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ABSTRACT
In the modern era, the role of lung cancer screening by low dose computed tomography (CT) is now broadly accepted, with 
many jurisdictions offering or intending to offer population-based screening based on high quality randomised controlled trial 
(RCT) evidence. Optimal implementation will be crucial to ensure sufficiently high participation rates in efficient quality assured 
lung cancer screening programmes (LCSPs) to achieve the gains predicted by modelling and health technology assessments. 
Performed well, LCSPs can be anticipated to complement the reduction in lung cancer burden already realised from the intro-
duction of molecularly targeted agents and immune checkpoint inhibitors for advanced stage lung cancer. In this review, we will 
describe the recent clinical developments from published trials to highlight contemporaneous lung cancer screening (LCS) issues 
and discuss potential enablers and barriers to the effective implementation of LCSP commonly encountered across the world, 
particularly from the viewpoint of the Asia Pacific region and peoples.

1   |   Introduction

While there have been important therapeutic advances for ad-
vanced lung cancer, lung cancer remains the world's leading 
cause of cancer-related death, accounting for almost 2.5 million 
new cases worldwide, or 1 in 8 cancers, and 1.8 million deaths 
in 2022 [1]. Smoking cessation and primary prevention remain 
critical, with survival improvements anticipated in time. In par-
allel, LCS is arguably the most useful tool to reduce lung cancer 

mortality given the landmark positive RCTs: U.S. National Lung 
Screening Trial (NLST) [2], Dutch–Belgian lung cancer screen-
ing trial [3] (Nederlands–Leuvens Longkanker Screenings 
Onderzoek [NELSON]), and Multicentric Italian Lung Detection 
(MILD) [4]. A Cochrane meta-analysis found that LCS reduced 
lung cancer mortality by 20% and overall mortality by 5% [5]. 
Effective recruitment to LCS, embedded smoking cessation, and 
provision of subsequent care have recently been proposed as 
some of the key priorities for any LCS program [6].
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To identify potential enablers and barriers to scalable and sus-
tainable LCS that have been trialled, we report a narrative re-
view of relevant worldwide clinical studies, supplemented by 
data from pearling of reference lists and personal databases of 
relevant publications.

2   |   Methodology

For expediency, we undertook a literature search of the NLM 
Pubmed database with 3 clinically restricted pre-set filters: (i) 
(ldct lung cancer screening) AND (Prognosis/Narrow[filter]), (ii) 
(ldct lung cancer screening) AND (Diagnosis/Narrow[filter]) and 
(iii) (ldct lung cancer screening) AND (Therapy/Narrow[filter]) 
to understand the impact of LCS on clinically relevant domains 
of diagnosis, therapy, and prognosis. We identified 348 jour-
nal publications; English language articles were selected for 
review, collation, and narrative synthesis reflecting domains 
of diagnosis (including participation), therapy, and prognosis. 
In addition, a separate search of review articles provided addi-
tional background for the Discussion with the following search 
strategy: (lung cancer) AND (screening) AND (implementation) 
OR English language journal publications addressing domains of 
diagnosis, therapy and implementation.

3   |   Status of Selected International Clinical Trials

A landmark American College of Radiology's Lung Cancer 
Screening Registry (LCSR) analysis of 1,159,092 persons who 
had LCS from 3625 facilities found that 90.8% met the USPSTF 
eligibility criteria [7, 8]. Compared with adults from the 2015 
National Health Survey (NHIS) who met the criteria (n = 1257), 
screening recipients in the LCSR were older, more likely to be 
female, and more likely to currently smoke. Only 22.3% had a 
repeated annual LDCT. At 24 months of follow-up, 34.3% were 
adherent; beyond 24 months, 40.3% were adherent [7]. On base-
line screening, 17% showed positive screening results with an 
overall cancer detection rate of 0.56%, higher with advancing 
Lung-RADS categories as expected. The cancer stage distribu-
tion was similar to that observed in the National Lung Cancer 
Screening Trial, with 53.5% of patients receiving a diagnosis of 
stage I cancer and 14.3% with stage IV cancer. A stage shift to-
ward early-stage lung cancer was noted [8].

4   |   European Trials

The feasibility of an RCT for LDCT scanning was demonstrated 
in the United States in the Lung Screening Study (LSS), a piv-
otal pilot project of the ongoing Prostate, Lung, Colorectal, and 
Ovarian (PLCO) cancer screening trial that demonstrated the 
feasibility of an RCT of LDCT scanning in the United States 
[9, 10]. In Europe, DANTE enrolled males, aged 60 to 75 years, 
people who smoked 20 or more pack-years, randomised to 
screening with LDCT or control and found LC in 4.7% of the CT 
arm and 2.8% of control subjects (p = 0.016) and noted mortality 
from non-lung cancer causes [11, 12]. The German Lung Cancer 
Screening Intervention (LUSI) is a randomised trial, comparing 
five annual rounds of LDCT screening (screening arm; n = 2029 
participants) with a control arm (n = 2023) followed by annual 

