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INTRODUCTION
The risk of peripartum HIV transmission can be reduced from 25% to 12% by the
administration of a single dose of nevirapine to an HIV-infected, pregnant woman in labor
and to her infant at birth.1 More effective antiretroviral regimens for the prevention of
mother-to-child transmission are now recommended,2,3 and access to such regimens is
steadily improving.4 However, in settings with incomplete access to comprehensive ART, or
when women are ART ineligible, ease of administration and low cost have resulted in the
use of single-dose nevirapine (sdNVP) by at least 1.5 million women worldwide, including
at least 340,000 women in South Africa.2,5,6

Exposure to sdNVP may result in HIV mutations which confer resistance to nevirapine and
efavirenz, two non-nucleoside reverse transcriptase inhibitors (NNRTIs) that form the basis
of 1st-line antiretroviral therapy (ART) in most resource-limited settings.7 As a result,
sdNVP exposure may reduce the effectiveness of the antiretroviral regimen most likely to be
available when women later require therapy for their own HIV disease.2,5,8,9 The
OCTANE trial randomized women with screening CD4 <200/μL, with sdNVP exposure
(Trial 1) and without sdNVP exposure (Trial 2), to initiate either nevirapine- or lopinavir/
ritonavir-based ART. Among sdNVP-exposed women (Trial 1), the lopinavir/ritonavir arm
demonstrated significantly lower rates of virologic failure or death than the nevirapine arm.
10 Revised 2010 WHO treatment guidelines now recommend protease inhibitor-based ART
for women initiating ART within 12 months of sdNVP exposure.11 However, because
lopinavir/ritonavir is currently 12 times more expensive than nevirapine,12 policy makers
must consider whether lopinavir/ritonavir provides sufficient health benefits in 1st-line ART
to warrant its additional cost. Our objective was to evaluate the cost-effectiveness of 1st-line
lopinavir/ritonavir- compared to 1st-line nevirapine-based ART in a cohort of women with
prior sdNVP exposure.

METHODS
Overview

We used a published computer simulation model of HIV infection,13 with data from
OCTANE Trial 110 and cohorts in South Africa,14,15 to project the outcomes of initial
antiretroviral regimens among sdNVP-exposed women. In addition to a No ART strategy,
we evaluated the two specific ART strategies examined in the OCTANE trial: 1st-line
nevirapine followed by 2nd-line lopinavir/ritonavir, and 1st-line lopinavir/ritonavir followed
by 2nd-line nevirapine.

For each strategy, we projected life expectancy, opportunistic infections, and HIV-related
healthcare costs. Outcomes were evaluated in the short term (2–5 years) and over patient
lifetimes to calculate cost-effectiveness ratios of alternative ART strategies. Incremental
cost-effectiveness ratios were expressed in 2008 US$/year of life saved (YLS), with costs
converted from South African Rand (ZAR) at the 2008 average exchange rate (1 USD =
8.2612 ZAR).16 All costs and health benefits were discounted at 3% annually.17 Assuming
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a modified societal perspective, patients’ costs for time, transportation, and child care were
excluded.17 The World Health Organization (WHO) suggests that health interventions be
considered “very cost-effective” if their cost per quality-adjusted life year is less than a
country’s per-capita gross domestic product18 (GDP: $5,700 for South Africa in 200819).
Due to limited HIV-related quality-of-life data in Africa, we computed cost-effectiveness
ratios in $/YLS rather than in $/quality-adjusted YLS, thereby using WHO thresholds as
general guidance only.

Model
The Cost-effectiveness of Preventing AIDS Complications (CEPAC)-International model
for South Africa is a first-order Monte Carlo simulation of HIV infection (Supplementary
Appendix).13,20 HIV-infected women are simulated individually from model entry through
death. Disease progression is characterized by a sequence of monthly transitions between
health states; these include acute opportunistic and other infections prevalent in South
Africa, chronic HIV infection, and death. The model records all clinical events and costs
during each patient’s lifetime. A cohort of one million women is simulated to produce stable
estimates of outcomes.

In the absence of effective ART, current HIV RNA level determines the modeled rate of
CD4 cell decline (Table 1). Current CD4 count, opportunistic infection (OI) prophylaxis,
and history or absence of previous OIs determine the risk of OIs and HIV-related death. HIV
RNA suppression with effective ART leads CD4 counts to increase, reducing the risks for
OIs and death. Virologic failure on ART may occur either “early” (<24 weeks) or “late”
(>24 weeks) after ART initiation. The resulting rise in HIV RNA reflects “true” virologic
failure for simulated patients, and is distinct from the ability to detect “observed” failure
through HIV RNA monitoring. For patients with early or late virologic failure, CD4 counts
decline, accompanied by increased risks of OIs and death.

