
Screening for Lung Cancer With Low-Dose Computed Tomography
Updated Evidence Report and Systematic Review
for the US Preventive Services Task Force
Daniel E. Jonas, MD, MPH; Daniel S. Reuland, MD, MPH; Shivani M. Reddy, MD, MSc; Max Nagle, MD, MPH;
Stephen D. Clark, MD, MPH; Rachel Palmieri Weber, PhD; Chineme Enyioha, MD, MPH; Teri L. Malo, PhD, MPH;
Alison T. Brenner, PhD, MPH; Charli Armstrong, BA; Manny Coker-Schwimmer, MPH;
Jennifer Cook Middleton, PhD; Christiane Voisin, MSLS; Russell P. Harris, MD, MPH

IMPORTANCE Lung cancer is the leading cause of cancer-related death in the US.

OBJECTIVE To review the evidence on screening for lung cancer with low-dose computed
tomography (LDCT) to inform the US Preventive Services Task Force (USPSTF).

DATA SOURCES MEDLINE, Cochrane Library, and trial registries through May 2019; references;
experts; and literature surveillance through November 20, 2020.

STUDY SELECTION English-language studies of screening with LDCT, accuracy of LDCT, risk
prediction models, or treatment for early-stage lung cancer.

DATA EXTRACTION AND SYNTHESIS Dual review of abstracts, full-text articles, and study
quality; qualitative synthesis of findings. Data were not pooled because of heterogeneity of
populations and screening protocols.

MAIN OUTCOMES AND MEASURES Lung cancer incidence, lung cancer mortality, all-cause
mortality, test accuracy, and harms.

RESULTS This review included 223 publications. Seven randomized clinical trials (RCTs)
(N = 86 486) evaluated lung cancer screening with LDCT; the National Lung Screening Trial
(NLST, N = 53 454) and Nederlands-Leuvens Longkanker Screenings Onderzoek (NELSON,
N = 15 792) were the largest RCTs. Participants were more likely to benefit than the US
screening-eligible population (eg, based on life expectancy). The NLST found a reduction in
lung cancer mortality (incidence rate ratio [IRR], 0.85 [95% CI, 0.75-0.96]; number needed
to screen [NNS] to prevent 1 lung cancer death, 323 over 6.5 years of follow-up) with 3 rounds
of annual LDCT screening compared with chest radiograph for high-risk current and former
smokers aged 55 to 74 years. NELSON found a reduction in lung cancer mortality (IRR, 0.75
[95% CI, 0.61-0.90]; NNS to prevent 1 lung cancer death of 130 over 10 years of follow-up)
with 4 rounds of LDCT screening with increasing intervals compared with no screening for
high-risk current and former smokers aged 50 to 74 years. Harms of screening included
radiation-induced cancer, false-positive results leading to unnecessary tests and invasive
procedures, overdiagnosis, incidental findings, and increases in distress. For every 1000
persons screened in the NLST, false-positive results led to 17 invasive procedures (number
needed to harm, 59) and fewer than 1 person having a major complication. Overdiagnosis
estimates varied greatly (0%-67% chance that a lung cancer was overdiagnosed). Incidental
findings were common, and estimates varied widely (4.4%-40.7% of persons screened).

CONCLUSIONS AND RELEVANCE Screening high-risk persons with LDCT can reduce lung cancer
mortality but also causes false-positive results leading to unnecessary tests and invasive
procedures, overdiagnosis, incidental findings, increases in distress, and, rarely,
radiation-induced cancers. Most studies reviewed did not use current nodule evaluation
protocols, which might reduce false-positive results and invasive procedures for
false-positive results.
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I n 2020, lung cancer was the second most common cancer and
the leading cause of cancer-related death in both men and
women in the US.1 Most patients diagnosed with lung cancer

presented with distant or metastatic disease; less than 20% were
diagnosed with localized (ie, stage 1) disease.1 Lung cancer has tra-
ditionally been classified into 2 major categories: (1) non–small cell
lung cancer (NSCLC) (eTable 1 in the Supplement), which collec-
tively comprises adenocarcinoma, squamous cell carcinoma, and
large cell carcinoma, and (2) small cell lung cancer, which is more ag-
gressive and has worse survival rates.2 Approximately 85% of lung
cancers are NSCLC.3 The risk of developing lung cancer is largely
driven by age and smoking status, with smoking estimated to ac-
count for nearly 90% of all lung cancers.4-6 Other risk factors for lung
cancer include environmental exposures, radiation therapy, other
(noncancer) lung diseases, race/ethnicity, and family history.7

In 2013, the US Preventive Services Task Force (USPSTF) rec-
ommended annual screening for lung cancer with low-dose com-
puted tomography (LDCT) in adults aged 55 to 80 years who have
a 30–pack-year smoking history and currently smoke or have quit
within the past 15 years (B recommendation).8 The USPSTF recom-
mended that screening should be discontinued once a person has
not smoked for 15 years or develops a health problem that substan-
tially limits life expectancy or the ability or willingness to have cu-
rative lung surgery.8 This updated review evaluates the current evi-
dence on screening for lung cancer with LDCT for populations and
settings relevant to primary care in the US to inform an updated rec-
ommendation by the USPSTF.

Methods
Scope of Review
Figure 1 shows the analytic framework and key questions (KQs) that
guided the review. Detailed methods are available in the full evi-
dence report.7

Data Sources and Searches
PubMed/MEDLINE and the Cochrane Library were searched for
English-language articles published through May 2019. Search
strategies are listed in the eMethods in the Supplement. Clinical
trial registries were searched for unpublished studies. To supple-
ment electronic searches, investigators reviewed reference lists of
pertinent articles, studies suggested by reviewers, and comments
received during public commenting periods. Since May 2019, ongo-
ing surveillance was conducted through article alerts and targeted
searches of journals to identify major studies published in the
interim that may affect the conclusions or understanding of the evi-
dence and the related USPSTF recommendation. The last surveil-
lance was conducted on November 20, 2020.

Study Selection
Two investigators independently reviewed titles, abstracts, and
full-text articles to determine eligibility using prespecified criteria
(eTable 2 in the Supplement). Disagreements were resolved by
discussion and consensus. English-language studies of adults
aged 18 years or older conducted in countries categorized as
“very high” on the Human Development Index,9 rated as fair or
good quality, and published in or after 2001 were included. For all

KQs, randomized clinical trials (RCTs) and nonrandomized
controlled intervention studies were eligible. Cohort studies
based on prospectively collected data that were intended to be
used for evaluations relevant to this review were also eligible for
KQs on harms of screening or workup (KQs 4 and 5) and treat-
ment (KQs 6 and 7).

For KQ2 (on risk prediction), externally validated models aimed
at identifying persons at increased risk of lung cancer using mul-
tiple variables, including at least age and smoking history, were in-
cluded. Eligible risk prediction models had to be compared with
either the 2013 USPSTF recommendations or criteria used by trials
showing benefit. Eligible outcomes included estimated screen-
preventable lung cancer deaths or all-cause mortality, estimated
screening effectiveness (eg, number needed to screen [NNS]), and
estimated screening harms.

Data Extraction and Quality Assessment
For each included study, 1 investigator extracted pertinent informa-
tion about the populations, tests or treatments, comparators, out-
comes, settings, and designs, and a second investigator reviewed
this information for completeness and accuracy. Two independent
investigators assessed the quality of studies as good, fair, or poor,
using predefined criteria developed by the USPSTF and adapted for
this topic.10 Disagreements were resolved by discussion.

Data Synthesis and Analysis
Findings for each KQ were summarized in tabular and narrative for-
mat. The overall strength of the evidence for each KQ was assessed
as high, moderate, low, or insufficient based on the overall quality
of the studies, consistency of results between studies, precision of
findings, risk of reporting bias, and limitations of the body of evi-
dence, using methods developed for the USPSTF (and the Evidence-
based Practice Center program).10 Additionally, the applicability of
the findings to US primary care populations and settings was as-
sessed. Discrepancies were resolved through discussion.

To determine whether meta-analyses were appropriate, the
clinical and methodological heterogeneity of the studies was
assessed according to established guidance.11 Meta-analyses were
not conducted because of substantial clinical and methodological
heterogeneity. For example, the trials of lung cancer screening dif-
fered in eligibility criteria (eg, age, pack-years of smoking, years
since quitting), number of screening rounds (from 2 to 5), screen-
ing intervals (eg, annual, biennial, or escalating), thresholds for a
positive screen (eg, 4 mm, 5 mm, or based on volume), and com-
parators (chest radiograph or no screening). For KQ1, forest plots
were created to display the findings of each study by calculating
incidence rate ratios (IRRs), using number of events and person-
years of follow-up, for lung cancer incidence, lung cancer mortality,
and all-cause mortality. Quantitative analyses were conducted
using Stata version 14 (StataCorp).

Results
A total of 223 publications were included (Figure 2). Twenty-six ar-
ticles addressed whether screening improves health outcomes. Most
articles assessed accuracy, harms, or effectiveness of surgery or ste-
reotactic body radiotherapy for early NSCLC. Results for KQs 6, 7,
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Figure 1. Analytic Framework: Screening for Lung Cancer With Low-Dose Computed Tomography (LDCT)

Key questions

a. Does screening for lung cancer with LDCT change the incidence of lung cancer and the distribution of lung cancer types and stages (ie, stage shift)?

b. Does screening for lung cancer with LDCT change all-cause mortality, lung cancer mortality, or quality of life?

d. Does the effectiveness of screening for lung cancer with LDCT differ by the number or frequency of LDCT scans (eg, annual screening for
3 years, the protocol used in the NLST vs other approaches)?

c. Does the effectiveness of screening for lung cancer with LDCT differ for subgroups defined by age, sex, race/ethnicity, presence of comorbid
conditions, or other lung cancer risk factors?

