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B FOREWORD

Lung cancer screening in high-risk individuals

Lung cancer is common, but unfortunately it is currently usually detected at a late stage. The chances of cure are
then very limited. Consequently, in recent Belgian cancer mortality statistics, lung cancer is at the top. Would it
perhaps be a solution to screen high-risk individuals, e.g. (former) smokers, to identify the disease at an early
stage? After all, treatment options and prognosis are significantly better at an early stage. Low-dose CT scan
(LDCT) could be used for such systematic screening, at least if it proved effective and cost-effective. The KCE
was asked exactly this question.

An effective screening programme can save lives, but there are always downsides. These may include unclear
results that require further medical tests, false-positive results where a person falsely fears he/she is suffering
from cancer or even undergoes unnecessary surgery, and so on. A fast-growing cancer may also be detected
between screening rounds, while other cancers that were detected at screening might never have led to problems.
In short, it is important to weigh the pros and cons carefully. This is what KCE did, by evaluating the literature,
and then creating its own model for calculating cost-effectiveness in Belgium.

In neighbouring countries, there are many voices advocating lung cancer screening with LDCT, and in some
countries the introduction of systematic population screening is already being prepared. As you will read, the
picture for Belgium outlined in the KCE report is more nuanced. Indeed, the KCE model tries to include as many
cost and clinical factors involved in lung cancer screening as possible, and therefore includes more parameters
than many other models. It also relies as much as possible on real data rather than assumptions. The basis of the
model is visually summarised in a figure showing the impact of screening on 1,000 high-risk individuals, indicating
that there is a delicate balance between clinical benefits and harms. It is now up to policymakers to make a careful
decision based on this data, cost-effectiveness, and any additional organisational, ethical and budgetary
considerations.

Finally, should it be decided to introduce systematic lung cancer screening for high-risk individuals, the visual
representation in this report of the various benefits and harms can also be enlightening for potential future
participants. After all, it is important to inform them correctly so that they can make an informed decision on
whether they wish to participate, or not.

Christophe JANSSENS Marijke EYSSEN Ann VAN DEN BRUEL

Deputy Managing Director Managing director a.i.(until 29 February Managing Director
2024)
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Lung cancer is often diagnosed at an advanced stage. Low-dose CT screening of (former) smokers at
high risk of lung cancer is a strategy to detect the disease at an early stage. In this way, treatment is less
invasive and deaths are reduced.

Before a screening programme is organised by the government, a thorough assessment of its
effectiveness, safety and cost-effectiveness is essential. KCE was asked to conduct this evaluation.

The KCE conducted systematic literature reviews and relied on Belgian data. It organised meetings with
doctors involved in lung cancer care, screening experts and patient associations.

The result of this study shows that lung cancer screening is associated with significant benefits and harms,
which are summarised in the figure below.

Lung cancer screening has been shown to reduce lung cancer mortality and overall mortality among the
screened high-risk individuals.

On the other hand, some participants receive an indeterminate result where a new scan is performed.
There is also sometimes a false-positive result. That 'false alarm'’ is then revealed by additional, invasive
investigations such as biopsies, bronchoscopies, or even surgical procedures. Apart from the unnecessary
stress this causes, these procedures can also sometimes cause complications.

In some participants, tumours are treated that would not have evolved or would have evolved very slowly
without screening and that would not have posed a danger because the screened person would have died
earlier from another disease or from old age (overdiagnosis and overtreatment).

Incidental findings are frequent as a scan of the entire chest is performed. These often trigger additional
investigations, and it is currently unclear whether this leads to a positive or negative impact at a population
level.

In the long term, there is also a limited risk of cancer from radiation exposure due to repeatedly
performing an LDCT.

These benefits and harms are significant. It is therefore important for the government to weigh them up
carefully when considering lung cancer screening. And if it decides to launch screening, potential
participants should also be given full and clear information about it beforehand. This is an ethical obligation,
even if it leads to lower participation rates.
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Our cost-effectiveness analysis shows that lung cancer screening in Belgium would result in an incremental
cost of €77 747/100 participants and 4.64 QALYs gained/100 participants. This amounts to an ICER of
€18 530/QALY gained compared to no lung cancer screening.

Lung cancer screening can be cost-effective if the government's willingness to pay is between €20 000
and €30 000 per QALY gained.

A number of variables have a significant impact on the ICER, such as the number of overdiagnoses, price
discounts on cancer therapies, the cost of reaching and inviting the target group and the number of
participants.

After this assessment of the effectiveness, safety and cost-effectiveness of a possible population screening,
other factors such as the impact on the health budget and the healthcare system should also be taken
into account in the next phase. This was not part of the scope of the current KCE study, but it can serve as
a basis for identifying this impact.
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LDCT screening has potential benefits and
harms. When screening 1000 high-risk
individuals 3 times, we estimate that:

232 will need an extra scan 34 will need an invasive test
but will not have lung cancer

30 will be diagnosed
with lung cancer

704 will have all
normal scans but will not have lung cancer
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*
In 23% of all participants an incidental finding will require
an additional examination or medical advice

Abbreviations: LDCT = low-dose CT scan; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; NNS = number needed to screen. Examples of
invasive tests include biopsy or bronchoscopy. The information to form mutually exclusive groups after three rounds of screening is from Horeweg et al.? Information on the

number of surgeries for false positives is from van 't Westeinde et al.3

Note: The 1000-person figure is also available for other scenarios of overdiagnosis in our scientific report.
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1. INTRODUCTION

1.1. Why lung cancer screening?

Lung cancer is one of the most common cancers and the leading cause of
cancer mortality in Belgium. The chance of survival depends mainly on the
stage of the disease at the start of treatment. The earlier the disease is
detected, the higher the chance of survival.

Since early-stage lung cancer often presents no symptoms, the disease is
often diagnosed at an advanced stage leading to limited treatment options
and poor prognosis. Low-dose CT screening (LDCT, see Box 1) of high-risk
individuals (including (former) smokers) is a strategy to detect lung cancer
at an early stage and reduce mortality (WHO fact sheet).! Large studies on
this have already been conducted worldwide, including the Dutch-Belgian
Randomized Lung Cancer Screening Trial (NELSON), the results of which
were published in 2020.4

Box 1 —What is a low-dose CT scan?

Low-dose CT?, abbreviated LDCT, is a medical imaging technique that
creates detailed cross sections of the body using radioactive beams (X-
rays).

