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PURPOSE This meta-analysis aims to combine and analyze randomized clinical trials comparing computed
tomography lung screening (CTLS) versus either no screening (NS) or chest x-ray (CXR) in subjects with
cigarette smoking history, to provide a precise and reliable estimation of the benefits and harms associated with
CTLS.

MATERIALS AND METHODS Data from all published randomized trials comparing CTLS versus either NS or CXR in
a highly tobacco-exposed population were collected, according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. Subgroup analyses by comparator (NS or CXR) were performed. Pooled
risk ratio (RR) and relative 95% Cls were calculated for dichotomous outcomes. The certainty of the evidence
was assessed using the GRADE approach.

RESULTS Nine eligible trials (88,497 patients) were included. Pooled analysis showed that CTLS is associated
with: a significant reduction of lung cancer—related mortality (overall RR, 0.87; 95% CI, 0.78 to 0.98; NS RR,
0.80; 95% ClI, 0.69 to 0.92); a significant increase of early-stage tumors diagnosis (overall RR, 2.84; 95% Cl
1.76t04.58; NSRR, 3.33; 95% Cl, 2.27 t0 4.89; CXR RR, 1.52; 95% ClI, 1.04 to 2.23); a significant decrease of
late-stage tumors diagnosis (overall RR, 0.75; 95% Cl, 0.68 to 0.83; NS RR, 0.67; 95% Cl, 0.56 to 0.80); a
significant increase of resectability rate (NS RR, 2.57; 95% Cl, 1.76 to 3.74); a nonsignificant reduction of all-
cause mortality (overall RR, 0.99; 95% Cl, 0.94 to 1.05); and a significant increase of overdiagnosis rate (NS,
38%;95% Cl, 1410 63). The analysis of lung cancer—related mortality by sex revealed nonsignificant differences
between men and women (P = .21; |-squared = 33.6%).
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CONCLUSION Despite there still being uncertainty about overdiagnosis estimate, this meta-analysis suggested
that the CTLS benefits outweigh harms, in subjects with cigarette smoking history, ultimately supporting the
systematic implementation of lung cancer screening worldwide.
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INTRODUCTION a selected US population highly exposed to tobacco,
leading to the recommendation of CTLS by the US
Preventive Services Task Force, for adults aging be-
tween 55 and 80 years with relevant smoking history.*

Afterward, several randomized clinical trials>'* com-

Updated epidemiologic data described a continuous
reduction of lung cancer incidence within the US
population, while it still remains the main cause of
cancer mortality, with an estimated 72,500 new

ASSOCIATED
CONTENT

Appendix

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on April 16,
2021 and published at
ascopubs.org/journal/
jco on June 2, 2021:
DOI https://doi.org/10.
1200/1C0.20.02574

ASCO

deaths in men and 63,220 in women for 2020.!
Similarly, in Europe, the highest 2020 predicted tu-
mor mortality was ascribed to lung cancer.? Since the
high mortality rate observed in patients with lung
cancer is mainly attributable to delayed diagnosis,
implementing lung cancer screening by computed
tomography (CT) is emerging as a valid strategy to
increase curative approaches and definitively impact
on patients’ survival. In 2011, the National Lung
Cancer Screening Trial (NLST)® demonstrated that the
use of annual computed tomography lung screening
(CTLS) produced a significant 20% reduction of lung
cancer deaths as compared to the chest x-ray (CXR) in

pared CTLS versus usual care in high-risk smoking
population across different European countries. De-
spite similar eligibility criteria, study design, and follow-
up duration, the majority of these studies failed to show
a significant reduction of lung cancer—related mortality
in subjects undergoing CTLS, likely because of the low
number of included subjects and limited follow-up.
Recently, the final results of the largest European
randomized NELSON trial demonstrated a significant
survival benefit associated with the annual CTLS in a
tobacco-exposed population. However, concerns
about the rate of overdiagnosis and economic impact
along with uncertain risk-benefit ratio remain still major
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CONTEXT

Key Objective

This meta-analysis provides an updated estimation of the benefits and harms associated with computed tomography lung
screening (CTLS) in subjects with cigarette smoking history, which may serve as scientific support for evidence-based
guidelines.

Knowledge Generated

CTLS was associated with a significant 20% reduction of lung cancer—related mortality, without differences between men
and women. A significant increase in early-stage tumors diagnosis and resectability rate along with a decrease in late-
stage tumors diagnosis was observed. A significant increase of the overdiagnosis rate was reported too.

Relevance

Findings from this work suggested that the potential benefits associated with CTLS outweigh harms, in subjects with
cigarette smoking history, ultimately supporting the systematic implementation of lung cancer screening worldwide.

barriers to the implementation of screening services by the
European governments. Following the publication of the
NELSON study, as the panel of specialists responsible for
drafting the ltalian Association of Medical Oncology lung
cancer guidelines,'®'® we decided to include a clinical
question specifically dedicated to the use of CTLS as the
secondary prevention tool in the high-risk smoking pop-
ulation. Indeed, in ltaly, as well as in other countries, there
is an urgent need of evidence-based recommendations for
a safe and effective implementation of lung cancer
screening in the real-world scenario. This work aims to
combine and simultaneously analyze all the available
randomized clinical trials comparing CTLS versus either no
screening (NS) or CXR in tobacco-exposed population, to
provide a precise and reliable estimation of the benefits and
harms associated with CTLS, which may serve as scientific
support for regulatory decision making.

MATERIALS AND METHODS

This systematic review followed the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses state-
ment.}” The systematic review was registered on the In-
ternational prospective register of systematic reviews
(PROSPERO): CRD42018105409.

Inclusion Criteria

We included randomized controlled trials comparing CTLS
with either NS or CXR in a high-risk population with a
cigarette smoking history of at least 15 pack-years, in-
cluding former smokers who had quit within the previous
15 years.

The primary outcome was lung cancer—related mortality.
Secondary outcomes assessed were any cause-related
mortality, resectability rate, diagnosis of early-stage tu-
mors, diagnosis of late-stage tumors, and overdiagnosis.

In detail, resectability rate was defined as the ratio of in-
cidence of participants undergoing a surgery procedure
related to screening findings in each study arm; diagnosis
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of early-stage tumors was defined as the ratio of the inci-
dence of stage I-Il cancers detected in each study arm;
diagnosis of late-stage tumors was defined as the ratio of
the incidence of stage IV cancers detected in each study
arm; overdiagnosis was defined as the ratio between the
difference of cumulative cancer incidence in the screened
versus the control population, and the cumulative number
of screen-detected cancers (defined as all cancers de-
tected by screening in the population offered screening
during the active phase).

Identification of Eligible Trials

Cochrane Database of Systematic Reviews (CENTRAL),
Embase, MEDLINE, and ClinicalTrial.gov were searched for
eligible studies. A literature search was performed using
free text and Mesh terms from inception up to February 13,
2020, without language restriction.

Data Collection and Analyses

Two authors independently screened articles retrieved from
title and abstracts. Full text of potentially relevant studies
was independently retrieved and assessed for final inclu-
sion by two different authors and any disagreement dis-
cussed with a third author. Two review authors
independently extracted the following data: number and
characteristics of participants (mean age, sex, smoking
status, cigarettes smoked per day or pack-years, and years
since smoking cessation); nodule evaluation method and
screening positivity criteria; length of follow-up; type of
interventions and control arm; and country where the study
was conducted.

