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IMPORTANCE The US Preventive Services Task Force (USPSTF) is updating its 2013 lung
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cancer screening guidelines, which recommend annual screening for adults aged 55 through
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80 years who have a smoking history of at least 30 pack-years and currently smoke or have
quit within the past 15 years.

OBJECTIVE To inform the USPSTF guidelines by estimating the benefits and harms associated
with various low-dose computed tomography (LDCT) screening strategies.

DESIGN, SETTING, AND PARTICIPANTS Comparative simulation modeling with 4 lung cancer
natural history models for individuals from the 1950 and 1960 US birth cohorts who were
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followed up from aged 45 through 90 years.

EXPOSURES Screening with varying starting ages, stopping ages, and screening frequency.
Eligibility criteria based on age, cumulative pack-years, and years since quitting smoking

(risk factor-based) or on age and individual lung cancer risk estimation using risk prediction
models with varying eligibility thresholds (risk model-based). A total of 1092 LDCT screening
strategies were modeled. Full uptake and adherence were assumed for all scenarios.

MAIN OUTCOMES AND MEASURES Estimated lung cancer deaths averted and life-years
gained (benefits) compared with no screening. Estimated lifetime number of LDCT
screenings, false-positive results, biopsies, overdiagnosed cases, and radiation-related
lung cancer deaths (harms).

RESULTS Efficient screening programs estimated to yield the most benefits for a given
number of screenings were identified. Most of the efficient risk factor-based strategies
started screening at aged 50 or 55 years and stopped at aged 80 years. The 2013
USPSTF-recommended criteria were not among the efficient strategies for the

1960 US birth cohort. Annual strategies with a minimum criterion of 20 pack-years of
smoking were efficient and, compared with the 2013 USPSTF-recommended criteria, were
estimated to increase screening eligibility (20.6%-23.6% vs 14.1% of the population ever
eligible), lung cancer deaths averted (469-558 per 100 000 vs 381 per 100 000), and
life-years gained (6018-7596 per 100 000 vs 4882 per 100 000). However, these strategies
were estimated to result in more false-positive test results (1.9-2.5 per person screened vs 1.9
per person screened with the USPSTF strategy), overdiagnosed lung cancer cases (83-94 per
100 000 vs 69 per 100 000), and radiation-related lung cancer deaths (29.0-42.5 per

100 000 vs 20.6 per 100 000). Risk model-based vs risk factor-based strategies were
estimated to be associated with more benefits and fewer radiation-related deaths but more
overdiagnosed cases.

CONCLUSIONS AND RELEVANCE Microsimulation modeling studies suggested that

LDCT screening for lung cancer compared with no screening may increase lung cancer
deaths averted and life-years gained when optimally targeted and implemented.
Screening individuals at aged 50 or 55 years through aged 80 years with 20 pack-years
or more of smoking exposure was estimated to result in more benefits than the

2013 USPSTF-recommended criteria and less disparity in screening eligibility

by sex and race/ethnicity.
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USPSTF Modeling Study: Benefits and Harms of Lung Cancer Screening With Low-Dose CT

n 2013, the US Preventive Services Task Force (USPSTF) recom-

mended annual screening for lung cancer with low-dose com-

puted tomography (LDCT) for adults aged 55 through 80 years
who have a smoking history of at least 30 pack-years and currently
smoke or have quit within the past 15 years (B recommendation).!
These recommendations were largely based on the results of the Na-
tional Lung Screening Trial (NLST).2* Since then, new clinical guide-
lines have emerged for classifying and managing screening-
detected pulmonary nodules,® and new evidence has emerged onthe
benefits and harms of LDCT screening.®”

Early reports of screening practices suggest that the implemen-
tation of LDCT screeningin the US has not been optimal because less
than 20% of eligible individuals have accessed screening, whereas
some ineligible individuals with smoking exposure of less than 30
pack-years and some with severe comorbidities have been
screened.®'° In addition, some groups, such as Black men, have been
shown to be at high risk for lung cancer even when not meeting the
2013 USPSTF-recommended criteria and the criteria from other
organizations.™? Recognizing that simulation models provide an ap-
proach to extrapolate available evidence and predict long-term
outcomes,™" the USPSTF commissioned a simulation analysis to
estimate the long-term benefits and harms associated with various
LDCT screening strategies to inform its lung cancer screening rec-
ommendations update.

