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Cost-effectiveness of viral load testing for transitioning
antiretroviral therapy-experienced children to dolutegravir
in South Africa: a modelling analysis
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Summary

Background For children with HIV on antiretroviral therapy (ART), transitioning to dolutegravir-containing regimens
is recommended. The aim of this study was to assess whether introducing viral load testing to inform new nucleoside
or nucleotide reverse transcriptase inhibitors (NRTIs) for children with HIV and viraemia alongside dolutegravir-
based ART is beneficial and of good economic value.

Methods We used the Cost-Effectiveness of Preventing AIDS Complications-Pediatric model to project clinical and
cost implications of three strategies among a simulated cohort of South African children aged 8 years with HIV
receiving abacavir-lamivudine-efavirenz: (1) continue current ART (no dolutegravir; abacavir-lamivudine—efavirenz);
(2) transition all children with HIV to dolutegravir, keeping current NRTIs (dolutegravir; abacavir-lamivudine—
dolutegravir); or (3) transition to dolutegravir based on viral load testing (viral load plus dolutegravir), keeping current
NRTIs if virologically suppressed (abacavir-lamivudine—dolutegravir, 70% of cohort) or switching abacavir to
zidovudine (zidovudine) if viraemic (zidovudine-lamivudine-dolutegravir, 30%). We assumed 50% of children who
had viraemia after abacavir-lamivudine exposure had NRTI resistance; with resistance, we assumed zidovudine—
lamivudine—dolutegravir was more effective than abacavir-lamivudine-dolutegravir. We designated a strategy as
preferred if it was most effective and least costly or had an incremental cost-effectiveness ratio less than half the
South African 2020 gross domestic product per capita.

Findings Under base-case assumptions, the viral load plus dolutegravir strategy would be the most effective (projected
undiscounted life expectancy of 39-72 life-years) and least costly strategy (US$24 600 per person); the no dolutegravir
strategy was the least effective (34-49 life-years) and most expensive ($26 480 per person). In sensitivity analyses, the
24-week virological suppression probability and subsequent monthly virological failure risks (ie, late failure) were
most influential on cost-effectiveness. Only with a high late-failure risk for zidovudine-lamivudine-dolutegravir
(ie, =0-3% per month in the base case or >0-5% per month if abacavir also confers low virological suppression
probability in the presence of NRTI resistance [65%]) would the dolutegravir strategy become preferred above the
viral load plus dolutegravir strategy.

Interpretation For programmes transitioning to dolutegravir-based regimens, our model predicted that doing so
would be more effective and less costly than continuing current ART regimens, regardless of NRTI choice. Whether
viral load testing for children with HIV is necessary to inform NRTI choice depends substantially on the comparative
outcomes of abacavir and zidovudine after switching to dolutegravir-containing ART.
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Introduction

In 2022, of the estimated 230000 children aged
0-14 years with HIV in South Africa, only 54% were
receiving antiretroviral therapy (ART) and 37% had
viral  suppression!’ WHO now recommends

dolutegravir-containing ART for all children older than
4 weeks, including switches for children with known or
presumed virological failure on their current ART, and
transitions for children with known or presumed
virological suppression.? Dolutegravir-based regimens
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Research in context

Evidence before this study

Only 37% of children with HIV in South Africa had virological
suppression on antiretroviral therapy (ART) in 2022. Viraemia
and drug resistance are common among children on ART but go
undetected due to limited access to viral load testing. WHO
recommends dolutegravir for all children older than 4 weeks due
to better efficacy, decreased chance of resistance, and lower costs
compared with previously widely used ART regimens.
Dolutegravir is recommended for all ART-experienced children,
regardless of their virological status. Since 2021, studies have
shown non-inferiority of retaining current nucleoside or
nucleotide reverse transcriptase inhibitors (NRTIs) for adults with
viraemia upon switching to dolutegravir. However, whether
these results can be extrapolated to children is unclear due to
differences in NRTI options. To identify existing literature related
to the clinical impact and cost-effectiveness of incorporating
viral load testing before transitioning children with HIV to
dolutegravir, we searched PubMed on March 5, 2024, for articles
published in English with no date restrictions using the search
terms “cost-effective” AND “pediatric” AND “dolutegravir” AND
“drug resistance.” Through this search, we identified ten papers
focused on the effects of dolutegravir on adults and adolescents.
We found one additional analysis that evaluated the cost-
effectiveness of different diagnostic-based strategies for children
in settings with dolutegravir availability in South Africa, but this
analysis did not investigate lifetime projections of clinical
benefits and costs or the effect of switching NRTIs for children
with detected viraemia.

are well tolerated, highly effective with a high barrier
to resistance, and inexpensive.”* For children with viral
suppression on ART, including on lopinavir-ritonavir-
based and efavirenz-based regimens, dolutegravir-based
regimens might confer higher durability of viral
suppression and reduced toxicity**” Many children in
South Africa have already been transitioned to
dolutegravir-based regimens, but uptake is not complete.’
To implement new dolutegravir guidelines, programmes
need specific guidance about how to introduce dolutegravir-
based regimens for ART-experienced children.”

