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ABSTRACT
Screening a population for a potentially deadly disease, the 
ultimate goal must be to prevent morbidity and mortality 
from this disease for the whole population. Unlike breast 
cancer or cervical cancer screening, where all women 
are screened after a certain age, CT screening for lung 
cancer has been based on selection of putative high-risk 
individuals based on age and smoking cut-off values. 
The type of selection used leaves too many high-risk 
individuals behind. The solution is to use only validated risk 
prediction models for selection.

Early detection of lung cancer is currently the 
most effective way to reduce the total mortality 
of lung cancer. Patients with lung cancer diag-
nosed at stage I have a 5-year survival of more 
than 80% while the total overall survival is 
15%–20%.1 Lung cancer screening by CT is 
currently the only method to diagnose lung 
cancer in an early stage, as blood biomarkers 
are still not widely validated or used.2

CT screening has been shown to reduce 
lung cancer mortality by 20% in all and 24% 
in men in large prospective studies as the 
NLST (USA) published in 2011 and NELSON 
(Belgium, Netherlands) in 2020,3 4 respec-
tively. CT screening has some important side 
effects that are widely discussed, including 
false positive or biologically inert cancer 
nodules requiring unnecessary interventions, 
anxiety, the cancer risk with repeated CT 
scans, cost-effectiveness and the economic 
burden of the health system. Those ques-
tions have hindered a wide acceptance of CT 
screening in Europe. But what is the most 
serious problem of lung cancer screening? 
Probably that it excludes most of the popula-
tion at true high risk and includes too many 
with low risk.

When we talk about high-risk populations, 
we tend to refer to heavy smokers of older age. 
The fact is that a large population with true 
high risk will never be included in screening 
programmes because they do not fit the 
commonly used high-risk inclusion criteria. 
The criteria for inclusion in the NLST were 

age 55–74 years, >30 pack-years and <15 years 
quit time. These criteria resulted in an esti-
mated inclusion of only 26.7% of those who 
develop lung cancer in the general popula-
tion in the USA, missing out 73% of future 
patients with lung cancer.5 A gain of 20% 
survival in the 26.7% of those developing lung 
cancer may be seen as a success, but in the 
total population of patients with lung cancer 
this is less impressive. Based on these figures, 
for example, out of 1000 patients developing 
lung cancer, 267 would be eligible for the 
NLST screening programme and of those, 54 
(20%) with benefit, a net survival benefit of 
5.5%. But the benefit is even less if you do not 
include all in the target group. In the USA, 
where CT screening for lung cancer has been 
approved and reimbursed for several years, it 
has been underused, due to social disparities 
and other factors.6

Norway is a country where people do not 
smoke too much. Still, one person dies from 
lung cancer every 4 hours. Norway has no 
screening programme yet. The HUNT2, 
a large Norwegian population study that 
included more than 65 000 individuals age 
above 20 years during 1995–1996 that were 
followed for more than 15 years, had smoked 
median pack-years of 10.3 at inclusion.7 Among 
those, 64% of ever-smokers developing lung 
cancer would be excluded from screening by 
the NLST criteria, simply because they had 
smoked less than 30 years at baseline.7 The 
NLST criteria also omits younger and older 
people at risk. In another large Norwegian 
cohort, CONOR, with more than 45 000 ever-
smokers, followed for a median of 11.6 years, 
among ever-smokers developing lung cancer, 
21.35% were younger than 55% and 18.41% 
were above 74 at baseline, indicating that the 
NLST age cut-offs by itself exclude almost 
40% of the eligible population.7 Clearly, the 
NLST criteria are insufficient for selecting 
the true high-risk population, in the USA and 
in Norway (figure 1).
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Similarly, the NELSON study included persons of age 
50–75 years, >15 cigarettes a day >25 years (>18.75 pack-
years), or >10 cigarettes a day >30 years (>15 pack-years), 
10 years or less quit time. How large portion at risk did 
not fit the criteria? Unknown. However, they cannot 
compete with the risk models. When we compared a 
‘Reduced’ HUNT model with the NELSON criteria, in 
a heavy smoker Danish population, one would need to 
screen 26% more people with the NELSON criteria to 
detect the same number of lung cancers.8

So, in short, the gain from screening in its current form 
is minuscule in a real-life population due the exclusion of 
at-risk individuals.8

This problem has been approached by the US Preven-
tive Services Task Force by widening the inclusion criteria 
to age 50–80 years, and lower the smoking burden to 20 
pack-years.

Still this will exclude a large high-risk population. In 
the CONOR population, among those developing lung 
cancer, 37% had smoked less than 20 pack-years at base-
line.7 Moreover, a simple change of the age and smoking 
burden will just add a large number of true low-risk indi-
viduals that will undergo unnecessary screening.

But why are all those individuals at risk excluded by 
these seemingly reasonable age and smoking cut-offs? 
Among patients with lung cancer in the CONOR popula-
tion, 95.5% were current or former smokers, but among 

all current or former smokers, only 0.6% developed lung 
cancer in a follow-up of 6 years. This means that since 
most smokers never get lung cancer, the risk for an indi-
vidual depends on a combination of biological factors 
based on genes, lifestyle and environmental exposures.9 
To exemplify, while one person may smoke for 10 years 
and develop a lung cancer at the age of 45 years, another 
can smoke 20 a day for 60 years and never get cancer. Risk 
is based on a complex interplay of these factors.

