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Background: Recommendations vary regarding the maximum
age at which to stop lung cancer screening: 80 years according
to the U.S. Preventive Services Task Force (USPSTF), 77 years
according to the Centers for Medicare & Medicaid Services
(CMS), and 74 years according to the National Lung Screening
Trial (NLST).

Objective: To compare the cost-effectiveness of different stop-
ping ages for lung cancer screening.

Design: By using shared inputs for smoking behavior, costs, and
quality of life, 4 independently developed microsimulation mod-
els evaluated the health and cost outcomes of annual lung can-
cer screening with low-dose computed tomography (LDCT).

Data Sources: The NLST; Prostate, Lung, Colorectal, and Ovar-
ian Cancer Screening Trial; SEER (Surveillance, Epidemiology,
and End Results) program; Nurses' Health Study and Health Pro-
fessionals Follow-up Study; and U.S. Smoking History Generator.

Target Population: Current, former, and never-smokers aged
45 years from the 1960 U.S. birth cohort.

Time Horizon: 45 years.

Perspective: Health care sector.

Intervention: Annual LDCT according to NLST, CMS, and
USPSTF criteria.

Outcome Measures: Incremental cost-effectiveness ratios (ICERs)
with a willingness-to-pay threshold of $100 000 per quality-adjusted
life-year (QALY).

Results of Base-Case Analysis: The 4 models showed that the
NLST, CMS, and USPSTF screening strategies were cost-
effective, with ICERs averaging $49 200, $68 600, and $96 700
per QALY, respectively. Increasing the age at which to stop
screening resulted in a greater reduction in mortality but also led
to higher costs and overdiagnosis rates.

Results of Sensitivity Analysis: Probabilistic sensitivity analysis
showed that the NLST and CMS strategies had higher probabil-
ities of being cost-effective (98% and 77%, respectively) than the
USPSTF strategy (52%).

Limitation: Scenarios assumed 100% screening adherence, and
models extrapolated beyond clinical trial data.

Conclusion: All 3 sets of lung cancer screening criteria repre-
sent cost-effective programs. Despite underlying uncertainty, the
NLST and CMS screening strategies have high probabilities of
being cost-effective.

Primary Funding Source: CISNET (Cancer Intervention and
Surveillance Modeling Network) Lung Group, National Cancer
Institute.
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The National Lung Screening Trial (NLST) demon-
strated that screening high-risk smokers with low-

dose computed tomography (LDCT) could reduce lung
cancer mortality by 20% versus chest radiography (1).
On the basis of the NLST's findings, lung cancer screen-
ing was recommended by the U.S. Preventive Services
Task Force (USPSTF) in 2013 and the U.S. Centers for
Medicare & Medicaid Services (CMS) in 2015, ensuring
private insurance and Medicare coverage, respectively.
The guideline eligibility criteria match the enrollment
criteria of the NLST (current or former smokers aged 55
to 74 years; smoking history of at least 30 pack-years;
and for former smokers, fewer than 15 years since quit-

ting), except the USPSTF and CMS recommend screen-
ing up to age 80 and 77 years, respectively (1–3).

The USPSTF chose criteria that are likely to maxi-
mize the benefits and minimize the harms of lung can-
cer screening, without explicitly considering cost fac-
tors in its decision making (4). However, the estimated
number of persons eligible for lung cancer screening
may range from 7 million to 12 million (5–7), so under-
standing the lung cancer and cost outcomes of the
screening alternatives is essential as it becomes more
commonly used in the United States.

Previous studies evaluated the cost-effectiveness of
lung cancer screening in the United States and else-
where, although the specific screening strategies eval-
uated, assumptions used, and respective results have
varied widely (7–17). In these studies, lung cancer
screening resulted in incremental cost-effectiveness ra-
tios (ICERs) ranging from $11 000 per quality-adjusted
life-year (QALY) to $207 000 per QALY (7–11, 13, 15,
16). However, in these analyses, either a single lung
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cancer screening program was compared with no
screening or the screening programs evaluated were
not consistent with current U.S. guidelines, because
many of these analyses predate the CMS and USPSTF
recommendations.