An LDCT uses a lower dose of radiation than a standard CT scan. As a
result, the patient is exposed to less harmful radiation, while image quality
remains high enough to detect a tumour. In lung cancer screening, an
LDCT of the chest is taken.

a CT is the abbreviation for computed tomography

KCE Report 379Cs

According to Sciensano's most recent Health Survey (2018), about one in
five Belgians aged 15 and over smoke.5 Lung cancer screening can be an
important addition in the fight against lung cancer, but the best preventive
and most cost-effective measures are, never start smoking or stop
smoking.® In Belgium, the federal states are responsible for health
promotion and disease prevention.” They currently support smoking
cessation by partially reimbursing counselling with recognised
tobacologists.8-10

1.2. No lung cancer screening in our country yet

A screening can be opportunistic or systematic, but is always done in
persons without symptoms. An opportunistic screening is done following the
doctor's suggestion to the patient or at the patient's request to the doctor. It
is often done in the context of a consultation for another reason. For
example, the doctor may suggest to a patient of 50 who comes for a
consultation for a blood pressure measurement to be screened for breast
cancer.

In systematic or population screening, part of the population receives an
invitation for a particular examination. Currently, systematic cancer
screening already exists in (some parts of) Belgium for:

e cervical cancer;
e breast cancer;
e colorectal cancer.

For lung cancer, population screening is not yet organised in our country. It
is essential to realise that each screening has specific advantages and
disadvantages that should be carefully weighed when considering a
screening programme.

b https://www.sciensano.be/nl/projecten/gezondheidsenquete-0
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This was also stated by the European Council, which on 9 December 2022
"invited Member States to consider lung cancer screening, taking into
account the burden of disease and available healthcare resources, the risk-
benefit ratio, the cost-effectiveness of cancer screening, and experience
from clinical trials and pilot projects."11

European studies are currently investigating how best to organise a
population-based lung cancer screening programme. These include looking
at the most optimal and cost-effective strategy for reaching and inviting
eligible individuals, and how smoking cessation programmes can be
integrated into a screening programme.

A Flemish multidisciplinary working group including pulmonologists,
radiologists, thoracic surgeons and radiotherapists asked the KCE to assess
the cost-effectiveness of systematic lung cancer screening in high-risk
individuals in Belgium.

1.3. What have we researched?

In this Health Technology Assessment (HTA, see Box 2), we seek to answer
the following research questions:

1. Whatis the safety and effectiveness of lung cancer screening with LDCT
in individuals at high risk of lung cancer? What are the potential benefits
(prevention of death and positive impact on quality of life) and
drawbacks (overdiagnosis, false-positive and false-negative results,
w)?

2. What is the cost-effectiveness of possible Belgian lung cancer screening
with LDCT in individuals at high risk of lung cancer?

3.  What ethical questions should be considered in lung cancer screening?

Lung cancer screening in high-risk individuals

Box 2 —What is a Health Technology Assessment?

Health Technology Assessments (HTA) examine the effectiveness and
safety of a medical technology (drug, implant, vaccine, screening or
surgical technique...). They then assess whether the technology is cost-
effective. This involves assessing the ratio between the additional cost of
introducing the technology compared to the current situation and the
benefit it provides to the patient and society in terms of number of life
years gained and quality of life.

Besides these medical and economic elements, an HTA can also take
into account organisational, social, legal and ethical aspects.

Initially, we were also going to examine what impact this screening would
have on the healthcare budget. We were ultimately unable to conduct this
analysis due to time constraints. Already on the basis of our information on
safety/efficacy and cost-effectiveness of Ilung cancer screening,
policymakers can decide whether they wish to organise lung cancer
screening. In that case, a budget impact analysis can be carried out, based
on elements presented in this study.

Were also not investigated in the current study: screening for lung cancer in
non-smokers and the impact of any screening on the healthcare system (e.g.
increased workload, reduced availability of CT scans for other
investigations, etc.).
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1.4. How did we proceed?

This HTA was conducted according to the procedures of the KCE Process
Book.'?

To answer the research questions, we used the following methods:

A systematic literature review of the safety and clinical effectiveness of
lung cancer screening with LDCT in individuals at high risk of lung
cancer (Chapter 4);

A systematic literature review of the cost-effectiveness of lung cancer
screening with LDCT in individuals at high risk of lung cancer (Chapter
5);

A Belgian cost-effectiveness analysis of lung cancer screening with
LDCT compared to no screening (i.e. the current Belgian situation)
(Chapter 6). For this, we relied on the NELSON study and on Belgian
data on survival and costs of lung cancer obtained from the Belgian
Cancer Registry (BCR) and the Intermutualistic Agency (IMA), further
supplemented by information on, among other things, the impact of lung
cancer on quality of life;

A literature review on ethical aspects in lung cancer screening
(Chapter 7);

Two expert meetings and communication with doctors involved in lung
cancer care (e.g. lung specialist, radiologist, radiotherapist, general
practitioner), with experts involved in Belgian cancer screening
programmes, and with patient representatives (see colophon).

More information on the research methods used can be found in each
chapter of the scientific report.

But first, we give the reader background information on lung cancer in
Belgium (Chapter 2) and briefly describe the general principles of cancer
screening (Chapter 3). In Chapter 8, we discuss some elements beyond the
scope of our study. Finally, in Chapter 9 you will find a brief discussion of
the main findings followed by policy recommendations.


https://processbook.kce.be/
https://processbook.kce.be/
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2. LUNG CANCER IN BELGIUM

2.1. Number of cases

According to the Belgian Cancer Registry (BCR), 9192 cases of lung cancer
were diagnosed in our country in 2021: 5675 (62%) in men and 3517 (38%)
in women.®2 Lung cancer is the second most common cancer in both men
(after prostate cancer) and women (after breast cancer) in our country.
Between 2006 and 2020, its incidence increased 84% in women, while it
decreased 19% in men. The incidence increases from 45-49 years and
decreases from around 70-75 years.13

Non-small cell lung cancer (NSCLC)¢ is the most common type of lung
cancer in Belgium, accounting for 3 out of 4 primary lung cancers. Small-cell
lung cancer (SCLC)9 accounts for about 15% of cases,'* the rest are rarer
lung cancers.

2.2. Mortality from lung cancer

In 2019, 5849 patients died of lung cancer in Belgium, making it the leading
cause of cancer deaths in men, and the second in women, after breast
cancer. Between 2017 and 2021, 23.6% of men and 32.1% of women were
still alive 5 years after diagnosis.

2.3. Staging

Diagnosis involves determining the stage of a tumour. The stage indicates
where in the lungs the tumour is located, the size of the tumour, whether
lymph nodes are involved and to what extent the disease has spread in the
body (see Box 3). In addition, a small particle of the tumour is often removed
by biopsy, and examined (tissue examination or histology) to determine the
type of lung cancer.

