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Introduction

Background

Screening in lung cancer should be understood as a measure 
in the framework of early cancer detection and treatment, 

as well as a first step of prevention strategies in selected 
populations (1-4). Selection criteria were mostly the 
smoking behavior and the age of probands in lung cancer 
screening studies and corresponding programs. In the last 
years, the method of choice was low-dose computerized 
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tomography (LDCT) of the chest in most of the screening 
programs and studies offered (5-7). This method shows 
good results, but is also connected with the problem 
of overdiagnosis and subsequently with unnecessary 
overtreatment. Not only that, it is at the same time an 
invasive measure which can do some harm in probands and 
generally causes costs in the national health systems.

Objectives

The aim of new screening studies must be to restrict 
the population to be screened as a measure to increase 
effectiveness in lung cancer screening programs, to decrease 
health and collective detriment and avoidable costs, and in 
general, raise the clinical practicability of such screening 
programs (8). Aim must also be, to define the screening 
population as narrow as possible, with at the same time 
being as socially accepted and with a high health beneficial 
expectation. In doing so, the question has to be answered if 
there are other determinants, as smoking behavior and age, 
to derive this aim and find ways of modelling and designing 
such studies and programs (9).

I present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
shc.amegroups.com/article/view/10.21037/shc-21-33/rc).

Methods for the narrative review

Literature of the last ten years was searched to get knowledge 
about the main influence factors for developing lung cancer. 
It was looked at the determinant smoking behavior, the 
influence of age, the occupational and behavioral situation 
for those who underwent lung carcinogenesis, the radon 
exposure, the genetic settings and family influence, and the 
influence of general cancer risks for lung cancer amongst 

others. For this narrative review the data base MEDLINE 
of the US National Library of Medicine from the National 
Institutes of Medicine was used for articles written in 
English and published in the time period from April 2011 
to April 2021 (Tables 1 and 2). The understanding in writing 
this narrative review was, to give some perspectives how to 
define a population to be screened in a lung cancer screening 
study beyond the determinants smoking status and age. And 
thus, the resulting tables do not want to purport that this is a 
systematic literature analysis.

In national lung screening trials as the NLST of the 
United States it was shown basically that screening results 
are consistent with the existing literature on screening by 
means of LDCT and chest radiography and has the power 
to reduce mortality in lung cancer (10,11). Moreover, it was 
shown in an accurate model that incorporates additional risk 
factors in the screening action may identify more persons 
who have lung cancer or in whom lung cancer will develop 
if applied to the NLST data (12).

The main determinants are described in detail including 
their impact on a possible study design. In the above 
mentioned NLST study solutions are worked out, for the 
resolving study designs on this basis beginning with lung 
cancer screening. Lung cancer screening is seen here as a 
tool showing the connection to general risks to an event. 
Especially for lung cancer prediction models there is the 
need to provide sufficiently strong discrimination between 
individuals with high and low likelihood of being diagnosed 
with lung cancer in the following years (13,14). For lung 
cancer screening the selection process of individuals to be 
screened using prediction models has been described and 
considerations for future studies have been made (15).

The development of scores of risks is shown as a method 
to bundle risks in a structured way. Risk structure and its 
distribution in individuals is another method to model 

Table 1 The strategy summary of the used literature for the narrative review “Selection of the population in lung cancer screening studies”

Items Specification

Date of search 10/04/2021

Databases and other sources searched MEDLINE; US National Library of Medicine

Search terms used Lung screening populations, developing of lung cancer, lung cancer screening models

Timeframe April 2011 to April 2021

Inclusion and exclusion criteria Peer reviewed, English language

Selection process By the author himself

https://shc.amegroups.com/article/view/10.21037/shc-21-33/rc
https://shc.amegroups.com/article/view/10.21037/shc-21-33/rc
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the influence in a study for lung cancer screening, as well 
as the more general competing risks and the problem of 
interfering risks. The same applies to the effecting risk for 
an individual which can be modelled in the design for such 
a study. All these individual and some more general design 
features are shown as possible elements in the study design. 
The resulting screening study population is shown as a 
function of these study design elements.