postal questionnaire inquiries, with a hazard ratio for lung can-
cer mortality of 0.74 (95% CI: 0.46–1.19; p = 0.21) and a statistically 
significant reduction in lung cancer mortality among women 
(HR = 0.31 [95% CI: 0.10–0.96], p = 0.04) [13]. Extended NLST fol-
low-up (median follow-up 11.3 years for incidence and 12.3 years 
for mortality) confirmed a number needed to screen (NNS) of 
303, similar to the original analysis [14]. The multicentre pilot 
UK Lung Cancer Screening study recruited 4055 participants 
from 247,354 potential participants, with 2028 in the CT arm and 
2027 in the control arm. Overall, 42 participants (2.1%) were di-
agnosed with lung cancer, 85.7% of the screen-detected cancers 
identified as stage 1 or 2, and 83.3% underwent surgical resection 
as their primary treatment [15]. HUNCHEST, the first pilot na-
tionwide low-dose LCS programme in Hungary, identified a pos-
itive predictive value of 31.6% [16]. The Multicentric Italian Lung 
Detection study (MILD) prospectively randomised 4099 partici-
pants to screening (n = 2376) or to a control arm (n = 1723) [17]. 
The screening arm was further randomised to annual (n = 1190) 
or biennial (n = 1186) LDCT for a median period of 6 years. At 
10 years, the MILD study reported a 39% reduced risk of LC 
mortality at 10 years [hazard ratio (HR) 0.61; 95% confidence in-
terval (CI) 0.39–0.95], and a 20% reduction of overall mortality 
(HR 0.80; 95% CI 0.62–1.03). LDCT benefit improved beyond the 
5th year of screening, with a 58% reduction in LC mortality (HR 
0.42; 95% CI 0.22–0.79) and a 32% reduction in overall mortality 
(HR 0.68; 95% CI 0.49–0.94) [4, 17–18], adding to the body of evi-
dence from the internationally pivotal NLST and NELSON trials. 
MILD data also suggested that a strategy of biennial screening 
may save about one third of CT scans with similar performance 
indicators as compared to annual screening [19] (Table 1).

5   |   Asian Trials

A similarly large sample size was reported in a Chinese mul-
ticentre, prospective cohort study of 1,016,740 enrolled partici-
pants who were invited for one-off LDCT for LCS [20] Of these, 
3581 were diagnosed with lung cancer after a median follow-up 
of 3.6 years, with reductions in lung cancer mortality and all-
cause mortality in participants who underwent LDCT20. The 
Cancer Screening Program in Urban China (CanSPUC) Henan 
studied 282,254 participants, finding 589 lung cancers, from 
which they developed and internally validated the Henan Lung 
Cancer risk prediction model [21]. In the subsequent CanSPUC 
cohort study, with inverse probability weighting (IPW) ad-
justment for potential imbalances, lung cancer mortality de-
creased (31.0% lower) (HR0.69 [95% CI 0.49–0.97]) as well as 
all-cause mortality (23.0% lower) (HR0.77 [95% CI 0.68–0.87]) 
in the screened group with a single LDCT [22]. A West China 
Hospital cohort study combined USPSTF guidelines with 
Chinese expert consensus guidelines to select 15,996 partici-
pants who presented for yearly health examinations for LCS 
[23]. Importantly, the Chinese consensus guidelines included 
people with passive smoking histories. The study showed that 
the rate of missed diagnosis was as high as 90.8% applying just 
USPSTF guidelines to this population. In the Gejiu, Yunnan 
screening centre of the Lung Cancer Screening Program in 
Rural China (LungSPRC), 2006 participants completed base-
line screening, with positive rates of baseline and annual 
screening at 9.7% and 9.0%, while the lung cancer detection 
rate was 0.4% and 0.6% [24]. Another community-based trial of 
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3512 participants (98.9%) who underwent LDCT screening, and 
3145 participants (99.3%) who received a control questionnaire 
reported lung cancer detection in 1.5 versus 0.3% respectively 
[27]. The Korean Lung Cancer Screening Project (K-LUCAS) 
considered 71,829 participants aged 50 years or older in the na-
tional health screening program, finding 5975 (8.3%) eligible 
for lung cancer screening with 17.8% refusals, otherwise show-
ing feasibility [25]. Another South Korean analysis of 52,615 
adults who had previously had LCS reported that non-screen-
detected cancers tended to be centrally located and that most 
non-screen-detected central cancers (89.1%) had a negative re-
sult on prior LDCT screening [26] (Table 1).

6   |   LCS in Different Settings and Targeted 
Populations

6.1   |   Occupational Settings

A number of studies have evaluated LCS, including smoking ces-
sation rates, in a range of occupational or sociodemographic set-
tings. Participation in an LDCT screening study was associated 
with reduced LC mortality in an Occupational Health surveil-
lance cohort study of 2433 asbestos-exposed men [28]. LDCT as 
a part of regular health examinations in 8392 hospital employees 
in different regions of China detected pathologically confirmed 
lung cancer in 2.1%; more in females than males (2.5% vs. 1.3%) 
[29]. A study of New York rescue/recovery workers exposed to 
the September 11, 2001, attacks who underwent LCS based on 
smoking history and age reported 50 screen-detected cancers but 
observed 13 missed lung cancers, detected through registry and 
medical records, thought mainly attributable to smoking less 
and quitting longer than guideline/model eligibility criteria [30]. 
A US Veterans Health Administration (VHA) study reported 
that 1-year quit rates for Veterans receiving LCS are similar to 
those reported in LDCT clinical trials and cohort studies (i.e., 
10%–17%) but only 1% received the recommended combination 
of pharmacotherapy and counselling, and the most effective 
pharmacotherapies (combination nicotine replacement therapy 
(NRT) or varenicline) were infrequently used [31]. Another study 
of LCS in a small military population study reported predictors 
of non-adherence versus adherence to be younger age (p = 0.008), 
female sex (p = 0.005), and enlisted officer rank (p = 0.03). Lack 
of perceived contact for follow-up was expressed as the primary 
reason for non-compliance [32] (Table 2). Further studies on oc-
cupational exposures are addressed in the discussion section.

