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Abstract

Because an intervention’s clinical benefit depends on who receives it, a key to improving the 

efficiency of lung cancer screening with low-dose computed tomography (LDCT) is to incentivize 

its use among the current or former smokers who are most likely to benefit from it. Despite its 

clinical advantages and cost-effectiveness, only 3.9 percent of the eligible population underwent 

LDCT screening in 2015. Using individual lung cancer mortality risk, we developed a policy 

simulation model to explore the potential impact of implementing risk-targeted incentive 

programs, compared to either implementing untargeted incentive programs or doing nothing. We 

found that compared to the status quo, an untargeted incentive program that increased overall 

LDCT screening from 3,900 (baseline) to 10,000 per 100,000 eligible people would save 12,300 

life-years and accrue a net monetary benefit (NMB) of $771 million over a lifetime horizon. 

Increasing screening by the same amount but targeting higher-risk people would yield an 

additional 2,470–6,600 life-years and an additional $210–$560 million NMB, depending on the 

extent of the risk targeting. Risk-targeted incentive programs could include provider-level bonuses, 

health plan premium subsidies, and smoking cessation programs to maximize their impact. As 

clinical medicine becomes more personalized, targeting and incentivizing higher-risk people will 

help enhance population health and economic efficiency.

Background

As knowledge and acceptance of the differential benefits of medical interventions across 

population subgroups continue to grow, it is essential to incorporate individual risk 

information into the design of incentive programs.

Conventional incentive programs aim to encourage the use of high-value services (or 

discourage the use of low-value ones) among all enrollees. Empirical studies have shown 

that these programs, such as pay-for-performance or value-based insurance design,1–4 

increase the use of targeted services, albeit modestly.5–10 In contrast, risk-targeted incentive 

HHS Public Access
Author manuscript
Health Aff (Millwood). Author manuscript; available in PMC 2020 January 01.

Published in final edited form as:
Health Aff (Millwood). 2019 January ; 38(1): 60–67. doi:10.1377/hlthaff.2018.05148.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



programs seek to selectively incentivize people who can benefit the most. The potential 

impact of these programs has not been explored. Online appendix exhibit A schematically 

illustrates how different types of policies incorporate individualized risk information and 

incentives.11

Using lung cancer screening as an example, this article aims to evaluate the potential impact 

of implementing hypothetical risk-targeted incentive programs to promote the use of low-

dose computed tomography (LDCT) screening among higher-risk people. LDCT screening 

is well suited for use in an exploration of risk-targeted incentive programs. Clinically, it has 

been shown to reduce lung cancer mortality by 20 percent, compared to chest x-ray 

screening.12 Although the LDCT-eligible population is relatively large, only 3.9 percent 

(262,700 of 6.8 million people) underwent LDCT screening in 2015.13 The low uptake of 

LDCT screening indicates a need for policy levers to promote its use.14 Also, using a rich 

data set from the National Lung Screening Trial enabled us to characterize how LDCT 

screening and baseline risk interact to influence benefits.

Although the US Preventive Services Task Force defines the LDCT-eligible population as 

current or former heavy smokers ages 55–80,15 multiple risk-prediction models have shown 

that LDCT screening confers the greatest benefit (that is, avoided lung cancer mortality) on 

those at the highest risk of lung cancer mortality within the eligible population.16–18

Examples from other clinical areas and programs suggest that risk-targeted incentive 

programs for LDCT screening might include provider-level financial bonuses, health plan 

premium subsidies, and smoking cessation or counseling programs.19–21 Targeting 

incentives or altering the magnitude of those incentives for different plan members (for 

example, providing greater insurance premium supports for higher-risk people) could 

promote LDCT screening selectively among higher-risk people.

Our previous risk-stratified cost-effectiveness analysis showed that risk targeting could 

improve LDCT screening efficiency (compared to chest x-ray screening).22 Building upon 

our prior analysis, we developed a health policy simulation model to explore the potential 

impact of implementing risk-targeted incentive programs, compared to either implementing 

untargeted incentive programs (for example, conventional pay-for-performance) or doing 

nothing (status quo).

