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Introduction

Lung cancer remains a major global health risk; any 
initiative that has incremental improvement will ultimately 
be impactful. Lung cancer accounts for more deaths than 
breast, colon, and prostate cancer combined—all of which 
have mature screening programs. Overall the lifetime 
risk of developing lung cancer is 1 in 15 for men and 1 in 
17 for women (1). For active smokers the lifetime risk of 
developing lung cancer is 1 in 6 (2). 

Advances in lung cancer have led to a multitude of 
treatment options for patients with all types and stages 

of lung cancer. Our understanding of lung cancer tumor 
biology has evolved tremendously over the past 10 years. 
There is a spectrum of aggressiveness, from life-threatening 
lung cancers that have been recognized for decades to 
profoundly indolent tumors that may never require 
treatment. Low-dose computed tomography (LDCT) 
screening identifies lung cancer at an earlier stage for which 
there are several local treatment options that are safe and 
effective. The overall 5-year survival for Stage IA lung 
cancer is ~70% (3).

A comprehensive screening program requires an 
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appreciation of screening limitations and must strike the 
right balance. Screening involves canvassing a healthy 
population; while these individuals are at-risk of developing 
a disease, the reality is that most will remain healthy. 
Screening has huge benefits for a few (lung cancer death 
averted) but has a low risk of harm to many. Targeting 
the right “at-risk” population necessitates understanding 
that casting a wider net impacts more patients but with a 
diminishing incremental benefit. Second, prevention of 
lung cancer by effective smoking cessation programs and 
public policy will always be better than screening. Third, 
screening only averts some lung cancer deaths; advances in 
treatment continue to be relevant. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://ccts.amegroups.com/article/
view/10.21037/ccts-21-30/rc).

Methods

An English language search of the literature on PubMed 
was conducted using the keywords related to lung cancer 
screening (lung cancer, non-small cell lung cancer, 
screening, early detection). We focused on randomized 
controlled trials (RCTs) of screening using either Chest 
radiographs or computed tomography (CT) imaging, as 
well as recent formal screening guidelines or statements 
by regulatory agencies. A narrative review was compiled of 
the eight RCTs evaluating the efficacy of LDCT for lung 
cancer screening.

Results

Results of CXR as a screening test

No mortality benefit ensues from lung cancer screening 
using either chest X-ray (CXR) or CXR plus sputum 
analysis. The most recent RCT to address this was the 
Prostate, Lung, Colorectal, and Ovarian Cancer Screening 
trial (PLCO, Figure 1) (4). No difference in lung cancer 
mortality was seen, regardless of the degree of smoking.

A common misconception among patients is to equate 
a CXR with CT, thinking that if they had a CXR there is 
no reason to get a screening CT. Patients sometimes ask to 
quantify the difference in a recent CXR they had compared 
to enrolling in a LDCT screening program for lung cancer. 
Current guidelines do not support substituting CXR as a 
screening tool for lung cancer.

CXR remains highly useful in investigating a symptom, 
such as a lingering cough. This constitutes using CXR 
as part of an evaluation, instead of as a screening tool in 
asymptomatic individuals.

Results of screening using LDCT 

Several RCTs have evaluated the efficacy of LDCT. The 
two largest trials stand out: The National Lung Screening 
trial (NLST) (5) and the Nederlands-Leuvens Longkanker 
Screenings Onderzoek (NELSON) trial (6); these were 
adequately powered to detect a mortality benefit. The other 
studies were too small to independently address lung cancer 
mortality but add to an aggregate assessment (7-12) (Figure 2).

These trials have similarities but also differences in 
design, in the CT parameters, eligibility requirements and 
follow-up duration. This is summarized in Table 1 (5-12). 
An estimate of the overall risk for development of lung 
cancer can be gained by looking at the rate of development 
of lung cancer among trial participants. This ranges from 
0.8% to 4.7% over the reported study duration.

