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Abstract

:

Improvement of antiretroviral therapy (ART) regimen switching practices and implementation of pretreatment drug resistance (PDR) testing are two potential approaches to improve health outcomes for children living with HIV. We developed a microsimulation model of disease progression and treatment focused on children with perinatally acquired HIV in sub-Saharan Africa who initiate ART at 3 years of age. We evaluated the cost-effectiveness of diagnostic-based strategies (improved switching and PDR testing), over a 10-year time horizon, in settings without and with pediatric dolutegravir (DTG) availability as first-line ART. The improved switching strategy increases the probability of switching to second-line ART when virologic failure is diagnosed through viral load testing. The PDR testing strategy involves a one-time PDR test prior to ART initiation to guide choice of initial regimen. When DTG is not available, PDR testing is dominated by the improved switching strategy, which has an incremental cost-effectiveness ratio (ICER) of USD 579/life-year gained (LY), relative to the status quo. If DTG is available, improved switching has a similar ICER (USD 591/LY) relative to the DTG status quo. Even when substantial financial investment is needed to achieve improved regimen switching practices, the improved switching strategy still has the potential to be cost-effective in a wide range of sub-Saharan African countries. Our analysis highlights the importance of strengthening existing laboratory monitoring systems to improve the health of children living with HIV.
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1. Introduction


In sub-Saharan Africa, the prevalence of pretreatment drug resistance (PDR) to non-nucleoside reverse transcriptase inhibitor (NNRTI)-based antiretroviral therapy (ART) among children living with HIV is increasing, and PDR is associated with an increased risk of virologic failure [1,2]. In 2013, the World Health Organization (WHO) updated its guidelines to recommend protease inhibitor (PI)-based ART as the empiric first-line regimen for children initiating ART before 3 years of age [3,4,5]. However, these guidelines also continued to recommend NNRTI-based first-line ART for children initiating ART at 3 years of age or older [3]. Because PDR mutations persist as minority variants [6,7], this recommendation leaves children initiating ART in this older age group at increased risk of virologic failure.



Despite efforts to expand early infant diagnosis programs, nearly 40% of HIV-exposed infants are not retained in care long enough to definitively determine their HIV status [8]. As a result, some children living with perinatally-infected HIV, including those who are infected through breastmilk, go undiagnosed until they are 3 years or older. ART coverage in children living with HIV remains low (58% in eastern and southern Africa and 33% in western and central Africa) [9], and a substantial number of children likely initiate ART after 3 years of age [10,11,12,13]. This means that a substantial number of children are initiating NNRTI-based ART as their first-line regimen because they miss the age window for ART initiation with a PI-based regimen. Therefore, determining optimal diagnostic and treatment strategies to manage PDR and optimize treatment outcomes for this age group remains a priority.



Use of dolutegravir (DTG) is expected to address the challenges associated with PDR to NNRTI-based ART. Although DTG was approved for children in 2019 and is now recommended for use as first-line ART [14], its implementation in low- and middle-income countries (LMIC) has been limited to children weighing more than 20 kg [15], in effect making it available to only children aged 6 years and older [16]. This still leaves children 3 years and older but weighing less than 20 kg at increased risk of virologic failure due to the possibility of having PDR. While DTG formulations for young children weighing less than 20 kg are anticipated to become available in LMIC in the near future [17], the pace of scale-up is likely to vary depending on local health system considerations, with the potential for delayed implementation [18].



In children initiating ART who are 3 years and older, and for whom DTG is not currently an option, there are two diagnostic-based strategies that can potentially address the increased risk of virologic failure associated with PDR. First, introduction of PDR testing could be used to guide choice of first-line regimen, providing PI-based ART for children diagnosed with PDR. To date, the use of drug resistance testing for patient care in sub-Saharan Africa has been extremely limited due to multiple barriers, including the cost of testing and limited laboratory infrastructure [19]. Prior studies suggest PDR testing is unlikely to be cost-effective in adults [20,21,22,23], but similar analyses have not been conducted for children living with HIV. In addition to the prevalence of PDR being higher among children than adults [24], evidence suggests the increased risk of virologic failure associated with PDR may also be higher in children compared to in adults [2,25].