Viraemia and drug resistance are both common among
children on ART but go undetected due to limited access
to viral load and HIV genotype testing.*"* Traditional
treatment frameworks call for switching nucleoside or
nucleotide reverse transcriptase inhibitors (NRTIs) when
starting a new regimen in people with viraemia—
especially if HIV drug resistance information is
unavailable—assuming that resistance to the existing
NRTI backbone is probable.*” Thus, WHO suggests
children with HIV switch NRTIs (eg, from abacavir to
zidovudine or vice versa) if switching to dolutegravir-
based ART while viraemic.? Challenging this framework,
the NADIA study in adults with virological failure with a
tenofovir-based regimen showed that when switching to

Added value of this study

Our study evaluates the long-term clinical outcomes and cost-
effectiveness of providing a one-time viral load test before
transitioning to a dolutegravir-based ART regimen for ART-
experienced children in South Africa using the Cost-
Effectiveness of Preventing AIDS Complications-Pediatric
model. We found that transitioning children to dolutegravir,
regardless of viral load test availability, would lead to higher life
expectancy and lower lifetime HIV-related costs than
continuing children on current ART regimens. Incorporating
viral load testing to inform NRTI selection upon switch to
dolutegravir further improved clinical and cost-effectiveness
outcomes. These conclusions were sensitive to model inputs
regarding NRTI selection, thus highlighting the need for more
long-term data among ART-experienced children transitioning
to dolutegravir.

Implications of all the available evidence
Dolutegravir-based regimens were projected to be more
clinically beneficial for ART-experienced children and to
decrease costs compared with not switching to dolutegravir.
Using viral load testing to inform NRTI selection upon
dolutegravir transition could further improve clinical and cost-
effectiveness outcomes. The results of this study further
support the existing guidance promoting dolutegravir roll-out
among paediatric populations. More data on the effect of NRTI
resistance on treatment options are needed to better inform
switching practices for children with viraemia.

dolutegravir-based regimens, continuation of tenofovir
was not inferior to switching to zidovudine.
Extrapolation of these findings to the paediatric
population remains uncertain due to the use of abacavir,
rather than tenofovir, as the preferred NRTI for children.

Viral load testing can identify children with virological
failure before switching, but challenges include high
costs, limited access, and delayed return of results.” Viral
load testing might be worth the investment if it leads to
optimal NRTI selection and improved virological
suppression and clinical outcomes without substantially
delaying regimen switch. When viral load testing is
unavailable, programmes must decide whether to
transition to dolutegravir-containing regimens with or
without a change in NRTIs. Our goal was to estimate the
clinical and economic value of viral load testing to inform
NRTI selection and to identify key gaps in current
evidence around the effect of changing NRTIs, with or
without viral load testing, among children with HIV
transitioning to dolutegravir-based ART in South Africa.

Methods

Analytical overview

In this modelling study, we used the Cost-Effectiveness
of Preventing AIDS Complications (CEPAC)-Pediatric
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model, a validated Monte Carlo microsimulation model
of HIV disease and treatment in children and
adolescents,” to project the clinical effect and costs of
three strategies for children aged 8 years with HIV
currently prescribed abacavir-lamivudine—efavirenz in
South Africa. These three strategies are: (1) the
continuation of current ART (labelled as no dolutegravir),
used as a comparator; (2) the transition of all children
with HIV to dolutegravir, keeping current NRTIs
(labelled as dolutegravir); and (3) a transition to
dolutegravir based on a viral load test, keeping current
NRTIs if virological suppression is observed and
switching abacavir to zidovudine if virological failure is
observed (labelled as viral load plus dolutegravir).

For each modelled strategy, we projected the mean
life expectancy from age 8 years and mean lifetime
HIV-related costs per person, in 2020 US dollars, from
the South African health-care system. We calculated
incremental cost-effectiveness ratios (ICERs) from
discounted (3% per year) life expectancy and costs as the
difference in lifetime costs divided by the difference in
life-years, with the lowest cost strategy as the comparator.””
The intervention that projected the highest mean life
expectancy with an ICER less than US$2828 per life-year
saved (reflecting a threshold of 50% of South Africa’s
2020 gross domestic product per capita, based on
emerging guidance) was considered cost-effective.?** To
account for uncertainty in the lifetime horizon, we also
analysed results at 20 years from the model start. This
study was approved by the Mass General Brigham
Human Research Committee as research that has
a minimal risk to humans (protocol 2016P000492);
informed consent was not required.

Model structure

Children start the model at a user-specified age, with
clinical characteristics drawn from published cohorts of
children on ART, and are simulated throughout their
lifetimes. Children face monthly age-stratified risks of
non-HIV-related mortality, monthly age-stratified and
CD4 cell count (age =5 years)-stratified or CD4 percentage
(<5 years)-stratified risks of opportunistic infections, and
opportunistic infection-related and HIV-related mortality.
When starting a new ART regimen, modelled children
are assigned a one-time probability of reaching initial
virological suppression (defined as HIV RNA <400 copies
per mL at 24 weeks), with a corresponding increase in
the proportion of CD4 cells (in children aged <5 years) or
CD4 cell count (in children aged =5 years). Children who
reach virological suppression are assigned a regimen-
specific monthly risk of virological failure after 24 weeks
(le, late failure); after virological failure, CD4 cell
percentage or count remains stable for 12 months and
then declines, with subsequent increased risk in opportu-
nistic infection incidence and mortality. Additional
details of the CEPAC-Pediatric model are in the
appendix (pp 3-5) and online.”
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Population and strategies

For the base-case analysis, we simulated a cohort of
children aged 8 years who were currently accessing care
and on ART (abacavir-lamivudine—efavirenz) at model
start. We chose 8 years as an age at which many children
weigh more than 20 kg and become eligible for the 50 mg
dose of dolutegravir’ We divided the cohort into
three subcohorts based on true virological status at
the time of a potential transition or switch: viral
suppression (70%), virological failure with resistance to
NRTIs (15%), and virological failure without resistance
(assumed to be due to low ART adherence; 15%).""*
These subcohorts differed in terms of CD4 cell count and
the expected response after transitioning or switching to
dolutegravir-based ART (figure 1).

