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Background: Despite high efficacy of oral antiretroviral therapy (ART), viral suppression among adolescents
and young adults (AYA) living with HIV in sub-Saharan Africa (SSA) remains low. Compared to daily oral
ART, bimonthly long-acting injectable ART (LA-ART) may simplify adherence, improve clinical outcomes, and
decrease HIV transmission in this priority population. However, LA-ART will likely cost more than oral ART
and the cost threshold at which LA-ART will be cost effective in SSA has not been evaluated.

Methods: We adapted a mathematical model of HIV transmission and progression in Kenya to include HIV
acquisition and viral suppression among AYA (age 10—24). We projected the population-level health and
economic impact of providing LA-ART to AYA over a 10-year time horizon assuming oral ART costs of US
$233 annually and a two-month duration of viral suppression per LA-ART injection. We calculated the maxi-
mum cost at which switching from oral to LA-ART would be considered cost-effective, using thresholds of
$500 and $1,508 per disability-adjusted life year averted (WHO’s threshold of HIV treatment interventions
and Kenya'’s gross domestic product per capita).
Findings: Assuming 85% of AYA switch from oral to injectable formulations, LA-ART is estimated to prevent
40,540 infections and 20,480 deaths over 10 years. The maximum increase in the annual per-person cost of
receiving LA-ART is estimated to be $89 and $236 for LA-ART to be cost-effective under the thresholds of
$500 and $1,508 per DALY averted, respectively. The cost threshold was lower when non-adherent oral ART
AYA users were assumed to be less likely to switch to LA-ART.
Interpretation: Providing LA-ART to AYA can be cost-effective in Kenya if it is less than twice the cost of oral
ART. Long-acting injectable ART for priority populations with low viral suppression has the potential to cost-
effectively avert disability and death.
Funding: National Institutes of Health (RO1 HD085807; PI: Kohler)

© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

to ART is associated with poor clinical outcomes, including increased
mortality [7], drug resistance [8], and onward transmission [9,10].

Adolescents and young adults (AYA) ages 10—24 continue to be
disproportionately burdened by the HIV epidemic. Globally, nearly
one-third of new infections occur in young adults aged 15—24 years
[1]. AYA in sub-Saharan African (SSA) experience particularly high HIV
prevalence, accounting for 85% of all adolescents living with HIV [2].
Despite the high efficacy of oral antiretroviral therapy (ART) in pre-
venting HIV-related morbidity and mortality, viral suppression among
AYA living with HIV in SSA remains low [3—6]. Sub-optimal adherence
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AYA face a number of biological and social barriers to adherence
to oral ART, including cognitive development (poor impulse control
and lack of future planning) [11] and susceptibility to HIV-related
stigma [12]. Adolescents may skip clinic visits to avoid missing school
and possibly disclosing their HIV status to teachers and peers [13].
Further barriers to adherence include poor engagement in care, inad-
equate support transitioning from pediatric to adult care, and not
being informed of their HIV status by caregivers [14]. Strategies to
increase ART adherence among AYA are needed. Long-acting phar-
maceuticals have shown increased adherence compared to daily pills
in prior studies of antipsychotics [15] and contraception [16]. Long-
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Research in context

Evidence before this study

Stemming the HIV epidemic will require increased coverage
and adherence to antiretroviral treatment (ART). Adolescents
and young adults (AYA) have lower ART adherence, and long-
acting ART (LA-ART) is emerging as an effective treatment tool
that may increase adherence in this population.

We searched PubMed for modeling analyses of long-acting
antiretroviral therapy (LA-ART) on August 28, 2019 with the
terms (model*) AND (HIV) AND (LA-ART OR long-acting ART OR
long-acting antiretroviral* OR long-acting injectable*), with no
date or language restrictions. Of the 17 papers identified, one
used mathematical modeling to investigate long-acting antire-
trovirals as HIV treatment. This study investigated the cost-
effectiveness of LA-ART in the U.S. by estimating reductions in
morbidity and mortality in the adult HIV-positive population,
and found that LA-ART would be cost-effective only for patients
with multiple ART failures. We found no studies modeling LA-
ART in sub-Saharan Africa or in the AYA population.