A second diagnostic-based strategy that can potentially improve health outcomes for children with or without PDR is to strengthen viral load testing systems, such that virologic failure is diagnosed in a more timely manner, and to facilitate a faster transition to second-line ART once virologic failure is detected [26]. In 2013, the WHO began recommending viral load testing as the preferred approach to monitor for treatment failure [3]. There is evidence that programs with viral load testing have higher rates of regimen switching compared to programs without viral load testing [27]. However, when compared to the relatively high rates of virologic failure observed among children in LMIC [28], the rate at which children with virologic failure switch to second-line ART appears to remain inappropriately low even when viral load testing is available [27,29,30]. Several factors are likely contributing to missed opportunities for regimen switching, including inadequate communication between clinics and laboratories regarding results; delayed turn-around times; insufficient human resources to meet high patient volume demands; concerns by clinicians about poor adherence to second-line ART; and, in some countries, additional approval requirements by health officials beyond the point of care [31,32]. Although DTG is expected to decrease rates of virologic failure once it is rolled out, similar challenges are likely to continue when virologic failure does occur if not explicitly addressed. Thus, it is important for ART programs and implementation scientists to develop a range of effective approaches to ensure that patients with virologic failure switch regimens in a timely fashion.



In this model-based analysis, we evaluated the cost-effectiveness of two diagnostic-based strategies, PDR testing and improved regimen switching practices when virologic failure is diagnosed on first-line ART, in the context of no dolutegravir availability for children initiating ART at 3 years of age. We then also evaluated the potential cost-effectiveness of improved regimen switching when an appropriate DTG-based ART formulation is available as the first-line regimen for children 3 years of age.




2. Materials and Methods


2.1. Overview


We developed a microsimulation model of disease progression and treatment focused on children with perinatally acquired HIV in sub-Saharan Africa who initiate ART at 3 years of age (see Supplemental Material Sections 1 and 4). Using this model, we simulated HIV disease progression, starting at birth, in a population with an 18% prevalence of PDR to NNRTI-based ART (Supplemental Material Section 2B) [1]. We assume that HIV diagnosis and ART initiation occurs at 3 years of age, and initial viral load testing is performed 6 months after ART initiation and then at 12-month intervals thereafter. For children who survive to the age 3 years, we first modeled comparative clinical and cost-effectiveness outcomes of the status quo and two diagnostic-based strategies in a scenario in which pediatric DTG is not available, over a 10-year time horizon. In the status quo strategy, we assumed that, under current clinical practice, a child diagnosed with virologic failure while on NNRTI-based first-line ART has a 40% probability of switching to PI-based second-line ART (see Supplemental Material Section 2A). In the improved switching strategy, we assumed a child diagnosed with virologic failure while on NNRTI-based first-line ART has an 80% probability of switching to PI-based second-line ART (double compared to status quo). Finally, in the PDR testing strategy, all children are tested for PDR prior to ART initiation, and children diagnosed with PDR initiate ART with a PI-based regimen.



Next, in a separate scenario, we evaluated the cost-effectiveness of diagnostic-based strategies when a pediatric DTG formulation is available and replaces NNRTIs in first-line ART. In this scenario, under the DTG status quo strategy, we assumed DTG-based ART is used as the first-line regimen, which is associated with a lower probability of virologic failure than NNRTI-based ART, and a child diagnosed with virologic failure while on first-line ART has a 40% probability of switching to PI-based second-line ART. In the DTG improved switching strategy, we assumed a child diagnosed with virologic failure while on DTG-based first-line ART has an 80% probability of switching to PI-based second-line ART (double compared to DTG status quo). Because rates of PDR to DTG are currently low, we omitted the PDR testing strategy and only evaluated the comparative clinical and cost-effectiveness of improvements of ART regimen switching practices when virologic failure is diagnosed (DTG improved switching) against the DTG status quo.




