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Abstract

Introduction: Curative therapies (CTx) to achieve durable remission of HIV disease without the need for antiretroviral
therapy (ART) are currently being explored. Our objective was to model the long-term health and cost outcomes of HIV
in various countries, the impact of future CTx on those outcomes and the country-specific value-based prices (VBPs) of
CTx.

Methods: We developed a decision-analytic model to estimate the future health economic impacts of a hypothetical CTx for
HIV in countries with pre-existing access to ART (CTx+ART), compared to ART alone. We modelled populations in seven low-
and-middle-income countries and five high-income countries, accounting for localized ART and other HIV-related costs, and
calibrating variables for HIV epidemiology and ART uptake to reproduce historical HIV outcomes before projecting future
outcomes to year 2100. Health was quantified using disability-adjusted life-years (DALYs). Base case, pessimistic and optimistic
scenarios were modelled for CTx+ART and ART alone. Based on long-term outcomes and each country’s estimated health
opportunity cost, we calculated the country-specific VBP of CTx.

Results: The introduction of a hypothetical CTx lowered HIV prevalence and prevented future infections over time, which
increased life-years, reduced the number of individuals on ART, reduced AlDS-related deaths, and ultimately led to fewer
DALYs versus ART-alone. Our base case estimates for the VBP of CTx ranged from $5400 (Kenya) up to $812,300 (United
States). Within each country, the VBP was driven to be greater primarily by lower ART coverage, lower HIV incidence and
prevalence, and higher CTx cure probability. The VBP estimates were found to be greater in countries where HIV prevalence
was higher, ART coverage was lower and the health opportunity cost was greater.

Conclusions: Our results quantify the VBP for future curative CTx that may apply in different countries and under different
circumstances. With greater CTx cure probability, durability and scale up, CTx commands a higher VBP, while improvements in
ART coverage may mitigate its value. Our framework can be utilized for estimating this cost given a wide range of scenarios
related to the attributes of a given CTx as well as various parameters of the HIV epidemic within a given country.
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1 | INTRODUCTION

durable ART-free suppression of viraemia (‘cure”) and that is
also accessible and affordable [2].

Over the past three decades, the use of combination
antiretroviral therapy (ART) has diminished global HIV mor-
tality and transformed the disease into a chronic and man-
ageable condition in geographies where ART is accessible and
patients are adherent [1]. Nonetheless, HIV remains preva-
lent in vulnerable populations, particularly those in low- and
middle-income countries (LMICs) in sub-Saharan Africa, and
may remain so in the absence of an intervention that leads to

Assuming that technical, practical and safety hurdles can be
overcome, it is anticipated that curative therapy (CTx) for HIV
infection may be available within the next 10-20 years [3, 4].
At that point, the looming hurdles to their global uptake are
likely to be related to pricing and financing, which will be com-
plicated if CTx consists of a one-time administration with an
upfront payment, similar to current gene therapies [5]. Under-
standing the economic value of CTx in different contexts will
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Figure 1. HIV state transition model. Individuals could transition from uninfected to an HIV health state or from one HIV health state
to another. Individuals automatically transitioned from early HIV infection to chronic HIV after a single semi-annual model cycle. In the
CTx+ART comparator arm, eligible individuals could receive CTx. As determined, however, by the modelled durability of CTx cure, they
could transition to a relapsed HIV health state with costs and disability weights equivalent to chronic HIV until they either received
another CTx administration or died. Individuals could transition to death via AIDS-associated mortality or the background mortality of

the modelled country.

be key to unlocking questions of funding feasibility and nego-
tiating a fair price for each country that wishes to access it
[6-9].

It has been previously argued that health technology inter-
ventions are public economic goods, and that the optimal
research and design financing system should be based on
global differential pricing across countries that accounts for
both the ability and the willingness-to-pay for improved pop-
ulation health [10]. Danzon and others have further argued
that if each country/payer sets a cost-effectiveness threshold
based on the marginal health opportunity costs, and manufac-
turers subsequently price their products up to or below each
threshold (after allowing for costs of delivery), the resulting
prices and utilization would be “value-based” and yield sus-
tainable global incentives for future utilization and innovation
[11, 12].

