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Abstract: Lung cancer is the leading cause of cancer-related deaths in Europe, with low survival rates
primarily due to late-stage diagnosis. Early detection can significantly improve survival rates, but
lung cancer screening is not currently implemented in Italy. Many countries have implemented lung
cancer screening programs for high-risk populations, with studies showing a reduction in mortality.
This review aimed to identify key areas for establishing a lung cancer screening program in Italy. A
literature search was conducted in October 2022, using the PubMed and Scopus databases. Items of
interest included updated evidence, approaches used in other countries, enrollment and eligibility
criteria, models, cost-effectiveness studies, and smoking cessation programs. A literature search
yielded 61 scientific papers, highlighting the effectiveness of low-dose computed tomography (LDCT)
screening in reducing mortality among high-risk populations. The National Lung Screening Trial
(NLST) in the United States demonstrated a 20% reduction in lung cancer mortality with LDCT, and
other trials confirmed its potential to reduce mortality by up to 39% and detect early-stage cancers.
However, false-positive results and associated harm were concerns. Economic evaluations generally
supported the cost-effectiveness of LDCT screening, especially when combined with smoking cessa-
tion interventions for individuals aged 55 to 75 with a significant smoking history. Implementing
a screening program in Italy requires the careful consideration of optimal strategies, population
selection, result management, and the integration of smoking cessation. Resource limitations and
tailored interventions for subpopulations with low-risk perception and non-adherence rates should
be addressed with multidisciplinary expertise.

Keywords: lung cancer; screening program; low-dose computed tomography (LDCT); cost-effectiveness;
mortality reduction; healthcare

1. Introduction

Lung cancer is a significant global health issue and is one of the leading causes of
cancer-related deaths worldwide, for both men and women [1-3].

According to the World Health Organization (WHO), lung cancer accounts for 2.2 mil-
lion new cases annually, representing 11.7% of all cancer cases, and 1.8 million deaths,
representing approximately one-fifth of all cancer deaths, significantly more than those of
breast and colorectal cancers combined [1,3,4].

Data reported by the American Cancer Society on 12 January 2023 provided estimates
for the entire year of 2023. These estimates indicate that in the year 2023, there will be
238,340 new lung cancer cases in the United States, with 117,550 in men and 120,790 in
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women. Additionally, 127,070 deaths are attributed to lung cancer, with 67,160 in men and
59,910 in women [1].

The incidence of lung cancer varies widely worldwide, with the highest rates observed
in Western countries such as the United States, Canada, and Europe and lower rates
observed in developing countries [5].

Smoking is the most significant risk factor, accounting for approximately 80% of
lung cancer cases. Other risk factors include exposure to environmental pollutants like
radon, asbestos, and air pollution, as well as having a personal or family history of lung
cancer [6,7].

Lung cancer is most commonly diagnosed in individuals over 65, with the median
age at diagnosis being 70 years old. However, lung cancer can occur at any age, and there
has been a recent increase in the incidence of lung cancer in younger individuals who have
never smoked [1].

Despite significant advances in diagnosis and treatment, progress in lung cancer
survival has been slow. Precision diagnosis and personalized treatment have become
prominent in lung cancer care [8]. There have also been considerable advances in im-
munotherapy, radiotherapy, and surgical approaches. However, survival rates remain low.
This is largely since most lung cancer patients are diagnosed at an advanced stage, with a
five-year survival rate of only 13% (11.2% in men and 13.9% in women), with noticeable
variations between Northern, Southern, Eastern, and Central Europe [9]. This unfavorable
prognosis is associated with the delayed detection of the disease, as 50-70% of incident
cases are typically diagnosed at an advanced stage (stage 4), whereas only 15-25% are
detected at an early stage [9].

On the other hand, if lung cancer is detected at an early stage, 68% to 92% of people
can survive more than five years. The early detection of lung cancer through screening
programs can potentially reduce mortality rates and improve patient outcomes, particularly
in high-risk individuals [10].

Lung cancer screening is a method of detecting lung cancer before symptoms appear
through imaging tests. The goal of lung cancer screening is to detect the disease early,
when it is easily treatable and potentially curable. The most commonly used technique for
lung cancer screening is low-dose computed tomography (LDCT). This type of X-ray uses
low doses of radiation to obtain detailed images of the lungs, and it has been shown to be
effective in detecting lung cancer at an early stage when the cancer is still confined to the
lungs and has not spread to other parts of the body [11].

In recent years, there has been increasing interest in lung cancer screening for earlier
detection, which can lead to more effective treatment and improved survival rates.

In some countries, such as the United States, lung cancer screening programs using
LDCT are offered in high-risk populations [12].

This practice aligns with the early diagnosis of cancer through screening, one of the
top priorities of the European Cancer Plan 2021 [13]. Furthermore, in 2022, the Council of
the European Union adopted a new document evaluating the feasibility of implementing
lung cancer screening programs based on the latest scientific data [14].

In Italy, cancer screening programs provided by the National Health System (SSN)
prioritize the early diagnosis of breast, cervical, and colorectal cancers without offering
lung cancer screening [15].

However, Law No. 106 of 23 July 2021 authorizes the allocation of EUR one million to
each center of the Italian Lung Cancer Screening Network to implement an LDCT program
for high-risk individuals, as well as primary prevention interventions for supporting
smoking cessation [16]. This significant investment suggests that implementing lung cancer
screening programs may become the next challenge for public health [11].

Nevertheless, before organized screening programs can be established, the National
Cancer Plan 2023-2027 emphasizes the importance of conducting risk stratification activities
and evaluating the efficacy and effectiveness of such programs [17].



Healthcare 2023, 11, 2085

30f23

This study aims to provide a comprehensive systematic review of lung cancer screen-
ing, including its benefits, risks, and limitations. It also discusses the current state of
lung cancer screening programs worldwide, evaluates the evidence for effectiveness and
cost-effectiveness, and explores different implementation strategies.

2. Materials and Methods

In October 2022, a systematic review was conducted using PubMed and Scopus as
search engines. English-language studies published in scientific journals, letters to the
editor, comments, and book chapters were included based on pre-determined criteria. The
review was conducted following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [18]. The search strategy was developed using
the PICO framework [19], commonly used to formulate research questions and search
strategies in evidence-based practice. To include pertinent literature on this topic, various
search terms related to each section of the PICO framework were combined: population:
lung cancer; intervention: screening; comparison: standard care; outcome: strategies. Using
this PICO strategy, the following search string was used: (Population: “lung cancer”) AND
(Intervention: “screening”) AND (Comparison: “standard care” OR “usual care” OR “no
intervention”) AND (Outcome: “strateg*” OR “model*” OR “efficacy” OR “effectiveness”).

Study Selection Criteria

Two reviewers (D.A., M.EP) critically evaluated each eligible study using a checklist.
The checklist included criteria such as random assignment, comprehensive diagnostic
work-up planning, adherence to inclusion criteria, accurate mortality measurement, and
blinded outcome assessment. Data extraction was carried out independently by two double-
blind re-examiners (D.A., M.EP)). The extracted data included the article title, sample size,
participant’s characteristics (age, gender, smoking history), type of intervention in the
control group, median follow-up duration, number of screening rounds, time intervals
between rounds, and number of deaths from all causes as well as those specifically related
to lung cancer.

Through a title-abstract analysis, 297 articles were gathered and assessed. Those
studies that did not pertain to the efficacy or effectiveness of lung cancer screening, or any
strategies, approaches, or models used in it, were excluded. The remaining articles (n. 61)
relevant to the criteria were selected for a thorough full-text content analysis.

Figure 1 shows a flow diagram of the literature search strategy and the review process
following PRISMA guidelines [18].

After the exclusion of 236 non-relevant articles, we included 61 full-text articles to
critically evaluate. The number of papers broken down by year has been uploaded as
Supplementary Materials.
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Figure 1. Flow diagram of the literature search strategy and review process, following PRISMA flow
diagram rules.

3. Results
3.1. Efficacy and Effectiveness Studies about Lung Cancer Screening

Lung cancer screening has been found to be effective in reducing mortality rates from
lung cancer in certain high-risk populations, and its efficacy depends on various factors,
including the type of screening test used, the frequency of testing, the age and smoking
history of the individual being screened, and the availability of treatment options [20-23].

The most used screening method is LDCT, which uses a low radiation dose to create
detailed images of the lungs. Over the years, several large randomized controlled trials
have been conducted to evaluate the efficacy and effectiveness of lung cancer screening
using LDCT.

In particular, the National Lung Screening Trial (NLST), the largest randomized con-
trolled trial to date, was conducted in the United States to evaluate the efficacy of LDCT
screening. This trial was conducted from 2002 to 2010 and included 53,454 current or former
heavy smokers aged 55 to 74 who were randomly assigned to either LDCT screening or
chest X-ray screening. The NLST divided the participants into two groups: a screening
group that received three LDCT scans each year for three years and a control group that
received only one chest X-ray each year for three years.

The results demonstrated that, after a median follow-up of 6.5 years, LDCT screening
resulted in a 20% reduction in lung cancer mortality compared to chest X-ray screening
(relative risk (RR) 0.80, 95% confidence interval (CI) 0.70-0.92). LDCT screening also
exhibited higher sensitivity in detecting early-stage lung cancer cases than chest X-ray
screening [24,25].

Based on these findings, in December 2013, the U.S. Preventive Services Task Force [26]
and the Centers for Medicare and Medicaid Services (CMS) [27] recommended annual lung
cancer screening for eligible high-risk individuals. This group includes individuals between
the ages of 55 and 80 who have a smoking history equivalent to 30 packs of cigarettes
per year and are currently smoking or have quit within the last 15 years. Pack-years is a
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measure of smoking intensity calculated by multiplying the number of packs of cigarettes
smoked per day by the number of years of smoking [20,27].

While the implementation of LDCT lung cancer screening has been adopted in the
United States due to conclusive evidence of reduced mortality, European healthcare systems
have been cautious about issuing similar recommendations. This hesitation stems from
early analyses of European clinical trials, which were constrained by limited statistical
power in confirming differences in mortality between LDCT and control groups [28].

Furthermore, European trials exhibited heterogeneity in the criteria for cohort selection,
types of interventions used in the control group, screening frequency, definition of positive
screening, and nodal management strategies. These variations make direct comparisons
and data pooling challenging [28].

Among European studies, the Dutch-Belgian Randomized Lung Cancer Screening
Trial (NELSON) was conducted in the Netherlands and Belgium to evaluate the efficacy
of LDCT lung screening. This randomized controlled trial, the only European trial with
adequate power, began in 2003 and completed its final follow-up in 2019. Participants
were randomly assigned to a screening group that received four LDCT scans every two
years for four years or a control group that received no screening. The study compared
LDCT screening to no screening in 15,792 individuals aged 50 to 74 who were current or
former heavy smokers. The results showed that LDCT screening led to a 24% (RR 0.76,
95% CI: 0.61-0.94) reduction in lung cancer deaths in asymptomatic men at a high risk for
lung cancer after ten years of follow-up. This trial also found that false-positive results
decreased over time as radiologists gained experience interpreting the scans [29].

Several smaller randomized controlled trials have also evaluated the efficacy of LDCT
screening for lung cancer, including the Danish Lung Cancer Screening Trial and the Italian
Lung Screening Trials.

The Danish Lung Cancer Screening Trial (DLCST) was a randomized controlled trial
conducted in Denmark, which compared LDCT screening versus no screening in a group
of 4104 individuals aged 50 to 70 years who were at a high risk for lung cancer (current
or past smokers with a smoking history of at least 20 pack-years). The participants were
randomly assigned to receive five annual LDCT scans or no screening. The trial began
in 2004, and the final follow-up was completed in 2014; no statistically significant effect
of CT screening on lung cancer mortality was found (RR 1.03; 95% CI 0.66-1.60). Post
hoc high-risk subgroup analyses showed a nonsignificant trend, which appears to be in
good agreement with the results of the National Lung Screening Trial (NLST). In this trial,
screening detected more early-stage lung cancer and less late-stage lung cancer, indicating
that screening may contribute to the earlier detection and treatment of lung cancer [30-34].