2.2. HIV Model


We developed a microsimulation model of disease progression and treatment for children living with HIV, starting at time of birth. Our pediatric HIV microsimulation model was based on an adaptation of a previously published model for adult HIV [23]. It was calibrated to survival outcomes among children (0–60 months old) living with HIV without access to treatment [33,34], as well as rates of opportunistic infection and mortality among children on ART [4,5,35]. Clinical, epidemiologic, and cost parameters were selected to be broadly representative of settings in sub-Saharan Africa. Key model parameter values are shown in Table 1, and a full, detailed description of our model is available in the Supplemental Material. Each child has several individual-level characteristics, including age, CD4%/CD4 cell count, ART regimen status, and PDR status, which are updated at monthly time cycles. Similar to a previously developed pediatric HIV microsimulation model [34,35], CD4% is used for children <5 years of age, and absolute CD4 cell count is used for children ≥5 years [36]. In the absence of effective ART, CD4%/CD4 cell count gradually decreases over time. A child’s risk of acute clinical events, including opportunistic infections, and HIV-related death are stratified by age and CD4%/CD4 cell count [37,38], and children can also die from non-HIV-related causes [39]. Once a child initiates effective ART, their CD4%/CD4 cell count gradually increase over time, and effective ART also decreases their risk of acute clinical events and HIV-related death.




2.3. ART Regimen Assumptions


We assumed that the probability of virologic failure during the first 12 months of ART is higher for children with PDR if they are initially treated with NNRTI-based ART (64.1% probability of virologic failure) compared those with PDR who receive PI-based ART (19.2% probability of virologic failure) and those who do not have PDR and are initially treated with NNRTI-based ART (19.2% probability of virologic failure). These model parameters assume the odds of virologic failure with initial ART are 7.5 times higher (odds ratio = 7.5) for those with PDR receiving an NNRTI-based regimen compared to those without PDR or those with PDR receiving PI-based ART as their initial regimen (see Supplemental Material Sections 2C and 2D). We assumed the probability of virologic failure on DTG-based first-line ART was 9.1% on the basis of extrapolation from adult data on the effectiveness of DTG-based ART relative to NNRTI-based ART (see Supplemental Material Section 2D) [40]. We assumed a child’s PDR status does not alter their probability of virologic failure with DTG-based ART. NNRTI-based ART and PI-based ART were estimated to cost USD 123/person/year and USD 290/person/year, respectively. Although they are not yet available, we assumed that pediatric formulations of DTG-based ART for children <20 kg would cost the same as NNRTI-based ART, given that these 2 regimens have similar costs in adults [43].




2.4. Health and Economic Outcomes


For each strategy modeled, we projected several health outcomes, including proportion of children with viral suppression, proportion of children surviving over time, person-months of ART use, proportion of children using PI-based ART, and total life years (LYs) accrued. To evaluate cost-effectiveness, we also considered the total direct health care costs incurred, reported in 2020 USD. Incremental cost-effectiveness ratios (ICERs) were calculated in terms of USD/LY gained. We adopted a health sector perspective, discounted future costs and benefits 3% annually, and adhered to the recent recommendations of the Second Panel on Cost-Effectiveness in Health and Medicine [49].




2.5. Sensitivity Analyses


To address uncertainty associated with epidemiologic, clinical, and cost parameters, we conducted one-way sensitivity analyses for multiple parameters, including PDR prevalence, probability of virologic failure with PDR on NNRTI-based ART, probability of virologic failure on PI-based second-line ART, and the costs of various components of HIV care (Table 1). Of note, while there are robust data to inform the probability of virologic failure with PI-based second-line ART for settings in which it is used after virologic failure on NNRTI-based first-line ART [41], data are extremely limited for settings in which PI-based second-line ART is used after virologic failure on DTG-based first-line ART. To account for the possibility that children who fail DTG-based ART may also have high rates of virologic failure on PI-based ART due to poor adherence with both regimens, we extended the range of virologic failure probabilities over 24 months on PI-based ART after DTG-based ART explored in sensitivity analysis to include less optimistic values (13.9–40.0% probability of virologic failure) compared to after NNRTI-based ART (13.9–19.4% probability for virologic failure; Table 1).