Reduction in lung cancer mortality 
The NLST and NELSON trials both found a dramatic and 
consistent benefit for lung cancer screening with LDCT—
approximately 20% of lung cancer deaths were prevented 
(5,6). There is no single intervention in the field of lung 
cancer that has such an impact. Note that while these trials 
used different controls (regular CXR or no screening), the 
mortality benefit was seen in both instances (furthermore 
the PLCO trial demonstrated no difference between 
CXR and no screening). The American College of Chest 
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Figure 1 Results of the PLCO trial. Effect of screening for lung 
cancer by chest radiograph on lung cancer mortality in the PLCO 
screening trial. Data taken from Oken et al. (4). NLST, National 
Lung Screening Trial; PLCO, Prostate, Lung, Colon and Ovarian.
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Physicians (CHEST) recently conducted a meta-analysis 
of LDCT screening, thus providing a recent aggregate of 
all the RCTs (Figure 3) (13). This also demonstrated an 
approximately 20% reduction in lung cancer deaths.

Stage shift
Both the NLST and the NELSON trials found a marked 
reduction in the number of patients with stage IV NSCLC 
in the screened arm vs. the controls (Figure 4) (5,14). The 
reduction in higher stage tumors accounts for the mortality 
reduction. There is a corresponding increase in stage IA 
tumors, with relatively little difference in the number of 
patients with stage IB–IIIA tumors.

These studies also found a higher overall number of 
cancers in the screened arms (predominantly an excess of 
stage IA tumors). This reflects that screening inherently 
detects a contingent of indolent lung cancers. These 
are sometimes referred to as “over-diagnosed” cancers. 
However, the black-and-white term overdiagnosis is 
primarily useful to an epidemiologist looking retrospectively 

at what happened to a cohort (15). For clinicians who are 
prospectively managing individual patients, the key is to 
recognize that there is an increased proportion of indolent 
tumors, for which a more nuanced management approach is 
needed than in a non-screened population. 

Management of LDCT screening results
LDCT is a sensitive test; small nodules are found commonly. 
In fact, most patients will have a nodule detected within 
a few years of screening. On the first scan about 20% of 
participants will have a nodule detected (Figure 5) (16). It is 
important to understand that such a finding is not a cause 
for concern. The term that is often used for such a finding is 
a “positive screening CT”—this term should be abandoned 
because it implies a likely lung cancer when the reality is that 
about 96–97% of these findings are only background noise. 
Additionally, screening programs have processes in place 
that effectively distinguish noise from a concerning lesion. A 
“finding worth mentioning” is perhaps a better term. 

It is easy to play a numbers game by altering the 
definition of what is a finding worth mentioning. Raising 
the size threshold (e.g., from 4 to 6 mm) quickly decreases 
the rate of such findings—but may affect the impact of 
the screening interval, compliance and mortality benefit. 
The NELSON study used a markedly different definition 
by only counting findings that were shown over time to 
be growing (indeterminate lesions being evaluated were 
set aside) (6). When the same definition of a CT finding 
is applied to the NELSON trial the baseline rate of these 
findings is 21%, similar to other RCTs.

The RCTs have consistently shown a good ability to 
identify findings of little concern; only ~2% of patients 
undergo a surgical biopsy procedure (including treatment of 
lung cancer) (17). On the other hand, ~25% of these are for a 
benign nodule (i.e., ~0.5% of screened patients) (17). While 
the risk and discomfort of a video-assisted thoracoscopic 
surgery (VATS) wedge is low, a biopsy for a benign nodule 
must certainly be considered a downside of screening. A 
desire to lower this rate must consider the other side of the 
coin—a missed or delayed biopsy of a lung cancer.