Added value of this study

Our model focuses on providing LA-ART to the AYA population
in Kenya, a likely priority population to receive LA-ART due to
low adherence to oral regimens. In addition to estimating
health benefits and costs for HIV-positive AYA receiving LA-
ART, we include the effect of LA-ART in preventing new HIV
infections to estimate a comprehensive cost-effectiveness
threshold for LA-ART in this population.

Implications of all the available evidence

Administering LA-ART to AYA in Kenya may be cost-effective if
LA-ART is less than double the current cost of administering
oral ART. Prioritizing administration further to AYA who have
difficulty taking daily pills, but can adhere to LA-ART, will
increase the cost-effectiveness of LA-ART.

acting ART (LA-ART) is a promising potential intervention to over-
come the need for daily adherence and improve clinical outcomes in
this priority population.

Results from three recent trials among adults in high-income
countries have demonstrated that LA-ART is equally effective as oral
regimens [17-19]. A long-acting intramuscular injectable form of
cabotegravir (CAB) in combination with long-acting rilpivirine (RPV)
was effective as HIV treatment at both 4-week and 8-week durations
in Phase 2 of the LATTE-2 trial (94% rate of viral suppression at 96
weeks) [20]. Similarly, preliminary results from the Phase 3 FLAIR
[18] and ATLAS [19] trials found that 93-94% of treatment-naive
adults were virally suppressed after 48 weeks of monthly CAB/RPV
injections.

Since these trials only included adults, studies on LA-ART among
adolescents have been limited to interest surveys. In a study of U.S.
AYA in HIV care, nearly 90% of those surveyed indicated a willingness
to try injectable ART, with greater interest at higher viral loads [21].
Interest in taking a break from daily pills was measured in the
BREATHER trial, in which some adolescents were randomized to a
regimen that included weekends off from taking ART [22]. Adoles-
cents expressed a strong preference for the weekends off regimen,
with 98% of participants agreeing to participate in a two-year follow-
up study [22].

Policymakers need to weigh the projected cost and benefits of LA-
ART in order to make programmatic decisions. LA-ART will likely cost

more than oral ART due in part to logistical challenges such as main-
taining the transportation and storage cold chain, additional provider
training and laboratory monitoring, and ensuring a steady supply
[23]. The threshold at which LA-ART would be considered cost-effec-
tive has not been evaluated in SSA. To inform these decisions, we
used a mathematical model to simulate HIV acquisition, transmission,
and viral suppression among AYA in Kenya to assess the cost thresh-
old at which switching from oral to LA-ART would be considered
cost-effective. Our model, among the first adapted to an AYA popula-
tion in SSA, addresses an urgent need to evaluate new interventions
to increase ART adherence in this population.

2. Methods
2.1. Mathematical model

We adapted a previously published dynamic compartmental
model of HIV transmission and progression to the setting of Kenya
[24] as part of a cost-effectiveness evaluation of an intervention to
improve AYA retention in care [25]. The population includes all Ken-
yans aged 0—59 years and is stratified by sex, five-year age group,
sexual activity (low, medium, and high), and circumcision status. HIV
natural history is modeled through five stages of viral load and five
stages of CD4 count.

Sexual behavior is assumed to change both as individuals age and
over time as the epidemic progresses. The model estimates the force
of HIV infection as a function of sexual mixing (by age and sexual
activity), proportion of HIV infected individuals, ART use, circumci-
sion, and HIV transmission probability (based on number of sex acts
per year and the probability of transmission per sex act). Although
the LA-ART intervention is targeted to the AYA population, the full
population (ages 0—59) is included in the model to account for the
effects of sexual mixing between AYA and other age groups and to
capture the population-level benefits of implementing LA-ART.
Young adults (ages 15—24) are assumed to have the highest levels of
sexual activity and are therefore at high risk of acquiring and trans-
mitting HIV. The model allows HIV risk to be modified by male cir-
cumcision, pregnancy, and sexually transmitted disease coinfection.
For further details, see the Supplemental Appendix.