Methods

Four lung cancer simulation models developed within the Cancer
Intervention and Surveillance Modeling Network (CISNET) were
used to estimate the benefits and harms of 1092 LDCT screening
strategies: the Microsimulation Screening Analysis-Lung Model
from Erasmus University Medical Center, the Massachusetts
General Hospital-Harvard Medical School model, the Lung Cancer
Outcomes Simulation model from Stanford University, and the
University of Michigan model. All 4 models were part of the 2013
lung cancer screening decision analysis conducted for the
USPSTF." The full collaborative modeling study technical report
has been published.’®

Model Descriptions

The simulation models differ in terms of parameters, assumptions,
model structure, and approach; comparison of the results across
models serves as an assessment of model specification uncertainty.
Although they share common inputs, each modeling team devel-
oped its model independently. The models explicitly considered
individual factors associated with lung cancer risk, including the
number of cigarettes smoked per day at any given age, the age of
smoking initiation, the duration of smoking, and the number of
years since quitting.

A comparison of the model characteristics appears in eTable 1
in the Supplement. The models simulate the natural history of lung
cancer given anindividual's sex, birth year, and smoking history. The
central component of each model is a dose-response module that
predicts age- and sex-specific lung cancer incidence risk as a func-
tion of individual smoking history. A key component to all models is
the shared Smoking History Generator, a validated microsimulator
developed by the CISNET Lung Group that simulates individual smok-
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ing histories for the US population.'® These smoking histories serve
as the main inputs for the simulations.

Each model can simulate the effects associated with screening
given an individual's smoking and lung cancer natural history. The
models were calibrated to both the NLST and the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial."*'® Three of the mod-
els (Massachusetts General Hospital-Harvard Medical School, Lung
Cancer Outcomes Simulation from Stanford University, and Univer-
sity of Michigan) were updated to reflect current practice and out-
comes according to the Lung Imaging Reporting and Data System
guidelines.2° The other model (Microsimulation Screening Analysis-
Lung Model from Erasmus University Medical Center) uses false-
positive test results, sensitivity, and screening result rates based fully
on the NLST, allowing for comparison of alternative protocols and
assumptions. Additional details appear in the eMethods in the
Supplement.

Screening Strategies

Risk Factor-Based Strategies

The primary analysis focused on risk factor-based strategies using
criteria similar to the 2013 USPSTF recommendation, which deter-
mined eligibility as a function of age and smoking exposure (pack-
years of smoking and years since quitting). These strategies varied
by starting age of screening (45, 50, or 55 years), stopping age of
screening (75, 77, or 80 years), frequency of screening (annual or
biennial), minimum pack-years of smoking (20, 25, 30, or 40 pack-
years), and maximum years since quitting smoking (10, 15, 20, or 25
years). Atotal of 288 risk factor-based screening scenarios (eTable 2
inthe Supplement) were evaluated and compared with a reference
scenario of no screening.

Various studies have suggested that reducing the minimum
pack-year eligibility criterion to 20 pack-years would increase
the number of lung cancer deaths that would be preventable
by screening and also reduce sex and racial disparities in
eligibility.®1122" Motivated by these studies, risk factor-based
strategies with 20 pack-years as the minimum pack-year criterion
were further analyzed.

Risk Model-Based Strategies
The potential effects of screening with eligibility criteria based on
multivariable risk prediction models (PLCOmM2012 model,?? Lung
Cancer Death Risk Assessment Tool model,* and the Bach model®*)
that use smoking duration and intensity, sex, and age to estimate
lung cancer risk (risk model-based strategies) also were assessed.

These risk prediction models were selected based on demon-
strated ability to identify individuals at high probability of develop-
ing lung cancer,?>* practicality and ease of implementation, and use
as risk calculators in current lung cancer screening recommenda-
tions and implementation strategies.2® Simplified versions of these
risk models considering only age, sex, and smoking covariates were
used.?” No other risk factors, such as race/ethnicity or chronic ob-
structive pulmonary disease, were considered because including
these would require joint simulation of these factors with smoking,
sex, and age at the population level and the availability of well cali-
brated and validated lung cancer natural history models incorpo-
rating all covariates.

The evaluated risk model-based strategies varied by risk pre-
diction model, model-specific risk threshold (minimum level of risk
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required for eligibility), lower age limits (50 or 55 years), and upper
age limits (75, 77, or 80 years). A summary of the resulting 804 risk
model-based screening strategies appears in eTable 2 in the
Supplement.