To compare current screening eligibility criteria in
the United States, our comparative modeling study
used standardized model inputs and allowed different
models to produce independent results for possible
cross-validation (18). By using 4 independent, validated
models (from Erasmus Medical Center, Harvard Medi-
cal School–Massachusetts General Hospital, University
of Michigan, and Stanford University) in the CISNET
(Cancer Intervention and Surveillance Modeling Net-
work) Lung Group of the National Cancer Institute
(NCI), this study estimated cost, effectiveness, and cost-
effectiveness outcomes for a no-screening and 3 screen-
ing strategies based on the NLST, CMS, and USPSTF eli-
gibility criteria from the perspective of the U.S. health care
sector.

METHODS
Population

To account for age, period, and cohort effects in
estimating each person's lifetime smoking exposure
history, the 4 microsimulation models simulated out-
comes from each screening strategy for 1 million indi-
vidual men and 1 million individual women from the
1960 U.S. birth cohort from age 45 to death or to a
maximum age of 90 years, as defined later. Study of the
target population began at age 45 to provide sufficient
time for prevalent lung cancers to develop before
screening age, allowing the simulated populations to
better mimic the likely existing pool of persons in a
screening program. Smoking histories for each person
were simulated by the CISNET Lung Group's Smoking
History Generator (SHG) (19–22), which was developed
to provide stochastic simulation of smoking history and
other-cause mortality inputs specific to age, birth co-
hort, and sex (more information may be found at https
://cisnet.cancer.gov/lung). Standardized inputs from
the SHG include rate of smoking initiation, smoking in-
tensity, rate of smoking cessation, and non–lung cancer
death (corrected for smoking behavior) (19–25). The
SHG allows the models to account for the elevated risk
for death from various smoking-related comorbid con-
ditions, such as congestive heart failure and stroke,
among others.

Screening
Three screening strategies—the NLST, CMS, and

USPSTF criteria—that assumed a 100% rate of adher-
ence to screening were evaluated against a scenario in
which no screening occurred. The NSLT screening eli-
gibility criteria included persons aged 55 to 74 years
who had a smoking history of at least 30 pack-years
and either currently smoked or quit smoking within the
previous 15 years. The CMS and USPSTF criteria were
similar but increased the upper age limit for screening
eligibility to 77 and 80 years, respectively.

Model Descriptions, Calibration, and Validation
Whereas randomized trials, such as the NLST, es-

tablish efficacy, modeling can complement those data
by exploring starting and stopping ages for screening
as well as screening frequencies, which would be im-
practical in trials. The various approaches to develop-
ing the 4 microsimulation models allowed a robust as-
sessment of alternative screening guidelines (Table 1).
Each model simulated individual-level lung cancer his-
tories, including age and stage at diagnosis, whether
screening was performed, earlier diagnosis and stage
shifts related to screening, histologic subtype, rate of
disease progression, and survival after diagnosis (26–
29). The Erasmus, Michigan, and Stanford models each
used a 2-stage clonal expansion model, which simu-
lates the biological growth of cancer cells from initia-
tion of precancerous cells to malignant transformation,
to relate individual smoking history to age-specific lung
cancer incidence or mortality risk (22, 30–32). The
Harvard–Massachusetts General Hospital model used
logistic regression models and Gompertz functions for
tumor initiation and progression, respectively, to simu-
late individual lung cancer history (32, 33).