¢ Non-Small Cell Lung Carcinoma

d Small cell lung carcinoma

Lung cancer screening in high-risk individuals

The stage of the lung tumour is a good predictor of the likelihood of survival.
On average, almost 80% of patients with stage | NSCLC were alive after 3
years (2014 to 2017), while only 15% of those with stage IV NSCLC were
alive after 3 years.1®> As already mentioned, lung cancer is often detected at
an advanced stage: in 2021, about half of lung cancer patients in Belgium
already had the disease at the most advanced stage (stage 1V) at diagnosis®.

Box 3 - Simplified representation of the different stages of lung cancer

Stage |: There is a small tumour in the lung

Stage II: The tumour in the lung is slightly larger. There may be cancer
cells in the lymph nodes of the lungs

Stage llI: In addition to a tumour in the lung, there are usually metastases
in the lymph nodes of the mediastinum (the space between the lungs).

Stage IV: There is a tumour in the lung and there are metastases in the
lung and/or other organs. This is called metastatic lung cancer.

Source : https://www.kanker.nl/kankersoorten/longkanker/diagnose/het-stadium-
van-longkanker

2.4. Risk factors for lung cancer

A number of factors increase the risk of lung cancer. Active and passive
smoking is the leading cause of lung cancer, estimated to affect 90% of men
worldwide and more than 80% of women with lung cancer.'® Other causes
of lung cancer include exposure to environmental factors such as air
pollution, asbestos, radiation and heavy metals, and lung diseases such as
tuberculosis, emphysema and chronic obstructive pulmonary disease
(COPD) (see Figure 1).17

e According to the BCR, 2021 data
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Figure 1 — The main risk factors of lung cancer
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Source: European Society for Medical Oncology (ESMO), 201918

According to Sciensano's most recent Health Survey (2018), 19.4% of
Belgians aged 15 years or older were active smokers. One fourth of these
(4.7%) were heavy smokers, meaning they smoked at least 20 cigarettes a
day.> The number of smokers is decreasing in our country, as in 2001,
28.5% of this age group still smoked.

Many lung cancer screening programmes target individuals who have
smoked or have smoked for a long time. Another approach to determining
whether someone is best screened is to use multivariable models that
estimate lung cancer risk. Several of these models include, in addition to
smoking, risk factors such as a family history of lung cancer, asbestos
exposure and COPD.?°
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3. GENERAL PRINCIPLES OF CANCER
SCREENING

3.1. Weighing advantages against disadvantages

Systematic cancer screening aims to detect a malignant tumour in persons
without symptoms at an early or preliminary stage, so that the disease can
be treated and the chances of survival improve. Because of earlier detection,
treatment is usually less invasive, which also has a less negative impact on
the patient's quality of life.

However, there are also disadvantages and risks associated with screening,
both for the person screened and for society (see below). Before a
government decides to organise population screening, it should therefore
weigh them up carefully. Citizens should also be clearly informed about this
beforehand, at the time of the invitation.

The original screening principles that a screening programme should meet,
defined by Wilson and Jungner in 1968, were recently updated by Dobrow
et al. resulting in 12 principles.2°

Some relate to the characteristics of the disease and the screening test
used. The disease being screened for must have been present for quite
some time before symptoms appear. Thus, there should still be sufficient
time to detect and treat the disease and significantly improve the prognosis,
versus when treatment is only started when symptoms appear. The
screening test, e.g., must be sufficiently reliable and acceptable to
participants.

Other principles deal with the organisational, health-economic and ethical
aspects of screening. A screening programme should be cost-effective and
feasible. It should also not have a negative impact on the healthcare system,
e.g. not cause delays in screening people who do have symptoms.?! Each
step in the screening process should be carefully organised, with attention
to quality assurance and follow-up. Also, the outcomes by which the
government assesses a screening programme retrospectively should be
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well chosen. The advantages of a screening programme should clearly
outweigh the disadvantages.

More information on the screening principles by Dobrow et al. can be found
in Table 1 of the scientific report.

3.2. Beneficial or adverse impact of test results

3.2.1. True-positive and true-negative results

A screening can basically produce two results. If the result is positive,
indications of a possible cancer have been detected. If the screening does
not detect any signs, the test is negative (See Figure 2).

In a well-organised screening programme, in participants who have the
disease but have no symptoms (yet), screening detects the disease (true-
positive). As a result, their treatment is started in time and survival rates
improve. In many cases, treatment is also less invasive and causes less
discomfort. As a result, the patient has a better quality of life, than if the
tumour had been detected at a later stage, after the onset of symptoms.
These people benefit from the screening programme.

The majority of those screened get a true-negative test result, i.e. they are
not sick and the test shows no abnormalities. For them, the impact of
screening is very limited: they may experience some discomfort with the test
and some may be anxious while waiting for the result. When screening with
an annual or biannual LDCT scan, exposure to radiation is an additional
drawback to consider, though.

f In this respect, lung cancer screening differs from, say, cervical cancer
screening by smear or HPV test, or breast cancer screening with
mammography, where the screening test better targets one organ.
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3.2.2. False-positive, false-negative, indeterminate results and
incidental findings

However, no test is 100% reliable, so a wrong or 'false' result is always
possible. Some screened individuals are diagnosed with an abnormal result
that later turns out to be false. This false alarm is called a false-positive
test result. Indeed, the person concerned is offered additional tests, such
as a biopsy and follow-up scans. These can be uncomfortable or cause
complications (e.g. bleeding during a biopsy or infection as a result of the
procedure). In addition, the thought of a possible tumour causes anxiety and
thus reduced quality of life. The psychological consequences of a false-
positive test can last for some time, and should not be underestimated.22 23
The healthcare system and society also suffers from a false-positive result,
as it requires the commitment of human and financial resources.

This also applies to an indeterminate result, which means that the first
result is inconclusive, so that a new test is indicated earlier than the next
screening round. Thus, further tests are needed in these people too,
possibly resulting in a reduced quality of life.?4 Indeterminate results are
therefore also considered a type of false-positive results in this report.

In the case of a false-negative result, the person does have a developing
cancer, but it remains undetected. The screening result may give a false
sense of security, making the person feel no need to consult a doctor when
symptoms eventually appear. And when treatment is then initiated anyway,
the disease is already more advanced, potentially resulting in more invasive
procedures and a poorer prognosis.