Scenario Simulation and Analysis

The CISNET simulation models were used to estimate the benefits
and harms of each strategy in the 1950 and 1960 US birth cohorts.
These birth cohorts were selected because they are now in the
middle of their screening eligibility according to current guidelines
(70 years old for the 1950 cohort and 60 years old for the 1960 co-
hort) and are representative of different periods of the tobacco epi-
demic (higher smoking prevalence and intensity for the individuals
in the 1950 cohort vs lower rates for the 1960 cohort). One million
smoking histories per sex and cohort were simulated using the Smok-
ing History Generator and used as common inputs by each model
to simulate individual-level outcomes under the different screen-
ing scenarios. All simulations were performed assuming that all
screening-eligible individuals would undergo screening and ad-
here to ongoing screening (annual or biennial) for the duration of
their eligibility. Smoking cessation and the risk of competing causes
of disease and death were assumed to be unaffected by the screen-
ing results. The risk model-based screening analysis was restricted
to the 1960 birth cohort.

Outcomes

Simulated outcomes included counts of screening examinations,
the number and percentage of persons screened given an eligibility
criterion, the number of lung cancer cases and deaths, life-years
gained relative to a scenario of no screening, the number of false-
positive screening results, the number of biopsies, and the number
of overdiagnosed cases (defined as lung cancer cases detected by
screening that would not have been diagnosed nor caused death in
the absence of screening). Two models (Massachusetts General
Hospital-Harvard Medical School and University of Michigan) were
used to estimate radiation-related lung cancer deaths. Outcomes
are provided per 100 000 individuals alive at aged 45 years (in-
cluding both screened and unscreened individuals), rather than per
the screened population so that the outcomes are comparable
across scenarios.

Selection of Consensus-Efficient Scenarios
Efficient scenarios estimated to provide the most lung cancer deaths
averted and life-years gained for a given level of screening (number
of LDCT screenings per 100 000 population) were identified via a
data envelopment analysis.™ 28 The analysis ranks scenarios based
on their distance to the model-specific efficient frontier of (1) LDCT
screenings vs deaths averted and (2) LDCT screenings vs life-years
gained. Model-specific efficient scenarios were those on the mod-
el's efficient frontier or in the top 30% for the model ranking (ie, those
scenarios in which the model estimated the most or close to the most
lung cancer deaths averted and life-years gained for a given level of
screening). Scenarios that were deemed efficient by at least 3 of the
4 models were termed consensus efficient and were selected for fur-
ther analysis. This approach ensured an equal weighting of the mod-
els. More details are provided in the full report.’®

For eachidentified consensus-efficient scenario, sex-specific re-
sults were aggregated to derive the predicted population-level mean
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(across the 4 CISNET models) outcomes. Special attention was given
to consensus-efficient scenarios leading to a mortality reduction of
at least 9%.

Sensitivity Analysis

Additional sensitivity analyses were used to assess the effective-
ness of different LDCT screening strategies in limiting screening to
only those persons with more than 5 years of life expectancy, as-
suming a perfect assessment of life expectancy.

. |
Results

The presented results focus on the 1960 US birth cohort. The re-
sults for the 1950 US birth cohort appear in the Supplement and in
the full report.’® Unless otherwise indicated, the results presented
are for men and women combined.

Risk Factor-Based Strategies

Compared with no screening, risk factor-based screening strate-
gies were estimated to result in lung cancer deaths averted and life-
years gained, with variations according to the level of screening
(number of LDCT screenings) and specific eligibility criteria for each
scenario. The number of LDCT screenings and deaths averted rela-
tive to no screening for each risk factor-based strategy appears in
Figure 1. In general, the scenarios that were on the model’s efficient
frontier had LDCT screening stopping at aged 80 years. Biennial
strategies are concentrated on the lower-left side of each panel
because they require fewer LDCT screenings and are estimated to
avert fewer deaths. Annual strategies tend to be on the upper-right
side because they require more LDCT screenings and are estimated
to generally avert more deaths. Although the absolute range of pre-
dicted deaths averted varies by model, the general efficiency pat-
terns were consistent across the CISNET models. The 2013
USPSTF-recommended strategy was on or among the closest to
the efficient frontier for 3 of the 4 models.

The corresponding efficient frontier curves using life-years
gained as the benefit metric appear in Figure 2. The patterns were
similar but show less variability among strategies than for deaths
averted. In this case, the 2013 USPSTF-recommended strategy
was only on (or among the closest to) the efficient frontier for 1 of
the 4 models.

Risk Factor-Based Consensus-Efficient Scenarios

Fifty-seven consensus-efficient scenarios were identified. The 2013
USPSTF-recommended scenario was not 1 of the 57 consensus-
efficient scenarios. The top of Figure 3 shows the mean number of
LDCT screenings (across CISNET models) compared with the num-
ber of deaths averted (left) and life-years gained (right) for all risk
factor-based strategies, highlighting the consensus-efficient sce-
narios. Most of the consensus-efficient scenarios were on the effi-
cient frontier or among the closest to the efficient frontier for both
benefit metrics. Detailed outcomes for the 57 consensus-efficient
scenarios appear in eTables 3 and 4 in the Supplement.