Clinical monitoring and ART strategies in the CEPAC model
For OCTANE trial simulations, all women initiated ART upon model entry. In the base
case, reflecting a combination of South African and WHO guidelines, women underwent
outpatient clinical evaluation quarterly and CD4 monitoring biannually.21,22 To reflect
resource availability in many settings where sdNVP is commonly used, HIV RNA
monitoring was assumed to be unavailable. The first antiretroviral regimen included either
lopinavir/ritonavir or nevirapine with tenofovir/emtricitabine, representing the ART
regimens evaluated in the OCTANE trial. Patients were switched from the first to second
antiretroviral regimen after observed clinical or immunologic failure, defined as at least one
severe OI (defined in Table 1) or a ≥50% decrease from the peak on-ART CD4 count.23 The
second “line” of ART included either nevirapine (following 1st-line lopinavir/ritonavir) or
lopinavir/ritonavir (following 1st-line nevirapine) with didanosine/zidovudine. Reflecting
practice at several OCTANE sites, women who failed either 2nd-line regimen (defined as the
observation of three severe OIs or a ≥90% decrease from the peak on-ART CD4 count)
received a lifelong “3rd-line/maintenance” regimen of lopinavir/ritonavir with lamivudine.
21,24,25

Model input parameters (Tables 1 and 2)
Baseline cohort characteristics were those of OCTANE Trial 1 participants, including mean
age (31 years), CD4 (135/μL), and HIV RNA level (5.10 log10 copies/ml), and median time
from sdNVP exposure (17 months).10

ART Efficacy—We defined the efficacy of each antiretroviral regimen as the 24-week rate
of HIV RNA suppression to <400 copies/ml. For both 1st-line regimens, we used OCTANE
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Trial 1 data to derive 24-week efficacies (nevirapine: 85%, lopinavir/ritonavir: 97%), 24-
week CD4 gains on each suppressive regimen, yearly risks of virologic failure >24 weeks
after antiretroviral therapy initiation, and risks of severe toxicity. Second-line ART
outcomes were not available from OCTANE. For 2nd-line nevirapine following 1st-line
lopinavir/ritonavir, we derived the base case efficacy estimate (43%) as the midpoint of
estimates from Europe (41.5%)26 and South Africa (45%).27 Data from South Africa and
Malawi informed the 24-week efficacy of 2nd-line lopinavir/ritonavir following 1st-line
nevirapine (72%).27,28

OCTANE subgroup analyses—To examine the impact of NNRTI resistance, the
OCTANE trial also stratified participants by: 1) presence or absence of resistance detectable
at ART initiation by standard genotype assays, and 2) time between sdNVP exposure and
ART initiation.7 First-line ART efficacies demonstrate smaller benefits of lopinavir/ritonavir
compared to nevirapine in subgroups with lower rates of known or probable NNRTI
resistance (Table 1). We examined the cost-effectiveness of each 1st-line ART regimen in
the OCTANE subgroups, as well as of a strategy in which 1st-line ART was selected based
on detected NNRTI resistance (Appendix).

Sensitivity analyses
In sensitivity analyses, we varied clinical and cost parameters, ART switching and
discontinuation strategies, and 3rd-line ART availability. We examined in detail the impact
of access to HIV RNA monitoring at 3-monthly and 6-monthly intervals to facilitate earlier
switching from 1st- to 2nd-line ART (Appendix). To describe the effects of simultaneous
variations in multiple parameters, we performed multi-way sensitivity analyses; created
“best-case” and “worst-case” clinical scenarios for 1st-line lopinavir/ritonavir, incorporating
the highest and lowest published values for key model parameters (Table 1, bottom); and
assigned available Trial 2 results (non-sdNVP-exposed women) to Trial 1 participants
(Appendix).

Role of the funding source
The funding sources had no role in study design; collection, analysis, or interpretation of
data; manuscript preparation; or decision to submit the paper for publication.

RESULTS
Model validation and short-term projections

In model validation analyses, projected clinical events at 17 months after trial enrollment
(median trial follow-up duration) closely matched OCTANE observations (Table 3, top). At
five years after trial enrollment, women receiving no ART were projected to experience 597
OIs/100 person-years and 1.8% survival, at a cost of $2,930/person (Table 3, bottom). In
comparison, 1st-line nevirapine-based ART led to 284 projected OIs/100 person-years,
86.7% survival, and a per-person cost of $3,770. First-line lopinavir/ritonavir-based ART
was associated with 257 OIs/100 person-years and 92.1% 5-year survival, at a cost of
$4,680/person. Compared to 1st-line nevirapine at five years, 1st-line lopinavir/ritonavir
conferred a 41% relative risk reduction in death, for an additional cost of $910 per person.

In the short term, nevirapine-based ART was projected to save money compared to no ART.
For example, at two years after initiation, 1st-line nevirapine reduced projected OIs (123
versus 222 OIs/100 person-years) and improved projected survival (94.7% versus 33.6%)
compared to no ART, yet was also cost-saving ($1,930 versus $2,150/person). Projected
survival benefits of the 1st-line nevirapine strategy compared to no ART persisted
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indefinitely, and projected cost savings persisted from one to three years after ART
initiation.

Long-term projections (Table 4, Section A)
Providing no ART resulted in a projected life expectancy of 1.6 years, at a cost of $2,980/
person. Initiating 1st-line nevirapine-based ART increased projected life expectancy to 15.2
years and cost to $13,990/person, leading to a cost-effectiveness ratio of $810/YLS,
compared to no ART. First-line lopinavir/ritonavir-based therapy increased life expectancy
further, to 16.3 years, at a cost of $15,630/person. The cost-effectiveness ratio of 1st-line
lopinavir/ritonavir compared to 1st-line nevirapine was $1,520/YLS.