In Italy, one of the most important efficacy studies on lung cancer screening was the
Italian Lung (ITALUNG) Screening Trial. This randomized controlled trial compared LDCT
screening to no screening in 3206 individuals at a high risk for lung cancer aged 55 to
69 years. The trial found that LDCT screening detected more early-stage cancers than no
screening, with a reduction in lung cancer mortality by 30% (RR = 0.71; 95% CI 0.48 to
1.04) compared to no screening. However, the reduction in mortality was not statistically
significant due to the relatively small sample size of the trial [33].

Another study conducted in Italy from 2005 to 2018 was the Multicentric Italian Lung
Detection (MILD) trial, which investigated the efficacy of lung cancer screening using LDCT.
The study enrolled 4099 asymptomatic individuals aged 49 to 75 years with a smoking
history of at least 20 pack-years. The main results of the MILD study were that LDCT
screening reduced lung cancer mortality by 39% at ten years compared to no screening
(RR 0.61; 95% CI 0.39-0.95). The MILD findings have contributed to the growing body of
evidence supporting using LDCT for lung cancer screening. Like the other lung cancer
screening trials, the MILD study also found a high rate of false-positive results, which can
lead to unnecessary further testing and potential harm to the patient.
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Overall, the MILD study provides further support for the efficacy of LDCT screening
for lung cancer. However, it also highlights the importance of the careful consideration of
the potential harms and benefits of screening for each individual [34,35].

The DANTE Italian trial enrolled 2472 current or former heavy smokers aged 60 to
74 years. The DANTE study did not provide conclusive evidence that LDCT screening
reduces lung cancer mortality in high-risk individuals (RR 0.99, 95% C10.69-1.43). However,
the study showed a trend toward reducing lung cancer mortality and confirmed that LDCT
screening can detect more early-stage lung cancers. This is consistent with the results
of other LDCT screening trials. The study also highlights the potential harms of LDCT
screening, including a high rate of false-positives and overdiagnosis [36].

Another important study, the UKLS (UK Lung Cancer Screening), conducted in the
United Kingdom, was a randomized controlled trial that compared LDCT screening to no
screening in over 4055 individuals aged 50-75 at a high risk for lung cancer. The study
found that LDCT screening detected more early-stage cancers than no screening, but it did
not find a significant reduction in lung cancer mortality [37].

The randomized German LUSI trial (Lung Cancer Screening Intervention) was con-
ducted to investigate the effectiveness of LDCT screening in reducing lung cancer mortality.
The trial was carried out between 2007 and 2011 and involved 4052 participants between
the ages of 50 and 69 years who were current or former smokers with a smoking history of
at least 20 pack-years. The trial results showed that LDCT screening reduced lung cancer
mortality by 26% (HR 0.74; 95% CI 0.46-1.19, p = 0.21) compared to no screening. However,
modeling by gender showed a statistically significant reduction in lung cancer mortality
in women screened by LDCT (HR = 0.31 (95% CI: 0.10-0.96), p = 0.04), but not in men
(HR = 0.94 (95% CI: 0.54-1.61), p = 0.81) screened by LDCT. However, this study also found
that screening with LDCT leads to a high rate of false-positives and the overdiagnosis of
lung cancer, as reported in several trials [38].

The paper by Blanchon et al. [39] reports the baseline results of the DEPISCAN trial,
a French randomized pilot lung cancer screening trial comparing LDCT and chest X-ray
(CXR). The study enrolled 765 participants between the ages of 50 and 75 who were current
or former heavy smokers.

The authors reported that the prevalence of non-calcified lung nodules was higher in
the LDCT group compared to that in the CXR group. Specifically, 45.2% of participants
in the LDCT group had nodules detected, compared to 7.4% in the CXR group, and most
nodules were small (less than 5 mm in diameter) [39].

Although the trials did not have enough statistical power to establish a significant
impact on reducing overall mortality, modeling analyses indicated that, on average, each
lung cancer death prevented could potentially result in a gain of 10 life-years after adjusting
for the increased mortality from other causes among smokers and former smokers [40].

Until now, only a limited number of studies have examined the effectiveness of
CT screening for lung cancer in non-smokers or those with a history of light smoking.
For example, the Hitachi study was an ecological/time series study that evaluated the
effectiveness of a lung cancer screening program using LDCT in the Hitachi district of
Japan. The study included both smokers and non-smokers, with non-smokers accounting
for approximately half of the CT screening examinees. The study found that the lung cancer
detection rate in non-smokers was lower than that in smokers but was still significant.
Specifically, the lung cancer detection rate was 0.33% in non-smokers and 1.27% in smokers.

The study also found that the stage distribution of lung cancer in non-smokers was
more favorable than that in smokers, with a higher proportion of early-stage lung cancer
detected in non-smokers. Overall, the study suggested that CT screening may effectively
detect early-stage lung cancer in non-smokers and light smokers. However, more research
is needed to confirm these findings and to determine the optimal screening criteria for
these populations [41,42].

A summary of lung cancer screening trials is reported in Table 1.
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Table 1. Summary of lung cancer screening trials.
Screening . Recruitment . . Age Ex Smokers (Years) e e s A
Study Method Study Design Country Period Participants (Years) Pack-Year Main Findings Ranking
Significant 20% reduction in lung cancer
National Lung LDCT vs. Randomized United 53,454 current mortality among high-risk individuals
Screening Trial Chest controlled trial States 2002-2004 or former 55-74 >30, <15 compared to that from chest X-ray. 1
(NLST) [24,25] X-ray smokers Increased detection of early-stage lung
cancer.
Dutch-Belgian
Randomized . 15,792 current Significant 24% reduction in lung cancer
Lung Cancer LDCT vs. Randormze.d The 2003-2006 or former 50-74 >10, <10 mortality in the LDCT group compared 2
. . usual care  controlled trial ~ Netherlands .
Screening Trial smokers to that in the control group.
(NELSON) [29]
No significant differences in lung cancer
Danish Lung or all-cause mortality were observed
Cancer Screenin, LDCT Randomized 4104 current between the screening and control
NNl Ve OMZEC  Denmark  2004-2006 orformer  50-70 >20, <10 SIes 1€ Screelng and comrot 5
Trial (DLCST) usual care  controlled trial groups. More cancers were detected in
smokers . .
[30-34] the screening group, particularly
adenocarcinomas, and at earlier stages.
Italian Lung L . .
i . No significant difference in lung cancer
Cancer Screening LDCT vs. Randomized . . )
Trial ITALUNG)  usual care  controlled trial Italy 2004-2006 3206 55-69 >20, <10 mortality between the intervention and 7
[33] control groups.
Mu} ticentric . 4099 current LDCT screening showed a 39% lower
Italian Lung LDCT vs. Randomized . .
. . Italy 2005-2018 or former 49-75 >20, <10 risk of lung cancer mortality at 10 years 3
Detection (MILD)  usual care  controlled trial o .. .
) smokers and a 20% reduction in overall mortality.
trial [34,35]
LDCT screening not conclusive for
. 2472 current reducing lung cancer mortality. Trend
DANTE trial [36] LDCT vs. Randomlzeq Italy 2001-2006 or former 60-74 >20, <10 towards reduction and early-stage 8
usual care  controlled trial . . .
smokers detection. High false-positives and

overdiagnosis.




Healthcare 2023, 11, 2085

8 of 23

Table 1. Cont.

Screening . Recruitment . . Age Ex Smokers (Years) . -
Study Method Study Design Country Period Participants (Years) Pack-Year Main Findings Ranking
Target population
UK Lun.g Can.cer LDCT vs. Randomized United with a5 ./o risk of Higher detec.tlon of early—stage lupg
Screening Trial usual care  controlled trial Kinedom 2011-2014 4055 50-75 developing lung cancers, but final mortality reduction 6
(UKLS) [37] & cancer within five data still awaited.
years.
Improved detection of lung cancer,
. LDCT vs. Randomized higher rates of curative-intent treatment,
LUST trial [38] usual care  controlled trial  CeRAY 2007-2011 4052 50-69 >15, <10 and reduced mortality by 26% compared 4
to no screening.
. LDCT vs. . 765 current or LDCT detected more non-calcified lung
DEPISCAN trial Chest Randomized France 2002-2004 former 50-75 >15, <15 nodules than CXR. The majority were 9
[39] pilot trial
X-ray smokers small (less than 5 mm)

* The studies were ranked based on the potential impact on early diagnosis and survival rates, considering the main findings of each trial. The ranking was subjective and based on the

available information provided in the main findings of the studies. The studies with significant reductions in lung cancer mortality and a higher detection of early-stage lung cancer were
ranked higher (e.g., NLST and NELSON). Studies that did not show significant reductions in lung cancer mortality but demonstrated improved detection or trends towards reduction
were ranked lower (e.g., DANTE and UKLS). The DEPISCAN trial, which focused on detecting lung nodules, was ranked last.
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3.2. Risks and Benefits of LDCT Lung Cancer Screening

LDCT lung cancer screening has both risks and benefits. One of the most significant
advantages of this screening test is its ability to detect lung cancer early. When lung
cancer is detected early, it can be treated more effectively, and the chances of survival are
greatly increased. Furthermore, LDCT lung cancer screening is a non-invasive procedure,
which means no need for a biopsy or other invasive diagnostic tests. This makes the
screening process much more comfortable for patients. The screening test is quick and
painless, usually taking less than 10 min to complete. Finally, LDCT lung cancer screening
is relatively cost-effective compared to other screening tests, such as magnetic resonance
imaging (MRI) or positron emission tomography (PET) scans, making it a more accessible
option for patients [43].

Despite the benefits of lung cancer screening, there are also limitations to consider.
Screening is typically recommended for individuals at a high risk of developing lung
cancer, such as those with a smoking history. However, not all individuals at a high risk of
developing lung cancer will benefit from screening. For example, individuals with a history
of lung cancer or those unable to undergo surgery may not benefit from screening [43,44].
Patients unfit for surgery may still benefit from lung cancer screening programs, as they
can be offered alternative treatments such as stereotactic ablative radiotherapy (SABR), also
known as stereotactic body radiation therapy (SBRT). SABR is a non-invasive treatment
option that delivers high doses of radiation precisely to the tumor while minimizing
damage to surrounding healthy tissues. It has shown promising outcomes in the treatment
of early-stage non-small-cell lung cancer (NSCLC) and can be a suitable alternative for
patients who are not candidates for surgery [43].

Another factor that can impact the efficacy of lung cancer screening is the frequency of
screening. The optimal screening interval needs to be better defined, and the frequency of
screening may vary depending on individual risk factors and other factors such as age and
comorbidities [24,43].

Furthermore, false-positives are a significant concern, as LDCT can sometimes detect
non-cancerous nodules or tumors, leading to unnecessary invasive procedures such as
biopsies, bronchoscopy, or lung surgery that may have adverse effects on an individual’s
quality of life and result in higher healthcare expenses and anxiety for the patient. However,
nodules or tumors that are not cancerous require a structured and comprehensive healthcare
approach with evaluation and management through the interprofessional team in caring
for patients with this condition.

False-negatives are also a risk, as not all lung cancers may be detected by LDCT [24,43,45].