Results

Main determinant is smoking behavior

Since more than forty years there is evidence that smoking 
is one of the most prominent risk factors in the development 
of lung cancer (16). The percentage of lung cancer patients 
having a heavy smoking history is in the most countries, 
including all big nations, quite distinct, and the number 
of smokers in male Chinese lung cancer population is 
considerably high (17). So, the smoking behavior often 
defined by pack years with a given threshold is widely 
used. In many programs the threshold for an individual is 
a 20 pack-year smoking history and currently smoking or 
having quit within the past 15 years (18). Many studies have 
shown that this threshold is a good compromise to sort out 
roughly the higher lung cancer risks in the population. In 
some studies, the more general term tobacco consumption 
is used, translating other forms of tobacco use into pack 
years, more associated with cigarette smoking. In China the 
prevalence of cigarette smoking in male population has a 
percentage of 52.1% and can be seen as in other industrial 
developed countries as a backbone risk in developing lung 
cancer (17,19). Also, the Chinese population of never 
smokers has to be investigated: Risk factors vary between 
males and females, the number of determinant risk factors, 
and the magnitudes of their effects can be different (20).

Despite some changes in manufacturing cigarettes 
and the use of additive substances for taste and addiction 
cigarette smoking, general tobacco consumption is a 
highly hooking habitual practice, not easily changed. Thus, 
long term tobacco use is quite common and moreover, 
the individual changes in the respiratory system are long  
lasting (21). In a meta-analysis of 2018 with 7 million 
individuals, smoking as a risk factor for lung cancer in 
women and men was calculated with the pooled multiple-
adjusted lung cancer relative risk as 6.99 in women and 7.33 
in men, respectively, and a statistically non-significant pooled 
ratio (22). Obeying these facts, it is absolutely necessary, 
to look at the smoking history of probands who should 
be included in a lung cancer screening program. Since for 
the manifestation of harmful changes in respiratory tract, 
some time for becoming effective has to be calculated, it is 
meaningful to set a certain time interval of tobacco-use and 
its amount. In this light, some 20 pack-year smoking limit 
is reasonable, which can be adapted slightly in a screening 
design. It is worth mentioning, that the smoking career often 
starts at the age of teenagers, such that with the age of 40 to 
50 years a long history will already be achieved.

Table 2 The search items used for the narrative review “Selection 
of the population in lung cancer screening studies”

Used search terms in the narrative review*

Lung cancer screening

Development of lung cancer

Selection of screening population

Lung cancer screening models

Smoking behavior

Smoker/non-smoker

Risks

Risk distribution

Risk structure

Risk models

Interfering risks

Age

Genetic

Occupational exposure

Radon exposure

Behavioral influence

General influences

General risk factors

Score of risks

Multiple risks

Effectiveness of screening

Screening interval

Screening costs

Screening practicability

Screening false negative

Screening false positive

*, the additive term ‘lung cancer’ was used in every search if not 
already incorporated.
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Non-smoking-related lung cancer

In Asia the assessment of selection for LDCT is different 
from Europe and North-America. Non-smokers related 
lung cancer are associated strongly with female gender 
and family history of lung cancer and so it was concluded 
in a Taiwan population (23,24), that the attention to these 
factors can improve the efficiency of lung cancer screening 
programs. Furthermore, it was shown that the modification 
of lung imaging reporting and data systems (Lung-
RADS) improves the performance of LDCT screening 
in a population with high prevalence of non-smoking-
related lung cancer (25,26). In addition, it is recognized 
that heritable risks and genetic contributions are highly 
associated with the risk of lung cancer among patients with 
non–smoking-related lung cancers (11). Therefore, special 
attention has to be turned on this subpopulation with 
special attributes and should find input into potential lung 
cancer risk models.

The determinant age

Among both women and men, the incidence of lung 
cancer is low in people aged <40 years and increases up 
to age 75–80 years in most populations (27). In general, 
the observation that the age-specific incidence curve of 
many carcinomas is approximately linear on a double 
logarithmic plot, led amongst others to the description 
by a multistage model that predicts two basic phases in 
the age-specific incidence curves, a first exponential phase 
until the age of about 60 years of age followed by a linear 
phase after that age (28). Age is an important determinant 
in selecting the screening population in these programs, 
since the respiratory tract is part of “filtering system” of 
all air coming into the human body with some memory of 
defending harmful or even toxic substances. Repair will 
play a role, but over a long time the history of the complete 
lifestyle will be mapped on the tissue of the respiratory 
system (27). Thus, in higher ages the frequency of lung 
carcinogenesis is more often seen and more severe cases 
as well (21). Epidemiological data say, that age alone is 
only a “mild” factor, milder than the smoking behavior. 
In combination with smoking an age threshold of 40 to  
50 years seems to be reasonable to be taken, since smoking 
starts in individuals often in early years of 20 or even 
younger such that 20 and more years of smoking history 
can be easily reached. Setting the threshold in age too high, 
such as 55 to 60 years of age, means, that many positive 

cases could be missed and therefore, torpedo the result. 
Depending on the life expectation of the whole population 
the upper bound for screening should not be greater than 
80 years of age and should range around the overall median 
life expectation in the total population, which is also in 
accordance with general findings (27).