Each model was calibrated extensively to repro-
duce observed lung cancer incidence and mortality
data from U.S. epidemiologic studies (Table 1) (26, 34–
37). First, the models were calibrated to the lung can-
cer incidence and mortality data from the NLST, then
they were validated by using data from participants in
the PLCO (Prostate, Lung, Colorectal, and Ovarian)
Cancer Screening Trial who would have been eligible
for screening in the NLST (26). The PLCO lung cancer
incidence and mortality curves used years since random-
ization, with follow-up data collected between 2002 and
2010. The models were calibrated further to enable ex-
trapolation to persons in the PLCO data set who did not
meet NLST eligibility criteria (never-smokers and light
smokers) (26). Detailed calibration and validation meth-
ods for each model were described previously (26, 35–
37). Supplement Figures 1 to 5 (available at Annals.org)
provide model outcomes for the composition of smoker
type, lung cancer incidence, cumulative lung cancer
cases, lung cancer mortality, and cumulative lung cancer
deaths.

Costs
The 4 models also shared standardized cost inputs

to enhance their comparability. Two types of costs were
used—those related to screening and diagnostic proce-
dures and those related to lung cancer treatment.
Relevant procedures included chest radiography,
screening LDCT, follow-up LDCT, bronchoscopy, medi-
astinoscopy, needle biopsy, video-assisted thoraco-
scopic surgery, and positron emission tomography/CT.
Procedure costs were sourced from the CMS by using
Current Procedural Terminology codes (Supplement
Table 2, available at Annals.org) (38). Methods for de-
termining lung cancer treatment costs were based on a
primary data analysis of the SEER (Surveillance, Epide-
miology, and End Results)–Medicare data set (39, 40).
Treatment costs were converted to 2018 U.S. dollars by
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adjusting Part A claims using the CMS Prospective Pay-
ment System hospital price index and Part B claims us-
ing the Medicare economic index (39, 41, 42). Proce-
dure costs were sourced from the CMS at 2018 prices
(38). Supplement Table 2 describes the SEER–Medicare
cost analysis and cost input parameters.

Base-Case Outcomes
Primary study outcomes were the ICERs for each

screening strategy, calculated as the incremental cost
divided by incremental QALYs gained, where QALYs
adjusted survival for standardized age-based quality-of-
life utilities and disutilities associated with the different
stages of lung cancer progression (Supplement Table
3, available at Annals.org) (43–45) to account for
quality-of-life reductions due to age-related comorbid
conditions and to cancer. To calculate aggregate cost,
the total number of procedures and total life-years
spent in each phase of cancer care were multiplied by
their respective costs. Life-years, QALYs, and costs
were discounted at an annual rate of 3% (46, 47). We
considered ICERs falling below a societal willingness-
to-pay (WTP) threshold of $100 000 per QALY to be
cost-effective (48). Secondary outcomes included mor-
tality reduction and overdiagnosis (49). Results reflect
the averaged results from the 4 models standardized to
100 000 persons alive at age 45 years from the 1960
birth cohort.

Sensitivity Analyses
Scenario-based sensitivity analyses explored the ef-

fect of 4 plausible alternative cases for certain model
parameters. The first 2 scenarios varied cost by 15% for
total LDCT examinations and cumulative costs in the
continuation phase of lung cancer treatment, because
they were the largest components of the procedure
and treatment cost categories, respectively. The third
scenario varied treatment costs for persons younger

than 65 years by 15% to address uncertainty regarding
costs for these underrepresented persons in the SEER–
Medicare data set. The fourth scenario reduced screen-
ing adherence from 100% to 45%, with each person
having a 45% probability of attending each screening
LDCT examination each time (6). Additional sensitivity
analyses that excluded persons with limited life expec-
tancy and varied incidence rates may be found in the
Supplement (available at Annals.org).

Probabilistic sensitivity analysis involved sampling
the value of all cost and quality-of-life (utility) variables
from their probability distributions and reevaluating the
screening strategies in 100 000 iterations (details in
Supplement Tables 3 to 5, available at Annals.org). Be-
cause including natural history parameters would be
computationally prohibitive and because each model
uses them differently, we excluded natural history pa-
rameters from the probabilistic sensitivity analysis.