Given the substantial costs of research and development
for novel CTx therapies as well as challenges associated
with their production, distribution, delivery and administra-
tion, there is a need to further investigate what the proper-
ties and price for the technology would be, consistent with
this perspective. Our first objective was to develop a decision-
analytic model that can be adjusted to specific countries’
HIV epidemiology, ART utilization, demographics and eco-
nomic conditions to estimate long-term HIV-related costs and
health outcomes. Our second objective was to use the model
to assess the potential HIV epidemic impacts of a future CTx
once it becomes available. Our third objective was to esti-
mate the value-based price (VBP) appropriate for each coun-
try to pay per CTx administration based on their unique cost-
effectiveness thresholds [13].

2 | METHODS

21 |

Decision-analytic state-transition modelling is a common
health economic evaluation approach that can be applied to
different populations and diseases [14, 15]. Modelled individ-
uals or proportions of modelled cohorts reside within “health
states” that correspond to specific stages of disease natu-
ral history for a given time period. The time spent in each
health state can be used in conjunction with state values (e.g.
life-years, health state-specific disability weights and costs) to
estimate life expectancy, disability-adjusted life-years (DALYs)
and expected costs [15].

We developed an open cohort state-transition model [16],
which (in contrast to closed cohort models) allows for new
individuals to enter the analysis in each model cycle, to com-
pare the introduction of a novel CTx for HIV in settings
with pre-existing access to ART (CTx+ART) versus ART alone
(Figure 1). The model was developed in Microsoft Excel and
is available for download here. All model parameter data were
collected from October 2021 to July 2023 and can be found
in online Appendix Table Al as well as citations within the
model itself. We made assumptions where data were lacking
and have documented these instances as such. We utilized a
semi-annual model cycle duration and a healthcare payer per-
spective, and we discounted all future HIV-related cost and
health outcomes by a constant 3% per year to reflect their
present value [14].

The model incorporates 2010-2021 UNAIDS HIV epidemi-
ological estimates [17, 18] for each modelled country to “burn

Decision model
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in” and extrapolate HIV epidemic levels until an assumed
future CTx rollout. This process included calibration of ART-
and disease stage-specific parameters (online Appendix Table
A2) to minimize the difference between the UNAIDS-reported
HIV prevalence, incidence and ART coverage between 2010
and 2021 per country and the respective analogous values in
the model. Post-2021, the model then estimates the diverging
(post-introduction of CTx in year x) trajectories of CTx+ART
and ART alone until the year 2100 (the latest available year
of US Census international population projections) [19], for a
total model time horizon of 90 years. The analysis concerned
differences between comparators post-CTx rollout; prior to
this rollout, the trajectories of the CTx+ART and ART alone
comparators were equivalent.

A 15- to 49-year-old population, for which HIV epidemio-
logical statistics are widely available for each included coun-
try, entered the model in the year 2010. We did not explicitly
model the sex distributions of the populations. Using a deci-
sion tree (online Appendix Figure A1), individuals were dis-
tributed among health states in the first model cycle accord-
ing to country-specific 2010 estimates of HIV prevalence
and model-calibrated parameters. Most individuals entered
the model in the uninfected health state; those already HIV
positive entered the model with either early HIV (defined as
CD4* cell count of >500/ul of blood), chronic HIV (CD4*
200-499/ul) or AIDS (CD4* <200/ul) [20]. Individuals with
HIV could be on or off ART based on country-specific esti-
mates.

In subsequent model cycles, new 15-year-olds entered the
model (online Appendix Figure A2), a small fraction of whom
were HIV positive. Individuals could transition from unin-
fected to an HIV health state or from one HIV health state
to another (Figure 1 and online Appendix Table A3). Indi-
viduals automatically transitioned from early HIV infection to
chronic HIV after a single semi-annual model cycle. In the
CTx+ART comparator arm, eligible individuals could receive
CTx. As determined, however, by the modelled durability of
the CTx cure, they could transition to a relapsed HIV health
state with costs and disability weights equivalent to chronic
HIV until they either received another CTx administration or
died. Individuals could transition to death via AlDS-associated
mortality [21, 22] or the background mortality of the mod-
elled country (online Appendix Figure A3). The modelled pop-
ulation size and weighted age composition (online Appendix
Figure A4) were based on population projections to the year
2100 derived from the international database tool provided
by the US Census Bureau [19]. All individuals entering the
model each year were tracked until death or the end of the
modelled time horizon.

