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Abstract

Background: Raising the guidelines for the initiation of antiretroviral therapy in resource-limited settings at CD4+ T-cell counts of 350 cells per microliter raises concerns about feasibility and cost. We examined costs of this shift using data from Uganda for almost 10 years.

Methods: We projected total costs of earlier initiation with combined antiretroviral therapy, including inpatient and outpatient services, antiretroviral treatment and treatment for limited HIV-related opportunistic diseases, and benefits expressed in years-of-life-saved over 5- and 30-year time horizons using a deterministic economic model to examine the incremental cost-effectiveness ratio (ICER), expressed in cost per year-of-life-saved (YLS).

Results: The model generated ICERs for 5- and 30-year time horizons. Discounting both costs and benefits at 3% annually, for the 5-year analysis, the ICER was $695/YLS and $769 in the 30-year analysis. The results were most sensitive to program cost and the discount rate applied, but they were less sensitive to opportunistic infection treatment costs or the relative-risk reduction from earlier initiation. Program costs varied from 25% to 125%, and the ICER for the lower bound decreased to $491/YLS at 5-years and $574/YLS at 30 years. For the upper bound, the ICER increased to $899 for 5-years and $964 at 30-years. The budget impact of adoption, assuming the same level of program penetration in the community, is $261,651,942 for 5 years and $872,685,561 for 30 years.

Conclusions: Our model showed that earlier initiation of combined antiretroviral therapy in Uganda is associated with improved long-term survival and is highly cost-effective, as defined by WHO-CHOICE.
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INTRODUCTION

The expansion of combination antiretroviral therapy (ART) in Africa has dramatically changed HIV/AIDS from an illness with almost certain short-term death to a chronic disease.1 Early antiretroviral therapy guidelines for resource-limited settings recommended eligibility for treatment when a patient's CD4+ T-cell count reached 200 cells per microliter or below.2 The majority of patients initiated therapy with much lower CD4+ counts.3,4 In 2010, the World Health Organization (WHO) issued guidance to resource-constrained settings to expand the eligibility of the treated population by recommending the initiation of ART earlier, when a patient's CD4+ T-cell count reached 350 cells per microliter or less or was clinically necessary.5 These recommendations were in line with recommendations adopted by developed countries several years earlier.6

CD4+ cell count is well understood to be an important prognostic factor in ART patients, with lower CD4+ counts strongly associated with increased risk of mortality.7,8,9,10 However, expanding eligibility to a larger number of patients is associated with short-term feasibility challenges and costs. For these reasons, donors were initially reluctant to support the shift to earlier initiation, and many countries maintained eligibility at ≤200 cells per microliter or demonstrated a progressive improvement to ≤250 cells per microliter.11 Most, but not all, countries have now applied the earlier initiation threshold, but the relative cost-benefit analysis of earlier initiation is still debated,12 and in many places, the policy is initiated passively, with little attempt to encourage people to present to care earlier.13

In addition to improved survival after early initiation of ART, other benefits of early initiation are becoming apparent. Early initiation of ART (1) improves life expectancy, (2) decreases the likelihood of developing serious coinfections, including tuberculosis, and (3) decreases the need for hospitalization.7,9,14 There is convincing evidence that ART also reduces transmission of HIV to sexual partners.15,16 Yet increasing the number of patients on therapy to improve their disease status represents a fundamental challenge to optimal public health, due primarily to financial or structural constraints.17 Multilateral funding for HIV/AIDS is decreasing, and many countries are reticent to provide new slots for patients.18,19,20 The aim of this article is to determine if increasing the eligibility threshold for the initiation of ART from 200 to 350 cells per microliter can be cost-effective, as defined by WHO-CHOICE, in a developing country.
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METHODS