In the no dolutegravir strategy, children with HIV
remained on their current ART regimen until diagnosed
with virological failure (ie, HIV RNA >1000 copies
per mlL) via routine viral load monitoring, at which
point they switched to a protease inhibitor-based
regimen. In the dolutegravir strategy, children
transitioned to dolutegravir-based ART at model start,
with probabilities of 24-week viral suppression and late
failure varying by subcohort (table 1; figure 1). In the
viral load plus dolutegravir strategy, children underwent
one-time viral load testing at model start, with the result
informing ART regimen selection. After a 3-month
delay to receive and act upon viral load test results,
children with HIV identified to be virologically
suppressed through viral load testing transitioned to a
dolutegravir-based regimen with unchanged NRTIs
(abacavir-lamivudine-dolutegravir), whereas children
with HIV diagnosed with virological failure switched to
zidovudine-lamivudine—dolutegravir. Across strategies,
children with HIV who developed virological failure
while on a dolutegravir-based regimen could reach
virological suppression again with adherence counsel-
ling. If virological failure persisted for children who had
not previously received a protease inhibitor, they
switched to a protease inhibitor-based second-line
ART regimen, as in the WHO-recommended ART
sequences.” In the dolutegravir and viral load plus
dolutegravir strategies, children who reached age
13 years (when most children weigh =30 kg) while still
on a dolutegravir-based regimen transitioned to the
once-daily tenofovir-lamivudine-dolutegravir regimen.?

Model input parameters

We used published trials and observational studies to
derive cohort characteristics, natural history of untreated
HIV, treatment outcomes, and costs for children in
South Africa. When data specific to South Africa were
unavailable, we used data from other sub-Saharan African
settings to inform our inputs (appendix pp 3-7). When
paediatric-specific data were unavailable, and for all
modelled risks and costs after age 13 years, we used data

from adults to inform our inputs. Costs were derived See Online for appendix
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Children aged 8 years (20-30 kg) receiving abacavir-lamivudine-efavirenz

No dolutegravir Dolutegravir Viral load plus

dolutegravir

v

Viral load test, wait
3 months for result

¢ 30% 70% ¢ | ¢ 30%

70% ¢ ¢ 30% 70% ¢

abacavir-lamivudine-
efavirenz

(US$11-12 per month)
until observed failure

v

Upon observed failure,
transition to protease
inhibitor-based ART

abacavir-lamivudine-
dolutegravir
($12-13 per month)

abacavir-lamivudine-
dolutegravir
($12-13 per month)

abacavir-lamivudine-
dolutegravir ($12-13
per month)

| Virological suppression | | Virological failure | | Virological suppression | | Virological failure | | Virological suppression | | Virological failure |
¢ v v v v
All continue on Change allto Change all to Transition to Switch to

zidovudine-lamivudine-
dolutegravir ($8-9
per month)

v

v

v

v

24-week virological
suppression: 96%
Late failure: 0-2% per
month

NRTI resistance?

24-week virological
suppression: 96%
Late failure: 0-2% per
month

NRTI resistance?

15% no ¢

15% yes
v

15% no ¢

15% yes
v

24-week virological
suppression: 50%
Late failure: 0-2% per
month

24-week virological
suppression: 85%
Late failure: 0-2% per
month

24-week virological
suppression: 50%
Late failure: 0-2% per
month

24-week virological
suppression: 90%
Late failure: 0-2% per
month

Figure 1: Flowchart schematic of selected model input data for each modelled subcohort in the three ART strategies

Costs per person are indicated with a range, which varies by age in the model. In the no dolutegravir strategy, children remain on current ART regimen (abacavir-lamivudine-efavirenz) until observed
failure. Upon observed failure, they are switched to a protease inhibitor-based ART. In the dolutegravir strategy, children change to abacavir-lamivudine-dolutegravir regardless of whether they have
virological suppression or failure on abacavir-lamivudine-efavirenz. For those suppressed (70% of the cohort), 24-week viral suppression probability on dolutegravir is 96%, with a monthly probability
of late failure after 24-week viral suppression of 0-2% per month. For those with virological failure on abacavir-lamivudine-efavirenz, outcomes on dolutegravir differ by reason for failure. For those
with virological failure without resistance, 24-week viral suppression is 50%. For those with virological failure due to NRTI resistance, 24-week viral suppression is 85%. In the viral load plus
dolutegravir strategy, children are given a viral load test and their subsequent regimen is dependent on the test results. Children with suppression transition to abacavir-lamivudine-dolutegravir, with a
24-week viral suppression rate of 96%. Those with virological failure switch to zidovudine-lamivudine-dolutegravir, with outcomes again differing by reason for failure on the previous regimen. For
those with virological failure without resistance, 24-week viral suppression is 50%. For those with virological failure due to NRTI resistance, 24-week viral suppression is 90% (because the NRTIs were
changed with the new regimen). In the viral load plus dolutegravir strategy, 24-week viral suppression on zidovudine-lamivudine-dolutegravir is higher than 24-week viral suppression on abacavir-
lamivudine-dolutegravir in the dolutegravir strategy for those experiencing virological failure due to resistance. Some children aged 8 years might be on lopinavir-ritonavir at the time of transition;*
however, the regimen at the time of transition is unlikely to substantially affect current virological suppression rates, rates of clinically effective NRTI resistance, or the subsequent response to
dolutegravir (appendix p 3).”* ART=antiretroviral therapy. NRTI=nucleoside or nucleotide reverse transcriptase inhibitor.
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from published sources and studies of resource use in
South Africa (table 1; appendix p 6).**”