Subgroup analyses
The cost-effectiveness ratio of 1st-line lopinavir/ritonavir compared to 1st-line nevirapine
was $5,650/YLS for OCTANE participants with no detectable NNRTI resistance at baseline
(Table 4, Section B). For women with baseline NNRTI resistance and for women exposed to
sdNVP 6–12 months prior to ART initiation, 1st-line nevirapine represented an inefficient
use of resources compared to 1st-line lopinavir/ritonavir (Table 4, footnote b). With
increasing time from sdNVP exposure to ART initiation, 1st-line lopinavir/ritonavir became
markedly less cost-effective, and eventually strongly dominated (>24 months). Use of 1st-
line lopinavir/ritonavir only when NNRTI resistance is detected by a standard genotype
assay with cost <$585 would be a more efficient use of resources than 1st-line NVP for all
women (Table 4, section C).

Sensitivity analyses
The 24-week suppressive ART efficacies and the risk of “late” virologic failure after 24
weeks on lopinavir/ritonavir-based ART had the greatest impact on the cost-effectiveness of
1st-line lopinavir/ritonavir (Figure 1). Holding all other parameters equal to the base case,
1st-line nevirapine efficacy needed to be ≤97%, 2nd-line nevirapine efficacy ≥13%, 1st-line
lopinavir/ritonavir efficacy ≥89%, 2nd-line lopinavir/ritonavir efficacy ≤87%, or lopinavir/
ritonavir “late” failure risk ≤8.97%/year (1.64%/year lower than nevirapine “late” failure),
for the cost-effectiveness ratio of 1st-line lopinavir/ritonavir to remain <$5,700/YLS (South
African GDP).

The cost-effectiveness ratio for 1st-line lopinavir/ritonavir remained <$5,700/YLS even if
the cost of lopinavir/ritonavir was more than twice its current value (Figure 1), as well as if
HIV RNA monitoring was available (Table 4). Results were robust to wide variations in
CD4 counts at sdNVP receipt and ART initiation; incidence and severity of nevirapine-
related toxicity; ART monitoring, switching, and stopping strategies; and composition and
availability of 3rd-line ART (Supplementary Table 2). The influence of 2nd-line ART
efficacy on cost-effectiveness results was greatest when the prevalence of baseline NNRTI
resistance was very low (Figure 2).

Additional multi-way sensitivity analyses indicated that using “worst-case” parameter values
for the 1st-line lopinavir/ritonavir strategy led 1st-line lopinavir/ritonavir to be dominated by
1st-line nevirapine (Table 4, Section C). “Best-case” values for 1st-line lopinavir/ritonavir
rendered the cost-effectiveness ratio of lopinavir/ritonavir compared to nevirapine similar to
that of nevirapine compared to no antiretroviral therapy ($810/YLS). When both lopinavir/
ritonavir 1st-line efficacy (93%) and “late” failure risk (8.08%/year) from Trial 2 were
applied to Trial 1 participants (but not when each parameter was applied alone), lopinavir/
ritonavir cost-effectiveness was substantially reduced (Appendix).

Ciaranello et al. Page 5

AIDS. Author manuscript; available in PMC 2012 February 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DISCUSSION
We report model-based projections of clinical outcomes and costs for South African women,
similar to OCTANE Trial 1 participants, initiating ART a median of 17 months after sdNVP
exposure for prevention of mother-to-child transmission. From one to three years after ART
initiation, nevirapine-based 1st-line ART is projected to improve survival and save money
compared to the use of no ART. Short-term cost savings stem from the marked reduction in
OIs and death associated with nevirapine-based ART compared to no ART; costs averted in
OI and end-of-life care offset the costs of nevirapine-based ART itself. By reducing risk for
early virologic failure, use of 1st-line lopinavir/ritonavir instead of 1st-line nevirapine adds
modest short-term benefit and cost, improving 5-year survival from 86.7% to 92.1% at an
additional cost of $910/person.

In projections beyond 3 years, providing nevirapine-based ART becomes more expensive
than providing no ART, due to the prolonged medication and care costs accrued during
markedly longer life expectancies (15.2 vs. 1.6 years). By WHO guidance, this substantial
survival benefit from nevirapine-based ART would be “very cost-effective” compared to no
ART (cost-effectiveness ratio: $810/YLS). First-line lopinavir/ritonavir further increases life
expectancy to 16.3 years, with a higher cost-effectiveness ratio ($1,520/YLS) compared to
1st-line nevirapine. This suggests that for HIV programs able to afford higher per-person
costs for HIV care ($4,680 vs. $ 3,770 at 5 years; $15,630 vs. $13,990 over patient
lifetimes), 1st-line lopinavir/ritonavir provides excellent value for sdNVP-exposed women.

These findings confirm modeling work conducted before OCTANE data were available29

and are robust to plausible variations in HIV RNA monitoring availability and frequency,
lopinavir/ritonavir cost, nevirapine toxicity, CD4 counts, and availability of 3rd-line ART.
However, three factors influence the cost-effectiveness of 1st-line lopinavir/ritonavir: 1st-line
lopinavir/ritonavir efficacy, long-term ART outcomes, and NNRTI resistance at ART
initiation.

First-line lopinavir/ritonavir remains “very cost-effective” compared to nevirapine unless its
24-week suppressive “efficacy” is <89% (holding 1st-line nevirapine efficacy at 85%).
While OCTANE Trial 1 demonstrated a 24-week efficacy far above this threshold (97%),
other trials have suggested 24-week intention-to-treat lopinavir/ritonavir efficacies ranging
from 65–93% in treatment-naïve women without sdNVP exposure.30,31 If future studies
show the efficacy of 1st-line lopinavir/ritonavir efficacy among sdNVP-exposed women to
be at the lower end of this range, lopinavir/ritonavir cost-effectiveness will be lower than
Trial 1 data suggest.