Cohort Characteristics

Our study used data collected by The AIDS Support Organization (TASO). The TASO cohort has been described elsewhere.21 Briefly, TASO was founded in 1987 and has since provided care to more than 200,000 patients in Uganda, that is, providing counseling, free access to ART, and regular health care for the treatment of opportunistic infections (OIs), while actively attempting to retain patients and avoid loss to follow-up. It began free distribution of antiretrovirals in 2004 and currently provides services to 24,000 patients at 11 sites throughout Uganda. We have previously reported on clinical outcomes within this cohort, including CD4+ cell counts, mortality data, and life expectancy aggregated by sex and age.21,22,23,24 The TASO cohort is one of the oldest and largest of its kind in Africa and is generalizable to many resource-limited settings because it captures data nationwide across a variety of patient experiences and provides low-cost HIV care based on care provided by a mix of physicians, clinical officers, community workers, and expert patients. In addition, laboratory services are minimal and offer CD4 evaluations nonroutinely, and ART is delivered in a decentralized manner.21

The cohort for this analysis includes 22,315 patients initiated since 2004, older than 14 years, and with a median baseline CD4+ cell count at presentation of 142 cells per microliter (interquartile range, 80–230 cells per microliter). Overall, 69.4% were female, and the median age was 37 years, and the median follow-up period was 31 months. More than 85% of cohort members maintained at least 95% adherence to their prescribed ART regimen. Patients initiating antiretroviral therapy typically received a non–nucleoside reverse transcriptase inhibitor with first-line treatment with fixed-dose combinations comprising nevirapine or efavirenz plus lamivudine and stavudine; second-line therapy consisted of boosted lopinavir, didanosine, and zidovudine.
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Study Design
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Our study was conducted from the perspective of the state ministry of health. We included the expected cost of death and excluded indirect costs, including transportation to and from health centers and costs of foregone productivity (lost wages due to illness or death, etc)25 from the primary analysis. These costs are examined in the sensitivity analysis. Time horizons selected are of use to a decision maker because they incorporate the normal time horizon for planning (5 years) and include the likely longevity of expenses and benefits associated with the comparators, over the expected life span of a patient in this setting (30 years).14

The majority of ART recipients in the southwestern Rakai district in a recent report had monthly incomes of <US$6 and spent between 10%–50% of their income on travel to and from ART clinics.26 The same source article reported a mean waiting time at the clinic of 8.36 hours, discouraging participation in ART programs. A truly societal perspective would account for these lost hours and expenses, which we have included in the sensitivity analysis.

Our main outcome measures are years of life saved (YLS), budget impact of expanded ART provision, and the cost-effectiveness of the new initiation threshold. We define the cost-effectiveness of <350 cells per microliter as the incremental cost per YLS. All costs and YLS were discounted 3%, with various discount rates tested in sensitivity analysis, as per accepted practice.27 In the absence of data with which to conduct a cost-utility analysis, this cost-effectiveness model was deemed appropriate.

In 2010, 39% of currently eligible Ugandan persons living with HIV/AIDS were receiving ART (201,400 patients), compared with 53% at the end of 2009 under the previous guidelines, as the total number of eligible patients has increased from 380,000 to 520,000.28 We assume that coverage will reach the same level as the previous regimen meaning that the total number of patients receiving ART will be 275,600 (520,000 × 0.53) increased from 201,400. Our primary results reflect the budget impact of such an increase in coverage.

Survival data from the TASO cohort formed the basis of the analysis, using survival curves stratified by initial CD4+ cell count.22 We used the survival curves from the 100 to 199 per microliter range and 200 to 350 cells per microliter. The survival curves estimate mortality for the first 12 years for patients initiating under the <200 cells per microliter threshold to be 4.782%, increasing to 6.387% for the subsequent 12 years, and then 7.04% for the remaining years in the model. For patients initiating at the <350 cells per microliter threshold, initial mortality is estimated at 4.017% for 12 years, then 4.972% for the subsequent 12 years, and 5.729% for the remaining years in the model. The incremental cost-effectiveness ratio (ICER) results will be conservative because the <200 cells per microliter does not include the very low CD4+ cell counts (<100 cells). All mortality rates were converted to transition probabilities for use in a deterministic Markov model, using the standard transformation.29 A Markov model was selected due to the number of variables considered and the time horizon employed.