The classical selection of a screening population in 
lung cancer should thus always take the two determinants 
smoking behavior and age in a combination into account. 
Doing this, the most unknown cases will be detected.

Occupational exposure

There are occupational risks which can also do a lot of harm 
as respirable dust in coal mines and other mining industries, 
the fine particulate matter and micro dust in farming and 
production, but also nearby the exhaustion material of 
machines and vehicles and in the general production, as 
well as the special long known factor of the asbestos fibers. 
But also cooks in kitchen facilities, and individuals working 
in paper manufacturing, printing facilities, asphalt workers, 
and many more are sometimes exposed to carcinogenic 
substances being effective in the respiratory tract. These 
effects have to be seen independently from the smoking 
determinant but have also a time component which is 
important to obey. The history is not easily measured 
quantitively but alone the fact that an individual is working 
for some years in these industries might be reason enough 
to be included into the selection process. Since it should be 
seen as an additive risk it must be treated in the selection 
process as an “and/or” procedure with some threshold for 
the years of exposure which should be similar to that of the 
smoking history. In China programs have been performed 
using this selection tool successfully (29).

Radon exposure

In some regions the exposure of the gas radon is quite high 
and it is known to be harmful especially in the respiratory 
system. Since it is a heavy gas, it is assembling in narrow 
parts of a house as the basement. This risk factor should 
be taken as an additional and independent risk factor with 
a less distinctive weight. The regional character of the 
appearance of this gas should also be deliberated and can be 
omitted in regions without this exposure. It can be part of a 
risk score. Other environmental risks should be summarized 
under general cancer risks (30).
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Behavioral setting

The behavioral influences beside smoking are not so easily 
categorized because of being so divers and different in 
intensity (31,32). In China, it is known that the cooking 
in the households play some additional role in producing 
aerosols being carcinogenic effective. In general, the 
influence of the behavioral setting on developing lung 
cancer is difficult to be anticipated and the risk is not so easy 
to predict. Alcohol use and the use of other drugs can also 
be a factor which might not be independent from others as 
smoking. In a Chinese program the indoor cooking can be 
taken as an independent additional small selection factor. It 
could be a factor in yet to be developed score of risks (33).

Genetic setting

Since approximately 10–15% of lung cancers in Western 
countries occur in never-smokers, and not all can be 
accounted for the action of occupational and environmental 
risk factors, genetic factors should be also considered (34,35). 
The genetic influence in lung cancer is not as distinct as 
in colon or breast cancer. There are some genetic settings 
which may be giving a hint of being more expressed in the 
process of lung cancer. A clinically relevant increased risk 
of developing lung cancer can have its cause by variants in 
the TP53 tumor-suppressor gene or e.g., EGFR variants, 
T790M in particular, cause the EGFR susceptibility 
syndrome (34). In general, these factors are difficult to be 
derived and interpreted and therefore it cannot easily be 
taken as a selection feature in the screening process of lung 
cancer. The problem is here to figure out risk numbers 
for a heterogenous population which will have a positive 
selection impact (36-38).

General cancer risk factors

These risk factors are related to those mentioned  
above (27). They may be hidden in occupational, life style, 
and the genetics. The immune status also plays a role as 
well as the psycho-somatic setting of an individual. Obesity 
may also be a factor and more generally, diet and the use 
of alcohol may be taken as examples (39,40). All these 
factors are difficult to be translated into a numerical risk 
for selecting a population for lung cancer screening which 
most benefit of this action. Thus, currently it seems not to 
be promising to incorporate general risk factors into the 
selection process as they may not have the weight for a 

broader risk use.