According to the NLST findings, 39.1% of the participants had received at least one
positive result out of the three annual CT screens. Out of those, 96.4% were discovered
to be false-positives, and 72.1% of those false-positives required further (invasive) inves-
tigations referred by a pulmonologist. In total, 23.3% of all CT screens in NLST were
false-positives. Only 3.6% of the screens led to lung cancer diagnosis, and 2.7% of the
participants who had false-positive screening results faced complications after undergoing
the investigations [22,24,25].

In the NELSON study, 59.4% of participants who had an initial positive result during
four screening rounds were found to be false-positives, resulting in an overall low false-
positive rate of 1.2% [46,47].

Another limitation is the potential for overdiagnosis, overtreatment, and radiation
exposure. Overdiagnosis occurs when patients are diagnosed with lung cancer that would
not have caused symptoms or threatened their life, leading to unnecessary treatment and
potential harm. Radiation exposure from LDCT screening can increase the risk of cancer,
although the risk is low compared to the potential benefits of screening.

Finally, the cost of lung cancer screening is a consideration, as it can be expensive, and
insurance coverage for screening may vary. This can make screening inaccessible to some
patients who may benefit from it. In addition, the costs of follow-up testing and treatment



Healthcare 2023, 11, 2085 10 of 23

can add up quickly, especially if a false-positive result leads to multiple diagnostic tests or
procedures. [43].

3.3. The Most Currently Used Approaches for Lung Cancer Screening

Many countries have implemented screening programs for lung cancer early detec-
tion, but screening recommendations for lung cancer may vary depending on the available
resources and infrastructure (Table 2). The approaches currently used for lung cancer screen-
ing include LDCT, chest X-rays, sputum cytology, biomarker tests, and risk assessment tool
rates [48].

Table 2. Comparison of Lung Cancer Screening Guidelines.

Screening Screening Countries That Have

Organization Recommendation Interval Eligibility Criteria Adopted the Guideline

Age 50-80 years, >20 pack-year

ited Stat . .
United States smoking history, currently

Preventive Services LDCT Annually . United States
Task Force (USPSTF) smoke or have quit within the
past 15 years
National Age 50—5}0 years, >20 pack-year
Comprehensive Cancer LDCT Annually smoking hlstory., Cur.re?‘ﬂy United States
Network (NCCN) smoke or have quit within the
past 15 years
Age 50-80 years, >20 pack-year
American Cancer smoking history, currently .
Society (ACS) LDCT Annually smoke or have quit within the United States
past 15 years
European Society for LDCT, chest Annually or ?n%glfi(r)\_7}51,i Sigfail;}:;i Viﬁzﬁir}izeir(()epean
Medical Oncology X-rays, or sputum  biennially (varies & Y . &
(ESMO) cvtolo by country) smokers or those who quit The Netherlands,
ytology y y within the past 10 years Germany, Italy)
International Annually or Age 50-80, 20 pack-year Various countries
Association for the LDCT bienniall (};aries smoking history, current worldwide (e.g., Canada,
Study of Lung Cancer b Cogntr ) smokers or those who quit Australia, Japan,
(IASLC) y y within the past 15 years South Korea)

LDCT is currently the most widely recommended approach for lung cancer screening
in many countries and by several organizations, including the United States Preventive
Services Task Force (USPSTF) and the American Cancer Society (ACS). LDCT has been
shown to be more effective than chest X-rays in detecting early-stage lung cancer and
reducing lung cancer mortality. The advantage of the LDCT-based protocol is its simplicity
and its high sensitivity. Refined criteria defining positive findings that are largely based on
the nodule size and/or volume reduce false-positive rates [48].

In particular, in the United States, screening for lung cancer is recommended using
LDCT. The USPSTF recommends LDCT screening for individuals at a high risk of develop-
ing lung cancer, particularly those aged 50 to 80 who have smoked at least an average of
one pack of cigarettes per day for at least 30 years and currently smoke or have quit within
the past 15 years [45].

In Canada, most guidelines recommend LDCT screening for individuals at a high risk
of developing lung cancer, particularly those aged 55 to 74 who have smoked for at least
30 years [49].

In the UK, the National Health Service (NHS) offers screening for lung cancer through
individual risk assessment based on a questionnaire and assessment of current health
conditions. If a high risk is identified, an LDCT screening is offered [50].
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In Australia, screening for lung cancer is primarily carried out through LDCT, mainly
for high-risk individuals. Specifically, screening is recommended for individuals aged 55
to 74 who have smoked at least an average of one pack of cigarettes per day for at least
20 years [51].

Furthermore, based on the results of the NELSON study, the Netherlands has imple-
mented a national lung cancer screening program. The program targets individuals who
are between 50 and 75 years old, have a history of smoking, and have smoked at least
15 cigarettes per day for at least 25 years or at least 10 cigarettes per day for at least 30 years.
Participants in the program receive an LDCT scan every year for three years and then every
two years for the next four years if the initial scans are negative.

The Dutch lung cancer screening program also includes smoking cessation counseling
for current smokers and follow-up testing for individuals who are found to have suspicious
nodules or masses on their LDCT scans. The program is expected to reduce mortality from
lung cancer and improve the health outcomes of individuals who participate.

In Japan, screening for lung cancer is primarily carried out through chest X-rays, but
LDCT is becoming increasingly common. Screening is offered to individuals aged 40 to 74
who have smoked for at least 20 years [52].

South Korea has a lung cancer screening program with LDCT for high-risk people
between 55 and 74 [53].

In China, screening for lung cancer is primarily carried out through LDCT. However,
screening programs vary depending on the region, city, and population groups. For
instance, in 2015, the Chinese government launched a pilot screening program for lung
cancer in Shanghai, which provided free LDCT to residents at a high risk of lung cancer. In
other parts of the country, screening programs have primarily been initiated in hospital or
clinic settings, offering LDCT to high-risk individuals.

Overall, in China, lung cancer screening is still relatively limited. However, it is
becoming increasingly relevant, especially with the growing awareness of the risks of
smoking and the need for the early diagnosis of lung cancer [54].

Another approach is chest X-rays, which were previously used for lung cancer screen-
ing, but their effectiveness in detecting early-stage lung cancer has been questioned in
recent years. Multiple studies have shown that chest X-rays are less effective than LDCT
for lung cancer screening. This is because chest X-rays may miss small lung nodules that
could indicate early-stage lung cancer. In contrast, LDCT can detect smaller nodules than
chest X-rays and has been shown to improve the detection of lung cancer at an earlier stage
when it is more treatable [55].

However, chest X-rays may still have a role in certain situations, such as for individuals
who cannot undergo CT scans for medical reasons or for those living in areas where LDCT
is not readily available. Additionally, chest X-rays may be used as a follow-up test for
individuals with a positive LDCT result [56].

Also, another approach is sputum cytology, which involves analyzing sputum samples
for abnormal cells that could indicate the presence of lung cancer. However, it is not
recommended as a standalone screening tool because of its limited sensitivity and specificity.
Sputum cytology is mostly used as a complementary test to LDCT [56].

Finally, some countries, such as China, have developed biomarker tests for detecting
lung cancer by analyzing a patient’s blood or other bodily fluids for specific proteins or
genetic markers. Biomarker tests, such as those that detect specific proteins or genetic
mutations in the blood, are not currently recommended as a screening tool for lung cancer.
At the same time, these tests may have some value in guiding treatment decisions for
patients with lung cancer [57].

Lastly, some countries, such as Australia, use risk assessment tools to determine which
individuals are most likely to develop lung cancer and should be screened. These tools
consider factors such as age, smoking history, and family history of lung cancer. Risk
assessment tools, such as the Lung Cancer Risk Assessment Tool (PLCOm2012) or the
Liverpool Lung Project Risk Model, can help identify individuals at an increased risk for
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developing lung cancer. However, these tools are not used as a screening tool in and of
themselves; they are used to identify individuals who may benefit from further screening
with LDCT.

3.4. Lung Cancer Risk Prediction Models

Lung cancer risk prediction models are statistical tools that use a set of known risk
factors (such as age, smoking history, family history of lung cancer, and other relevant
factors) to estimate an individual’s probability of developing lung cancer within a given
period. These models are developed using data from large studies and aim to identify
individuals at a high risk for lung cancer so that they can be targeted for early detection and
preventive measures. The models can be used in clinical practice to help inform decision
making around screening and risk-reducing interventions.

There are several lung cancer risk prediction models, some of which are based on
known risk factors for the disease, including:

The National Lung Screening Trial (NLST) risk prediction: this model was developed
using data from the National Lung Screening Trial and is based on a person’s age, smoking
history, and history of chronic obstructive pulmonary disease (COPD). The model calculates
a person’s risk of developing lung cancer over 6 years [58].

The Liverpool Lung Project (LLP) risk prediction: this model uses a person’s age,
smoking history, family history of lung cancer, and occupational exposure to carcinogens
to predict their risk of developing lung cancer over 5 years [59,60].

The Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial risk
prediction: this model uses a person’s age, smoking history, family history of lung cancer,
and history of pneumonia to predict their risk of developing lung cancer over 6 years.
The model was developed using data from the PLCO Cancer Screening Trial, a large
randomized controlled trial of cancer screening [61,62].

The International Early Lung Cancer Action Program (I-ELCAP) risk prediction: this
model uses a person’s age, smoking history, and history of lung disease to predict their risk
of developing lung cancer over 5 years. The model was developed using data from the
International Early Lung Cancer Action Program, a large screening study [63,64].

The Bach model is a lung cancer risk prediction model developed by Bach et al. It is
designed to estimate an individual’s risk of developing lung cancer based on several key
factors. The model considers variables such as age, smoking history, family history of lung
cancer, history of chronic obstructive pulmonary disease (COPD), and history of previous
cancer. The Bach model predicts the risk of developing lung cancer over a specified period
of 5 years [65].

The American Cancer Society (ACS) lung cancer risk prediction: this model uses a
person’s age, smoking history, and history of COPD to predict their risk of developing lung
cancer over 6 years. The model was developed using data from the Cancer Prevention
Study II Nutrition Cohort, a large study of cancer risk factors [66,67].

All these models use statistical methods to estimate a person’s risk of developing lung
cancer based on their risk factors. The models vary in the specific risk factors they include
and the length of time over which they predict risk (Table 3).

3.5. Cost-Effectiveness Studies

The cost-effectiveness of lung screening was investigated in several studies where the
input parameters and models were different, as well as the setting and target groups and
related results (Table 4).
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Table 3. Commonly used lung cancer risk prediction models.