The cost-effectiveness of lopinavir/ritonavir is also influenced by two long-term ART
outcomes: the efficacy of 2nd-line ART and the risk of “late” virologic failure after 24 weeks
on ART. A primary concern about the use of first-line lopinavir/ritonavir in women with
sdNVP exposure is the feasibility of “returning” to nevirapine-based 2nd-line ART. Because
2nd-line antiretroviral therapy in many settings is often protease inhibitor-based,21 the 24-
week suppressive efficacy of 2nd-line NNRTI-based antiretroviral therapy is infrequently
described. Available estimates are from observational studies in the United Kingdom26 and
Durban, South Africa27 (Appendix), and range from 16.0–45.0%. Theoretically, the lowest
published 2nd-line nevirapine efficacies may be applicable to OCTANE participants. If
women randomized to nevirapine failed 1st-line antiretroviral therapy due to sdNVP-
associated resistance, but those randomized to lopinavir/ritonavir failed 1st-line antiretroviral
therapy due to poor adherence, this poor 1st-line adherence may predict poor adherence to,
and low efficacy of, the 2nd-line nevirapine-based regimen that follows 1st-line nevirapine.27

Alternatively, the true efficacy of 2nd-line nevirapine for OCTANE participants may be
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higher than the published values, because OCTANE participants initiated completely novel
2nd-line regimens, including two NRTIs to which they had no previous exposure. In
addition, greater time since sdNVP exposure in those initiating 1st-line lopinavir/ritonavir
(due to time elapsed before initiating 2nd-line nevirapine) might improve 2nd-line nevirapine
efficacy due to attenuation of single-dose nevirapine-associated NNRTI resistance with
time.5,32 Although the base case estimate (43%) was chosen to be conservative with regard
to these assumptions, we find that first-line lopinavir/ritonavir remains “very cost-effective”
unless the 24-week efficacy of the subsequent 2nd-line nevirapine-based regimen is <13%,
lower than the published estimates of 16–45.26,27 Similarly, the efficacy of 2nd-line
lopinavir/ritonavir (following 1st-line nevirapine) must exceed 87% for the 1st-line lopinavir/
ritonavir strategy to no longer be “very cost-effective,” also outside published ranges (45–
75%28,33–36).

In addition, Trial 1 data demonstrated substantially greater “late” failure risks for NVP
(10.61%/year) than lopinavir/ritonavir (2.84%/year). Sensitivity analyses (Figure 1)
highlight that if the risk of “late” failure on lopinavir/ritonavir approached or exceeded that
of nevirapine, lopinavir/ritonavir would be less cost-effective. However, when data from
other published trials are used to determine “late” failure risks, reported ranges for NNRTI-
(<0–17.60%/year) and protease-inhibitor- (<0–29.84%/year) based ART are wide and
overlapping.26,28–30,35–38 As interest in protease inhibitor-based 1st-line ART increases
for men and for women without sdNVP exposure in resource-limited settings,30,39 data on
late outcomes of 1st-line ART and virologic suppression on 2nd-line ART should remain a
research priority.

The impact of NNRTI resistance is reflected in the OCTANE subgroups stratified by 1)
NNRTI resistance at baseline, and 2) time between sdNVP exposure and ART initiation.
Comparing the primary trial endpoint (virologic failure or death), lopinavir/ritonavir was
markedly superior to nevirapine among the entire Trial 1 cohort and among women with
detectable NNRTI resistance at ART initiation. However, among participants without
detectable NNRTI resistance, lopinavir/ritonavir conferred a smaller, non-significant benefit
over nevirapine.10 As a result of this trial-reported decrease in relative clinical effectiveness,
we find that 1st-line lopinavir/ritonavir becomes less cost-effective as the population
prevalence of NNRTI resistance decreases. Additionally, as time between sdNVP exposure
and ART initiation increases, sdNVP-associated resistance fades from detection,32 and the
efficacy of NNRTI-based ART improves.5,8,32,40,41 Because the superiority of lopinavir/
ritonavir compared to nevirapine similarly faded with time in OCTANE, we find that 1st-line
lopinavir/ritonavir is most cost-effective for women with recent sdNVP exposure,
“dominating” 1st-line nevirapine if ART is initiated within 6–12 months after sdNVP.

This analysis suggest that genotypic resistance testing at ART initiation is a cost-effective
strategy for selection of 1st-line ART after sdNVP exposure. However, if resistance testing
or 1st-line lopinavir/ritonavir is not readily available, efforts to reduce sdNVP-associated
resistance remain critical. This analysis focuses on women who have already been exposed
to sdNVP and who will require ART in the near future.2,5,6 Expansion of more effective,
non-sdNVP-based antiretroviral regimens for the prevention of mother-to-child
transmission11,42 will eventually lead to sdNVP exposure in fewer women. Similarly,
improved access to HIV diagnosis early in pregnancy will reduce the number of women who
present for PMTCT services in labor and thus require sdNVP.43 When available, the
recommended administration of dual-NRTI “tails” following sdNVP may further reduce
sdNVP-associated resistance by up to 80%.11,42,44 Finally, more widespread access to ART
for women with advanced HIV disease, as currently recommended by the WHO11 and the
South African National Department of Health,3 will further reduce the number of women
exposed to sdNVP. Each of these interventions will thereby help to preserve the
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effectiveness of inexpensive, NNRTI-based ART for HIV-infected women after delivery.
40,45