Study Data And Methods

Study Design

Despite having limited empirical data, we used the best available information to project 

population-level health and economic gains corresponding to different LDCT uptake 

scenarios across risk-stratified subgroups. The previous literature has described a general 

analytic framework for policy-oriented economic evaluation and the value of 

implementation approach, which examines whether it is worth expending resources to 

promote participation in cost-effective programs.23,24
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To estimate the benefits of risk-targeted strategies, we compared two hypothetical incentive 

programs: an untargeted incentive program that aimed to increase LDCT uptake uniformly 

across all members of the eligible population and a risk-targeted incentive program that 

aimed to increase LDCT uptake preferentially among higher-risk people.

Risk Stratification Among The National Lung Screening Trial Participants

Using individual-level data from 53,086 participants in the National Lung Screening Trial, 

we applied a published multivariable model that predicts lung cancer mortality risk based on 

eight variables: age, sex, race, family history, body mass index, smoking exposure, years 

since smoking cessation, and history of emphysema.18 Based on individual lung cancer 

mortality risk, we categorized all trial participants into five equal-size risk groups (people 

with the lowest, second-lowest, middle, second-highest, and highest risk). Appendix exhibit 

B describes the characteristics of trial participants across these five risk groups.11

Short- And Long-Term Outcomes Of Low-Dose Computed Tomography Screening

Considering the importance of the time horizon in economic evaluations,25 we first 

compared outcomes for LDCT and chest x-ray screening for each of the five risk groups 

over both a short-term (seven-year) and a long-term (lifetime) time horizon. The short-term 

horizon corresponded to the follow-up duration for the National Lung Screening Trial, as 

reflected in the data. For long-term outcomes, we extrapolated the trial data beyond seven 

years, using a multistate risk model that projected the likelihood over a lifetime of being in 

each of three health states: having no cancer, living with lung cancer, and death. We used 

this model to project accrued life-years and health care costs. Costs reflected initial 

screening, follow-up diagnosis and treatment, and age-specific background medical costs. 

We discounted both future life-years and costs at 3 percent annually. Our previous 

publication provides additional technical details.22

Based on projected life-years lived and health care costs incurred with either LDCT or chest 

x-ray screening for each of the National Lung Screening Trial participants, we calculated 

added life-years gained and costs incurred from LDCT screening, compared to chest x-ray 

screening (that is, the incremental benefits and costs of using LDCT instead of chest x-ray), 

for different LDCT uptake scenarios for each risk group.

To provide a single summary measure of policy value, we also calculated the net monetary 

benefit (NMB)—that is, the monetary value of life-years gained minus incurred health care 

costs—for LDCT, compared to chest x-ray, screening. Although the value of a life-year can 

depend on context and methodology, we assigned it a value of $100,000 based on the 

literature.26–29

Low-Dose Computed Tomography Uptake Under Different Policy Scenarios

Based on the 2015 National Health Interview Survey data and US Preventive Services Task 

Force eligibility criteria, 6.82 million US adults were eligible for annual LDCT screening. 

Exhibit 1 shows our assumptions for LDCT screening uptake under different policy 

scenarios.
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Status Quo: Assuming that in the absence of incentive programs (that is, at baseline) 

3,900 per 100,000 adults who were eligible (according to the US Preventive Services Task 

Force criteria) received LDCT screening, we estimated that 266,000 US adults would 

undergo LDCT screening annually (3.9 percent of 6.82 million eligible people).

Scenario 1: Untargeted Incentive Programs: We assumed that untargeted incentive 

programs would uniformly increase LDCT screening uptake among all eligible people, 

regardless of their lung cancer mortality risk. For example, an untargeted incentive program 

that increased the LDCT screening rate to 10,000 per 100,000 eligible people would boost 

the total number of people screened by 416,000, from its baseline estimated value of 

266,000 to 682,000. In this scenario, the number of people screened in each risk group 

would be identical—136,400.

Scenario 2: Risk-Targeted Incentive Programs: To isolate the benefits attributable to 

risk targeting alone, we assumed that risk-targeted programs would likewise increase LDCT 

uptake but shift it toward higher-risk people. We explored three versions of this scenario. 