We derived dolutegravir-based ART efficacy data,
including 24-week virological suppression and late-failure
risk, from published studies.”” We assumed efficacy of
dolutegravir-containing regimens in children with
virological failure would vary with treatment history,
treatment adherence, the presence of NRTI resistance,
and the choice of NRTIs used with these regimens. These
assumptions were informed by observational and trial data
in children’®* and trial data in adults.® Because the
efficacy of dolutegravir-based regimens with and without
new NRTIs is highly uncertain, we varied these inputs
extensively in sensitivity analyses. For the base case, we
assumed a 24-week viral suppression probability of 96%
on abacavir-lamivudine-dolutegravir for children with

previous viral suppression on efavirenz-based ART (table 1;
figure 1). We varied this value in the sensitivity analysis.

For children with virological failure without resistance,
assumed to reflect low medication adherence, we
assumed a 24-week virological suppression probability
of 50% after switching to dolutegravir-based ART to
reflect a probable continued low adherence after the
switch. For children with virological failure and
resistance, we assumed a 24-week virological suppression
probability of 85% after a switch to abacavir-lamivudine—
dolutegravir (in the dolutegravir strategy) and 90% after a
switch to zidovudine-lamivudine—dolutegravir (in the
viral load plus dolutegravir strategy), reflecting a potential
benefit of new NRTIs in children with HIV with high
adherence but drug resistance. We varied these 24-week
suppression values (60-90%).

www.thelancet.com/lancetgh Vol 12 December 2024
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Base-case value Range Reference
Baseline cohort characteristics
Age, years 8 2-8 Assumption
Initial ART regimen Abacavir-lamivudine-  NA Assumption
efavirenz
Shared cohort characteristics
Male-to-female ratio 11 NA Assumption
Virological suppression at model start 70% 0-100% Kadima et al (2018)," Teasdale et al (2018),* and
Segal-Maurer et al (2022)*
Virological failure at model start 30% NA NA
With resistance 15% 0-100% Hackett et al (2021)®
Without resistance 15% 0-100% Hackett et al (2021)®
ART inputs: 24-week virological suppression*
Abacavir-lamivudine-dolutegravir
Previous virological suppression 96% NA Bachaetal (2021)®
Previous virological failure with resistance 85% 60-90% Bacha et al (2021)*
Previous virological failure without resistance 50% NA Bacha et al (2021)*
Zidovudine-lamivudine-dolutegravir
Previous virological failure with resistance 90% 60-90% Bacha et al (2021)*
Previous virological failure without resistance 50% NA Bachaetal (2021)®
Costs (2020 US dollars)
Viral load test $25 0-5-2:0-times base case ~ Simeon et al (2019)*
Routine HIV care, monthlyt $20-155 NA Menzies et al (2011),* Anglaret et al (1999),”
Holmes et al (2006), and Massyn et al (2020)*
Abacavir-lamivudine-dolutegravir, monthly $12-13 0-5-2-0-times base case Doherty et al (2014)*
Zidovudine-lamivudine-dolutegravir, monthly: $8-9 0-5-2-0-times base case Doherty et al (2014)*
Values shown in the base-case value column are used deterministically by the model, unless otherwise indicated. Values shown in the range column show the extreme range
of the values used for the parameter in sensitivity analysis. Additional inputs can be found in the appendix (pp 6-7). Additional stochastic inputs not specific to this analysis
and their distributions are published previously* and online.” ART=antiretroviral therapy. NA=not applicable. *Stratified by suppression status. fStraified by age and CD4 cell
count or percentage. $Stratified by age.
Table 1: Input parameters for a model-based analysis of the cost-effectiveness of viral load testing for transitioning ART-experienced children to
dolutegravir in South Africa

We assumed the late-failure rate to be 0-2% per month
for all dolutegravir-containing regimens in the base case.
We varied this value in sensitivity analysis (0-2-0-6%
per month) for children who switch to zidovudine-
lamivudine—dolutegravir in the viral load plus dolutegravir
strategy, to reflect the potential effect of zidovudine’s
twice-daily dosing and mild adverse events on increased
virological failure risk over time For children
transitioning to tenofovir-lamivudine—dolutegravir at age
13 years, the modelled late-failure rate was 0 - 2% per month,
regardless of previous NRTIs (appendix pp 6-7).°

Scenarios and sensitivity analyses

In univariate analyses, we varied costs of dolutegravir-
based ART and viral load testing, return times of viral
load test results (from immediate return to 6 months),
and the probability of initial virological suppression for
children with HIV who transition to each dolutegravir
regimen. To reflect concern for zidovudine-induced
anaemia, we conducted a scenario analysis in which
children switching to zidovudine underwent haemoglobin
monitoring every 6 months and had the highest modelled
late-failure risk (appendix pp 3-5). Because roll-out of

www.thelancet.com/lancetgh Vol 12 December 2024

dolutegravir-containing regimens for adults has been
more widespread than for children, we also simulated a
scenario in which all children with HIV aged 13 years in
the no dolutegravir strategy were eligible for tenofovir—
lamivudine—dolutegravir as a salvage regimen. Finally, we
repeated the base-case analysis for children aged 2 years
and 5 years at model start.