Two authors independently assessed risk of bias according
to the following criteria suggested by the Cochrane
Handbook for Systematic Reviews of Interventions'®: se-
qguence generation and allocation concealment (selection
bias), blinding of participants and providers (performance
bias), blinding of outcome assessors (detection bias), in-
complete outcome data (attrition bias), and selective out-
come reporting (reporting bias).
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We analyzed dichotomous outcomes by calculating the risk
ratio (RR) for each trial, and the uncertainty in each result
was expressed with a 95% Cl.

When the number of events and the total number of par-
ticipants enrolled were not available per arm, but the pri-
mary studies reported relative effects and their 95% Cls, we
pooled data with the generic inverse of variance methods
and expressed results as effect size and its 95% Cls. We
interpreted effect size values with the classification pro-
posed by Cohen'® where an effect size of 0.2 means a small
effect, 0.5 means a medium effect, and 0.8 means a large
effect.

For overdiagnosis, we used the inverse of variance method
(SE was calculated using the error propagation formula).

As we supposed a certain degree of heterogeneity among
studies, because of screening program and usual care in
the control arm, risk of bias, and other factors that may have
affected direction and magnitude of treatment effect, we
pooled data using the random effect model for each
outcome.

Statistical heterogeneity among studies was assessed by
the Cochrane Q-test, setting a significant threshold of
alpha = .1, whereas inconsistency among studies was
quantified by the |-squared statistic'®; an |-squared > 70%
was judged as indicative of significant heterogeneity.

The results are depicted as conventional meta-analysis
forest plots. RevMan 5.3 was used.2°

We decided to visually inspect the funnel plots (plots of the
effect estimate from each study against the sample size or
effect SE) to indicate possible publication bias if there were
at least 10 studies included in the meta-analysis.

Subgroup Analysis

We analyzed the effect of CTLS in subgroups based on both
comparator arm (eg, NS or CXR) for all outcomes, and sex
(male or female) for the primary outcome of lung cancer-
related mortality. As regards sex-based analysis, we re-
ported the subgroups pooled estimates only.

Grading of Evidence

We assessed the overall certainty of the evidence for pri-
mary and secondary outcomes using the five GRADE do-
mains (study limitations, consistency of effect, imprecision,
indirectness, and publication bias) according to the GRADE
approach.?!

The existing evidence was summarized in a Summary of
Findings table that provides key information about the
magnitudes of relative and absolute effects of the inter-
ventions, the amount, and the certainty of available
evidence.?

RESULTS

The database searches retrieved 137 records after dupli-
cates were removed. Sixteen studies were judged as
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potentially relevant. Two articles were excluded because
they were not randomized controlled trials and five articles
because they did not include either population (n = 3) or
intervention (n = 2) of interest. Six randomized controlled
trials comparing CTLS versus NS®&101L1314 gnd three
comparing CTLS versus CXR322% were finally included
(Appendix Fig A1, online only). These trials enrolled a total
of 88,497 participants, with sample size ranging from 621
in the DESPICAN to 53,452 in the NLST studies.?*3 In
detail, a total of 31,106 and 57,391 participants were in-
cluded in CTLS versus NS and CTLS versus CXR ran-
domized trials, respectively.

Most of the participants were male, with female percent-
ages ranging from 29.5% in the DESPICAN?* to 44.8% in
the DLCST trials®, no females were included within the
ltalian DANTE study.® In almost all included trials, baseline
characteristics were well balanced between the two studies’
groups. Three studies were conducted in Italy,>1%13 two in
United States,®>?® and one each in the Netherlands,*
Germany,*! Denmark,® and France.?* Table 1 summa-
rizes the main characteristics of each trial.

Effects of Computed Tomography Screening

Lung cancer-related mortality. We found a significant re-
duction in favor of CTLS both in the overall population (RR,
0.87;95% Cl,0.78 10 0.98; 12 = 24%, eight studies, 87,876
participants) and in the NS group (RR, 0.80; 95% ClI, 0.69
to 0.92; 12 = 0%, six studies, 31,106 participants). No
significant differences were observed in the CXR group
(RR, 0.95; 95% Cl, 0.82 to 1.10; 12 = 11%, two studies,
56,770 participants; Fig 1A).

The anticipated absolute effect showed that five fewer per
1,000 participants (95% CI, 8 fewer to 2 fewer) would
experience a lung cancer—related death if screened, when
compared with NS, and two fewer per 1,000 participants
(95% Cl, 8 fewer to 4 more) when compared with CXR.
Quality of evidence was high for the primary outcome
(Table 2).

All-cause mortality. Overall, we found a nonsignificant
reduction in favor of CTLS (RR, 0.99; 95% Cl, 0.94 to 1.05;
12 = 27%, eight studies, 87,876 participants). The results
were similar in both NS (RR, 0.98; 95% Cl, 0.90 to 1.07;
12 = 27%, six studies, 31,106 participants) and CXR (RR,
1.04; 95% ClI, 0.87 10 1.26; I> = 63%, two studies, 56,770
participants) subgroups (Fig 1B).

The anticipated absolute effect shows that two fewer per
1,000 participants (95% CI, 10 fewer to 7 more) would
experience an all-cause death if screened, when compared
with NS, and eight more per 1,000 participants (95% Cl, 25
fewer to 50 more) when compared with CXR (Table 2).

Diagnosis of early-stage tumors. Overall, we found a sig-
nificant increase in favor of the CTLS (RR, 2.42;: 95% Cl,
1.71 to 3.44; 12 = 81%, nine studies, 88,497 participants;
Fig 2A).
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TABLE 1. Characteristics of the Randomized Studies Included in the Meta-Analysis