One of the main expected clinical differences between CD4+ strata is the incidence of OIs. The most common OI of clinical concern is tuberculosis, and we include the expected costs per incident in our analysis. The number of incident tuberculosis cases for patients initiating at <200 cells per microliter is 20.5 per 1000 patients annually. Based on the published data from Haiti, earlier ART initiation illustrated a protective effect, reducing incident cases of tuberculosis by 50% (with a range tested in sensitivity analysis),7 which was thus applied to the earlier-initiating group. The rate was converted to a transition probability for use in the model.

We also assumed a preventive role of ART, as treatment of index patients dramatically reduces the likelihood that they transmit to another patient.16 The benefits of ART in preventing new infections are assumed to increase when a patient is initiated at an early stage because they are more likely to be healthy enough to continue active sexual behaviors. Following methods used at TASO previously, we included the cost savings associated with HIV infections averted, estimating 86.3 infections averted per 1000 patients in the first 2 years, and limiting the preventive benefit from ART to that period. Our estimate of the annual savings from infections averted was calculated as the annual cost of ART × the number of infections averted in year 2, with the conservative assumption that that number would not increase, and with each group's respective mortality rate applied to the number of remaining infections averted each year. Univariate sensitivity analysis was used to assess the impact of this factor on the incremental cost per year-of-life-saved (YLS).

Back to Top

Costs

Recent data has estimated the cost of ART provision in PEPFAR programs in Uganda at $843, expressed in 2009 USD, and this represents our base-case assumption. Costs per episode of tuberculosis ($46.02) are based on hospitalization costs from a microcosting study conducted at TASO and are inflated to 2009 US$ for our primary analysis, as is the cost of death, $614.30 The most recent UNAIDS data cite a cost of US$791 per patient on ART in Uganda in 2005, and this figure is considered in sensitivity analysis.31

WHO defines an intervention as “highly cost-effective” if the cost per disability adjusted life year (DALY) is less than per capita gross domestic product (GDP), “cost-effective” if the cost is less than 3 times GDP per capita, and “not cost-effective” if the cost is more than 3 times GDP per capita.32 In the absence of relevant utility data, we have restricted our analysis to YLS. Uganda's purchasing-parity-adjusted per capita GDP for 2009 is estimated at $1200 in the CIA Factbook. The WHO benchmark must also consider the context of the intervention in relation to other public health programs being funded from a finite supply of resources: only when other, more cost-effective programs have been fully implemented should the expansion of a given program be funded. We used a deterministic analysis in Microsoft Excel for all cost-effectiveness analyses (version 2011. 14.1.2).
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RESULTS

In the primary analysis, the goal of 53% coverage of the eligible population of 520,000 under earlier initiation will cost an additional $261,651,942 (budget impact) and yield an additional 329,794 extra YLS for the 5-year analysis. Over 30 years, earlier initiation will cost an additional $872,685,561, yielding an additional 1,113,689 YLS. The ICER for earlier initiation is $695/YLS for 5 years, and it is $769 at 30 years. Both ICER values fall within the WHO-CHOICE definition of highly cost-effective, because they represent less than per-capita GDP.
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Sensitivity Analysis

ART Program costs varied around the 2009 PEPFAR estimate ($843) by ±25%, from $632 to $1054. The 5-year ICER at a program cost of $632 was $491/YLS and $574 at 30 years. At a program cost of $1054, the 5-year ICER was $899, and the 30-year ICER was $964 (see Table 2).
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Cost of treatment for tuberculosis varied from 50% to 150%, separately from the overall program costs. At the lower values, the 5-year ICER was $705/YLS, and at 30-years, it was $771. At the higher values, the 5-year ICER was $685/YLS and at $767 30-years.