In multivariate analyses, to account for wide-ranging
uncertainty in available data, we simultaneously
varied 24-week virological suppression for abacavir—
lamivudine—dolutegravir for those with virological failure
and resistance (60-90%, base case 85%) and the monthly
late-failure risk beginning 24 weeks after switch to
zidovudine-lamivudine—dolutegravir in the viral load plus
dolutegravir strategy (0-2-0-6%, base case 0-2%). Next,
we simultaneously varied two characteristics of the
starting cohort of children with HIV at the time of possible
switch: (1) the proportion with virological suppression on
abacavir-lamivudine—efavirenz (0-100%, base case 70%),
and (2) the proportion of children with HIV with
virological failure and NRTI resistance (0-100%, base
case 50%). We also varied 24-week virological suppression
for zidovudine-lamivudine-dolutegravir for those with
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virological failure and resistance (60-90%, base case 90%)
and the monthly late-failure risk after the switch to
abacavir-lamivudine—dolutegravir in the dolutegravir
strategy for all children with virological failure (0-2-0-6%,
base case 0-2%). Finally, we repeated each of these
sensitivity analyses, halving the cost of abacavir-based
ART and doubling the cost of zidovudine-based ART. We
have previously published validation and calibration of the
CEPAC-P model, which is coded in C++.*

Role of the funding source

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

Results

For the base-case analysis, projected undiscounted life
expectancy was 34-49 years for the no dolutegravir
strategy (table 2). Both dolutegravir-containing strategies
increased projected life expectancy, to 39-62 years for the
dolutegravir strategy and 39-72 years for the viral load
plus dolutegravir strategy. In the subcohort of children
with previous viral suppression, all of whom continued
abacavir, projected life expectancy was 40-20 years with
the dolutegravir strategy and 40-27 years with the viral
load plus dolutegravir strategy. In this group, waiting
3 months to receive results from viral load testing
provided a small survival benefit in the model due to
added time on suppressive ART before transition to
dolutegravir-based regimens. In the subcohort of children
with HIV with virological failure due to resistance,

Weight Life Costs per
expectancy, person
years

No dolutegravir

Viral suppression (abacavir-lamivudine-efavirenz) 0-70 36-61 $26 870

Virological failure with resistance (abacavir-lamivudine-efavirenz) 0-15 2955 $25550

Virological failure without resistance (abacavir-lamivudine-efavirenz) ~ 0-15 2955 $25550

Strategy weighted for entire cohort NA 3449 $26 480

Dolutegravir

Viral suppression (abacavir-lamivudine-dolutegravir) 0-70 40-20 $24530

Virological failure with resistance (abacavir-lamivudine-dolutegravir) 0-15 39:50 $24690

Virological failure without resistance (abacavir-lamivudine-dolutegravir)  0-15 3701 $25160

Strategy weighted for entire cohort NA 39:62 $24 650

Viral load plus dolutegravir

Viral suppression (abacavir-lamivudine-dolutegravir) 070 4027 $24550

Virological failure with resistance (zidovudine-lamivudine-dolutegravir) ~ 0-15 39:89 $24460

Virological failure without resistance (zidovudine-lamivudine- 0-15 36:95 $25000

dolutegravir)

Strategy weighted for entire cohort NA 3972 $24 600
Undiscounted life expectancy and cost per person for each subcohort and weighted for each strategy. Costs are
presented in 2020 US dollars (undiscounted). ART=antiretroviral therapy. NA=not applicable.

Table 2: Base-case results per strategy for a model-based analysis of the cost-effectiveness of viral load
testing for transitioning ART-experienced children to dolutegravir in South Africa

e2073

projected life expectancy was 39-50 years with the
dolutegravir strategy and 39-89 years with the viral load
plus dolutegravir strategy; prolonged viraemia caused by
waiting for viral load results was offset by the higher rate
of 24-week virological suppression with zidovudine in
the viral load plus dolutegravir strategy (90%) compared
with abacavir-based ART in the dolutegravir strategy
(85%; figure 1). In the subcohort of children with HIV
with virological failure without resistance, for whom
zidovudine and abacavir were assigned identical modelled
viral suppression and late-failure risks, the time spent
awaiting viral load results decreased life expectancy
(37-01 years with the dolutegravir strategy vs 36-95 years
with the viral load plus dolutegravir strategy).

Projected lifetime undiscounted per-person costs
were highest for the no dolutegravir strategy ($26480)
compared with the dolutegravir strategy ($24650) and
the viral load plus dolutegravir strategy ($24600;
table 2). Higher costs for the no dolutegravir strategy
were due to more time spent on costly protease
inhibitor-based ART; slightly lower lifetime costs of the
viral load plus dolutegravir strategy compared with the
dolutegravir strategy were due to the lower cost of
zidovudine-lamivudine—dolutegravir than abacavir-
lamivudine-dolutegravir and the slightly reduced
durations of more costly protease inhibitor-based ART
(appendix pp 19-20). In the cost-effectiveness analysis
with discounted results (table 3), under our base-case
assumptions, the viral load plus dolutegravir strategy
was the most effective and least costly strategy
(21-24 discounted life-years at $12610 per person),
although the dolutegravir strategy led to only a slightly
lower life expectancy and slightly greater costs
(21-21 discounted years at $12660 per person). At
20 years from model start, viral load plus dolutegravir
remained the most effective (13-73 discounted life-
years) and least costly ($10200) strategy, followed by the
dolutegravir strategy (13-72 discounted life-years at
$10260 per person) and the no dolutegravir strategy
(13-62 discounted life-years at $12060 per person).