Nodule Evaluation

Trial (country) Population CT Interval (months/round) (positivity criteria) Smoking History Comparison Intervention FU (years) Participation Rate (%)
NLST (United States)® N = 53,454 n = 26,722 CT scan: > 4-mm diameter Pack-years: mean: 56.04 n = 26,732 Median: 6.5 95
Men and women 55-75 years of CTLS (12/3) Cessation: NR Annual CXR
age, current (48%) or former
smokers of at least 30 pack-
years who had quit < 15 years
before
Female: 41%
DANTE (ltaly)® N = 2811 n = 1,403 CT scan: > 10-mm diameter Pack-years: mean: 47.3 (SE 0.6) n = 1,408 Median: 8.35 87.2
Men 60-74 years of age, current CTLS (12/5) Cessation: NR Usual care
(1,395) or former smokers
of at least 20 pack-years who had
quit < 10 years before
Female: not included
DLCST (Denmark)® Men and women 50-70 years of n = 2,052 CT scan: size and growth as mean  Cigarettes/day: n = 2,052 10 95.5
age, current (3,124) and former  CTLS (12/5) diameter: > 5-mm diameter < 10: 1.37% Usual care
smokers of at least 20 pack-years All growing nodules® 10-20: 15.47%
(980) who quit < 10 years 21-30: 8.52%
before > 40: 3.68%
Female: 44.8% Cessation: < 5to > 10 years
ITALUNG (Italy)*© N = 3,226 n = 1613 CT scan: size and growth as mean  Pack-years: n = 1,593 Median: 9.3 81
Men and women 55-69 years of CTLS (12/4) diameter: > 5-mm diameter 20-30: 26.23% Usual care
age, current (1,128) and former All growing nodules® 30-50: 51.78%
smokers of at least 20 pack- > 50: 21.99%
years who quit < 10 years Cessation: NR
before
Female: 35.1%
LUSI (Germany)'! N = 4,052 n = 2,029 CT scan: > 5-mm diameter Pack-years: NR n = 2,023 Mean: 8.8 > 90
Men and women 50-69 years of CTLS (12/5) Cessation: < 10 years Usual care
age, current (2,507) and former
smokers with = 25 years of
smoking = 15 cigarettes a day
or 30 years of smoking = 10
cigarettes per day
Female: 35.29%
MILD (ltaly)*® N = 4,099 n = 2376 CT scan: nodule volume Pack-years: n=1723 10 96.1
Men and women 49-75 years of CTLS (12 or 24/6 or 3) > 60 mm? < 30:30.1% Usual care
age, current (3,175) or former = 30: 75.5%
smokers = 20 pack-years Cessation: < 10 years
Female: 33.74%
NELSON (Netherlands) N = 13,195 n = 6,589 CT scan: nodule volume Cigarettes/day: n = 6,612 10 85.8
Men 50-74 years of age, current CTLS (12 or 24 or 30/4) > 50 mm? = 10: 0.3% Usual care

(7,254) or former smokers (who

had quit = 10 years ago) who

had smoked > 15 cigarettes a

day for > 25 years or > 10

cigarettes a day for > 30 years
Female: NR

11-15: 22.0%

16-20: 28.2%

21-25: 26.6%

26-30: 10.5%

31-40: 0.1%

> 40: 0.05%

Cessation: < 1 to > 10 years

(continued on following page)
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TABLE 1. Characteristics of the Randomized Studies Included in the Meta-Analysis (continued)

Nodule Evaluation

Trial (country) Population CT Interval (months/round) (positivity criteria) Smoking History Comparison Intervention FU (years) Participation Rate (%)
LSS N = 3,318 n = 1,660 CT scan: > 5-mm diameter Pack-years: mean: 54 n = 1,658 NR 86
Men and women 55-74 years of CTLS (12/1) Cessation: NR Annual CXR
age, current (58%) or former
smokers of at least 30 pack-
years who had quit < 10 years
before
Female: 41%
DEPISCAN?* N = 765 n = 385 CT scan: Cigarettes/day: median: 1-1.5 n = 380 NR NR
Men and women 50-75 years of CTLS (12/3) size as mean diameter Cessation: NR Annual CXR

age, current (64%) or former
smokers of at least 15 pack-
years who had quit < 15 years
before

Female: 30%

> 5-mm diameter

Abbreviations: CT, computed tomography; CTLS, computed tomography lung cancer screening; CXR, chest x-ray; FU, follow-up; NR, not reported.
2Growth defined as increase in volume of at least 25%.
®Growth defined as 1-mm increase of a solid or subsolid nodule.
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A
LDCT Screening NS or CXR RR RR
Study or Subgroup Events Total Events Total Weight (%) M-H, Random (95% CI) M-H, Random (95% Cl)
LDCT vNS
DANTE 59 1,264 55 1,186 8.8 1.01 (0.70 to 1.44) -1
DLCST 15 2,052 1 2,052 2.2 1.36 (0.63 to 2.96)
ITALUNG 43 1,613 60 1,593 7.8 0.71 (0.48 to 1.04) - T
LUSI 29 2,029 40 2,023 5.4 0.72 (0.45 to 1.16) - 1
MILD 40 2,376 40 1,723 6.3 0.73(0.47 to 1.12) -1
NELSON 160 6,583 210 6,612 20.6 0.77 (0.62 to 0.94) -
Subtotal (95% CI) 15,917 15,189 51.1 0.80 (0.69 to 0.92) >
Total events 346 416

Heterogeneity: 72 =0.00; xz =4.33, df=5 (P=.50); I = 0%
Test for overall effect: Z = 3.16 (P =.002)

LDCT vCXR
Lss 32 1,660 26 1,658 47 1.23 (0.74 to 2.05) _
NLST 1,147 26,722 1,236 26,730 44.2 0.93 (0.86 to 1.00) -

Subtotal (95% CI) 28,382 28,388 48.9 0.95 (0.82 to 1.10) -
Total events 1,179 1,262

Heterogeneity: ©* = 0.00; 3 = 1.13, df= 1 (P=.29); > = 11%
Test for overall effect: Z = 0.71 (P = .48)

Total (95% CI) 44,299 43,577 100.0 0.87 (0.78 to 0.98) '
Total events 1,525 1,678 : : : :
Heterogeneity: t° = 0.01; x* = 9.21, df = 7 (P=.24); I = 24% 05 07 1 15 2
Test for overall effect: Z = 2.30 (P =.02) )
Test for subgroup differences: %= 2.83, df= 1 (P=.09); I* = 64.6% Favors LDCT Screenlng Favors NS or CXR
LDCT Screening NS or CXR RR RR
Study or Subgroup Events Total Events Total Weight (%) M-H, Random (95% CI) M-H, Random (95% Cl)
LDCT vNS
DANTE 180 1,264 176 1,186 7.5 0.96 (0.79 to 1.16) T
DLCST 61 2,052 42 2,052 2.1 1.45 (0.99 to 2.14) 1
ITALUNG 154 1,613 181 1,593 6.8 0.84 (0.69 to 1.03) - 1
LUSI 148 2,029 150 2,023 6.0 0.98 (0.79 to 1.22) -1
MILD 137 2,376 106 1,723 4.9 0.94 (0.73 to 1.20) - 1
NELSON 868 6,583 860 6,612 233 1.01(0.93 to 1.11) -
Subtotal (95% CI) 15,917 15,189 505 0.98 (0.90 to 1.07)
Total events 1,548 1,515
Heterogeneity: 1 = 0.00; * = 6.81, df=5 (P=.23); 1> = 27%
Test for overall effect: Z = 0.40 (P = .69)
LDCT vCXR
LSS 139 1,660 116 1,658 5.2 1.20 (0.94 to 1.52) T
NLST 5,253 26,722 5,366 26,730 443 0.98 (0.95 to 1.01) L
Subtotal (95% CI) 28,382 28,388 495 1.04 (0.87 to 1.26)
Total events 5,392 5,482
Heterogeneity: 1% = 0.01; x* = 2.70, df= 1 (P=.10); I = 63%
Test for overall effect: Z = 0.47 (P = .64)
Total (95% Cl) 44,299 43,577 100.0 0.99 (0.94 to 0.05) T
Total events 6,940 6,997 : : } : :
Heterogeneity: 1 = 0.00; y* = 9.54, df=7 (P=.22); 1> = 27% 05 0.7 1 15 2
Test for overall effect: Z = 0.28 (P =.78) .
Test for subgroup differences: x?= 0.35, df=1 (P = .55); I = 0% Favors LDCT Screening Favors NS or CXR

FIG 1. Forest plot showing RR for (A) lung cancer—related mortality and (B) all cause-related mortality in subjects undergoing computed
tomography lung screening versus clinical observation or CXR. CXR, chest x-ray; LDCT, low-dose computed tomography; M-H, Mantel-Haenszel;
NS, no screening; RR, risk ratio.