Risk Prediction Model Description Applicability Reference
‘ . Developed by the National Lung Scr.eenmg Trial (NLST) High-risk individuals,
National Lung Screening to assess the risk of lung cancer using factors such as o
. . . . : . primarily current and [58]
Trial (NLST) age, smoking history, and history of chronic obstructive
. former heavy smokers
pulmonary disease (COPD).
Developed by the Liverpool Lung Project, this model General population and
Liverpool Lung Project incorporates age, smoking history, family history, and family history of [59]
other risk factors to estimate lung cancer risk. lung cancer
Developed by the Prostate, Lung, Colorectal, and
PLCO Cancer Ovarian (PLCO) Cancer Screening Trial, this model General population 58]
Screening Trial predicts the risk of lung cancer based on factors such as pop
age, smoking status, and history of COPD.
Developed by the Internatlo.nal Early Lung Cancelt High-risk individuals,
Action Program (I-ELCAP), this model assesses the risk ! .
I-ELCAP ; primarily current and [64]
of lung cancer based on factors such as age, smoking former smokers
history, family history, and nodule characteristics.
Developed by Bach et al., this model estimates the risk
Bach Model of lung cancer based on age, smoking history, family General population [65]
history, and other factors.
Developed by the American Cancer Society (ACS), this General population
ACS Lung Cancer Risk model estimates the risk of lung cancer based on factors enera” pop !
2 . . primarily current and [66]
Prediction Model such as age, smoking history, exposure to secondhand
. . former smokers
smoke, and occupational exposure to carcinogens.
Table 4. The main findings of cost-effectiveness studies.
Reference  Country Result Cost/Effectiveness
ICER USD 116,300 per QALY gained: current smokers
[68] Us ICER USD 558,600 per QALY gained: quitting smokers Yes
ICER USD 2,322,700 per QALY gained:
former smokers
[69] Us The ICERs were USD 52,000 per life-year gained (95% CI, 34,000 to 106,000) and Yes
USD 81,000 per QALY gained (95% CI, 52,000 to 186,000).
[70] Us The strategy with a 1.2% risk threshold had an ICER of USD 94,659 (model Yes
range, USD 72,639 to USD 156,774)
Lung cancer screening programs incorporating such a hypothetical diagnostic
[71] Us biomarker with a medium sensitivity profile would be cost-effective if the Yes
biomarker cost was USD 250 or less, using a willingness-to-pay threshold of
USD 100,000 per QALY.
[72] Us A mean ICER of USD 72,564 (range across four models, USD 59,493-USD 85,837) Yes
per QALY gained was detected.
The ICER for lung screening compared to usual care in the NELSON-based
(73] Australia scenario was AUD 39,250 (95% CI AUD 18,150-108,300) per quality-adjusted Yes

life-year (QALY), lower than the NLST-based estimate (ICER = USD 76,300, 95%
CI USD 41,750-236,500
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Table 4. Cont.
Reference  Country Result Cost/Effectiveness
The National Lung Screening Trial (NLST), Centers for Medicare & Medicaid
[74] Us Services (CMS), and U.S. Preventive Services Task Force (USPSTF) screening Yes
strategies were cost-effective, with ICERs averaging USD 49,200, USD 68,600,
and USD 96,700 per QALY, respectively.
In the base-case, an increase of 4.80 quality-adjusted life-years (QALY) per
[75] Spain patient was obtained, resulting in an incremental cost-effectiveness ratio of Yes
EUR 2345/QALY.
Screening with LDCT increased lifetime costs by USD 1089 versus screening
[76] Us with chest X-ray, yielding an ICER for LDCT of USD 37,000/LY gained or USD Yes
60,000/ QALY gained in the overall NLST cohort.
[77] UK An incremental cost-effectiveness ratio of GBP 10,069/QALY was found. Yes
[78] Germany An incremental cost-effectiveness ratio of EUR 30,291/QALY was reported. Yes
[79] China ICER ranged from CNY 119,974.08 to CNY 61.4,167.75 per QALY gained relative Yes
to non-screening.
LDCT yielded the greatest benefts with the lowest cost in Japan, but the ICERs
of LDCT compared with CXR were USD 3,001,304 per QALY gained for
American men and USD 2,097,969 per QALY gained for American women.
Japan . o .2 Yes for Japan
[80] US Cost-efectiveness was sensitive to the incidence of lung cancer. No for US
LDCT was cost-effective (99.3-99.7%) for Japanese people, no screening was
cost-effective (77.7%) for American men, and CXR was cost-effective (93.2%) for
American women.
Base-case incremental cost-effectiveness ratios were EUR 3297 and EUR 2944 per
[81] Italy Yes

quality-adjusted life-year and life-year gained, respectively.

Here, we briefly present the manuscripts identified in the present research.

The benefits of screening by comparing the absolute and relative difference in lung
cancer-specific deaths was performed by a group of scholars who measured harms by
the number of false-positive invasive tests or surgeries per 100,000 and the incremental
cost-effectiveness in U.S. dollars per quality-adjusted life-year (QALY) gained, using a
computer-simulated model [68].

Mahadevia PJ et al. found an incremental cost-effectiveness for current smokers of
USD 116,300 per QALY gained; lower ICERs was detected in quitting and former smokers,
with values of USD 558,600 and USD 2,322,700 per QALY gained, respectively. Different
parameters could influence the analysis, such as the degree of the stage shift, compliance
with screening, and cost of the test used [68].

Pinsky PF [82] argued that Black et al. estimated the cost per QALY of low-dose
CT screening for subgroups enrolled in the NLST. Gender differences were revealed—
particularly, the cost per QALY gained was triple for men with respect to women, probably
due to the observed difference in the reduction in lung cancer mortality associated with
low-dose CT screening (8% in men vs. 27% in women).

In another study, the QALYs, costs per person, and ICERs for three alternative strate-
gies: screening with low-dose CT, radiography, and no screening [69] were calculated.
Specifically, lung screening by means radiography did not give health benefits compared to
no screening; screening with low-dose CT was more costly (an additional USD 1631 per
person) and able to provide an added 0.0316 life-years per person (95% CI, 0.0154 to 0.0478)
and 0.0201 QALYs per person (95% CIL, 0.0088 to 0.0314). The ICERs were under the thresh-
old of USD 100,000 per QALY gained—specifically, USD 81,000 per QALY gained and USD
52,000 per life-year gained.
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Toumazis . et al. performed three studies on the cost-effectiveness analysis of lung
cancer screening with low-dose computed tomography [70-72].

In the most recent study [70], the authors performed a simulation of a cohort consisting
of 1 million individuals, targets of the U.S. lung cancer screening, and this cohort was
followed from age 50 for a period of 45 years.

The model showed that personal risk-based screening for lung cancer was cost-
effective under a wide range of risk thresholds, exhibiting flexibility for implementing risk
model-based approaches in a variety of settings; the strategy with a 6-year risk threshold of
1.2% or superior was cost-effective, with an ICER less than USD 100,000 per QALY and an
exact ICER of USD 94,659.

Analogously, previous research displayed positive findings for a lung cancer screening
program following the U.S. Preventive Services Task Force (USPSTF) guidelines and using
a highly diagnostic sensitive and specificity biomarker with a price of USD 250 or less,
resulting in cost-effectiveness and improving lung cancer-specific mortality reduction [71].

Another study by Toumazis L. et al. [72] focused on the performance of the USPSTF
recommendations on lung cancer screening and found that the lung cancer screening
program was cost-effective. In particular, the 2021 U.S. Preventive Services Task Force
recommendation showed greater cost-effectiveness (mean ICER USD 66,533).

A very recent updated Australian evaluation for lung cancer screening assessed its
cost-effectiveness. The scholars applied screening parameters and outcomes from NLST
and the NELSON to Australian data on lung cancer [73]; the ICERs resulted in AUD
39,250 (95% CI AUD 18,150-108,300) per QALY, yielding more benefits with respect to the
previous evaluations.

In order to compare the cost-effectiveness of different stopping ages for lung can-
cer screening, four microsimulation models assessed the health and cost outcomes of
annual lung cancer screening with LDCT in U.S. [74]. The ICERs found were USD 49,200,
USD 68,600, and USD 96,700 per QALY, respectively, for the NLST, CMS, and USPSTF
screening strategies.

The cost-effectiveness of the implementation of a national lung cancer screening pro-
gram in a high-risk population from the perspective of the Spanish National Health System
(NHS) was investigated by Gémez-Carballo N et al. [75]. In summary, the study compared
two scenarios: one with the implementation of the screening program and another without
the implementation of lung cancer screening in the high-risk Spanish cohort, which was
cost-effective, as an increase of 4.80 QALYs per patient and an incremental cost-effectiveness
ratio of EUR 2345/QALY were found.

Kumar V. and colleagues used data from the NLST for a multistate model to predict
health state transitions [76]. Health benefits were demonstrated, highlighting a preven-
tion of 1.2 deaths per 10,000 person-years compared to 9.5 deaths from lung cancer per
10,000 person-years for patients at the highest risk. The ICER for LDCT was USD 37,000/LY
gained or USD 60,000/ QALY gained in the overall NLST cohort.

Hinde S. et al. performed an economic evaluation using the methodological approach
reported in the UKLS trial to estimate the cost-effectiveness of LDCT for lung cancer.
Assessments of the total costs and quality-adjusted life-years (QALYs) were calculated [77],
finding an ICER of GBP 10,069/QALY, resulting in cost-effectiveness using controlled
NHS resources. A cost-effectiveness analysis considering the public payer perspective
for a high-risk population (heavy former and current smokers aged 55-75 years) was
conducted by German researchers using two Markov models. These models evaluated a
population-based annual screening program compared to standard clinical care [78].

The outcomes measured were costs, life-years saved, and QALYs, with input parame-
ters taken from the literature.

The base case analysis showed that annual lung cancer screening increased incremental
costs (EUR 1153 per person) compared to standard clinical care. The screening approach
was associated with an incremental gain in life-years (0.06 per person) and QALYs (0.04 per
person). The ICER was EUR 19,302 per life-year saved and EUR 30,291 per QALY. The study
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concluded that lung cancer screening for a high-risk population might be more effective,
but also more costly, than standard clinical care from the perspective of a German payer.

A recent Chinese study by Zhao Z. investigated the cost-effectiveness of lung cancer
screening among heavy smokers by incorporating the start age and screening interval [79].
The scholars revealed that a lung cancer screening program in China for heavy smokers
using low-dose computed tomography was cost-effective for individuals with smoking
habits aged 55-74 years, along with one-time screening for those aged 65-74 years.

The authors found that mortality reduction due to lung cancer ranged from 0.004% to
1.171% for one-time screening and from 6.189% to 15.819% for annual screening. The ICER
ranged from CNY 119,974.08 to CNY 614,167.75 per QALY gained compared to that of
non-screening. According to the World Health Organization threshold of CNY 212,676 per
QALY gained, annual screening starting at 55 years and one-time screening starting at
65 years can be considered cost-effective in China. Based on these findings, the authors
argued in favor of promoting annual lung cancer screening to realize the benefits of a
recommended screening program.

The cost-effectiveness and health impact of lung cancer screening with LDCT for never-
smokers were investigated in two different contexts: Japan and the U.S. [80]. The evaluation
highlighted that screening was cost-saving in Japan, while it was not cost-effective in the
U.S. Particularly, LDCT for 60-year-old Japanese people allowed for substantial savings of
about USD 117 billion, and 224,749 deaths could be prevented.

Finally, an Italian research group used a decision model in order to evaluate the cost-
effectiveness of annual screening for five years in high-risk smokers (aged 55-79 with
>30 pack-years) [81].

The study results revealed an ICER of EUR 3297 per quality-adjusted life-year and
EUR 2944 per life-year gained in the base case. The findings suggested that low-dose
computed tomographic screening could be introduced in Italy at a reasonable cost, saving
the lives of many lung cancer patients. The estimated cost-effectiveness ratios for screening
compared to usual care in Italy were lower than the acceptable thresholds set by the UK’s
National Institute for Health and Care Excellence (NICE) for introducing new medical
technologies [83].

3.6. The Importance of Tobacco Cessation

Tobacco is a known cause of various types of tumors, accounting for approximately
85% of lung cancer cases and 30% of cancer mortality [84].

Optimizing smoking cessation services within an LDCT lung cancer screening program
has the potential to improve the cost-effectiveness and the overall efficacy [85].

However, there is limited evidence regarding the optimal design and integration of
tobacco cessation services.

A personalized intervention booklet, utilizing LDCT scan images, has been developed
for delivery by trained smoking cessation practitioners. The results highlight the benefits of
co-development during intervention creation and emphasize the need for further evaluating
its effectiveness [86].

In a study by Park et al. [86], the impact of counseling using the 5As approach (Ask
about smoking, Advise to quit, Assess readiness to quit, Assist with tobacco dependence
treatment, and Arrange follow-up) on smoking cessation was evaluated. The study focused
on a subset of smokers enrolled in the National Lung Screening Trial (NLST). The results
showed that the “assist” and “arrange” steps of 5As counseling were associated with
increased odds of quitting at 12 months.