22 |

For each country, we implemented a calibration process to
derive estimates for unknown model parameters. We utilized
an ordinary least squares approach wherein we minimized the
sum of the squared residuals among UNAIDS-reported HIV
prevalence, incidence and ART coverage from 2010 to 2021
and the corresponding model-calculated outputs. Calibrated
parameters included those for the levels of disease progres-
sion among affected individuals, time until HIV diagnosis, and

Parameter calibration

ART uptake (post-diagnosis) and re-uptake (post-ART discon-
tinuation) rates. Additional information on the calibration pro-
cess is described in the online Appendix (Table A2).

23 |

The annual probability of HIV infection was dynamically
imputed for each semi-annual model cycle using a constant,
country-specific underlying risk of HIV transmission per per-
son per unit (A) time, multiplied by a time-varying coeffi-
cient (B). The constant transmission risk for each country
(A) was estimated from the proportion of individuals in each
health state in the first model cycle, their respective rela-
tive risk of transmissions and the incidence rate reported for
that country in that year by UNAIDS. The dynamic force of
infection coefficient was re-estimated each model cycle from
two sub-components: availability (linearly increasing per year)
and efficacy of pre-exposure prophylaxis (PrEP) and condom
usage [7], and the relative risks of transmission according
to health state multiplied by the proportion of individuals in
each health state. Thus, CTx and ART transition probabili-
ties directly impacted force of infection calculations via the
effect they have in moving individuals into health states with
lower risk of mortality and of transmission. The relative risk
of transmission was highest in early-stage individuals (26.0x)
followed by those with AIDS (7.2x), chronic individuals who
have discontinued ART (3.6x), chronic individuals who are on
ART (0.08x) and chronic individuals yet to start ART were the
reference relative risk (1x) [7, 23, 24]. Uninfected and CTx-
cured individuals were modelled as having a relative transmis-
sion risk of zero, while relapsed individuals were assumed to
have a relative transmission risk equivalent to being on ART
(0.08x). Additional force of infection details are available in
online Appendix Table A4.

HIV incidence
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Presently, no CTx for HIV exists, and our conceptualization
of a future CTx is intended to provide qualitative guidance
for interested stakeholders. While we made no assumptions
regarding the biological mechanism of the hypothetical CTx,
we assumed in all modelled scenarios that it would be admin-
istered to age 15+ individuals with HIV infection as a single
dose with a one-time cost, and that successful CTx adminis-
trations led to prompt ART-free suppression of HIV within 6
months. We further assumed that recipients of CTx who have
not relapsed: (1) have equivalent quality of health to those in
the uninfected population; (2) incur no additional ART cost;
(3) are not infectious; (4) cannot be re-infected upon subse-
quent exposure to HIV [7]; and (5) that recipients of CTx who
have relapsed have the same quality of health and infectious-
ness as those in the chronic HIV health state.

We also employed a number of variable assumptions for the
hypothetical CTx, including (1) a 60% probability of achieving
cure; (2) it would be administered only to ART-adherent indi-
viduals (3) who have not yet progressed to AIDS; (4) a year
2030 rollout; (5) a maximum annual uptake rate among eligi-
ble individuals of 50% would be reached after (6) 10 years
of linear uptake growth; and (7) the median cure duration
was 10 years but (8) relapsed individuals would be eligible

Curative therapy
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Table 1. Gene therapy and ART scenario parameters

Curative therapy assumptions

Pessimistic CTx
assumptions

Base case CTx
assumptions

Optimistic CTx
assumptions

Year of availability

Cure probability

Reinfection possibility

Cure durability (years)

Eligibility: latest disease stage

Eligibility: patients must be adherent to ART
Eligibility: repeat CTx administration after relapse
Maximum uptake proportion/year