A larger increase was shown for CTLS versus NS (RR, 2.73; compared with NS and 11 more per 1,000 participants (95%
95% Cl, 1.91 to 3.90; I> = 63%, six studies, 31,106 Cl, 1 more to 26 more) when compared with CXR (Table 2).

participants) rather than for CTLS versus CXR (RR, 1.52;  piaongsis of late-stage tumors. Overall, we found a signif-
95% Cl, 1.04 to 2.23; I° = 24%, three studies, 57,391 jcant decrease in favor of the CTLS (RR, 0.75; 95% Cl, 0.68
participants; Fig 2A). t0 0.83; 12 = 0%, nine studies, 88,641 participants; Fig 2B).
The anticipated absolute effect showed that 16 more per A larger decrease was shown for CTLS versus NS (RR, 0.67;
1,000 participants (95% CI, 9 more to 27 more) would 95% ClI, 0.56 to 0.80; I> = 0%, six studies, 31,106 par-
experience the diagnosis of an early-stage tumor when ticipants), whereas no significant differences were observed
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TABLE 2. Summary of Pooled Relative and Absolute Effects and Quality of Evidence for Each Study Outcome

Anticipated Absolute Effects

Risk With
No. of Participants Certainty of Evidence No-CTLS or Risk Difference
Outcomes (studies) Follow-Up (GRADE) Relative Effect (95% CI) CXR With CTLS
Lung cancer—related mortality 87,876 (8 RCTs) PPPD RR 0.87 (0.78 to 0.98) 39 per 1.000 5 fewer per 1.000
(overall) follow-up: range 3-12.3 High (810 1 fewer)
years
Lung cancer-related mortality (CTLS 31,106 (6 RCTs) DPDHD RR 0.80 (0.69 to 0.92) 27 per 1.000 5 fewer per 1.000
v no CTLS) follow-up: range High (8 to 2 fewer)
3-8.35 years
Lung cancer-related mortality (CTLS 56,770 (1 RCT) DPDPD RR 0.95 (0.86 to 1.00) 44 per 1.000 2 fewer per 1.000 (8 fewer
v CXR) follow-up: 12.3 years High to 4 more)
All-cause mortality (overall) 87,876 (8 RCTs) @@@O RR 0.99 (0.94 to 1.05) 161 per 2 fewer per 1.000
follow-up: range 3-12.3 years Moderate? 1.000 (10 fewer to 8 more)
All-cause mortality (CTLS vno CTLS) 31,106 (6 RCTs) @@@Q RR 0.98 (0.90 to 1.07) 100 per 2 fewer per 1.000
Moderate® 1.000 (10 fewer to 7 more)
All-cause mortality (CTLS vCXR) 56,770 (2 RCTs) @@@O RR 1.04 (0.87 to 1.26) 193 per 8 more per 1.000
Moderate? 1.000 (25 fewer to 50 more)
Early-stage tumor diagnosis (overall) 88,497 (9 RCTs) @@@O RR 2.42 (1.71 to 3.44) 17 per 1.000 25 more per 1.000
follow-up: range 3-12.3 years Moderate® (12 to 42 more)
Early-stage tumor diagnosis (CTLS v 31,106 (6 RCTs) @@@O RR 2.73 (1.91 to 3.90) 9 per 1.000 16 more per 1.000
no CTLS) follow-up: range 3-8.35 Moderate® (9 to 27 more)
years
Early-stage tumor diagnosis (CTLS v 57,391 (3 RCTs) @@@O RR 1.52 (1.04 to 2.23) 21 per 1.000 11 more per 1.000
CXR) follow-up: range 3-12.3 Moderate® (1 to 26 more)
years
Late-stage tumor diagnosis (overall) 8,641 (9 RCTs) @@@O RR 0.75 (0.68 to 0.83) 20 per 1.000 5 fewer per 1.000
follow-up: range 3-12.3 years Moderate® (6 to 3 fewer)
Late-stage tumor diagnosis (CTLS v 31,106 (6 RCTs) @@@O RR 0.67 (0.56 to 0.80) 18 per 1.000 6 fewer per 1.000
no CTLS) follow-up: range 3-8.5 Moderate® (8 to 4 fewer)
years
Late-stage tumor diagnosis (CTLS v 57,535 (3 RCTs) @@@O RR 1.21 (0.38 t0 3.89) 21 per 1.000 4 fewer per 1.000
no CTLS) follow-up: range 3-12.3 Moderate® (16 fewer to 60 more)
years
Resectability rate (CTLS v no CTLS) 13,859 (4 RCTs) @@@O RR 2.57 (1.76 to 3.74) 11 per 1.000 18 more per 1.000
follow-up: range 3-8.35 years Moderate® (9 to 31 more)
Overdiagnosis rate (overall) follow- 82,108 (6 RCTs) 1100 — Mean 0 0.30 higher (0.06 to
up: range 3-12.3 months Low®d 0.55 higher)
Overdiagnosis rate (CTLS vno CTLS) 28,656 (5 RCTs) 1190 — Mean 0 0.38 higher (0.14 to
follow-up: range 3-5 years Low®d 0.63 higher)
Overdiagnosis rate (CTLS vCXR) 53,452 (1 RCT) @@@O — Mean O 0.04 higher (0.1 lower to
Moderate® 0.18 higher)

NOTE. The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention

(and its 95% CI).

GRADE Working Group grades of evidence. High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that
it is substantially different. Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect. Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

Abbreviations: CTLS, computed tomography lung cancer screening; CXR, chest x-ray; RCT, randomized clinical trial; RR, risk ratio.

#Certainty of evidence was downgraded by one level because of imprecision. Optimal information size not reached for screening studies.

bCertainty of evidence was downgraded by one level for high risk of performance and detection bias.