There are four primary limitations to this analysis. First, although clinical and cost data from
South Africa may not be generalizable to all settings where sdNVP is used, we tested a wide
range of ART availability, monitoring strategies, and drug costs. These had no substantial
impact on policy conclusions unless the most unfavorable values for 1st-line lopinavir/
ritonavir were incorporated simultaneously. Second, interventions deemed “very cost-
effective” by WHO-recommended, GDP-based guidelines in South Africa, a middle-income
country, may not be considered so in many other countries where sdNVP continues to be
widely used.18,46 Third, application of Trial 2 results (non-sdNVP-exposed women)30 to the
Trial 1 cohort reduces lopinavir/ritonavir cost-effectiveness. However, Trial 2 results may
not be extrapolable to sdNVP-exposed women, due to notable differences in the Trial 1 and
2 cohorts (Appendix), and Trial 2 lopinavir/ritonavir 24-week efficacy and “late” failure
must be applied simultaneously to impact the cost-effectiveness of lopinavir/ritonavir
compared to nevirapine. Finally, by convention, cost-effectiveness analyses assume a
lifetime perspective.17 Model parameters reflecting current practice, including availability of
2nd- and 3rd-line ART and prevalence of sdNVP-associated resistance, may be inappropriate
for the distant future. We therefore projected 2–5-year clinical outcomes and costs. These
validated short-term estimates may inform the design of clinical trials and may assist
national HIV programs and funders planning near-term HIV-related budgets.

CONCLUSIONS
Among sdNVP-exposed South African women similar to OCTANE participants, initiating
nevirapine-based ART is cost-saving in the short-term, and very cost-effective in the long-
term, compared to no ART. Initiating lopinavir/ritonavir-based ART improves survival
further and is very cost-effective in South Africa, compared to initiating nevirapine-based
ART. Based on OCTANE Trial 1 data, initial lopinavir/ritonavir-based ART should be
recommended for women exposed to sdNVP <12 months prior to ART initiation and for
women in whom a standard genotype assay detects NNRTI-resistant HIV. Where resources
permit, lopinavir/ritonavir should also be recommended for women exposed 12–24 months
prior and for sdNVP-exposed women for whom timing and resistance information is
unknown.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
NVP: nevirapine; ART: antiretroviral therapy; LPV/r: lopinavir/ritonavir; ICER:
incremental cost-effectiveness ratio; YLS: year of life saved
A “tornado diagram” summarizes the results of a series of 1-way sensitivity analyses. Key
model parameters are listed on the vertical axis. For each parameter, the value used in the
base case analysis and the range examined in sensitivity analyses are listed in parentheses.
The horizontal axis represents cost-effectiveness ratios for 1st-line LPV/r compared to 1st-
line NVP. Each horizontal bar represents the range of cost-effectiveness ratios produced by
varying model parameter across the ranges shown. The solid vertical line denotes the base
case cost-effectiveness ratio estimate ($1,520/YLS, and the dashed vertical line denotes the
cost-effectiveness ratio of $5,700 (2008 South African GDP) per YLS. Numbers in
parentheses above each horizontal bar indicate the threshold value of each parameter at
which the cost-effectiveness ratio for 1st-line LPV/r compared to nevirapine becomes <
$5,700/YLS. The horizontal axis should be understood to extend to the right beyond
$60,000/YLS and to include instances when 1st-line LPV/r costs more and dominates 1st-
line NVP (as is the case when 2nd-line LPV/r efficacy is ≥90%). Bars abutting the far left
margin indicate situations in which 1st-line LPV/r costs less and confers more life-years than
1st-line NVP, or in which 1st-line NVP is dominated (see Table 4, footnote b).
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Figure 2.
ICER: incremental cost-effectiveness ratio; LPV/r: lopinavir/ritonavir; NVP: nevirapine;
YLS: year of life saved; GDP: gross domestic product; NNRTI: non-nucleoside reverse
transcriptase inhibitor; ART: antiretroviral therapy.
Two-way sensitivity analyses depicting the simultaneous impact of the prevalence of
NNRTI resistance at baseline and the efficacy of the 2nd-line ART in suppressing HIV RNA
to <400 copies/ml at 24 weeks. In both panels, the vertical axis indicates the cost-
effectiveness ratio for 1st-line LPV/r compared to 1st-line NVP in $/YLS. The vertical axis
should be understood to extend beyond the $18,000/YLS mark, to include situations in
which 1st-line LPV/r is “dominated” by 1st-line NVP. The shaded regions indicate a cost-
effectiveness ratio of <$5,700/YLS.
In panel A, the horizontal axis represents varying values for 2nd-line NVP efficacy. The
green line indicates the OCTANE cohort in whom no NNRTI resistance was detected by
standard genotypic resistance testing at the time of ART initiation. In this group, 2nd-line
NVP efficacy must be ≥44% (square) for the 1st-line LPV/r cost-effectiveness ratio to fall
below $5,700. The blue line indicates the base case scenario for the entire OCTANE cohort,
in whom the prevalence of NNRTI resistance at baseline was 14%. For this group, 2nd-line
NVP efficacy must be ≥13% (circle) for the 1st-line LPV/r cost-effectiveness ratio to fall
below $5,700. The purple line indicates the OCTANE cohort in whom NNRTI resistance
was detected at baseline. For this group, 1st-line LPV/r is economically preferred to 1st-line
NVP at all values of 2nd-line NVP efficacy, due to “extended dominance” (purple line). The
cost-effectiveness ratios of LPV/r compared to no antiretroviral therapy are displayed in the
Figure.
In panel B, the horizontal axis represents values for 2nd-line LPV/r efficacy. In the
OCTANE cohort in whom no baseline NNRTI resistance was detected (green line) 2nd-line
LPV/r efficacy must be ≤73% (square) for the 1st-line LPV/r cost-effectiveness ratio to fall
below $5,700. In the entire OCTANE cohort (14% baseline resistance, blue line), 2nd-line
LPV/r efficacy must be ≤87% (circle) for the 1st-line LPV/r cost-effectiveness ratio to fall
below $5,700. For the group in whom NNRTI resistance was detected at baseline (purple
line), 1st-line LPV/r is again economically preferred to 1st-line NVP at all values of 2nd-line
LPV/r efficacy, due to “extended dominance” (purple line). The cost-effectiveness ratio of
LPV/r compared to no ART are displayed in the Figure.
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Table 1