Years until maximum uptake achieved

2040
30%

Yes

5

Chronic HIV

Yes

No
25%

15

2030
60%

Yes

10

Chronic HIV

Yes

Yes
50%

10

2027
90%
No
Lifetime
AIDS
No
N/A
75%

5

ART assumptions

Pessimistic ART
assumptions

Base case ART
assumptions

Optimistic ART
assumptions

ART uptake/reuptake
ART adherence
ART cost/year

—5% per year
—5% per year
—5% per year

Calibrated

SA: 92% [1], US: 82% [1]
SA: $249 [36], US:

+5% per year?®
+5% per year?
+5% per year

$42,000 [37]

Abbreviations: SA, South Africa; US, United States.

aART uptake (post-diagnosis), re-uptake (post-ART discontinuation) and adherence were rate-limited to a maximum of 95%.

for repeat administration (Table 1). All eight assumptions were
varied according to plausible pessimistic and optimistic values,
described below.

2.5 | Other parameters

We calculated semi-annual transition probabilities for progres-
sion from infection to AIDS derived via a median time from
infection to AIDS of 14.7 vyears [23]. The AlDS-associated
mortality probability was calculated from a median time of
8.3 months [21]. We calculated an age-weighted background
mortality transition probability per cycle based on population
pyramid projections per year and life tables for each country
[19]. The annual costs of ART, PrEP and other HIV standard
care services were country-specific and were obtained via tar-
geted review from multiple published and online data sources
(online Appendix Table A1).

The aggregate time spent in each health state was used
in conjunction with health state-specific disability weights to
estimate DALYs [15]. DALYs are a measure of population
health estimated over the modelled time horizon, calculated
here as the sum of the years of life lost due to premature mor-
tality (YLLs) from HIV/AIDS and the years of healthy life lost
due to disability (YLDs) for people living in HIV/AIDS health
states [25]. Disability weights for health states were obtained
from the Global Burden of Disease study [26].

2.6 | Modelled countries

Twelve countries were evaluated: France, Germany, Ghana,
India, Italy, Kenya, Nigeria, South Africa, Spain, Uganda, the
United States and Zambia. For presentational efficiency, we
have limited this summary report to South Africa and the

United States. For each country, we explored via a set of
scenarios the effects of base case, pessimistic and opti-
mistic CTx properties, and in the context of similarly vari-
able properties of ART uptake, ART adherence and ART cost
(Table 1).

2.6.1 | South Africa

South Africa is an MIC with a high HIV disease burden.
The 2010 HIV incidence and prevalence estimates were
15.62 per 1000 [17] and 16.3% [18], respectively, and the
model calibrated to 2021 estimates of 7.26 per 1000 and
17.4%, respectively (Figure 2 and online Appendix Figure A5).
Calibration resulted in a median time to HIV diagnosis of
0.7 years and that, among those diagnosed, ART coverage
was 80% with a 75% ART adherence rate per cycle, and
ART uptake post-diagnosis and re-uptake post-discontinuation
were 10% and 88% per cycle, respectively (online Appendix
Table A2). We used a constant ICER threshold of $3228 per
DALY averted for South Africa based on the opportunity cost
approach by Ochalek et al. [27].

2.6.2 | United States

The United States is a high-income country (HIC) with a
low HIV disease burden. The 2010 HIV incidence and preva-
lence estimates were 0.23 per 1000 [17] and 0.40% [18],
respectively, and the model calibrated to 2021 estimates of
0.21 per 1000 and 0.44%, respectively. Calibration resulted
in a median time to HIV diagnosis of 0.7 years and that,
among those diagnosed, ART coverage was 67% with a
75% ART adherence rate per cycle, and ART uptake post-
diagnosis and re-uptake post-discontinuation were 5% and
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Figure 2. Model predicted HIV prevalence, ART coverage, and AIDS deaths for pre- and post-introduction of gene therapy cure. ART
coverage refers to the percentage of adults and children living with HIV currently receiving antiretroviral combination therapy in accor-
dance with the nationally approved treatment protocols (or WHO/UNAIDS standards), antiretroviral regimens prescribed for post expo-
sure prophylaxis are excluded, among the total estimated number of adults and children living with HIV.