A screening test can also reveal issues unrelated to the disease being
screened for, so-called incidental findings. Since an LDCT scan provides
an image of the entire chest, including organs such as the heart, thyroid,
oesophagus and part of the upper abdominal organs, many different
incidental findings are possible in lung cancer screening.
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These findings may lead to additional investigations and/or anxiety for Figure 2 — Possible results of a screening test
screening participants. Some incidental findings may be beneficial for those
participating in screening, such as early detection and treatment of an aortic
aneurysm. Other incidental findings lead to anxiety, unnecessary medical
interventions, risks and costs and ultimately provide no benefit to the
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3.2.3. Overdiagnosis and overtreatment

3.2.3.1. What is overdiagnosis?

One of the main drawbacks of population screening is overdiagnosis and
overtreatment. This applies to the diagnosis and treatment of a tumour in
the following three scenarios:

e  Atumour that would have cured spontaneously;

e a'dormant' tumour that grew very slowly or not at all, and which had
posed no danger to the patient;

e a cancer that may evolve and become life-threatening, but occurs at a
time when the patient is more likely to die earlier from another condition
or from old age.?®

Overdiagnosis is considered a major disadvantage of screening as people
are unnecessarily considered and treated as cancer patients
(overtreatment), with the associated negative consequences on quality of
life through fear, stigma and stress, side effects, costs for patients and
society, e.g. through unnecessary medical procedures.2¢

Overdiagnosis is difficult to understand and counterintuitive because in the
individual patient, an overdiagnosed cancer cannot be distinguished from a
cancer that would cause serious health problems without screening. People
in whom a tumour is detected thanks to screening may be relieved and
convinced that screening saved their lives, while they may have been
unnecessarily labelled as a cancer patient and treated unnecessarily.

The risk of overdiagnosis and overtreatment should be clearly explained in
advance to population screening participants.
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3.2.3.2. How can the extent of overdiagnosis be calculated?

When a screening programme is initiated, one can expect an increase in the
number of cancer diagnoses because they are detected earlier. Normally,
the number of tumours at more advanced stages then decreases because
they were detected earlier thanks to screening (the so-called drop
phenomenon).

If incidence rates of early-stage cancer increase without a corresponding
decrease in the number of diagnoses of tumours at more advanced stages,
this may indicate overdiagnosis. Thus, the total number of tumours
diagnosed should not increase over time.

Several methods exist to calculate overdiagnosis from cancer screening.
More info on this can be found in Section 2.2.4 of the scientific report.

3.3. How to assess impact on survival and quality of life?

The ultimate goal of systematic cancer screening is to improve survival and
quality of life. But how can we verify that this objective is ultimately
achieved?

3.3.1. Improving mortality rates

Several outcome measures exist to measure whether a screening
programme contributes to decreased mortality:

A reduction in disease-specific mortality (in this case lung cancer
mortality) of those screened compared with those not screened is the main
outcome measure in cancer screening clinical trials. However, determining
cancer-specific mortality depends on identification of the cause of death,
which is not always unambiguous and thus prone to bias. Moreover, this
figure does not take into account possible deaths due to the screening itself
(e.g. due to complications after surgery). The improvement in cancer-
specific mortality may also give an overly optimistic picture of the impact of
screening, if a cancer causes few deaths even without screening.?’
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A reduction in overall mortality (from all causes, including lung cancer)
of those screened compared to those not screened is the only outcome
measure that answers the question of whether a screening programme
actually saves lives.?® Indeed, this so-called 'all-cause mortality' takes into
account all causes of mortality, including from early or late complications of
treatment that may lead to mortality (which may not be recorded as lung
cancer mortality). Thus, this outcome also includes the rare but possible
mortality from investigating a false-positive result, or the mortality (whether
increased or decreased) due to the diagnosis and treatment of incidental
findings. For the above reasons, and if sufficient good-quality evidence is
available for 'all-cause mortality', we consider this to be the most reliable and
important outcome to evaluate the effectiveness of a cancer screening
programme from a public health perspective. More info on this can be found
in Section 2.2.3 of the scientific report.

3.3.2. Improving quality of life

The aim of cancer screening programmes is not only to improve survival,
but also to improve quality of life by avoiding heavy treatments for cancer in
its highest stages. However, assessing the impact of a screening
programme on quality of life is complex, partly because of the impact of the
disadvantages of screening on quality of life. Waiting for results can cause
anxiety and reduced quality of life, as can false-positive and indeterminate
results (Section 3.2). A true-positive test result and subsequent
investigations, treatments and complications can also reduce quality of life.
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To properly assess this impact, longitudinal measurements are needed,
using questionnaires to those invited.?° These questionnaires should cover
all steps in the screening process, such as deciding to participate or not,
taking the test, receiving the result, dealing with it after an abnormal result,
getting a diagnosis, etc.?°

Indeed, the decision whether or not to participate in screening can also
cause stress. This decision can also cause psychological distress later, as
people who do not participate and are later diagnosed with cancer may feel
guilty.30

3.4. Pitfalls when assessing population screening

When considering a screening programme, several biases may give an
overly optimistic picture of the benefits. These pitfalls should therefore be
taken into account. Both ‘lead-time bias' and ‘length-time bias' overestimate
the survival benefits of screening.

3.4.1. The 'lead-time bias'

With a 'lead-time bias', the survival of people diagnosed by screening is
overestimated. In this case, early detection does not affect the course of the
disease or the time of death (see Figure 3).3! But by calculating survival from
the time the tumour is detected, it gives the impression that if the tumour
was detected at screening, a person survives longer than if the disease is
not detected until the onset of symptoms.
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Figure 3 — Lead-time bias
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3.4.2. The 'length time bias'

With a 'length time bias’, the effect of screening on survival is overestimated
because screening mainly detects slowly progressing tumours. Aggressive
tumours are usually detected when symptoms appear, and this often occurs
before the first screening or between screenings (interval cancer) (Figure
4).32 If one compares the survival of a tumour found by screening with
tumours diagnosed after symptoms, one thus wrongly gets the impression
that people live longer by screening.
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Figure 4 — Relationship between length time bias and rate of tumour growth
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4. IS LUNG CANCER SCREENING SAFE
AND EFFECTIVE?

As always in a Health Technology Assessment (HTA, see Box 2), we first
examine the safety and effectiveness of the technology, being lung cancer
screening with LDCT in high-risk individuals. Lung cancer screening can be
said to be effective if its benefits (reduced mortality and reduced burden of
disease) outweigh the potential disadvantages of cancer screening, which
we already discussed in the previous chapter.

To verify this safety and effectiveness, we conducted a systematic literature
review. More information on our methodology can be found in Section 3.1 of
the scientific report.

4.1. Does screening reduce mortality and disease burden?

The main objective of cancer screening is to save lives. As mentioned in
Section 3.3.1, we initially look at overall mortality in those screened
compared with those unscreened.

Research based on 8 different studies shows that screening with LDCT scan
of persons at high risk of lung cancer reduces overall mortality by 5%.
Taking into account the risk of mortality in this population, it was calculated
that 210 people need to be screened to prevent one death from all causes.3*

When we look at lung cancer-related mortality, screening shows that this
cancer-specific mortality decreases by 21%. The studies also point to a
sustained decrease in stage IV lung cancer.