6.2   |   Sociodemographic Settings

Analysis of LCS in a majority-rural health care system revealed 
2.1% LC diagnosis rate and no significant differences observed 
between rural and non-rural patients in lung cancer diagno-
sis rate or early-stage lung cancer survival [33]. A Korean LCS 
study of older adults (70–80 years) found the LC detection rate in 
the late 70s group similar to the early 70s group (3.4% vs. 2.7%, 
p = 0.485), and reported that 80.6% with screening-detected LC 
received appropriate ‘tumour reduction treatment’ [34]. An early 
prospective community cohort reported on feasibility challenges 
in the deployment of CT screening, calling for a structured 
and integrated setting [35]. In a US metropolitan community 

(Kentucky) study, of 6433 patients evaluated for LCS during an 
office visit with their primary care provider 4170 (64.8%) un-
derwent LDCT with 20.9% having nodules > 4 mm [36]. In the 
same study, 2653 LCS participants currently smoked, with a 42% 
quit rate for those enrolled in group tobacco cessation classes, 
particularly relevant for a state with high cigarette smoking and 
lung cancer deaths. On the other hand, pulmonologist-led LCS 
in a cohort of 791 outpatients with stable respiratory diseases 
reported screening positivity in 14.0% and 5.6% in the first and 
second screening rounds, respectively (positive predictive value: 
11.0% and 26.6%, respectively) albeit with a 19% loss to follow-up 
[37] (Table 2).

Notably, despite being acknowledged as priority populations 
(e.g., by Cancer Australia), there are very few data on screening 
Indigenous populations from international cohorts.

6.3   |   LCS for People Who Have Never Smoked 
or Are Light Smokers

Lung cancer in people who have never smoked accounts for at 
least one-third of lung cancer worldwide, more prevalent in East 
Asia in women. Lung cancer is the leading cause of cancer mor-
tality in women in many East Asian countries such as Korea, 
Taiwan, and Hong Kong [38, 39] (Table 3).

6.4   |   Taiwan

In Taiwan, more than 60% of lung cancer patients do not have 
a smoking history, especially in women, with 94% of lung 
cancer in women occurring in those who have never smoked 
[46, 47]. A prospective study of 1102 subjects with a lung can-
cer family history (LCFH) in Taiwan showed that LCFH is 
a risk factor for lung cancer, with a 10-year cumulated lung 
cancer detection rate of 4.5% [40]. The Taiwan Lung Cancer 
Screening in Never-Smoker Trial (TALENT) (Author disclo-
sure PCY PI) is a nationwide, multicentre, prospective co-
hort study that detected LCs in eligible individuals who had 
negative chest radiography, were aged 55–75 years, had never 
smoked or had smoked fewer than 10 pack-years and stopped 
smoking for more than 15 years (self-report), and had one of 
the following risk factors: a family history of lung cancer; 
passive smoke exposure; a history of pulmonary tuberculosis 
or chronic obstructive pulmonary disorders; a cooking index 
of 110 or higher; or cooking without using ventilation. Lung 
cancer was diagnosed in 318 (2.6%) of 12,011 participants (257 
[2.1%] participants had invasive lung cancer and 61 [0.5%] had 
adenocarcinomas in  situ) with the prevalence higher among 
participants with a family history of lung cancer. The majority 
were adenocarcinoma, and 77.4% had stage I disease. The issue 
of potential overdiagnosis was discussed, especially for adeno-
carcinoma in situ [41]; we explore the concept of overdiagno-
sis further in our discussion. Based on these results, Taiwan 
initiated a National Lung Cancer Early Detection Program on 
July 1, 2022, with biennial LDCT screenings for those with 
a heavy smoking history (30 pack-years) and those without 
(never or light smoking history) with LCFH aged 45–74 years 
for females and aged 50–74 years for males. From a total of 
78,000 participants in this program until December 31, 2023, 
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lung cancer was confirmed in 956 subjects by surgery or bi-
opsy, with 85.0% at stage 0–1. The lung cancer detection rate 
was 1.2%. Subjects with LCFH exhibited a higher detection 
rate (overall: 1.6%, no smoking: 1.7%, and light smoking: 0.9%) 
compared with heavy smoking history (0.7%) and those with 
both risk factors (1.1%) [42].

6.5   |   Korea

Another risk prediction model has been developed integrating 
age, gender, smoking pack-years, family history of lung cancer, 
personal cancer history, BMI, lung function test, CEA, bilirubin, 
AFP, and CRP with differential performance for never smok-
ers, light smokers, and heavy smokers [48]. In a Korean never-
smoker population of 12,176 (63.6% women), 10.0% were found 
to have lung nodules, with a LC diagnosis rate of 0.45% (92.7% 
stage I) compared to 0.86% for ever-smokers [43]. A Korean 
study of 4365 female never smokers aged 40–79 years reported 
that after a median follow-up of 9.69 years, 0.5% had lung cancer, 
reflecting a low risk of lung cancer development in female never 
smokers in Korea [44].