In univariate sensitivity analyses, the no dolutegravir
strategy remained less effective and more costly than
either the dolutegravir strategy or the viral load plus
dolutegravir strategy, even when the return time of the
viral load test results and drug costs were varied widely,
whereas the viral load plus dolutegravir strategy
remained most effective (table 3). Halving the cost of
abacavir-lamivudine—dolutegravir or doubling the cost
of zidovudine-lamivudine—dolutegravir made the viral
load plus dolutegravir strategy more costly than the
dolutegravir strategy; however, the ICER relative to the
dolutegravir strategy was lower than the specified
threshold for cost-effectiveness ($2828 per life-year
saved), so the viral load plus dolutegravir strategy
remained economically preferable (table 3). Varying the
return time of the viral load test results did not change
policy conclusions compared with the base case. If the
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Undiscounted life  Undiscounted

Discounted ICER
costs, per person

Discounted life
expectancy, years

expectancy, years  costs, per person
Base case
Viral load plus dolutegravir 3972 $24600
Dolutegravir 39:62 $24 650
No dolutegravir 34-49 $26 480
0-5-times abacavir-lamivudine-dolutegravir cost
Dolutegravir 39:62 $24310
Viral load plus dolutegravir 3972 $24370
No dolutegravir 34-49 $26 480
2.0-times zidovudine-lamivudine-dolutegravir cost
Dolutegravir 39:62 $24 650
Viral load plus dolutegravir 3972 $24720
No dolutegravir 34:49 $26 480
0 months viral load test return time
Viral load plus dolutegravir 39:69 $24 610
Dolutegravir 39:62 $24 650
No dolutegravir 34-49 $26480
6 months viral load test return time
Viral load plus dolutegravir 3974 $24 650
Dolutegravir 39:62 $24 650
No dolutegravir 34-49 $26480

Viral load plus dolutegravir 3981 $24590
Dolutegravir 3972 $24630
No dolutegravir 34-49 $26 480
6-monthly haemoglobin testing and high late-failure risk for zidovudine
Dolutegravir 39:62 $24 650
Viral load plus dolutegravir 3914 $24890
No dolutegravir 34-49 $26 480

24-week virological suppression on dolutegravir is 98% for children with previous suppression

Strategies are arranged by increasing discounted costs. Life expectancies are rounded to the nearest hundredth. Costs are rounded to the nearest ten and presented in 2020
US dollars. Discounted values are discounted at 3% per year. ICERs are calculated with unrounded discounted life expectancy and discounted costs and rounded to the nearest
ten. The preferred strategy is the strategy that was the most clinically effective and least costly or the strategy that offered the greatest increase in overall population life
expectancy while still having an ICER less than the cost-effectiveness threshold of $2828 per life-year saved when compared with the next least costly strategy.
ART=antiretroviral therapy. ICER=incremental cost-effectiveness ratio. “Economically preferred strategy.

2124 $12610 Comparator®

2121 $12660 Less effective and more expensive
19-82 $14300 Less effective and more expensive
2121 $12340 Comparator

21.24 $12390 $1570 per life-year saved*

19-82 $14300 Less effective and more expensive
2121 $12660 Comparator

2124 $12720 $1940 per life-year saved*

19-82 $14300 Less effective and more expensive
2123 $12610 Comparator®

2121 $12660 Less effective and more expensive
19-82 $14300 Less effective and more expensive
21-24 $12640 Comparator*

2121 $12660 Less effective and more expensive
19-82 $14300 Less effective and more expensive
2126 $12580 Comparator*

21-23 $12630 Less effective and more expensive
19-82 $14300 Less effective and more expensive
2121 $12660 Comparator*

21-10 $12820 Less effective and more expensive
19-82 $14300 Less effective and more expensive

children to dolutegravir in South Africa

Table 3: Cost-effectiveness results by strategy for a model-based analysis of the cost-effectiveness of viral load testing for transitioning ART-experienced

test result return time was 0 months, life expectancy
would increase for children with HIV who were
previously having virological failure in the viral load plus
dolutegravir strategy due to the immediate dolutegravir
switch. These benefits were offset by the smaller life
expectancy gains for those who were previously
suppressed with efavirenz compared to the base case.
Increasing the viral load test result-return time to
6 months would increase the life expectancy in the viral
load plus dolutegravir strategy for children with HIV
who had previous viral suppression due to additional
time on suppressive ART before moving to the next
regimen. The increased result-return time would only
slightly decrease life expectancy for those with previous
virological failure due to additional time on failing
ART with risk for disease progression before moving to
the next regimen, such that weighted life expectancy for

www.thelancet.com/lancetgh Vol 12 December 2024

the entire cohort would change only minimally. The
viral load plus dolutegravir strategy remained most
effective and least costly in both scenarios (table 3;
appendix pp 9-11). Increasing the proportion of children
with HIV with previous viral suppression who would
have viral suppression upon transitioning to dolutegravir
resulted in slightly increased life expectancy and
decreased costs within the dolutegravir and the viral load
plus dolutegravir strategies; policy conclusions remained
unchanged. If concerns for zidovudine-induced anaemia
led to haemoglobin monitoring every 6 months and
high late-failure risks, projected life expectancy would
decrease and projected costs would increase within the
viral load plus dolutegravir strategy. Under this scenario,
the dolutegravir strategy would be preferred (table 3).
If all children with HIV were eligible for tenofovir—
lamivudine—dolutegravir as a salvage regimen at age
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Figure 2: Multivariate sensitivity analysis