Recognizing the need for a consistency, the American 
College of Radiology Imaging Network (ACRIN) 
developed a system of categorizing and reporting screening 
CT findings known as Lung Imaging Reporting and Data 
System (Lung-RADS) (18). This has been widely adopted. 
LungRADS uses 6 mm as the size threshold for a nodule 
to be “worth mentioning” on a baseline scan, and 4 mm 
for a new nodule on an annual incidence scan (LungRADS 
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Figure 2 Relative size of major RCTs of LDCT screening for lung 
cancer. Number of participants in major lung cancer screening 
studies reporting mortality outcomes. Study names and references: 
DANTE: Detection and Screening of Early Lung Cancer by Novel 
Imaging Technology and Molecular Essays Trial (9); DLCST: 
Danish Lung Cancer Screening Trial (11); ITALUNG (8);  
LUSI: Lung Cancer Screening Intervention (12); LSS: Lung 
Screening Study (7); MILD: Multicentric Italian Lung Detection 
Trial (10); NLST: National Lung Screening Trial (5); NELSON: 
Nederlands-Leuvens Longkanker Screenings Onderzoek (6). 
LDCT, low-dose computed tomography; RCT, randomized 
controlled trial.
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category 3). 

Managing an effective LDCT screening program

Screening is a complex interplay of selection (a population 

with sufficient risk and few serious comorbidities), the 

sensitivity/specificity of the screening test, the interval 

between screening tests, the availability of effective treatment, 

the risk of complications or harms as a result of screening, 

and the degree with which the screened individuals comply 

with screening and treatment recommendations (17). The 

relationships of the factors are interconnected and non-linear. 

Table 1 Characteristics of major RCT of LDCT screening for lung cancer

Study

Study design CT parameters Eligibility
% with lung 

cancer during 
study N

Screening 
interval

Years of 
screening

Years 
of F-U

CT collimation 
(mm)

Nodule 
size (mm) 
threshold 

Start age, 
years

End age, 
years

Pack-
years

Years 
since 
quit

NLST (5) 53,454 Annual 3 7 ≤2.5 ≥4 55 74 ≥30 ≤15 4.0%

NELSON (6) 15,822 q1, 2, 2.5y 3 10 3 Vol 50 74 >15 ≤10 1.6%

MILD (10) 4,099 q1 vs. q2y 6 10 0.75 Vol 49 75 ≥20 <10 3.9%

DLCST (11) 4,104 Annual 5 10 ≥5 10 50 70 >20 <10 0.8%

LUSI (12) 4,052 Annual 5 8.8 – ≥5 50 <70 >15 <10 3.8%

ITALUNG (8) 3,206 Annual 4 10 1–1.25 ≥5 55 <70 >20 <10 1.5%

LSS (7) 3,318 Annual 2 5 5 ≥4 55 74 ≥30 <10 2.5%

DANTE (9) 2,450 Annual 4 8 5 Any 60 74 >20 <10 4.7%

Inclusion criteria: RCTs of LDCT with >1,000 patients and reporting mortality outcome. DANTE, Detection and Screening of Early Lung 
Cancer by Novel Imaging Technology and Molecular Essays Trial; DLCST, Danish Lung Cancer Screening Trial; F-U, follow-up; LDCT, 
low-dose computed tomography; LUSI, lung cancer screening intervention; LSS, lung screening study; MILD, Multicentric Italian Lung 
Detection Trial; NLST, National Lung Screening Trial; NELSON, Nederlands-Leuvens Longkanker Screenings Onderzoek; RCT, randomized 
controlled trial; Vol, volumetric criteria; y, year. 

Figure 3 Meta-analysis of mortality benefit. Lung cancer mortality in randomized trials of LDCT screening. Reproduced with permission 
from Mazzone et al. (13). LDCT, low-dose computed tomography.
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A well-organized program is needed to optimize the benefits 
of screening.

Choosing the population to screen is a starting point. 
There is a balance between maximizing the number of 
deaths prevented and efficiency. Efficiency is maximized by 
screening a narrow very high-risk population. In the highest 
risk subgroup in the NLST, the number-needed-to-screen 
(NNS) to save a life was 82 (Figure 6A) (19,20). On the other 
hand, casting a broad net has the benefit of preventing a 
greater number of lung cancer deaths. A large increase in the 
size of the net is needed to achieve an increasingly smaller 
increment in the number of lives saved (Figure 6B). Note that 
all screening participants are exposed to the low risk of harms 
of screening, whereas the benefits are experienced only by 
those that develop lung cancer (actually only the 20% of 
those in whom death is prevented). Both maximum impact 
and high efficiency are desirable, but inherently in conflict 
and hard to compare.

