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Abstract
Background—Results of international clinical trials assessing when to initiate antiretroviral
therapy (ART) will not be available for several years.

Objective—To inform HIV treatment decisions over the short- and long-term regarding the
optimal CD4 threshold at which to initiate ART in South Africa, while awaiting “when to start”
trial results.

Design—Cost-effectiveness analysis using a computer simulation model of HIV disease.

Data Sources—Published data from randomized trials and observational cohorts in South
Africa.

Target Population—HIV-infected patients in South Africa.

Time Horizon—Five-year and lifetime.

Perspective—Modified societal.

Interventions—No treatment, initiate ART at CD4<250/μl, and initiate ART at CD4<350/μl.

Outcome Measures—Morbidity, mortality, life expectancy, medical costs, and cost-
effectiveness.

Results of Base-Case Analysis—If 10-100% of HIV-infected patients are diagnosed and
linked to care, initiating ART at CD4<350/μl would reduce severe opportunistic diseases by
22,000-221,000 and deaths by 25,000-253,000 during the next 5 years, compared to initiating
ART at CD4<250/μl; cost increases would range from $142 million (10%) to $1.4 billion (100%).
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Either ART strategy increased long-term survival by at least 7.9 years, with a mean per person life
expectancy of 3.8 years for no ART and 12.5 years for ART at <350/μl. Compared to initiating
ART at <250/μl, initiating ART at <350/μl had an incremental cost-effectiveness ratio of $1,200/
year of life saved.

Results of Sensitivity Analysis—Initiating ART at CD4<350/μl remained cost-effective over
the next 5 years even if the probability that the trial would demonstrate superiority to earlier
therapy is as low as 17%.

Limitations—This model does not consider the possible benefits of ART initiation at CD4>350/
μl nor reduced HIV transmission.

Conclusions—Earlier ART initiation in South Africa will likely reduce morbidity and mortality,
improve long-term survival, and be very cost-effective. While awaiting trial results, treatment
guidelines should be liberalized to allow for earlier ART initiation (CD4<350/μl) than is currently
recommended.
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Introduction
Recent data from cohort studies and mathematical models in the developed world suggest
that treatment outcomes of HIV-infected patients improve when antiretroviral therapy
(ART) is initiated at CD4 thresholds of 350/μl, and perhaps even 500/μl (1-4). In resource-
limited settings, the question of “when to start” antiretroviral therapy in HIV-infected
patients is even more critical in the context of higher rates of mortality and opportunistic
diseases — including tuberculosis and other severe bacterial infections — at CD4 counts
>200/μl (5). At CD4 counts between 200-350/μl, rates of such opportunistic disease in South
Africa may be 10-fold higher than those seen in the United States (5, 6). Several
international clinical trials, including one in South Africa, are currently enrolling patients.
These trials will explicitly address the clinical benefits of earlier antiretroviral therapy
(ART) initiation (CD4 <350/μl or CD4 <500/μl) compared to the current World Health
Organization (WHO) standard of care (stage 3 or 4 disease or when CD4 counts falls below
200/μl) (7-9).

While clinical trials may provide insight into the optimal timing of ART in resource-limited
settings, trials can only address short-term outcomes and will not be available to inform
practice for at least several years (8, 9). Our objective was to inform crucial decisions now,
until these trials are reported, using a model-based analysis to examine treatment strategies
with different timing of antiretroviral therapy initiation in South Africa.

Methods
Analytic Overview

Treatment Strategies—Using a computer-based model of HIV disease, we examined the
policy decision regarding when to initiate antiretroviral therapy in South Africa. We
considered three interim treatment strategies, while awaiting results of the “when to start”
trials: 1) no treatment (for comparison purposes); 2) start ART at CD4 <250/μl (or severe
opportunistic disease) (7); and 3) start ART at CD4 <350/μl (or severe opportunistic
disease). Co-trimoxazole prophylaxis initiated at CD4 <500/μl was incorporated in all
strategies, in accordance with WHO recommendations (10). We examined the impact of this
decision over both short-term (5-year) and lifetime horizons and emphasize that all of these
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strategies would involve acting optimally on the results of the trial, once they are available
in 5 years.