Selected clinical parameters used in a computer simulation of antiretroviral therapy strategies following
exposure to single-dose nevirapine.

Variable Base Case Value Data sources

Baseline cohort characteristics OCTANE Trial 110

 Age (mean (SD), in years) 31 (5)

 CD4 count (mean (SD),/μL) 135 (61)

 Distribution of initial HIV RNA (% total)

  >100,000 copies/ml 63

  30,001–100,000 copies/ml 23

  10,001–30,000 copies/ml 9

  3,001–10,000 copies/ml 4

  501–3,000 copies/ml 2

  ≤ 500 copies/ml 0

 Time from sdNVP exposure to ART initiation (median (10th,
90th percentile), in months)

17 (7, 45)

 Proportion (%) with detectable NNRTI resistance (Viroseq
standard genotype assay) at baseline

14

Natural history of disease

 Mean monthly decrease in CD4/μL by HIV RNA Multicenter AIDS Cohort Study47

  >30,000 copies/ml 6.4

  10,001–30,000 copies/ml 5.4

  3,001–10,000 copies/ml 4.6

  501–3,000 copies/ml 3.7

  0–500 copies/ml 3.0

 Monthly risk of severe opportunistic infections (%, range by CD4 count) Cape Town AIDS Cohort14

  Severe bacterial infection 0.08–0.71

  Severe fungal infection 0.02–2.22

  Toxoplasmosis 0.00–0.06

  Pneumocystis jiroveci pneumonia 0.00–0.12

  Mycobacterium avium 0.00–0.30

  Other WHO stage 3–4 condition 0.25–2.57

 Monthly risk of other clinical conditions (%, range by CD4 count) Cape Town AIDS Cohort14

  Mild fungal infection 0.59–3.51

  Tuberculosis (pulmonary or extrapulmonary) 0.21–1.96

  Herpes simplex, varicella zoster, other mucocutaneous
manifestions of HIV

2.51–3.11

 Monthly risk of HIV-related death (%, range by CD4 count) Cape Town AIDS Cohort14

  No history of opportunistic infection 0.09–3.33

  With history of opportunistic infection 0.30–7.94

Antiretroviral therapy
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Variable Base Case Value Data sources

Efficacy (% HIV RNA suppression at 24 weeks; gain in CD4/μL at 24 weeks on suppressive ARTa (assumed equal to entire cohort for all
subgroups and for 2nd-line ART); yearly risk (%) of virologic failure >24 weeks after initiation)

 1st-line NVP/TDF/FTC OCTANE Trial 110

  Entire OCTANE cohort (base case) 85%; 173; 10.61

  No detectable NNRTI resistance at baseline 89%; 173; 5.95

  Detectable NNRTI resistance at baseline 60%; 173; 49.41

  ART initiation 6–12 months after sdNVP 82%; 173; 21.34

  ART initiation 12–24 months after sdNVP 81%; 173; 7.42

  ART initiation >24 months after sdNVP 91%; 173; 10.61b

 1st-line LPV/r/TDF/FTC OCTANE Trial 110

  Entire OCTANE cohort (base case) 97%; 162; 2.84

  No detectable NNRTI resistance at baseline 97%; 162; 3.19

  Detectable NNRTI resistance at baseline 94%; 162; 2.84 b

  ART initiation 6–12 months after sdNVP 97%; 162; 2.84 b

  ART initiation 12–24 months after sdNVP 98%; 162; 3.19

  ART initiation >24 months after sdNVP 94%; 162; 5.72

 2nd-line NVP/ddI/ZDV (base case) 43%; 173; 10.61 UK, SAfr;26,27 late failure assumed =
1st-line nevirapine

 2nd line LPV/r/ddI/ZDV (base case) 72%; 162; 2.84 Malawi, SAfr, Uganda;27,28,36,late
failure assumed = 1st-line LPV/r

 3rd line DRV/r/3TC (sensitivity analysis) 45%; 162; 29.84 POWER;33 assumption (CD4 gain =
1st-line LPV/r)