The estimated benefits of the consensus-efficient scenarios that
were restricted to those leading to a lung cancer mortality reduc-
tion of at least 9% appear in Table 1along with the 2013 USPSTF-
recommended scenario (a total of 26 scenarios). The scenarios are
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Figure 1. Low-Dose Computed Tomography Screening Examinations vs Lung Cancer Deaths Averted in Each of the 288 Risk Factor-Based Strategies

Evaluated by the 4 CISNET Models for the 1960 US Birth Cohort
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Each point represents a different scenario and the line represents the estimated
efficient frontier per model. Strategies vary by age at starting and stopping
screening, frequency of screening, minimum pack-years of smoking, and

maximum years since quitting smoking (eTable 2 in the Supplement).
CISNET indicates Cancer Intervention and Surveillance Modeling Network;
USPSTF, US Preventive Services Task Force.

estimated to result in a lung cancer mortality reduction close to or
greater than that of the 2013 USPSTF-recommended strategy
(9.8%). Of the 25 selected consensus-efficient scenarios, 5 were bi-
ennial and 20 were annual; all had 80 years as the stopping age of
screening and ranged from 14.5% to 24.1% of eligible individuals. In
terms of minimum pack-years of smoking exposure, 13 scenarios
(52.0%) had 20 pack-years, 8 (32.0%) had 25 pack-years, 4 (16.0%)
had 30 pack-years, and none had 40 pack-years. The estimated num-
ber of lung cancer deaths averted ranged from 348 to 578 per
100 000 population, corresponding to a population-level mortal-
ity reduction ranging from 9.0% to 14.9%. The estimated life-years
gained ranged from 4490 to 8186 per 100 000 population and the
number of persons needed to screen ranged from 34 to 63 (per 1
lung cancer death averted).

The corresponding estimated harms appear in Table 2. The mean
number of false-positive results per screened individual ranged from
1.2 to 2.8, the number of biopsies ranged from 518 to 922 per
100 000 population, the mean number of LDCT examinations per
personscreened ranged from 8.6 to 24.9, and the overdiagnosis rate
per 1screening-detected case of lung cancer ranged from 5.6% to
6.3%. The estimated number of radiation-related lung cancer deaths
ranged from 17.5 to 55.0 per 100 000 population.
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The estimates for the range of benefits and harms across the 4
CISNET models appear in eTables 5 and 6 in the Supplement.

Scenarios for 20 Pack-Years of Smoking

The consensus-efficient strategies with 20 pack-years of smoking
and annual screening were examined further. There were 6 such
strategies starting screening at aged 50 or 55 years and requiring at
least 15 years since quitting smoking: A-55-80-20-15, A-55-80-20-
20, A-55-80-20-25, A-50-80-20-15, A-50-80-20-20, and A-50-80-
20-25 (Figure 3).

Expanding current screening eligibility to include individuals
with 20 to 29 pack-years of smoking was estimated to increase the
eligibility percentage from 14.1% for the population ever screened
to between 20.6% and 23.6%, depending on the screening starting
age and the number of years since quitting smoking. The mean
number of LDCT screenings (across models) for these 20 pack-year
scenarios ranged from 330 095 to 500 430 compared with
227 443 for the 2013 USPSTF-recommended strategy. The mean
age at last screening ranged from 69.0 to 72.5 years compared with
71.3 years for the 2013 USPSTF-recommended criteria (eTable 7 in
the Supplement). The mean age at first screening ranged from 51.5
years to 55.7 years (for all strategies with a starting age of 50 years)

JAMA March 9,2021 Volume 325, Number 10

© 2021 American Medical Association. All rights reserved.

991



992

Clinical Review & Education US Preventive Services Task Force

USPSTF Modeling Study: Benefits and Harms of Lung Cancer Screening With Low-Dose CT

Figure 2. Low-Dose Computed Tomography Screening Examinations vs Life-Years Gained in Each of the 288 Risk Factor-Based Strategies Evaluated

by the 4 CISNET Models for the 1960 US Birth Cohort
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Each point represents a different scenario and the line represents the estimated
efficient frontier per model. Strategies vary by age at starting and stopping
screening, frequency of screening, minimum pack-years of smoking, and

maximum years since quitting smoking (eTable 2 in the Supplement).
CISNET indicates Cancer Intervention and Surveillance Modeling Network;
USPSTF, US Preventive Services Task Force.

vs 56.2 years for the 2013 USPSTF-recommended criteria (eTable 7
in Supplement).

