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A B S T R A C TA B S T R A C T

Objective: To evaluate the cost-effectiveness of financial incentives from a health care sector perspective. Compared to the standard of

for human immunodeficiency virus (HIV) viral suppression compared
to standard of care. Study Design: Mathematical model of 2-year
intervention offering financial incentives ($70 quarterly) for viral
suppression (<400 copies/ml3) based on the HPTN 065 clinical trial
with HIV patients in the Bronx, NY and Washington, D.C. Methods: A
disease progression model with HIV transmission risk equations was
developed following guidelines from the Second Panel on Cost-
Effectiveness in Health and Medicine. We used health care sector
and societal perspectives, 3% discount rate, and lifetime horizon. Data
sources included trial data (baseline N ¼ 16,208 patients), CDC HIV
Surveillance data, and published literature. Outcomes were costs
(2017 USD), quality-adjusted life years (QALYs), HIV infections pre-
vented, and incremental cost-effectiveness ratio (ICER). Results:
Financial incentives for viral suppression were estimated to be cost-
saving from a societal perspective and cost-effective ($49,877/QALY)
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care, financial incentives gain 0.06 QALYs and lower discounted life-
time costs by $4210 per patient. The model estimates that incentivized
patients transmit 9% fewer infections than the standard-of-care pa-
tients. In the sensitivity analysis, ICER 95% credible intervals ranged
from cost-saving to $501,610/QALY with 72% of simulations being
cost-effective using a $150,000/QALY threshold. Modeling results are
limited by uncertainty in efficacy from the clinical trial. Conclusions:
Financial incentives, as used in HTPN 065, are estimated to improve
quality and length of life, reduce HIV transmissions, and save
money from a societal perspective. Financial incentives offer a
promising option for enhancing the benefits of medication in the
United States.

Copyright© 2019, ISPOReThe Professional Society for Health Economics
and Outcomes Research. Published by Elsevier Inc.
Introduction

Barriers to daily oral medication adherence are common and
complex for patients with chronic disease.1 For people living with
human immunodeficiency virus (HIV), adherence to antiretroviral
therapy (ART) reduces the risk of opportunistic infections, im-
proves quality of life, and extends survival.2e5 The START Study
showed that immediate ART initiation in early asymptomatic HIV
infection is associated with a 72% relative reduction in serious
AIDS-related events such as tuberculosis and malignant lym-
phomas, and a 39% relative reduction in serious non-AIDS-related
events, when compared to ART initiation delayed until CD4þ cells
counts fall below 350 cells per cubic millimeter.6 Several studies
support the role of ART in reducing the likelihood of HIV
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Fig. 1 – Conceptual model. The conceptual model describes the accruing long-term costs and benefits from financial
incentives for viral suppression, based on a framework from Kahn et al. 51
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transmission to others by decreasing viral load levels.7e13 Analysis
of the HIV Prevention Trials Network (HPTN) 052 clinical trial
demonstrated that there were no HIV transmissions between
couples when the HIV-infected partner had suppressed viral load
(defined as having a viral load less than 400 copies per ml).14 Even
a small increase in viral suppression reduced transmission to the
partners, which translates to meaningful reduction in prevalence
in the community. Yet, only 58% of persons living with HIV in the
United States achieve viral suppression.15 Access to treatment
does not explain this deficiency because The Ryan White HIV/
AIDS Foundation supports a successful AIDS Drug Assistance
Program administered by states for low-income and uninsured
people living with HIV.16 There is little evidence of effective in-
terventions to improve viral suppression, despite this being a
critical step in the HIV care continuum as described in the Na-
tional HIV/AIDS Strategy for the United States.17e20

Promising evidence shows that financial incentives can
improve adherence to treatment and viral suppression among
people living with HIV.21e26 The largest of these studies, the HPTN
065 study, assessed the effectiveness of financial incentives on
viral suppression among patients on ART at 39 HIV care sites in
Bronx, NY, andWashington, DC.27 The study designwas described
in detail previously.28 Clinics were randomized to provide either
standard of care (includes adherence counseling) or standard of
care plus provision of a gift card (equivalent of $70 in 2011) to
eligible patients at quarterly clinic visits with viral suppression
(HIV RNA viral load <400 copies/ml). The financial incentives had a
statistically significant overall effect on viral suppression with a
3.8 percentage-point (95% confidence interval [95% CI], 0.7%e6.8%;
P ¼ 0.01) increase in the proportion of patients with viral sup-
pression compared to standard-of-care clinics, after adjusting for
the baseline clinic proportion virally suppressed.27 The main
value perceived by patients was feeling rewarded or cared for by
their physician.29

Mathematic models have helped in estimating the effective-
ness of HIV prevention30e33 and assessing the value of an inter-
vention from an economic perspective by projecting long-term
outcomes beyond the trial period and estimating the incremental
benefits and costs.34e38 TheWorld Health Organization has shown
throughmodeling that HIV testing and treatment could be used as
a strategy for elimination of HIV transmission.39 With viral sup-
pression as a surrogate outcome, mathematical modeling is a
helpful tool to estimate the impact on important outcomes that
accrue longer-term, such as morbidity, mortality, and HIV trans-
mission.40e42 To inform decisions about efficient public invest-
ment in HIV treatment and prevention programs offered at clinics
in the United States, we developed and used an economic model,
based on HPTN 065 clinical trial data, to evaluate the clinical and
preventive benefits, costs, and cost-utility of financial incentives
for viral suppression compared to current practice.
Methods

Analytic Overview

We conducted an economic evaluation of the 2-year HPTN 065
financial incentive intervention in order to project the lifetime
costs and health outcomes for patients and their sexual partners.
A conceptual model enumerates how costs and benefits could
accrue in the long term (Fig. 1). The impact of the financial in-
centives compared to standard of care was estimated by devel-
opment and use of a mathematical model of disease progression
and ongoing transmission (see Appendix Fig. 2 in Supplemental
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Materials found at https://doi.org/10.1016/j.jval.2018.09.001). Our
analyticmethods and reporting follow guidelines from the Second
Panel on Cost-Effectiveness in Health and Medicine,40,41 the In-
ternational Society for Pharmacoeconomics and Outcomes
ResearchdSociety for Medical Decision Making Task Force on
Good Research Practices for Randomized Clinical Trials Cost-
Effectiveness Analysis,43 and the Consolidated Health Economic
Evaluation Reporting Standards statement (see checklist in
Appendix in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2018.09.001).44

As recently recommended by the Second Panel, our analysis
considers both a societal and a health care sector perspective and
is accompanied by an impact inventory (see Appendix Table 1 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.09.001). The model estimates clinical outcomes (per-patient
quality-adjusted life years [QALYs]), primary transmission out-
comes, and lifetime costs (intervention, health care, and other
societal costs). Factors that are not accounted for are explained in
the impact inventory. We simulated 6 months of baseline care, a
2-year intervention period, and then projected the expected out-
comes over a lifetime horizon (i.e., until every member of the
simulated index cohort died) and assumed viral suppression dif-
ferences diminish to pretrial levels 6 months after financial in-
centives discontinue. We analyzed trial data in Stata IC version
13.1 and coded the model using both VBA in Microsoft Excel
version 14.7.2 and R version 3.3.1.