To report on cost-effectiveness, we adopted a modified societal perspective, only
considering HIV-associated direct medical resource utilization. All costs were reported in
2006 US dollars using country-specific gross domestic product (GDP) deflators and the
2006 mean exchange rate between the South African Rand and the US dollar (6.8 Rand/1US
$) (11, 12). All costs and life expectancies were discounted at 3% per year (13). WHO
guidelines designate health interventions as “cost-effective” if the cost per quality adjusted
life year (QALY) is less than three times the country's per capita GDP, and “very cost-
effective” if the cost per QALY is less than the country's per capita GDP (14, 15). Although
our analysis computes cost-effectiveness ratios in terms of years of life saved (rather than
QALYs), these thresholds provide general guidance. As a reference point, we compared the
results to South Africa's 2006 per capita GDP (US$5,400) (11).

Projections over the next five years—We first examined the “when to start” policy
over the next five years to inform decisions regarding whether it would be best to consider
therapy at CD4 <350/μl rather than CD4 <250/μl while waiting five years for clinical trial
results. We did this in two steps. First, we projected the number of South African patients
requiring ART over the five-year time horizon, and their anticipated short-term clinical
outcomes (defined as deaths and opportunistic diseases) and costs under alternative ART
initiation scenarios. To do so, we used model-based methods, similar to those previously
described (16), to examine over the 5-year time horizon, how many HIV-infected people in
South Africa would be eligible for an ART at <350/μl vs. <250/μl treatment decision. This
estimate assumes steady HIV incidence over the next five years, and accounts for HIV- and
non-HIV-related deaths prior to the <350/μl CD4 threshold.

Next, combining data from the WHO and the President's Emergency Plan for AIDS Relief
(PEPFAR), we estimated the fraction of HIV-infected people diagnosed and linked to care
in South Africa (Technical Appendix Table 2) (17, 18). We provided the estimated impact
if: 10% of patients are linked to care (the fraction estimated to be on ART); 30% are linked
to care (the estimate of those receiving either ART or other general PEPFAR services); and
100% are linked to care (as an upper bound).

Finally, we assumed that a clinical trial will provide perfect information in 5 years about
whether ART initiation at <350/μl is more efficacious compared to the current standard of
care and developed a decision criterion under which it would be cost-effective (<3 times the
GDP) to invoke a CD4 <350/μl initiation policy now while awaiting clinical trial results.
This criterion included a threshold value for the probability that the trials will demonstrate
the superiority of starting ART at CD4<350/μl.

Developing a decision criterion for whether to start ART at <350/μl now—To
develop a decision criterion for earlier ART initiation now, we examined two potential
policy scenarios (ART at <350/μl vs. <250/μl) over the next five years and their associated
clinical and economic outcomes (Figure 1). These outcomes excluded any long-term
benefits, detriments, or costs potentially associated with either decision beyond the 5-year
horizon. While they included ART-related toxicities, the calculated outcomes also excluded
any excess toxicity that might be associated with earlier ART beyond the 5-year horizon. If
the decision was to start at CD4 <350/μl, there is a probability, “p”, that the trial will
demonstrate a benefit to initiation at CD4 <350/μl in 5 years (Branch A) and a probability,
(1-p), that initiation at CD4 <350/μl will produce equivalent outcomes to starting at CD4
<250/μl (Branch B). In the latter case, the associated costs of ART at CD4 <350/μl not only
include those of earlier initiation but also the HIV medical costs accrued due to the
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additional deaths ($536 each) and opportunistic diseases (ranging from $105-1,006 each)
anticipated in the ART at <250/μl strategy compared to those anticipated under the strategy
described in Branch A (19). If the decision was to initiate ART at CD4 <250/μl over the
next five years (Branch C), clinical outcomes and costs would be those derived for the short-
term ART at <250/μl strategy. Averaging out the simple tree in Figure 1, we created the
decision rule under which it would be economically efficient to start at CD4 <350/μl now.
We defined this decision rule examining alternative values for p and employing the cost-
effectiveness willingness-to-pay threshold of 3 × GDP ($16,200/YLS).