The estimated number of lung cancer deaths averted for the 20
pack-year strategies ranged from 469 to 558 per 100 000 popula-
tion, corresponding to a mortality reduction ranging from 12.1% to
14.4%. The estimated life-years gained for the selected 20 pack-
year strategies ranged from 6018 to 7596 per 100 000 and the num-
ber needed to screenranged from 42 to 45. In comparison, the 2013
USPSTF-recommended strategy was estimated to result in 381 per
100 000 deaths averted, a mortality reduction of 9.8%, 4882 life-
years gained, and a number needed to screen of 37.

The estimated mean number of false-positive results per
screened individual ranged from 1.9 to 2.5 for the selected 20 pack-
year strategies vs 1.9 for the 2013 USPSTF-recommended strategy.
The number of biopsies ranged from 526 to 849 per 100 000 vs 518
per100 000 for the 2013 USPSTF-recommended criteria. The num-
ber of overdiagnosed lung cancer cases ranged from 83 to 94 per
100 000 population vs 69 per 100 000 for the 2013 USPSTF-
recommended criteria. The rate of overdiagnosis per screening-
detected lung cancer case ranged from 6.0% to 6.3% vs 6.3% for
the 2013 USPSTF-recommended criteria. In addition, the number

JAMA March 9,2021 Volume 325, Number 10

of radiation-related lung cancer deaths ranged from 29.0 to 42.5 per
100 000 population vs 20.6 per 100 000 population for the 2013
USPSTF-recommended criteria.

Comparisons by sex appear in eTables 8 and 9 in the Supple-
ment. These estimates show similar patterns as those for the whole
population; however, there were higher increases in eligibility,
deaths averted, and life-years gained for women than men.
Although the analysis did not consider different racial or ethnic
groups, comparisons of the percentage of individuals eligible for
screening in the US under the 2013 USPSTF-recommended strat-
egy vs the selected 20 pack-year strategies by sex and race/
ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian,
and American Indian/Alaska Native) appear in the full report'® and
in eTables 10 and 11in the Supplement.

Risk Model-Based Strategies

Risk model-based strategies were estimated to result in consider-
ably more lung cancer deaths averted for a given number of LDCT
screenings than risk factor-based strategies. However, the differ-
ences in life-years gained were less pronounced. The mean
(across the CISNET models) number of LDCT screenings appears
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Figure 3. Low-Dose Computed Tomography Screening Examinations vs Lung Cancer Deaths Averted and Life-Years Gained Average Values

Across the 4 CISNET Models for the 1960 US Birth Cohort
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A, The curve represents the estimated efficient frontier for the average model.
Strategies vary by age at starting and stopping screening, frequency of
screening, minimum pack-years of smoking, and maximum years since quitting
smoking (eTable 2 in the Supplement). The panels show all 288 risk
factor-based strategies and highlight the consensus-efficient scenarios
(eTables 3-4 in the Supplement). The horizontal line divides strategies with a
lung cancer mortality reduction of 9% or less. The shaded region includes those
scenarios with a lung cancer mortality reduction of at least 9% (Table 1and
Table 2).

B, The curve represents the estimated overall efficient frontier for the average
model. Risk factor-based strategies vary by age at starting and stopping
screening, frequency of screening, minimum pack-years of smoking, and
maximum years since quitting smoking (eTable 2 in the Supplement). Risk
model-based strategies vary by risk model, risk thresholds, and frequency
(eTable 2 in the Supplement). The vertical line represents 600 000 low-dose
computed tomography screenings and the horizontal line divides strategies
with a lung cancer mortality reduction of 9% or less. The shaded region includes
those scenarios with fewer than 600 000 low-dose computed tomography
screenings per 100 000 population and providing a lung cancer mortality
reduction of at least 9% (eTables 12-13 in the Supplement).

in the bottom of Figure 3 compared with the number of deaths
averted (left) and life-years gained (right) for all scenarios for
each CISNET model (results for each CISNET model appear in
eFigures 1and 2 in the Supplement). The estimated benefits and
harms of 144 consensus-efficient scenarios with a reduction in
lung cancer mortality of at least 9% and requiring fewer than
600 000 LDCT screenings per 100 000 appear in eTables 12 and
13 in the Supplement.

Detailed comparisons of the 2013 USPSTF-recommended and
the 6 selected 20 pack-year scenarios with corresponding risk mod-
el-based strategies and similar numbers of LDCT screenings ap-
pear in eTables 14 through 20 in the Supplement. These compari-
sons show that the age of screening shifts to older ages for the risk
model-based screening strategies compared with the risk factor-
based strategies. This shift leads to higher numbers of deaths averted
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and overdiagnosed lung cancer cases and to lower numbers of
screenings per person and radiation-related lung cancer deaths for
the risk model-based screening strategies.