1

a. What is the accuracy of screening for lung cancer with LDCT?

b. Does the accuracy of screening for lung cancer with LDCT differ for subgroups defined by age, sex, race/ethnicity, presence of comorbid
conditions, or other lung cancer risk factors?

c. Does the accuracy of screening for lung cancer with LDCT differ for various approaches to nodule classification (ie, those based on nodule
size and characteristics)?

3

a. What is the effectiveness of surgical resection or SBRT for the treatment of early (stage I) non–small cell lung cancer?

b. Does the effectiveness of surgical resection or SBRT differ for subgroups defined by age, sex, race/ethnicity, or presence of comorbid conditions?

6

a. What are the harms associated with surgical resection or SBRT for the treatment of early (stage I) non–small cell lung cancer?

b. Do the harms of surgical resection or SBRT differ for subgroups defined by age, sex, race/ethnicity, or presence of comorbid conditions?

7

What is the magnitude of change in all-cause and lung cancer mortality that results from a specified change in lung cancer incidence
(and change in distribution of lung cancer stages [ie, stage shift]) after screening?

8

a. What are the harms associated with screening for lung cancer with LDCT?

b. Do the harms of screening for lung cancer with LDCT differ with the use of Lung-RADS, IELCAP, or similar approaches
(eg, to reduce false-positive results)?

c. Do the harms of screening for lung cancer with LDCT differ for subgroups defined by age, sex, race/ethnicity, presence of comorbid conditions,
or other lung cancer risk factors?

4

a. What are the harms associated with workup or surveillance of nodules?

b. Do the harms of workup or surveillance of nodules differ with the use of Lung-RADS, IELCAP, or similar approaches (eg, to reduce
false-positive results)?

c. Do the harms of workup or surveillance of nodules differ for subgroups defined by age, sex, race/ethnicity, presence of comorbid conditions,
or other lung cancer risk factors?

5

Does the use of risk prediction models for identifying adults at higher risk of lung cancer mortality improve the balance of benefits and harms
of screening compared with the use of trial eligibility criteria (eg, NLST criteria) or the 2013 USPSTF recommendations?

2

Adults at
increased

risk

Lung cancer
Mortality
Quality of life

All-cause mortality8

4

Screening Workup or
surveillance

1a 1b

1

Harms of workup
or surveillance

54

Harms of 
screening

Harms of 
screening

3

2

Treatmenta

7

Harms of 
treatment

6 6

Diagnosis of
cancer

Detection of
nodules Advanced

disease

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of a
preventive service. The questions are depicted by linkages that relate
interventions and outcomes. Additional details are provided in the USPSTF
Procedure manual.10 I-ELCAP indicates International Early Lung Cancer

Action Program; NLST, National Lung Screening Trial; and SBRT, stereotactic
body radiotherapy.
a The evaluation of evidence on treatment was limited to studies of surgical

resection or SBRT for stage I non–small cell lung cancer.
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and 8 are in the eResults in the Supplement. Individual study qual-
ity ratings are reported in eTables 3 to 13 in the Supplement.

Benefits of Screening
Key Question 1a. Does screening for lung cancer with LDCT change
the incidence of lung cancer and the distribution of lung cancer types
and stages (ie, stage shift)?
Key Question 1b. Does screening for lung cancer with LDCT change
all-cause mortality, lung cancer mortality, or quality of life?
Key Question 1c. Does the effectiveness of screening for lung can-
cer with LDCT differ for subgroups defined by age, sex, race/
ethnicity, presence of comorbid conditions, or other lung cancer
risk factors?
Key Question 1d. Does the effectiveness of screening for lung can-
cer with LDCT differ by the number or frequency of LDCT scans

(eg, annual screening for 3 years, the protocol used in the National
Lung Screening Trial [NLST] vs other approaches)?

Seven RCTs (described in 26 articles) were included (Table 1):
NLST, Detection and Screening of Early Lung Cancer by Novel
Imaging Technology and Molecular Essays (DANTE), Danish Lung
Cancer Screening Trial (DLCST), Italian Lung Cancer Screening
Trial (ITALUNG), Lung Screening Study (LSS), the German Lung
Cancer Screening Intervention Trial (LUSI), and the Nederlands-
Leuvens Longkanker Screenings Onderzoek (NELSON) study.12-37

Two trials in the US compared LDCT with chest radiography (LSS
and NLST), and 5 trials in Europe compared LDCT with no screen-
ing (DANTE, DLCST, ITALUNG, LUSI, and NELSON). Only the NLST
(53 454 participants) and NELSON (15 792 participants) were
adequately powered to assess for lung cancer mortality
benefit.24,31 The majority of participants were White in all trials; in

Figure 2. Summary of Evidence Search and Selection: Screening for Lung Cancer With Low-Dose Computed Tomography

9329 Excluded

1989 Full-text articles excluded
934 Ineligible population
290 Ineligible sample size
179 Ineligible outcome(s)
162 Ineligible study design
103 Ineligible intervention

91 Ineligible screening modality
74 Ineligible comparator
51 Ineligible risk prediction model
28 Ineligible study duration for

KQ6 (SBRT/SABR)
21 Abstract only
20 Ineligible study design

(systematic review)
11 Poor quality

8 Ineligible study duration for
KQ6 (surgery studies only)

8 Eligible, except for country setting
6 Irretrievable
3 Wrong language/non-English
0 Ineligible for publication before 2001

26 Articles 
included
for KQ1

53 Articles 
included
for KQ3

75 Articles 
included
for KQ4

18 Articles 
included
for KQ5

61 Articles 
included
for KQ6

85 Articles 
included
for KQ7

3 Articles 
included
for KQ8

9 Articles 
included
for KQ2

9228 Records identified through
database searching
9038 PubMed

190 Cochrane library

2313 Additional records identified
through other sources
1613 ClinicalTrials.gov

380 WHO ICTRP
230 Hand search

90 Included in last review
for USPSTF

223 Included in qualitative synthesis
of systematic reviewa

2212 Full-text articles assessed for eligibility

11 541 Screened

ICTRP indicates International Clinical Trials Registry Platform; KQ, key question;
SABR, stereotactic ablative radiation; SBRT, stereotactic body radiotherapy;
USPSTF, US Preventive Services Task Force; WHO, World Health Organization.

a Because many articles contribute to 1 or more KQs, the number of articles
listed per KQ in this section does not add up to 223.
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the NLST, 91% were White, less than 5% were Black, and less than
2% were Hispanic or Latino.

Trials varied in their definition of a positive screen and in the
follow-up evaluation process. NELSON was unique in using volu-
metric measurements of nodules and calculating volume doubling.
Compared with the prior systematic review conducted for the
USPSTF,38,39 longer follow-up or more complete end point verifi-
cation was available from DANTE,12 DLCST,16 LSS,20 and the
NLST,33,37 and 3 additional trials—NELSON,24 ITALUNG,17 and
LUSI21,23—reported data relevant to this KQ.

The cumulative incidence of lung cancer was higher in LDCT
groups than in control groups for all studies except ITALUNG (eFig-
ure in the Supplement). Figure 3 shows the increases in early-stage
(I-II) and decreases in late-stage (III-IV) lung cancer incidence.

Figure 4 shows the calculated IRRs for the trials that reported lung
cancer mortality. Over almost 7 years of follow-up and more than
140 000 person-years of follow-up in each group, the NLST found a
significant reduction in lung cancer mortality with 3 rounds of annual
LDCT screening compared with chest radiography (calculated IRR,

0.85 [95% CI, 0.75-0.96]). These findings indicate an NNS to pre-
vent 1 lung cancer death of 323 over 6.5 years of follow-up. Analysis
of extended follow-up data of NLST participants at 12.3 years after ran-
domization found a similar absolute difference between groups (1147
vs 1236 lung cancer deaths; risk ratio [RR], 0.92 [95% CI, 0.85-1.00];
absolute difference between groups of 3.3 [95% CI, −0.2 to 6.8] lung
cancer deaths per 1000 participants). The NELSON trial reported a
reduction in lung cancer mortality for 4 rounds of screening with in-
creasing intervals between LDCTs (combining data for males and fe-
males, calculated IRR, 0.75 [95% CI, 0.61-0.90]; NNS to prevent 1 lung
cancer death of 130 over 10 years of follow-up). Results of the other
trials were very imprecise and did not show statistically significant dif-
ferences between groups (Figure 4).

The NLST found a reduction in all-cause mortality with LDCT
screening compared with chest radiography (1912 vs 2039
deaths; 1141 per 100 000 person-years vs 1225 per 100 000 per-
son-years; calculated IRR, 0.93 [95% CI, 0.88-0.99]). The other
trials found no statistically significant differences between
groups, but results were imprecise (Figure 5).

Table 1. Characteristics of Included RCTs Evaluating Screening With LDCT Compared With Chest Radiography or With No Screening

Source
Recruitment
years

Sample size;
country

Mean age
(ages
eligible), y % Male

Baseline
smoking status,
%

Eligibility
criteria for
pack-years;
years since
quitting

Screening
rounds,
No.