Our first version (“conservative”) assumed that 10 percent of the uptake gains would occur 

among people in the lowest-risk group, 15 percent in the second-lowest-risk group, 20 

percent in the middle-risk group, 25 percent in the second-highest-risk group, and 30 percent 

in the highest-risk group. Our second version (“moderate”) assumed that 5 percent, 10 

percent, 20 percent, 30 percent, and 35 percent of the uptake gains would occur in each of 

the five risk groups (from lowest to highest), respectively. Our last (“aggressive”) version 

assumed even greater skew, with 0 percent, 5 percent, 15 percent, 30 percent, and 50 percent 

of uptake occurring in each of the five risk groups, respectively. For example, as LDCT 

uptake increased to 10,000 per 100,000 eligible people, among 682,000 people screened, 

risk targeting under the “moderate” version of this scenario would achieve LDCT uptake 

among 238,700 people in the highest-risk group (35 percent of all screened people) and 

uptake among 34,100 people in the lowest-risk group (5 percent of all screened people).

Threshold Analysis For Implementation Costs

Because our hypothetical incentive programs (untargeted and risk-targeted) have unknown 

implementation costs, we conducted a threshold analysis to estimate upper-bound 

implementation costs that would cancel out the additional NMB of increasing LDCT 

screening uptake under such programs. If incentive program implementation costs were to 

exceed these estimated NMBs, investment in such programs would be inefficient.

Limitations

Our study had several limitations. First, we assessed hypothetical programs (targeted and 

untargeted) because no specific incentive programs have been designed to promote LDCT 

screening. Rather than specifying policy program details, such as addressing the important 

role of patient preferences in the form of patient-centered incentive programs,30,31 we 

investigated potential gains based on assumed program performance—that is, assumptions 

about how much the incentive program would increase LDCT screening in each of the five 

risk groups. Our results can shed light on the general implications of risk-targeted incentive 
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programs, but application to real-world programs would require data on how those programs 

influence actual behavior.

Second, as with any trial-based analysis, the generalizability of our findings is limited. For 

example, the National Lung Screening Trial sample is younger on average than the real 

population of smokers. Hence, our estimated life expectancy gains are likely to overstate 

gains that might be observed in the actual population. On the other hand, there is no reason 

to believe that the trial results overstated heterogeneity in the real population, and it is 

heterogeneity that contributes to the benefit of risk-targeted screening and hence risk-

targeted benefit design. Indeed, heterogeneity in the real population may be greater than in 

the trial population, which suggests that we may have understated the benefits of this 

strategy. In any case, our aim was to use lung cancer screening to illustrate this strategy and 

not to estimate the actual benefits of this approach for lung cancer screening.

Study Results

Consequences Of Low-Dose Computed Tomography Screening Across Five Risk Groups

The incremental life-year gains of LDCT over chest x-ray screening were positively 

associated with baseline lung cancer mortality risk (exhibit 2). Among people in the highest-

risk group, life-year gains were 2.9 times greater than the corresponding gains among people 

in the lowest-risk group over a lifetime (4,900 versus 1,700 life-years gained per 100,000 

people screened).

Assuming that a year of life is worth $100,000, the NMB for LDCT screening exceeded the 

NMB for chest x-ray screening for all five risk groups because of the substantial value of the 

additional life-years saved as a result of the averted lung cancer deaths. However, the short-

term (seven-year) analysis found the NMB for LDCT screening to be less than the NMB for 

chest x-ray screening for the three lowest-risk groups. Appendix exhibit C provides greater 

detail.11

Population Health And Economic Gains Under Different Policy Scenarios

We also estimated incremental population health gains across alternative uptake scenarios 

(exhibit 3). Appendix exhibit D details economic gains expressed in terms of NMB.11

Untargeted Incentive Programs Versus Status Quo: The untargeted program that 

increased LDCT uptake from 3,900 to 10,000 per 100,000 eligible people across all risk 

groups gained 12,300 life-years based on the lifetime analysis, yielding a NMB of $771M. 

Projected gains for the seven-year analysis amounted to 4,400 life-years, corresponding to a 

NMB of $51M.

Risk-Targeted Incentive Programs Versus Status Quo: Holding overall LDCT 

uptake to baseline levels but using incentives to shift uptake toward higher-risk people 

yielded life expectancy gains. Our lifetime analysis projected that risk targeting would 

confer 1,060 (conservative) to 2,670 (aggressive) additional life-years, corresponding to a 

NMB gain of $88 million (conservative) to $225 million (aggressive) over the status quo. 