Sensitivity Analyses

The general patterns observed for the 1960 US birth cohort held for
the 1950 US birth cohort, with some variationsin the absolute num-
bers due to the higher level of smokingin the 1950 birth cohort (eFig-
ures 3and 4 in the Supplement). In general, limiting screening to only
those with more than 5 years of life expectancy (assuming a hypo-
thetical perfect assessment of life expectancy) did not greatly affect
theresulting estimated benefits (deaths averted or life-years gained)
but was estimated to result in fewer harms and considerably fewer
overdiagnosed cases. This finding was particularly true for screen-
ing strategies at older ages.
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Table 1. Benefits of 25 Selected Consensus-Efficient Risk Factor-Based Screening Programs Plus the 2013 USPSTF-Recommended Criteria Ordered
by Low-Dose Computed Tomography (LDCT) Screenings for the 1960 US Birth Cohort

Mean estimate across 4 models per 100 000 population®

Life-years
Lung gained per  LDCT LDCT NNS
Screening-detected Lung cancer cancer lung cancer screenings screenings per  to prevent

Screening LDCT lung cancer mortality deaths Life-years deaths per life-years lung cancer 1 lung cancer
scenario® Eligible, % screenings cases reduction, % averted gained averted gained deaths averted death
B-55-80-20-20 22.0 189587 1134 9.0 348 4490 12.9 42 545 63
B-55-80-20-25 22.7 207010 1189 9.5 366 4701 12.8 44 566 62
B-50-80-25-25 19.0 208753 1169 9.4 363 4859 13.4 43 575 52
A-55-80-30-15° 14.1 227443 1102 9.8 381 4882 12.8 47 597 37
A-55-80-25-10 16.0 234030 1131 10.1 392 4969 12.7 47 597 41
B-50-80-20-20 23.3 239223 1226 9.9 384 5194 135 46 623 61
A-55-80-30-20 14.5 250592 1169 10.5 406 5170 12.7 48 617 36
B-50-80-20-25 23.6 258024 1288 10.4 404 5436 13.5 47 639 58
A-55-80-25-15 17.2 267471 1219 11.0 425 5387 12.7 50 629 40
A-55-80-30-25 14.8 269096 1218 10.9 422 5333 12.6 50 638 35
A-55-80-25-20 18.0 298016 1295 11.6 450 5690 12.6 52 662 40
A-55-80-25-25 18.3 324008 1354 12.2 471 5930 12.6 55 688 39
A-55-80-20-159 20.6 330095 1334 12.1 469 6018 12.8 55 704 44
A-50-80-30-25 15.3 334396 1273 11.5 447 6066 13.6 55 748 34
A-50-80-25-15 18.5 344294 1282 11.7 454 6187 13.6 56 758 41
A-55-80-20-209¢ 22.0 369610 1423 12.9 500 6379 12.8 58 739 44
A-50-80-20-10 21.2 369742 1295 12.0 464 6435 13.9 57 797 46
A-50-80-25-20 18.9 377405 1357 12.5 482 6542 13.6 58 783 39
A-50-80-25-25 19.0 404469 1417 13.0 502 6764 135 60 806 38
A-55-80-20-25¢ 22.7 404596 1492 135 523 6654 12.7 61 774 43
A-50-80-20-159 22.6 419030 1401 13.0 503 6918 13.8 61 833 45
A-50-80-20-20¢ 23.3 463457 1487 13.8 534 7301 13.7 63 868 44
A-45-80-25-25 19.4 482601 1448 13.5 521 7336 14.1 66 926 37
A-50-80-20-259 23.6 500430 1560 14.4 558 7596 13.6 66 897 42
A-45-80-20-20 24.0 557453 1523 14.4 555 7919 143 70 1004 43
A-45-80-20-25 24.1 594973 1592 14.9 578 8186 14.2 73 1029 42

Abbreviations: NNS, number needed to screen; USPSTF, US Preventive Services

Task Force.

2 The screening strategies have a lung cancer mortality reduction of at least 9%
and correspond to frequency (A for annual or B for biennial)-age at start of
screenings-age screenings should be stopped-minimum pack-years of
smoking-maximum years since quitting smoking.

®Individuals were followed up from aged 45 to 90 years. The 4 models were

the Microsimulation Screening Analysis-Lung Model from Erasmus University
Medical Center, the Massachusetts General Hospital-Harvard Medical School
model, the Lung Cancer Outcomes Simulation model from Stanford University,
and the University of Michigan model.