6.6   |   Zhejiang, China

A prospective cohort LCS study of smokers and non-smokers 
in Zhejiang, China enrolled participants aged 40–74 years, and 
those with a high model risk score were recommended to un-
dergo LCS. At baseline, 62.56% (18,818/30,079) of smokers and 
6% (5483/91,455) of non-smokers were identified as high risk 
(p < 0.001), of whom 41.9% (7885/18,818) and 66.31% (3636/5483) 
underwent LCS. After a median follow-up of 5.1 years, 1100 
lung cancer cases and 456 all-cause death cases (116 lung can-
cer death cases) were found. Compared with participants who 
were not screened, LCS in smokers significantly increased lung 
cancer incidence (hazard ratio [HR] 1.39, 95% CI 1.09–1.76; 
p = 0.007) but reduced lung cancer mortality (HR 0.52, 95% CI 
0.28–0.96; p = 0.04) and all-cause mortality (HR 0.47, 95% CI 
0.32–0.69; p < 0.001). Among non-smokers, no significant re-
sults were found for lung cancer incidence (p = 0.06), all-cause 
mortality (p = 0.89), and lung cancer mortality (p = 0.17) [45].

7   |   Selection for LCS: Risk-Based Screening

7.1   |   Europe

ESTHER, a population-based prospective cohort study in 
Germany that quantified the performance of 11 different LC risk 
models in screening-age adults, suggested that LC risk models 
have the potential to identify people at highest risk of LC, and 
select for LCS [49].

7.2   |   Asia Pacific

The International Lung Screen Trial (author disclosures ES, 
HM, KF PIs) reported that the Prostate Lung Colorectal and 
Ovarian Cancer Screening Trial PLCOm2012 risk model was 
more efficient than the USPSTF2013 criteria for selecting T
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individuals for LCS and could be used for identifying high-risk 
individuals [50, 51]. Noting people with previous malignancy 
have an increased risk of lung cancer yet are often underrep-
resented in clinical trials, a small single-institutional study re-
ported that individuals with a cancer history were significantly 
less likely to have abnormal screening results than those with-
out a cancer history [52]. Conversely, a different study in patients 
with prior malignancy found the rate of screen-detected second 
primary lung cancer and of having invasive diagnostic proce-
dures is higher than in a general screened population [53]. In 
a real-world retrospective study at a US non-profit healthcare 
system, modification of LCS eligibility confirmation processes 
led to increased participant rates [54]. An ongoing study evaluat-
ing invitation methods for Indigenous New Zealand Māori peo-
ple for LCS in a pragmatic cluster randomised controlled trial 
(RCT) will be highly relevant and informative [55]. A two-arm, 
blinded, between-subjects RCT of a targeted, low-burden, and 
stepped invitation strategy versus hospital-based Lung Health 
Check appointments offering LDCT screening demonstrated an 
uptake rate of 52.6%, without a difference between intervention 
(52.3%) and control (52.9%) groups in unadjusted (odds ratio 
[OR], 0.98; 95% confidence interval [CI], 0.82–1.16) or adjusted 
(OR, 0.98; 95% CI, 0.82–1.17) analyses [56]. Preliminary results 
from a study of 279 (51%) female and 267 (49%) males suggested 
equal gender participation in LCS [57].

7.3   |   Nodule Management

An analysis of the Alberta Lung Cancer Screening Study com-
paring Pan-Canadian Early Detection of Lung Cancer Nodule 
Risk Classification (NRC) categories and ACR Lung Screening 
Reporting and Data System (Lung-RADS) found that NRC 
and Lung-RADS both performed well with a trend to higher 
sensitivity for the NRC. Early recall rates remained less than 
10% with both classification systems, lower than NLST58. The 
ITALUNG study of two biomarkers, loss of heterozygosity and 
microsatellite instability, raised the possibility that multimodal 
screening including this panel may improve LCS efficiency at 
baseline [58, 59]. ITALUNG noted high and stable LCS compli-
ance but a low detection rate and specificity, and some surgical 
procedures were undertaken for benign lesions [58, 60]. A retro-
spective cohort study in the U.S. of 9266 screened patients found 
that 15.9% had a baseline LDCT scan showing abnormalities, of 
whom 9.5% were diagnosed with lung cancer within 12 months. 
Absolute rates of downstream imaging and invasive procedures 
in screened patients were 31.9% and 2.8%, respectively, with in-
vasive procedure complication rates higher than in NLST (30.6% 
vs. 17.7% for any complication; 20.6% vs. 9.4% for major compli-
cations) [61].

7.4   |   LCS Barriers/Enablers

A mixed methods analysis of data from the UKLS trial identified 
practical and emotional barriers to participation [62]. In addi-
tion, there is an informative and recent review of patient barriers 
and facilitators which reports some key themes [63]. The UKLS 
participants also reported that cancer distress was higher for the 
intervention arm participants who received positive screening 
results than in controls (p ≤ 0.001), but this did not persist at 

subsequent follow-up (p = 0.04), with no clinically significant 
long-term psychosocial impact on high-risk participants [64].

In the Pan-Canadian Early Detection of Lung Cancer Study, 
there were no clinically significant differences in HRQoL out-
comes between baseline and following survey time points, al-
though a minority of participants (number-needed-to-harm = 7 
after baseline screening and 18 at 1 year) demonstrated clinically 
significant increased anxiety levels [65].