Role of the Funding Source
The funding source had no role in the design of the

study; the collection, analysis, and interpretation of the
data; or the decision to approve publication of the fin-
ished manuscript.

RESULTS
No Screening

For 100 000 persons alive at age 45 years, the 4
models projected that a no-screening scenario would
result in 5370 (range, 4170 to 6690) lung cancer diag-
noses (Table 2 and Supplement Figure 6, available at
Annals.org) and 4230 (range, 3190 to 5480) lung can-
cer deaths by age 90 (Table 2 and Supplement Figure
7, available at Annals.org) at an aggregated cost of
$295 million (range, $249 million to $337 million), with
8% due to procedure costs and 92% to treatment costs.

Table 1. Overview of Microsimulation Models

Variable Erasmus (MISCAN-Lung) Harvard-MGH (Lung
Cancer Policy Model)

University of Michigan Stanford (Lung Cancer
Outcomes Simulator)

Data sources used for calibration NHS/HPFS, SEER, NLST, PLCO SEER, NLST, PLCO NHS/HPFS, NLST, PLCO, U.S.
lung cancer mortality data

NHS/HPFS, SEER, NLST,
PLCO

Central smoking dose–response
module

2-stage clonal expansion
model

Probabilistic by histology 2-stage clonal expansion
model

2-stage clonal
expansion model

Lung cancer stages modeled IA, IB, II, IIIA, IIIB, IV IA1, IA2, IB, II, IIIA, IIIB, IV IA1, IA2, IB, II, IIIA, IIIB, IV Early (I–II) and advanced
(III–IV)

Stage progression Markov state transition by
histology

Based on tumor volume and
metastatic burden

Backward model based on
histology and stage at lung
cancer incidence

Based on tumor volume
and metastatic
burden

Lung cancer survival By sex, histology, and stage;
based on SEER 18
(2004–2010)

Calibrated to SEER 18
(2004–2013)

By sex, histology, stage, and
age at diagnosis; based on
SEER 18 (2005–2012)

Based on SEER 18
(1988–2003)

Screening sensitivity model By stage and histology By size (millimeters) and
location in lung (central or
peripheral)

By stage and histology By size (millimeters) and
histology

General mechanism of screening
effect

Cure model Earlier-stage detection from
the natural history model

Earlier-stage detection and
cure model

Implicit, stage-shift
model

Follow-up procedures algorithm Implicit, based on NLST Explicit, based on Fleischner
and Lung-RADS
guidelines

Implicit, based on NLST Explicit, based on
Lung-RADS
guidelines

Lung-RADS = Lung Imaging Reporting and Data System; MGH = Massachusetts General Hospital; MISCAN = Microsimulation Screening Analysis;
NHS/HPFS = Nurses' Health Study/Health Professionals Follow-up Study; NLST = National Lung Screening Trial; PLCO = Prostate, Lung, Colorectal,
and Ovarian Cancer Screening Trial; SEER = Surveillance, Epidemiology, and End Results.
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Life expectancy per person at age 45 averaged 36.6
years (range, 36.4 to 36.9 years) (Supplement Figure 8,
available at Annals.org) and quality-adjusted life expec-
tancy averaged 23.3 QALYs (range, 23.2 to 23.4
QALYs).

Screening Results
Primary Outcomes

Each of the 4 models predicted that all 3 screening
strategies would be on the efficient frontier (Figure 1
and Table 2). For 100 000 persons alive at age 45
(Table 2), screening based on NLST eligibility criteria
diagnosed 44 (range, 19 to 59) additional lung cancers
and prevented 331 (range, 144 to 457) lung cancer
deaths versus no screening, leading to an additional
2650 life-years (range, 1090 to 4040 life-years) and
1990 QALYs (range, 815 to 3160 QALYs) gained. The
averaged aggregate cost for NLST screening (with 19%
due to procedure costs and 81% to treatment costs)
was $86 million (range, $57.0 million to $115 million)
higher than no screening, producing an average cost-
effective ICER of $49 200 (range, $36 300 to $70 000)
per QALY versus no screening.