Data Sources

The primary data source for our model was the HPTN 065 study
(baseline n ¼ 16,208 patients in care), with key model inputs,
ranges, and sources summarized in Table 1. Unit costs were
calculated using HPTN 065 study budgets, financial incentive
utilization reports, and staff interviews. The number, frequency,
and characteristics of sexual partnerships were self-reported by a
subset (n ¼ 948) of participants, for whom we had individual
survey response data.28 Additional input values were obtained
from theMedical Monitoring Project,45 Centers for Disease Control
(CDC) HIV Surveillance reports,46,47 U.S. Census Current Popula-
tion Survey48 and Life Tables49, the U.S. Bureau of Labor Statis-
tics,50 and published literature.

Study Population

We defined patients in the cohort as men and women living with
HIV who were engaged in care and using ART at study clinics in
Bronx, NY, and Washington, DC (see Appendix Table 2 and
Appendix Fig. 1 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.09.001). The study defined engagement in
care as having attended the clinic for at least two routine quarterly
monitoring visits, aligning with the CDC definition. At study
enrollment, these patients were, on average, 47 years of age, 63%
male, and infected with HIV for 16 years. Clinics had a mean
number of 374 HIV patients in care with 62% virally suppressed. In
addition to the patient cohort, we also model a cohort of sexual
partners to estimate the impact on HIV transmission.

Disease Model Description

Building on existing HIV prevention frameworks and HIV care
continuum models, we developed a Markov model of disease
progression (see conceptual diagram in Appendix Fig. 2 in Sup-
plemental Materials found at https://doi.org/10.1016/j.jval.2018.
09.001).36,51e54 Cohort size reflects the average number of pa-
tients in each clinicdallowing flexibility for scenarios to explore
economies of scale among heterogeneous clinics. Simulations
begin six months before the intervention, corresponding to the
baseline study observation period, and continue until the last
member of the cohort has died (lifetime horizon). CD4þ T-cell
count-defined health states (>500, 350e499, 200e349, and <200
copies perml) were initialized using individual-level CD4 and viral
load laboratory data from the study (see Appendix Figs. 3 and 4 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.09.001). As viral suppression improves, the probability of
transition into an improved health state (higher CD4þ cell count)
correspondingly increases. Health state utility values are based on
a systematic review and synthesis of evidence by CDC (see
Table 1).55 We calculate QALYs as the product of the utility value
and quarterly person-time in each health state discounted 3%
annually and summed over a lifetime horizon. Further details are
provided in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2018.09.001.

HIV Transmission

The Markov model patient cohort was linked to a Markov model
sexual partner cohort with a set of HIV transmission risk equa-
tions (see Supplemental Materials found at https://doi.org/10.1
016/j.jval.2018.09.001). Transmission equations for men who
have sex with men, heterosexual men, and women included
adjustment for patient age, viral suppression, condom use, type of
sexual activity (vaginal or anal sex), number of partners per pa-
tient, number of sex acts per partnership, and the prevalence of
HIV among partners (see Appendix Table 3 in Supplemental Ma-
terials found at https://doi.org/10.1016/j.jval.2018.09.001). The
partner cohort was also susceptible to infection from sources
outside the patient cohort based on age-dependent probabilities
of HIV infection (see Appendix Table 3 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2018.09.001). The reduction
in the number of HIV infections is calculated by comparing the
number of infections among the partners of the cohort partici-
pants in the presence of financial incentives to the number of
infections in counterfactual scenario without financial incentives.

Effectiveness of Financial Incentives

The statistical methods used to estimate the intervention effect
on viral suppression have been described previously.27,28 Consis-
tent with the trial design, themodel simulates a 9-month ramp-up
period for the scale-up of financial incentives and behavior
change. This is followed by a 15-month period with efficacy of 3.8
(95% CI: 0.7e6.8) percentage-point improvement in viral sup-
pression. This implies, for example, that for a clinic randomized to
the financial incentives arm, 62% of the patients were virally
suppressed at baseline and 65.8% of patients were virally sup-
pressed at the end of the 2-year intervention. We assumed that
this effect diminishes to zero over the 6months after the financial
incentives are discontinued and performed sensitivity analyses
on this assumption. HPTN 065 also observed an 8.7% increase in
the number of clinic visits in the financial incentive group, and the
model infers a corresponding increase in outpatient utilization
and ART costs during the intervention period.27,56

Costs

All costs are reported using a 3% annual discount rate and com-
mon currency of 2017 USD.57,58

Administration costs
We retrospectively performed clinic-level microcosting of finan-
cial incentives using a unit-costing “ingredients-based” approach
at the clinic level. Clinics added a full-time staff member in the
role of Financial Incentives Coordinator to track and distribute gift
cards. The study team defined an implementation process for one
quarter, enumerated the resources used as inputs, identified pri-
ces for the inputs, and summed the quantity multiplied by the
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Table 1 – Key model inputs.

Parameter Value (range) Source

HIV-positive patients in care, mean number per site (SD) 347 (478) Trial27,28

Age at baseline, mean y 47 (35e55) Trial27,28

Fraction of patients in risk category*, %

Men who have sex with men 32.6 Trial27,28

Heterosexual men 32.3 Trial27,28

Women 35.1 Trial27,28

Proportion virally suppressed* at baseline, median % patients in

care

61.9 (22.5e80.1) Trial27,28

Financial incentives distributed per clinic quarter, mean No. 286 (21e1331) Trial27,28

Duration of financial incentives intervention, years 2 (1e5) Trial length (range for sensitivity analysis)27,28

Discount rate for costs and outcomes, % 3 (0e5) Neumann et al.41

Costs, median (range), 2017 US$

Financial incentives coordinator, per clinic per year 49,997 (39,998e59,996) Trial27, Inflated to US$ 2017

Equipment: laptop and printer in year 1, per clinic 1600 (1280e1920) Trial27, Inflated to US$ 2017

Office supplies, per clinic per year 160 (130e192) Trial27, Inflated to US$ 2017

Financial incentive gift card value, each 74.66 (20e500) Trial27, Inflated to US$ 2017