€ Recommended scenario by the 2013 USPSTF guidelines.

dSelected 20 pack-year consensus-efficient scenarios.

|
Discussion

The findings of this simulation analysis suggest that optimally tar-
geted LDCT screening could lead toimportant reductionsin lung can-
cer mortality and result in significant life-years gained. Although the
analysis cannot identify a single optimal strategy, it identified a set
of screening programs estimated to yield the most benefits for a
given level of screening (consensus-efficient scenarios). The analy-
sis estimates that screening strategies for individuals aged 50 or 55
years through aged 80 years with 20 or more pack-years of smok-
ing exposure are efficient and would result in more benefits than the
2013 USPSTF-recommended criteria but also more harms.

Recent studies have suggested that expanding eligibility to in-
clude ever-smokers with 20 to 29 pack-years of exposure would in-
crease the proportion of lung cancer deaths preventable by screen-

JAMA March 9,2021 Volume 325, Number 10

ing and reduce disparities in eligibility by race/ethnicity and
sex.""12:21:29-31 pinsky and Kramer"' showed that reducing the mini-
mum pack-years to 20 should increase the percentage of women
and minorities who would be eligible for screening. They also found
that the lung cancer risk for current smokers with 20 to 29 pack-
years is comparable with that of former smokers eligible for screen-
ing based on the 2013 USPSTF-recommended criteria. Aldrich et al'?
found that proportionally fewer Black adults with lung cancer would
have been eligible for screening vs White adults with lung cancer and
that expanding the criteria to include 20 to 29 pack-year ever-
smokers would considerably increase the screening sensitivity for
Black adults. The Nederlands-Leuvens Longkanker Screenings
Onderzoek trial® found a relative reduction of 24% for lung cancer
mortality at 10 years after 4 rounds of LDCT screening vs a no screen-
ing group and included ever-smokers aged 50 to 74 years with lower
smoking exposure criteria than the NLST and the 2013 USPSTF
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Table 2. Harms of 25 Selected Consensus-Efficient Risk Factor-Based Screening Programs Plus the 2013 USPSTF-Recommended Criteria Ordered
by Low-Dose Computed Tomography Screenings for the 1960 US Birth Cohort

Mean estimate across 4 models per 100 000 population®

Low-dose computed tomography False-positive Overdiagnosis
Examinations  results Lung % of all % of screening-detected  Radiation-related

Screening per person per person cancer lungcancer lung cancer lung cancer
scenario® Screenings  Scans screened screened Biopsies  cases cases cases deaths©
B-55-80-20-20 189587 209334 8.6 1.2 526 64 1.3 5.6 17.5
B-55-80-20-25 207010 227740 9.1 1.3 557 67 1.4 5.6 18.2
B-50-80-25-25 208753 228965 11.0 1.5 546 68 1.4 5.8 19.3
A-55-80-30-15¢ 227443 247644 16.1 1.9 518 69 1.4 6.3 20.6
A-55-80-25-10 234030 254870 14.6 1.8 536 71 1.4 6.3 21.5
B-50-80-20-20 239223 261627 10.3 1.4 593 70 1.4 5.7 22.8
A-55-80-30-20 250592 272008 17.3 2.0 554 73 1.5 6.2 215
B-50-80-20-25 258024 281421 109 1.5 626 74 1.5 5.7 23.6
A-55-80-25-15 267471 290163 15.6 1.9 586 77 1.5 6.3 234
A-55-80-30-25 269096 291461 18.2 2.1 580 76 1.5 6.2 22.1
A-55-80-25-20 298016 322330 16.6 2.0 630 82 1.6 6.3 24.7
A-55-80-25-25 324008 349657 17.7 2.1 664 84 1.7 6.2 25.6
A-55-80-20-15° 330095 356390 16.0 1.9 667 83 1.7 6.2 29.0
A-50-80-30-25 334396 359972 219 2.5 639 76 1.5 6.0 29.9
A-50-80-25-15 344294 370892 18.6 2.2 658 77 1.6 6.0 32.1
A-55-80-20-20° 369610 398094 16.8 2.0 722 89 1.8 6.3 30.6
A-50-80-20-10 369742 397994 17.4 2.1 684 77 1.5 5.9 36.5
A-50-80-25-20 377405 405682 20.0 2.3 701 82 1.6 6.0 335
A-50-80-25-25 404469 434104 213 2.5 735 85 1.7 6.0 34.9
A-55-80-20-25° 404596 434892 17.8 2.1 765 94 1.9 6.3 31.9
A-50-80-20-15° 419030 449947 18.5 2.2 750 84 1.7 6.0 38.6
A-50-80-20-20° 463457 496698 19.9 2.3 804 89 1.8 6.0 40.6
A-45-80-25-25 482601 515967 24.9 2.8 797 86 1.7 5.9 45.8
A-50-80-20-25¢ 500430 535519 21.2 2.5 849 94 1.9 6.0 42.5
A-45-80-20-20 557453 595203 23.2 2.7 879 91 1.8 6.0 53.1
A-45-80-20-25 594973 634568 24.7 2.8 922 95 1.9 6.0 55.0

Abbreviation: USPSTF, US Preventive Services Task Force.