2.6. Scenario Analyses


In the base-case and sensitivity analyses described above, strategies with increased probability of switching to second-line ART when virologic failure is diagnosed (improved switching or DTG improved switching) do not incur any additional costs to achieve this improved switching, other than the additional cost of PI-based ART relative to first-line ART. However, in reality, any potential intervention designed to address this issue is likely to require financial investment. While some effective interventions have been identified to facilitate timely transition to second-line ART [50], more research is needed to develop a range of effective interventions, as barriers to timely regimen switching may vary depending on local contexts. In order to provide preliminary guidance to implementation scientists in developing these interventions, we conducted a targeted sensitivity analysis where we evaluated how the cost-effectiveness of improved switching strategies changed over a range of intervention costs (per child diagnosed with virologic failure) and levels of effectiveness (improvement in the probability of switching to second-line ART when virologic failure is diagnosed compared to the status quo).





3. Results


3.1. Health Outcomes


When pediatric DTG was not available, the proportion of children with suppressed viral load at 5 years after ART initiation was highest with the improved switching strategy (66.2%; Table 2), followed by the PDR testing strategy (65.0%), and finally status quo (63.7%). Similarly, the proportion of children alive 5 years after ART initiation was highest with the improved switching strategy (71.2%), followed by the PDR testing strategy (71.0%), and finally status quo (69.3%). When DTG was available, the proportion of children with suppressed viral load at 5 years after ART initiation was higher with the DTG improved switching strategy than the DTG strategy (68.3% vs. 67.4%), as was the proportion of children alive 5 years after ART initiation (72.1% vs. 71.4%). Overall, viral suppression and survival outcomes were better when DTG was available compared to when it was not (Table 2).




3.2. Costs


Compared to the status quo, the improved switching and PDR testing strategies incurred 4% and 15% higher total costs, respectively (Figure 1). As these two diagnostic-based strategies had slightly higher survival rates than the status quo, the costs they accrued for viral load testing and outpatient visits, collectively, were slightly greater compared to the status quo (2.2% and 0.9% higher for improved switching and PDR testing, respectively). Person-months of ART use were also increased (4.70, 4.80, and 4.77 million person-months for status quo, improved switching, and PDR testing, respectively; Table 2). In addition, these two strategies also had a higher proportion of children using PI-based ART compared to the status quo (17%, 21%, and 26% for status quo, improved switching, and PDR testing, respectively), which costs more than NNRTI-based ART. For improved switching, increased ART costs made up 81% of the extra costs compared to the status quo. For PDR testing, increased ART costs and PDR testing made up 51% and 46% of the extra costs compared to the status quo, respectively.



Due to higher survival, using DTG as first-line ART for children 3 years of age (DTG status quo) resulted in 1.6% higher costs for viral load testing and outpatient visits, collectively, and more person-months of ART use (84.4 vs. 82.3 per person), compared to the status quo. However, higher rates of viral suppression with DTG were associated with less use of PI-based ART (4.5 person-months vs. 13.7 person-months per person) and a 5% decrease in total costs for DTG status quo compared to the status quo.




3.3. Cost-Effectiveness


Overall, strategies with DTG availability resulted in more LY’s gained compared to strategies without DTG availability (Figure 2; Table 3). When we only considered strategies in which DTG was not available, improved switching gained 131 additional discounted LYs (per 1000 children initiating ART) compared to the status quo, resulting in an ICER of USD 579/LY gained. PDR testing was dominated by improved switching, as improved switching achieved greater health gains (by 33 discounted LYs per 1000 children initiating ART) at a lower cost (by USD 171,167 per 1000 children initiating ART). When we only considered strategies with DTG availability, DTG improved switching gained 43 additional discounted LYs (per 1000 children initiating ART) compared to DTG, resulting in an ICER of USD 591/LY gained.