The SUMMIT Study found that providing written informa-
tion to LCS participants helped prepare participants for LDCT 
results and appeared to be a helpful adjunct to a written com-
munication [66]. In addition, they found a high rate of satisfac-
tion 82.8% (n = 1573) with receiving their results by letter, with 
2.9% (n = 55) reporting dissatisfaction. 86.3% (n = 1640) stated 
a letter was their preferred communication method and 77.3% 
(n = 1469) reported that their letter contained the right amount 
of information.

In a US pre- and post-intervention study, clinician-facing EHR 
prompts and an EHR-integrated everyday shared decision-
making tool appeared promising for improving LCS in the pri-
mary care setting [67]. A retrospective cohort study of LCS in a 
US rural healthcare setting found low compliance with repeat 
annual screening and recommendations for workup, speculated 
to be exacerbated by prevailing healthcare and socioeconomic 
issues [68].

A prospective multi-centre population-based cohort study from 
China found an overall uptake rate of 33.0%, which was nega-
tively correlated with the incidence of advanced-stage lung can-
cer, male sex, current smoking, depressive symptoms, structural 
delays in initiating LDCT scans, lack of media-assisted publicity, 
and navigation assistance [69]. A study from the PROSPR-Lung 
Consortium showed a gap in the lung screening care pathway 
where 40% of those referred for LCS did not complete an LDCT 
within 90 days, noting insurance status and lower neighbour-
hood socioeconomic status negatively impacting screening 
uptake [70]. An innovative comparison of LCS and a guideline 
concordant lung nodule programme (LNP) in the Mississippi 
Delta showed that the cumulative lung cancer diagnosis hazard 
of screening-age persons enrolled in the LNP was higher than 
that in an LCS cohort and may be an alternative pathway to 
early detection to help address disparities [71, 72]. In an anal-
ysis of the NLST by race, black individuals experienced higher 
all-cause mortality than white individuals (HR, 1.35; 95% CI 
1.22–1.49); however, black individuals screened with LDCT had 
a reduction in all-cause mortality [73]. A Hawaiian cohort study 
of 1030 eligible LCS participants found racial and ethnic dis-
parities in LCS completion rates highlighting the need to better 
understand factors associated with different racial and ethnic 
groups [74].

7.5   |   Mobile CT

The placement of a mobile CT unit in a New York City high-
traffic area offering free screening found that mobile screening 
participants were significantly more likely to be younger, be un-
insured, and have lower smoking intensity and were less likely 
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to meet 2013 USPSTF guidelines (but would meet their 2021 
guidelines) and self-identify as White race and Hispanic ethnic-
ity than a hospital-based screening cohort [75].

7.6   |   Artificial Intelligence (AI)—Nearly Here 
for LCS?

The Lung Screen Uptake Trial (LSUT) observational cohort 
study studied radiographer readings of LDCT and found that 
computer-assisted detection CAD-supported radiographers 
were less sensitive than radiologists at identifying clinically sig-
nificant pulmonary nodules, but had a low false-positive rate 
and good sensitivity for detection of confirmed cancers [76].

Pilot work on an AI convolutional neural network (CNN) proto-
type indicates its potential use for identification of risk factors 
for cardiopulmonary disease on standard screening low-dose 
chest CT in the US78.

Another study from Taiwan embedded AI algorithm-assisted 
CT screening in the hospital picture archiving and communi-
cation system, finding increased sensitivity of detecting nodules 
sized 4–5 mm, 6–10 mm, 11–20 mm, and > 20 mm by 41%, 11.2%, 
10.3%, and 18.7%, respectively, including detecting ground glass 
nodules (GGN) [77].

A Western China telemedicine-enabled LCS in underserved 
communities where CT scans were remotely reported by radiol-
ogists aided by AI diagnostic systems, tracked through an inte-
grated hospital network of 19,517 participants, identified 2.68% 
with high-risk pulmonary nodules and diagnosed 0.55% with 
lung cancer after a 1-year follow-up [78].

A Taiwanese study of an artificial neural network (ANN) found 
better sensitivity compared to Lung-RADS for the detection of 
lung cancer in an Asian population and more refined discrim-
inative ability for lung cancer risk stratification [79] (80 Hsu 
BMC Cancer 2020).

A fusion algorithm of handcrafted features (HF) with a 3D deep 
convolutional neural network reported promising AUC, accu-
racy, sensitivity, and specificity scores [80].

A study of NLST images found that, compared to Lung-RADS, 
semantic features defined by border definition and contour per-
formed similarly or better [81]. Other studies suggest radiomics 
may play a role in distinguishing features of malignancy and 
differentiation of cancer from benign lesions [82–84]. For sub-
solid nodules detected during LCS (89 in 86 LCS participants; 42 
pure ground-glass nodules (GGNs) and 47 part-solid GGNs), 28 
SSNs were diagnosed as lung cancer histopathologically, with 
various CT texture parameters showing predictive value be-
tween malignant pulmonary nodules and others [85].

Another approach used an open-source deep-learning algorithm 
‘Sybil’ to analyse 10,573 LDCTs from 6127 consecutive LCS par-
ticipants, yielding AUCs of 0.89 (95% CI: 0.85–0.93) for females 
and 0.89 (95% CI: 0.85–0.94) for males for predicting LC risk 
at 1 year, p = 0.92, and performed better at 6 years for females, 

AUC 0.87 (95% CI: 0.83–0.93) than males, AUC 0.79 (95% CI: 
0.72–0.86) [86].

8   |   The Impact of Incidental Findings—Not a 
Trivial Issue

8.1   |   Bone Density

A Chinese study of opportunistic screening for osteoporosis sug-
gested lumbar spine CT-derived bone mineral density (BMD) 
may be able to identify low lumbar BMD [87].