Lifetime projections—After projecting five-year outcomes, we then projected the per-
person life expectancy and mean lifetime HIV treatment costs for patients starting ART at
CD4 <350/μl compared to those starting at CD4 <250/μl. We used these outcomes to
produce incremental cost-effectiveness ratios; sensitivity analyses were used to examine the
impact of key input parameters on the cost-effectiveness results.

CEPAC-International Model
The Cost-Effectiveness of Preventing AIDS Complications (CEPAC) International model is
a state-transition model of HIV disease in resource-limited settings, with data derived for
several country-specific analyses, including South Africa (16, 20, 21). Briefly, a cohort of
hypothetical patients pass one at a time through “health states,” in monthly cycles, from
entry into HIV care until death. Health states are defined to be both clinically and
economically relevant and are stratified by current CD4 count, current HIV RNA level, and
history of opportunistic disease. Opportunistic diseases are categorized into the following
groups based on etiology, severity, and similarities in prophylaxis and treatment: mild or
severe bacterial infections, mild or severe fungal infections, tuberculosis, toxoplasmosis,
non-tuberculous mycobacteriosis, Pneumocystis jiroveci pneumonia, and other mild and
severe diseases (5). Deaths in the model occur from acute opportunistic events (within 30
days of the event), chronic AIDS (not within 30 days of an opportunistic disease), or non-
HIV-related causes (22).

Effective ART in the model functions to suppress HIV RNA and increase CD4 counts (23,
24). Above and beyond the beneficial effect of increased CD4 count on opportunistic
diseases and chronic HIV-related death (5), antiretroviral therapy per se results in an
additional reduction in opportunistic diseases and chronic HIV-related death, as recently
reported in Côte d'Ivoire and in the US (25, 26). Clinical assessments are assumed to occur
every 3 months, and CD4 and HIV RNA testing every 6 months while on therapy, consistent
with South African recommendations (27). According to current standard of care, the model
utilizes two sequential lines of antiretroviral therapy; the second-line is initiated when
observed CD4 count decreases by 30% from its peak observed on-treatment level, or when a
severe opportunistic disease is observed at least 6 months after initiating therapy (27). In
accordance with current treatment guidelines, the second regimen for each patient is
continued until death (7, 28).

Input Parameters
Description of trial-eligible patients for short-term projections—For the short-
term projections, we developed a hypothetical cohort of HIV-infected patients with the
appropriate clinical attributes (Table 1). We defined both a prevalent HIV-infected cohort --
to indicate those currently infected -- and an incident HIV-infected cohort – to indicate those
who will become infected and trial-eligible during the 5-year horizon (see Technical
Appendix). We used methods previously described to estimate the characteristics (CD4
count and viral load distribution) of the prevalent cohort in South Africa that might be
eligible now if ART were offered to patients with a CD4 count <350/μl (16). For the
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prevalent cohort, the mean CD4 count is 321/μl (SD 146/μl); 21% of patients in this cohort
are eligible for the treatment decision of ART initiation at <350/μl versus <250/μl. We also
used projections from the Actuarial Society of South Africa (ASSA) to forecast the number
of incident HIV infections anticipated over the 5-year trial horizon (29). The incident cohort
has a mean CD4 count of 534/μl (SD 164/μl). In the first year after incident infection, 15%
of patients in this cohort are eligible for the treatment decision of ART initiation at <350/μl
versus <250/μl.

Since the baseline characteristics (CD4 and HIV RNA distributions) of patients in the
prevalent cohort and the incident cohorts differ, survival data were derived separately for
each cohort. Using the CEPAC International model, we initialized the prevalent and incident
cohorts to create a composite picture of the CD4 and HIV RNA distribution of each cohort,
given their duration of infection (16). We projected the survival for HIV-infected individuals
in the absence of ART (for the no ART comparison), and with ART starting at <350/μl or at
<250/μl (16). Annual probabilities of survival (conditional on survival to the beginning of
the year) were calculated by dividing the number of HIV-infected individuals alive at the
end of a given calendar year by the number alive at the end of the previous year. This was
done to reflect a patient's probability of surviving through the year, given that the patient
was alive at the beginning of the year.