Screening
intervals, y

Total median
follow-up, y Quality

DANTE12-14 2001-2006 2472; Italy 65 (60-74) 100 Current: 57
Former: 43
Mean
No. of
pack-years:
47

≥20; <10 y 5 0, 1, 2, 3, 4 8.4 Fair

DLCST15,16 2004-2006 4104;
Denmark

58 (50-70) 56 Current: 76
Former: 24
Mean No. of
pack-years: 36

≥20; quit after
age 50 and
<10 y ago

5 0, 1, 2, 3, 4 9.8 Fair

ITALUNG17 2004-2006 3206; Italy 61 (55-69) 65 Current: 65
Former: 35
Median No. of
pack-years: 39

≥20 in the last
10 y or quit
within the last
10 y

4 0, 1, 2, 3 9.3a Fair

LSS18-20b 2000-2001 3318; US NR (55-74) 59 Current: 58
Former: 42
Median No. of
pack-years: 54

≥30; <10 y 2 0, 1 5.2 Fair

LUSI21-23 2007-2011 4052;
Germany

NR (50-69) 65 Current: 62
Former: 35
Mean No. of
pack-years:
NR

≥25 y of 15
cigarettes or
≥30 y of 10
cigarettes;
≤10 y

5 0, 1, 2, 3, 4 8.8 Fair

NELSON24-28 2003-2006 15 792;
the
Netherlands
and Belgium

Median, 58
(50-74)

84 Current: 55
Former: 45
Median No. of
pack-years: 38

>15 cigarettes/d
for >25 y or >10
cigarettes/d for
>30 y; ≤10 y

4 0, 1, 3, 5.5 10 Fair

NLST29-37b 2002-2004 53 542; US 61 (55-74) 59 Current: 48
Former: 52
Mean No. of
pack-years: 56

≥30; ≤15 y 3 0, 1, 2 7 (and
posttrial
follow-up to
12.3 y)

Goodc

Abbreviations: DANTE, Detection and Screening of Early Lung Cancer by Novel
Imaging Technology and Molecular Essays; DLCST, Danish Lung Cancer
Screening Trial; ITALUNG, Italian Lung Cancer Screening Trial; LDCT, low-dose
computed tomography; LSS, Lung Screening Study; LUSI, The German Lung
Cancer Screening Intervention Trial; NELSON, Nederlands-Leuvens Longkanker
Screenings Onderzoek; NLST, National Lung Screening Trial; NR, not reported;
RCT, randomized clinical trial.

a The ITALUNG study reported 9.3 years for lung cancer–specific mortality and
8.5 years for lung cancer incidence.

b NLST and LSS compared screening with LDCT vs screening with chest
radiography. All other trials compared screening with LDCT with no screening.
The LSS was a feasibility pilot study.

c NLST was rated as good quality for the main trial outcomes. The extended
posttrial follow-up of the NLST was rated as fair quality.
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All included trials enrolled participants at high risk for lung can-
cer (based on age and smoking history). Seven publications using
DLCST, LUSI, NELSON, or NLST data described subgroup analyses
for age, sex, race/ethnicity, smoking status and pack-years, history
of chronic obstructive pulmonary disease (COPD), or other pulmo-
nary conditions.16,23,24,33-35,37 A post hoc analysis of NLST data
reported that 88% of the benefit (lung cancer deaths averted) was
achieved by screening the 60% of participants at highest risk for
lung cancer death.29 Other post hoc analyses of NLST data
reported lung cancer mortality by sex (RR, 0.73 for women vs 0.92
for men; P = .08), age (RR, 0.82 for <65 years vs 0.87 for �65
years; P = .60), race/ethnicity (hazard ratio [HR], 0.61 for Black
individuals vs 0.86 for White individuals; P = .29), and smoking sta-
tus (RR, 0.81 for current smokers vs 0.91 for former smokers;
P = .40), and did not identify statistically significant differences
between groups.33-35 A long-term follow-up of NLST participants at
12.3 years reported similar results for subgroups and did not iden-
tify statistically significant interactions by sex, age, or smoking sta-
tus (sex: RR, 0.86 for women vs 0.97 for men, P = .17; age: RR, 0.86
for <65 years vs 1.01 for �65 years, P = .051; smoking status: RR,
0.88 for current smokers vs 1.01 for former smokers, P = .12).37

Both LUSI and NELSON reported a similar pattern for subgroups by
sex as found in the NLST that was not statistically significantly dif-
ferent between groups (LUSI: women, HR, 0.31 [95% CI, 0.10-
0.96] vs men, HR, 0.94 [95% CI, 0.54-1.61], P = .09) or without
reporting an interaction test (NELSON: women, RR, 0.67 [95% CI,
0.38-1.14] vs men, RR, 0.76 [95% CI, 0.61-0.94] at 10 years of
follow-up).23,24 NELSON reported analyses by age group among
the men in the trial (not including the women in those analyses) but
did not report interaction tests for subgroups defined by age (RRs
ranged from 0.59 [95% CI, 0.35-0.98] for persons aged 65 to 69
years at randomization to 0.85 [95% CI, 0.48-1.50] for persons
aged 50 to 54 years at randomization).24

Key Question 2. Does the use of risk prediction models for
identifying adults at higher risk of lung cancer mortality im-
prove the balance of benefits and harms of screening compared
with the use of trial eligibility criteria (eg, NLST criteria) or the 2013
USPSTF recommendations?

Detailed results for this KQ are in eResults and eTables 14-16
in the Supplement. In summary, 4 studies of 3 different risk pre-
diction models (a modified version of a model developed from
participants of the Prostate, Lung, Colorectal, and Ovarian Cancer
Screening Trial [PLCOm2012], the Lung Cancer Death Risk Assess-
ment Tool [LCDRAT], and Kovalchik model) estimating outcomes
in 4 different cohorts reported increased screen-preventable
deaths compared with the risk factor–based criteria used by the
NLST or USPSTF (in the 2013 recommendations). Three studies
demonstrated improved screening efficiency (determined by the
NNS) of risk prediction models compared with risk factor−based
screening, while 1 study showed mixed results. For harms, 8 stud-
ies of 13 different risk prediction models (PLCOm2012, simplified
PLCOm2012, Bach, Liverpool Lung Project [LLP], simplified LLP,
Knoke, Two-Stage Clonal Expansion [TSCE] incidence, TSCE Can-
cer Prevention Study death, TSCE Nurses’ Health Study/Health
Professionals Follow-up Study, the HUNT Lung Cancer model,
LCDRAT, COPD-LUCSS [Lung Cancer Screening Score], Kovalchik)
estimating outcomes in 4 different cohorts reported similar num-
bers of false-positive selections from risk prediction (ie, the riskFi
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prediction model selected persons to be screened who did not
have or develop lung cancer) and mixed findings for rates of false-
positive selections when comparing risk prediction models with
the risk factor–based criteria used by the NLST or USPSTF. In gen-
eral, estimates were consistent but imprecise, primarily because
of a lack of an established risk threshold to apply the model.

Accuracy of Screening
Key Question 3a. What is the accuracy of screening for lung cancer
with LDCT?
Key Question 3b. Does the accuracy of screening for lung cancer
with LDCT differ for subgroups defined by age, sex, race/ethnicity,
presence of comorbid conditions, or other lung cancer risk factors?
Key Question 3c. Does the accuracy of screening for lung cancer with
LDCT differ for various approaches to nodule classification (ie, those
based on nodule size and characteristics)?

Detailed results for this KQ are in eResults and eTables
17 and 18 in the Supplement. Fifty-three articles were
eligible for this KQ.12,13,19,21,22,24-28,30-32,34,40-77 Of those,
24 publications with the most complete data are
described.12,21,24,34,41,43-45,47-49,52,53,56,58,60,64,66-68,71,72,75,76 Sen-
sitivity of LDCT from 13 studies (76 856 total participants) ranged
from 59% to 100%; all but 3 studies reported sensitivity greater
than 80%. Specificity of LDCT from 13 studies (75 819 total par-
ticipants) ranged from 26.4% to 99.7%; all but 3 reported speci-
ficity greater than 75%. Positive predictive value (14 studies,
77 840 participants) ranged from 3.3% to 43.5%. Negative pre-
dictive value (9 studies, 47 496 participants) ranged from 97.7%
to 100%. Variability in accuracy was mainly attributed to hetero-
geneity of eligibility criteria, screening protocols (eg, number
of screening rounds, screening intervals), follow-up length
(eg, to identify false-negative screens), and definitions (eg, of
positive tests, indeterminate tests). Three studies (73 404 partici-
pants) compared various approaches to nodule classification
(Lung-RADS or International Early Lung Cancer Action Program
[I-ELCAP]) and found that using Lung-RADS in the NLST would
have increased specificity while decreasing sensitivity and that
increases in positive predictive value are seen with increasing
nodule size thresholds.44,49,52

Harms of Screening, Workup, or Surveillance
Key Question 4a. What are the harms associated with screening for
lung cancer with LDCT?
Key Question 4b. Do the harms of screening for lung cancer with
LDCT differ with the use of Lung-RADS, I-ELCAP, or similar ap-
proaches (eg, to reduce false-positive results)?
Key Question 4c. Do the harms of screening for lung cancer with
LDCT differ for subgroups defined by age, sex, race/ethnicity, pres-
ence of comorbid conditions, or other lung cancer risk factors?
Key Question 5a. What are the harms associated with workup or
surveillance of nodules?
Key Question 5b. Do the harms of workup or surveillance of nod-
ules differ with the use of Lung-RADS, I-ELCAP, or similar ap-
proaches (eg, to reduce false-positive results)?
Key Question 5c. Do the harms of workup or surveillance of nod-
ules differ for subgroups defined by age, sex, race/ethnicity, pres-
ence of comorbid conditions, or other lung cancer risk factors?