2 The screening scenarios have a lung cancer mortality reduction of at least 9%

and correspond to frequency (A for annual or B for biennial)-age at start of
screenings-age screenings should be stopped-minimum pack-years of
smoking-maximum years since quitting smoking.

®Individuals were followed up from aged 45 to 90 years. The 4 models were

Medical Center, the Massachusetts General Hospital-Harvard Medical School
(MGH-HMS) model, the Lung Cancer Outcomes Simulation model from
Stanford University, and the University of Michigan (UM) model.

€ Only 2 models (MGH-HMS and UM) used for the data in this column.

dRecommended scenario by the 2013 USPSTF guidelines.

¢ Selected 20 pack-year consensus-efficient scenarios.

the Microsimulation Screening Analysis-Lung Model from Erasmus University

recommendations, providing additional support to expanding the
age and smoking eligibility criteria.

The comparisons made by sex and race/ethnicity suggest that
the relative increase in eligibility for screening from reducing the
pack-year criterion to 20 pack-years from the current criterion of
30 pack-years would be larger for women than for men and larger
for non-Hispanic Black, Hispanic, and American Indian/Alaska
Native persons than for non-Hispanic White and Asian persons.

The better performance of risk model-based screening vs risk
factor-based strategies is largely because risk model-based strat-
egies shift screening to older ages, which is when lung cancer risk
is the highest. These findings are consistent with other recent
studies in the literature.?”->2 The analysis shows that although the
specific risk prediction model used for determining eligibility is an
important consideration, an even more critical aspect is to deter-

jama.com

mine eligibility risk thresholds specific to the corresponding risk
prediction model.

The decision analysis used 4 established lung cancer natural
history models that capture the complexity in smoking patterns
and lung cancer risk and integrate and synthesize information from
screening trials, large epidemiological prospective studies, and can-
cer surveillance data. The 4 CISNET models and the Smoking
History Generator have been shown to reproduce the patterns of
smoking and lung cancer incidence and mortality in the US™>'718
and thus provide a valid framework to extrapolate the potential
effects of screening to the entire population. The relative perfor-
mance of different scenarios according to their characteristics
(starting and stopping age for screening, minimum pack-years of
smoking, maximum years since quitting, and risk threshold) was
consistent across the 4 CISNET models.
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Limitations

This study has several limitations. First, the analysis assumed anide-
alized 100% screening uptake and adherence for eligible individu-
als; did not explicitly examine incidental findings or other potential
harms, such as adverse events; and was based on models cali-
brated to lung screening trial outcomes, which might not be repre-
sentative of screening in real-world settings. Thus, the estimations
of the benefits should be interpreted as an upper boundary of what
the actual effects could be.

Second, the analysis focused only onage, smoking history, and sex,
ignoring other important risk factors, such as race/ethnicity, history of
chronic obstructive pulmonary disease, exposure to occupational and
environmental carcinogens, and family history of lung cancer.

Third, the analysis did not consider potential implementation
challenges of risk model-based screening or whether those could
vary by setting or among different demographic groups. Several on-
going implementation studies and trials are evaluating the feasibil-
ity and potential of risk model-based screening in clinical set-

USPSTF Modeling Study: Benefits and Harms of Lung Cancer Screening With Low-Dose CT

Fourth, the projections did not account for future improve-
ments in lung cancer treatment and further changes in smoking
trends. Recent developments in targeted therapies and immuno-
therapies could affect future lung cancer survival and screening
efficacy.>” In addition, the modeling did not consider the potential
additional benefits of complementary smoking cessation pro-
grams within the context of lung cancer screening.38-4°

. |
Conclusions

Microsimulation modeling studies suggested that LDCT screening
for lung cancer compared with no screening may increase lung can-
cer deaths averted and life-years gained when optimally targeted
and implemented. Screening individuals at aged 50 or 55 years
through aged 80 years with 20 pack-years or more of smoking ex-
posure was estimated to result in more benefits than the 2013
USPSTF-recommended criteria and less disparity in screening eli-

tings—so far with promising results.
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