HIV-related health care costs, quarterlyy

ART costs, by CD4 stratum 3983e4359 (3752e4500) Gebo et al.60, calculated

Outpatient costs, by CD4 stratum 162e224 (155e240) Gebo et al.60, calculated

Labs and other health care costs, by CD4 stratum 1360e4328 (1092e4459) Gebo et al.60, calculated

AIDS death 4328 (2229e6426) Gebo et al.60, calculated

Earnings from productivity, annual age-specific 37,344e53,392 U.S. Census Current Population Survey48

Fringe benefits, % of total compensation 36% Bureau of Labor Statistics48

Consumption costs outside of health care, annual age-specific 38,123e69,753 U.S. Census Consumer Expenditures Survey50

Clinical Inputs

Efficacyz, mean percentage points increase from baseline

proportion virally suppressed at clinic

3.8 (0.7e6.8) Trial27,28

Increase in outpatient visits with incentives, % 8.7 (4.2e13.2) Trial27,28

Hazard ratio of death from all causes if CD4 <500 1.77 (1.17e2.55) Rodger et al.5

Baseline probability of death from all causes, given age Appendix U.S. Life Tables65

Utilities

General population, age-specific 0.782e0.928 Hanmer et al.66

HIV patients in care

CD4þ T-cells >500 0.73 (0.63e0.83) Evidence synthesis by Whitham et al.55

CD4þ T-cells 350e500 0.71 (0.59e0.82) Whitham et al.55

CD4þ T-cells <350 0.69 (0.58e0.80) Whitham et al.55

HIV Transmission, age specific

Average No. sexual partners per year 1.7 (0.5e11) Trial27,28

Probability of partner HIV infection from outside cohort, age 45

e54, quarterly

3.9E-05 (3.3E-5e4.6E-5) CDC Surveillance Report Vol. 2747

Probability of partner HIV infection from outside cohort, age �55,

quarterly

8.2E-06 (6.3E-6e1.0E-5) CDC Surveillance Report Vol. 2747

Transmission probability per unsuppressed and unprotected

insertive vaginal act of female participant with male partner

0.004 (0.003e0.005) Boily et al.67

Transmission probability per unsuppressed and unprotected

insertive anal act with male or female study participant as

recipient of partner being insertive

0.006 (0.005e0.007) Jin et al.68

Transmission probability per unsuppressed and unsuppressed

and unprotected vaginal receptive act of infected participant

transmitting to female partner

0.003 (0.002e0.004) Boily et al.67

Transmission probability per unsuppressed and unprotected

anal receptive act

0.014 (0.011e0.017) Baggaley et al.69

Risk reduction of transmission probability for virally suppressed

HIV-infected patient

1.00 (0.80e1.00)

Condom efficacy per vaginal act 0.94 (0.87e0.97) Pinkerton and Abramson70

Condom efficacy per anal act 0.7 (0.58e0.79) Smith et al.71

* Viral suppression defined as viral load <400 copies/ml.
y Mean costs and SD of HIV-related health care categories are summarized across CD4þ strata. The expanded table of disaggregated costs is

provided in Appendix Table 6 (see Supplemental Materials found at https://doi.org/10.1016/j.jval.2018.09.001).
z Overall efficacy across all clinics. Efficacy for eight clinic subgroups is provided in Appendix Table 7 (see Supplemental Materials found at

https://doi.org/10.1016/j.jval.2018.09.001).
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price across inputs.41,59 Total clinic cost divided by the average
number of HIV patients in care produced the administration cost
per patient. Because of the randomization of heterogeneous
clinics, facility-level calculations provided the possibility to esti-
mate potential economies of scale using subgroups.
Health care and other societal costs
The trial did not collect data on health care costs. We incorpo-
rated published quarterly health care expenditures for people
living with HIV, which shows that people living with HIV in
health states with low viral load and higher CD4þ counts have
lower total health care costs than people with high viral load and
lower CD4þ counts.60 The societal perspective, as described by
the Second Panel,40,41 additionally included individuals’ produc-
tivity and consumption. As there was no representative data
available on workforce participation among people living with
HIV that are using ART, we assume that people with AIDS (CD4þ
count <200) are too sick to work, whereas others living with HIV
fully participate in the workforce. Productivity was included as
the sum of the national average age-specific earnings plus fringe
benefits (36% of total compensation).48 Consumption included
the national average age-specific nonehealth-care-related
expenditures.50
Cost-Effectiveness

Without a generally agreed uponwillingness to pay for health care
in the United States, we followed value assessment guidelines
from the Second Panel41 and Institute for Clinical and Economic
Review61 by assuming a cost-effectiveness threshold range from
$50,000 to $150,000 per QALY gained based on 1 to 3 times the US
GDP per capita. We calculate the net monetary benefit for the
intervention when potential cost-savings result in non-
interpretable incremental cost-effectiveness ratios (ICERs).
Sensitivity and Scenario Analyses

We conducted univariate, scenario, and probabilistic sensitivity
analyses to characterize the impact of important model as-
sumptions and uncertainties. In the univariate sensitivity anal-
ysis, parameters were set to the lowest and highest values for
reasonable ranges (see Table 1) in order to observe the impact on
model outputs and to identify drivers of uncertainty in cost-
effectiveness results. A multiway sensitivity analysis evaluated
protocol prespecified28 clinic subgroups based on study commu-
nity (Bronx, NY, vs. Washington, DC), smaller versus larger sites
(�/> median number of patients), hospital versus community-
based sites, and lower versus higher percent with viral suppres-
sion at baseline (�/> median percent), where financial incentive
effectiveness varied by subgroup according to the trial results (see
Appendix Table 6 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.09.001). A threshold analysis was con-
ducted to determine the minimal level of effectiveness and the
maximum financial incentive value, holding all other variables
constant, for financial incentives to be considered cost-effective in
this population.

A probabilistic sensitivity analysis evaluated the impact of
stochastic uncertainty in the model inputs on the cost-
effectiveness results. We selected and fit parameter distribu-
tions using 95% CIs from published studies or a reasonable input
range. Probabilistic draws used the beta distribution for utility
values and probabilities, gamma distribution for costs, and log-
normal distribution for relative risks. We sampled parameter
sets for 10,000 Monte Carlo simulations and estimated the out-
comes for each scenario.
Results

Health Outcomes

Based on the HPTN 065 study results, the model projected that
patients offered 2 years of financial incentives for viral sup-
pression survive 1 month longer than standard-of-care patients
(18.46 vs. 18.38 life years, respectively). Financial incentives
patients had slightly better health outcomes than standard-of-
care patients (9.35 vs. 9.31 lifetime discounted QALYs respec-
tively) and gained 0.04 QALYs per patient. Financial incentive
patients had 9.5% fewer HIV transmissions to their sexual
partners. We estimate that 1 HIV infection was prevented per
200 patients offered financial incentives for viral suppression
(Table 2). This spillover benefit to partners gained an additional
0.02 QALYs per patient. This produced an impact total of 0.06
QALYs gained per patient by combining benefits to patients and
partners. Over the lifetime horizon, 94% of the health gains
occurred during the trial period. Partner benefit accounted for
36% of total QALYs gained.