The proportion of HIV-positive individuals receiving ART (oral or
LA-ART) was assumed to increase from an average of 75% in 2017
[26] to an average of 81% by 2029, with no change in suppression
rates over time. Individuals adherent to ART have a 96% reduction in
transmission risk [27] and are assumed to have the same mortality
rates as those who are HIV uninfected. Individuals who are non-
adherent to ART are assumed to not be virally suppressed. Rates of
non-adherence vary by age, sex, and CD4 count, with AYA having
lower adherence than adults [28]. Of AYA currently on oral ART, on
average 75% are estimated to be virally suppressed, compared to
roughly 85% of adults aged 25 and older [28].

Changes in the population over time are estimated using a system
of ordinary differential equations, approximated using discrete 005-
year intervals. Before projecting the impact of the LA-ART interven-
tion, the model was calibrated to fit the age-specific and overall HIV
prevalence from Kenya by adjusting sexual activity and probability of
HIV transmission per sex act (Fig. 1). Table 1 includes major inputs
into the model; additional details about the model, parameters, and
calibration results are available in the Supplemental Appendix. All
analyses were conducted in R v3e5e1 [29].

2.2. Scenarios

The health and economic impact of switching from oral ART to LA-
ART was evaluated under two scenarios (Table 2) with different pro-
portions of AYA on ART who switch to LA-ART. Both scenarios assume
94% of LA-ART users are virally suppressed based on the LATTE-2
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Fig. 1. (A) Comparison of modeled HIV prevalence for ages 15—49 to observed Kenya prevalence (for observed sources, see Supplemental Appendix). (B) Model calibration: Compar-
ison of modeled age-specific HIV prevalence to the observed 2012 Kenya AIDS Indicator Survey (KAIS) prevalence (including restatement of 2003 and 2007 prevalence). KAIS error

bars represent 95% confidence intervals.

Phase II trial results [20]. Based on a U.S. survey [21], the “base” sce-
nario assumes 85% of AYA on oral ART would switch to LA-ART with
a two-month duration of viral suppression per injection. The second
“lower uptake” scenario considers a 20-week oral ART induction
period similar to those required in two of the current clinical trials of
long-acting CAB/RPV [18,20]. If AYA who are currently non-adherent
to their oral regimens are less likely to be virally suppressed at the
end of the induction period, they will not be able to switch to LA-ART
at the same rate. This “lower uptake” scenario assumes 85% of cur-
rently adherent AYA switch to LA-ART, but only 30% of non-adherent
AYA successfully complete the induction period and switch, resulting
in a total switch proportion of 71%.

2.3. Cost-threshold analysis

We estimated the maximum incremental cost of LA-ART adminis-
tered to AYA which would be considered cost-effective (i.e., having
an incremental cost-effectiveness ratio less than the threshold). We
assessed population-level effects of LA-ART over a 10-year time hori-
zon. Health benefits and costs were discounted annually at 3%. Costs
were inflated to 2017 U.S. dollars using the Kenya GDP deflator (ratio
of current to constant price GDP) [26]. Total incremental LA-ART drug
and administration costs were divided by the number of person-
years on LA-ART under each scenario to determine the incremental
cost of LA-ART per person-year. Oral ART drug costs were assumed to

be $72 USD per year [30] (all costs for this study reported in 2017
USD). Non-drug costs including HIV-related health care for pre- and
post-ART patients were taken from a study of comprehensive HIV
treatment costs in Kenya [31]. The total annual per-person cost of
ART administration, drug cost plus clinical services, was estimated to
be $233.