Compared with the NLST strategy, the CMS screen-
ing eligibility criteria yielded 16 (range, 3 to 22) addi-
tional cases of lung cancer diagnosed and 51 (range,
19 to 72) lung cancer deaths avoided, with 160 life-
years (range, 61 to 220 life-years) and 100 QALYs
(range, 38 to 141 QALYs) gained per 100 000 persons,
respectively. The averaged aggregate cost on the basis
of the CMS criteria was estimated to be $6.36 million
(range, $3.48 million to $9.05 million) per 100 000 per-
sons higher than that of the NLST strategy, with total
procedure and treatment costs making up 20% and
80%, respectively. Each model predicted that screen-
ing based on the CMS criteria would achieve an ICER

below the WTP threshold compared with screening
based on the NLST criteria, with an average ICER of
$68 600 (range, $54 300 to $92 300) per QALY.

Relative to the CMS strategy, the USPSTF eligibility
criteria diagnosed 18 (range, 4 to 28) additional lung
cancer cases and prevented 42 (range, 15 to 61) lung
cancer deaths, yielding an additional 93 life-years
(range, 38 to 141 life-years) and 51 QALYs (range, 21 to
85 QALYs) gained per 100 000 persons. The averaged
aggregate cost was $4.56 million (range, $2.52 million
to $6.37 million) higher than that of the CMS strategy,

Figure 1. Efficient frontier for no screening and for the
NLST, CMS, and USPSTF screening strategies.
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The figure shows the average incremental cost per QALY per 100 000
persons alive at age 45 years. Efficient frontier represents successive
strategies that provide the greatest incremental effectiveness per in-
cremental cost (the incremental cost-effectiveness ratio being the in-
verse of the slope between 2 points on the frontier). CMS = Centers
for Medicare & Medicaid Services; NLST = National Lung Screening
Trial; QALY = quality-adjusted life-year; USPSTF = U.S. Preventive Ser-
vices Task Force.

Table 2. Summary of Averaged Clinical Outcomes and Cost-Effectiveness Results*

Strategy† Lung Cancer
Cases, n

Lung Cancer
Deaths, n

Overdiagnosis
Rate, %‡

Total Cost,
$ (million)

Life-Years,
n (million)

QALYs,
n (million)

ICER, $

Total Screen
Detected

Per Life-Year Per QALY

No screening 5370 — 4230 — 295 2.79834 2.32753 — —
Minimum 4170 — 3190 — 249 2.78528 2.31784 — —
Maximum 6690 — 5480 — 337 2.81018 2.33669 — —

NLST (stop at age 74) 5410 941 3900 6 382 2.80099 2.32952 36 400 49 200
Minimum 4180 208 3050 4 342 2.78637 2.31865 28 400 36 300
Maximum 6750 1490 5040 9 452 2.81422 2.33958 52 100 70 000

CMS (stop at age 77) 5430 1110 3840 6 388 2.80115 2.32962 42 600 68 600
Minimum 4190 227 3030 5 347 2.78643 2.31869 35 600 54 300
Maximum 6770 1750 4970 10 461 2.81444 2.33973 57 100 92 300

USPSTF (stop at age 80) 5450 1250 3800 7 393 2.80124 2.32967 51 900 96 700
Minimum 4190 244 3010 5 352 2.78647 2.31871 45 200 74 800
Maximum 6790 1970 4910 11 467 2.81458 2.33981 66 400 122 000