Costs

The total discounted lifetime societal cost was $4,210 lower for
financial incentive patients than for the standard-of-care patients
($268,255 vs. $272,464 per patient, respectively). From a health
sector perspective, excluding productivity and nonehealth care
expenditures, financial incentives for viral suppression cost
$3,033 more per patient compared to the standard-of-care cost
($487,993 vs. $484,961). Disaggregated costs in Appendix Tables 6
and 7 (see Supplemental Materials found at https://doi.org/10.1
016/j.jval.2018.09.001) show how spending changed with a 2% in-
crease in ART drugs, 0.5% decrease in visits and laboratory tests,
and 0.3% increase in earnings.

At the facility level, intervention supplies and financial
incentive coordinator salary cost $167,714 per clinic. Distributed
incentives averaged $169 per patient each year offing financial
incentives. Financial incentive program implementation for 2
years costs, on average, $706 per patient, varying between clinics
and ranging $558e$1546 per patient at large and small clinics
owing to the economies of scale for a full-time financial incentives
coordinator. By preventing some HIV infections, partners of
financial incentive patients had substantially lower health care
costs. From a societal perspective, amajority of financial incentive
cost savings were attributable to lifetime productivity gains of
$10,686 per patient. Limited to a health care sector perspective,
the greatest change among cost categories was the $3685 per pa-
tient increase in lifetime ART drug costs for financial incentives
compared to standard of care.

Cost-Effectiveness

From a societal perspective, financial incentives for viral sup-
pression gained 0.06 QALYs per patient and avoided $4210 per
patient compared to the standard of care (Table 2). Financial in-
centives “dominated” the standard of care because patients and
partners had better health outcomes for a lower cost. Restricted to
a health care sector perspective, excluding nonehealth care costs
and productivity, financial incentives for viral suppression were
cost-effective with an ICER of $49,877 per QALY gained compared
to the standard of care (see Appendix Figs. 5e7 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2018.09.001). The
incremental cost of preventing one HIV infection was $401,541. In
subgroup scenarios, ICERs ranged from cost-saving to $53,818 per
QALY using a societal perspective and ranged from cost-saving to
$182,801 per QALY using a health care sector perspective. Of eight
subgroups, DC sites and the sites with a low proportion of patients
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Table 2 – Cost-effectiveness results.

Perspective Comparator HIV transmissions,
per 100 patients*

Total lifetime costs,
per patienty (2015 USD)

Total QALYs
per patienty

ICER ($/QALY)

Societal Standard of care 7.94 $272,464 38.51

Financial incentives 7.19 $268,255 38.57

Incremental �0.76 �$4,210 0.06 Dominant

Health care sector Standard of care 7.94 $484,961 38.51

Financial incentives 7.19 $487,993 38.57

Incremental �0.76 $3,033 0.06 $49,877

QALYs, quality-adjusted life years; ICER, incremental cost-effectiveness ratio.
* Average cumulative number of HIV infections in the partner cohort per 100 patients, including transmissions from partners outside the study

population.
y Lifetime horizon and 3% annual discount rate.
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virally suppressed at baseline achieved the greatest value from
financial incentives for viral suppression compared to similar
standard-of-care sites (see Appendix Table 7 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2018.09.001).
Financial incentives were cost-effective in New York from a so-
cietal perspective but not from a health care sector perspective,
given a $150,000 per QALY cost-effectiveness threshold; financial
incentives were cost-saving in DC.
Sensitivity Analyses

Intervention effectiveness was the main driver of net monetary
benefit variability in the univariate sensitivity analysis because of
the large efficacy uncertainty interval from the trial (Fig. 2). When
ignoring the benefits of infections prevented, the finding of cost-
effectiveness associated with financial incentives as used in this
study remains. In the threshold analysis, varying efficacy while
keeping other variables constant, financial incentives that achieve
at least a 0.73% percentage-point improvement in viral suppres-
sion within 2 years would be cost-effective compared to standard
of care. In the threshold analysis of the maximum financial
incentive amount that would produce positive net monetary
benefit, assuming that higher value gift cards had the same
effectiveness, we found quarterly incentives up to $1,035 for a
willingness to pay of $150,000 per QALY. Other than efficacy,
financial incentives for viral suppression were cost-effective over
entire parameter ranges in the univariate analysis (Fig. 2). The
increase in use of clinic services was an important driver of cost-
effectiveness. Results were also sensitive to the inclusion of
partners in the cohort, depending on the threshold and perspec-
tive. Excluding partners from the analysis and limiting it to a
health care sector perspective, the ICER increased to $139,256/
QALYdremaining cost-effective given a $150,000/QALY
threshold.

The sensitivity analysis scenarios with financial incentives
provided longer than 2 years found the net monetary benefit to
double when the program was extended to 5 years, assuming
that the same pattern of costs and effectiveness continues. Sto-
chastic simulations revealed great uncertainty in the cost-
effectiveness estimate with a median ICER $34,252/QALY and
95% credible range from cost-saving to $501,610/QALY (Fig. 3, and
see Appendix Table 8 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2018.09.001). The cost-effectiveness accept-
ability curve (see Appendix Fig. 8 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2018.09.001) shows that
73% of simulations are cost-effective and 38% highly cost-
effective or cost-saving.
Discussion

We conducted a cost-effectiveness analysis of the use of financial
incentives for viral suppression in the HPTN 065 study. Our find-
ings provide evidence that financial incentives can be cost-
effective and potentially cost-saving in the United States. We
found financial incentives to be cost-effective for a patient
because improved viral suppression can extend life (adding pro-
ductivity) and improve CD4þ counts (lowering health care costs
and spending more time in healthier states). Modeled outcomes
from financial incentives yielded better health and quality of life
as well as 9% fewer HIV transmissions to sexual partners.
Although the absolute changes in health and costs were relatively
small, each unit of health gained came at a very small cost.