42% per cycle, respectively. We used a constant cost per
DALY averted threshold in the United States of $100,000
[14].
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We estimated HIV infections prevented, life years gained, HIV
deaths prevented, DALYs averted, DALYs averted per infec-
tion prevented and the incremental costs for CTx+ART ver-
sus ART alone. Nine scenarios (3 CTx scenarios x 3 ART sce-
narios) per country were estimated using the values described
in Table 1. We held all economic aspects of the model (costs,
the discount rate and cost per DALY averted thresholds) con-
stant over the entire 90-year time horizon, and the base year
for future discounting was 2023. Based on the calculated
health impacts per country and each country’s unique cost-
effectiveness threshold (further details available in the online
Appendix pp. 2-3), we then computed the VBP for all 12
countries and examined how the properties of the hypotheti-
cal CTx and the base case, pessimistic and optimistic ART pro-
grammes per country would affect the VBP. Finally, we mea-
sured the uncertainty of our VBP estimates due to intrinsic

Model analysis

uncertainties in model parameters with one-way and proba-
bilistic sensitivity analyses.

3 | RESULTS
We estimated that the introduction of CTx lowered HIV
prevalence and prevented future infections over time, which
increased life years, reduced the number of individuals on
ART, reduced AIDS-related deaths, and ultimately led to fewer
DALYs versus ART-alone (Tables 2 and 3, and online Appendix
Tables A5-A16). Over time, the reductions in both HIV cases
and the numbers on ART led to ART and standard care cost-
savings, with greater cost-savings (excluding the cost of CTx)
in scenarios with greater numbers of cured individuals. While
our long-term projections show that the epidemic would even-
tually decline without CTx due the effects of (non-pessimistic)
ART and other existing programmes, we found that the intro-
duction of CTx hastens the reductions in numbers living with
HIV and the rate of AIDS deaths by decades.

The VBP estimates for each of the 12 included countries,
under each combination of assumptions for CTx and ART pro-
grammes, are shown in Table 4. Within each country, the
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Figure 2. Continued

VBP was higher when the efficacy and rollout of CTx were
more favourable and ART uptake, adherence and cost were
less favourable. Some scenario combinations (20 of 108 total)
resulted in CTx leading to increased HIV healthcare costs,
worse DALYs avoided or both, resulting in a negative VBP
(reported as $0).

For South Africa, the (non-negative) VBP ranged from
$10,500 (optimistic ART, base case CTx, rounded) to
$197,600 (pessimistic ART, optimistic CTx, rounded), while
the VBP in the United States ranged from $203,700 (opti-
mistic ART, base CTx, rounded) to $8.7 million (pessimistic
ART, optimistic CTx, rounded). The VBP also notably varied
among countries, with higher VBPs estimated for countries
where the HIV caseload was greater and in countries with
greater income (and so, it is assumed, greater per capita
spending on health).

We found that the range in VBP induced for South Africa
was —13% to +41% of the VBP estimated under the base
case (Figure 3), with the HIV transmission rate among indi-
viduals with early HIV having the greatest impact. For the
United States, the range was —28% to +208%, with the
HIV prevalence in 2010 being the most impactful param-
eter. This wide variability in the VBA was supported by
the results of the probabilistic analysis (online Appendix
Table A17).

4 | DISCUSSION

We investigated the potential health impacts of a future CTx
intervention for HIV leading to durable, ART-free remission
(“cure”) in individuals and declines in HIV prevalence in indi-
vidual countries. The cost-savings and health benefits con-
ferred by CTx decreasing the risk of AIDS and the cost of
ART were used to calculate the VBP for CTx for each coun-
try that, given its spending on healthcare, could be willing to
pay per CTx administration. We found that the health bene-
fits of CTx were greatest in circumstances where the HIV bur-
den is higher (e.g. South Africa) and when making “pessimistic”
assumptions for ART, including lower ART uptake and adher-
ence. We also found that higher calculated VBPs were associ-
ated with greater CTx-conferred health benefits.