CMS = Centers for Medicare & Medicaid Services; ICER = incremental cost-effectiveness ratio; NLST = National Lung Screening Trial; QALY =
quality-adjusted life-year; USPSTF = U.S. Preventive Services Task Force.
* For a cohort of 100 000 persons alive at age 45 years. Boldface signifies the averaged result from the 4 models.
† Minimum and Maximum refer to minimum and maximum estimates among the 4 models, respectively.
‡ The overdiagnosis rate up to age 90 years was defined as the excess lung cancer cases in the screening vs. the no-screening scenario divided by
the number of screen-detected lung cancer cases in the screening scenario (49).
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with procedure and treatment costs comprising 20%
and 80%, respectively. The 4 models projected that
ICERs for the USPSTF versus the CMS criteria would fall
just below the WTP threshold, with an average ICER of
$96 700 (range, $74 800 to $122 000) per QALY.

Additional Outcomes
Cumulative lung cancer mortality increased when

screening was stopped at younger ages; therefore,
compared with no screening, the reduction in mortality
rose as the maximum age for screening eligibility in-
creased: 8% (range, 5% to 12%) with the NLST, 9%
(range, 5% to 14%) with the CMS, and 10% (range, 6%
to 16%) with the USPSTF criteria (Figure 2 and lung
cancer–specific Kaplan–Meier survival curves in Supple-

ment Figure 9, available at Annals.org). Fewer women
than men were screening-eligible smokers; therefore,
women had a lower reduction in mortality with screen-
ing (Supplement Table 6, available at Annals.org).
Overdiagnosis rates increased along with maximum
age for screening eligibility, averaging 6% (range, 4%
to 9%) for the NLST (to age 75), 6% (range, 5% to 10%)
for the CMS (to age 77), and 7% (range, 5% to 11%) for
the USPSTF criteria (to age 80) (Table 2).

Cost Outcomes
The items that constituted the greatest proportions

of total cost difference between screening and no
screening were increases in LDCT screening, follow-up
scans, initial-phase treatment of stage I non–small cell
lung cancer (NSCLC), and continuation-phase NSCLC
stage I treatment, as well as decreases in terminal-
phase NSCLC stage IV treatment for those who died of
lung cancer (Figure 3). Supplement Figures 10 and 11
(available at Annals.org) show cost components as a
share of total procedure and treatment costs, respec-
tively. Supplement Table 7 (available at Annals.org)
provides results from the use of screening and diagnos-
tic procedures.

Sensitivity Analyses
Scenario-Based Sensitivity Analyses

Although varying the cost of LDCT examinations
increased or decreased the average ICER for the 3
screening strategies by only $4000 to $7000 per QALY
for the 4 models (Supplement Tables 8 and 9, available
at Annals.org), the ICER for the USPSTF strategy
crossed the WTP threshold (at $103 000 per QALY)
when the cost of LDCT increased by 15%. Varying the
cost of continuation-phase treatment for all persons

Figure 2. Cumulative mortality reduction by screening
strategy.
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Kaplan–Meier survival curves, by strategy, are provided in Supplement
Figure 9 (available at Annals.org). Error bars indicate the range of
estimates by the 4 models; they are not CIs. CMS = Centers for Medi-
care & Medicaid Services; NLST = National Lung Screening Trial;
USPSTF = U.S. Preventive Services Task Force.

Figure 3. Averaged percentage of total cost differences among screening strategies.
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had a similar effect on the ICERs for the strategies
(Supplement Tables 10 and 11, available at Annals
.org), with the ICER for the USPSTF strategy again sur-
passing the WTP threshold—at $102 000 per QALY—
with a 15% increase in treatment cost. Adjusting
treatment costs by 15% for persons younger than 65
years altered the ICERs for each strategy by less than
$2000 per QALY (Supplement Tables 12 and 13, avail-
able at Annals.org). When we decreased the screening
adherence rate to 45%, the ICER for each strategy de-
creased by $4000 to $7000 per QALY (Supplement Ta-
ble 14, available at Annals.org). If screening could be
stopped when life expectancy fell below 5 years, or if
cancer incidence increased by 40%, the ICERs de-
creased by $3000 to $12 000 per QALY for the NLST,
$14 900 to $15 500 per QALY for the CMS, and
$18 700 to $19 500 per QALY for the USPSTF criteria,
to an ICER of $77 200 to $78 000 per QALY in sensitiv-
ity analyses (Supplement Tables 15 and 17, available at
Annals.org). If cancer incidence fell by 40%, the ICERs
increased by $22 300 per QALY for the NLST, $24 900
per QALY for the CMS, and $39 300 per QALY for the
USPSTF strategy, to an ICER of $136 000 per QALY
(Supplement Table 16, available at Annals.org).