Cohort characteristics for the lifetime projections—For the long-term projections,
the simulated cohort was designed to resemble the characteristics of HIV-infected people in
South Africa. Clinical and demographic characteristics were based on data from the Cape
Town AIDS Cohort (CTAC) (5). In the absence of specific data from South Africa, rates of
CD4 count decline, stratified by baseline HIV RNA level, were from the Multicenter AIDS
Cohort Study (MACS) in the US (Table 1) (30). Patients entering the model were assumed
to be initiating HIV care with a mean age of 32.8 years. For the long term projections, we
used a mean baseline CD4 count of 375/μl to simulate enrollment criteria for the “when to
start” trials; 42.5% of patients had baseline HIV RNA >100,000 copies/ml (Table 1).

Opportunistic disease prophylaxis and efficacy of antiretroviral therapy—In
the absence of reported data from South Africa, the efficacy of co-trimoxazole prophylaxis
in the model was derived from clinical trials in Côte d'Ivoire (31, 32). In Côte d'Ivoire,
cotrimoxazole confers protection against bacterial infections, Pneumocystis jiroveci
pneumonia, isospora and malaria, and toxoplasmosis; isospora and malaria are not reported
in the South African data (Table 1) (20). Two sequential antiretroviral regimens were
assumed available. First-line was a non-nucleoside reverse transcriptase inhibitor-based
regimen with a reported 84% of patients experiencing HIV RNA suppression at 48 weeks
(mean CD4 count increase of 184/μl, IQR 108-271/μl) (23). Patients who failed the first-line
regimen received a protease inhibitor-based second-line regimen. In this regimen, we
incorporated the need for “recycled” nucleoside reverse transcriptase inhibitors, with a
published estimate of 71% of patients experiencing HIV RNA suppression at 48 weeks
(mean CD4 count increase of 151/μl, IQR 105-239/μl) (24).

Costs—The analysis considered HIV-associated direct medical resource utilization,
including inpatient days, outpatient visits, laboratory tests and medication costs (19, 33-37).
Direct non-medical costs and indirect costs (i.e. patient time and lost wages) were excluded.
Healthcare utilization was derived from CTAC using a utilization analysis and unit costing
approach (5, 19, 33). Costs were derived according to the number of inpatient hospital days
and outpatient clinic visits associated with each month of routine HIV care in the absence of
opportunistic disease, with each type of opportunistic disease, and during the month of
death.
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Role of the Funding Sources
The funding sources had no input in study design, analysis and interpretation of data, the
writing of the report, or the decision to submit for publication. The corresponding author has
full access to all the data in the study and holds final responsibility for the decision to submit
the paper for publication.

Results
Outcomes projected over a five-year horizon

Over a five-year time horizon, we estimated that 4.7 million HIV-infected people in South
Africa will become eligible to start ART in the CD4 250-350/μl treatment window. Among
such individuals, 1.2 million are eligible now, 1.6 million will be eligible over the next year,
and 1.9 million will become eligible over the ensuing three years.

Assuming that 10%, 30% and 100% of the 4.7 million people are identified and linked to
care, we projected the opportunistic diseases, deaths, and costs over the next five years of
alternative ART strategies while awaiting results of the “when to start” trials (Table 2). At
the conservative HIV diagnosis and linkage to care estimate of 10%, initiation of ART at
<350/μl compared to starting at <250/μl would result in fewer total opportunistic diseases
(1,599,900 vs. 1,622,000) and fewer total deaths (1,664,500 vs. 1,689,700). ART at
CD4<350/μl would also lead to a discounted $142 million cost increase over the next five
years, reflecting the additional treatment costs, which are offset in part by the reduced
incidence of opportunistic diseases. At the maximum (100% diagnosis and linkage to care),
221,000 opportunistic diseases and 253,000 deaths could be averted. In this situation,
additional costs of the ART at CD4<350/μl strategy would exceed $1.4 billion. Figure 2
provides results for the clinical and economic impact if between 10% and 100% of HIV-
infected, eligible patients are identified and present for care. Clinical and cost results move
together; the fewer patients identified, the fewer deaths and opportunistic diseases averted,
and the lower the added total costs of an earlier ART strategy.