Detailed results are in eResults in the Supplement.Fi
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Radiation Exposure
Nine publications reported on radiation associated with
LDCT.16,31,56,69,75,78-81 Most of those reported the radiation associ-
ated with 1 LDCT, with ranges from 0.65 mSv to 2.36 mSv (eTable 19
in the Supplement). Two of the studies evaluated the cumulative ra-
diation exposure for participants undergoing screening with
LDCT78,80; using those studies to estimate cumulative exposure for
an individual from 25 years of annual screening (ie, from age 55 to
80 years as recommended by the USPSTF in 2013) yields 20.8 mSv
to 32.5 mSv. One study estimated the lifetime risk of cancer from
radiation of 10 annual LDCTs was 0.26 to 0.81 major cancers for ev-
ery 1000 people screened.80

False-Positive Results and Follow-up Evaluations
Twenty-seven publications reported enough information to
determine the rate of false-positives, defined as any result leading
to additional evaluation (eg, repeat LDCT scan before the next
annual screening, biopsy) that did not result in a diagnosis of
cancer.15,18,19,21,24,30-32,34,40,46,47,49,52,56,62,65-68,73,75-77,82-84 False-
positive rates varied widely across studies, most likely because of
differences in definitions of positive results, such as cutoffs for nod-
ule size (eg, 4 mm vs 5 mm vs 6 mm), use of volume-doubling time,
and nodule characteristics considered. The range of false-positive
rates overall was 7.9% to 49.3% for baseline screening and 0.6% to
28.6% for individual incidence screening rounds, although rates for
some subgroups were higher (eg, age �65 years) (eTable 20 in the
Supplement). False-positive rates generally declined with each
screening round.34,47,65,66,73,76

Among the trials that found lung cancer screening mortality
benefit and cohort studies based in the US, false-positive rates
were 9.6% to 28.9% for baseline and 5.0% to 28.6% for inci-
dence rounds. The NLST reported false-positive rates for base-
line, year 1, and year 2 of 26.3%, 27.2%, and 15.9%, respectively.31

The NELSON trial noted false-positive rates of 19.8% at baseline,
7.1% at year 1, 9.0% for males at year 3, and 3.9% for males at year
5.5 of screening.24,65 One study of 112 radiologists from 32 screen-
ing centers who each interpreted 100 or more NLST scans
reported a mean (SD) false-positive rate of 28.7% (13.7) (range,
3.8%-69.0%).46 Mean rates were similar for academic (n = 25)
a n d n o n a c a d e m i c ( n = 7 ) c e n t e r s ( 2 7.9 % v s 2 6.7 % ,
respectively).46 An implementation study through the Veterans
Health Administration revealed a false-positive rate of 28.9% of
veterans eligible for screening (58% of those who were actually
screened) at baseline screening.40 False-positive rates varied
across 8 study sites, ranging from 12.6% to 45.8% of veterans eli-
gible for screening.40

Fourteen studies reported on the evaluation of false-positive
results.22,30,31,34,43,62-64,66,72,75,79,81,85 Among all patients screened,
the percentage who had a needle biopsy for a false-positive result
ranged from 0.09% to 0.56% (eTable 21 in the Supplement). Sur-
gical procedures for false-positive results were reported in 0.5% to
1.3% and surgical resections for false-positive results were re-
ported in 0.1% to 0.5% of all screened participants.

In the NLST, false-positive results led to invasive procedures
(needle biopsy, thoracotomy, thoracoscopy, mediastinoscopy, and
bronchoscopy) in 1.7% of those screened (number needed to harm,
59). Complications occurred in 0.1% of those screened (number
needed to harm, 1000), with major, intermediate, and minorFi
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complications occurring in 0.03%, 0.05%, and 0.01%, respectively,
of those screened. Death in the 60 days following the most inva-
sive procedure performed occurred in 0.007% of those
screened.31 One study using NLST data estimated that 117 invasive
procedures for false-positive results (23.4% of all invasive proce-
dures for false-positive results from the NLST) would be prevented
by using Lung-RADS criteria.44

Overdiagnosis
Five studies specifically examined overdiagnosis,81,86-89 and 7 ad-
ditional trials were examined for differences in cancer incidence be-
tween LDCT and comparison groups.14,17,19,24,31,90,91 Estimates of
overdiagnosis ranged from 0% to 67.2% that a screen-detected lung
cancer is overdiagnosed.

Smoking Behavior
One RCT (DLCST; 4075 participants), studies of participants from
RCTs (NELSON, NLST, LSS; 19 426 total participants), and 3 cohort
studies (ELCAP, Mayo Lung Project, and Pittsburgh Lung Screening
Study [PLuSS]; 5537 total participants) included evaluations of the
effect of LDCT screening or screening results on smoking cessation
and relapse.91-100 Studies comparing LDCT vs controls (no screen-
ing or chest radiography) for smoking cessation or abstinence out-
comes do not indicate that screening leads to false reassurance. Ab-
normal or indeterminate screening test results may increase
cessation and continued abstinence, but normal screening test re-
sults had no influence. Regarding smoking intensity, evidence was
minimal, and no study showed influence of screening or test result
on smoking intensity.

Psychosocial Harms
Four RCTs (DLCST, NELSON, NLST, and UK Lung Cancer Screen-
ing [UKLS] trial; 12 096 total participants) reported in 6
publications,62,101-105 1 uncontrolled cohort study (PLuSS, 400
participants),106 and 2 studies of participants from the screening
arm of an RCT (NELSON, 630 participants107; UKLS, 1589
participants108) included an evaluation of potential psychosocial
consequences of LDCT screening. These studies evaluated general
health-related quality of life (HRQoL; 3 studies),101,104,107 anxiety
(8 studies),62,101-107 depression (2 studies),62,102 distress (3
studies),62,104,107 and other psychosocial consequences of LDCT
screening (5 studies).62,103,105,106,108 Taken together, there is mod-
erate evidence to suggest that, compared with no screening, per-
sons who receive LDCT screening do not have worse general
HRQoL, anxiety, or distress over 2 years of follow-up. Some evi-
dence suggests differential consequences by screening result such
that general HRQoL and anxiety were worse, at least in the short-
term, for individuals who received true-positive results compared
with other screening results; distress was worse for participants
who received an indeterminate screening result compared with
other results. The strength of evidence is low for other psychoso-
cial consequences, largely because of unknown consistency, impre-
cision, and only 1 or 2 studies assessed outcomes.

Incidental Findings Leading to Additional Tests
and Subsequent Harms
Studies reported a wide range of screening-related inciden-
tal findings (4.4% to 40.7%) that were deemed significant or

requiring further evaluation (eResults and eTable 22 in the
Supplement).34,40,62,82,109-112 Rates varied considerably in part
because there was no consistent definition of what constitutes an
incidental finding nor which findings were “actionable” or “clini-
cally significant.” Older age was associated with a greater likeli-
hood of incidental findings. Common incidental findings included
coronary artery calcification, aortic aneurysms, emphysema,
infectious and inflammatory processes, masses, nodules, or cysts
of the kidney, breast, adrenal, liver, thyroid, pancreas, spine, and
lymph nodes. Incidental findings led to downstream evaluation,
including consultations, additional imaging, and invasive proce-
dures with associated costs and burdens.

Discussion
This evidence review evaluated screening for lung cancer with LDCT
in populations and settings relevant to US primary care; a summary
of the evidence is provided in Table 2. Screening high-risk persons
with LDCT can reduce lung cancer mortality but also causes a range
of harms. For benefits of screening, the NLST demonstrated a re-
duction in lung cancer mortality and all-cause mortality with 3 rounds
of annual LDCT screening compared with chest radiography, and the
NELSON trial demonstrated a reduction in lung cancer mortality with
4 rounds of LDCT screening with increasing intervals. Harms of
screening include false-positive results leading to unnecessary tests
and invasive procedures, overdiagnosis, incidental findings, short-
term increases in distress because of indeterminate results, and,
rarely, radiation-induced cancer.

NLST and NELSON results are generally applicable to high-risk
current and former smokers aged 50 to 74 years, but participants
were younger, more highly educated, less likely to be current smok-
ers than the US screening-eligible population, and had limited racial
and ethnic diversity. The general US population eligible for lung
cancer screening may be less likely to benefit from early detection
compared with NLST and NELSON participants because they face a
high risk of death from competing causes, such as heart disease
and stroke.113 Data from the 2012 Health and Retirement Study
showed a lower 5-year survival rate and life expectancy in
screening-eligible persons compared with NLST participants.113

NELSON did not allow enrollment of persons with moderate or
severe health problems and an inability to climb 2 flights of stairs;
weight over 140 kg; or current or past kidney cancer, melanoma, or
breast cancer.

The trials were mainly conducted at large academic centers,
potentially limiting applicability to community-based practice
(eg, because of challenges with implementation [eContextual
Questions in the Supplement], level of multidisciplinary expertise).
Many of the trial centers are well recognized for expertise in tho-
racic radiology as well as cancer diagnosis and treatment.31 The
NLST noted that mortality associated with surgical resection was
much lower in the trial than that reported for the US population
(1% vs 4%).31,114

Guidelines recommend that clinicians conduct a rigorous pro-
cess of informed and shared decision-making about the benefits
and harms of lung cancer screening before initiating screening.
However, given the complex nature of benefits and harms associ-
ated with screening, there is some concern that robust shared

USPSTF Report: Screening for Lung Cancer With Low-Dose Computed Tomography US Preventive Services Task Force Clinical Review & Education

jama.com (Reprinted) JAMA March 9, 2021 Volume 325, Number 10 979

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0377?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0377
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0377?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0377
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0377


Ta
bl

e
2.

Su
m

m
ar

y
of

Ev
id

en
ce

on
Sc

re
en

in
g

fo
rL

un
g

Ca
nc

er
W

ith
LD

CT

N
o.

of
st

ud
ie

s(
k)

,
N

o.
of

ob
se

rv
at

io
ns

(n
)

Su
m

m
ar

y
of

fin
di

ng
s

Co
ns

is
te

nc
y

an
d

pr
ec

is
io

n
St

ud
y

qu
al

ity
Li

m
ita

tio
ns

(in
cl

ud
in

g
re

po
rt

in
g

bi
as

)
O

ve
ra

ll
st

re
ng

th
of

ev
id

en
ce

Ap
pl

ic
ab

ili
ty

KQ
1:

be
ne

fit
so

fs
cr

ee
ni

ng

k
=

7
RC

Ts
(2

6
pu

bl
ic

at
io

ns
);

86
48

6
pa

rt
ic

ip
an

ts

Th
e

go
od

-q
ua

lit
y

NL
ST

(n
=

53
54

2)
re

po
rt

ed
a

re
du

ct
io

n
in

lu
ng

ca
nc

er
m

or
ta

lit
y

(I
RR

,0
.8

5
[9

5%
CI

,0
.7

5-
0.