Previous modelling analyses have delved into questions per-
taining to the impact of a future HIV cure. Beacroft and Hal-
lett similarly found that an HIV cure would have the great-
est impact in geographies where the epidemic is less well-
controlled [7]. They additionally found that targeting those
most likely to transmit the virus (early-stage HIV) and maxi-
mizing the duration of viral suppression could increase impact.
Phillips et al. estimated that a cure would result in >0.53 mil-
lion DALYs averted over 2022-2042 in sub-Saharan Africa,
with a reduction in HIV programme costs of $300 million
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South Africa

$13IOOD $151000 $17:000 $19:000 $21 :000 Parameter Low Value High Value Low Result High Result Spread
Relative Transmission Rate: Early HIV, On ART 0.00 0.57 $13,040 $21,160 $8,119
Annual Societal Cost $887 $1,331 $13,398 $16,525 $3,127
Baseline HIV Prevalence 15% 18% $16,111 $13,781 $2,330
Relative Transmission Rate: AIDS, Off ART 5.74 8.60 $15,794 $14,062 $1,732
Relative Transmission Rate: Chronic HIV, Off ART 0.80 1.20 $15,747 $14,279 $1,468
Baseline AIDS Proportion 1% 16% $15,624 $14,185 $1,439
Relative Transmission Rate: Early HIV, Off ART 20.83 31.25 $14,160 $15,502 $1,342
Disability Weight: Chronic HIV, On ART 0.05 0.11 $14,446 $15,615 $1,170
Relative Transmission Rate: Chronic HIV, Discontinued ART 2.85 4.27 $14,376 $15,499 $1,123
Annual HIV Cost $736 $1,104 $14,579 $15,343 $764
Annual ART Cost $199 $299 $14,654 $15,269 $615
Disability Weight: Chronic HIV, Off ART 0.18 0.38 $14,725 $15,231 $506
Median Time From Chronic HIV to AIDS, no ART (years) 1.7 17.6 $15,164 $14,821 $343
Baseline Chronic HIV Discontinued ART 27% 41% $15,033 $14,888 $145
Median Time Unil Diagnosis (years) 05 0.8 $14,909 $15,003 $94
Baseline Early HIV Previously Diagnosed Proportion 32% 48% $15,005 $14,916 $89
Mortality Transition Probability: From AIDS, Off ART 0.51 0.76 $14,907 $14,996 $89
Baseline Chronic HIV Previously Diagnosed Proportion 8% 12% $15,003 $14,919 $85
Baseline Early HIV Proportion on ART 40% 59% $14,922 $15,000 $79
Baseline Chronic HIV Proportion On ART 29% 43% $14,932 $14,990 $58

United States

$500l,000 $709,000 $909,000 $1,1DP,000 $1,30f),000 $1,50‘0,000 $1,70‘0,000 Parameter Low Valu High Value Low Result High Resul Spread
Baseline HIV Prevalence 0.3% 0.5% $1,650,565 $581,194 $1,069,371
Relative Transmission Rate: AIDS, Off ART 5.74 8.60 $1,062,283 $678,763 $383,520
Baseline AIDS Proportion 1% 17% $1,046,551 $681,149 $365,402
Relative Transmission Rate: Early HIV, Off ART 20.83 31.25 $705,026 $977,666 $272,640
Relative Transmission Rate: Early HIV, On ART 0.00 0.57 $776,354 $1,005,434 $229,080
Relative Transmission Rate: Chronic HIV, Discontinued ART 2.85 4.27 $722,895 $900,370 $177,476
Baseline Chronic HIV Proportion On ART 38% 57% $761,404 $873,786 $112,383
Annual ART Cost $33,600 $50,400 $760,224 $864,337 $104,113
Relative Transmission Rate: Chronic HIV, Off ART 0.80 1.20 $868,776 $765,710 $103,066
Baseline Chronic HIV Previously Diagnosed Proportion 63% 95% $777,010 $852,343 $75,333
Disability Weight: Chronic HIV, Off ART 0.18 0.38 $780,291 $848,890 $68,599
Annual HIV Cost $17,450 $26,174 $790,110 $834,451 $44,342
Annual Societal Cost $7,871 $11,807 $792,500 $832,061 $39,561
Baseline Chronic HIV Discontinued ART 5% % $831,136 $794,563 $36,573
Disability Weight: Chronic HIV, On ART 0.05 0.11 $796,260 $832,613 $36,353
Mortality Transition Probability: From AIDS, Off ART 0.51 0.76 $827,952 $801,020 $26,932
Baseline Early HIV Previously Diagnosed Proportion 30% 45% $815,004 $809,564 $5,441
Median Time Unil Diagnosis (years) 0.6 0.9 $809,722 $814,149 $4,427
Disability Weight: Early HIV, Off ART 0.18 0.38 $810,223 $814,635 $4,412
Disability Weight: AIDS, Off ART 0.41 0.74 $810,469 $813,938 $3,469