There are two main implications of this study. First, financial
incentives can be cost-effective and potentially cost-saving in the
United States. Notably, the $70 gift card value of incentive used in
this study was a relatively small contributor to the cost, consid-
ering that a threshold analysis found incentives less than $1000
would be cost-effective fromahealth care sector perspective using
a $150,000/QALY threshold and the same efficacy. This can inform
public health resource allocation decisionmakers by showing how
an investment infinancial incentivesprogramscan reap long-term
health gains and cost-offsets. Second, these findings held even if
the benefits of partner transmissions, productivity gains, and
assumed durability are ignored. The main cost-effectiveness
drivers were the magnitude of the incentive efficacy, the cost of
ART drugs, and the lifetime earnings of individuals. Effective
financial incentivesmayaffect the lifetimespendingonART for the
following three reasons: 1) increased ART adherence requires pa-
tients to refill prescriptionsmore often, 2) patients who live longer
useART for longer durations, and 3) the demand forART is reduced
with HIV transmissions prevented. Another economic evaluation
reached similar conclusions: an 18-month study using electronic
medication monitors to improve viral load was also found to be
cost-effective with a per person QALY gain only 15% different than
the lifetime estimate in this analysis.62

The study has several strengths and limitations. The strengths
include the large study size, the availability of patient-level labo-
ratory data, and the use of two reference cases (societal and health
care sector). The economic model we used has some limitations.
Thekeydriver of uncertainty inhealth impact thatmay alter policy
decisions is the efficacy of the interventiondin this case in
enhancement of viral suppression. In the HPTN 065 study, the 95%
CI for effectiveness of the financial incentives for achieving viral
suppression ranged from 0.7% to 6.8%. If the true effectiveness is
close to the lower bound, then the use of financial incentives for
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Fig. 2 – One-way sensitivity analysis. Univariate sensitivity analysis examining parameter uncertainty impact on the net
monetary benefit assuming a willingness to pay $150,000/QALY.

Fig. 3 – Probabilistic sensitivity analysis. Probabilistic sensitivity analysis of subgroups plotted on the cost-effectiveness
plane. Ellipses represent 95% credible range from 10,000 Monte Carlo simulations of each subgroup; the gray line represents
a $150,000/QALY cost-effectiveness threshold.
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viral suppression would not be cost-effective. This creates some
risk that implementation would not be the optimal decision, and
an alternative intervention may be a better investment. Findings
from another financial incentives program may provide further
data to informcost-effectiveness analyses.63 It is important to note
that the model does not capture the potential emotional benefit
fromthefinancial incentives effectonqualityof lifeor thepotential
health benefits from the diagnosis and treatment of other diseases
with more frequent visits, and thus may underestimate QALYs
gained. Qualitative interviews demonstrated that the main value
participants with financial incentives perceived was feeling
emotionally cared for and rewarded.29 In addition, HIV trans-
mission is limited to a cohort of partners and does not capture the
dynamics of the full sexual network, injection drug use, ormother-
to-child transmissions. As a result, the model likely un-
derestimates the reduction in HIV transmission by not taking into
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account the indirect effects of the intervention by preventing
future infections, and therefore our analysis provides a conserva-
tive estimate of the value of financial incentives. There remains
structural uncertainty given that only onemodel was developed.64

Lastly, generalizability of the study resultsmay be limited to urban
settings in the United States, consistent withwhere this studywas
conducted. These findings may not be transferrable to other
epidemic settingswhere key inputs such as staff salary, the cost of
HIV drugs, and willingness to pay for health gains may differ
substantially.
Conclusions

Findings from this study showed that financial incentives, as used
in the HPTN 065 study, could be a cost-effective and potentially
cost-saving tool yielding individual and societal benefits. Invest-
ment in a financial incentive intervention, which incentivizes
adherence and viral suppression, could be an efficient application
of health care resources when striving to reach the goals set out in
the US National Strategic Plan for HIV.
Acknowledgments

The HIV Prevention Trials Network (HPTN) 065 study was
sponsored by the National Institute of Allergy and Infectious
Diseases, the National Institute ofMental Health, and theNational
Institute on Drug Abuse, of the U.S. National Institutes of Health,
under Cooperative Agreements #UM1 AI 068619 and UM1 AI
068617, as well as the National Center for HIV/AIDS, Viral
Hepatitis, STD, and TB Prevention, Centers for Disease Control
and Prevention. The content is solely the responsibility of the
authors and does not necessarily represent the official views of
the National Institute of Allergy and Infectious Diseases, the
National Institutes of Health, or the Centers for Disease Control
and Prevention. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the
manuscript. BA received support from the Agency for Healthcare
Research and Quality Award Number T32HS013853 and a
predoctoral fellowship from the American Foundation for
Pharmaceutical Education.

The following sites participated in the HPTN 065 study: Albert
Einstein College of Medicine of Yeshiva University, Division of
Substance Abuse; Bronx AIDS Services, Inc; Bronx Lebanon Hos-
pital; Community Healthcare Network; Dominican Sisters Family
Health Service; Help/PSI Service Corporation; Jacobi Medical
Center/North Central Bronx Hospital; Lincoln Medical and Mental
Health Center; Morrisania Diagnostic and Treatment Center;
Segundo Ruiz Belvis Diagnostic and Treatment Center; Hispanic
AIDS Forum; JJP VA Medical Center; La Casa De Salud, Inc; Mon-
tefiore Adolescent AIDS Program; Montefiore Comprehensive
Family Care Center/Montefiore CFCC/Montefiore CHCC/ Mon-
tefiore Williamsbridge Family Practice; Montefiore AIDS Center;
Morris Heights Health Center; Narco Freedom, Inc; Promesa; St
Barnabas Hospital; STD Morrisania Clinic; VIP Community Ser-
vices; AHF-Blair Underwood Healthcare Center; Andromeda
Transcultural Health; Capital Medical Associates; Carl Vogel
Center (MetroHealth); Children's National Medical Center; Chil-
dren's Hospital-Burgess Clinic; Community Education Group;
Dupont Circle Physicians Group; Family and Medical Counseling
Services, Inc; Georgetown University; George Washington Uni-
versity Medical Faculty Associates; Howard University Hospital;
La Clinica del Pueblo; Mary's Center; Metro TeenAIDS; Parker Pri-
vate Practice; Price Medical; Southeast STD Clinic; The Women's
Collective; Transgender Health Empowerment, Inc; United Medi-
cal Center; Unity Health Care, Inc; Us Helping Us, People Into
Living; Veterans Affairs Medical Center, Washington, DC; and
Whitman Walker Clinic.

We also thank the following for their support: Anirban Basu,
PhD, University of Washington; Mark Bounthavong, PharmD,
MPH, University of Washington; Penny Evans, University of
Washington; Sean Sullivan, BScPharm, PhD, University of Wash-
ington; Brett Hanscom, PhD, Fred Hutchinson Cancer Research
Center; Ruanne Barnabas, MD, DPhil, University of Washington;
James Kublin, MD, MPH, HIV Vaccine Trials Network, Fred
Hutchinson Cancer Research Center. Theywere not compensated.