Lung cancer screening is thus effective in reducing lung cancer-specific
mortality and overall mortality in those screened. Thanks to screening, the
disease is less often diagnosed at an advanced stage, thus treatment is less
burdensome and prognosis is often better.
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4.2. Is there a positive impact on quality of life?

The health-related quality of life of those screened has only been measured
in a limited number of studies, using questionnaires. However, this limited
scientific evidence is not sufficient for our current study. We therefore
conducted additional research for our Belgian economic evaluation (see
further Chapter 6).

4.3. False-positive and false-negative results

The studies reviewed show that between 8% and 46% of the total number
of participants required additional investigations at the first screening round,
which we consider to be false positives. As mentioned above, these figures
included indeterminate results. This percentage decreases with subsequent
screening rounds. Studies show that 0.1%-1.7% of all screening participants
require invasive procedures (e.g. biopsy or bronchoscopy) for a false-
positive result. Only a limited number of studies investigated the
complications that occurred during or after these procedures.

A small number of false-negative results were reported in the literature. On
the one hand, this means that the consequences of these results are likely
to be limited (e.g. being wrongly reassured), but also shows that not all lung
cancers will be detected by screening at an early stage.

4.4. Overdiagnosis

As with the false-positive results, estimates for overdiagnosis varied very
widely between studies: where one study reported no overdiagnosis at all,35
another study found that as many as 67% of detected lung cancers would
be overdiagnosed.’® The majority of the other studies reported
overdiagnosis between 20% and 25%. There are several factors of great
importance in interpreting these figures, such as the duration of follow-up,3”
the characteristics of the screened population and the proportion of
participants from the control group who also underwent screening during the
follow-up period (so-called contamination of the control group).38 3°
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For our Belgian economic evaluation, different overdiagnosis figures are
used in so-called scenarios to identify the impact on effectiveness and cost-
effectiveness.

4.5. Incidental findings: an advantage or a disadvantage?

Incidental findings are frequent in LDCT screening participants, as a scan of
the entire chest is performed. Some examples of incidental findings are renal
cysts, thyroid lesions, arterial calcification, or an aortic aneurysm.

For several years, guidelines have been developed that allow for a
standardised approach to reporting and dealing with such incidental
findings. Based on such a guideline*® and an analysis of the literature, we
conducted an exploratory analysis to estimate how frequently incidental
findings in LDCT screening would lead to additional investigations. We
estimated that in about 23% of screening participants, additional
investigations would be indicated because of incidental findings.

We emphasise that, based on the evidence, it is currently unclear to what
extent these incidental findings ultimately result in health gain or loss for
participants. For this reason, incidental findings cannot be included in
calculating the cost-effectiveness of LDCT screening. Given their potential
impact both on screening participants and the healthcare system, it is
important to include them in the evaluation of LDCT screening. The use of
standardised protocols for reporting and addressing incidental findings is
recommended.

4.6. Radiation risk

Exposure to radioactive radiation from LDCT may increase the risk of cancer
in the longer term, even if the dose is limited (see also Box 1). It is important
to take this into account because only some of the participants benefit from
screening, while all are exposed to the harmful radiation from LDCT.
Assessment of cancer risk from radiation is done through complex modelling
studies and only a few of the reviewed studies on lung cancer screening did
such a calculation.
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The German Federal Office for Radiation Protection published detailed and
conservative estimates of the lifetime risk of cancer from repeated radiation
in LDCT screening for a German population of heavy (former) smokers. This
studied group is representative of a Western European population. When
(ex-)smokers aged 50-75 years are screened annually with LDCT, the
estimated lifetime risk of cancer from radiation is less than 2.5 per 1000
women and about 1 per 1000 men.*! Thus, the risk of cancer from radiation
exposure in LDCT screening is significantly higher for women than for men.

Before organising a population survey using radiation (such as LDCT) in our
country, a study must be mandated by the Federal Agency for Nuclear
Control (FANC), the regulatory body for nuclear safety and radiation
protection in Belgium, as stipulated in the Royal Decree of 13 February 2020
on medical exposures and non-medical imaging exposures with medical
radiological equipment.#?
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5. WHAT DOES THE LITERATURE SAY
ABOUT THE COST-EFFECTIVENESS
OF LUNG CANCER SCREENING?

In the next step of our analysis, we checked the cost-effectiveness of lung
cancer screening with LDCT, using a systematic literature review.

5.1. Cost-effective, but....

All studies reviewed found that lung cancer screening imposes additional
costs on the healthcare system, but also provides health benefits compared
with usual care without lung cancer screening. With the exception of two
studies, 17 of the 19 studies judged that lung cancer screening may be cost-
effective compared to a situation without lung cancer screening.

Like the thresholds, the ICERs in the studies vary widely, from €1772 to
€63 269 per QALY gained (see Box 4). Four studies also examined the cost-
effectiveness of a smoking cessation programme combined with screening
and found that it is even more cost-effective than screening alone.

Box 4 — What is cost-effectiveness? What is the ICER? What is a
QALY?

A cost-effectiveness analysis (CEA) expresses the patient benefits of a
given intervention in terms of life-years gained (LYG) or in life-years
gained adjusted for quality of life (also called 'Quality-Adjusted Life-Year'
or QALY).

When a treatment is less expensive than those already in place, and
provides a better outcome for the patient, the choice is easy. But often
new treatments do offer health benefits, but cost more than conventional
treatment. In that case, the ratio between the additional cost and the years
of life gained (whether or not adjusted for quality of life) is calculated. This
is called the ICER ('incremental cost-effectiveness ratio’), expressed as
an amount per life year gained and per QALY gained.
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No amount (‘threshold value') has been set in Belgium on which to base
a determination of when an intervention is too expensive in relation to the
health gains achieved. Other countries, such as the UK, do use threshold
values for the cost per QALY gained. When this cost per QALY gained is
below £20 000, reimbursement of the intervention is rarely questioned.
Between £20 000 and £30 000, there must be additional arguments for
reimbursement and above £30 000, very strong arguments must be
made.

5.2. ...studies with significant methodological shortcomings

In recent years, a large number of studies on the cost-effectiveness of lung
cancer screening have been published worldwide. However, most of them
have significant methodological shortcomings, which may lead to overly
optimistic calculations of this cost-effectiveness.