The seven-year analysis projected that risk targeting would confer gains of 560 
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(conservative) to 1,450 (aggressive) life-years and NMBs of $41 million (conservative) to 

$111 million (aggressive).

Risk-Targeted Versus Untargeted Incentive Programs: Assuming the average 

uptake increased to 10,000 per 100,000 individuals, compared to the untargeted incentive 

program, the additional lifetime health gains associated with our three risk-shifting scenarios 

ranged from 2,470 (conservative scenario) to 6,600 (aggressive scenario) life-years gained, 

while the corresponding lifetime NMB gains ranged from $210 million to $560 million. In 

the seven-year analysis, the additional life-year gains ranged from 1,340 (conservative 

scenario) to 3,630 (aggressive scenario), with corresponding NMBs of $104 million to $282 

million.

Upper-Bound Implementation Costs Consistent With Positive Net Benefits

Based on the seven-year projection (which is potentially more relevant for payers), an 

untargeted incentive program that increased LDCT screening from 3,900 to 10,000 per 

100,000 eligible people would have a negative NMB if its costs exceeded $51 million. A 

risk-targeted program that also increased LDCT utilization from 3,900 to 10,000 people 

would have a negative NMB only if program costs exceeded $155 million (conservative 

uptake distribution) to $334 million (aggressive uptake distribution). Exhibit 4 shows the 

maximum program implementation costs under various scenarios that would be consistent 

with a positive NMB.

Discussion

Because an intervention’s clinical benefits depend on who receives it, targeting the people 

most likely to benefit is key to improving health care efficiency. Targeting high-risk people 

has been applied in many clinical areas, including routine eye examinations for patients with 

diabetes,32 screening for colorectal cancer starting at ages between fifty and seventy-five 

years,33 and pneumococcal vaccination for the elderly and those with specified chronic 

conditions.34 However, the application of incentive-based approaches to promote these 

interventions targeted to high- or higher-risk people has not been explored.

In the context of lung cancer screening using LDCT, our findings suggest that risk-targeted 

incentive programs could improve population health and yield greater economic benefits 

than untargeted incentive programs could. Although the lifetime net benefits of LDCT might 

be positive for all risk groups, the value of the health gains are greater for higher-risk groups. 

Hence, if resources are insufficient to achieve uptake among all eligible people, targeting the 

highest-risk people will be more efficient. Consequently, risk targeting can save more lives 

than untargeted programs.

However, the magnitude of health and economic gains largely depends on the extent of the 

risk targeting. In empirical evaluations of conventional incentive programs, the changes in 

utilization rates in response to untargeted incentive programs ranged from 5 percent to 9 

percent for preventive services, such as cervical cancer screening35 and vaccination.6 Yet 

when baseline performance was poor, as is the case with LDCT screening, the incentive 
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program resulted in the largest improvements of the process-of-care outcomes,5 which 

suggests the potential benefits of risk-targeted incentive programs.

Having established the potential benefit of risk targeting, our study raises the question of 

how to design programs to promote LDCT screening in the higher-risk group, especially in 

primary care settings. We explored other clinical areas and incentive programs that might 

offer insights.

First, provider-level financial incentives are important, because lung cancer screening relies 

on participation from health care providers—mainly primary care physicians. The lack of 

knowledge among physicians about reimbursement and clinical guidelines for lung cancer 

screening has been identified as a key barrier to the uptake of LDCT screening.14,36–38 A 

risk-targeted pay-for-performance program could be created to tie reimbursement to the 

attainment of certain LDCT referral goals among people at higher risk for lung cancer 

mortality.

Specifically, physicians might receive financial bonuses from payers, such as Medicare, 

depending on the proportion of their higher-risk patients they referred to lung cancer 

screening within a specified period. For example, primary care reforms in Ontario, Canada, 

introduced provider-level incentives tied to the proportion of patients who received a Pap 

smear (for example, $220 for 60 percent, $660 for 70 percent, and $2,200 for 80 percent of 

patients). The incentive program was associated with higher cervical cancer screening rates, 

compared to a traditional fee-for-service model.35

Second, health plans or employers could provide financial incentives that directly targeted 

people at higher risk to encourage annual LDCT screening. A risk-targeted incentive 

program might take various forms, including programs offering premium discounts, which 

would be analogous to insurance premium discounts offered to people who complete annual 

biometric screening;39,40 reward-based programs that offered cash bonuses to people who 

voluntarily underwent annual LDCT screening; and programs with deposit contracts that put 

participants at risk of losing a deposit if they failed to undergo annual screening.41