In a study by Bade et al. [87], smoking cessation rates were compared between patients
who underwent LDCT screening and those who did not. The study revealed higher
smoking cessation rates among patients who attended counseling sessions in the LDCT
screening group at 12 months (14.6%) and 24 months (12.9%) compared to those who
did not attend counseling (12 months: 6.7%, 24 months: 7.6%, p-values from the analysis:
p <0.0001 and p = 0.002, respectively).
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In order to be effective, lung cancer screening requires a multidisciplinary approach,
encompassing individualized risk assessment, shared decision making, smoking cessa-
tion, structured reporting, high-quality multi-specialty cancer care, and reliable follow-up.
Specialized organizations have outlined the key components and metrics that screening
programs should incorporate. Ongoing research focuses on long-term outcomes, the
refinement of screening criteria, and the use of biomarkers for early cancer detection [88].

A quasi-experimental study by Luh et al. examined a screening program emphasizing
primary prevention by encouraging smoking cessation [89]. The study found that patients
who received counseling from physicians and nurses showed greater odds of advancing in
terms of readiness to quit compared to a control group (OR 2.27, 95% CI 1.07—-4.84), while
patients who received a smoking cessation leaflet had no significant difference (OR 0.99,
95% CI 0.44-2.25). [90].

Zeliadt et al. conducted a pilot feasibility trial to evaluate the impact of proactive out-
reach telephone counseling on behavioral cessation support and quit rates [90]. The study
showed that patients who received the intervention had higher rates of using behavioral
cessation support programs than the control group (44% vs. 11%, RR 4.1, 95% CI 1.7-9.9).

Lung cancer screening could prompt current smokers to reflect on their health and
might present an opportunity to engage them in discussions about smoking cessation.

4. Discussion

Our systematic review on lung cancer screening using LDCT explored the benefits,
risks, limitations, and current state of lung cancer screening programs in several countries.
The evidence of the effectiveness and cost-effectiveness of lung cancer screening was
also investigated.

The results highlighted that lung cancer screening has been proven effective in re-
ducing mortality rates due to lung cancer in certain high-risk populations, and its efficacy
depended on various factors, such as the type of screening test used, the frequency of
testing, the age and smoking history of the individual being screened, and the availability
of treatment options. However, the lack of a significant reduction in lung cancer mortal-
ity, despite the detection of lung cancer cases through screening, has been observed in
some studies [30-34,36,37]. It is important to consider that individual studies may have
limitations that could affect the observed results in terms of mortality. Variations in the
study design, participant characteristics, follow-up duration, overdiagnosis, and smoking
habits can contribute to differences in mortality outcomes. Additionally, the relatively short
follow-up duration in some studies may not capture long-term mortality benefits that could
emerge over a longer period.

Furthermore, most of the research conducted primarily focused on the population at a
high risk of developing lung cancer, and only a limited number of studies focused on the
general population’s health [91].

One major issue regarding lung cancer risk and screening is defining target populations
at risk. This emphasis on high-risk individuals is exemplified by studies such as the
National Lung Screening Trial (NLST), which included older participants with a significant
smoking history. Subgroup analyses within NLST divided the population into quintiles
according to the risk of lung cancer—associated death, and lung cancer-specific mortality
increased significantly with each quintile.

In addition, to evaluate the effectiveness of lung cancer screening, the review included
a cost-effectiveness analysis. Most of the examined studies report favorable incremental
cost-effectiveness ratios (ICERs) below the threshold of EUR 100,000. This finding indicates
that lung cancer screening using LDCT is cost-effective in most cases. However, it is
important to note that one study found a value indicating a lack of cost-effectiveness.

Several countries, such as the U.S., have begun implementing lung cancer screening,
and the offer is addressed to high-risk individuals.

However, the recent European recommendations regarding screening programs’ im-
plementation emphasize the need to evaluate the optimal strategies for selecting and
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recruiting the population, the management of the results, and the integration of smoking
cessation programs. A limited personnel resource capacity could be a potential barrier, as
well as investments in infrastructure.

Although LDCT cancer screening has shown its efficacy in reducing lung cancer
mortality, its implementation is complex and requires specific and multidisciplinary skills.
Indeed, it is essential to carefully consider the potential risks and benefits for each individual
and to tailor interventions to the subpopulations with the highest non-adherence rates due
to low risk perception.

In order to minimize the risk of false-positives and -negatives, it would be relevant
to include special software/tools for the interpretation of the exams and undergo special
training for radiologists.

Indeed, false-positives and overdiagnoses not only impose economic costs on society
but also cause unnecessary anxiety and worry in patients, with additional risks linked to
the accumulation of radiation, often invasive diagnostic tests, and the surgical resection of
a lobe or of the entire lung. All factors should be weighed well, and even individuals who
want to undergo the exam individually should be duly informed. This is impossible in the
current state of knowledge, in which these elements have not yet been quantified precisely.

In addition to the aspects mentioned above, there are several other important factors
to consider when implementing lung cancer screening programs using LDCT. These factors
include ethical implications, equitable access, patient education, quality assurance, and the
role of healthcare providers.

The implementation of lung cancer screening raises important ethical concerns. It is
essential to ensure that individuals receive clear and comprehensive information about
the benefits, risks, and limitations of screening. Informed consent should be obtained
from participants, and privacy and confidentiality should be maintained throughout the
screening process. Additionally, there should be mechanisms for addressing any potential
conflicts of interest among healthcare providers and researchers involved in the screening
programs [91].

To ensure equitable access to lung cancer screening, it is crucial to identify and address
any existing disparities in healthcare access. Efforts should be made to reach populations
at a high risk of developing lung cancer, including those from socioeconomically disadvan-
taged backgrounds and marginalized communities. Strategies such as community outreach,
mobile screening units, and targeted awareness campaigns can help improve access to
screening for underserved populations [92].

Comprehensive patient education is essential to promoting shared decision making in
lung cancer screening. Patients should be provided with clear and understandable infor-
mation about the benefits and risks of screening, as well as the potential consequences of
false-positives and overdiagnosis. This education should also emphasize the importance of
smoking cessation and integrating cessation programs with screening initiatives. Engaging
patients in shared decision making empowers them to make informed choices based on
their preferences and values [93].

Quality assurance measures play a critical role in ensuring the accuracy and reliabil-
ity of lung cancer screening programs. These measures include standardized protocols
for LDCT imaging, the regular calibration and maintenance of equipment, and ongoing
training and certification for radiologists and other healthcare professionals involved in the
interpretation of screening results. Quality assurance programs should also incorporate
mechanisms for monitoring and evaluating the performance of screening centers, including
the assessment of false-positive and false-negative rates [94].

Healthcare providers play a crucial role in the success of lung cancer screening pro-
grams. They need to be knowledgeable about the benefits and limitations of LDCT screen-
ing and effectively communicate this information to their patients. Healthcare providers
should also be well informed about the appropriate referral pathways for individuals
with abnormal screening results and facilitate timely follow-up and treatment for those
diagnosed with lung cancer [90].
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Collaboration among researchers, policymakers, healthcare providers, and patient
advocacy groups is essential to optimizing the implementation of lung cancer screening
programs. Continued research is needed to further refine the screening guidelines, iden-
tify high-risk populations, develop risk prediction models, and evaluate the long-term
outcomes of screening. Additionally, research should focus on integrating emerging tech-
nologies, such as artificial intelligence and machine learning, to improve the accuracy and
efficiency of LDCT screening. The integration of data mining, deep learning, and other
emerging technologies, along with other innovative approaches, can indeed enhance the
effectiveness and efficiency of lung cancer screening programs. Future research can focus
on exploring the potential of these new technologies in optimizing lung cancer screening
protocols, refining risk assessment models, and developing computer-aided diagnostic
tools for improved patient outcomes [91].

5. Conclusions

Lung cancer is the leading cause of cancer-related deaths worldwide, and early detec-
tion is crucial to improving patient prognosis. Lung cancer screening with LDCT scans has
been shown to reduce mortality from lung cancer, but it also carries potential risks, such as
false-positives and overdiagnosis. Quality assurance ensures accurate and reliable lung
cancer screening through standardized protocols, equipment maintenance, professional
training, and the monitoring of screening center performance for false-positive and false-
negative rates. Guidelines have been developed to help identify which individuals would
benefit most from screening; however, it is important to discuss the risks and benefits of
screening with a healthcare provider to make an informed decision. Ongoing research and
technological advances will hopefully make lung cancer screening even more effective in
the future.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/healthcare11142085/s1.

Author Contributions: Conceptualization, D.A., M.EP. and FA.; methodology, D.A. and M.FP;
validation, D.A. and M.EP; formal analysis, D.A. and M.EP,; data curation, D.A. and M.EP,; writing—
original draft preparation, D.A. and M.EP,; writing—review and editing, D.A., M.EP, EM., M.A,,
FG,AB,LS,CS,RL,BD.S., GB.A. and FA.; supervision, FA. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  American Cancer Society. Key Statistics for Lung Cancer. Available online: https:/ /www.cancer.org/cancer/types/lung-cancer/
about/key-statistics.html (accessed on 8 May 2023).

2. Bray, F; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef] [PubMed]

3.  Ferlay, ].; Ervik, M.; Lam, F.; Colombet, M.; Mery, L.; Pifieros, M. Global Cancer Observatory: Cancer Today. [Updated 1 December
2020]. Available online: https://gco.iarc.fr/today (accessed on 8 May 2023).

4. Sung, H,; Ferlay, |.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

5. Ferlay, J.; Colombet, M.; Soerjomataram, I.; Mathers, C.; Parkin, D.M.; Pifieros, M.; Znaor, A.; Bray, F. Estimating the global cancer
incidence and mortality in 2018: GLOBOCAN sources and methods. Int. J. Cancer 2019, 144, 1941-1953. [CrossRef]

6.  American Cancer Society. What Causes Lung Cancer? Available online: https:/ /www.cancer.org/cancer/lung-cancer/causes-

risks-prevention/what-causes.html (accessed on 8 May 2023).


https://www.mdpi.com/article/10.3390/healthcare11142085/s1
https://www.mdpi.com/article/10.3390/healthcare11142085/s1
https://www.cancer.org/cancer/types/lung-cancer/about/key-statistics.html
https://www.cancer.org/cancer/types/lung-cancer/about/key-statistics.html
https://doi.org/10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pubmed/30207593
https://gco.iarc.fr/today
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1002/ijc.31937
https://www.cancer.org/cancer/lung-cancer/causes-risks-prevention/what-causes.html
https://www.cancer.org/cancer/lung-cancer/causes-risks-prevention/what-causes.html

Healthcare 2023, 11, 2085 20 of 23

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Centers for Disease Control and Prevention. Smoking and Lung Cancer. Available online: https://www.cdc.gov/cancer/lung/
basic_info/risk_factors.htm (accessed on 8 May 2023).

Brown, N.A,; Aisner, D.L.; Oxnard, G.R. Precision medicine in non-small cell lung cancer: Current standards in pathology and
biomarker interpretation. Am. Soc. Clin. Oncol. Educ. Book 2018, 38, 708-715. [CrossRef] [PubMed]

De Angelis, R.; Sant, M.; Coleman, M.P,; Francisci, S.; Baili, P.; Pierannunzio, D.; Trama, A.; Visser, O.; Brenner, H.; Ardanaz, E.; et al.
Eurocare 5. TLO 2014 Cancer survival in Europe 1999-2007 by country and age: Results of EUROCARE—5-a population-based
study. Lancet Oncol. 2014, 15, 23-34. [CrossRef] [PubMed]

Urgent, Coordinated Global Action on Lung Cancer. WHITE PAPER, MAY 2022. Available online: https:/ /www3.weforum.org/
docs/WEF_Urgent_Coordinated_Global_Action_on_Lung_Cancer_2022.pdf (accessed on 8 May 2023).