Some examples of these limitations:

e In general, insufficient or even no attention was paid to the challenges
and costs of selecting and inviting the target population, leading to an
underestimation of screening costs. For our country, however, this
would be one of the main organisational challenges since the
government has no data on the smoking history of Belgian citizens.

e  The majority of studies assume that all invitees will actually participate
in screening, which is unrealistic. They do not take into account the
identification and invitation costs of those who will not eventually
participate and who will therefore not enjoy the health benefits and cost
savings of screening. However, practice shows that not all citizens get
screened for cancer. For example, the coverage rate of screening for
colon, cervical and breast cancer in Flanders is around 65%.43 For the
Brussels region, this share is 28% for colorectal cancer and 53% for
breast cancer (2020).#4 For Wallonia, recent data on cancer screening
coverage are not publicly available.
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e Although many studies rely on the two large randomised trials (NLST9
and NELSON) for effectiveness, a large number of studies deviate from
the protocols of these studies (e.g. different screening intervals,
different age groups, different smoking status). This is accompanied by
considerable assumptions, which are not always based on evidence
from quality scientific research.

e Most studies falil to take into account, or insufficiently take into account,
a number of factors such as the impact of false-positive and
indeterminate results, overdiagnosis, lead-time bias and incidental
findings. However, these should ideally be included to reliably calculate
cost-effectiveness.

Because of these limitations, and because of the lack of a study using
Belgian cost data, this systematic literature review did not allow us to make
reliable evidence-based recommendations on the cost-effectiveness of any
lung cancer screening in Belgium. We therefore conducted our own cost-
effectiveness analysis of lung cancer screening specifically for Belgium, as
you can read in Chapter 6.

9 US National Lung Screening Trial
(https://www.cancer.gov/types/lung/research/nlst)

KCE Report 379Cs

6. WOULD LUNG CANCER SCREENING BE
COST-EFFECTIVE IN BELGIUM?

6.1. The results of a Dutch-Belgian study as a basis

In the previous chapter, we analysed the health economics literature on the
cost-effectiveness of LDCT screening in high-risk adults compared with a
situation without screening. However, we found that many of the reviewed
studies faced methodological limitations.

We therefore decided to calculate the cost-effectiveness for Belgium. To do
so, we used data from the NELSON Trial (see Box 5), supplemented by
additional information from the literature and Belgian data on costs, survival
and quality of life in the diagnosis and treatment of lung cancer.

We developed several scenarios and calculated the cost-effectiveness in
each case. In the synthesis, you will find the base case scenario. In the
scientific report, you will find the additional scenarios.

Box 5 —what is the NELSON study?

The NELSON study (Nederlands-Leuvens Lung Cancer Screening Study)
is a pilot population-based study initiated in 2003. The aim was to
investigate whether screening with LDCT reduces lung cancer mortality
in high-risk individuals aged 50-74 years. Almost 16 000 people
participated in the study, mostly men (84%).* Six per cent of the
participants were Belgian.#> Screening took place at UZ Leuven and at
three Dutch hospitals.
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Participants in the screening group received four LDCT scans at increasing screening intervals
-] 2 [ @ o3 @ @

The NELSON study is the second largest (terminated) study on lung
cancer screening, after the NLST, and, along with the latter, the only one
that showed a significant reduction in lung cancer mortality thanks to lung
cancer screening. One strength is that, unlike the NLST, it used a specific
(so-called volumetric) protocol to evaluate lung tumour size. This resulted
in fewer false-positive results. In addition to positive and negative results,
a third category of 'indeterminate’ findings was also used to minimise the
number of false-positive screening results. Detailed information was
available for all these outcomes, as well as on additional examinations
and complications that occurred.® We also use information on the number
of screen-detected cancers, interval cancers, including their staging and
histology as input for our analysis.?# 45 46

There are also some important limitations. The determination of cause of
death in study participants was not always done in the same way,3* which
poses a risk of bias in determining cancer-specific mortality (see 3.3.1).
Women constituted only 16% of participants, and were thus
underrepresented. The results of female participants were also not
included in the published results.* However, these were provided to us by
the NELSON researchers. Only after the study began, a fourth screening
round after an interval of 2.5 years was added. Different estimates for
overdiagnosis were reported for the NELSON study; we include these in
the model in different scenarios. For information on overdiagnosis in
NELSON, please refer to Section 6.2.7 and to the scientific report.
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6.2. What inputs did we use for our model?

6.2.1. The population to be screened

Almost all included studies only invited (ex-)smokers for screening.

For the population to be screened, we based ourselves on the population
from the NELSON study, applying the following inclusion criteria:

People aged between 50 and 75 years AND one of the following three;

Smokers who have smoked at least 10 cigarettes a day for at least 30
years;

Or smokers who have smoked at least 15 cigarettes a day for at least
25 years;

Or former smokers with such a smoking history who had quit smoking
less than 10 years ago.

We could not model the impact of a possible adjustment of admission
criteria, which is a limitation of our analysis. However, it can be estimated
based on trends in the literature, and on logical reasoning. The risk of lung
cancer increases with age, so lowering the minimum age limit is likely to
have a negative impact on cost-effectiveness. Increasing the maximum age
increases the risk of overdiagnosis, possibly resulting in less favourable
cost-effectiveness.
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6.2.2. The screening intervals

We relied on the screening intervals from the NELSON study. The NELSON
study used an interval of first 1 year, then 2 years, and provided a fourth
screening after 2.5 years.*

The NELSON study reported an increased number of stage IV interval
cancers after the 2.5-year interval. It suggests that the latter interval leads
to reduced efficacy.*® Also because experts have indicated that a 2.5-year
interval is not currently under consideration, we decided not to include this
last screening round in our model. Our model thus includes three screening
rounds, with a 1-year interval between the first two screening rounds and a
2-year interval between the second and third rounds.

Based on the available evidence, there is currently uncertainty about the
effect on mortality of biennial compared to annual screening. These
uncertainties are reflected in the wording of the European Technical
Standard of the European Respiratory Society:*’

e "Annual LDCT is the preferred interval if capacity and total economic
and health service impact allow.

e Biennial intervals may be applied for lower risk groups using LDCT
findings or multivariable risk prediction models to select participants.

e Screening intervals should not exceed 2 years."

We have not calculated the cost-effectiveness of annual screening, but it is
likely to be less favourable. Indeed, the number of interval cancers detected
in the second year of the interval in the NELSON study appears to be small
compared to the additional cost of annual screening. In addition, one must
also consider the organisational and budgetary impact of annual screening.

To be more certain about the effect of shortening the screening interval,
additional evidence is needed from future and/or ongoing studies, such as
the 4-IN-THE-LUNG-RUN study. In this study, annual and biannual
screenings are compared, in participants with normal initial screening.*®
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6.2.3. Participation in screening

A challenge in lung cancer screening is that data on the individual smoking
behaviour of the Belgian population are not available in any administrative
database. Thus, a much broader group is addressed to finally reach the
correct target population. In the NELSON study, a questionnaire was initially
sent to more than 606 000 people. After an initial response from about ¥4 of
this group, about 31 000 people met the inclusion criteria. Of these, about
half (15 822 people or 51.1%) participated in the study.