Probabilistic Sensitivity Analysis
In the probabilistic sensitivity analysis, the NLST

screening strategy remained on the efficient frontier in
89% (range, 74% to 97%), the CMS strategy in 94%
(range, 84% to 100%), and the USPSTF strategy in 99%
(range, 96% to 100%) of 100 000 iterations. At the WTP
threshold of $100 000 per QALY, the NLST screening
strategy had a 98% (range, 95% to 100%) probability of
being cost-effective, whereas the CMS and USPSTF strat-
egies had a 77% (range, 54% to 91%) and 52% (range,
22% to 74%) probability, respectively (Figure 4).

DISCUSSION
In evaluating the cost-effectiveness of current lung

cancer screening guidelines with different upper age
criteria—NLST, CMS, and USPSTF—our 4 CISNET mod-
els showed that all 3 strategies resulted in ICERs below
the commonly referenced U.S. WTP threshold of $100 000
per QALY. All 4 models estimated that the NLST and
CMS screening criteria would be cost-effective, and 2
models predicted that the USPSTF screening criteria
would be cost-effective. Increasing the upper age for
screening resulted in a greater reduction in mortality
but also led to higher procedure and treatment costs
and overdiagnosis rates.

The agreement among 4 independently devel-
oped models with standardized inputs demonstrates
the robustness of the conclusion that both the NLST
and CMS criteria are cost-effective strategies. The mod-
els did not come to a consensus regarding the cost-
effectiveness of the USPSTF screening strategy; how-
ever, the averaged ICER for this strategy was in the
cost-effective range. The borderline cost-effectiveness
of the USPSTF criteria points to the importance of criti-
cally assessing the upper age limit for a screening pro-
gram. Because the USPSTF strategy extends screening
to age 80, additional costs are incurred without com-
mensurate gains in QALYs. The USPSTF strategy's ele-
vated ICER is explained primarily by the shorter life ex-
pectancy and lower quality of life of persons older than
77 years at diagnosis because of increased mortality
due to smoking-related comorbid conditions and fewer
available treatment options.

Sensitivity analyses provided support for the robust-
ness of the results with regard to input parameters.
Varying the cost of LDCT examinations and continuation-
phase treatment led to moderate changes in the aver-
aged ICERs for the 3 strategies, with the ICER for the
USPSTF strategy increasing to $103 000 and $102 000

Figure 4. Probabilistic sensitivity analysis for base-case:cost-effectiveness acceptability curves for the screening strategies.
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per QALY when LDCT examination and continuation-
phase treatment costs, respectively, were increased by
15%. Such changes may be expected given that LDCT
scans and continuation-phase costs make up the greatest
proportion of procedural and overall treatment costs,
respectively (Supplement Figures 10 and 11, available at
Annals.org). Adjusting treatment costs for persons
younger than 65 years had a minimal effect on the cost-
effectiveness outcomes. A decrease in the assumed ad-
herence rate led to modestly lower ICERs for each screen-
ing strategy. In the probabilistic sensitivity analysis in
which only quality-of-life and cost input parameters were
varied, the NLST and CMS screening strategies had high
probabilities of remaining cost-effective at the $100 000
per QALY WTP threshold (NLST, 98%; CMS, 77%),
whereas the USPSTF strategy had a lower probability of
being cost-effective (52%).