Screening and the connection to general risks to an event 
(here lung cancer)

The lung cancer screening process wants to detect 
individuals having a certain risk to develop a severe lung 
cancer disease showing already some signs of this disease as 
precancerous stages and/or mini foci which stands here for 
the event to be detected (18,41,42). Therefore, attributable 
risks are used to decrease the number of probands being 
tested, since these methods are interventional and can 
cause some harm, for example by using LDCT. Thus, the 
selection process of these attributable risks is crucial: They 
must not only have any impact, but the impact must be 
clearly measurable and easily to be derived. Above possible 
attributable risks have been named and the problem is, to 
find some input as a risk figure into a screening model. 
It is seen that some of the attributable risk factors as 
smoking history and age of an individual can be taken as a 
determinant in the screening model whereas other input 
factors are less strong. A modelling with many risk factors 
can cause difficulties in performing and will not per se end 
up with a better detection result and lower costs and harm. 
A too restricted model will detect little incriminated (pre) 
cancerous stages and overlook possible positive screening 
test results. In screening studies with some thousands of 
probands the strategy has to be tested and evaluated.

Discussion

Score of risks

Risk prediction models incorporating multiple risk factors 
have been recognized as a method of identifying individuals 
at high risk of developing lung cancer (43). One possibility 
for a new defined screening population is to introduce a 
score of risk factors in adding some independent risks. 
As far as we know, the risk score method has not been 
applied in a bigger LDCT lung cancer screening trial. 
In doing so, a definitive score threshold must be defined 
before coming into action with the screening intervention. 
As an example of applying this method in lung cancer 
diagnosis and treatment, an easy-to-apply risk score has 
been proposed already, categorizing patients into different 
risk groups. This was used as a diagnostic measure before 
treatment start with a PD-1/PD-L1 antibody (44). Thus, 
for example, a risk score can be taken consisting of the 
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input risks of smoking history, age, occupational exposure, 
radon exposure, alcohol/drug use and obesity with a defined 
threshold at which the interventional action takes place. 
In case of a study, the sample size calculation has to be 
considered in advance, obeying that there are several input 
factors with varying impact. The resulting sample size of 
a study will be greater with more stratified input factors 
compared to the classical model with smoking status and 
age. Aim of this selection is to sort out more exactly the 
higher risks and screen a smaller number of individuals.

Risk structure and its distribution in individuals

In modelling the screening population in a more elaborated 
way, the underlying risk structure of the individuals is  
used (45). In this case more than the tobacco consumption 
and age is in question. From worldwide epidemiological 
data the risk factors for lung cancer are published, for 
patients with lung cancer for instance as prognostic factors, 
e.g. derived by statistical logistic regression models. These 
data vary from region to region and can be taken with its 
distribution as an input for the risk structure of attributable 
risks in a screening model. Thus, the established selection 
rules in a coalmining area or in a rural region might 
be different compared to a big mega city, for example. 
Regional differentiation seems to be pivotal in the screening 
programs especially in big countries such as China. In 
Europe with a lot of smaller countries this does not play 
the same role, there, a nationwide selection rule for the 
screening population may be sufficient. Important in any 

case is to know the attributable risks interrelated with the 
process of lung carcinogenesis and the distribution in the 
underlying population.

Competing risks and problem of interfering risks

As in other fields of real-life situations the concept of 
competing risks must be taken into consideration in using a 
risk profile for population selection. In the case of detecting 
lung cancer in screening programs the determinants are 
smoking behavior and age. Risks often interfere with each 
other as for example the tobacco consumption and the 
exposure to micro dust or the influence of coal dust in 
the mining industry. It is difficult to build up interaction 
models of risks (46-48). One possibility could be to use 
the mathematical method of manifolds and hyperplanes to 
depict the interference of risks. In so far, the definition of 
the screening population can be understood as a solution 
of an optimization problem. In a first approximation in 
modelling the risks can be taken as independent. So far, no 
complex models have been used in bigger lung screening 
models.

Effecting risk for an individual

The effect of attributable risks in concern of lung cancer on 
an individual are highly different (49) and do not happen 
in the way of causal determinism (Figure 1). The tale of the 
90 years old smoker with good health is legend. There is a 
very high probability that it will not be so, but there is no 
causal deduction chain that for instance smoking finally will 
in every case lead to lung cancer. Hence the probabilistic 
statistical approach in attributable risk assumption to 
define a screening population is today the way to perform. 
Therefore, to find the distribution of lung cancer risks in 
defined regions is a basic research front work.