3.4. Sensitivity Analyses


When we conducted one-way sensitivity analyses, the three parameters that had the greatest influence on the ICERs of the improved switching and DTG + improved switching strategies were the cost of PI-based ART, cost of outpatient care, and cost of viral load testing (Figure 3). Additionally, when we varied the effectiveness of the improved switching strategy, the PDR testing strategy could yield the most life-years gained (among strategies without DTG availability), but only when improved switching increased the probability of switching to PI-based second-line ART when virologic failure is diagnosed from 40% to only 60% or less (instead of 80%). However, this was achieved at a significantly higher cost per life-year gained (USD 10,466/LY gained for PDR testing vs. USD 584/LY gained for improved switching when probability of improved switching to PI-based second-line ART is 60% when virologic failure is diagnosed; Supplemental Material Section 5, Figure S3).




3.5. Scenario Analyses


For the improved switching strategy, if a program spent USD 120 per child diagnosed with virologic failure on a hypothetical intervention to increase the probability of switching to second-line ART when virologic failure was diagnosed, its ICER ranged from USD 764/LY gained (with a 90% probability of switching) to USD 1186/LY gained (with a 50% probability of switching) (Figure 4). When we conducted the same scenario analyses for the DTG + improved switching strategy, the range of ICERs was similar (range; Supplemental Material Section 5, Figure S4), and it increased slightly when we assumed the probability of virologic failure on PI-based ART after using DTG-based first-line ART was higher (40.0% instead of 16.4% over 24 months; Supplemental Material Section 5, Figure S5).





4. Discussion


As ART programs throughout sub-Saharan Africa await the availability of DTG for young children, improvement of ART regimen switching practices and implementation of PDR testing are two potential approaches to improve health outcomes in this population. We used a model-based analysis to evaluate the cost-effectiveness of these two diagnostic-based strategies in a setting without DTG availability for children initiating ART at 3 years of age. We also evaluated the potential cost-effectiveness of improved regimen switching when DTG-based ART was available as the first-line regimen.



In the context of no DTG availability, we found that improving regimen switching practices when virologic failure is diagnosed (increasing probability of switching to second-line ART from 40% to 80%) dominated PDR testing, with an ICER of USD 579/LY gained compared to the current standard of care (Figure 2; Table 3). These results are consistent with a prior model-based analysis in adults, which found that increasing the use of second-line ART was a more cost-effective strategy to address the challenges associated with PDR than testing for PDR prior to ART initiation [22]. Our analysis builds upon this prior work by evaluating the cost-effectiveness of a hypothetical intervention to improve regimen switching practices over a range of potential costs and levels of effectiveness. Even if improving regimen switching practices required an investment of USD 120 (i.e., the approximate cost of an entire year of NNRTI-based ART) per child diagnosed with virologic failure to improve the probability of switching to second-line ART to 70% (from 40%), such an intervention would potentially be cost-effective with an ICER of only USD 850/LY gained (Figure 4) compared to the standard of care. It is worth noting that that an ICER of USD 850/LY gained falls below the GDP per capita, a commonly used cost-effectiveness threshold [51], of a large portion of countries in sub-Saharan Africa [52]. As implementation scientists obtain data on the effectiveness and cost of newly designed interventions, our analysis can guide potential adjustments to increase their effectiveness, lower their cost, or both, such that their interventions are considered cost-effective in the local contexts where they are used. In contrast to PDR testing, which would require the introduction of an entirely new diagnostic system [19], efforts to improve regimen switching practices can begin now.