8.2   |   Cardiac Disease

The SUMMIT Investigators found that a standardised reporting 
and management protocol showed the most common incidental 
findings to be coronary artery calcification (64.2%) and emphy-
sema (33.4%), which estimated the number of participants re-
quiring review for clinically relevant findings in primary care as 
1 in 20, and the number potentially requiring review in second-
ary care as 1 in 25 [88].

A Polish LCS observational study noted a high prevalence of car-
diovascular risk factors, with 83.7% of men and 40.7% of women 
classified with a very high CVD SCORE risk (> 10%), and coro-
nary artery calcification (CAC) was reported in 190 (47%) par-
ticipants [89]. In LSUT, QRISK2 CVD risk assessment [90] was 
positively associated with increasing CAC grade, and of those 
who qualified for statin primary prevention (QRISK2 ≥ 10%), 
56.8% did not report a history of statin use [91]. Review of a 
prospective cohort of 8618 smokers also found that aortic valve 
calcification (AVC) prevalence increased with the increasing se-
verity of the CAC categories, and each alone was a significant 
predictor of cardiovascular disease death [92].

8.3   |   Airways and Lung Disease

The Lung Screen Uptake Trial (LSUT) Investigators found that 
57% in their study had prebronchodilator spirometry consistent 
with COPD; 67% did not have a prior history of COPD and were 
termed ‘undiagnosed’. Emphysema prevalence in those with 
known and ‘undiagnosed’ COPD was 73% and 68%, respectively. 
A total of 32% of those with ‘undiagnosed COPD’ had no em-
physema on LDCT [93]. The SUMMIT Study observed airflow 
obstruction as an independent risk factor for lung cancer risk on 
baseline LDCT (adjusted OR 2.74, 95% CI 1.73–4.34; p < 0.001), 
with a high risk seen in those with undiagnosed COPD (adjusted 
OR 2.79, 95% CI 1.67–4.64; p < 0.001) [66].

The SUMMIT sub-analysis suggested concurrent spirometry 
alongside LCS may facilitate accurate diagnosis of COPD and 
identified downstream challenges from offering this additional 
test [88, 94]. Another study of an LCS cohort who had spi-
rometry found the presence of CT emphysema (RR, 2.51; 95% 
CI, 1.01–6.23) but not airway obstruction (RR, 2.10; 95% CI, 
0.79–5.58) was associated with increased risk of lung cancer 
[95]. In participants with negative baseline LDCT screens in the 
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NLST (n = 16,624), radiographic emphysema was independently 
associated with nearly double the hazard of lung cancer diag-
nosis at both the second (T1) and third (T2) annual LDCT [96].

8.4   |   Thyroid Disease

A secondary analysis of the NLST identified 60 thyroid cancers, 
with the early and persistent excess in the CT arm however sug-
gesting overdiagnosis of thyroid incidentalomas [97].

8.5   |   Smoking Cessation Still Critical for Effective 
LCS Benefit

A randomised trial of a web-based educational video about 
LCS or usual care found no difference in abstinence from 
smoking between 1281 smokers aged 55–80 LCS-eligible indi-
viduals, while effective in improving utilisation of LDCT [98]. 
A population-based screening cohort in rural China surveyed 
twice showed a slight decrease in smoking prevalence from 
52.6% to 49.1%. The chance of smoking abstinence in baseline 
current smokers was reduced by over 80% in those who attended 
5 rounds of screening compared to smokers who only received 
baseline screening, but the risk of smoking initiation in baseline 
non-smokers was significantly higher in those with a negative 
screening result [99].

9   |   Discussion

Even modest increases in screening uptake can be anticipated to 
save lives, including from lung cancer [100]. With this narrative 
review, we intend to provide a rapid review of recent screening 
research and LCS trials from around the world to identify poten-
tial enablers and under-recognised barriers to encourage global 
adoption of this life-saving technology when it can be imple-
mented safely and efficiently in the target communities.

We find some issues are universal of global significance, such as 
low participation rates, whereas others can be very context spe-
cific, for example, LCS in Asia, especially for people who have 
never smoked. We discuss our learnings in the following format 
with a focus on the trials that we are involved in and the Asia 
Pacific region, while acknowledging the huge efforts and tech-
nological advances globally.

9.1   |   Updated Data on Occupational Exposures

Asbestos is the most prevalent occupational lung carcinogen 
worldwide [101]. A study of 1260 LCS screening participants 
with significant occupational lung carcinogen exposure, in-
cluding asbestos, reported a detection rate of 1.6% for NSCLC 
at the baseline scan [102]. A French study of 5662 people with 
occupational asbestos exposure showed a nearly 2-fold in-
crease in lung cancer in those with pulmonary nodules com-
pared to the reference general population, with a standardised 
incidence ratio (SIR) of 1.95 (95% CI 1.22–2.95) [103]. A West 
Australian study of 1743 participants with occupational as-
bestos exposure reported detection of 26 (1.5%) lung cancer 

cases with LDCT as part of the annual review [104]. Critically, 
most participants (74.5%) and most cases with lung cancer 
(17/26, 65.4%) would not have met eligibility criteria for most 
lung cancer screening programmes. Further discussion on re-
cent trials, cost-effectiveness, and implementation barriers to 
screening can be found here [105].