The decision criterion for whether to start ART at CD4 <350/μl now
We then examined the probability that the data from the “when to start” trials would provide
enough statistical evidence to state that ART at <350/μl is superior to ART at <250/μl –
confirming the model-based results. If this was certain (100% probability), the incremental
cost-effectiveness of ART at <350/μl compared to ART at CD4 <250/μl was $2,400/YLS,
considering only the costs and benefits over the next five years. Should the probability that
the trials show a benefit to ART at <350/μl decrease to 10%, the incremental cost-
effectiveness over the next five years increased to $27,100/YLS. Using the established
WHO cost-effectiveness guideline (that the cost per YLS is below the 3× GDP threshold), a
policy option to initiate ART at CD4 <350/μl should be used over the next five years as long
as the probability that the trial will confirm model-based results is greater than or equal to
17% (Figure 3). In sensitivity analyses, we varied the composite increase in deaths
associated with ART at CD4 <250/μl compared to ART at CD4 <350/μl from 2-fold more
deaths (base case) to 1.5 fold more deaths. The decreased benefits of ART at <350/μl can
simulate situations either where earlier therapy is less effective on an individual level than
the model projects or where there is lower linkage to care in the ART at <350/μl compared
to the ART at <250/μl due to the absence of clinical trial data. Under such a scenario, a
policy option to initiate ART at CD4 <350/μl should be used over the next five years, as
long as the probability that the trial will confirm model-based results is greater than or equal
to 28% (Technical Appendix, Figure 1).
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Lifetime projections—When long-term outcomes were projected for a cohort with a
mean CD4 count of 375/μl, the no treatment strategy resulted in a mean survival of 3.83
years (4.11 undiscounted), compared to 11.71 years (15.23 undiscounted) with ART at CD4
<250/μl, and 12.48 years (16.27 undiscounted) with ART at CD4 <350/μl (Table 3). The
survival curves corresponding to the ART at CD4 <350/μl and <250/μl strategies diverged
within about one year, after which time they became essentially parallel, when nearly all
patients in the <250/μl strategy have initiated ART; by year 3, therapy initiation at <350/μl
maintained a consistent 6% absolute advantage in the proportion of the cohort alive through
year 10 (Figure 4). Per-person lifetime direct costs were lowest with no ART ($3,930, Table
3). Lifetime costs increased to $12,730 per person with initiation of antiretroviral therapy at
<250/μl and $13,620 with ART at <350/μl. The incremental cost-effectiveness ratio was
$1,100 per year of life saved (YLS) for ART at <250/μl compared to no treatment and
$1,200/YLS for ART at <350/μl compared to <250/μl (Table 3).

Sensitivity analyses on lifetime projections—Because the long-term results
consistently favored ART initiation at <350/μl, we designed the sensitivity analyses to bias
against earlier initiation. Specifically, we examined large decrements in second-line
antiretroviral efficacy in the earlier therapy strategies. Second-line efficacy would have to be
<39% suppressed at 48 weeks – a 32% relative decrease from the base-case – to match the
projected survival with ART at <250/μl. To examine the effect of pill fatigue and failed
retention in care (38, 39), we also considered higher rates of discontinuation of care. We
assumed that some patients who started ART at <350/μl discontinued antiretroviral therapy
at the time they would have switched to second-line regimens, thereby realizing only the
benefits of first-line therapy (though they still received prophylaxis and treatment for
opportunistic diseases). Treatment discontinuation would need to occur in greater than 19%
of patients receiving ART at <350/μl at the time of failure to decrease survival to that
associated with ART at <250/μl. Finally, when we included a third-line antiretroviral
regimen, which may become available in the future, survival and costs increased in both
ART treatment strategies. The incremental cost-effectiveness of ART at <350/μl compared
to at <250/μl was largely unchanged ($1,000/YLS). Detailed results of each of these
analyses, and many others, are provided in the technical appendix (TA Table 4).