 LPV/r/3TC after failure of 2nd line ART 12%; 18 (CD4 gain 1st 12
months only); 27.46

CPCRA 06424

Relative risk reduction on any ART regimen (%, range by CD4)

 HIV-related death 55–96 Cotrimo-CI, ANRS 120325

 Acute opportunistic infections 0–32 Cotrimo-CI, ANRS 120325

Toxicity risk (%, median time to occurrence)

 Minor/moderate (all regimens) 0.088; 3 months ANRS 1203;48 assumption

 Major/severe (requiring regimen change)

  NVP/TDF/FTC 12.4; 1 month OCTANE Trial 110

  LPV/r/TDF/FTC 0.8; 1 month OCTANE Trial 110

  NVP/ddI/ZDV 22.7; 3 months Tshepo;49 assumption

  LPV/r/ddI/ZDV 13.2; 3 months Tshepo;49 assumption

Parameter values for “best-case” and “worst-case” scenarios for 1st-line LPV/rc

Parameter (base case value) “Best-case” for 1st-line LPV/r “Worst-case” for 1st-line LPV/r

Efficacy of NVP in 2nd-line ART (43%) 72% (assumption, = 2nd-line
LPV/r)

16%26

Efficacy of LPV/r in 2nd-line ART (72%) 61%34 72% (base case)
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Variable Base Case Value Data sources

Yearly risk of virologic failure after 24 weeks on LPV/r-based
ART (2.84%)

2.84% (base case) 29.84%33

Major/severe toxicity risk attributable to NVP (12.4%) 12.4% (OCTANE) 0.8% (Risk attributable to LPV/r in
OCTANE)

SD: standard deviation; NVP: nevirapine; LPV/r: lopinavir/ritonavir; TDF: tenofovir; FTC: emtricitabine; ZDV: zidovudine; ddI: didanosine;
DRV/r: darunavir; 3TC: lamivudine, UK: United Kingdom; SAfr: South Africa; CPCRA: Community Programs for Clinical Research on AIDS;
ANRS: Agence Nationale de Recherche sur le Sida.

a
Gain in CD4 cells at 24 weeks on suppressive ART for each OCTANE subgroup was assumed equal to that observed among the entire OCTANE

cohort. CD4 gain for 2nd-line ART was assumed equal to that observed for 1st-line ART.

b
For OCTANE trial subgroups indicated, small numbers of events led to trial-derived risks of late virologic failure of 45.96%; late failure risks

from the entire OCTANE cohort were instead included in the analyses.

c
These scenarios incorporated published or OCTANE-derived data most likely to bias the analysis in favor of or against the 1st-line lopinavir/

ritonavir strategy.
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Table 2

Selected cost parameters used in a computer simulation of antiretroviral therapy strategies following exposure
to single-dose nevirapine.

Costs (2008 US dollars)

Antiretroviral therapy (monthly cost) a Clinton Foundation12

 NVP/TDF/FTC $15.44 Clinton Foundation12

 LPV/r/TDF/FTC $50.39 Clinton Foundation12

 NVP/ddI/ZDV $23.73 Clinton Foundation12

 LPV/r/ddI/ZDV $58.68 Clinton Foundation12

“3rd-line/maintance” LPV/r/3TC $40.96 Clinton Foundation12

3rd line DRV/r/3TC (sensitivity analysis) $100.93 Médecins Sans Frontieres50

Cape Town AIDS Cohort,14

Clinical care Health Systems Trust15

 Care for acute opportunistic infection (per event) $10.71-$3330.71

 Minor/moderate drug toxicity (per event) $10.71

 Major/severe drug toxicity (per event) $1545.99

  Chronic care (monthly cost)

   CD4<200/μL $51.69–129.25

   CD4>200/μL $9.84–20.77

 Terminal care (last month of life) $536.09

  Laboratory monitoring (per assay) Health Systems Trust15

   CD4 test $9.42

   Viral load test (sensitivity analysis) $47.08

NVP: nevirapine; LPV/r: lopinavir/ritonavir; TDF: tenofovir; FTC: emtricitabine; ZDV: zidovudine; ddI: didanosine; DRV/r: darunavir; 3TC:
lamivudine

a
Individual monthly drug costs: nevirapine $3.25, lopinavir/ritonavir $38.20
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Table 3

Short-term analyses: model validation against OCTANE trial outcomes and model-based projections for
single-dose nevirapine-exposed women at 5 years after antiretroviral therapy initiation.

A. Model validation: Outcomes at 17 monthsa

Trial subgroups

Total OI (/person) Survival (%)

Trial dataa Model projections Trial data Model projections

1st-line NVP arm 0.88 0.89 96.7 96.2

1st-line LPV/r arm 0.84 0.84 99.2 97.3

Entire cohort 0.86 0.86 97.9 96.7

B. Model results: 5-year projections

ART strategy Total OIs/100 person-yearsb Survival (%) Mean per-person costs (2008 US$)

No ART 597 1.8 2,930

1st-line NVP 284 86.7 3,770

1st-line LPV/r 257 92.1 4,680

ART: antiretroviral therapy; OI: opportunistic infection; NVP: nevirapine; LPV/r: lopinavir/ritonavir

a
Observed events during median duration of follow-up in OCTANE trial of 17 months. Individual person-time at risk not available for calculation

of trial event rates.

b
Person-time at risk assumes deaths occur at mid-point of month in which they occur.
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Table 4

Model-based lifetime projections for single-dose nevirapine-exposed women initiating antiretroviral therapy.