We found that the availability of DTG-based first-line ART provided greater health benefits than any of the non-DTG-containing strategies, thus supporting the importance of implementing DTG as soon as it is available for young children [17,18]. This finding is not surprising, as we extrapolated from adult data to assume DTG-based ART would achieve lower rates of virologic failure for all children, independent of their PDR status. Prior model-based analyses have shown similar findings in adults in LMIC [20,53]. We found that DTG-based ART could decrease overall costs due to lower rates of virologic failure on first-line ART and thus decreased need for PI-based ART. This finding was based on our assumption that DTG-based ART would cost the same as NNRTI-based ART, similar to adults. However, this assumption is uncertain as DTG formulations for young children and their cost estimates are not yet available. In addition, real-world estimates of rates of virologic failure on DTG-based first-line ART in LMIC are extremely limited in children. Importantly, the purpose of this analysis was not to evaluate whether DTG-based ART is cost-effective relative to NNRTI-based ART, but rather to examine potential strategies that can optimize ART prior to, and perhaps even after, roll-out of DTG for young children. As more DTG cost and real-world effectiveness data become available in the future, additional cost-effectiveness and budget impact analyses can be performed for specific settings.



Although rates of virologic suppression in children are expected to improve as DTG is used more widely, if not addressed, suboptimal regimen switching practices for patients with virologic failure are likely to persist even with DTG use. We found that potential interventions to improve regimen switching practices are likely to be similarly cost-effective when DTG-based ART is the first-line regimen compared to when NNRTI-based ART is the first-line regimen (Supplemental Material Section 5, Figure S4). One of the limitations of this finding is the lack of data to inform the probability of virologic failure on PI-based second-line ART after failing DTG-based first-line ART. However, even when we assumed a higher probability of virologic failure on PI-based second-line ART (40% vs. 16.4% over 24 months), the ICERs associated with this strategy were only slightly higher (Supplemental Material Section 5, Figure S5).



Once DTG becomes more widely available to children, more research will be needed to better understand potential risk factors for virologic failure with DTG-based ART in this population, such as nucleoside reverse transcriptase inhibitor (NRTI) backbone resistance. To date, evidence shows that PI-based ART achieves relatively high rates of viral suppression even with a non-active NRTI backbone, but such evidence is currently lacking for DTG-based ART [54]. If children have virologic failure with DTG-based ART that is functional monotherapy, due to NRTI resistance, switching to PI-based ART may, in fact, achieve relatively high rates of viral suppression. Although PDR testing may not be cost-effective, drug resistance testing could play an important role in guiding clinical decision making when virologic failure on DTG-based ART is diagnosed.



Our model also has some additional limitations. First, our broad focus on sub-Saharan Africa is intended to provide conceptual insights that are widely applicable in LMIC. However, each country will face its own particular considerations. For example, viral load testing may not be accessible for all children on ART, as we assumed. Also, baseline rates of switching to second-line ART when virologic failure is diagnosed are likely to vary by ART program. Second, our scenario analyses imply that the cost of potential interventions to improve regimen switching practices will be directly proportional to the number of children with virologic failure. As implementation scientists advance this work, they may find that some potential interventions experience economies of scale or diminishing returns as they scale-up. Additional analyses can be conducted and tailored to better meet the specifications of new interventions as they are developed. Third, our assumptions about the probability of virologic failure on DTG-based first-line ART are based on extrapolations from adult data. Last, our analysis focused only on children initiating ART at 3 years of age. However, the insights gained by our analysis regarding the potential cost-effectiveness of improving regimen switching practices are likely to have similar implications for children initiating ART at a younger age. Moreover, if implemented among adult men and women, improving switching practices could potentially decrease not only PDR among children but also the incidence of HIV among infants altogether.