Discussion
While “when to start” trials in South Africa and other resource-limited settings will yield
important information in the upcoming 5 to 10 years, this analysis suggests that, until trial
data are available, starting ART at <350/μl would likely yield better clinical outcomes than
starting later, and the magnitude of such benefits multiply with increased rates of HIV
diagnosis and linkage to care. ART at <350/μl is also expected to be highly cost-effective in
the interim. Many of the clinical benefits of starting earlier occur beyond the five-year time
horizon of the trial (manifested in increased life expectancy). Even so, our results suggest it
remains cost-effective over a five-year horizon to start ART at <350/μl, as long as the trial is
anticipated to demonstrate, with a probability greater than or equal to 17%, improved
clinical outcomes with starting ART earlier.

When initiated according to current treatment guidelines, we find that antiretroviral therapy
for HIV infection in South Africa at <250/μl is very cost-effective in the long term with a
ratio of $1,100/YLS (7); for therapy initiation at <350/μl, the cost-effectiveness ratio is
$1,200/YLS. That these ratios are similar suggests that if HIV treatment is worth initiating,
early initiation provides comparable value to later treatment. We specifically designed
sensitivity analyses to see how these results might change and found that very high rates of
drug resistance and pill fatigue would be required to make earlier therapy not cost-effective.
Because the results depend heavily on the frequency of opportunistic diseases at higher CD4
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counts, morbidity rates should be assessed carefully at high CD4 counts, because initiation
of therapy even earlier than CD4 <350/μl in South Africa may be justified.

Conducting the current trials remains critically important in informing the “when to start”
question. Evidence-based guidelines continue to maintain that randomized controlled trials
are the “gold standard” for developing policy; modeling analyses are still considered lower
levels of evidence (40, 41). As such, randomized trials will likely be used as the benchmark
evidence for HIV treatment throughout the world. In the meantime, this model-based
analysis suggests that opening up the option to start ART earlier in the disease course would
very likely improve clinical outcomes, at least until trial results are available. Our results
suggest that there may be 25,000 lives at stake; waiting 5 years to get trial results would
likely be extremely costly in human terms.

Despite findings that ART initiation at CD4<350/μl may be beneficial, one study on patient
characteristics at presentation to care in South Africa suggests that a discussion of earlier
versus deferred ART initiation may not be germane at present; in that study, the mean CD4
count of patients starting antiretroviral therapy was only 96/μl (42). However, as the WHO's
Guidelines for Using HIV Testing Technologies in Surveillance (43) become more widely
implemented, and HIV screening and linkage to care improves, an increasing number of
patients will likely be identified who are eligible for earlier therapy initiation (7). Decisions
need to be made as to how to best optimize their care, and efforts to identify them must
continue, if a policy of earlier therapy is to have a meaningful impact. This analysis
demonstrates that treatment at <350/μl is highly effective and confers similar value to
treatment at <250/μl.

There are instances, however, when a policy of therapy at <350/μl may not be optimal,
specifically if treatment capacity is limited, as is currently the case in many places (16). In
such settings, prioritization is already problematic–whether antiretroviral therapy should be
provided on a first-come first-served basis or on a CD4-based policy (44). With inadequate
treatment capacity, a change to a policy of treatment for all patients with CD4 <350/μl,
without prioritization for the sickest patients, could result in more deaths in the near term,
not fewer, even if earlier therapy is associated with long-term benefits. Thus, guidelines that
move towards antiretroviral therapy initiation at higher CD4 counts should only be
implemented if there is adequate capacity to treat all of those eligible and at highest risk.