(A) Base-case ART costs. (B) 0-5-times abacavir-lamivudine-dolutegravir cost. (C) 2-0-times zidovudine-lamivudine-dolutegravir cost. Variation in both 24-week
virological suppression on abacavir-lamivudine-dolutegravir (for children with HIV with virological failure due to resistance on their initial regimen) and late-failure risk
for those on zidovudine-lamivudine-dolutegravir (for children with HIV with virological failure, regardless of resistance, on their initial regimen). We simulated scenarios
in which abacavir-lamivudine-dolutegravir is half the cost of the base case (B) and zidovudine-lamivudine-dolutegravir is double the cost of the base case (C) to model
scenarios in which paediatric zidovudine is no longer less expensive than abacavir. The y-axis shows values of 24-week virological suppression on abacavir-lamivudine-
dolutegravir for children with HIV with virological resistance. The base-case value is 85%, and the corresponding value for zidovudine-lamivudine-dolutegravir (in the
viral load plus dolutegravir strategy) is 90% in all scenarios. The x-axis shows values of monthly late-failure risk on zidovudine-lamivudine-dolutegravir. The base-case
value is 0-2% per month, and the corresponding value for abacavir-lamivudine-dolutegravir is held constant at 0-2% per month in all scenarios. ART=antiretroviral

therapy. ICER=incremental cost-effectiveness ratio.

13 years in the no dolutegravir strategy, the viral load plus
dolutegravir strategy would remain most effective and
least costly (appendix p 8).

Variations in other model input parameters did not
change policy conclusions when compared with the base
case; the viral load plus dolutegravir strategy remained the
preferred strategy with variations in the costs of one-time

viral load tests (0-5-2-0-times base case), the cost of
dolutegravir-based ART (0-5-2-0-times base case), and
the age of the cohort at time of possible transition (age
2 years or age 5 years; appendix pp 9-16). Throughout the
parameter ranges evaluated, the no dolutegravir strategy
was never preferred over either the dolutegravir strategy
or the viral load plus dolutegravir strategy.
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life-year saved)

[ Viral load plus dolutegravir preferred; viral load plus dolutegravir is
cost-effective compared with dolutegravir (ICER <$2828 per life-year saved)

[ Not applicable, full cohort has viral suppression

X Base case

Figure 3: Multivariate sensitivity analysis

(A) Base-case antiretroviral therapy costs. (B) 0-5-times abacavir-lamivudine-dolutegravir cost. (C) 2-0-times zidovudine-lamivudine-dolutegravir cost. We modelled

scenarios in which paediatric zidovudine is no longer less expensive than abacavir (B a
the cost of the base case (B) and zidovudine-lamivudine-dolutegravir is double the co!

nd C). We simulated scenarios in which abacavir-lamivudine-dolutegravir is half
st of the base case (C) to model when paediatric zidovudine is no longer less

expensive than abacavir. The y-axis shows the proportion of children with HIV who have virological suppression at model start (base-case value 70%), with

0% indicating a cohort in which all children have viraemia. The x-axis indicates the proportion of the remaining cohort (ie, children with viraemia) with virological
failure due to resistance at model start (base-case value 50%; ie, 15% of the overall cohort). The viral load plus dolutegravir strategy would remain economically
preferred at all explored values at base-case antiretroviral therapy costs (A). ICER=incremental cost-effectiveness ratio. NRTI=nucleoside or nucleotide reverse

transcriptase inhibitor. *The remainder of the cohort has virological failure.

In multivariate sensitivity analyses, at base-case costs,
whether the dolutegravir strategy or the viral load plus
dolutegravir strategy emerged as the preferred strategy
depended on the trade-offs between the potential benefit
of zidovudine over abacavir for children with virological
resistance (modelled as 24-week virological suppression)
and the potential harms of zidovudine compared with
abacavir for all children receiving zidovudine (ie, those
with observed virological failure with or without
resistance on the viral load plus dolutegravir strategy,
modelled as late-failure risk to reflect the possible effect
of twice-daily dosing and medication side-effects).

www.thelancet.com/lancetgh Vol 12 December 2024

Figure 2 shows the simultaneous varying of these
two parameters. When the two regimens were modelled
with identical parameters (ie, 24-week virological
suppression of 90% [the base-case value for zidovudine-
based regimens] and a late-failure rate of 0-2%
per month; top-left corner of figure 2A), the viral load
plus dolutegravir strategy would be preferred given that
waiting to switch to dolutegravir-based regimens was
slightly beneficial for those with viral suppression and
had minimal clinical effect on those with virological
failure, and because zidovudine is less costly than
abacavir. For any given value of 24-week virological
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suppression for abacavir-lamivudine—dolutegravir, as the
late-failure rate for zidovudine-lamivudine—dolutegravir
increased, the dolutegravir strategy becomes preferred
over the viral load plus dolutegravir strategy. For any
given late-failure rate value for zidovudine-lamivudine—
dolutegravir, as 24-week virological suppression for
abacavir-lamivudine—dolutegravir increased, the doluteg-
ravir strategy would be preferable to the viral load plus
dolutegravir strategy except at the base-case value of
0-2% per month when viral load plus dolutegravir was
the preferred strategy for all explored values of 24-week
suppression on abacavir (60-90%; figure 2A). Even as
abacavir became less costly (figure 2B) or zidovudine
became more costly (figure 2C), the viral load plus
dolutegravir strategy remained preferred for the base-case
24-week suppression values on abacavir and late failure
on zidovudine. At these varied regimen costs, there were
more combinations of abacavir 24-week suppression and
zidovudine late failure for which the viral load plus
dolutegravir strategy was clinically more effective, but not
cost-effective, and thus dolutegravir would be preferred.