In conclusion, while ART programs await the availability of DTG for young children, increased investment to improve regimen switching practices has the potential to be a cost-effective approach for improving health outcomes for children living with HIV. Our analysis provides economic data to further support ongoing calls to strengthen existing viral load testing systems to improve health outcomes [26]. Thus, our findings support investing in efforts to improve adherence to currently existing laboratory monitoring guidelines, rather than expanding or altering them. Interventions developed to improve regimen switching in the era of NNRTI-based ART have the potential to also be cost-effective once DTG becomes available. Finally, more research is needed to evaluate the potential role of drug resistance testing for patients diagnosed with virologic failure on DTG-based ART.
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Figure 1. Total undiscounted costs for each strategy broken down by category. Costs are per 1000 children initiating ART over a 10-year time horizon. 
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Figure 2. Incremental costs and health benefits of strategies compared to the status quo. Incremental costs and health benefits are per 1000 children initiating ART over a 10-year time horizon. No incremental cost-effectiveness ratio (ICER) was calculated for pretreatment drug resistance (PDR) testing because it was dominated by improved switching (PDR testing gained fewer life years (LYs) at a greater cost compared to improved switching). 
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Figure 3. One-way sensitivity analyses of key model parameters. (A) Improved switching strategy. ICER values are for improved switching compared to status quo; the vertical bar represents the improved switching ICER from the base-case (USD 579/LY gained). (B) DTG improved switching strategy. ICER values are for DTG improved switching compared to DTG status quo; the vertical bar represents the DTG improved switching ICER from the base-case (USD 591/LY gained). Each horizontal bar presents the range of ICERs obtained when varying the corresponding single model parameter across the range of values we explored. The ranges of parameter values we explored are presented after each parameter label as (base-case value; parameter input value associated with lowest ICER—parameter input value associated with highest ICER). In the one-way sensitivity analysis of “probability of VF with PDR on NNRTI-based ART”, the odds ratio refers to the ratio of the odds of virologic failure for those with PDR on NNRTI-based ART compared to those with either no PDR on NNRTI-based ART or those with PDR on PI-based ART (“PDR to no PDR odds ratio”). Values for the probability of virologic failure corresponding to an odds ratio (OR) of 2.0 and an OR of 15.0 are explained in the footnotes of Table 1. VF = virologic failure; OR = odds ratio. 
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Figure 4. Cost-effectiveness of improved switching strategy relative to status quo over a range of strategy effectiveness and cost per child diagnosed with VF. VF = virologic failure. 
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Table 1. Model parameters for base-case analysis.
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Parameter

	
Base-Case Estimate

	
Range for Sensitivity Analyses

	
Source






	
Probability of virologic failure a

	

	

	




	
Initial ART (over 12 months)

	

	

	




	
No PDR on NNRTI-based ART

	
19.2%

	
16.8–24.6%

	
Boerma et al. [28], Kityo et al. [2]




	
PDR on PI-based ART

	
19.2%

	




	
PDR on NNRTI-based ART

	
64.1%

	
39.5–75.2%




	
Dolutegravir-based ART

	
9.1%

	

	
Boerma et al. [28],

Dugdale et al. [40]




	
Second-line ART (over 24 months)

	

	

	




	
PI-based ART after NNRTI-based first-line ART

	
16.4%

	
13.9–19.4%

	
Boerma et al. [41]




	
PI-based ART after DTG-based first-line ART

	
16.4%

	
13.9–40.0%

	
Assumption




	
Cascade of care

	

	

	




	
Status quo probability of switching to second-line ART

when virologic failure is diagnosed b

	
40%

	

	
Assumption




	
Probability of switching to second-line ART when virologic failure is diagnosed with improved regimen switching practices

	
80%

	
60.0–90.0%

	




	
Probability of lost to follow-up (over 5 years) c

	
15%

	

	
Carlucci et al. [42]




	
Unit Costs (USD) d

	

	

	




	
ART annual cost

	

	

	




	
NNRTI-based ART

	
$123

	

	
Global Fund [43]




	
Dolutegravir-based ART

	
$123

	

	
Assumption




	
PI-based ART

	
$290

	
$123–$400

	
Global Fund [43]




	
Inpatient day

	
$96

	
$15–$400 e

	
IHME [44,45,46,47],

WHO-CHOICE [48]




	
Outpatient visit

	
$32

	
$10–$80

	
IHME [44,45,46,47],

WHO-CHOICE [48]




	
CD4 testing

	
$12

	
$6–$24

	
Duarte et al. [23]




	
Viral load testing

	
$54

	
$10–$80

	
Duarte et al. [23]