96
])

an
d

al
l-

ca
us

e
m

or
ta

lit
y

(I
RR

,0
.9

3
[9

5%
CI

,0
.8

8-
0.

99
])

w
ith

3
ro

un
ds

of
an

nu
al

LD
CT

co
m

pa
re

d
w

ith
ch

es
tr

ad
io

gr
ap

hy
(N

NS
=

32
3

to
pr

ev
en

t1
lu

ng
ca

nc
er

de
at

h
ov

er
6.

5
y)

.N
EL

SO
N

(n
=

15
79

2)
fo

un
d

a
re

du
ct

io
n

in
lu

ng
ca

nc
er

m
or

ta
lit

y
(I

RR
,0

.7
5

[9
5%

CI
,0

.6
1-

0.
90

])
bu

tn
ot

al
l-

ca
us

e
m

or
ta

lit
y

(I
RR

,1
.0

1
[9

5%
CI

,0
.9

2-
1.

11
])

w
ith

4
ro

un
ds

of
LD

CT
sc

re
en

in
g

us
in

g
vo

lu
m

et
ric

m
ea

su
re

m
en

ts
w

ith
in

cr
ea

si
ng

in
te

rv
al

s(
ba

se
lin

e,
1

y,
3

y,
an

d
5.

5
y)

co
m

pa
re

d
w

ith
no

sc
re

en
in

g
(N

NS
=

13
0

to
pr

ev
en

t1
lu

ng
ca

nc
er

de
at

h
ov

er
10

y)

Co
ns

is
te

nt
am

on
g

tr
ia

ls
ad

eq
ua

te
ly

po
w

er
ed

;
pr

ec
is

e

Go
od

:1
Fa

ir:
6

Al
lb

ut
2

of
th

e
7

tr
ia

ls
w

er
e

un
de

rp
ow

er
ed

to
as

se
ss

fo
ra

lu
ng

ca
nc

er
m

or
ta

lit
y

be
ne

fit

Hi
gh

fo
rb

en
ef

ita
Hi

gh
-r

is
k

cu
rr

en
ta

nd
fo

rm
er

sm
ok

er
s

(w
ith

≥3
0

pa
ck

-y
ea

rs
[N

LS
T]

or
>1

5
ci

ga
re

tt
es

/d
fo

r>
25

y
or

>1
0

ci
ga

re
tt

es
/d

fo
r>

30
y

[N
EL

SO
N]

);
ag

ed
50

-7
4

y;
NL

ST
an

d
NE

LS
O

N
pa

rt
ic

ip
an

ts
w

er
e

yo
un

ge
r,

m
or

e
hi

gh
ly

ed
uc

at
ed

,a
nd

le
ss

lik
el

y
to

be
cu

rr
en

ts
m

ok
er

st
ha

n
th

e
US

sc
re

en
in

g-
el

ig
ib

le
po

pu
la

tio
n;

lim
ite

d
ra

ci
al

an
d

et
hn

ic
di

ve
rs

ity
;U

S
po

pu
la

tio
n

el
ig

ib
le

fo
rs

cr
ee

ni
ng

fa
ce

sh
ig

he
rr

is
k

of
de

at
h

fr
om

co
m

pe
tin

g
ca

us
es

th
an

tr
ia

l
pa

rt
ic

ip
an

ts
;m

ai
nl

y
co

nd
uc

te
d

at
la

rg
e

ac
ad

em
ic

ce
nt

er
s;

NL
ST

di
d

no
tu

se
cu

rr
en

tU
S

sc
re

en
in

g
pr

ot
oc

ol
ss

uc
h

as
Lu

ng
-R

AD
S;

NE
LS

O
N

us
ed

vo
lu

m
et

ric
m

ea
su

re
m

en
ts

fo
rs

cr
ee

ni
ng

KQ
2.

Ri
sk

pr
ed

ic
tio

n
m

od
el

s

k
=

9;
13

Ri
sk

pr
ed

ic
tio

n
m

od
el

s
ev

al
ua

te
d

in
9

co
ho

rt
s

co
m

pr
is

in
g

21
92

2
73

3
pa

rt
ic

ip
an

ts

Be
ne

fit
s:

st
ud

ie
so

f3
m

od
el

s(
PC

LO
m

20
12

,L
CD

RA
T,

an
d

Ko
va

lc
hi

k
m

od
el

)r
ep

or
te

d
in

cr
ea

se
d

sc
re

en
-p

re
ve

nt
ab

le
de

at
hs

co
m

pa
re

d
w

ith
ris

k
fa

ct
or

−b
as

ed
cr

ite
ria

(k
=

4;
21

68
2

06
6

pa
rt

ic
ip

an
ts

fr
om

4
co

ho
rt

s)
.M

os
tf

in
di

ng
sf

ro
m

th
es

e
st

ud
ie

s
al

so
sh

ow
ed

im
pr

ov
ed

N
N

S
H

ar
m

s:
st

ud
ie

so
fa

ll
m

od
el

sr
ep

or
te

d
si

m
ila

rn
um

be
rs

of
fa

ls
e-

po
si

tiv
e

se
le

ct
io

ns
fo

rs
cr

ee
ni

ng
(ie

,t
he

m
od

el
se

le
ct

ed
pe

op
le

to
be

sc
re

en
ed

w
ho

di
d

no
th

av
e

or
de

ve
lo

p
lu

ng
ca

nc
er

or
de

at
h

fr
om

lu
ng

ca
nc

er
)a

nd
m

ix
ed

fin
di

ng
sf

or
ra

te
so

f
fa

ls
e-

po
si

tiv
e

se
le

ct
io

ns
or

fa
ls

e-
po

si
tiv

e
se

le
ct

io
ns

pe
rp

re
ve

nt
ed

de
at

h
w

he
n

co
m

pa
rin

g
ris

k
pr

ed
ic

tio
n

m
od

el
sw

ith
ris

k
fa

ct
or

–b
as

ed
cr

ite
ria

b

Co
ns

is
te

nt
;

im
pr

ec
is

e
(r

es
ul

ts
hi

gh
ly

de
pe

nd
en

to
n

ris
k

th
re

sh
ol

d
se

le
ct

ed
)

Go
od

:6
Fa

ir:
3

No
tr

ia
ls

ha
ve

co
m

pa
re

d
us

e
of

a
ris

k
pr

ed
ic

tio
n

m
od

el
w

ith
ris

k
fa

ct
or

–b
as

ed
cr

ite
ria

;e
vi

de
nc

e
ba

se
is

lim
ite

d
by

la
ck

of
an

es
ta

bl
is

he
d

ris
k

th
re

sh
ol

d;
m

os
tm

od
el

sw
er

e
ev

al
ua

te
d

by
a

si
ng

le
st

ud
y

in
1

to
2

co
ho

rt
s

Lo
w

fo
rg

re
at

er
be

ne
fit

sa
nd

si
m

ila
ro

rr
ed

uc
ed

ha
rm

s
Hi

gh
-r

is
k

cu
rr

en
ta

nd
fo

rm
er

sm
ok

er
s;

m
ai

nl
y

ap
pl

ic
ab

le
to

NL
ST

or
US

PS
TF

sc
re

en
-e

lig
ib

le
pe

rs
on

s(
ag

ed
55

-7
4

y
or

55
-8

0
y)

KQ
3.

Ac
cu

ra
cy

of
sc

re
en

in
g

w
ith

LD
CT

k
=

24
n

=
10

7
20

0
Se

ns
iti

vi
ty

ra
ng

ed
fr

om
59

%
to

10
0%

(k
=

13
,n

=
76

85
6)

an
d

w
as

>8
0%

in
m

os
ts

tu
di

es
.S

pe
ci

fic
ity

ra
ng

ed
fr

om
26

.4
%

to
99

.7
%

(k
=

13
,n

=
75

81
9)

an
d

w
as

>7
5%

in
m

os
t.

PP
V

ra
ng

ed
fr

om
3.

3%
to

43
.5

%
.N

PV
ra

ng
ed

fr
om

97
.7

%
to

10
0%

.R
el

ia
bi

lit
y

am
on

g
ra

di
ol

og
is

ts
w

as
fa

ir
to

m
od

er
at

e
(k

=
3)

Re
as

on
ab

ly
co

ns
is

te
nt

;
im

pr
ec

is
e

(e
xc

ep
tp

re
ci

se
fo

rN
PV

)

Go
od

:3
Fa

ir:
21

In
co

m
pl

et
e

or
un

re
po

rt
ed

fo
llo

w
-u

p
le

ng
th

m
ay

ha
ve

le
d

to
di

ff
er

en
tia

lm
ea

su
re

m
en

t
H

et
er

og
en

ei
ty

in
sc

re
en

in
g

pr
ot

oc
ol

sa
nd

de
fin

iti
on

s(
eg

,
po

si
tiv

e
te

st
s,

in
de

te
rm

in
at

e
te

st
s)

M
od

er
at

e
US

an
d

hi
gh

ly
de

ve
lo

pe
d

co
un

tr
ie

s;
m

os
t

co
nd

uc
te

d
in

pa
st

10
y.

Si
m

ila
rL

DC
T

te
ch

no
lo

gi
es

us
ed

ac
ro

ss
st

ud
ie

s;
va

ry
in

g
no

du
le

cl
as

si
fic

at
io

n
pr

ot
oc

ol
st

ha
tc

ou
ld

lik
el

y
be

re
pl

ic
at

ed
in

th
e

US
;f

ew
st

ud
ie

s
us

ed
no

du
le

cl
as

si
fic

at
io

n
ap

pr
oa

ch
re

co
m

m
en

de
d

by
AC

R
(L

un
g-

RA
DS

)
KQ

s4
an

d
5.

Ha
rm

so
fs

cr
ee

ni
ng

,w
or

ku
p,

or
su

rv
ei

lla
nc

e

Ra
di

at
io

n
k

=
9

n
=

7
4

9
6

3
pa

rt
ic

ip
an

ts

Ra
di

at
io

n
fr

om
1

LD
CT

:r
an

ge
,0

.6
5

m
Sv

to
2.