9.2   |   LCS is Increasingly Implemented in Many 
Regions Including the Asia– Pacific

Extended participant follow-up of pivotal screening trials con-
firms the reported benefits from LCS, including consistent num-
ber needed to screen [14] and reduced LC mortality and overall 
mortality [19]. MILD data also suggest biennial rather than an-
nual screening may perform similarly with fewer CT scans [19].

The large US LCSR analysis of over 1 million participants 
showed broad implementation of LCS is feasibly conducted with 
high fidelity to contemporaneous eligibility criteria, resulting in 
an overall baseline cancer detection rate of 0.56% and consistent 
stage shift. On the other hand, only 1 in 5 participants had the 
repeat annual scan (albeit higher rates with extended follow-up) 
[7]. Furthermore, screenees were likelier to be older, female, 
and current smokers. Thus, better engaging potentially eligible 
at-risk people and ongoing participation remain important pro-
grammatic challenges.

Welcome additions to the international LCS experience come 
from Asia, particularly China, with multiple publications of 
demonstration and or implementation LCS projects in several 
regions [20–24, 27]. Another very large data set came from the 
Chinese study of over a million participants, which further at-
tests to the feasibility of large scale LCS [20].

The Korean Lung Cancer Screening Project (K-LUCAS) has re-
ported initial results from the national health screening program 
[25] and other large scale efforts have been reported in Korea 
[26]. Some Korean LCS studies have included never-smokers, 
suggesting that the rate of lung cancer diagnosis is lower than 
that from LCS of ever smokers [43, 44] is a key issue in the Asia 
Pacific region given the numbers of lung cancer found in never 
smokers.

Taiwan has contributed a major trial from this region addressing 
this point; the groundbreaking Taiwan Lung Cancer Screening 
in Never-Smoker Trial (TALENT) [41] (Author disclosure PCY 
PI) demonstrated the potential for LCS in never or lighter smok-
ers in this population. TALENT reported a lung cancer diagnosis 
rate of 2.6% from 12 011 participants; as 2.1% of the participants 
had invasive lung cancer and 0.5% had adenocarcinomas in situ, 
the important issue of potential overdiagnosis has also been dis-
cussed, given a Taiwanese ecological cohort study reported an 
increased incidence of early-stage lung cancer over a recent pe-
riod without change in the incidence of late-stage disease after 
the introduction of LCS, consistent with the concept of potential 
overdiagnosis [106].

A Chinese prospective study of both smokers and nonsmokers 
reported a lower proportion of non-smokers meeting a high-risk 
score model compared to smokers. Additionally, compared with 
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participants who were not screened, LCS in smokers resulted in 
a higher lung cancer incidence and reduced lung cancer and all-
cause mortality, but there were no such differences seen in non-
smokers (noting smaller sample size) [45].

Further work to define the effectiveness of LCS in non-smokers 
is required, given the large burden of disease and horizon scan-
ning for the future with the great benefit of reducing.

Nonetheless, currently, more than 600 million people in the 
Asia Pacific region smoke. Smoking cessation remains a key 
part of LCS programmes, improving health outcomes and cost-
effectiveness; resulting in trials of smoking cessation tools, 
including web-based educational videos [98] with local environ-
mental factors anticipated to influence uptake and effectiveness 
for this teachable moment for smoking cessation. In addition, 
air pollution affects much of the region at high levels and con-
tributes to lung cancer risk. Broader policy goals for lung cancer 
must therefore also include action to reduce air pollution smok-
ing rates.

9.3   |   LCS Efficiency Can Be Improved

There has been considerable interest in the scientific concept 
of risk prediction model for selecting eligible LS participants. 
These new models recognise and incorporate additional puta-
tive or established risk factors to the archetypal categorical fac-
tors of age, smoking pack-years, such as integrating variables of 
gender, family history of lung cancer, personal cancer history, 
BMI, lung function test, CEA, bilirubin, AFP, CRP with differ-
ential performance for never smokers, light smokers, and heavy 
smokers [48].

In Germany, ESTHER compared the performance of 11 dif-
ferent LC risk models in screening-age adults, suggested that 
various risk models can identify people at highest risk for LCS 
selection [49].

There is much interest in the performance of invitation meth-
ods, both generic and for high priority populations [55, 56], with 
some evidence that small modifications may result in useful im-
provements in participation rate [54]. For electronic-based pri-
mary health care systems, prompts and shared decision-making 
tools appear to be useful [67].

Expectedly, barriers to LCS include healthcare and socioeco-
nomic issues prevalent in rural communities [68, 70], male sex, 
current smoking, depressive symptoms, delays in initiating 
LDCT scans, and lack of publicity and navigation assistance 
[69]. Interestingly, mobile LCS, relatively implemented in the 
UK, has also been trialled in New York, where participant de-
mography may be heterogenous [107]. Reports of racial and eth-
nic disparities for LCS participation and outcomes suggest the 
need for ongoing attention [73, 74].

9.4   |   Better Nodule Management

Comparative research suggests two of the most common nod-
ule management algorithms [Pan-Canadian Early Detection 

of Lung Cancer Nodule Risk Classification and ACR Lung 
Screening Reporting and Data System (Lung-RADS)] perform 
well [108], with the latter premised on annual screens and the 
former only validated in baseline scans. Biomarker-augmented 
management is also emerging as a potential aid to enhance nod-
ule care [58–60]. Management of LCS-detected nodules is a hot 
topic, given the impact not only on health outcomes and safety of 
an LCS programme but also its cost-effectiveness and consump-
tion of scarce health care dollars. Reassuringly, in real-world ex-
perience, a US cohort study reported downstream imaging and 
invasive procedures from LCS at 31.9% and 2.8%, generally lower 
complication rates than NLST62. The potential role of CAD, ra-
diomics, or AI is very actively researched for mainstream LCS 
implementation, evidenced by early reports of a multitude of sys-
tems used in a variety of ways [76–86, 109].