National Cancer Institute. Lung Cancer Screening (PDQ)—Health Professional Version. Available online: https://www.cancer.
gov/types/lung/hp/lung-screening-pdq (accessed on 8 May 2023).

Centers for Disease Control and Prevention. Lung Cancer Screening. Available online: https://www.cdc.gov/cancer/lung/
basic_info/screening.htm (accessed on 8 May 2023).

European Cancer Plan. Available online: https://ec.europa.eu/health/sites/default/files/non_communicable_diseases/docs/
european_cancer_plan_en.pdf (accessed on 8 May 2023).

Raccomandazione del Consiglio. Relativa al Rafforzamento Della Prevenzione Attraverso L'individuazione Precoce: Un Nuovo
Approccio dell’'UE allo Screening dei Tumori. 9 December 2022. Available online: https:/ /www.trovanorme.salute.gov.it/norme/
renderNormsanPdf?anno=2022&codLeg=91957&parte=1%20&serie=null (accessed on 8 May 2023).

Italian Ministry of Health. Piano Nazionale Prevenzione Vaccinale 2017-2019. Available online: http://www.salute.gov.it/imgs/
C_17_pubblicazioni_2571_allegato.pdf (accessed on 8 May 2023).

Legge 23 Luglio 2021, n. 106—Gazzetta Ufficiale. Available online: https://www.gazzettaufficiale.it/eli/gu/2021/07/24/176/so0/
25/sg/pdf (accessed on 8 May 2023).

Italian Ministry of Health. Piano Oncologico Nazionale 2023-2027. Available online: https://www.salute.gov.it/imgs/C_
17_pubblicazioni_3291_allegato.pdf (accessed on 8 May 2023).

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BM]J 2021, 372, n71.
[CrossRef]

Huang, X.; Lin, J.; Demner-Fushman, D. Evaluation of PICO as a knowledge representation for clinical questions. AMIA Annu.
Symp. Proc. 2006, 2006, 359-363.

van der Aalst, C.M.; Ten Haaf, K.; de Koning, H.]. Lung cancer screening: Latest developments and unanswered questions. Lancet
Respir. Med. 2016, 4, 749-761. [CrossRef]

Moyer, V.A.; U.S. Preventive Services Task Force. Screening for lung cancer: U.S. Preventive Services Task Force recommendation
statement. Ann. Intern. Med. 2014, 160, 330-338. [CrossRef]

Aberle, D.R.; Berg, C.D.; Black, W.C.; Church, T.R,; Fagerstrom, R.M.; Galen, B.; Gareen, LF; Gatsonis, C.; Goldin, J;
Gohagan, ].K,; et al. The National Lung Screening Trial: Overview and study design. Radiology 2011, 258, 243-253. [CrossRef]
Bach, P.B.; Mirkin, ].N.; Oliver, T.K.; Azzoli, C.G.; Berry, D.A.; Brawley, O.W,; Byers, T.; Colditz, G.A.; Gould, M.K.; Jett, ].R.; et al.
Benefits and harms of CT screening for lung cancer: A systematic review. JAMA 2012, 307, 2418-2429, Erratum in JAMA 2012,
308, 1324; Erratum in JAMA 2013, 309, 2212. [CrossRef]

National Lung Screening Trial Research Team; Aberle, D.R.; Adams, A.M.; Berg, C.D.; Black, W.C.; Clapp, J.D.; Fagerstrom, R.M.;
Gareen, L.F; Gatsonis, C.; Marcus, PM,; et al. Reduced lung-cancer mortality with low-dose computed tomographic screening.
N. Engl. ]. Med. 2011, 365, 395—409. [CrossRef]

National Lung Screening Trial Research Team; Church, T.R.; Black, W.C.; Aberle, D.R.; Berg, C.D.; Clingan, K.L.; Duan, F;
Fagerstrom, R.M.; Gareen, LE,; Gierada, D.S.; et al. Results of initial low-dose computed tomographic screening for lung cancer.
N. Engl. ]. Med. 2013, 368, 1980-1991. [CrossRef]

U.S. Preventive Services Task Force. Lung Cancer: Screening. Recommendation Summary. USPSTF. Available online: https:/ /www.
uspreventiveservicestaskforce.org/ (accessed on 8 May 2023).

Centers for Medicare & Medicard Services. Decision Memo for Screening for Lung Cancer with Low Dose Computed Tomography
(LDCT) (CAG-00439N). CMS. 2015. Available online: https:/ /www.cms.gov/medicare-coverage-database/details /nca-decision-
memo.aspx?NCAId=274 (accessed on 8 May 2023).

Silva, M.; Pastorino, U.; Sverzellati, N. Lung cancer screening with low-dose CT in Europe: Strength and weakness of diverse
independent screening trials. Clin. Radiol. 2017, 72, 389-400. [CrossRef]

de Koning, H.J.; van der Aalst, C.M.; de Jong, P.A.; Scholten, E.T.; Nackaerts, K.; Heuvelmans, M.A.; Lammers, J.J.; Weenink, C.;
Yousaf-Khan, U.; Horeweg, N.; et al. Reduced Lung-Cancer Mortality with Volume CT Screening in a Randomized Trial. N. Engl.
J. Med. 2020, 382, 503-513. [CrossRef] [PubMed]

Wille, M.M.; Dirksen, A.; Ashraf, H.; Saghir, Z.; Bach, K.S.; Brodersen, J.; Clementsen, PF; Hansen, H.; Larsen, K.R,;
Mortensen, J.; et al. Results of the Randomized Danish Lung Cancer Screening Trial with Focus on High-Risk Profiling. Am. J.
Respir. Crit. Care Med. 2016, 193, 542-551. [CrossRef]


https://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm
https://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm
https://doi.org/10.1200/EDBK_209089
https://www.ncbi.nlm.nih.gov/pubmed/30231309
https://doi.org/10.1016/S1470-2045(13)70546-1
https://www.ncbi.nlm.nih.gov/pubmed/24314615
https://www3.weforum.org/docs/WEF_Urgent_Coordinated_Global_Action_on_Lung_Cancer_2022.pdf
https://www3.weforum.org/docs/WEF_Urgent_Coordinated_Global_Action_on_Lung_Cancer_2022.pdf
https://www.cancer.gov/types/lung/hp/lung-screening-pdq
https://www.cancer.gov/types/lung/hp/lung-screening-pdq
https://www.cdc.gov/cancer/lung/basic_info/screening.htm
https://www.cdc.gov/cancer/lung/basic_info/screening.htm
https://ec.europa.eu/health/sites/default/files/non_communicable_diseases/docs/european_cancer_plan_en.pdf
https://ec.europa.eu/health/sites/default/files/non_communicable_diseases/docs/european_cancer_plan_en.pdf
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2022&codLeg=91957&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2022&codLeg=91957&parte=1%20&serie=null
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf
https://www.gazzettaufficiale.it/eli/gu/2021/07/24/176/so/25/sg/pdf
https://www.gazzettaufficiale.it/eli/gu/2021/07/24/176/so/25/sg/pdf
https://www.salute.gov.it/imgs/C_17_pubblicazioni_3291_allegato.pdf
https://www.salute.gov.it/imgs/C_17_pubblicazioni_3291_allegato.pdf
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/S2213-2600(16)30200-4
https://doi.org/10.7326/M13-2771
https://doi.org/10.1148/radiol.10091808
https://doi.org/10.1001/jama.2012.5521
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1056/NEJMoa1209120
https://www.uspreventiveservicestaskforce.org/
https://www.uspreventiveservicestaskforce.org/
https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=274
https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=274
https://doi.org/10.1016/j.crad.2016.12.021
https://doi.org/10.1056/NEJMoa1911793
https://www.ncbi.nlm.nih.gov/pubmed/31995683
https://doi.org/10.1164/rccm.201505-1040OC

Healthcare 2023, 11, 2085 21 of 23

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Saghir, Z.; Dirksen, A.; Ashraf, H.; Bach, K.S.; Brodersen, J.; Clementsen, P.F.; Deassing, M.; Hansen, H.; Kofoed, K.F;
Larsen, K.R,; et al. CT screening for lung cancer brings forward early disease. The randomised Danish Lung Cancer Screening
Trial: Status after five annual screening rounds with low-dose CT. Thorax 2012, 67, 296-301. [CrossRef]

Pedersen, J.H.; Ashraf, H.; Dirksen, A.; Bach, K.; Hansen, H.; Toennesen, P.; Thorsen, H.; Brodersen, J.; Skov, B.G.;
Dgssing, M.; et al. The Danish randomized lung cancer CT screening trial—Overall design and results of the prevalence round.
J. Thorac. Oncol. 2009, 4, 608-614. [CrossRef]

Paci, E.; Puliti, D.; Pegna, A.L.; Carrozzi, L.; Picozzi, G.; Falaschi, F.; Pistelli, F.,; Aquilini, F.; Ocello, C.; Zappa, M.; et al. Mortality,
survival and incidence rates in the ITALUNG andomized lung cancer screening trial. Thorax 2017, 72, 825-831. [CrossRef]
[PubMed]

Pastorino, U.; Silva, M.; Sestini, S.; Sabia, E.; Boeri, M.; Cantarutti, A.; Sverzellati, N.; Sozzi, G.; Corrao, G.; Marchiano, A.
Prolonged lung cancer screening reduced 10-year mortality in the MILD trial: New confirmation of lung cancer screening efficacy.
Ann. Oncol. 2019, 30, 1162-1169. [CrossRef]

Pastorino, U.; Rossi, M.; Rosato, V.; Marchiano, A.; Sverzellati, N.; Morosi, C.; Fabbri, A.; Galeone, C.; Negri, E.; Sozzi, G.; et al.
Annual or biennial CT screening versus observation in heavy smokers: 5-year results of the MILD trial. Eur. ]. Cancer Prev. 2012,
21, 308-315. [CrossRef] [PubMed]

Infante, M.; Cavuto, S.; Lutman, FR; Passera, E.; Chiarenza, M.; Chiesa, G.; Brambilla, G.; Angeli, E.; Aranzulla, G.; Chiti, A ; et al.
Long-term follow-up results of the DANTE trial, a randomized study of lung cancer screening with spiral computed tomography.
Am. ]. Respir. Crit. Care Med. 2015, 191, 1166-1175. [CrossRef] [PubMed]

Field, J.K.; Duffy, SW.,; Baldwin, D.R.; Whynes, D.K.; Devaraj, A.; E Brain, K.; Eisen, T.; Gosney, J.; A Green, B,;
A Holemans, J.; etal. UK Lung Cancer RCT Pilot Screening Trial: Baseline findings from the screening arm provide evi-
dence for the potential implementation of lung cancer screening. Thorax 2016, 71, 161-170. [CrossRef] [PubMed]

Becker, N.; Motsch, E.; Trotter, A.; Heussel, C.P,; Dienemann, H.; Schnabel, P.A.; Kauczor, H.-U.; Maldonado, S.G.; Miller, A.B.;
Kaaks, R.; et al. Lung cancer mortality reduction by LDCT screening-Results from the randomized German LUSI trial. Int. ].
Cancer 2020, 146, 1503-1513. [CrossRef] [PubMed]

Blanchon, T.; Bréchot, ] M.; Grenier, P.A.; Ferretti, G.R.; Lemarié, E.; Milleron, B.; Chagué, D.; Laurent, F.; Martinet, Y.; Beigelman-
Aubry, C.; et al. Dépiscan Group. 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 2007, 58, 50-58. [CrossRef]

de Koning, H.J.; Meza, R.; Plevritis, S.K.; Haaf, K.T.; Munshi, V.N.; Jeon, ].; Erdogan, S.A.; Kong, C.Y.,; Han, S.S,;
van Rosmalen, J.; et al. Benefits and harms of computed tomography lung cancer screening strategies: A comparative
modeling study for the U.S. Preventive Services Task Force. Ann. Intern. Med. 2014, 160, 311-320. [CrossRef]

Nawa, T.; Nakagawa, T.; Mizoue, T.; Kusano, S.; Chonan, T.; Hayashihara, K.; Suito, T.; Endo, K. A decrease in lung cancer
mortality following the introduction of low-dose chest CT screening in Hitachi, Japan. Lung Cancer 2012, 78, 225-228. [CrossRef]
Sagawa, M.; Nakayama, T.; Tanaka, M.; Sakuma, T.; Sobue, T.; JECS Study Group. A randomized controlled trial on the efficacy of
thoracic CT screening for lung cancer in non-smokers and smokers of <30 pack-years aged 50-64 years (JECS Study): Research
design. Jpn. . Clin. Oncol. 2012, 42, 1219-1221. [CrossRef]

National Comprehensive Cancer Network. NCCN Guidelines for Patients: Lung Cancer Screening. Available online: https:/ /www.
ncen.org/patients/guidelines/content/PDF /lung_screening-patient.pdf (accessed on 14 March 2023).