Our model used the participation rate of 51.1% from the NELSON study. Of
course, this is only an indication and the willingness to participate in targeted
population screening may be higher or lower. To determine the impact of the
participation rate on cost-effectiveness, scenarios were calculated with
higher and lower participation rates. In addition, a scenario was also
calculated where participation in the second and third rounds is lower than
in the NELSON study.

6.2.4. False positives, indeterminate results and incidental findings

Besides overdiagnosis, false-positive and indeterminate results are major
drawbacks of lung cancer screening. Yet only a handful of the economic
studies we reviewed took this into account. In our model, we attribute both
costs and a temporary loss of quality of life to these results due to the
overtreatment, additional investigations, anxiety and stress (see Section
3.2), based on data from the NELSON study. We did not include the impact
of incidental findings in our model because reliable evidence on its impact is
lacking. It will be associated with additional costs anyway, but it is not clear
whether it also leads to health benefits or harms.
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6.2.5. Interval cancers

There are cancers that will manifest between screenings (interval cancers).
The information on interval cancers is taken from the NELSON study. Since
these were not detected by the lung cancer screening, we assume that they
will be diagnosed at the same time as in unscreened individuals. As a result,
no additional costs or effects for interval cancers are included in the
economic model (they cause the same costs and effects in both groups).

6.2.6. Lung cancer stages

The aim of lung cancer screening is that lung cancers are detected at an
earlier stage ('stage shift'), leading to a higher chance of successful
treatment and improved survival. The number of cancers detected by lung
cancer screening, as well as their stage and type of cancer, is based on
information from the NELSON study. We also used the information from the
NELSON study for the control group.

6.2.7. Overdiagnosis

Half of the economic studies we reviewed did not take overdiagnosis into
account, leading to overly optimistic ICERs. By definition, overdiagnosed
cancers do not lead to a survival benefit for the participant, so costs were
charged for this percentage of screen-detected cancers, but no survival
benefit.

In our analysis, we modelled scenarios with different overdiagnosis rates to
account for the existing uncertainty around overdiagnosis. NELSON
published an overdiagnosis estimate of 19.7% for male participants at 4.5
years after the last screening round,* for female participants, overdiagnosis
at this time was 45% (unpublished data). One year later, i.e. 5.5 years after
the last screen, it was still only 8.9% for the men, while no data are available
for the women." For the base case in our model, we used the combined
figures for men and women at 4.5 years, being 23.9%. To calculate the

h 8.9% is mentioned by the NELSON authors as a possible upper limit for
overdiagnosis. Given the absent data on contamination and the higher
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impact on cost-effectiveness, we modelled additional scenarios with more
positive estimates of 8.9% (based on the data on men in the NELSON
study), as well as a scenario with a more negative estimate of 38%. For more
information on this, please refer to the scientific report.

6.2.8. Survival

From the BCR, we obtained information on survival time after diagnosis of
lung cancer, by stage and type of cancer, based on diagnoses made
between the years 2015 to 2020. Patients aged between 50 and 74 years
were selected, as was the population in NELSON. More details can be found
in Chapter 5 of the scientific report.

Based on BCR survival data, survival could be determined as a function of
lung cancer stages and type of cancer. Linking this information to the 'stage
shift' allowed us to calculate the gain in life years.

6.2.9. Quality of life

Screening for lung cancer can have both positive (through detection of the
tumour at an earlier stage) and negative effects on quality of life (through
false-positive or indeterminate results and overdiagnosis). Although quality
of life should be considered a relevant endpoint in clinical trials, the evidence
in the NELSON study is limited. We could rely on NELSON only for short-
term reduced quality of life linked to false-positive or indeterminate results.
For further information on quality of life as a function of lung cancer stages,
we relied on information from a targeted (non-systematic) search strategy
for reviews on quality of life in lung cancer patients and information from the
economic literature review (Chapter 5).

overdiagnosis rates for the women in the study, we use a more conservative
assumption as the base case in our model.
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We used the values for quality of life (health utilities) from Tramontano et
al.*® for our baseline model. Since participation in lung cancer screening is
voluntary, we assume that participation itself has no negative impact on
quality of life. Due to a lack of evidence on the impact of overdiagnosis on
quality of life, we did not consider it in our model.

6.2.10. Cost

Data on the costs of identification and invitation for screening were
provided to us by the Flanders Department of Care, based on their
experience with and information on existing screening programmes. These
costs were verified by an expert from the relevant departments of the other
federated entities.

We based the cost of LDCT scans on the 2024 NIHDI nomenclature.

A strength of our analysis is that we were able to rely on recent data from
the Belgian Cancer Registry (BCR) coupled with reimbursement data from
the Intermutualistic Agency (IMA) for the costs of diagnosis and treatment
of lung cancer. By excluding from our sample patients who had already been
diagnosed with another cancer prior to the lung cancer diagnosis, we were
able to obtain the most accurate data possible of the costs linked to lung
cancer. Indeed, the data do not allow us to distinguish e.g. between
radiotherapy for lung cancer and radiotherapy for another cancer, if these
treatments were given in the same period.

The BCR data included almost all cancer cases in Belgium, and the linked
data allowed to determine the actual costs of diagnosis, staging and
treatment estimated by stage and histology, for a large sample of patients
over a long period of time.

i Chemotherapy, hormone therapy, targeted therapy and immunotherapy.
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Based on the IMA data, the following costs were determined:
e Diagnostic and staging examinations (imaging, biopsy);

e Cost of lung cancer-related surgery and all costs of hospitalisation
during which the surgery took place;

e Cost of systemic therapy’ and all costs charged on the day of
administration (e.g. day hospitalisation, supportive medication);

e Cost of radiotherapy based on specific nomenclature codes;
o Costs related to palliative care based on specific nomenclature codes.

A limitation, in turn, is that it takes 2 years for the data to be fully available
in the IMA database. As a result, for the most recent year (2020), we could
only use costs for the first year after diagnosis. For the longer follow-up, we
relied on data from the full sample (patients diagnosed with lung cancer in
2015 or later). We also did not have the costs of treating complications after
discharge, as these could not be reliably identified in the IMA data.

We are also unaware of the confidential price discounts on lung cancer
treatments that were reimbursed under 'managed entry agreements'
between government and pharmaceutical industry. We used a 40% price
discount for our model (see Box 6). In the scientific report (Chapter 6), you
will also find other analyses with discounts of up to 90%, allowing
policymakers to extract the cost-effectiveness at each order of magnitude of
discount.

We supplemented the BCR and IMA data with information from the NELSON
study (e.g. number of interventions performed after false-positive and
indeterminate results) and applied Belgian rates to them, based on the
NIHDI nhomenclature.
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Frame 6 - the confidential price discounts in managed entry
agreements

A limitation of the cost data we used is that it only reflects the official prices
of a medical intervention. However, most expensive systemic therapies
are reimbursed under a so-called managed entry agreement, in which
confidential price discounts are negotiated between the pharmaceutical
company and the government. As a result, we cannot use the exact price
discounts in our model. However, it is a certainty that there are price
discounts. Hence, it would be incorrect not to include them in the model.
The question then becomes how big this discount is.