Role of the Funder/Sponsor

The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institute of
Allergy and Infectious Diseases, the National Institutes of Health,
the Centers for Disease Control and Prevention, or the Agency for
Healthcare Research and Quality. The funders had no role in the
designandconductof the study; collection,management, analysis,
or interpretationof thedata; preparation, review, or approval of the
manuscript; or decision to submit the manuscript for publication.

Supplemental Materials

Supplementary data associated with this article can be found in
the online version at https://doi.org/10.1016/j.jval.2018.09.001.
R E F E R E N C E S

1. Jimmy B, Jose J. Patient medication adherence: measures in daily
practice. Oman Med J 2011;26:155e9.

2. Sax PE, Sloan CE, Schackman BR, et al. Early antiretroviral therapy for
patients with acute AIDS-related opportunistic infections: a cost-
effectiveness analysis of ACTG A5164. HIV Clin Trials 2010;11:248e59.

3. El-Sadr WM, Lundgren JD, Neaton JD, et al. CD4þ counteguided
interruption of antiretroviral treatment. N Engl J Med 2006;355:2283e96.

4. Tengs TO, Lin TH. A meta-analysis of utility estimates for HIV/AIDS.
Med Decis Making 2002;22:475e81.

5. Rodger AJ, Lodwick R, Schechter M, et al. Mortality in well controlled HIV
in the continuous antiretroviral therapy arms of the SMART and ESPRIT
trials compared with the general population. AIDS (London)
2013;27:973e9.

6. INSIGHT START Study Group, Lundgren JD, Babiker AG, Gordin F, et al.
Initiation of antiretroviral therapy in early asymptomatic HIV infection.
N Engl J Med 2015;373:795e807.

7. Cohen MS, Chen YQ, McCauley M, et al. Prevention of HIV-1 infection
with early antiretroviral therapy. N Engl J Med 2011;365:493e505.

8. Porco TC, Martin JN, Page-Shafer KA, et al. Decline in HIV infectivity
following the introduction of highly active antiretroviral therapy. AIDS
(London) 2004;18:81e8.

9. Bunnell R, Ekwaru JP, Solberg P, et al. Changes in sexual behavior and
risk of HIV transmission after antiretroviral therapy and prevention
interventions in rural Uganda. AIDS (London) 2006;20:85e92.

10. Lingappa JR, Hughes JP, Wang RS, et al. Estimating the impact of plasma
HIV-1 RNA reductions on heterosexual HIV-1 transmission risk. PloS
One 2010;5:e12598.

11. Donnell D, Baeten JM, Kiarie J, et al. Heterosexual HIV-1 transmission
after initiation of antiretroviral therapy: a prospective cohort analysis.
Lancet (London) 2010;375:2092e8.

12. Montaner JSG, Lima VD, Barrios R, et al. Association of highly active
antiretroviral therapy coverage, population viral load, and yearly new
HIV diagnoses in British Columbia, Canada: a population-based study.
Lancet (London) 2010;376:532e9.

13. Charlebois ED, Das M, Porco TC, Havlir DV. The effect of expanded
antiretroviral treatment strategies on the HIV epidemic among men
who have sex with men in San Francisco. Clin Infect Diseases
2011;52:1046e9.

14. Cohen MS, Chen YQ, McCauley M, et al. Antiretroviral therapy for the
prevention of HIV-1 transmission. N Engl J Med 2016;375:830e9.

15. Centers for Disease Control and Prevention. Monitoring Selected
National HIV Prevention and Care Objectives by Using HIV Surveillance
DatadUnited States and 6 Dependent Areas, 2015. HIV Surveillance
Supplemental Report 2017;22:1e63.

https://doi.org/10.1016/j.jval.2018.09.001
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref1
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref1
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref1
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref2
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref2
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref2
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref2
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref3
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref3
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref3
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref3
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref3
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref4
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref4
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref4
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref5
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref5
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref5
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref5
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref5
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref6
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref6
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref6
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref6
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref7
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref7
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref7
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref8
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref8
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref8
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref8
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref9
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref9
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref9
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref9
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref10
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref10
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref10
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref11
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref11
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref11
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref11
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref12
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref12
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref12
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref12
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref12
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref13
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref13
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref13
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref13
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref13
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref14
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref14
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref14
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref15
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref15
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref15
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref15
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref15
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref15
https://doi.org/10.1016/j.jval.2018.09.001
https://doi.org/10.1016/j.jval.2018.09.001


V A L U E I N H E A L T H 2 2 ( 2 0 1 9 ) 1 9 4 e2 0 2202
16. Bradley H, Viall AH, Wortley PM, et al. Ryan White HIV/AIDS Program
assistance and HIV treatment outcomes. Clin Infect Diseases
2016;62:90e8.

17. McNairy ML, El-Sadr WM. The HIV care continuum: no partial credit
given. AIDS (London) 2012;26:1735e8.

18. Mugavero MJ, Amico KR, Horn T, Thompson MA. The state of
engagement in HIV care in the United States: from cascade to
continuum to control. Clin Infect Diseases 2013;57:1164e71.

19. The White House Office of National AIDS Policy. The National HIV/AIDS
Strategy for the United States: Updated to 2020. Washington, DC: 2015.

20. Holtgrave DR, Greenwald R. A SWOT Analysis of the Updated National
HIV/AIDS Strategy for the U.S., 2015e2020. AIDS Behav 2016;20:1e6.

21. Barnett PG, Sorensen JL, Wong W, et al. Effect of incentives for
medication adherence on health care use and costs in methadone
patients with HIV. Drug Alcohol Depend 2009;100:115e21.

22. Rigsby MO, Rosen MI, Beauvais JE, et al. Cue-dose training with
monetary reinforcement: pilot study of an antiretroviral adherence
intervention. J Gen Intern Med 2000;15:841e7.

23. Rosen MI, Dieckhaus K, McMahon TJ, et al. Improved adherence with
contingency management. AIDS Patient Care STDs 2007;21:30e40.

24. Sorensen JL, Haug NA, Delucchi KL, et al. Voucher reinforcement
improves medication adherence in HIV-positive methadone patients: a
randomized trial. Drug Alcohol Depend 2007;88:54e63.

25. Javanbakht M, Prosser P, Grimes T, et al. Efficacy of an individualized
adherence support program with contingent reinforcement among
nonadherent HIV-positive patients: results from a randomized trial. J Int
Assoc Phys AIDS Care 2006;5:143e50.

