ART regimens for adults, 
adolescents and children. The previous 2013 WHO 
ART guidelines recommended (for adults and adoles-
cents) a first-line ART consisting of two nucleos(t)ide 
reverse transcriptase inhibitors (NRTIs) and a non-
nucleoside reverse transcriptase inhibitor (NNRTI) [7]. 
In the presence of contraindications, other NRTI or 

NNRTI are considered based on availability. Where 
available, a ritonavir-boosted protease inhibitor (PI/r) 
based regimen could be considered. The comparative 
effectiveness of these interventions was unknown.

Since the 2013 WHO ART guidelines  [8], several 
studies had reported results on new first-line regimens, 
including some using different ART classes and dose 
optimization strategies. Specifically, newer trials sug-
gest that among ART-naive patients, integrase inhibi-
tor regimens using the currently recommended two-
NRTI backbone have favorable efficacy, yet appear to 
have more favorable safety profiles  [9–11]. Also, a low 
dose efavirenz (an NNRTI) regimen appeared to offer 
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better clinical outcomes than standard dose, but with a 
better safety profile. Yet placing these new and desire-
able interventions in the context of the many other 
combinations was challenging. Thus there was a need 
for evidence synthesis to determine if current recom-
mended therapies are still the best available options. 
We therefore employed a network meta-analysis based 
on all published evidence up to July 2015 [12].

Figure 1 displays the network of evidence for all 
included trials. Details and exact results of the analysis 
can be found in the published manuscript [13]. The net-
work is well-connected and centered by standard dose 
efavirenz. For viral suppression, integrase inhibitor based 
regimens were found to be more effective than other 
regimens. For example at 48 weeks, dolutegravir had an 
odds ratio (OR) of 1.87 in comparison to efavirenz (95% 
credibility [CrI]: 1.34–2.64) followed by raltegrevir 
(OR: 1.40; 95% CrI: 1.02 – 1.96). Low-dose efavirenz, 
was comparable to all other treatments. Estimates were 
similar across time points. Evidence for the comparisons 
of interest with respect to viral suppression were con-
sidered moderate to strong. These findings were repli-
cated for the analysis examining adolescents, babies and 
second-line treatments using a similar approach. While 
some have argued that implementing integrase inhibitor-
based regimens as first line in low-income settings is not 
cost effective [14], others, such as the Rwandan Ministry 
of Health, have used the evidence to bargain with drug 

manufacturers for reduced pricing on integrase inhibi-
tor based therapies, thus hoping to achieve better clinical 
outcomes for their populations and a new era of first-
world healthcare in the developing world.

Our current understanding of the comparative 
effectiveness of ART regimens represents an important 
precedent for both WHO and the use of Health Eco-
nomics and Outcomes Research approaches to inform 
global decision-making for important diseases. This 
demonstrates a strategy about utilizing and imple-
menting Precision Public Health decision-making to 
move beyond simplified therapies to medical decision-
making informed by the best available evidence that is 
defensible beyond expert opinion [15].
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