9.5   |   Better Management of Incidental 
(Additional) Findings

It is also clear that the discovery of incidental findings can lead 
to detection of both significant pathology as well as abnormal-
ities of little clinical consequence. Well-studied incidental find-
ings include osteoporosis [87], COPD [94, 110–111], emphysema 
[93, 95–96], coronary artery calcification [89, 91–92], with a re-
view rate for clinically relevant findings in primary care esti-
mated in one study to be 1 in 20 [94]. The increased identification 
of thyroid cancers raised the concept of overdiagnosis of thyroid 
incidentalomas [97]. While there can be some increased anxiety 
in some LCS participants [108], and higher cancer distress with 
a positive screening result [64], overall QOL does not appear to 
be significantly impacted by LCS participation. Custom tools 
such as preparatory written information and providing letters 
with results seem to be well accepted [66].

9.6   |   Call To Action; Implementation with an 
Emphasis on Asia Pacific Region

Successful implementation of lung cancer screening for the 
Asia Pacific region involves challenges and subsequent press-
ing policy implications. Stigma driven by negative public health 
messaging about tobacco may prevent LCS uptake through 
avoidance, psychological distress, delays in seeking help, and 
reductions in efforts toward early detection [105].

Multiple logistical and operational matters coalesce in LCS, in-
cluding the determination of eligibility, integration of smoking 
cessation, nodule management, incidental findings, data regis-
tration and the integration of emerging technologies [112, 113]. 
Uncertainties persist about key implementation steps includ-
ing recruitment, optimal selection criteria (categorical or risk-
based), evidence-based screening intervals, nodule evaluation, 
optimal smoking cessation strategies, sex-based differences 
in screening, cost-effectiveness and the impact on health care 
resources.

A comparison of LCS policy development across Europe strati-
fied key issues into six stages: assessment of evidence, economic 
evaluation, local feasibility studies, commitment to programme 
setup, national protocols, and organisational setup [114]. 
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Critical components of a screening system include governance, 
information and communication, adequate (and adequately 
trained) healthcare workforce, high quality medical technolo-
gies, streamlined service delivery along with commitments to 
quality, safety, equity of access, efficiency, and integration into 
public health programs [114]. Indeed, multinational coordina-
tion and collaboration is likely to be of great importance, such as 
in The Strengthening the Screening of Lung Cancer in Europe 
(SOLACE) project, a pioneering new EU4Health project under 
Europe's Beating Cancer Plan. The aim is to facilitate the imple-
mentation of lung cancer screening programmes across Europe 
and could conceivably be a model for the Asia-Pacific.

LCS issues pertinent to China, which accounts for more than 
40% of all lung cancer cases worldwide [115], include emerging 
data registries, the need for relevant risk models for selection 
and for nodule evaluation, smoking cessation integration and 
the role of community-based recruitment [116, 117]. In limited 
resource settings, even a seemingly simple issue such as the rel-
ative unavailability of publicly funded CT scanners may prevent 
access to LCS.

In practice, the complexities of lung cancer screening implemen-
tation underscore the need to look to established programs and 
active research to design successful programs. Low and middle-
income countries (LMICS), which form a considerable part of the 
Asia Pacific region, can draw upon high-income country (HIC) 
experience in data management and cost-effectiveness studies 
as well as considering specific issues such as community-based 
recruitment (‘one-stop health checks’ and mobile scanners), 
workforce limitations and culturally appropriate screening ap-
proaches that acknowledge stigma and social disparities [118]. 
Community health care worker education can improve the un-
derstanding of lung cancer screening and support community-
based recruitment [119] and community-based ‘lung health 
checks’ may foster very high LCS participation rates [120]. Co-
ordination of primary care, speciality care and community input 
can boost participation in LCS in rural settings [121]. Telehealth 
can reach potential participants and provide smoking cessation 
advice [122].

The Asia and the Pacific region is home to 60% of the world's 
population. Successful implementation of LCS in the Asia 
Pacific has the potential for sustained improvements in lung 
cancer outcomes for many populations. High rates of non-
smoking related lung cancer in the region will continue to drive 
screening research in populations with other toxic exposures 
and with significant family history [41]. Ongoing research will 
contribute to LCS in the region's indigenous populations such 
as Aotearoa New Zealand's Māori community [55, 123] and 
Australia's Aboriginal and Torres Strait Islander peoples [124].

The volume of data, rapidly emerging studies and steady rollout 
of LCS worldwide likely herald a new era in lung cancer med-
icine where sophisticated imaging and novel technologies will 
support early diagnosis, minimally invasive therapies and, we 
hope, dramatic improvements in outcomes for patients, fami-
lies and their communities. Coordinated, cooperative multidis-
ciplinary efforts in our region that encompass diversity, equity 
and inclusion such as the APSR Big 5 Lung Diseases Workshop 
and Toolkit (The Big Five (apsresp.org)) will be needed to help 

upscale effective early lung cancer detection and treatment 
health technologies. No one deserves lung cancer; people at 
risk deserve screening for early detection.
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