36
m

Sv
Cu

m
ul

at
iv

e
ra

di
at

io
n

ex
po

su
re

:2
0.

8
m

Sv
to

32
.5

m
Sv

fo
ra

nn
ua

l
sc

re
en

in
g

fo
r2

5
y

Ra
di

at
io

n-
in

du
ce

d
ca

nc
er

:0
.2

6
to

0.
81

m
aj

or
ca

nc
er

sf
or

ev
er

y
10

00
pe

op
le

sc
re

en
ed

w
ith

10
an

nu
al

LD
CT

sc

Co
ns

is
te

nt
;

im
pr

ec
is

e
Go

od
:3

Fa
ir:

6
Es

tim
at

es
of

ra
di

at
io

n-
in

du
ce

d
ca

nc
er

sa
re

ba
se

d
on

m
od

el
in

g
M

od
er

at
e

fo
rr

ad
ia

tio
n-

in
du

ce
d

ha
rm

s
Es

tim
at

es
w

er
e

no
tp

ro
vi

de
d

fo
rl

ife
tim

e
ris

k
of

ra
di

at
io

n-
in

du
ce

d
ca

nc
er

so
rf

at
al

ca
nc

er
sf

ro
m

an
nu

al
sc

re
en

in
g

fr
om

ag
e

55
-8

0
y

(ie
,U

SP
ST

F
20

13
re

co
m

m
en

da
tio

n)

(c
on

tin
ue

d)

Clinical Review & Education US Preventive Services Task Force USPSTF Report: Screening for Lung Cancer With Low-Dose Computed Tomography

980 JAMA March 9, 2021 Volume 325, Number 10 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0377


Ta
bl

e
2.

Su
m

m
ar

y
of

Ev
id

en
ce

on
Sc

re
en

in
g

fo
rL

un
g

Ca
nc

er
W

ith
LD

CT
(c

on
tin

ue
d)

N
o.

of
st

ud
ie

s(
k)

,
N

o.
of

ob
se

rv
at

io
ns

(n
)

Su
m

m
ar

y
of

fin
di

ng
s

Co
ns

is
te

nc
y

an
d

pr
ec

is
io

n
St

ud
y

qu
al

ity
Li

m
ita

tio
ns

(in
cl

ud
in

g
re

po
rt

in
g

bi
as

)
O

ve
ra

ll
st

re
ng

th
of

ev
id

en
ce

Ap
pl

ic
ab

ili
ty

Fa
ls

e-
po

si
tiv

es
k

=
27

n
=

1
1

5
6

5
4

pa
rt

ic
ip

an
ts

Fa
ls

e-
po

si
tiv

e
fo

llo
w

-u
p

ev
al

ua
tio

ns
k

=
14

n
=

5
6

2
2

3
pa

rt
ic

ip
an

ts

Fa
ls

e-
po

si
tiv

e
ra

te
s:

ra
ng

e,
7.

9%
to

49
.3

%
fo

rb
as

el
in

e
sc

re
en

in
g

an
d

0.
6%

to
28

.6
%

fo
ri

nc
id

en
ce

sc
re

en
in

g
ro

un
ds

;r
at

es
ge

ne
ra

lly
de

cl
in

ed
w

ith
ea

ch
ro

un
d.

N
LS

T
re

po
rt

ed
26

.3
%

,2
7.

2%
,a

nd
15

.9
%

fo
rb

as
el

in
e,

ye
ar

1,
an

d
ye

ar
2,

re
sp

ec
tiv

el
y;

ra
te

sw
er

e
lo

w
er

in
N

EL
SO

N
;t

he
VA

im
pl

em
en

ta
tio

n
st

ud
y

re
po

rt
ed

58
%

of
th

os
e

sc
re

en
ed

(2
8.

9%
of

sc
re

en
-e

lig
ib

le
s)

at
ba

se
lin

e
an

d
>3

0%
va

ria
tio

n
ac

ro
ss

8
si

te
s

In
va

si
ve

pr
oc

ed
ur

es
fo

rf
al

se
-p

os
iti

ve
re

su
lts

,r
an

ge
of

ra
te

sf
or

ev
er

y
10

00
pe

op
le

sc
re

en
ed

(N
LS

T
ra

te
):

0.
9

to
5.

6
ne

ed
le

bi
op

si
es

(2
.5

)r
es

ul
tin

g
in

0.
3

to
0.

7
co

m
pl

ic
at

io
ns

;5
to

13
su

rg
ic

al
pr

oc
ed

ur
es

(1
7

to
ta

li
nv

as
iv

e
pr

oc
ed

ur
es

,r
es

ul
tin

g
in

<1
m

aj
or

co
m

pl
ic

at
io

n)
d

Co
ns

is
te

nt
;

im
pr

ec
is

e
Go

od
:8

Fa
ir:

19
Go

od
:4

Fa
ir:

10

He
te

ro
ge

ne
ity

in
sc

re
en

in
g

pr
ot

oc
ol

s,
de

fin
iti

on
so

fp
os

iti
ve

an
d

fa
ls

e-
po

si
tiv

e
re

su
lts

,a
nd

re
po

rt
in

g
of

pr
oc

ed
ur

es
an

d
co

m
pl

ic
at

io
n

ra
te

s

M
od

er
at

e
fo

rh
ar

m
sd

ue
to

fa
ls

e-
po

si
tiv

e
re

su
lts

M
os

ts
tu

di
es

di
d

no
tu

se
cu

rr
en

tn
od

ul
e

ev
al

ua
tio

n
pr

ot
oc

ol
ss

uc
h

as
Lu

ng
-R

AD
S;

an
ev

al
ua

tio
n

us
in

g
NL

ST
da

ta
es

tim
at

ed
th

at
23

.4
%

of
al

li
nv

as
iv

e
pr

oc
ed

ur
es

fo
r

fa
ls

e-
po

si
tiv

e
re

su
lts

fr
om

th
e

NL
ST

w
ou

ld
ha

ve
be

en
pr

ev
en

te
d

by
us

in
g

Lu
ng

-R
AD

S

O
ve

rd
ia

gn
os

is
k

=
12

n
=

9
5

2
9

0
pa

rt
ic

ip
an

ts

O
ve

rd
ia

gn
os

is
:e

st
im

at
es

ra
ng

ed
fr

om
0%

to
67

.2
%

th
at

a
sc

re
en

-
de

te
ct

ed
lu

ng
ca

nc
er

is
ov

er
di

ag
no

se
d;

NL
ST

da
ta

in
di

ca
te

ap
pr

ox
i-

m
at

el
y

4
ca

se
so

fo
ve

rd
ia

gn
os

is
ov

er
6.

5
y

(a
nd

3
lu

ng
ca

nc
er

de
at

hs
pr

ev
en

te
d)

pe
r1

00
0

pe
op

le
sc

re
en

ed
e

In
co

ns
is

te
nt

;
im

pr
ec

is
e

Go
od

:2
Fa

ir:
10

In
ad

eq
ua

te
du

ra
tio

n
of

fo
llo

w
-u

p
an

d
he

te
ro

ge
ne

ity
lim

it
th

e
ev

al
ua

tio
n

Lo
w

fo
rh

ar
m

s
NL

ST
es

tim
at

e
is

ba
se

d
on

3
an

nu
al

sc
re

en
sa

nd
6.

5
y

of
fo

llo
w

-u
p;

un
ce

rt
ai

n
w

he
th

er
it

w
ou

ld
in

cr
ea

se
or

de
cr

ea
se

w
ith

on
go

in
g

sc
re

en
in

g
an

d
lo

ng
er

fo
llo

w
-u

p
Sm

ok
in

g
be

ha
vi

or
k

=
7

n
=

2
9

0
3

8
pa

rt
ic

ip
an

ts

LD
CT

vs
no

sc
re

en
in

g
(k

=
2)

:e
vi

de
nc

e
on

ce
ss

at
io

n
an

d
in

te
ns

ity
do

es
no

ti
nd

ic
at

e
ha

rm
of

fa
ls

e
re

as
su

ra
nc

e
Po

si
tiv

e
or

in
de

te
rm

in
at

e
re

su
lts

vs
no

rm
al

re
su

lts
:a

bn
or

m
al

or
in

de
te

rm
in

at
e

re
su

lts
m

ay
in

cr
ea

se
ce

ss
at

io
n

an
d

co
nt

in
ue

d
ab

st
in

en
ce

,b
ut

no
rm

al
sc

re
en

in
g

te
st

re
su

lts
ha

d
no

in
flu

en
ce

In
co

ns
is

te
nt

;
Im

pr
ec

is
e

Go
od

:0
Fa

ir:
7

M
os

tR
CT

so
fL

DC
T

di
d

no
tr

ep
or

to
n

ou
tc

om
es

to
as

se
ss

fo
rf

al
se

re
as

su
ra

nc
e

Lo
w

fo
rn

o
ha

rm
s

Th
e

2
RC

Ts
pr

ov
id

in
g

da
ta

fo
rL

DC
T

vs
no

sc
re

en
in

g
w

er
e

co
nd

uc
te

d
in

De
nm

ar
k

(D
LC

ST
)a

nd
th

e
Ne

th
er

la
nd

sa
nd

Be
lg

iu
m

(N
EL

SO
N)