Certainty of evidence was downgraded by one level for imprecision because of large confidence intervals.

d9Certainty of evidence was downgraded by one level for inconsistency among studies.
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A
LDCT Screening NS or CXR RR RR
Study or Subgroup Events Total Events Total Weight (%) M-H, Random (95% Cl) M-H, Random (95% Cl)
LDCT vNS
DANTE 54 1,264 21 1,186 129 2.41 (1.47 to 3.97) -
DLCST 47 2,052 5 2,052 7.9 9.40 (3.75 to 23.59) -
ITALUNG 29 1,613 13 1,593  10.9 2.20 (1.15 to 4.22) -/
LUSI 54 2,029 14 2,023 117 3.85 (2.14 to 6.90) -
MILD 53 2,376 18 1723 12.4 2.14 (1.26 to 3.63) -
NELSON 138 6,583 7 6612 156 1.95 (1.47 to 2.59) -
Subtotal (95% CI) 15,917 15,189 714 2.73 (1.91 to 3.90) ‘
Total events 375 142
Heterogeneity: t° = 0.12; y* = 13.49, df =5 (P = .02); I* = 63%
Test for overall effect: Z = 5.52 (P < .00001)
LDCT vCXR
DESPICAN 3 336 1 285 2.1 2.54 (0.27 to 24.33) —
LSS 22 1,660 9 1,658 9.4 2.44 (1.13 t0 5.29) —_—
NLST 805 26,722 606 26,730 17.1 1.33(1.20 to 1.47) -
Subtotal (95% CI) 28,718 28,673 28.6 1.52 (1.04 to 2.23) ’
Total events 830 616
Heterogeneity: t° = 0.05; x° = 2.65, df = 2 (P=.27); I = 24%
Test for overall effect: Z = 2.14 (P=.03)
Total (95% CI) 44,635 43,862 100.0 2.42 (1.71 to 3.44) *
Total events 1,205 758
Heterogeneity: =% = 0.18; % = 42.30, df = 8 (P < .00001); I = 81% 0_(;01 0f1 1 1'0 1’0'00
Test for overall effect: Z = 4.94 (P < .00001) .
Test for subgroup differences: 1 = 4.83, df=1(P= .03); = 79.3% Favors NS or CXR  Favors LDCT Screening
B
LDCT Screening NS or CXR RR RR
Study or Subgroup Events Total Events Total Weight (%) M-H, Random (95% Cl) M-H, Random (95% Cl)
LDCT screening v no LDCT screening
DANTE 26 1,264 33 1,186 3.9 0.74 (0.44 to 1.23) -1
DLCST 6 2,052 7 2,052 0.8 0.86 (0.29 to 2.55) - 1
ITALUNG 24 1,613 35 1,593 3.8 0.68 (0.40 to 1.13) I
LUSI 17 2,029 30 2,023 2.9 0.56 (0.31 to 1.02) -
MILD 29 2,376 32 1,723 4.0 0.66 (0.40 to 1.08) /1
NELSON 92 6,583 139 6,612 14.7 0.66 (0.51 to 0.86) -
Subtotal (95% CI) 15,917 15,189 30.1 0.67 (0.56 to 0.80) ‘
Total events 194 276
Heterogeneity: <* = 0.00; x° = 0.67, df=5 (P=.98); I = 0%
Test for overall effect: Z = 4.32 (P < .0001)
LDCT vCXR
DESPICAN 1 385 0 380 0.1 2.96 (0.12 to 72.46)
LSS 3 1,660 0 1,658 0.1 6.99 (0.36 to 135.25)
NLST 468 26,722 597 26,730 69.7 0.78 (0.70 to 0.88) .
Subtotal (95% CI) 28,767 28,768 69.9 1.21 (0.38 to 3.89)
Total events 472 597
Heterogeneity: % = 0.46; xz =275, df=2 (P=.25); 1> = 27%
Test for overall effect: Z=0.32 (P =.75)
Total (95% CI) 44,684 43,957 100.0 0.75 (0.68 to 0.83) ‘
Total events 666 873
Heterogeneity: % = 0.00; xz =5.60, df=8 (P=.69); I = 0% 0_;)1 051 1 1Io 1(;0
Test for overall effect: Z = 5.62 (P < .00001)
Test for subgroup differences: ¢* = 0.96, df=1(P = .33); I’ = 0% Favors LDCT Screening  Favors NS or CXR

FIG 2. Forest plot showing RR for (A) early-stage tumor diagnosis rate and (B) late-stage tumor diagnosis rate in subjects undergoing
computed tomography lung screening versus clinical observation or CXR. CXR, chest x-ray; LDCT, low-dose computed tomography; M-H, Mantel-
Haenszel; NS, no screening; RR, risk ratio.

for CTLS versus CXR (RR, 1.21; 95% CI, 0.38 to 3.89; with NS and four more per 1,000 participants (95% ClI, 13
12 = 27%, three studies, 57,535 participants; Fig 2B). fewer to 60 more) when compared with CXR (Table 2).

The anticipated absolute effect showed that 6 fewer per Resectability rate. \We found a significant increase with CTLS
1,000 participants (95% ClI, 8 fewer to 4 fewer) would ex- versus NS (RR, 2.57; 95% Cl, 1.76 to 3.74; I> = 38%, four
perience the diagnosis of a late-stage tumor when compared  studies, 13,859 participants; Appendix Fig A2, online only).

8 © 2021 by American Society of Clinical Oncology
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Overdiagnosis Overdiagnosis

Study or Subgroup Overdiagnosis SE Weight (%) IV, Random (95% Cl) IV, Random (95% CI)

LDCT vNS
DLCST 0.67 015 17.3 0.67 (0.38 to 0.96) - =
ITALUNG -0.13 0.33 9.0 -0.13 (-0.78 to 0.52)

LUSI 0.28 0.18 15.6 0.28 (-0.07 to 0.63) T
MILD 062 0.14 178 0.62 (0.35 to 0.89) - =
NELSON 0.2 0.12 18.9 0.20 (-0.04 to 0.44) T

Subtotal (95% CI) 78.7 0.38 (0.14 t0 0.63) -
Heterogeneity: 7 = 0.05; y* = 11.51, df= 4 (P=.02); I’ = 65%

Test for overall effect: Z = 3.05 (P =.002)

LDCT vCXR
NLST 0.04 0.07 21.3 0.04 (-0.10 to 0.18) ——

Subtotal (95% Cl) 213 0.04 (-0.10 to 0.18) S 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.57 (P = .57)

Total (95% CI) 100.0 0.30 (0.06 to 0.55) -
Heterogeneity: % = 0.07; 3* = 25.04, df =5 (P=.0001); I* = 80% '1 0' 5 o 0'5 ;
Test for overall effect: Z = 2.40 (P=.02) - e . )

Test for subgroup differences: x?=5.71, df=1(P=.02); 1= 82.5% Favors LDCT Screenmg Favors NS or CXR

FIG 3. Forest plot showing percentage of overdiagnosis in subjects undergoing computed tomography lung screening versus clinical observation or CXR.
CXR, chest x-ray; IV, inverse variance; LDCT, low-dose computed tomography; NS, no screening.

The anticipated absolute effect shows that 18 more per 1,000
participants (95% Cl, 9 more to 31 more) would experience a
resection for lung cancer when compared with NS (Table 2).

Overdiagnosis. We found a significant increase with CTLS
in the overall population (30%; [95% Cl, 6 to 551; I = 80%,
six studies, 82,108 participants), as well as in CTLS versus
NS group (38%; [95% Cl, 14 to 63]; 1> = 65%, five studies,
28,656 participants). No difference was found for CTLS
versus CXR comparison (4%; [95% CI, —10 to 18; one
study, 55,386 participants; Fig 3).

The certainty of the evidence was moderate for all the study
secondary outcomes and low for overdiagnosis (Table 2).

We did not evaluate publication bias by visual inspection of
the funnel plot because only six trials for CTLS versus NS,
and only three versus CXR, were found.