For both scenarios, we calculated the maximum incremental cost of
LA-ART compared to oral ART that would be considered cost-effective.
We calculated the incremental cost-effectiveness ratio (ICER) per dis-
ability-adjusted life year (DALY) averted associated with LA-ART as the
additional cost divided by the additional health benefit of LA-ART com-
pared to oral ART only. We utilized two thresholds or cost-effective-
ness: 1) $500 per DALY averted as recommended by the World Health
Organization (WHO) for high priority HIV interventions [32], and 2)
Kenya’s 2017 gross domestic product (GDP) per capita ($1508) per
DALY averted [33], following health economic convention.

2.4. Sensitivity analyses

We conducted one-way sensitivity analyses on the base scenario
to determine the impact of key parameters on the maximum incre-
mental cost. We varied the growth in the proportion of the HIV-posi-
tive population receiving ART by 2029 from 0% (75% coverage) to 15%
(90% coverage); base case assumes 81% coverage. We adjusted the
percentage of AYA who are non-adherent to oral ART by 0e8 to
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Table 1
Key model parameters.

Proportion of PLHIV receiving ART [26]
2017 75%
2029 81%*

Proportion on ART who are virally suppressed by age group 28]

0-3 5699%
3-10 65¢5%
10-20 63e4%
20-30 81e4%
30-60 8697%

Costs of ART provision (per person-year)
Antiretroviral drug cost [30] $72
Non-antiretroviral cost [31] $161

Costs of health-care for pre-ART patients (per person-year) [31]
Non-antiretroviral cost $155

Disability Weights for HIV-positive [43]

CD4 count >350 cells per L (untreated)” 0e078

CD4 count >200-350 cells per L (untreated) 00274

CD4 count <200 cell per L (untreated) 00582

On antiretroviral therapy 00078

@ Assumes UNAIDS target of 90% aware of status, 90% on ART is
reached by 2029.

> HIV infection with a CD4 count of 350 cells per uL or greater was
assumed to cause the same disability (0#078) as those receiving antire-
troviral therapy.

1e2 times the base case non-adherence rates, which vary by age, and
we tested the effects of lowering or raising the number of sexual
partnerships in the AYA population. While keeping overall adherence
levels the same, we varied oral and long-acting ART adherence by
sexual risk group, with lowest adherence in the high-risk group. We
extended the model time horizon from ten to 20 years. Two assump-
tions directly related to LA-ART coverage were also tested; we varied
the rate of viral suppression under LA-ART from 85% to 100% and var-
ied the percentage of AYA who switch to LA-ART from 40% to 100%.
Finally, as dolutegravir (DTG) usage expands, it may have an
impact on ART adherence and average oral ART drug cost. Since DTG
has better drug tolerance and a lower resistance profile [34], we con-
ducted a sensitivity analysis to determine the effect on cost thresh-
olds if current oral ART non-adherence rates decrease across the
population with scale-up of more tolerable drug. In addition to

Table 2
Health Impacts and Maximum Cost-Effective LA-ART Administration Cost".
Base Lower Uptake
Proportion of AYA on ART who switch to LA-  85% 71%¢
ART"
Viral suppression of AYA on LA-ART¢ 94% 94%
Overall (oral and long-acting) viral suppres- 91% 78%
sion of AYA ART users
HIV infections averted (% of estimated new 40,540 (4¢5%) 6807 (0#8%)
infections)
Deaths averted (% of all deaths) 20,480 (009%) 4178 (0#2%)
DALYs averted 122,081 25,173
Maximum incremental annual cost ($500 $89 $20
threshold)
Maximum incremental annual cost ($1508 $236 $56
threshold)

2 Costs and health outcomes are captured over 10-year time horizon. Incremen-
tal costs and DALYs associated with each scenario are discounted at 3% annually.
LA-ART intervention is added to current ART expansion. Costs are in 2017 USD.

b 85% of AYA on ART desiring to switch to LA-ART based on LA-ART interest sur-
vey in US.2!.