When varying the virological status of the modelled
cohort, the viral load plus dolutegravir strategy would
remain economically preferred for all explored values at
base-case ART costs (figure 3A). If 100% of the cohort had
virological suppression at model start, all children would
transition to dolutegravir with abacavir-lamivudine with
the viral load plus dolutegravir strategy, which would be a
more effective strategy than the dolutegravir strategy
solely due to the added time spent on suppressive ART
before regimen change and would be cost-effective
(ICER $280 per life-year saved). If zidovudine was more
expensive than abacavir (figure 3B, C), the dolutegravir
strategy would become preferred if the proportion of
children with virological suppression at model start
decreased or if the proportion of children with viraemia
and NRTI resistance (of all children with viraemia)
decreased. Additional multivariate sensitivity analyses did
not change policy conclusions (appendix pp 8-15).

Discussion

We estimated the cost-effectiveness of alternative
approaches to dolutegravir-based ART roll-out for
children with HIV living in South Africa. There were
three key findings of our study: first, projected life
expectancy was lowest for the no dolutegravir strategy,
in which current efavirenz-based regimens were
continued wuntil treatment failure was observed.
Dolutegravir-based ART was predicted to be more
clinically effective than continuing current ART and
also decreased costs. Although the cost difference
between efavirenz-containing and  dolutegravir-
containing regimens is small, the superior efficacy of
dolutegravir-containing regimens was predicted to
result in lower costs relating to health care, less
treatment failure, and less time spent on more costly
protease inhibitor-based ART later in life.

Second, we found that the value of viral load testing to
inform NRTI choice was primarily influenced by the
comparative clinical effectiveness of abacavir versus
zidovudine after starting dolutegravir, not by the timing
or cost of the viral load test. Our base-case inputs for
24-week viral suppression and late failure for dolutegravir-
containing regimens were derived from the best available
data, but remain uncertain. The use of a viral load test
provided additional benefit because children with
virological failure and resistance were switched to a
regimen to which they were not resistant. However, if
adherence is more challenging with zidovudine-
containing regimens (eg, due to its twice-daily dosing or
adverse effects), and thus leads to more virological failure
and serious toxicity over time compared with abacavir,
the slight benefit from initial treatment success would
be outweighed by subsequent virological failure, and
a single viral load test to select NRTIs would not be
valuable.

Conversely, if 24-week viral suppression rates were
much higher with zidovudine-lamivudine—dolutegravir
than with abacavir-lamivudine—dolutegravir for children
with NRTI resistance on their current regimen, the use
of viral load testing to inform NRTI choice would be
beneficial and cost-effective. This scenario would be
consistent with the classic paradigm in HIV care that at
least two new antiretroviral agents are needed when
adjusting a failing regimen.*** However, the NADIA
trial showed the high efficacy of switching adults with
virological failure on a tenofovir-based regimen to
dolutegravir-based regimens with either zidovudine or
tenofovir,® suggesting that a viral load test would not
substantially matter when selecting NRTIs. However,
NADIA results might not apply to children because
tenofovir is not recommended for young children.*
Children who develop NRTI resistance on abacavir
before switching to dolutegravir might have a virus with
increased susceptibility to zidovudine; this scenario
might occur with a different frequency than among
adults with virological failure with tenofovir-based ART,
and the relative benefit of switching to zidovudine might
differ when compared with abacavir-based ART.” Further
research examining virological outcomes after switching
to zidovudine and abacavir for children with virological
failure before switching will help inform the value of
viral load testing before starting dolutegravir-based ART.

Third, we found that the cost of viral load testing is not
influential when transitioning children to dolutegravir-
containing regimens; viral load testing for all children
with HIV would be cost-effective, even if the costs of viral
load tests were as much as $50. The cost of a single viral
load test at the time of transition is very small compared
with the long-term costs of ART regimens and routine
care.

This study has important limitations. First, there are
few data on long-term virological outcomes for children
with HIV on dolutegravir-based ART. Second, data on the
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risks and costs of specific adverse events, such as
anaemia for children on zidovudine, are also scarce; we
simulated a worst-case scenario to identify potential
upper bounds of the impact of this toxic effect. Third, we
did not model resistance to multiple NRTIs; both
prevalence and the effect of resistance are uncertain in
the context of dolutegravir-based regimens. Fourth,
although we modelled currently available ART, the
development of regimens that could improve outcomes
and reduce barriers to adherence for children with HIV
is very likely.® We did not directly model the effect of
potential future therapies or technologies, such as point-
of-care resistance testing. Last, these analyses were
conducted with currently available costs and clinical data
for South Africa. Although these results cannot be
directly extrapolated to other settings, the costs of
antiretroviral medications and treatment effectiveness
might be similar in other countries.

The global roll-out of paediatric dolutegravir is
under way, and in South Africa dolutegravir is now
recommended for all ART-experienced children.”* Our
analysis underscores that this roll-out, regardless of the
availability of viral load testing, will markedly improve
clinical outcomes and decrease costs. Whether viral load
testing improves clinical outcomes by informing NRTI
choice depends on the comparative outcomes of abacavir
and zidovudine after starting dolutegravir rather than on
the timeliness or costs of viral load testing. As more
countries and programmes transition children with HIV
to dolutegravir-based regimens, identifying the effect of
NRTI resistance on treatment outcomes is an important
priority. Better data on resistance notwithstanding, the
dolutegravir roll-out should proceed in a timely way, even
where viral load testing is not readily available.
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