Subgroup Analysis

The subgroup analysis of lung cancer—related mortality by
sex revealed a nonsignificant difference between men and
women (P = .21; |-squared = 33.6%; Fig 4).

For the male participants’ subgroup, we found a small
effect (effect size [ES] = —0.17; 95% Cl, —0.33 to —0.01;
12 = 0%; four studies) when CTLS was compared with NS;
we found a nonstatistically significant effect (ES = —0.02;
95% CI, —0.08 to 0.04; one study) when CTLS was
compared with CXR.

For the female participants’ subgroup, we found a non-
statistically significant effect when CTLS was compared
with both NS (ES = —-0.32; 95% CI, —0.97 to 0.32;
12 = 62%; three studies) and CXR (ES = —0.08; 95%
Cl, —0.16 to 0; one study).

Journal of Clinical Oncology

Risk of Bias in Included Studies

Five studies®0111423 were judged at low risk of selection
bias because both the methods for random sequence
generation and allocation concealment were appropriate.
The remaining four studies®>®!32* did not provide infor-
mation about random sequence generation and conceal-
ment of allocation and were therefore judged at unclear risk
for selection bias. All studies except one® were open-label
and were judged at high risk for both performance and
detection bias. One study® was single-blind and was judged
at high risk of performance only. Six studies were judged at
low risk of attrition bias.381911.14.23 Two studies®!® did not
provide information about subjects dropped out from each
group. DEPISCAN study was judged at high risk of attrition
bias for unbalanced withdrawn in the two study arms.?* The
study protocol was available for six studies®¢8191323 gnd
the outcomes reported in the final publication coincided
with the outcomes listed in the protocol; for the remaining
studies,*'**?* the protocol was not available and they were
judged at unclear risk of selective outcome reporting
(Appendix Fig A3, online only).

DISCUSSION

In JAMA Internal Medicine, Clark et al®® pointed out a
significant imbalance for the presentation of lung cancer
screening benefits and harms in a large fraction of US
screening program websites and highlighted the lack of
guideline-driven recommendations for shared decision-
making in this setting. This meta-analysis provides an
updated and reliable estimation of both desirable and
undesirable effects related to CTLS in subjects with ciga-
rette smoking history, which may serve as scientific support
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ES ES

Study or Subgroup ES SE Weight (%) IV, Random (95% Cl) IV, Random (95% Cl)

Male participants (LDCT v NS)

DANTE 0.01  0.1871 19.0 0.01 (-0.36 to 0.38) —
DLCST -0.1863  0.2008 16.5 -0.19 (~0.58 to 0.21) —
LUSI -0.0619  0.2828 8.3 ~0.06 (~0.62 to 0.49) e —
NELSON -0.2485 0.109 56.1 -0.25 (-0.46 to -0.03) ——

Subtotal (95% CI) 1000  -0.17 (-0.33 to -0.01) S 4

Heterogeneity: % = 0.00; xz =1.60, df=3 (P=.66); I> = 0%
Test for overall effect: Z=2.12 (P=.03)

Male participants (LDCT v CXR)

NLST -0.02 0.03 100.0 -0.02 (-0.08 to 0.04)
Subtotal (95% CI) 100.0 -0.02 (-0.08 to 0.04) !
Heterogeneity: Not applicable
Test for overall effect: Z = 0.67 (P = .50)
Female participants (LDCT v NS)
DLCST 0.1823 0.275 40.3 0.18 (-0.36 to 0.72) e B S
LUSI -1.1712 0.5773 20.6 -1.17 (-2.30 to -0.04) =
NELSON -0.4005 0.2893 39.1 -0.40 (-0.97 to 0.17) —
Subtotal (95% Cl) 100.0 -0.32 (-0.97 t0 0.32) —~

Heterogeneity: t° = 0.20; y* = 5.24, df= 2 (P=.07); I = 62%
Test for overall effect: Z = 0.98 (P = .33)

Female participants (LDCT v CXR)
NLST

Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z=2.00 (P =.05)
Test for subgroup differences: y* = 4.52, df=3 (P=.21); I = 33.6%

-0.08 0.04 100.0

100.0

-0.80 (-0.16 to -0.00)
-0.80 (-0.16 to -0.00)

-2 1 0 1 2

Favors LDCT Screening Favors NS or CXR

FIG 4. Forest plot showing ES for lung cancer—related mortality in subjects undergoing computed tomography lung screening versus either clinical
observation or CXR, stratified by sex. CXR, chest x-ray; ES, effect size; IV, inverse variance; LDCT, low-dose computed tomography; NS, no screening.

to the definition of evidence-based guidelines and shared
decision making, worldwide.

85,000 participants, it was not adequately powered to
detect any difference of all-cause mortality. Of note, the
lack of an extended yearly screening in the majority of
analyzed studies, as well as the high competing risk of
death from other causes, characterizing subjects with
smoking attitude, may have also biased the evaluation of

Since a 20% reduction of lung cancer mortality is a certain
relevant benefit for subjects undergoing CTLS, approxi-
mately 38% increase of overdiagnosis could be perceived
as a critical barrier to the CTLS implementation. In this

regards, it is important to note that the low certainty of
evidence for this study outcome, because of the high
heterogeneity of included studies in terms of both meth-
odologic approach and follow-up duration, may have likely
biased this pooled estimate, leading to a possible overes-
timation of overdiagnosis. Indeed, as recently shown by the
two largest randomized, NELSON and NLST trials,'*? the
rate of overdiagnosis is critically dependent from the length
of follow-up following the final screen, thus dramatically
decreasing over the time. Also, the 10-year results of the
MILD trial*® showed that prolonging CTLS beyond 5 years
may further enhance its diagnostic performance, sug-
gesting active radiologic surveillance as a valid strategy to
reduce unnecessary surgery of slow-growing nodules,
which account for the majority of overdiagnosed lung ad-
enocarcinomas. Although our analysis included more than

10 © 2021 by American Society of Clinical Oncology

this study outcome.

Differently from what observed in the NLST,?® our sub-
group analysis including five®8111428 gyt of nine trials
reporting sex-stratified outcomes revealed no significant
differences in terms of lung cancer mortality between men
and women. However, the limited number of examined
studies does not allow to derive any definitive conclusion.
Unfortunately, the slight heterogeneity between trials in
terms of published data, regarding subjects’ age groups,
and smoking history did not allow us to investigate po-
tential differences of screening effects according to such
additional variables, thus gathering further research. As
recently pointed out by a panel of European experts in the
field of thoracic malignancies,? identifying high-risk
population to be screened, by the use of multivariate
risk prediction models, represents a major issue to be
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rapidly addressed, to optimize CTLS performance and
outcomes for routinely use.

The main limitation of our analysis includes the lack of
blinding for the majority of included studies, which may
have increased the risk of potential detection bias. Also of
note is the heterogeneity of included trials and population,
in terms of eligibility criteria and follow-up duration, as
well as the differences regarding nodule evaluation
methods and screening positivity criteria or intervals.
Finally, as partially discussed above, the lack of extended
follow-up data regarding yearly screening and over-
diagnosis rate among the majority of included studies
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may have negatively conditioned the results of our anal-
ysis, likely leading to an underestimation of benefits along
with an overestimation of harms associated with the CTLS.