Other modeling analyses from the literature have drawn
mixed conclusions regarding the cost-effectiveness of cer-
tain screening strategies (8–12, 50, 51). These studies,
however, cannot be directly compared with the results of
our analysis, because they did not specifically model the
NLST, CMS, and USPSTF screening strategies as compet-
ing choices on the same efficient frontier, and in some
cases they assessed the cost-effectiveness of screening in
different populations. The cost-effectiveness of screening
in the NLST was studied by Black and colleagues (8), who
found that LDCT screening based on the NLST criteria
was cost-effective, albeit at a higher ICER than our study
estimates ($81 000 per QALY). However, this analysis per-
tained only to a cross-sectional sample of persons in the
NLST and did not assess the criteria when applied to a
U.S. birth cohort with follow-up to age 90 (8). Moreover,
our study was performed from the health care sector per-
spective, whereas Black and colleagues (8) used the soci-
etal perspective; therefore, their screening costs included
time lost, transportation, and caregiver expenses, leading
to a higher ICER compared with no screening.

Our study had limitations. First, we assumed a
100% screening adherence rate to project outcomes in
the case of perfect clinician and population adherence
to a screening program. Other cancer screening pro-
grams have estimated adherence rates ranging from
46.4% to 85.8% (52), suggesting that 100% may not be
a likely expectation for lung cancer screening adher-
ence. We studied the effect of a more achievable ad-
herence rate by performing a sensitivity analysis with
45% adherence (6). Second, the results from NELSON
(Dutch–Belgian Randomized Lung Cancer Screening
Trial) showing decreased lung cancer mortality due to
CT screening were released recently (53); however, our
analysis does not include the screening criteria used in
NELSON because the smoking eligibility criteria, cate-
gorization of findings, and nodule management dif-
fered from those currently used in the United States.
We also do not have complete information on the num-
ber of LDCTs performed and the downstream effects of
this program, because this study has yet to be pub-
lished in full. The NELSON study showed a greater re-
duction in lung cancer mortality than that observed in
the NLST, which may have led to improved cost-

effectiveness; however, at this time we cannot accu-
rately predict the costs of such a program or the drivers
that led to a greater decrease in mortality. Third, we did
not include risk-based screening strategies in our
study. Because neither the CMS nor the USPSTF have
issued recommendations regarding risk-based screen-
ing, patients who qualify for risk-based screening yet
fall outside currently recommended screening guide-
lines would not have mandated Medicare or private in-
surance coverage. In addition, no strong consensus ex-
ists regarding which of the many risk-based prediction
models would be recommended for implementation.
For these reasons, we plan to address the cost-
effectiveness of risk-based screening in future CISNET
projects. Existing studies suggest that targeting high-
risk smokers might make screening more efficient, al-
though higher-risk patients are more costly to screen
and have a shorter life expectancy (7, 13). Finally, in
extrapolating the NLST's results to older age groups,
questions may arise regarding how the models cap-
tured the tradeoffs between higher lung cancer risk in
older age groups (potentially leading to greater bene-
fit) and shorter life expectancy or lower quality of life
(likely attenuating that benefit). By using QALYs to mea-
sure effectiveness and the well-validated SHG to more
accurately simulate competing causes of death in older
persons, our models explicitly examined the interplay
of these tradeoffs for higher-risk persons.

In conclusion, this comparative analysis suggests
that the NLST, CMS, and USPSTF screening strategies
represent cost-effective programs based on a common
U.S. WTP threshold, with the USPSTF criteria yielding
the most benefit but also the highest cost. When all the
uncertainties in quality of life and cost inputs are con-
sidered, the NLST and CMS screening strategies have
high probabilities of being cost-effective, with the CMS
strategy yielding the greatest increase in life-years and
QALYs gained and the greatest reduction in lung can-
cer mortality.
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