The results of this analysis should be interpreted within the context of several limitations.
First, this analysis does not represent an assessment of the estimated value of perfect
information (EVPI), which would examine whether the trial is “worth doing.” Rather, with
trials already enrolling, we address the question of the optimal clinical strategy while
awaiting results of those trials. Second, input data are incorporated from multiple sources.
While uniformly derived, not all data are from similar cohorts in South Africa. Sensitivity
analyses demonstrate that within reasonable reported ranges, the major conclusions are
robust to these data estimates. Third, in international settings where CD4 testing is not
universally available, implementation of ART strategies by CD4 threshold may require
investments in infrastructure. This model also does not account for the potential benefits of
antiretroviral therapy, unrelated to opportunistic diseases, that might be attributable to
treatment at CD4 thresholds higher than the current standard of care (45). We also do not
capture any additional benefits in preventing HIV transmission due to viral load reduction
that earlier ART may confer (46). To the extent that these benefits occur, earlier therapy
would be even more advantageous. Finally, in many African countries, earlier therapy may
have other additional benefits because of higher rates of malaria and bacterial diseases than
those documented in South Africa (5, 31).
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As ongoing “when to start” randomized trials in resource-limited settings continue to enroll
and accrue follow-up toward the primary outcomes, decisions must be made now regarding
the optimal ART initiation policy in these settings. While awaiting trial results in settings of
adequate treatment capacity, this study demonstrates that it is likely both effective, and very
cost-effective, to liberalize the opportunity for antiretroviral therapy to be initiated at CD4
counts <350/μl in South Africa.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Decision tree outlining the ART strategy options over the next five years while awaiting
“when to start” trial results. The payoffs in terms of both clinical outcomes and costs are
delineated to the right of the tree. The probability, “p”, represents the chance that the trial
will demonstrate a clinical benefit to ART at <350/μl. Using a cost-effectiveness
willingness-to-pay threshold of 3 × the per capita GDP in South Africa ($16,200/YLS), the
tree suggests an optimal policy of ART at <350/μl now for values of p such that:

As described in the Results section, values of p ≥ 0.17 satisfy this decision rule.
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Figure 2.
Model-based projections over the next five years, under an ART at <350/μl (in white) and an
ART at <250/μl (in black) initiation strategy. Total deaths are indicated by squares and total
opportunistic diseases by diamonds for the two strategies (left vertical axis). The excess total
costs of ART at <350/μl compared to ART at <250/μl over a 5-year horizon are indicated by
bars (right vertical axis). The x-axis represents results at varying proportions of HIV cases
identified and linked to care in the population. (OD: opportunistic disease)
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Figure 3.
The incremental cost-effectiveness of ART at <350/μl vs. ART at <250/μl at alternative
values of “p”, the probability that the trial will confirm model-based results indicating a
benefit for earlier therapy (see Methods and Figure 1). The incremental cost-effectiveness is
provided for the 5-year time horizon and reported in dollars per year of life saved. (YLS:
years of life saved, GDP: per capita gross domestic product in South Africa (US$5,400)).
The height of the bar provides the cost-effectiveness ratio of ART at <350/μl vs. ART at
<250/μl for alternative values of p; bars that remain below the horizontal dashed line (<3×
GDP) are considered to be “cost-effective” and those that remain below the horizontal
dotted-dashed line (<1× GDP) are considred to be “very cost-effective.”
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Figure 4.
Model-generated survival curves for ART starting at <350/μl, <250/μl, or no ART (co-
trimoxazole alone). The annual mortality hazard two years after entry into care was 0.01 for
ART at <350/μl, 0.05 for ART at CD4 <250/μl, and 0.06 with no ART. Two years after
entry into care, the composite annual hazard of severe opportunistic disease, tuberculosis, or
death was 0.06 for ART at <350/μl, 0.16 for ART at CD4 <250/μl, and 0.17 with no ART
(data not shown).
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Table 1
Model input parameters

Variable Base-Case Value References

Baseline cohort characteristics

Mean Age (years) 32.8, SD=9 (5)

Gender distribution (% male) 55 (5)

Mean CD4 count (cells/μl)

 5-year projections (prevalent cohort) 321, SD=146 (16)

 5-year projections (incident cohort) 534, SD=164 (16)

 Long-term projections 375, SD=10 Assumption

HIV RNA distribution (%) (28)

 >100,000 copies/ml 42.5

 30,001-100,000 copies/ml 28.3

 10,001-30,000 copies/ml 17.9

 3,001-10,000 copies/ml 7.8

 501-3,000 copies/ml 2.3

 ≤ 500 copies/ml 1.2

Natural history of disease

Monthly CD4 decline (cells/μl) (30)

 >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

 ≤500 copies/ml 3.0

Monthly risk of severe opportunistic diseases (%)* (Range by CD4) (5)