The recently updated 2020 United States Preventative 
Services Task Force (USPSTF) eligibility criteria are: 
healthy individuals age 50–80 years, with a ≥20-pack-year 
smoking history, either current smokers or having quit 
≤15 years ago (21). Increased smoking increases the risk 
of developing lung cancer, but also increases the risk of 
competing causes of death, the risk associated with biopsy 
and decreases the ability to undergo treatment due to 
co-morbidities. Modeling that accounts for both risk of 

developing lung cancer and life expectancy demonstrate 
that people with a higher risk of developing lung cancer 
have less mortality benefit due to already decreased life 
expectancy from comorbidities (13). Models also suggest 
that a life expectancy of 10 years is needed for lung cancer 
screening to have a high chance of benefit (13).

The current USPSTF and CHEST criteria recommend 
age 50 as the lower age threshold (instead of 55) (13,21) 
based on several considerations. The CHEST meta-analysis 
demonstrated similar mortality reduction using age 50 or 
55 (13); modeling studies suggest that while the risk of 
developing lung cancer at a younger age is less, the potential 
life years gained is similar, and that lowering age and 
smoking thresholds helps to extend screening to higher risk 
ethnic and racial groups better than the previous criteria 
(13,21). There are some indications that the mortality 
reduction from screening is higher in women than in men 
(5,6); however, there are too many confounders for this to 
result in gender-specific eligibility criteria. 

Characteristics of the screening intervention are 
important. Mammography, for example, has evolved over 
several decades and specific training, quality control and 
certification is required. ACRIN has developed standards 
for LDCT screening for lung cancer (22). A low-dose and 
thin collimation scan is required; the report should be 
worded in a standardized manner specific to a screening 
CT. LungRADS or a similar categorization system should 
be used. The interval between screenings is crucial, as is the 
compliance. A single LDCT scan accomplishes little—it is 
the ongoing screening that decreases the incidence of late-
stage lung cancer and deaths.

The recent USPSTF and CHEST recommendations 
are annual screening until an individual no longer meets 
eligibility (13,21). The CHEST meta-analysis found that 
biennial LDCT was associated with a similar lung cancer 
mortality benefit as annual screening, based on the MILD 
and NELSON RCTs (5,9,12)—but the stage shift in the 
NELSON trial suggests that the number of Stage IIIB/
IV cases increases (and stage I decreases) markedly with 
longer intervals (14). A longer interval accentuates the 
importance of compliance—but compliance with annual 
screening in screening programs has been much lower 
than in the RCTs (~50% vs. ~90%) (23). Additionally, 
the phenomenon that screening detects excess cancers 
with very indolent biologic behavior is accentuated 
the longer the interval between screenings. Extensive 
modeling studies have consistently found that efficiency 
was better with annual than biennial screening (24). 
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These considerations contributed to the continued 
recommendation for an annual screening interval (13,21). 

Discussion

Screening involves a complex interplay of multiple factors. 

It is important to be aware of several general principles 
of screening (which also apply to lung cancer). Screening 
involves a healthy population who are at risk of developing 
lung cancer, but only a small percentage will develop lung 
cancer. A huge benefit accrues to this small percentage, 
but all participants are exposed to potential downsides of 

50

45

40

35

30

25

20

15

10

5

0

5

4

3

2

1

0

50

40

30

20

10

0

Nodule, biopsy and benign diagnosis rates

P
er

ce
nt

 o
f p

at
ie

nt
s 

in
 s

cr
ee

ne
d 

ar
m

% with nodules at 
baseline

*

*

*

*

~20% ~2%

~25%

% having surgical 
biopsy/procedure

% of surgical biopsy for 
benign disease

NLST

LSS

Depiscan

NELSON

DLCST

ITALUNG

DANTE

RCT

Figure 5 Nodule, biopsy, and benign diagnosis rates. Rates of screening-detected findings, surgical biopsy, and biopsies for a benign lesion 
in randomized trials of lung cancer screening. Data abstracted from a systematic review by Bach et al. (16). RCT, randomized controlled trial; 
NLST, National Lung Screening Trial; LSS, Lung Screening Study; NELSON, Nederlands-Leuvens Longkanker Screenings Onderzoek; 
DLCST, Danish Lung Cancer Screening Trial; DANTE, Detection and Screening of Early Lung Cancer by Novel Imaging Technology 
and Molecular Essays Trial. *, both surgical and non-surgical biopsies (i.e., needle aspiration) were reported together.