In conclusion, the results of this work demonstrated that the
use of annual CTLS in subjects with a cigarette smoking
history produced a relevant reduction of lung cancer—related
mortality, burdened by a significant increase of over-
diagnosis. Despite there still being uncertainty about over-
diagnosis estimate, this meta-analysis suggested that the
potential benefits associated with CTLS outweigh harms,
ultimately supporting the systematic implementation of lung
cancer screening worldwide.

CORRESPONDING AUTHOR

Silvia Novello, MD, PhD, Department of Oncology, University of Turin,
San Luigi Hospital, Regione Gonzole, 10, 10043 Orbassano (TO), Italy;
e-mail: silvia.novello@unito.it.

EQUAL CONTRIBUTION
F.P. and M.C. contributed equally to this work.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JC0.20.02574.

AUTHOR CONTRIBUTIONS

Conception and design: Francesco Passiglia, Michela Cinquini, Luca
Bertolaccini, Roberto Ferrara, Anna R. Larici, Jessica Menis, Silvia
Novello

Provision of study materials or patients: Luca Bertolaccini, Umberto
Malapelle

Collection and assembly of data: Francesco Passiglia, Michela Cinquini,
Luca Bertolaccini, Marzia Del Re, Tindara Franchina, Jessica Menis, Sara
Pilotto, Sara Ramella, Rocco Trisolini, Silvia Novello

Data analysis and interpretation: Francesco Passiglia, Michela Cinquini,
Luca Bertolaccini, Marzia Del Re, Francesco Facchinetti, Umberto
Malapelle, Jessica Menis, Antonio Passaro, Sara Pilotto, Sara Ramella,
Giulio Rossi, Silvia Novello

Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT
The authors thank the Italian Association of Medical Oncologists (AIOM).

1. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2020. CA Cancer J Clin 70:7-30, 2020
2. Carioli G, Bertuccio P, Boffetta P, et al: European cancer mortality predictions for the year 2020 with a focus on prostate cancer. Ann Oncol 31:650-658, 2020
3. Aberle DR, Adams AM, Berg CD, et al: National Lung Screening Trial Research Team. Reduced lung- cancer mortality with low-dose computed tomographic

screening. N Engl J Med 365:395-409, 2011

4. Moyer VA, U.S. Preventive Services Task Force: Screening for lung cancer: U.S. Preventive Services Task Force recommendation statement. Ann Intern Med

160:330-338, 2014

5. Infante M, Cavuto S, Lutman FR, et al, for the DANTE Study Group: A randomized study of lung cancer screening with spiral computed tomography: Three-year
results from the DANTE trial. Am J Respir Crit Care Med 180:445-453, 2009

6. Infante M, Cavuto S, Lutman FR, et al, for the DANTE study group: Long-term follow-up results of the DANTE trial, a randomized study of lung cancer screening
with spiral computed tomography. Am J Respir Crit Care Med 191:1166-1175, 2015

Journal of Clinical Oncology

Downloaded from ascopubs.org by Instituto Europeo Di Oncologia on July 9, 2021 from 193.204.098.210
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.


mailto:silvia.novello@unito.it
https://ascopubs.org/doi/full/10.1200/JCO.20.02574

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.

22.

23.

24,

25.
26.
27.

28.

29.

Passiglia et al

Ashraf H, Tgnnesen P, Holst Pedersen J, et al: Effect of CT screening on smoking habits at 1-year follow-up in the Danish Lung Cancer Screening Trial (DLCST).
Thorax 64:388-392, 2009

Whille MMW, Dirksen A, Ashraf H, et al: Results of the randomized Danish Lung Cancer Screening Trial with focus on high-risk profiling. Am J Respir Crit Care
Med 193:542-551, 2016

Lopes Pegna A, Picozzi G, Falaschi F, et al: Four-year results of low-dose CT screening and nodule management in the ITALUNG trial. J Thorac Oncol 8:
866-875, 2013

Paci E, Puliti D, Lopes Pegna A, et al.: Mortality, survival and incidence rates in the ITALUNG randomized lung cancer screening trial. Thorax 72:825-831, 2017

Becker N, Motsch E, Trotter A, et al: Lung cancer mortality reduction by LDCT screening—Results from the randomized German LUSI trial. Int J Cancer 146:
1503-1513, 2020

Pastorino U, Rossi M, Rosato V, et al: Annual or biennial CT screening versus observation in heavy smokers: 5-year results of the MILD trial. Eur J Cancer Prev
21:308-315, 2012

Pastorino U, Silva M, Sestini S, et al: Prolonged lung cancer screening reduced 10-year mortality in the MILD trial: New confirmation of lung cancer screening
efficacy. Ann Oncol 30:1162-1169, 2019

De Koning HJ, Van der Aalst CM, De Jong PA, et al: Reduced lung-cancer mortality with volume CT screening in a randomized trial. N Engl J Med 382:503-513,
2020

Passiglia F, Bertolaccini L, Del Re M, et al: Diagnosis and treatment of early and locally advanced non-small-cell lung cancer: The 2019 AIOM (ltalian
Association of Medical Oncology) clinical practice guidelines. Crit Rev Oncol Hematol 148:102862, 2020

Passiglia F, Pilotto S, Facchinetti F, et al: Treatment of advanced non-small-cell lung cancer: The 2019 AIOM (ltalian Association of Medical Oncology) clinical
practice guidelines. Crit Rev Oncol Hematol 146:102858, 2020

Moher D, Liberati A, Tetzlaff J, et al, for the PRISMA Group: Preferred reporting items for systematic reviews and meta-analyses: The PRISMA Statement. PLoS
Med 6:61000097, 2009

Higgins JPT, Thomas J, Chandler J, et al (eds): Cochrane Handbook for Systematic Reviews of Interventions version 6.0. 2019. https://training.cochrane.org/
handbook#how-to-cite

Cohen J: Statistical Power Analysis for the Behavioral Sciences (ed 2). Hillsdale, NJ, Lawrence Earlbaum Associates, 1988
Review Manager (RevMan) [computer program]. Version 5.3. Copenhagen, Denmark, The Nordic Cochrane Centre, The Cochrane Collaboration, 2014

Schinemann H, Brozek J, Guyatt G, et al (eds): GRADE Handbook for Grading Quality of Evidence and Strength of Recommendations. The GRADE Working
Group, 2013. guidelinedevelopment.org/handbook

Schiinemann H, Oxman A, Higgins J, et al: Chapter 11: Presenting results and “summary of findings” tables, in Higgins JP, Green S (eds): Cochrane Handbook for
Systematic Reviews of Interventions. Version 5.1.0. 2011. https://handbook-51.cochrane.org/chapter_11/11_presenting_results_and_summary_of_findings_tables.htm

Gohagan JK, Marcus M, Fagerstrom RM, et al: Final results of the Lung Screening Study, a randomized feasibility study of spiral CT versus chest X-ray screening
for lung cancer. Lung Cancer 47:9-15, 2005

Blanchon T, Bréchot J-M, Grenier PA, et al: Baseline results of the Depiscan study: A French randomized pilot trial of lung cancer screening comparing low dose
CT scan (LDCT) and chest X-ray (CXR). Lung Cancer 58:50-58, 2007