Screening population

The setting up of a screening population has to be done 
before the program starts and should not be altered for a 
longer time period. Thus, making it possible to compare 
results of findings with the complementary population set 
which does not undergo some screening interventions (50). 
With this procedure it is possible to validate the concept 
taken and to prove the quality of screening actions (Figure 2).  
The screening measure can be seen in dependence 
of effectiveness, costs, and practicability. These three 

Figure 1 The influence of risks for the risk profile of an individual.
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parameters can determine the success of the screening 
action. Clearly the costs are dependent on the number 
of single measures taken, which is also true for the 
practicability: Low costs are associated with a small number 
of those measures, but effectiveness often comes along 
with a higher number of measures taken. Thus, a balance 
(an optimum) has to be found in the set of measures  
(a technical method would be linear optimization). With 
quality assurance methods the adjustment of screening 
population selection is then possible. Therefore, it is crucial 
to work with a well-defined unchanged population in a time 
limited setting, where the determinant risks are always an 
indispensable part of it, which is here tobacco use and age 
of the proband.

Effectiveness of screening and the false negative rate

As insinuated above some quality control and hence also 
effectiveness must be measured in the screening population. 
That can be done best in comparing the effect of screening, 
which are the detected carcinogenic processes as pre-
cancerous stages, mini foci, foci, and others and compare 
it with the findings in the complementary population. In 
a first approach these findings can be compared to the 
specific finding in the total population which will be here 
also the early stage diseases which are by the way often 
detected incidentally. An issue is also all the undetected 
(pre-) cancerous states in the screening course which has 

its expression in the false negative rate, but should be a 
minor problem (51). Effectiveness should be measured in 
the frame of statistical analysis plans given in advance and 
determine the time points, or points of events when the 
measurement of the effect should take place.

Radiation harm and the problem of the false positives

In measuring the effect of screening, the benefit will 
be the detected (pre-) lung cancers. There may be also 
some sources of irritation in the medical frame which 
are translated into confounding statistical factors (52). 
Especially in using a computerized tomography, the X-ray 
radiation exposure must be considered. In most models this 
perturbation is treated more globally and summed up in the 
radiation burden during the course of screening. Another 
problem is the psychological situation of those probands 
which are false positive, believing that they got cancer. 
This is difficult to measure and not easy to quantify (53). 
Overdiagnosis and overtreatment is strongly connected 
to the false positive rate, and in treating slowly growing 
tumors, which would especially in the elderly subpopulation 
never become effective as a lethal disease.

Costs and practicability

The costs of screening are directly dependent on the 
definition of the tested population and hence, the number 
of probands. Therefore, the number of individuals screened 
should be as narrow as possible with at the same time 
detecting as many patients as possible bearing already some 
early stages of lung tumors (54). The actions taken during 
the screening process are of course also crucial for the 
resulting costs, as the repetition number of the screening 
act. Costs assessment should be an integrative part of the 
effectiveness evaluation and the costs should finally relate to 
the benefit of the whole program.

The time interval of screening actions also matters (55) 
and has to be seen in the light of the measures taken. 
Appropriate screening intervals in LDCT lung cancer 
screening as of the NLST have been applied as annual 
LDCTs, plus shorter-term follow-up LDCTs when 
indicated (56). It has been suggested that longer intervals 
could be used for individuals who are at lower risk of lung 
cancer, but it is difficult to assign these individuals (57).

The Screening process should be as simple as possible 
and at the same time clinical practicability should be 
given (58). The medical sources must be proven and in a 

Screening measure in dependence of 
effectiveness, costs, and practicability
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Figure 2 Screening evaluation in dependence of effectiveness, 
costs, and practicability.
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wide range available. There are other potential screening 
modalities as sputum cytology, simple chest radiography, or 
measurement of biomarker levels. None of these has been 
in total as effective as LDCT. The modality LDCT truly is 
a cost factor, but if the screened population is chosen in a 
proper way, the beneficial effect will be worth it.

Summary

In defining the screening population, the two determinants 
of smoking behavior and age of the probands should be 
implicitly used. Often it will be indicated, to obey also the 
occupational situation in the risk model used for screening. 
Since the regional differences are great, the risk profile 
and distribution for developing lung cancer should be 
studied in detail and some of the found independent risks 
can be added, as, e.g., the exposure to radon gas and micro 
dust. For lung cancer screening the selection process of 
individuals to be screened using prediction models has 
been successfully described and considerations for future 
studies have been made. So far till now, more complicated 
risk models have not been broadly used worldwide in lung 
cancer screening, and so the proof of evidence as for risk 
score models are pending. A method of proof before using 
it generally in primary care, would be the conducting of 
elaborated computerized simulation studies to test the 
performance of these screening settings.
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