40000

35000

30000

25000

20000

15000

10000

5000

0

80

70

60

50

40

30

20

10

0

D
ea

th
s/

1,
00

0 
pt

s

N
um

be
r 

ne
ed

ed
 to

 s
cr

ee
n

Risk of developing lung cancer vs. deaths averted Screened population vs. those with lung cancer and deaths averted

Lg Ca deaths/1,000 pts w/o LDCT 

Lg Ca deaths averted by LDCT 

NNS to avoid 1 Lg Ca death

High
-ri

sk
 N

LS
T

Ave
ra

ge
 N

LS
T

Lo
w-ri

sk
 N

LS
T

NCCN ca
te

g2

Seq
uo

ia 
Hos

p

256
1285 3190

35186

0.
02

0.
1

82

Expanded screening  
criteria (NCCN)

NLST screening criteria

Lung cancer deaths averted
Additional lung cancer deaths averted

Patients destined to 
develop lung cancer

Variable (or no) 
smoke exposure

A B

Figure 6 Relationship of risk, selectivity of who to screen and the impact on deaths averted. (A) Lung cancer, deaths and number needed 
to screen to avert on lung cancer death by risk criteria; (B) relationship between the populations screened, the number developing lung 
cancer, and deaths averted (drawn to approximate relative size). Data taken from Bach et al. and Tammemägi et al. (19,20). LDCT, low-
dose computed tomography; NLST, National Lung Screening Trial; NNS, -needed to screen; NCCN, National Comprehensive Cancer 
Network.



Current Challenges in Thoracic Surgery, 2023

© Current Challenges in Thoracic Surgery. All rights reserved. Curr Chall Thorac Surg 2023;5:8 | https://dx.doi.org/10.21037/ccts-21-30

Page 7 of 9

screening. A one-time CT accomplishes little; ongoing 
regular screening makes the difference. Screening a narrow 
very-high risk population means more lives saved per number 
of screening tests, whereas screening a broad population 
increases the overall number of lung cancer deaths prevented. 
Trade-offs are inherently hard to balance (e.g., large benefit 
for a few vs. low risk of downsides for all, increased screening 
efficiency vs. larger number of deaths prevented). Screening 
inherently increases the proportion of indolent lung cancers; 
it is important not to overreact or overtreat.

There are also several issues that are specific to lung 
cancer screening with LDCT. Decades of experience in 
screening for other types of cancer has integrated these 
into general practice—this evolution is just beginning with 
lung cancer screening. It is hard to reach those at greatest 
risk (socio-economic factors, access, trust in the healthcare 
system, denial, fatalism) (25,26). The process of lung cancer 
screening (risk assessment, shared decision-making) is more 
complex than for other cancer screenings. A screening CT 
has the potential to detect many non-lung findings (creating 
issues of how to manage, how to communicate these, who is 
responsible). 

Lung cancer screening with LDCT has a huge potential 
to decrease deaths from the most common cause of cancer 
deaths. Key outcomes are summarized in Table 2. We have 
increasing RCT evidence that LDCT screening works. 
The challenge is to implement this so that we actualize the 
benefit that lung cancer screening provides. 

Conclusions

Lung cancer is a major cause of death, largely because it is 
often not detected until late stage. Screening is associated 
with inherent issues, as well as additional challenges 
stemming from psychosocial aspects associated with 

smoking and the complexity of implementation of an 
organized lung cancer screening program. Other chapters in 
this series are devoted to many of these topics. This chapter 
reviews the evidence from RCTs that demonstrates a clear 
reduction in lung cancer mortality. We have increasing 
data regarding nuances of who to screen, how to manage 
screening findings. The time is clearly here to implement 
lung cancer screening in the fabric of healthcare.
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