€ 30% of AYA who are not virally suppressed under oral ART, 85% who are sup-
pressed under oral ART.

4 94% viral suppression based on LATTE-2 phase 2b trial?°.

evaluating a 20% decrease in oral ART dropout starting in 2019, we
evaluated the equivalent increase. If scale-up of DTG does not meet
expectations, costs may be higher, and if two-drug formulations are
approved for use, costs may be lower. We therefore varied annual
oral ART drug costs from $60 to $90.

2.5. Reporting guidelines

Our reporting of this study follows Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) reporting guidelines [35].

2.6. Role of the funding source

The sponsor of the study had no role in the study design, data
collection, data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all the data in
the study and had final responsibility for the decision to submit
for publication.

3. Results

Our base scenario assumed 85% of AYA on oral ART switch to LA-
ART, with a 94% viral suppression rate, resulting in an overall (oral
and injectable) AYA viral suppression increase from 75% with only
oral ART to 91% including LA-ART. In this scenario, we projected that
LA-ART would avert 40,540 HIV infections and 20,480 HIV-related
deaths over ten years compared to standard of care (oral ART)
(Table 2, Fig. 2). To have an ICER below Kenya’s per capita GDP, the
annual per-person cost of LA-ART, including both drug injections six
times per year and administration costs, can be at most $236 higher
than oral ART administration ($233 per year). Using a cost-effective-
ness threshold of $500, the maximum annual cost can be at most $89
higher than oral ART.

In the lower uptake scenario, AYA who are not virally sup-
pressed under oral regimens switch to LA-ART at a lower rate
than those who are virally suppressed (30% vs. 85%) due to the
requirement to maintain a 20-week oral ART induction period
before starting LA-ART. In this scenario, overall AYA viral sup-
pression would increase only slightly from 75% to 78%. To have
an ICER below Kenya’s per capita GDP in this lower uptake sce-
nario, the annual per-person cost of LA-ART can be at most $56
higher than oral ART administration, or $289. Using a cost-effec-
tiveness threshold of $500, the maximum annual cost can be at
most $20 higher than oral ART, or $253.

3.1. Sensitivity analyses

Fig. 3 shows tornado diagrams of the sensitivity of the maximum
incremental LA-ART implementation cost for the $500 (3a) and
$1508 (3b) ICERs to changes in the proportion of AYA who switch to
LA-ART, oral ART drug cost, growth of oral ART coverage in the popu-
lation, number of AYA sexual partnerships, proportion of population
non-adherent to oral ART, proportion of AYA who are non-adherent
to oral ART, and viral suppression rates under LA-ART. Maximum
incremental costs were sensitive to LA-ART viral suppression and
oral ART non-adherence rates, although results were qualitatively
similar to the base scenario. Increasing the time horizon of LA-ART
administration to 20 years roughly doubled the maximum incremen-
tal LA-ART cost to $185 and $461 under the $500 and $1508 ICER sce-
narios, respectively (not shown). Maximum LA-ART costs were
robust to changes in the population-level increase in ART coverage
by 2029, number of AYA sexual partnerships, or the percentage of
AYA that switch to LA-ART, as changes in costs were mostly offset by
changes in health benefits. Incremental LA-ART costs were also
robust to changes in oral ART drug cost and variations in adherence
by risk group (not shown).
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Fig. 2. (A) Estimated reduction in new HIV infections per 1000 person-years due to LA-ART introduction under base and lower uptake scenarios. (B) Estimated reduction in mortal-
ity rate among HIV-positive persons over ten years due to LA-ART introduction under base and lower uptake scenarios.