A pragmatic randomized controlled trial showed that financial incentives to participants are 

the most effective means of achieving smoking cessation.19 Also, recent studies on diabetes 

control and lipid lowering indicate that awarding financial incentives to both providers and 

patients can improve outcomes.20,42

Third, financial-based targeted incentive programs could be combined with other initiatives, 

such as smoking cessation or individual counseling programs. Smoking cessation is known 

to reduce the risk of lung cancer mortality by more than 50 percent.21 Since both smoking 

cessation and lung cancer screening can serve as “teachable moments,” the combined 

programs could increase use of LDCT screening, prevent more lung cancer mortality, and 

improve systemwide efficiency.43

Based on some of the real-life policy examples, we have shared some thoughts on designing 

incentive programs. However, without specific incentive programs in place, it is not possible 
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to determine what benefits such programs might actually produce. Hence, our results should 

be viewed as a starting point.

Although our simulation examined scenarios that increased overall utilization of LDCT 

screening across all eligible people, preferentially targeting higher-risk people might have 

the unintended consequence of reducing screening among lower-risk people. Given limited 

resources, it would be more efficient to target higher-risk people—a primary goal of risk-

targeted incentive programs—but such programs should not deter lower-risk groups from 

seeking lung cancer screening.

Policy Implications

The Affordable Care Act mandates that health plans on the insurance Marketplaces cover, 

without cost sharing, annual lung cancer screening with LDCT as part of the benefits 

package. However, even without financial barriers, the uptake of LDCT screening remains 

disappointingly low.13,44 Clinically, with the routine use of electronic health records and 

validated risk-prediction models that are readily available online, there is a growing demand 

to use individualized risk information to identify people who should be screened for lung 

cancer, rather than using simple at-risk group inclusion criteria.45,46 Incentive programs that 

target higher-risk people could offer a way to increase utilization and efficiently maximize 

benefits in light of these challenges.

To ensure the successful implementation of risk-targeted incentive programs, however, 

policy makers need to identify clinical areas (such as lung cancer screening) where such 

programs might be particularly useful, as well as to balance trade-offs between the costs of 

implementing such programs and potential net benefits. For example, a risk-targeted 

incentive program with $10 monthly premium discounts for the highest-risk people (the top 

quintile in our study) would cost $84 million annually, assuming 50 percent enrollment 

among the 1.4 million (20 percent of the 6.8 eligible people) highest-risk people.

Conclusion

The value of health care depends on who receives the intervention. With growing 

information on which health care services work best for different people, designing incentive 

programs to target people who can gain the most has the potential to increase the uptake of 

LDCT screening and enhance population health and economic efficiency.
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Refer to Web version on PubMed Central for supplementary material.
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Exhibit 2. Life-years gained per 100,000 eligible adults screened by low-dose computed 
tomography (LDCT) instead of chest x-ray, by risk of lung cancer death
Source/Notes: SOURCE Authors’ analysis. NOTES The average is for all risk groups 

(explained in the text). In 2015, 6.82 million US adults were eligible for annual LDCT 

screening, as explained in the text. Whiskers indicate 95% confidence intervals. The interval 

bounds correspond to the people in a group at the 2.5 and 97.5 percentiles. For example, for 

people in the highest risk group over a lifetime horizon, the person at the 2.5 percentile gains 

0.032 life-years (3,200 life-years per 100,000 people), whereas the person at the 97.5 

percentile gains 0.0915 life-years (9,150 life years per 100,000 people).

Kim et al. Page 12

Health Aff (Millwood). Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Exhibit 3. Life-years gained per 100,000 eligible adults screened by low-dose computed 
tomography (LDCT) instead of chest x-ray, by aggressiveness of risk targeting in incentive 
programs
Source/Notes: SOURCE Authors’ analysis. NOTES In 2015, 6.82 million US adults were 

eligible for annual LDCT screening, as explained in the text. The current baseline estimate is 

that 3,900 out of every 100,000 eligible adults receive LDCT screening. Conservative, 

moderate, and aggressive risk targeting are explained in the text.
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