Ps
yc

ho
so

ci
al

ha
rm

s
k

=
9

n
=

1
4

7
1

5
Pa

rt
ic

ip
an

ts

Ge
ne

ra
lH

RQ
oL

:n
o

si
gn

ifi
ca

nt
di

ff
er

en
ce

so
ve

r6
m

o
to

2
y

of
fo

llo
w

-u
p

be
tw

ee
n

LD
CT

an
d

co
nt

ro
ls

(k
=

2
RC

Ts
,n

=
39

37
);

w
or

se
H

RQ
oL

fo
rp

er
so

ns
re

ce
iv

in
g

tr
ue

-p
os

iti
ve

re
su

lt
sv

so
th

er
re

su
lts

An
xi

et
y

an
d

de
pr

es
si

on
:n

o
si

gn
ifi

ca
nt

in
cr

ea
se

ov
er

2
w

k
to

2
y

of
fo

llo
w

-u
p

fo
rL

DC
T

vs
co

nt
ro

ls
(k

=
6

RC
Ts

,n
=

12
09

6)
;

in
cr

ea
se

d
an

xi
et

y
fo

ri
nd

iv
id

ua
ls

re
ce

iv
in

g
tr

ue
-p

os
iti

ve
re

su
lt

s
vs

ot
he

rr
es

ul
ts

Di
st

re
ss

:n
o

si
gn

ifi
ca

nt
in

cr
ea

se
ov

er
ap

pr
ox

im
at

el
y

2
y

of
fo

llo
w

-u
p

fo
rL

DC
T

vs
co

nt
ro

ls
(k

=
2

RC
Ts

,n
=

51
80

);
te

m
po

ra
ry

in
cr

ea
se

fo
rt

ho
se

re
ce

iv
in

g
in

de
te

rm
in

at
e

re
su

lts
vs

ot
he

rr
es

ul
ts

O
th

er
po

te
nt

ia
lp

sy
ch

os
oc

ia
lc

on
se

qu
en

ce
so

fs
cr

ee
ni

ng
:e

ac
h

ge
ne

ra
lly

as
se

ss
ed

by
a

si
ng

le
st

ud
y,

of
te

n
w

ith
ou

ta
no

n-
LD

CT
co

m
pa

ris
on

gr
ou

p,
an

d
no

ti
nd

ic
at

iv
e

of
ha

rm

Re
as

on
ab

ly
co

ns
is

te
nt

an
d

pr
ec

is
e

fo
r

H
RQ

oL
,a

nx
ie

ty
an

d
de

pr
es

si
on

,
an

d
di

st
re

ss
Co

ns
is

te
nc

y
un

kn
ow

n
an

d
im

pr
ec

is
e

fo
r

ot
he

ro
ut

co
m

es

Go
od

:1
Fa

ir:
8

Re
la

tiv
el

y
sh

or
tf

ol
lo

w
-u

p
(≤

2
y)

;
RC

Ts
di

d
no

ta
ss

es
st

he
se

ou
tc

om
es

ov
er

th
e

du
ra

tio
n

of
th

e
tr

ia
ls

M
od

er
at

e
fo

rn
o

ha
rm

ov
er

2
y

(H
RQ

oL
,a

nx
ie

ty
,a

nd
di

st
re

ss
)

fo
rL

DC
T

vs
co

nt
ro

ls
M

od
er

at
e

fo
rw

or
se

sh
or

t-
te

rm
H

RQ
oL

,a
nx

ie
ty

,a
nd

di
st

re
ss

fo
rt

ho
se

w
ho

re
ce

iv
ed

tr
ue

-p
os

iti
ve

or
in

de
te

rm
in

at
e

re
su

lts
vs

ot
he

rr
es

ul
ts

Hi
gh

-r
is

k
cu

rr
en

ta
nd

fo
rm

er
sm

ok
er

s;
st

ud
ie

sl
ac

ke
d

ra
ci

al
an

d
et

hn
ic

di
ve

rs
ity

;
m

os
ts

tu
di

es
co

nd
uc

te
d

in
Eu

ro
pe

;t
ria

ls
di

d
no

tu
se

cu
rr

en
tp

ro
to

co
ls

su
ch

as
Lu

ng
-R

AD
S

(c
on

tin
ue

d)

USPSTF Report: Screening for Lung Cancer With Low-Dose Computed Tomography US Preventive Services Task Force Clinical Review & Education

jama.com (Reprinted) JAMA March 9, 2021 Volume 325, Number 10 981

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0377


Ta
bl

e
2.

Su
m

m
ar

y
of

Ev
id

en
ce

on
Sc

re
en

in
g

fo
rL

un
g

Ca
nc

er
W

ith
LD

CT
(c

on
tin

ue
d)

N
o.

of
st

ud
ie

s(
k)

,
N

o.
of

ob
se

rv
at

io
ns

(n
)

Su
m

m
ar

y
of

fin
di

ng
s

Co
ns

is
te

nc
y

an
d

pr
ec

is
io

n
St

ud
y

qu
al

ity
Li

m
ita

tio
ns

(in
cl

ud
in

g
re

po
rt

in
g

bi
as

)
O

ve
ra

ll
st

re
ng

th
of

ev
id

en
ce

Ap
pl

ic
ab

ili
ty

In
ci

de
nt

al
fin

di
ng

s(
IF

s)
k

=
7

n
=

80
48

5

Ra
te

so
fr

ep
or

te
d

si
gn

ifi
ca

nt
IF

sr
an

ge
d

fr
om

4.
4%

to
40

.7
%

.
Co

m
m

on
IF

sw
er

e
co

ro
na

ry
ar

te
ry

ca
lc

ifi
ca

tio
n;

ao
rt

ic
an

eu
ry

sm
s;

em
ph

ys
em

a;
in

fe
ct

io
us

an
d

in
fla

m
m

at
or

y
pr

oc
es

se
s;

an
d

m
as

se
s,

no
du

le
s,

or
cy

st
so

ft
he

ki
dn

ey
,b

re
as

t,
ad

re
na

l,
liv

er
,t

hy
ro

id
,p

an
cr

ea
s,

sp
in

e,
an

d
ly

m
ph

no
de

s.
IF

sl
ed

to
co

ns
ul

ta
tio

ns
,a

dd
iti

on
al

im
ag

in
g,

an
d

in
va

si
ve

pr
oc

ed
ur

es
In

ci
de

nt
al

de
te

ct
io

n
of

th
yr

oi
d

ca
nc

er
:i

n
N

LS
T,

th
yr

oi
d

ca
nc

er
in

ci
de

nc
e

w
as

ro
ug

hl
y

do
ub

le
du

rin
g

3
y

of
ac

tiv
e

LD
CT

sc
re

en
in

g
co

m
pa

re
d

w
ith

ch
es

tr
ad

io
gr

ap
hi

c
sc

re
en

in
g

(H
R,

2.
19

[9
5%

CI
,

1.
07

-4
.4

7]
),

bu
tn

ot
du

rin
g

su
bs

eq
ue

nt
ye

ar
s(

H
R,

1.
08

[9
5%

CI
,

0.
49

-2
.3

7]
)f

Co
ns

is
te

nt
;

im
pr

ec
is

e
Fa

ir:
7

No
st

an
da

rd
de

fin
iti

on
fo

rw
hi

ch
IF

s
w

er
e

si
gn

ifi
ca

nt
or

ac
tio

na
bl

e.
Fe

w
st

ud
ie

so
n

fo
llo

w
-u

p
ev

al
ua

tio
ns

an
d

di
st

al
ou

tc
om

es

M
od

er
at

e
fo

rh
ar

m
s

Sc
re

en
-e

lig
ib

le
ad

ul
ts

un
de

rg
oi

ng
LD

CT
in

ac
ad

em
ic

or
te

rt
ia

ry
lu

ng
ca

nc
er

sc
re

en
in

g
ce

nt
er

s

KQ
6.

Ef
fic

ac
y

of
su

rg
ic

al
re

se
ct

io
n

fo
rs

ta
ge

IN
SC

LC

k
=

36
Un

co
nt

ro
lle

d
co

ho
rt

st
ud

ie
s

n
=

21
2

27
4

5-
y

O
S

fo
rs

ur
gi

ca
lr

es
ec

tio
n

(in
cl

ud
in

g
lo

be
ct

om
y

an
d

SL
R

ap
pr

oa
ch

es
);

ra
ng

e,
33

%
to

86
%

fo
rs

ta
ge

I,
58

%
to

83
%

fo
rs

ta
ge

IA
,a

nd
42

%
to

79
%

fo
rs

ta
ge

IB
In

pa
th

ol
og

ic
st

ag
e

Ip
at

ie
nt

si
n

th
e

N
CD

B
fr

om
20

03
to

20
06

,t
he

5-
y

O
S

w
as

61
%

fo
rs

ur
gi

ca
lr

es
ec

tio
n

(n
=

54
35

0)
.S

ur
vi

va
lr

at
es

in
th

e
N

CD
B,

SE
ER

,a
nd

VA
VI

N
CI

da
ta

ba
se

sf
or

st
ag

e
I,

co
ve

rin
g

th
e

ye
ar

s2
00

3-
20

15
ra

ng
ed

fr
om

53
%

to
75

%
fo

rl
ob

ec
to

m
y

(n
=

23
70

7)
Su

rv
iv

al
ra

te
sw

er
e

ge
ne

ra
lly

hi
gh

er
fo

rl
ob

ec
to

m
y

th
an

SL
R,

fo
r

sm
al

le
rt

ha
n

la
rg

er
tu

m
or

s,
an

d
fo

rp
at

ie
nt

sw
ho

ar
e

fe
m

al
e,

yo
un

ge
r,

no
ns

m
ok

er
s,

or
ha

d
fe

w
er

co
m

or
bi

di
tie

st
ha

n
pa

tie
nt

s
w

ho
ar

e
m

al
e,

ol
de

r,
sm

ok
er

s,
or

si
ck

er

Re
as

on
ab

ly
co

ns
is

te
nt

;
im

pr
ec

is
e

Go
od

:5
Fa

ir:
31

In
fo

rm
at

io
n

re
la

te
d

to
de

vi
at

io
ns

fr
om

in
te

rv
en

tio
n,

m
is

si
ng

da
ta

,a
nd

so
ur

ce
so

fs
ur

vi
va

lo
ut

co
m

es
of

te
n

la
ck

in
g;

he
te

ro
ge

ne
ity

re
la

te
d

to
st

ag
in

g
of

NS
CL

C
(c

lin
ic

al
or

pa
th

ol
og

ic
)a

nd
su

rg
ic

al
ap

pr
oa

ch
es

(a
m

on
g

st
ud

ie
sa

nd
ov

er
tim

e)

M
od

er
at

e
fo

rb
en

ef
it

Pe
rs

on
sw

ith
st

ag
e

IN
SC

LC
;s

om
e

st
ud

ie
s

w
er

e
m

or
e

th
an

10
y

ol
d

an
d

m
ay

be
le

ss
ap

pl
ic

ab
le

to
cu

rr
en

ta
pp

ro
ac

he
sa

nd
ou

tc
om

es
(s

tu
di

es
w

er
e

fr
om

19
83

to
20

18
)

KQ
6.