Figure 3. One-way sensitivity analyses of value-based price: top 20 most influential parameters. In one-way sensitivity analysis, one
parameter at a time is varied to its plausible low and high values while keeping all other parameters constant.

(—=8.7%) and estimated that a VBP up to $1400 would be jus-
tified [8]. This is lower than in our analysis, which differs pri-
marily in that we assumed a CTx rollout beginning in 2030
instead of 2022 and that we modelled outcomes to the year
2100. Dimitrov et al. estimated a cure’s impact from the per-
spective of eligibility based on ART adherence and found that
HIV incidence would not be reduced unless the intervention
was available to all individuals regardless of adherence [28].
We similarly found that the beneficial impact of an HIV cure is
enhanced if there are fewer eligibility restrictions, although it
may be more efficient to target those with the highest trans-
mission risks.

Achieving universal access to CTx for HIV will be challeng-
ing. The potential for high manufacturing and delivery costs,
as well as a potential lack of competition among manufactur-
ers, mean there will be barriers to equitable pricing in a real-
world setting [29-32]. Determining the long-term value of a
high-priced CTx is also challenging in a world in which pricing
mechanisms often focus on short-term budget impact analy-
ses that may undervalue longer-term health benefits to indi-
vidual patients [13]. We contend that pharmaceutical man-
ufacturers should tailor prices based on the willingness of
countries to pay for health benefits accrued over a lifetime
and that setting a target threshold at this early phase of think-

ing about CTx for HIV is a crucial step in ensuring widespread
access and uptake. High-priced, one-time, upfront payments
are likely to put universal access and affordability out of
reach in most LMICs; therefore, instalment payment options
could be explored [13, 29, 31]. Furthermore, performance-
based reimbursement schemes, wherein coverage and reim-
bursement are linked to real-world, long-term efficacy, might
offer a way to reduce the price paid for CTx if its health
impact is less than initially anticipated [33, 34].

Our study has limitations that warrant mention. First, our
estimates are highly contingent on assumptions about the
future uptake of ART and the efficacy, durability, eligibility
and uptake of a hypothetical CTx, among others. Therefore,
we suggest that our results be understood as exploratory
in nature and that they should be continually reassessed as
new information becomes available. Second, it was challenging
to identify country-specific estimates beyond HIV incidence
and prevalence for all countries; these data gaps include
treatment-specific costs, the distribution of patients across
early/chronic/AIDS stages, and the uptake and adherence to
ART, the latter two categories ultimately requiring parame-
ter calibration. Regional-based assumptions were made for
some countries in the calculation of their health outcomes
and VBP. Third, we did not include barriers to treatment
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Table 4. Value-based price of curative therapy per modelled country

Pessimistic

Pessimistic CTx, Base case CTx, Base case CTx, Base case CTx, Optimistic CTx, Optimistic CTx, Optimistic CTx,
base case ART optimistic ART  pessimistic ART base case ART