	
Resistance testing

	
$125

	
$30–$250

	
Duarte et al. [23]








aSupplemental Material Sections 2C, 2D, and 2E discuss how sources were used to inform assumptions regarding probability of virologic failure on various antiretroviral therapy (ART) regimens. In the base-case scenario, the ratio of the odds of virologic failure for those with pretreatment drug resistance (PDR) on non-nucleoside reverse transcriptase inhibitor (NNRTI)-based ART compared to those with either no PDR on NNRTI-based ART or those with PDR on protease inhibitor (PI)-based ART is 7.5. We explored a one-way sensitivity analysis in which we varied the odds ratio from 2.0 to 15.0. An odds ratio of 2.0 corresponds to a probability of virologic failure for those with PDR on NNRTI-based ART of 39.5% and a probability of virologic failure for those with no PDR on NNRTI-based ART of 24.6%. An odds ratio of 15.0 corresponds to a probability of virologic failure for those with PDR on NNRTI-based ART of 75.2% and a probability of virologic failure for those with no PDR on NNRTI-based ART of 16.8%. b Supplemental Material Section 2A discusses data used to inform our assumption regarding the status quo probability of switching to second-line ART when virologic failure is diagnosed. c Supplemental Material Section 2F discusses how sources were used to inform assumptions regarding lost to follow-up. d Supplemental Material Section 3 discusses how sources were used to inform assumptions regarding unit costs. e This range is meant to capture uncertainty in both unit cost per inpatient day and the number of inpatient days per clinical event (see Supplemental Material Section 3B for details).
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Table 2. Health and ART outcomes after ART initiation.
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	Status Quo
	Improved Switching
	PDR Testing
	DTG
	DTG Improved Switching





	Health outcomes
	
	
	
	
	



	Proportion of children with suppressed viral load at 5 years after ART initiation a
	63.7%
	66.2%
	65.0%
	67.4%
	68.3%



	Proportion of children alive at 5 years after ART initiation b
	69.3%
	71.2%
	71.0%
	71.4%
	72.1%



	ART outcomes
	
	
	
	
	



	Proportion of children on PI-based ART c
	17%
	21%
	26%
	5%
	7%



	Person-months of ART use (per person) d
	82.3
	84.1
	83.5
	84.4
	85.0



	Person-months of PI-based ART use (per person) d
	13.7
	17.4
	22.5
	4.5
	5.7







a The numerator is the number of children with suppressed viral load at 5 years after ART initiation. The denominator includes all children who initiated ART at age 3 years, which by 5 years after ART initiation includes children with viral suppression, children who have been lost to follow-up, and children who have died. b The numerator is the number of children alive at 5 years after ART initiation. The denominator includes all children who initiated ART at age 3 years. c Average over 10-year time horizon. d Total (per-person) over 10-year time horizon.
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Table 3. Costs, LYs, and incremental cost-effectiveness of strategies.
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	Undiscounted Cost (USD)
	Undiscounted LYs
	



	Status quo
	1,938,996
	7203
	



	Improved switching
	2,025,987
	7358
	



	PDR testing
	2,203,694
	7318
	



	DTG
	1,838,619
	7378
	



	DTG + improved switching
	1,868,298
	7430
	



	
	Discounted Cost (USD)
	Discounted LYs
	ICER (USD/LY gained)



	Status quo
	1,697,253
	6301
	N/A



	Improved switching
	1,772,844
	6432
	579 a



	PDR testing
	1,944,011
	6399
	N/A



	DTG
	1,610,327
	6448
	N/A



	DTG + improved switching
	1,636,073
	6491
	591 b







Costs and LYs are per 1000 children initiating ART at 3 years of age, over a 10-year time horizon. Costs are reported in 2020 USD. Discounted costs and LYs were discounted 3% annually. N/A = not applicable; LYs = life years; ICER = incremental cost-effectiveness ratio. a ICER was calculated by considering only strategies without DTG availability. No ICER was calculated for PDR testing because it was dominated by improved switching (PDR testing gained fewer LYs at a greater cost compared to improved switching). b ICER was calculated by considering only strategies with DTG availability.
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