4. Discussion

This study uses a novel mathematical model to investigate one of
the emerging questions about the new long-acting antiretroviral for-
mulation. Our model-based analysis shows that providing LA-ART
to AYA has the potential to be cost-effective for reducing HIV
burden in Kenya if it is less than double the cost of oral ART.
Assuming 85% of AYA on ART switch to LA-ART and 94% maintain
viral suppression, the annual cost of LA-ART and administration
could be approximately 25% higher than the cost for oral ART and
still be considered cost-effective under a $500/DALY threshold. If
the threshold for cost-effectiveness is Kenya’s per capita GDP, LA-
ART could be considered cost-effective at a cost of up to double
the cost for oral ART.

Prior to this study, few mathematical models have been specifi-
cally tailored to the AYA population. LA-ART has only recently been
developed and the projected impact has not been widely studied
using mathematical modeling. A major strength of our study is that
our model allows more precise investigations of questions relevant
to AYA, assessing the circumstances under which LA-ART would be

considered cost-effective. We note that to date, all clinical trials of
LA-ART have been conducted in adult populations. Additional clinical
studies are needed to establish efficacy and safety of LA-ART among
AYA before LA-ART can be administered to this population.

We assumed 94% adherence for AYA taking LA-ART from the
LATTE-2 Phase II trial conducted in high-income countries [20]. An
increase from 75% viral suppression under oral ART to 94% viral sup-
pression under LA-ART assumes that the requirement for daily adher-
ence to pills is a main driver of nonadherence for AYA in SSA. If
factors, including not being informed of one’s HIV status, difficulty
attending clinic visits due to stigma, inability to leave school or work,
cost of travel, or poor engagement in care play a substantial role in
nonadherence, then our analysis may overestimate the maximum
cost at which LA-ART would be cost-effective. However, current stud-
ies for reaching persons with low adherence to oral ART include strat-
egies to increase engagement in care and overcome barriers [36].

Results were most sensitive to assumptions about whether AYA
who are not currently adherent to oral ART will be able to complete
the oral induction period successfully to switch to LA-ART. For LA-
ART to have maximum impact, administration should be prioritized
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LAART viral suppression (85% to 100%)

AYA oral ART nonadherence (20% lower to
20% higher)
Population oral ART nonadherence after 2019
(20% lower to 20% higher)
Number of AYA partners (20% lower to 20%
higher)

2029 ART coverage (75% to 90%)
Oral ART drug cost ($60 to $90)
AYA switching to LA-ART (40% to 100%)

$40

$60 $80 $100 $120

LAART viral suppression (85% to 100%) [

AYA oral ART nonadherence (20% lower to
20% higher)
Population oral ART nonadherence after 2019
(20% lower to 20% higher)
Number of AYA partners (20% lower to 20%
higher)

2029 ART coverage (75% to 90%)
Oral ART drug cost ($60 to $90)

AYA switching to LA-ART (40% to 100%)

$120

$170 $220 $270 $320

Fig. 3. (A) Sensitivity of annual LA-ART administration cost considered cost-effective using an ICER of US$500. Base case annual cost is US$89. (B) Sensitivity of annual LA-ART
administration cost considered cost-effective using an ICER of $1508. Base case annual cost is US$236.

for populations who struggle with adherence to oral ART mainly due
to the requirement for daily pills. These populations may have diffi-
culty completing the induction period on oral ART. Adequate drug
supply, kind providers, transportation vouchers, and counseling dur-
ing the induction period could improve the likelihood that AYA are
able to successfully transition to LA-ART [37]. After the induction
period, adherence counseling should be adapted to address barriers
to LA-ART adherence. Spacing LA-ART injections with school break
schedules could also improve adherence in the AYA population. Our
results were sensitive to the assumed rate of viral suppression for
AYA on LA-ART; as the rate approaches current oral ART suppression
rates, the benefit of LA-ART declines. Although the cost threshold for
LA-ART was not impacted by the proportion of AYA on ART who
switched from oral to LA regimens, the clinical impact of LA-ART
would be reduced if fewer AYA switched to LA-ART. If LA-ART is
scaled up in Kenya, future surveys should monitor the number of
AYA who are willing to switch treatment regimens.