optimistic ART

CTx, base

Pessimistic CTx,

optimistic ART

pessimistic ART

case ART

pessimistic ART

Country

$32,513 $12,166 $3241 $117,415 $53,309 $17,104

50°
50°
50°
$0°
$0°
50°
50°
50°
$0°
$0°

$12,504

$24,950

Ghana

$22,713 $11,515

$27,289
$107,939

$6378 $2787

$6406
$26,448

$16,583

$2202
$363

$0°
$0°
$0°
$19,977
$629

India

$2808 $22,113 $12,250

$2092
$10,460

$5417
$6808
$14,961

Kenya

$28,925 $9542
$42,208

$69,733
$197,611

$5899

Nigeria

$60,939

$40,867

$0°
$2828
$3345
$657,324

South Africa
Uganda

$5616 $2023 $113,594 $26,065 $9353
$13,767
$643,335

$8276
$513,293

$15,016

$34,787
$2,467,945

$112,140
$9,217,161

$3109
$118,433

$21,186
$1,547,065

50°
50°
50°

$370,721

Zambia

France

$124.864 $2,721,230 $1,070,909 $477,901
$338,009

$310,920

$741,369

$236,214

Germany

$102,357 $59,981 $1,360,842 $211,571
$1,651,333

$490,468

$21,647
$91,163

Italy

$213,642

$489,086

$439,660 $134,977 $53,851

$2,419,892

$0°
$0°

$121,863

Spain

$203,667 $8,702,245 $3,190,277 $987,563

$812,280

$786,019

50°
aA zero value-based price is assigned in lieu of negative value-based price due to increased HIV healthcare costs and/or worse DALYs avoided.

United States

access in LMICs other than their limited abilities to pay for
future CTx; in reality, LMICs contend with a much lower den-
sity of health workers and hospital beds per population com-
pared to HICs, and LMICs have a larger proportion of out-of-
pocket expenses, among other factors that could be barriers
to the use of CTx [35]. Fourth, while much remains unknown
about the effectiveness and durability of CTx, it likely will not
reverse the systematic impact of HIV on long-term health, and
may also lead to disengagement with other supportive HIV
care; therefore, our assumption that a cure leads to health
equivalent to the uninfected population likely inflates the VBP
and this should be explored in future analyses. Fifth, our anal-
ysis makes no assumptions regarding the mechanism of cura-
tive therapy other than it being a one-time administration
that either succeeds or fails, which may greatly oversimplify
the eventual clinical application. Lastly, we did not explore
in depth the intricacies of manufacturing and distributing a
future CTx but, rather, estimated its VBP under various epi-
demic and economic circumstances. Individual manufacturers
will need to evaluate whether their combined operations can
meet the price per CTx administration proposed in this study.

5 | CONCLUSIONS

We demonstrate here that a cost of CTx in the thousands for
LMICs, and 10-fold greater than that in the United States,
would be consistent with it being cost-effective for those
countries to use. The DALYs averted and cost-savings con-
ferred by CTx increased with more optimistic scenarios for
CTx and more pessimistic scenarios for ART. With greater
CTx cure probability, durability and scale up, CTx commands
a higher VBP, while improvements in ART uptake and adher-
ence may mitigate its value. Our framework can be utilized
for estimating this price given a wide range of potential CTx
impact and HIV epidemiological scenarios. If these manufac-
turers can allow for the future prices of CTx to be within
these envelopes, then the potential of CTx may be unlocked
and the end of AIDS could come one step closer.
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SUPPORTING INFORMATION

Additional information may be found under the Supporting
Information tab for this article:

Supporting information. Additional methods and results can
be found in the supplementary appendix.

Modelling overview and calculation of the value-based price
Table Al. Model parameters: assumptions and literature-
derived

Table A2. Calibrated model parameters

Figure A1. Decision tree for population distribution at cycle
zero.
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Table A3. Transition probability matrix for the open cohort
model

Table A4. Calculation of the force of HIV infection per semi-
annual model cycle

Figure A2. Model input: country-specific average population
age per model cycle over an 80-year time horizon.

Figure A3. Model input: country-specific, age-weighted back-
ground mortality per model cycle over an 80-year time hori-
zon.

Figure A4. Model input: number of 15-year-olds entering the
open cohort model per year, by country.

Figure A5. Model predicted HIV prevalence pre- and post-
introduction of curative therapy cure.

Tables A5-A16. Model results for each included country
Table A17. Results of probabilistic sensitivity analysis: cura-
tive therapy versus ART (base case for both comparators)
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