Mazzone, PJ.; Silvestri, G.A.; Patel, S.; Kanne, ].P.; Kinsinger, L.S.; Wiener, R.S.; Soo Hoo, G.; Detterbeck, F.C. Screening for Lung
Cancer: CHEST Guideline and Expert Panel Report. Chest 2018, 153, 954-985. [CrossRef]

Bartlett, E.C.; Silva, M.; Callister, M.E.; Devaraj, A. False-Negative Results in Lung Cancer Screening-Evidence and Controversies.
J. Thorac. Oncol. 2021, 16, 912-921. [CrossRef]

Horeweg, N.; van der Aalst, C.M.; Vliegenthart, R.; Zhao, Y.; Xie, X.; Scholten, E.T.; Mali, W.; Thunnissen, E.; Weenink, C.;
Groen, H.J.; et al. Volumetric computed tomography screening for lung cancer: Three rounds of the NELSON trial. Eur. Respir. ].
2013, 42, 1659-1667. [CrossRef]

Yousaf-Khan, U.; van der Aalst, C.; de Jong, P.A.; Heuvelmans, M.; Scholten, E.; Lammers, J.-W.; van Ooijen, P.; Nackaerts, K,;
Weenink, C.; Groen, H.; et al. Final screening round of the NELSON lung cancer screening trial: The effect of a 2.5 years screening
interval. Thorax 2016, 72, 48-56. [CrossRef] [PubMed]

National Cancer Institute. Low-Dose CT Scans: Lung Cancer Screening. National Cancer Institute. Available online: https://www.
cancer.gov/types/lung/patient/lung-screening-pdq (accessed on 14 March 2023).

Canadian Task Force on Preventive Health Care. Recommendations on screening for lung cancer. Can. Med. Assoc. ]. 2016,
188, 425-432. [CrossRef] [PubMed]

National Institute for Health and Care Excellence. Lung Cancer: Diagnosis and Management. NICE Guideline [NG122].
November 2019. Available online: https:/ /www.nice.org.uk/guidance/ngl22 (accessed on 8 May 2023).

Australian Government Department of Health. Lung Cancer Screening. 2019. Available online: https:/ /www.health.gov.au/
sites/default/files/documents /2019 /09 /lung-cancer-screening-position-statement.pdf (accessed on 14 March 2023).

Sone, S.; Li, F; Yang, Z.G.; Honda, T.; Maruyama, Y.; Takashima, S.; Hasegawa, M.; Kawakami, S.; Kubo, K.; Haniuda, M.; et al.
Results of three-year mass screening programme for lung cancer using mobile low-dose spiral computed tomography scanner. Br.
J. Cancer 2001, 84, 25-32. [CrossRef]


https://doi.org/10.1136/thoraxjnl-2011-200736
https://doi.org/10.1097/JTO.0b013e3181a0d98f
https://doi.org/10.1136/thoraxjnl-2016-209825
https://www.ncbi.nlm.nih.gov/pubmed/28377492
https://doi.org/10.1093/annonc/mdz117
https://doi.org/10.1097/CEJ.0b013e328351e1b6
https://www.ncbi.nlm.nih.gov/pubmed/22465911
https://doi.org/10.1164/rccm.201408-1475OC
https://www.ncbi.nlm.nih.gov/pubmed/25760561
https://doi.org/10.1136/thoraxjnl-2015-207140
https://www.ncbi.nlm.nih.gov/pubmed/26645413
https://doi.org/10.1002/ijc.32486
https://www.ncbi.nlm.nih.gov/pubmed/31162856
https://doi.org/10.1016/j.lungcan.2007.05.009
https://doi.org/10.7326/M13-2316
https://doi.org/10.1016/j.lungcan.2012.09.012
https://doi.org/10.1093/jjco/hys157
https://www.nccn.org/patients/guidelines/content/PDF/lung_screening-patient.pdf
https://www.nccn.org/patients/guidelines/content/PDF/lung_screening-patient.pdf
https://doi.org/10.1016/j.chest.2018.01.016
https://doi.org/10.1016/j.jtho.2021.01.1607
https://doi.org/10.1183/09031936.00197712
https://doi.org/10.1136/thoraxjnl-2016-208655
https://www.ncbi.nlm.nih.gov/pubmed/27364640
https://www.cancer.gov/types/lung/patient/lung-screening-pdq
https://www.cancer.gov/types/lung/patient/lung-screening-pdq
https://doi.org/10.1503/cmaj.151421
https://www.ncbi.nlm.nih.gov/pubmed/26952527
https://www.nice.org.uk/guidance/ng122
https://www.health.gov.au/sites/default/files/documents/2019/09/lung-cancer-screening-position-statement.pdf
https://www.health.gov.au/sites/default/files/documents/2019/09/lung-cancer-screening-position-statement.pdf
https://doi.org/10.1054/bjoc.2000.1531

Healthcare 2023, 11, 2085 22 of 23

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Hong, S.; Won, Y].; Lee, J.].; Jung, KW.; Kong, H.J.; Im, J.S.; Seo, H.G.; Community of Population-Based Regional Cancer
Registries. Cancer Statistics in Korea: Incidence, Mortality, Survival, and Prevalence in 2018. Cancer Res. Treat. 2021, 53, 301-315.
[CrossRef] [PubMed]

Chen, W.; Zheng, R.; Baade, P.D.; Zhang, S.; Zeng, H.; Bray, F; Jemal, A.; Yu, X.Q.; He, J. Cancer statistics in China, 2015. CA
Cancer . Clin. 2016, 66, 115-132. [CrossRef]

Marshall, HM.; Bowman, R.V,; Yang, I.A.; Fong, K.M.; Berg, C.D. Screening for lung cancer with low-dose computed tomography:
A review of current status. J. Thorac. Dis. 2013, 5 (Suppl. 5), S524-5539. [CrossRef] [PubMed]

American Cancer Society. Can Lung Cancer Be Found Early? American Cancer Society. Available online: https://www.cancer.
org/content/dam/CRC/PDF/Public/8705.00.pdf (accessed on 16 March 2023).

Seijo, L.M.; Peled, N.; Ajona, D.; Boeri, M.; Field, ] K.; Sozzi, G.; Pio, R.; Zulueta, ].].; Spira, A.; Massion, P.P; et al. Biomarkers in
Lung Cancer Screening: Achievements, Promises, and Challenges. J. Thorac. Oncol. 2019, 14, 343-357. [CrossRef]

Tammemagi, M.C.; Katki, H.A.; Hocking, W.G.; Church, T.R.; Caporaso, N.; Kvale, P.A.; Chaturvedi, A K,; Silvestri, G.A,;
Riley, T.L.; Commins, ].; et al. Selection Criteria for Lung-Cancer Screening. N. Engl. ]. Med. 2013, 368, 728-736. [CrossRef]
Cassidy, A.; Myles, ].P; van Tongeren, M.; Page, R.D.; Liloglou, T.; Duffy, S.W.; Field, ] K. The LLP Risk Model: An Individual
Risk Prediction Model for Lung Cancer. Br. J. Cancer 2008, 98, 270-276. [CrossRef]

Cassidy, A.; Duffy, SSW.; Myles, ].P; Liloglou, T.; Field, ].K. Lung Cancer Risk Prediction: A Tool for Early Detection. Int. . Cancer
2007, 120, 1-6. [CrossRef]

Tammemagi, C.M.; Pinsky, PE,; Caporaso, N.E.; Kvale, P.A.; Hocking, W.G.; Church, T.R;; Riley, T.L.; Commins, J.; Oken, M.M,;
Berg, C.D.; et al. Lung Cancer Risk Prediction: Prostate, Lung, Colorectal And Ovarian Cancer Screening Trial Models and
Validation. J. Natl. Cancer Inst. 2011, 103, 1058-1068. [CrossRef]

Gohagan, J.K.; Prorok, P.C.; Hayes, R.B.; Kramer, B.S.; Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial Project
Team. The Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial of the National Cancer Institute: History,
Organization, and Status. Control Clin. Trials 2000, 21 (Suppl. 6), 2515-272S. [CrossRef]

International Early Lung Cancer Action Program Investigators; Henschke, C.I.; Yankelevitz, D.F,; Libby, D.M.; Pasmantier, M.W.,;
Smith, J.P.; Miettinen, O.S. Survival of Patients with Stage I Lung Cancer Detected on CT Screening. N. Engl. ]. Med. 2006,
355,1763-1771. [CrossRef]

Henschke, C.I.; McCauley, D.I; Yankelevitz, D.F; Naidich, D.P.; McGuinness, G.; Miettinen, O.S.; Libby, D.M.; Pasmantier, M.W.,;
Koizumi, J.; Altorki, N.K,; et al. Early Lung Cancer Action Project: Overall Design and Findings from Baseline Screening. Lancet
1999, 354, 99-105. [CrossRef]

Bach, P.B.; Kattan, M.W.; Thornquist, M.D.; Kris, M.G.; Tate, R.C.; Barnett, M.].; Hsieh, L.].; Begg, C.B. Variations in Lung Cancer
Risk among Smokers. |. Natl. Cancer Inst. 2003, 95, 470—-478. [CrossRef]

Katki, H.A.; Kovalchik, S.A.; Berg, C.D.; Cheung, L.C.; Chaturvedi, A.K. Development and Validation of Risk Models to Select
Ever-Smokers for CT Lung Cancer Screening. JAMA 2016, 315, 2300-2311. [CrossRef]

Thun, M.J.; Carter, B.D.; Feskanich, D.; Freedman, N.D.; Prentice, R.; Lopez, A.D.; Hartge, P.; Gapstur, S.M. 50-Year Trends in
Smoking-Related Mortality in the United States. N. Engl. ]. Med. 2013, 368, 351-364. [CrossRef]

Mahadevia, PJ.; Fleisher, L.A; Frick, K.D.; Eng, J.; Goodman, S.N.; Powe, N.R. Lung cancer screening with helical computed
tomography in older adult smokers: A decision and cost-effectiveness analysis. JAMA 2003, 289, 313-322. [CrossRef]

Black, W.C.; Gareen, LE; Soneji, S.S.; Sicks, ].D.; Keeler, E.B.; Aberle, D.R.; Naeim, A.; Church, T.R; Silvestri, G.A.; Gorelick, J.; et al.
Cost-effectiveness of CT screening in the National Lung Screening Trial. N. Engl. ]. Med. 2014, 371, 1793-1802. [CrossRef]
Toumazis, I.; Cao, P.; de Nijs, K.; Bastani, M.; Munshi, V.; Hemmati, M.; Ten Haaf, K,; Jeon, J.; Tammemagi, M.; Gazelle, G.S.; et al.
Risk Model-Based Lung Cancer Screening: A Cost-Effectiveness Analysis. Ann. Intern. Med. 2023, 176, 320-332. [CrossRef]
[PubMed]