Ef
fic

ac
y

of
SB

RT
fo

rs
ta

ge
IN

SC
LC

k
=

27
Un

co
nt

ro
lle

d
co

ho
rt

st
ud

ie
s

n
=

38
91

5

5-
y

O
S

(a
nd

ot
he

rm
ea

su
re

so
fl

on
g-

te
rm

su
rv

iv
al

)v
ar

ie
d

su
bs

ta
nt

ia
lly

ac
ro

ss
st

ud
ie

s(
ra

ng
e,

20
%

-8
0%

)a
nd

by
su

bg
ro

up
s

de
fin

ed
by

cl
in

ic
al

ch
ar

ac
te

ris
tic

s(
eg

,o
pe

ra
bi

lit
y

of
tu

m
or

)a
nd

pa
tie

nt
ag

e;
su

rv
iv

al
m

ay
be

hi
gh

er
am

on
g

yo
un

ge
rt

ha
n

ol
de

r
pa

tie
nt

s

In
co

ns
is

te
nt

;
im

pr
ec

is
e

Go
od

:2
Fa

ir:
25

In
fo

rm
at

io
n

re
la

te
d

to
de

vi
at

io
ns

fr
om

in
te

rv
en

tio
n,

m
is

si
ng

da
ta

,a
nd

so
ur

ce
so

fs
ur

vi
va

lo
ut

co
m

es
of

te
n

la
ck

in
g;

su
bs

ta
nt

ia
lh

et
er

og
en

ei
ty

re
la

te
d

to
st

ag
in

g
an

d
op

er
ab

ili
ty

of
tu

m
or

s

Lo
w

fo
rb

en
ef

it
Pe

rs
on

sw
ith

op
er

ab
le

or
in

op
er

ab
le

st
ag

e
IN

SC
LC

KQ
7.

Ha
rm

so
fs

ur
gi

ca
lr

es
ec

tio
n

k
=

29
Un

co
nt

ro
lle

d
co

ho
rt

st
ud

ie
s

n
=

75
5

42
7

30
-d

M
or

ta
lit

y
ra

te
sr

an
ge

d
fr

om
0%

to
4%

in
m

os
ts

tu
di

es
;

ra
te

so
f9

0-
d

m
or

ta
lit

y
w

er
e

sl
ig

ht
ly

hi
gh

er
(r

an
ge

,
2%

-5
%

in
m

os
ts

tu
di

es
).

Le
ss

th
an

on
e-

th
ird

of
pa

tie
nt

s
in

m
os

ts
tu

di
es

ex
pe

rie
nc

ed
tr

ea
tm

en
t-

re
la

te
d

ad
ve

rs
e

ev
en

ts
.

Ad
ve

rs
e

ev
en

ts
re

po
rt

ed
in

≥1
0%

of
pa

tie
nt

si
nc

lu
de

d
pu

lm
on

ar
y

ev
en

ts
(e

g,
ai

rl
ea

k,
pl

eu
ra

le
ff

us
io

n)
an

d
ca

rd
ia

c
ar

rh
yt

hm
ia

s

Re
as

on
ab

ly
co

ns
is

te
nt

;
re

as
on

ab
ly

pr
ec

is
e

Go
od

:3
Fa

ir:
26

In
fo

rm
at

io
n

re
la

te
d

to
de

vi
at

io
ns

fr
om

in
te

rv
en

tio
n,

m
is

si
ng

da
ta

,a
nd

so
ur

ce
so

fs
ur

vi
va

lo
ut

co
m

es
of

te
n

la
ck

in
g;

po
te

nt
ia

ls
el

ec
tiv

e
re

po
rt

in
g

of
ad

ve
rs

e
ev

en
ts

M
od

er
at

e
fo

rh
ar

m
s

Pe
rs

on
sh

av
in

g
lo

be
ct

om
y

or
SL

R
fo

rt
he

tr
ea

tm
en

to
fs

ta
ge

IN
SC

LC

KQ
7.

Ha
rm

so
fS

BR
T

k
=

1
RC

T
(c

om
pa

rin
g

do
si

ng
re

gi
m

en
s)

,
1

un
co

nt
ro

lle
d

cl
in

ic
al

tr
ia

l,
an

d
58

un
co

nt
ro

lle
d

co
ho

rt
st

ud
ie

s
n

=
49

65
4

30
-a

nd
90

-d
M

or
ta

lit
y

ra
te

sr
an

ge
d

fr
om

0%
to

3%
.A

dv
er

se
ev

en
ts

w
er

e
ex

pe
rie

nc
ed

by
m

os
tp

at
ie

nt
s,

bu
tm

os
tw

er
e

of
m

ild
or

m
od

er
at

e
se

ve
rit

y.
Ad

ve
rs

e
ev

en
ts

re
po

rt
ed

in
≥1

0%
of

pa
tie

nt
s

in
cl

ud
ed

w
er

e
pu

lm
on

ar
y

ev
en

ts
(e

g,
co

ug
h,

dy
sp

ne
a,

pn
eu

m
on

iti
s,

fib
ro

si
s)

or
re

sp
ira

to
ry

di
so

rd
er

s(
in

cl
ud

in
g

dy
sp

ne
a)

,c
he

st
w

al
l

pa
in

,f
at

ig
ue

,a
nd

de
rm

at
ol

og
ic

re
ac

tio
ns

.I
nc

id
en

ce
of

rib
fr

ac
tu

re
ra

ng
ed

fr
om

0%
(n

=
80

pa
tie

nt
s)

to
42

%
(n

=
16

9
pa

tie
nt

s)

Re
as

on
ab

ly
co

ns
is

te
nt

;
im

pr
ec

is
e

Go
od

:1
Fa

ir:
59

In
fo

rm
at

io
n

re
la

te
d

to
de

vi
at

io
ns

fr
om

in
te

rv
en

tio
n,

m
is

si
ng

da
ta

,a
nd

so
ur

ce
so

fs
ur

vi
va

lo
ut

co
m

es
of

te
n

la
ck

in
g;

po
te

nt
ia

ls
el

ec
tiv

e
re

po
rt

in
g

of
ad

ve
rs

e
ev

en
ts

Lo
w

fo
rh

ar
m

s
Pe

rs
on

sh
av

in
g

SB
RT

/S
AB

R
fo

rt
he

tr
ea

tm
en

to
fo

pe
ra

bl
e

or
in

op
er

ab
le

st
ag

e
IN

SC
LC

(c
on

tin
ue

d)

Clinical Review & Education US Preventive Services Task Force USPSTF Report: Screening for Lung Cancer With Low-Dose Computed Tomography

982 JAMA March 9, 2021 Volume 325, Number 10 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0377


decision-making is impractical to implement in actual practice.115-117

eContextual question 1 in the Supplement describes the barriers to
implementing lung cancer screening and surveillance in clinical
practice in the US.

Most studies reviewed in this article (including the NLST) did not
use current nodule evaluation protocols such as Lung-RADS (en-
dorsed by the American College of Radiology).118 A study included
in this review estimated that Lung-RADS would reduce false-
positive results compared with NLST criteria and that about 23% of
all invasive procedures for false-positive results from the NLST would
have been prevented by using Lung-RADS criteria.44

Application of lung cancer screening with (1) current nodule
management protocols and (2) the use of risk prediction models
might improve the balance of benefits and harms, although the
strength of evidence supporting this possibility was low. There
remains considerable uncertainty about how such approaches
would perform in actual practice because the evidence was
largely derived from post hoc application of criteria to trial data
(for Lung-RADS) and from modeling studies (for risk prediction)
and does not include prospective clinical utility studies. Addi-
tional discussion of the evidence on risk prediction models is pro-
vided in the eDiscussion in the Supplement. When applied to cur-
rent clinical practice, lung cancer screening programs have
demonstrated significant variation, even within a single institu-
tion type.40

Limitations
This review has several limitations. First, non–English-language
articles were excluded, as were studies with sample size less than
500 or 1000 for some KQs to focus on the best evidence. Doing
so omitted some smaller studies that reported on harms of
screening. For example, a study of 351 participants in the NELSON
trial examined discomfort of LDCT scanning and waiting for the
LDCT results.119 Most participants (88%-99%) reported experi-
encing no discomfort related to the LDCT scan, but about half
reported at least some discomfort from waiting for the result
(46%) and dreading the result (51%). Second, the KQ on risk pre-
diction models (KQ2) was limited to how well risk prediction
models perform vs current recommended risk factor–based crite-
ria for lung cancer screening. KQ2 complements the decision
analysis report120 by evaluating previously published studies that
apply risk prediction models to cohorts or representative samples
of the US population rather than simulated populations. Third, for
accuracy, some included studies did not report accuracy metrics;
rather, when sufficient data were reported, values were calcu-
lated from the study data. This approach introduces uncertainty
and may account for variability.

Conclusions
Screening high-risk persons with LDCT can reduce lung cancer mor-
tality but also causes false-positive results leading to unnecessary
tests and invasive procedures, overdiagnosis, incidental findings, in-
creases in distress, and, rarely, radiation-induced cancers. Most stud-
ies reviewed did not use current nodule evaluation protocols, which
might reduce false-positive results and invasive procedures for false-
positive results.Ta
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