Patz EF Jr, Pinsky P, Gatsonis C, et al: Overdiagnosis in low-dose computed tomography screening for lung cancer. JAMA Intern Med 174:269-274, 2014
Clark SD, Reuland DS, Enyioha C, et al: Assessment of lung cancer screening program websites. JAMA Intern Med 180:824-830, 2020

Aberle DR, Black WC, Chilea C, et al: Lung cancer incidence and mortality with extended follow-up in the National Lung Screening Trial. National Lung
Screening Trial Writing Team. J Thorac Oncol 14:1732-1742, 2019

Pinsky PF, Church TR, Izmirlian G, et al: The National Lung Screening Trial: Results stratified by demographics, smoking history, and lung cancer histology.
Cancer 119:3976-3983, 2013

Veronesi G, Baldwin DR, Henschke Cl, et al: Recommendations for implementing lung cancer screening with low-dose computed tomography in Europe.
Cancers (Basel) 12:1672, 2020

12 © 2021 by American Society of Clinical Oncology

Downloaded from ascopubs.org by Instituto Europeo Di Oncologia on July 9, 2021 from 193.204.098.210
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.


https://training.cochrane.org/handbook#how-to-cite
https://training.cochrane.org/handbook#how-to-cite
http://guidelinedevelopment.org/handbook
https://handbook-51.cochrane.org/chapter_11/11_presenting_results_and_summary_of_findings_tables.htm

Benefits and Harms of Lung Cancer Screening

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Benefits and Harms of Lung Cancer Screening by Chest Computed Tomography: A Systematic Review and Meta-Analysis

The following represents disclosure information provided by the authors of this manuscript. All relationships are considered compensated unless otherwise noted.
Relationships are self-held unless noted. | = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript.
For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open Payments).

Francesco Passiglia
Consulting or Advisory Role: AstraZeneca, MSD Oncology, Amgen
Travel, Accommodations, Expenses: MSD Oncology, Roche

Marzia Del Re

Consulting or Advisory Role: Sanofi, Celgene, Janssen-Cilag, Ipsen, Roche
Molecular Diagnostics

Speakers’ Bureau: Sanofi, Pfizer, Novartis, Janssen-Cilag, Ipsen, AstraZeneca,
Astellas Pharma

Francesco Facchinetti
Other Relationship: Roche, Bristol Myers Squibb

Roberto Ferrara
Consulting or Advisory Role: Merck Sharp & Dohme

Tindara Franchina
Honoraria: Novartis, AstraZeneca
Consulting or Advisory Role: Boehringer Ingelheim, Merck Sharp & Dohme

Anna R. Larici
Speakers’ Bureau: Boehringer Ingelheim

Umberto Malapelle

Consulting or Advisory Role: Boehringer Ingelheim, Roche, Merck Sharp &
Dohme, Amgen, Thermo Fisher Scientific, Lilly, Diaceutics, GlaxoSmithKline,
Merck, AstraZeneca

Speakers’ Bureau: Boehringer Ingelheim, AstraZeneca, Roche, Merck Sharp &
Dohme, Amgen, Merck, Thermo Fisher Scientific, Lilly, Diaceutics,
GlaxoSmithKline

Journal of Clinical Oncology

Jessica Menis

Consulting or Advisory Role: MSD Oncology, Roche/Genentech, Boehringer
Ingelheim, AstraZeneca, Bristol Myers Squibb/Pfizer

Speakers’ Bureau: AstraZeneca/Medimmune, Bristol Myers Squibb/Pfizer,
Boehringer Ingelheim, MSD Oncology, Roche/Genentech

Travel, Accommodations, Expenses: Boehringer Ingelheim

Antonio Passaro

Consulting or Advisory Role: Roche/Genentech, Bristol Myers Squibb,
AstraZeneca, MSD Oncology, Pfizer, Boehringer Ingelheim

Travel, Accommodations, Expenses: Roche/Genentech, Bristol Myers Squibb

Sara Pilotto

Honoraria: Bristol Myers Squibb, Boehringer Ingelheim, AstraZeneca
Speakers’ Bureau: Bristol Myers Squibb, Boehringer Ingelheim, Roche, MSD
Oncology, AstraZeneca

Research Funding: AstraZeneca

Travel, Accommodations, Expenses: Bristol Myers Squibb, Roche, AstraZeneca

Sara Ramella
Honoraria: AstraZeneca, Amgen
Consulting or Advisory Role: AstraZeneca, Roche, Ipsen

Rocco Trisolini
Honoraria: Pentax Medical Devices

Silvia Novello

Consulting or Advisory Role: Sanofi

Speakers’ Bureau: AstraZeneca, Merck Sharp & Dohme, Bristol Myers Squibb,
Roche, Pfizer, Lilly, Takeda, AbbVie, Boehringer Ingelheim, Bayer, Amgen,
Beigene

No other potential conflicts of interest were reported.

Downloaded from ascopubs.org by Instituto Europeo Di Oncologia on July 9, 2021 from 193.204.098.210
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.


http://www.asco.org/rwc
http://ascopubs.org/jco/authors/author-center
https://openpaymentsdata.cms.gov/

Passiglia et al

APPENDIX
Records identified through Additional records identified
database searching through other sources
(n=172) (n=0)
Records after
duplicates removed
(n =137)
Records screened Records excluded
(n=137) (n=121)
Full-text articles assessed el eXCI.UdEd Y‘“th reason
P No randomized trial (n = 2)
for eligibility —_— X .
(n=16) No population of interest (n = 3)
No intervention of interest (n = 2)
Studies included in
qualitative synthesis
(n=29)
Studies included in
quantitative synthesis
(n=29)
FIG A1. Study selection flowchart.
LDCT Screening No Screening Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight (%) M-H, Random (95% Cl) M-H, Random (95% Cl)
DANTE 114 1,264 38 1,186 42.1 2.81(1.97 to 4.03) =
DLCST 11 2,052 0 2,052 1.7 23.00 (1.36 to 390.04)
ITALUNG 35 1,613 20 1,593 28.1 1.73 (1.00 to 2.98) =
MILD 64 2,376 16 1,723 28.1 2.90 (1.68 to 5.00)
Total (95% ClI) 7,305 6,554  100.0 2.57 (1.76 to 3.74) <
Total events 224 74
Heterogeneity: 12 = 0.05; 5 = 4.87, df=3 (P=.18); I = 38% ! j !
Test for overall effect: Z = 4.91 (P < .00001) 0.001 0.1 1 10 1,000
Favors NS or CXR Favors LDCT Screening

FIG A2. Forest plotshowing RR for resectability rate in subjects undergoing computed tomography lung screening versus clinical observation or CXR. CXR,
chest x-ray; LDCT, low-dose computed tomography; M-H, Mantel-Haenszel; NS, no screening; RR, risk ratio.
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Random Sequence Generation (selection bias)

Allocation Concealment (selection bias)

Blinding of Participants and Personnel (performance bias

Blinding of Outcome Assessment (detection bias)

Incomplete Outcome Data (attrition bias)
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Selective Reporting (reporting bias)
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