The good news is that personal risk for lung cancer 
can be calculated. The current validated risk prediction 
models have repeatedly shown that they are superior in 
selecting people for lung cancer screening than by using 
the simple cut-offs.7 8 10–13 The use of risk prediction 
models, by reducing the number of screened individuals, 
is also cost-effective.8 Not only that. Because they produce 
a ranking of individuals according to risk, one must set a 
risk threshold above which screening should take place. 
The threshold decides how many will be screened and 
the portion of lung cancers that will be detected. This 
threshold can be decided by health authorities in each 
country considering all public health and economic 
factors. Screening policy will therefore be more trans-
parent, objective and tailored to the local health system. 
Cost-effectiveness of a screening programme, in my view, 
depends on how expensive the CT screening is and how 
many unnecessary interventions are needed versus the 

Figure 1  Performance of the HUNT Lung Cancer Model7 versus NLST criteria for lung cancer diagnosis within 6 years in the 
validation cohort CONOR of ever-smokers using as threshold the 16% quantile of risk of events in HUNT corresponding to a 
lung cancer risk at least 0·64% in 6 years. Only 22% of ever-smokers would need screening to identify 81%–85% of all lung 
cancers within 6 years. With the NLST criteria 24% would be identified. The 20% gain in survival by the HUNT would be 3.4-
fold that of NLST. Data from7 with permission.
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gain for the person and the society by increased life 
expectancy and the avoidance of hurtful and costly life-
prolonging therapy. The effectiveness will also change 
based on this, so the risk threshold must be set to balance 
all these factors, for each country separately. However, as 
we found, using a risk model not only do we find signifi-
cantly more cancers than the NLST and NELSON criteria, 
but when using the same sensitivity as these criteria in a 
population of smokers, we need to screen 20%–30% less 
individuals. So, it is actually a win-win situation.8

A clinical risk prediction model is imperative for 
the best selection of individuals for screening, as has 
been noted in a European Union position statement 
published in the Lancet Oncology in 201714 and reiter-
ated in 2020.15 There is therefore positive attitude by the 
screening community towards risk prediction models. 
However, so far, they have not been used in prospective 
screening studies.

One concern has been that risk models may choose 
a predominantly older population. One study on a 
simulated smokers population found that using a risk 
model did not increase the life-years (all causes of death 
included) and they concluded that this was due to the 
risk model selecting older people at risk.16 However, this 
solid study leans heavily on a smoke imputation model 
based on a population in the USA starting from 1890. 
Smoking history data are difficult to obtain correctly, and 
prospective studies are the most reliable. When using our 
HUNT Lung Cancer Model in the prospective >45 000 
ever-smokers CONOR population, it detected >80% of 
lung cancers in 6 years. We found that the median age of 
the selected individuals at risk was 61 years, and among 
those developing cancer 67 years. With the NELSON 
criteria in the same population, the median age was 60 
years and 61 years, respectively, but they only detected 
35% of lung cancers. Is it ethical and democratic to 
exclude a so large population with a potentially deadly 
disease from a screening programme?

Moreover, when you screen for other cancers, like 
breast or cervical cancer in women, you do not look 
for competing causes of death as the benchmark, these 
causes may vary greatly between populations. Impor-
tantly, one should use clinical insight and not include 
people in a screening programme that cannot receive 
curative treatment. However, this decision can be taken 
face to face, just as an anaesthesiologist decides if you are 
fit for surgery, not by general, a priori decisions.

The next question is, which model to use. Among the 
more than 20 models that have been developed, only few 
have been validated, and among the researchers there 
are disputes on which is the best model.13 Currently the 
LPPi, PLCOm2012 and the HUNT Lung Cancer Model 
have been validated in large prospective populations. 
They all perform well, but there are important differ-
ences. Ideally, a model should be tested and validated 
in a complete population. Moreover, there should be a 
long follow-up time, a large age-span and people with 
all types of smoking behaviour. The model should be 

fit or tested in cohorts of light and heavy smokers of 
all ages. The variables should be easy to answer reli-
ably by those screened. All these criteria have, to the 
best of my knowledge, only been fulfilled by the HUNT 
Lung Cancer Model. The HUNT Lung Cancer Model 
and risk calculator include seven simple variables: age, 
pack-years, smoking intensity (cigarettes per day), years 
since smoking cessation, body mass index, ‘daily cough 
in periods of the year’ and ‘hours of indoors smoke 
exposure’.7 It also comes with an online calculator that 
is open for health professionals and the public. The 
HUNT and most other models were tested mostly in 
Caucasian populations, so there is not enough knowl-
edge on how these models work in predominantly 
African, Asian or other populations. For example, it has 
been shown that African Americans may have a higher 
risk than Caucasian Americans, and Asian Americans 
have lower. However, is this a genetic, social, mixed 
component, and who should be labelled African Amer-
ican or Asian American? The best way to reassure that 
the genetic component is accounted for is probably not 
by the hue of the skin colour, but a blood test on risk 
genes, which is currently under study and will, at least 
from a technical point of view, be feasible in practice.17

The main goal of lung cancer screening should ideally 
be to identify most lung cancers in a timely fashion and to 
cure these patients by surgery or stereotactic radiotherapy 
only. This has been partly achieved with the current CT 
screening programmes, in several populations and in 
many countries. It is non-democratic and non-ethical to 
exclude more than half of those individuals that are in 
a verified risk group and not use the current validated 
tools to lift the bar and achieve screening of all with true 
high risk. Moreover, the only way to minimise harm is 
by excluding those with true low risk by validated risk 
models and calculators, and it is cost-effective.8 So, let 
the best risk models take a front seat in the future Euro-
pean, American and worldwide lung cancer screening 
programmes. It is long due.
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