The base-case assumption for incidence of tuberculosis was 20.5 per 1000 patients annually. Protection against tuberculosis attributed to ART was assumed to be 50%.7 Varying the protection from 25% to 75%, the ICER ranged from $684 to $705 at 5 years and $767 to $772 at 30 years. Excluding the cost of death resulted in a 5-year ICER of $794 and $775 at 30 years.

We also considered the impact of a broader perspective on the results. Based on a mean unskilled annual wage rate of $2507,33 we estimated the mean hourly wage to be $1.00. We further estimated the travel and miscellaneous costs of obtaining ART to be $0.65 per visit. With quarterly visits, this adds $36.04 (($8.36 + 0.65) × 4) to the program's cost. This increased the ICER for 5 years to $730 and $802 for 30-years.

In accordance with the US Panel's guidance, the discount rate was analyzed at 0%, 5%, and 7% with a base-case value of 3%. At 0%, earlier initiation cost was $700/YLS at 5 years, and at 30 years, the ICER was $711. At 5%, the 5-year ICER was $692/YLS, and it was $767 at 30 years. At 7%, the 5-year ICER for earlier initiation was $688/YLS, and it was $764 at 30 years (see Tables 2, 3).
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DISCUSSION

Our results indicate that expansion of ART in Uganda is cost-effective by the benchmark definition proposed by WHO-CHOICE. Our baseline ICERs represent conservative estimates, as we expect that the earlier initiation threshold will generate more averted infections.16 By increasing the rate of averted infections by the new guidelines from 86.3 to 172.6, the ICER decreases to $668 in the 5-year analysis and $710 at 30 years. It is possible that the prophylactic effect of ART will be the source of substantial societal benefit, and evidence of this effect is growing. Additionally, we have limited the prevention effect to only the first 2 years of analysis, although its benefit may be persistent. It should be noted that tuberculosis does not represent the only cause of disease, and the protective effect of ART could be extended to other common OIs, such as bacterial or fungal infections or malignancies. Our findings are consistent with recent studies demonstrating consistently lower costs, both inpatient and outpatient, associated with ART initiation at higher CD4+ cell counts.34,35 In addition, the greater tolerability associated with the use of tenofovir in first-line therapy—the other major recommendation made by the 2010 guidelines—would result in fewer patients switching lines of therapy, and likely lower costs, especially if the price of tenofovir decreases.36

A limitation of the study is that the survival curves from our cohort project an enduring benefit from ART that has yet to be demonstrated in lengthy follow-up.14 The data are based on 10 years of reporting and are the basis for 30-year survival curves, and so greater uncertainty is attached to all reported 30-year figures. In addition, considering survival as the only clinical end point, while straightforward and comprehensible, limits the potential benefits under consideration. Our study would be enhanced by a full cost-utility analysis, if detailed information on costing and quality of life was available, and a model of the natural progression of the disease in the TASO cohort was used. We would expect earlier initiation to remain cost-effective if such data were analyzed because substantial quality-of-life gains could be made in the avoidance of OIs. Critically, in cohort studies, earlier initiation has demonstrated greater impact on progression to AIDS than on mortality.8 The inclusion of productivity costs such as absenteeism from work, the value of volunteer caregivers' time, lost economic productivity due to morbidity and mortality, and lost leisure time would provide a truly societal perspective but fall outside the scope of our analysis.

It is conceivable that the scaling up of ART programs and increased output may reduce marginal cost through better negotiated pricing for drugs and more efficient use of existing facilities.37 However, there is a very real risk that the existing shortage of trained staff will prove to be the bottleneck in the system, limiting the potential savings made due to economies of scale. Sub-Saharan Africa currently has a shortage of trained health personnel, estimated at 5 million workers.38 A recent analysis of PEPFAR-sponsored HIV treatment centers across several countries identified falling costs associated ART recipients on therapy for longer than 6 months.39 We have not assumed falling costs, as further study is required to determine the mechanism by which such results are realized.