 Bacterial 0.08-0.71

 Fungal 0.02-2.22

 Tuberculosis 0.21-1.96

 Toxoplasmosis 0.00-0.06

 Non-tuberculous mycobacteriosis 0.00-0.30

 Pneumocystis jiroveci pneumonia 0.00-0.12

 Other WHO stage 4 defining diseases 0.25-2.57

Monthly risk of mild opportunistic diseases (%) (Range by CD4) (5)

 Fungal 0.59-3.51

 Other 2.51-3.11

Monthly risk of HIV-related death (%) (Range by CD4) (5)

 With no OD history 0.09-3.33

 With OD history 0.29-7.94

Efficacy of antiretroviral therapy (HIV RNA suppression rate at 48 weeks)

 First-line therapy† 84% (23)

 Second-line therapy† 71% (24)

Efficacy of cotrimoxazole (% reduction in probability of occurrence)
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Variable Base-Case Value References

 Bacterial, severe 49.8 (31, 32)

 Toxoplasmosis 83.3 (31, 32)

 Pneumocystis jiroveci pneumonia 97.3 (20)

Costs (2006 US$)

 First-line ART, monthly 24 (36)

 Second-line ART, monthly 47 (36)

 Cotrimoxazole, monthly 1 (34)

 Routine care (range by CD4 count), monthly 10-129 (5, 19, 33)

 Inpatient hospital care, per day 221 (19)

 Outpatient clinic care, per visit 11 (19)

 CD4 count, per test 10 (35)

 HIV RNA, per test 49 (35)

SD: standard deviation, ART: antiretroviral therapy, OD: opportunistic disease

*
Risk of opportunistic disease varies by CD4 stratum, divided into <50/μl, 51-200/μl, 201-350/μl, 351-500/μl, >500/μl

†
First-line ART: non-nucleoside reverse transcriptase inhibitor-based regimen; Second-line ART: protease-inhibitor based regimen
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Table 2
Clinical and economic outcomes over the next five years from starting ART at <350/μl or
at <250/μl in South Africa while awaiting trial results

Strategy Total Opportunistic Diseases Total Deaths Discounted Total Costs ($)

At 10% HIV case identification and linkage to care

ART at CD4 <350/μl or OD 1,599,859 1,664,458 9,974,640,200

ART at CD4 <250/μl or OD 1,621,969 1,689,739 9,832,663,100

Difference (<350/μl minus <250/μl) (22,110) (25,281) 141,977,100

At 30% HIV case identification and linkage to care

ART at CD4 <350/μl or OD 1,406,618 1,348,856 10,436,784,100

ART at CD4 <250/μl or OD 1,472,947 1,424,699 10,010,852,800

Difference (<350/μl minus <250/μl) (66,329) (75,843) 425,931,300

At 100% HIV case identification and linkage to care

ART at CD4 <350/μl or OD 730,272 244,249 12,054,287,800

ART at CD4 <250/μl or OD 951,370 497,059 10,634,516,900

Difference (<350/μl minus <250/μl) (221,097) (252,810) 1,419,770,900

OD: opportunistic disease

( ): denotes fewer ODs and deaths with ART at <350/μl
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Table 3
Life expectancy, cost, and cost-effectiveness of strategies for HIV care in South Africa

Strategy Discounted Per Person
Lifetime Cost ($)

Discounted (undiscounted) Per
Person Life Expectancy (Years)

Incremental Cost-Effectiveness
Ratio ($/YLS)†

Base-Case

 No Treatment 3,930 3.83 (4.11) —

 ART at <250/μl or OD 12,730 11.71 (15.23) 1,100

 ART <350/μl or OD 13,620 12.48 (16.27) 1,200

ART: antiretroviral therapy; TB: tuberculosis; YLS: year of life saved; OD: opportunistic disease

*
Years and costs are discounted at 3% per year.

†
Incremental cost-effectiveness ratios are calculated compared to the next less costly strategy. Due to rounding, the incremental cost-effectiveness

ratios may not match exactly the ratios of lifetime costs and projected survival reported in the table.
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