Toumazis, I.; Erdogan, S.A.; Bastani, M.; Leung, A.; Plevritis, S.K. A Cost-Effectiveness Analysis of Lung Cancer Screening With
Low-Dose Computed Tomography and a Diagnostic Biomarker. JNCI Cancer Spectr. 2021, 5, pkab081. [CrossRef]

Toumazis, I.; de Nijs, K.; Cao, P; Bastani, M.; Munshi, V.; Ten Haaf, K; Jeon, J.; Gazelle, G.S.; Feuer, E.J.; de Koning, H.].; et al.
Cost-effectiveness Evaluation of the 2021 U.S. Preventive Services Task Force Recommendation for Lung Cancer Screening. JAMA
Oncol. 2021, 7, 1833-1842. [CrossRef]

Behar Harpaz, S.; Weber, M.E,; Wade, S.; Ngo, PJ.; Vaneckova, P; Sarich, PE.A.; Cressman, S.; Tammemagi, M.C.; Fong, K,;
Marshall, H.; et al. Updated cost-effectiveness analysis of lung cancer screening for Australia, capturing differences in the health
economic impact of NELSON and NLST outcomes. Br. J. Cancer 2023, 128, 91-101. [CrossRef] [PubMed]

Criss, S.D.; Cao, P; Bastani, M.; Ten Haaf, K.; Chen, Y.; Sheehan, D.E; Blom, E.F,; Toumazis, L; Jeon, J.; de Koning, H.J.; et al.
Cost-Effectiveness Analysis of Lung Cancer Screening in the United States: A Comparative Modeling Study. Ann. Intern. Med.
2019, 171, 796-804. [CrossRef] [PubMed]

Gomez-Carballo, N.; Fernandez-Soberén, S.; Rejas-Gutiérrez, ]. Cost-effectiveness analysis of a lung cancer screening programme
in Spain. Eur. |. Cancer Prev. 2022, 31, 235-244. [CrossRef] [PubMed]

Kumar, V.; Cohen, ].T.; van Klaveren, D.; Soeteman, D.I.; Wong, ].B.; Neumann, P.J.; Kent, D.M. Risk-Targeted Lung Cancer
Screening: A Cost-Effectiveness Analysis. Ann. Intern. Med. 2018, 168, 161-169. [CrossRef] [PubMed]


https://doi.org/10.4143/crt.2021.291
https://www.ncbi.nlm.nih.gov/pubmed/33735559
https://doi.org/10.3322/caac.21338
https://doi.org/10.3978/j.issn.2072-1439.2013.09.06
https://www.ncbi.nlm.nih.gov/pubmed/24163745
https://www.cancer.org/content/dam/CRC/PDF/Public/8705.00.pdf
https://www.cancer.org/content/dam/CRC/PDF/Public/8705.00.pdf
https://doi.org/10.1016/j.jtho.2018.11.023
https://doi.org/10.1056/NEJMoa1211776
https://doi.org/10.1038/sj.bjc.6604158
https://doi.org/10.1002/ijc.22331
https://doi.org/10.1093/jnci/djr173
https://doi.org/10.1016/S0197-2456(00)00097-0
https://doi.org/10.1056/NEJMoa060476
https://doi.org/10.1016/S0140-6736(99)06093-6
https://doi.org/10.1093/jnci/95.6.470
https://doi.org/10.1001/jama.2016.6255
https://doi.org/10.1056/NEJMsa1211127
https://doi.org/10.1001/jama.289.3.313
https://doi.org/10.1056/NEJMoa1312547
https://doi.org/10.7326/M22-2216
https://www.ncbi.nlm.nih.gov/pubmed/36745885
https://doi.org/10.1093/jncics/pkab081
https://doi.org/10.1001/jamaoncol.2021.4942
https://doi.org/10.1038/s41416-022-02026-8
https://www.ncbi.nlm.nih.gov/pubmed/36323879
https://doi.org/10.7326/M19-0322
https://www.ncbi.nlm.nih.gov/pubmed/31683314
https://doi.org/10.1097/CEJ.0000000000000700
https://www.ncbi.nlm.nih.gov/pubmed/34406177
https://doi.org/10.7326/M17-1401
https://www.ncbi.nlm.nih.gov/pubmed/29297005

Healthcare 2023, 11, 2085 23 of 23

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Hinde, S.; Crilly, T.; Balata, H.; Bartlett, R.; Crilly, J.; Barber, P.; Threlfall, A.; Tonge, J.; Booton, R.; Crosbie, P.A. The cost-
effectiveness of the Manchester ‘lung health checks’, a community-based lung cancer low-dose CT screening pilot. Lung Cancer
2018, 126, 119-124. [CrossRef]

Hofer, F; Kauczor, H.U.; Stargardt, T. Cost-utility analysis of a potential lung cancer screening program for a high-risk population
in Germany: A modeling approach. Lung Cancer 2018, 124, 189-198. [CrossRef]

Zhao, Z.; Du, L; Li, Y.; Wang, L.; Wang, Y.; Yang, Y.; Dong, H. Cost-Effectiveness of Lung Cancer Screening Using Low-Dose
Computed Tomography Based on Start Age and Interval in China: Modeling Study. JMIR Public Health Surveill. 2022, 8, e36425,
Erratum in JMIR Public Health Surveill. 2022, 8, €43025. [CrossRef]

Kowada, A. Cost-effectiveness and health impact of lung cancer screening with low-dose computed tomography for never
smokers in Japan and the United States: A modelling study. BMC Pulm. Med. 2022, 22, 19. [CrossRef]

Veronesi, G.; Navone, N.; Novellis, P.; Dieci, E.; Toschi, L.; Velutti, L.; Solinas, M.; Vanni, E.; Alloisio, M.; Ghislandi, S. Favorable
incremental cost-effectiveness ratio for lung cancer screening in Italy. Lung Cancer 2020, 143, 73-79. [CrossRef]

Pinsky, P.F. Cost-effectiveness of CT screening in the National Lung Screening Trial. N. Engl. . Med. 2015, 372, 387. [CrossRef]
Guide to the Methods of Technology Appraisal; National Institute for Health and Care Excellence. 2013. Available online:
https:/ /www.nice.org.uk/process/pmg9 (accessed on 8 May 2023).

Minnix, J.A.; Karam-Hage, M.; Blalock, J.A.; Cinciripini, PM. The importance of incorporating smoking cessation into lung cancer
screening. Transl. Lung Cancer Res. 2018, 7, 272-280, Erratum in Transl. Lung Cancer Res. 2018, 7 (Suppl. 3), S303. [CrossRef]
Quinn-Scoggins, H.D.; Murray, R.L.; Quaife, S.L.; Smith, P.; Brain, K.E.; Callister, M.E.].; Baldwin, D.R,; Britton, J.; Crosbie, P.A.J.;
Thorley, R.; et al. Co-development of an evidence-based personalised smoking cessation intervention for use in a lung cancer
screening context. BMIC Pulm. Med. 2022, 22, 478. [CrossRef]

Park, E.R.; Gareen, LF; Japuntich, S.; Lennes, I.; Hyland, K.; DeMello, S.; Sicks, ].D.; Rigotti, N.A. Primary Care Provider-Delivered
Smoking Cessation Interventions and Smoking Cessation Among Participants in the National Lung Screening Trial. JAMA Intern.
Med. 2015, 175, 1509-1516, Erratum in JAMA Intern. Med. 2015, 175, 1587-1588. [CrossRef]

Bade, M.; Béhr, V.,; Brandt, U.; Eigentopf, A.; Briichert, T.; Gross, M.L.; Motsch, E.; Becker, N. Effect of smoking cessation
counseling within a randomised study on early detection of lung cancer in Germany. J. Cancer Res. Clin. Oncol. 2016, 142, 959-968.
[CrossRef]

Bade, B.C.; Brasher, P.B.; Luna, B.W,; Silvestri, G.A.; Tanner, N.T. Reviewing Lung Cancer Screening: The Who, Where, When,
Why, and How. Clin. Chest Med. 2018, 39, 31-43. [CrossRef]

Luh, D.L.; Chen, S.L.; Yen, A.M.; Chiu, S.Y.; Fann, C.Y.; Chen, H.H. Effectiveness of advice from physician and nurse on smoking
cessation stage in Taiwanese male smokers attending a community-based integrated screening program. Tob. Induc. Dis. 2016,
14, 15. [CrossRef]

Zeliadt, S.B.; Heffner, J.L.; Sayre, G.; Klein, D.E.; Simons, C.; Williams, J.; Reinke, L.F.; Au, D.H. Attitudes and Perceptions About
Smoking Cessation in the Context of Lung Cancer Screening. JAMA Intern. Med. 2015, 175, 1530-1537. [CrossRef]

Manser, R.; Lethaby, A.; Irving, L.B.; Stone, C.; Byrnes, G.; Abramson, M.J.; Campbell, D. Screening for Lung Cancer. Cochrane
Database Syst. Rev. 2013, 2013, CD001991. [CrossRef] [PubMed]

Roe, O.D. Democratic and Ethical Problem of Lung Cancer Screening: Exclusion of True High-Risk Populations. Can It Be Fixed?
Yes. BM] Open Respir. Res. 2020, 7, €000811. [CrossRef] [PubMed]

Carter-Harris, L.; Ceppa, D.P; Hanna, N.; Rawl, S.M. Lung Cancer Screening: What Do Long-Term Smokers Know and Believe?
Health Expect. 2017, 20, 59-68. [CrossRef]

Volk, RJ.; Linder, SK.; Leal, V.B.; Rabius, V.; Cinciripini, PM.; Kamath, G.R.; Munden, R.EF,; Bevers, T.B. Feasibility of a Patient
Decision Aid about Lung Cancer Screening with Low-Dose Computed Tomography. Prev. Med. 2014, 62, 60-63. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.lungcan.2018.10.029
https://doi.org/10.1016/j.lungcan.2018.07.036
https://doi.org/10.2196/36425
https://doi.org/10.1186/s12890-021-01805-y
https://doi.org/10.1016/j.lungcan.2020.03.015
https://doi.org/10.1056/NEJMc1414726
https://www.nice.org.uk/process/pmg9
https://doi.org/10.21037/tlcr.2018.05.03
https://doi.org/10.1186/s12890-022-02263-w
https://doi.org/10.1001/jamainternmed.2015.2391
https://doi.org/10.1007/s00432-015-2105-0
https://doi.org/10.1016/j.ccm.2017.09.003
https://doi.org/10.1186/s12971-016-0080-0
https://doi.org/10.1001/jamainternmed.2015.3558
https://doi.org/10.1002/14651858.CD001991.pub3
https://www.ncbi.nlm.nih.gov/pubmed/23794187
https://doi.org/10.1136/bmjresp-2020-000811
https://www.ncbi.nlm.nih.gov/pubmed/33323364
https://doi.org/10.1111/hex.12433
https://doi.org/10.1016/j.ypmed.2014.02.006
https://www.ncbi.nlm.nih.gov/pubmed/24518006

	Introduction 
	Materials and Methods 
	Results 
	Efficacy and Effectiveness Studies about Lung Cancer Screening 
	Risks and Benefits of LDCT Lung Cancer Screening 
	The Most Currently Used Approaches for Lung Cancer Screening 
	Lung Cancer Risk Prediction Models 
	Cost-Effectiveness Studies 
	The Importance of Tobacco Cessation 

	Discussion 
	Conclusions 
	References