26. Stitzer M, Matheson T, Cunningham C, et al. Enhancing patient
navigation to improve intervention session attendance and viral load
suppression of persons with HIV and substance use: a secondary post
hoc analysis of the Project HOPE study. Addict Sci Clin Pract 2017;12:16.

27. El-Sadr WM, Donnell D, Beauchamp G, et al. Financial incentives for
linkage to care and viral suppression among HIV-positive patients.
JAMA Int Med 2017;177:1083e92.

28. Gamble T, Branson B, Donnell D, et al. Design of the HPTN 065 (TLC-Plus)
study: a study to evaluate the feasibility of an enhanced test, link-to-
care, plus treat approach for HIV prevention in the United States. Clin
Trials 2017;14:322e32.

29. Greene E, Pack A, Stanton J, et al. “It Makes You Feel Like Someone
Cares” acceptability of a financial incentive intervention for HIV viral
suppression in the HPTN 065 (TLC-Plus) study. PLoS One
2017;12:e0170686.

30. Dimitrov DT, Masse B, Boily M-C. Who will benefit from a wide-scale
introduction of vaginal microbicides in developing countries? Stat
Commun Infect Diseases 2010;2:1012.

31. Hallett TB, Baeten JM, Heffron R, et al. Optimal uses of antiretrovirals for
prevention in HIV-1 serodiscordant heterosexual couples in South
Africa: a modelling study. PLoS Med 2011;8:e1001123.

32. van de Vijver DAMC, Nichols BE, Abbas UL, et al. Preexposure
prophylaxis will have a limited impact on HIV-1 drug resistance in sub-
Saharan Africa. AIDS 2013;27:2943e51.

33. Dimitrov D, Kublin JG, Ramsey S, Corey L. Are clade specific HIV
vaccines a necessity? An analysis based on mathematical models.
EBioMedicine 2015;2:2062e9.

34. Long EF, Owens DK. The cost-effectiveness of a modestly effective HIV
vaccine in the United States. Vaccine 2011;29:6113e24.

35. Juusola JL, Brandeau ML, Owens DK, Bendavid E. The cost-effectiveness
of preexposure prophylaxis for HIV prevention in the United States in
men who have sex with men. Ann Intern Med 2012;156:541e50.

36. Walensky RP, Ross EL, Kumarasamy N, et al. Cost-effectiveness of HIV
treatment as prevention in serodiscordant couples. N Engl J Med
2013;369:1715e25.

37. Adamson B, Carlson J, Kublin J, Garrison L. The potential cost-
effectiveness of pre-exposure prophylaxis combined with HIV vaccines
in the United States. Vaccines 2017;5:13.

38. Girouard MP, Sax PE, Parker RA, et al. The cost-effectiveness and budget
impact of 2-drug dolutegravir-lamivudine regimens for the treatment of
HIV infection in the United States. Clin Infect Diseases 2016;62:784e91.

39. Granich RM, Gilks CF, Dye C, et al. Universal voluntary HIV testing with
immediate antiretroviral therapy as a strategy for elimination of HIV
transmission: a mathematical model. Lancet 2009;373:48e57.

40. Sanders GD, Neumann PJ, Basu A, et al. Recommendations for conduct,
methodological practices, and reporting of cost-effectiveness analyses:
second panel on cost-effectiveness in health and medicine. JAMA
2016;316:1093e103.

41. Neumann PJ, Sanders G, Russell L, et al., editors. Cost-Effectiveness in
HealthandMedicine. 2nded.NewYork,NY:OxfordUniversity Press; 2017.

42. Caro JJ, Briggs AH, Siebert U, Kuntz KM. Modeling good research
practicesdoverview: a report of the ISPOR-SMDM Modeling Good
Research Practices Task Force - 1. Value Health 2012;15:796e803.

43. Ramsey SD, Willke RJ, Glick H, et al. Cost-Effectiveness Analysis
Alongside Clinical Trials IIdan ISPOR Good Research Practices Task
Force report. Value Health 2015;18:161e72.
44. Husereau D, Drummond M, Petrou S, et al. Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) Statement. Int J
Technol Assess Health Care 2013;29:117e22.

45. Torian LV, Henning KJ, Kellerman SE, Frieden TR. Striving toward
comprehensive HIV/AIDS surveillance: the view from New York City.
Public Health Rep 2007;122(Suppl 1):4e6.

46. Centers for Disease Control and Prevention. Behavioral and Clinical
Characteristics of Persons Receiving Medical Care for HIV
InfectiondMedical Monitoring Project, United States, 2013 Cycle (June
2013eMay 2014). Atlanta: CDC; 2016.

47. Centers for Disease Control and Prevention. Diagnoses of HIV Infection
in the United States and Dependent Areas, 2015. Atlanta: CDC; 2016.

48. United States Census Bureau. Current Population Survey. Current
Population Survey. 2016. http://thedataweb.rm.census.gov/ftp/cps_ftp.
html#cpsbasic. (accessed March 8, 2017).

49. Arias E. Division of vs. United States Life Tables, 2010. Nat Vital Stat Rep
2014;63:1e62.

50. Bureau of Labor Statistics. Consumer Expenditures Survey. vol.
Table 1300. Washington, DC: 2015.

51. Kahn JG, Marseille EA, Bennett R, et al. Cost-effectiveness of
antiretroviral therapy for prevention. Curr HIV Res 2011;9:405e15.

52. Skarbinski J, Rosenberg E, Paz-Bailey G, et al. Human immunodeficiency
virus transmission at each step of the care continuum in the United
States. JAMA Int Med 2015;175:588.

53. Sanders GD, Bayoumi AM, Sundaram V, et al. Cost-effectiveness of
screening for HIV in the era of highly active antiretroviral therapy. N
Engl J Med 2005;352:570e85.

54. Bayoumi AM, Barnett PG, Joyce VR, et al. Cost-effectiveness of newer
antiretroviral drugs in treatment-experienced patients with multidrug-
resistant HIV disease. J Acquir Immune Defic Syndr 2013;64:382e91.

55. Whitham H, Kuppermann M, Shrestha R, et al. Health Utility Estimates
Among Persons Living with HIV in the U.S.: Implications for Cost-
Effectiveness Modeling and Future Research Needs. 38th Annual North
American Meeting of the Society of Medical Decision Making,
Vancouver, 2016.

56. Garrison LP, Mansley EC, Abbott TA, et al. Good research practices for
measuring drug costs in cost-effectiveness analyses: a societal
perspective: the ISPOR Drug Cost Task Force reportdpart II. Value
Health 2010;13:8e13.