ART strategy Life expectancy (years) Per-person costs (2008 US$) Cost-effectiveness ratio ($/YLS)

A. Entire OCTANE cohort (trial data)

No ART 1.6 2,980

1st-line NVP 15.2 13,990 810

1st-line LPV/r 16.3 15,630 1,520

B. Subgroup analyses (trial data)

Presence or absence of NNRTI resistance at ART initiation

No baseline resistance detected

 No ART 1.6 2,980

 1st-line NVP 16.0 13,800 750

 1st-line LPV/r 16.3 15,600 5,650

Baseline resistance a

 No ART 1.6 2,980

 1st-line NVP 12.2 14,000 Dominated b

 1st-line LPV/r 15.5 15,390 890

Time from sdNVP exposure to ART initiation

6–12 months

 No ART 1.6 2,980

 1st-line NVP 14.2 14,220 Dominated b

 1st-line LPV/r 16.1 15,640 870

12–24 months

 No ART 1.6 2,980

 1st-line NVP 15.3 13,790 790

 1st-line LPV/r 16.4 15,650 1,690

Greater than 24 months

 No ART 1.6 2,980

 1st-line NVP 15.2 13,780 790

 1st-line LPV/r 15.1 14,940 Dominated c

C. Standard genotype assay for selection of 1st-line ART

Genotype: Initiate LPV/r if NNRTI resistance detected; NVP if resistance not detected (genotype cost: $300 d)

 No ART 1.6 2,980

 1st-line NVP for all 15.2 13,990 Dominated b

 Genotype strategy 15.9 14,320 790

 1st-line LPV/r for all 16.3 15,630 4,080

D. Sensitivity analyses
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ART strategy Life expectancy (years) Per-person costs (2008 US$) Cost-effectiveness ratio ($/YLS)

“Worst-case” clinical scenario for 1st-line LPV/r

 No ART 1.6 2,980

 1st-line LPV/r 10.5 12,280 Dominated b

 1st-line NVP 13.6 12,370 780

“Best-case” clinical scenario for 1st-line LPV/r

 No ART 1.6 2,980

 1st-line NVP 14.6 13,500 811

 1st-line LPV/r 17.2 15,670 813 e

HIV RNA monitoring available for both NVP and LPV/r strategies f

 No ART 1.6 2,980

 1st-line NVP 15.3 15,840 940

 1st-line LPV/r 16.1 17,300 1,720

ART: antiretroviral therapy; CE: cost-effectiveness; NVP: nevirapine; LPV/r: lopinavir/ritonavir; YLS: year of life saved

a
Assumes 2nd-line NVP with efficacy 43% will follow 1st-line LPV/r despite detected resistance. Results change minimally (cost-effectiveness

ratio for 1st-line NVP compared to no ART: $890/YLS) if NVP is avoided in 2nd-line and 1st-line LPV/r failure is followed by LPV/r/lamivudine
maintenance therapy

b
Extended dominance: In the subgroup with baseline NNRTI resistance and the subgroup of women initiating ART within 6–12 months after

sdNVP, the cost-effectiveness ratio of the 1st-line LPV/r strategy compared to 1st-line NVP is less than the cost-effectiveness ratio of 1st-line NVP

compared to no ART. This indicates that the 1st-line NVP strategy represents an inefficient use of healthcare resources, if LPV/r is available. By

convention in these cases, the cost-effectiveness ratio of 1st-line NVP compared to no ART is not reported. By the same mechanism, in the “worst-

case” clinical scenario for 1st-line LPV/r, 1st-line LPV/r represents an inefficient use of resources compared to 1st-line NVP, and the cost-

effectiveness ratio of 1st-line LPV/r compared to no ART is not shown.

c
Strong dominance occurs in the subgroup with sdNVP exposure >24 months prior to ART initiation because 1st-line LPV/r is both less effective

and more expensive than 1st-line NVP.

d
Results are shown assuming a standard genotype assay cost of $300. Variations in genotype assay cost from $0-$585 do not change extended

dominance of the NPV strategy by the genotype strategy. At assay costs from $585-$1000, incremental cost-effectiveness ratios of the genotype
strategy compared to the nevirapine strategy range from $810–1,360/YLS. Results in table assume no HIV RNA monitoring availability; available
RNA monitoring does not substantially change results.

e
The cost-effectiveness ratios in the “best-case” scenario are presented without rounding, to demonstrate that 1st-line nevirapine is not dominated.

However, the nearly equivalent cost-effectiveness ratios of 1st-line NVP compared to no ART and of 1st-line LPV/r compared to 1st-line NVP

suggest that, if all of the most favorable parameters for 1st-line LPV/r were true, any program able to afford 1st-line NVP-based ART would

achieve greater health benefits at nearly the same cost by instead choosing 1st-line LPV/r.

f
First-line ART switched to second-line ART for a one-log increase in RNA or return to peak pre-ART RNA value. Shown are scenarios in which

HIV RNA monitoring was performed every 6 months; results of 3-monthly RNA monitoring or RNA monitoring applied only to 1st-line NVP

strategy are not substantially different. Lower life expectancy in the 1st-line lopinavir/ritonavir strategy with RNA monitoring, compared to the

base case, result from earlier switching to a less effective 2nd-line regimen (2nd-line NVP, efficacy 43%).
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