Beyond the cost implications of program expansion in Uganda, critical social and systemic factors impede its implementation. Weaknesses in the health system itself are manifested in stock-outs of drugs for patients on treatment regimens and increased waiting time for newly accepted patients. Other systemic problems include poor patient confidentiality and poor preantiretroviral care, that is, monitoring of high CD4+ patients until initiation criteria are met, discouraging subsequent program participation. Stigma associated with HIV/AIDS may lead to the delay in HIV testing. Most important, without an active program aimed at identifying eligible patients, patients will simply continue to present late in their disease and the benefits will be limited.

The current international economic crisis has already had a large impact on the perception and funding of AIDS programming through both the US Global Health Initiative and the Global Fund to Fight AIDS, TB, and Malaria, resulting in a shortage and flatlining of new funds.20 Therefore, whether there will be additional funds to provide for new patients is a matter of current debate. New patients on treatment will result in more drug expenses. However, less sick patients will result in less complex care and less patients admitted to inpatient or advanced services. Organizations, such as TASO, have overcome many of the financial challenges by simplifying care and decentralizing services.40 ART care that was once provided by physicians at health centers can now be provided by lower cadre health workers at community distribution points. There is no current evidence to suggest that this importantly compromises care.40

There is now debate about the merits of CD4 thresholds as an indication for the initiation of ART as early starting of ART,41 for example, at the time of diagnosis and readiness will result in decreased long-term immune damage, reduce the likelihood of immune reconstitution inflammatory syndrome, and decrease the potential for transmitting the virus to others. However, the debate is polarized by the focus on saving more lives (among those already infected) or preventing new infections. Targeting universal access (a target of greater than 80%) to care assumes a rationing of care while targeting immediate seek and treat assumes that rationing is less important. This debate is not yet resolved within the international funding community.
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CONCLUSIONS

Our results indicate that the implementation of the new CD4+ cell count threshold for cART initiation in Uganda is cost-effective, according to the definition suggested by WHO-CHOICE. It should be noted that such thresholds are moving targets, in that they reflect both the current state of clinical evidence and the fiscal realities faced by governments. The earlier initiation of ART in developed countries represents evidence to this effect. In the Ugandan context, increasing access to ART must compete for funding with other public health initiatives already in use, such as childhood immunization, cotrimoxazole prophylaxis, and adult male circumcision programs, which have demonstrated significant cost-effectiveness. ART represents an opportunity to reduce both new infections and mortality in specific patients, and the adoption of the new guidelines expands this benefit to more Ugandans.
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access to ART

*Weighted annual cost.
FCost per incident.
FIncidence/1000 patients.
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Variable Value Year) Year) Source
Program cost™ $843 $695 $769 Base case,
Menzies et al
(011)
$632 $491 $574 —25% of base case
$1054 $899 $964 +25% of base case
$791 $645 $721 UNAIDS (2010)
$879 $730 $802 Kunihara (2010)
Expert
Discount rate 0% $700 $772 Base case
3% $695 $769
5% $692 $767
7% $688 $764
OI Costst
Tuberculosis $46.02 $695 $769 Base case,
Marscilles et al
(2009)
$23.01 $705 $771 —50% of base case
$69.03 $685 $767 +50% of base case
OI Incidence
Rate}
Tuberculosis 20.5 $695 $769 Base case,
Marseilles et al
(2009)
1025 $705 $771 —50% of base case
30.75 $685 $767 +50% of base case
Ol odds ratio 0.5 $695 $769 Base-case,
Severe et al
(2009)
0.25 $684 $767 —50% of base case
0.75 $705 $772 +50% of base case
HIV infections 86.3 $695 $769 Base case,
averted Marscilles ct al
(2009)
0 $724 $833 —
172.6 $668 $710 +100% of base

case

*Weighted annual cost.
‘FCost per incident.

fIncidence/1000 patients.