57. Bureau of Labor Statistics. Consumer Price Index Detailed Report: Data
for October 2016. Consumer Price Index 2016. http://www.bls.gov/cpi/
cpi_dr.htm#2016. (accessed April 22, 2017).

58. United States Department of Labor Bureau of Labor Statistics. Measuring
Price Change for Medical Care in the CPI. Consumer Price Index 2017.
https://www.bls.gov/cpi/cpifact4.htm. (accessed April 22, 2017).

59. Wagner T. Estimating the Costs of an Intervention. Department of
Veterans Affairs Heath Economics Resource Center Cost-Effectiveness
Analysis Course 2016.

60. Gebo KA, Fleishman JA, Conviser R, et al. Contemporary costs of HIV
healthcare in the HAART era. AIDS (London) 2010;24:2705e15.

61. Institute for Clinical and Economic Review. Final Value Assessment
Framework for 2017e2019. Boston: 2017.

62. de Bruin M, Oberj�e EJM, Viechtbauer W, et al. Effectiveness and cost-
effectiveness of a nurse-delivered intervention to improve adherence to
treatment for HIV: a pragmatic, multicentre, open-label, randomised
clinical trial. Lancet Infect Diseases 2017;17:595e604.

63. Ghose T, Nolde S. The Undetectables Project. North American Housing
and HIV/AIDS Research Summit Podium Presentation 15 Sept 2015,
Washington, DC, 2015:Podium Presentation. http://www.
hivhousingsummit.org/Slides2015/15/Blue/1045_Nolde.pdf. (accessed
September 29, 2017).

64. Bernard CL, Brandeau ML. Structural sensitivity in HIV modeling: a case
study of vaccination. Infect Disease Model 2017:1e13.

65. Arias E, Division of Vital Statistics. United States Life Tables, 2011. vol.
64. 2015.

66. Hanmer J, Lawrence WF, Anderson JP, et al. Report of nationally
representative values for the noninstitutionalized US adult population
for 7 health-related quality-of-life scores. Med Decis Making
2006;26:391e400.

67. Boily M-C, Baggaley RF, Wang L, et al. Heterosexual risk of HIV-1
infection per sexual act: systematic review and meta-analysis of
observational studies. Lancet Infect Diseases 2009;9:118e29.

68. Jin F, Jansson J, Law M, et al. Per-contact probability of HIV transmission
in homosexual men in Sydney in the era of HAART. AIDS (London)
2010;24:907e13.

69. Baggaley RF, White RG, Boily M-C. HIV transmission risk through anal
intercourse: systematic review, meta-analysis and implications for HIV
prevention. Int J Epidemiol 2010;39:1048e63.

70. Pinkerton SD, Abramson PR. Effectiveness of condoms in preventing
HIV transmission. Soc Sci Med 1997;44:1303e12.

71. Smith DK, Herbst JH, Zhang X, Rose CE. Condom effectiveness
for HIV prevention by consistency of use among men who
have sex with men in the United States. JAIDS 2015;68:337e44.

http://refhub.elsevier.com/S1098-3015(18)33272-8/sref16
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref16
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref16
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref16
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref17
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref17
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref17
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref18
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref18
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref18
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref18
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref20
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref20
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref20
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref20
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref21
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref21
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref21
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref21
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref22
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref22
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref22
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref22
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref23
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref23
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref23
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref24
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref24
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref24
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref24
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref25
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref25
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref25
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref25
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref25
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref26
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref26
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref26
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref26
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref27
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref27
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref27
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref27
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref28
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref28
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref28
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref28
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref28
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref29
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref29
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref29
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref29
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref30
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref30
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref30
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref31
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref31
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref31
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref32
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref32
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref32
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref32
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref33
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref33
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref33
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref33
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref34
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref34
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref34
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref35
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref35
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref35
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref35
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref36
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref36
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref36
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref36
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref37
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref37
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref37
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref38
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref38
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref38
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref38
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref39
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref39
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref39
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref39
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref40
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref40
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref40
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref40
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref40
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref41
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref41
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref42
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref42
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref42
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref42
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref42
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref43
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref43
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref43
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref43
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref43
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref44
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref44
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref44
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref44
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref45
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref45
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref45
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref45
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref46
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref46
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref46
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref46
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref46
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref46
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref47
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref47
http://thedataweb.rm.census.gov/ftp/cps_ftp.html#cpsbasic
http://thedataweb.rm.census.gov/ftp/cps_ftp.html#cpsbasic
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref49
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref49
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref49
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref51
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref51
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref51
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref52
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref52
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref52
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref53
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref53
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref53
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref53
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref54
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref54
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref54
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref54
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref56
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref56
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref56
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref56
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref56
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref56
http://www.bls.gov/cpi/cpi_dr.htm#2016
http://www.bls.gov/cpi/cpi_dr.htm#2016
https://www.bls.gov/cpi/cpifact4.htm
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref60
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref60
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref60
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref62
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref62
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref62
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref62
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref62
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref62
http://www.hivhousingsummit.org/Slides2015/15/Blue/1045_Nolde.pdf
http://www.hivhousingsummit.org/Slides2015/15/Blue/1045_Nolde.pdf
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref64
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref64
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref64
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref66
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref66
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref66
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref66
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref66
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref67
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref67
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref67
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref67
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref68
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref68
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref68
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref68
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref69
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref69
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref69
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref69
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref70
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref70
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref70
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref71
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref71
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref71
http://refhub.elsevier.com/S1098-3015(18)33272-8/sref71
https://doi.org/10.1016/j.jval.2018.09.001
https://doi.org/10.1016/j.jval.2018.09.001

	The Cost-Effectiveness of Financial Incentives for Viral Suppression: HPTN 065 Study
	Introduction
	Methods
	Analytic Overview
	Data Sources
	Study Population
	Disease Model Description
	HIV Transmission
	Effectiveness of Financial Incentives
	Costs
	Administration costs
	Health care and other societal costs

	Cost-Effectiveness
	Sensitivity and Scenario Analyses

	Results
	Health Outcomes
	Costs
	Cost-Effectiveness
	Sensitivity Analyses

	Discussion
	Conclusions
	Acknowledgments
	Role of the Funder/Sponsor
	Supplemental Materials
	References