A previous study examined the maximum drug cost of LA-ART
considered cost-effective for adult HIV patients in the United States
[38]. Using a willingness to pay threshold of $100,000 per quality-
adjusted life-year (QALY) and assuming 91% LA-ART viral suppres-
sion, LA-ART would be considered cost-effective if it were roughly
double the current oral ART regimen cost for those with multiple ART
failures. In order for LA-ART to be considered cost-effective as a first-
or second-line regimen, the cost would need to be similar to current
oral ART costs. However, this model did not take into account the
effect of LA-ART on averting HIV transmission, so the QALYs gained
and the maximum cost were likely an underestimate. Our model

captures the dynamics of HIV transmission, and therefore captures
additional health benefits from preventing HIV infections.

Our study has several limitations. We did not simulate drug resis-
tance due to non-adherence to ART regimens, and this should be
evaluated in future studies. However, with the scale-up of DTG-based
regimens, it is possible that drug resistance will greatly decline. Fur-
ther, since AYA adherence is expected to be higher under LA-ART
[12], it is possible that drug resistance using LA-ART will be lower
than oral regimens. However, when long-acting ART is stopped, it is
followed by a long tail of subtherapeutic drug levels which could lead
to drug resistance. In order to combat this, individuals who discon-
tinue LA-ART may need to take daily oral ART until the LA-ART drug
concentration falls [39]. This could decrease the proportion of indi-
viduals who adopt LA-ART as their primary therapy strategy, as well
as increase drug resistance for those who do not take oral ART after
discontinuation of LA-ART. To our knowledge, no LA-ART trials are
currently planned in AYA populations. We administered LA-ART only
to AYA because we predicted that they may receive the most benefit.
Although other age groups may also experience declines in morbidity
and mortality from LA-ART, the cost-threshold for AYA is likely lower
than other age groups. LA-ART administration may therefore be
rolled out to this priority population first, reflecting our model
assumptions. Our model results are specific to Kenya, but we expect
our overall findings can be applicable to other settings in SSA with
generalized HIV epidemics. Lastly, we have presented the results
from the programmatic perspective, i.e. the Ministry of Health, and
included only costs incurred or averted by the health system. How-
ever, the societal perspective would capture client preferences and
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the trade-offs they would be willing to make for the convenience of
LA-ART. LA-ART will likely reduce costs to patients who will require
fewer clinical visits, and using a societal perspective would therefore
increase the cost threshold of LA-ART for AYA in Kenya.

When LA-ART becomes available in the market, it may be formu-
lated for one-month or three-month durations, rather than the two-
month duration we modeled. AYA have shown more interest in a
three-month option compared to two-month [21], and in Kenya this
would be better aligned with school break schedules and the shift to
differentiated care [40]. This would increase the proportion of cur-
rently non-adherent AYA that switch to LA-ART and allow a higher
maximum incremental cost. In addition to injectables, other long-act-
ing formulations such as implants or microarray patch are possible
that may have different durations and acceptability to patients
[41,42]. A once-weekly formulation of oral ART may be a cost-effec-
tive alternative to injectable ART, but there is a lack of clinical data on
adherence and programmatic costs. Future studies should consider
these additional ART formulations in development once more
research is available on adherence and effectiveness.

In summary, administering LA-ART to AYA in Kenya has the
potential to avert thousands of HIV infections and HIV-related deaths.
Costs may increase due to provider training and clinic logistical needs
in addition to drug cost and transportation. For LA-ART to be cost-
effective in the AYA population, it needs to be relatively low-cost
(double current oral ART costs or less) Administration should be pri-
oritized to those who are currently non-adherent to oral ART due to
the need to take daily pills.
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