The MORSE report® does state the average discount given in a given
year for all products reimbursed under a managed entry agreement.

The first-year costs in the model are based on these costs for diagnosed
cancers in 2020. The discount in 2021 averaged over 50%. In 2020, it
averaged 40%. Although most of the systemic therapy costs relate to
immunotherapy drugs and targeted therapies, not all products in our
sample are drugs reimbursed under a managed entry agreement. On the
other hand, the price discount of individual products can easily be much
higher/lower than the published average. Thus, the 40% average price
discount we used is an informed estimate about the actual average price
discount.

In our scientific report (Chapter 6), you will also find other scenarios where
we applied different price discounts. That way, the policymaker, knowing
the actual price discount for individual products, can better determine
which ICERSs best reflect reality.
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6.2.11. Belgian guidelines

For our economic model, we relied on a lifetime time horizon with a discount
rate of 3% for costs and 1.5% for effects, according to Belgian guidelines for
health economic evaluations. The evaluation was conducted from the
perspective of the healthcare payer with costs taken into account for the
government and patient. The guidelines indicate that patient supplements
should not be added in the base case. An additional analysis determined the
impact of adding these supplements.

6.3. Results of our economic analysis

Because it is not clear how many participants would participate in lung
cancer screening, and to simplify interpretation, we expressed the results
per 100 participants. Our baseline analysis shows that lung cancer
screening would result in an incremental cost of €77 747/100 participants
and 4.64 QALYs gained/100 participants. This equates to an ICER of
€18 530/QALY gained compared to no lung cancer screening. This scenario
assumes a participation rate as in NELSON (51%), a lifetime time horizon
including discount rates according to the Belgian guideline, an overdiagnosis
rate of 23.9%, and a price discount for systemic therapy of 40%.

The cost-effectiveness acceptability curve indicates that at a willingness to
pay (see Box 4) of e.g. €10 000 per QALY gained, there is a 1.5% probability
that lung cancer screening is cost-effective. At €20 000 per QALY gained,
this probability is 72%. If the willingness to pay was €30 000 per QALY
gained, this probability increases to 94%.
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6.4. Key variables with impact on ICER

A number of variables have a significant impact on the ICER. Besides the
time horizon and discounting, this is especially the case for the number of
overdiagnoses. Increasing the overdiagnosis rate from 23.87% to 38%
would increase the ICER from €18 530 per QALY gained to €27 712 per
QALY gained. In turn, a lower overdiagnosis rate of 8.87% would lower the
ICER to €11 850 per QALY gained.

Next, price discounts for systemic therapy (see Box 6) have a strong
influence on the ICER. The higher these discounts, the less cost-effective
lung cancer screening becomes, and vice versa. Without applying the price
discounts, the savings from screening (by avoiding the more expensive

treatments) are overstated. If a better estimate (through the NIHDI) of the
actual discount could be made, an even more precise estimate of the ICER
could be made.

The tornado diagram also shows the importance of taking into account the
cost of reaching and inviting participants. Unjustly excluding this cost, as
was the case in several previous economic evaluations, results in overly
optimistic ICERs.
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There are also variables with a smaller impact, such as the participation rate
throughout the screening programme. However, combining multiple
scenarios may obviously have a higher overall impact on cost-effectiveness
than the impact of the variables separately. Finally, changing the loss of
quality of life due to false positives and indeterminate results, as well as
changing the values for quality of life based on Blom et al.5! have a relatively
small impact on the ICER.

Figure 6 — Tornado diagram showing key cost-effectiveness variables
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6.5. Weighing pros and cons: the 1000-person figure

When considering lung cancer screening, besides assessing cost-
effectiveness, it is also crucial for policymakers to consider all pros and cons
A commonly used method to compare these pros and cons side by side is a
1000-person figure. It is useful for policymakers when making a decision to
organise screening. The results of the basic analysis of our health economic
evaluation are presented in Error! Reference source not found.7.

Furthermore, the policymaker should also take into account other elements,
including the capacity of equipment and healthcare staff. (see Section 8).

If a decision is then made to organise screening, citizens should then be
given the opportunity to make their own informed personal decision about
their participation.5> The 1000-person figure can also be used for this
purpose.

KCE Report 379Cs



Lung cancer screening in high-risk individuals

KCE Report 379Cs
Figure 7 — 1000-person figure of the KCE base case analysis
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invasive tests include biopsy or bronchoscopy. The information to form mutually exclusive groups after three rounds of screening is from Horeweg et al.? Information on the

In 23% of all participants an inciciental finding will require

an additional examination or medical advice
Abbreviations: LDCT = low-dose CT scan; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year'; NNS = number needed to screen. Examples of

number of surgeries for false positives is from van 't Westeinde et al.3
Note: The 1000-person figure is also available for other scenarios of overdiagnosis in our scientific report.
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The following information is not presented in the 1000-person figure for
simplicity of presentation, but is also important when evaluating LDCT
screening:

e Radiation risk was not included as it was not modelled for 3 rounds of
screening and a 10-year follow-up.

e Complications for false-positive results would result in a minor
complication in 2.5 out of 1000 participants and a major complication in
0.4 out of 1000 participants.?

e For the incidental findings, we rely on our exploratory analysis (see
Section 4.5). The potential health gain - or loss could thus not be
modelled.

The difference in mortality after 10 years in our model approximates the
result of a systematic review?* of good quality. Therefore, we are confident
that our model provides plausible results. More details on this validation of
our model can be found in Chapter 6 of the scientific report.
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7. ETHICAL ASPECTS OF LUNG CANCER
SCREENING

The decision to organise systematic cancer screening must also take into
account a number of ethical aspects. Lung cancer screening poses further
specific ethical challenges in this regard because it targets specific
populations.

7.1. Ethics in healthcare in general

Ethics play a central role in healthcare. The most well-known are the four
ethical principles of Beauchamps and Childress:53

e Principle of respect for autonomy: individuals should be able to make
informed decisions about their own lives and health. Healthcare
providers should respect the patient's choice and involve them in the
decision-making process.

e Principle of beneficence: the healthcare provider must act in the
patient's best interests. In doing so, he/she should maximise benefits
and minimise harm. The aim is to ensure patient well-being and
promote positive outcomes.

e Principle of non-maleficence: the healthcare provider must not cause
harm and must minimise the risks of medical interventions.

e Principle of justice: benefits and burdens in society should be shared
fairly, including in healthcare. Equal access to healthcare should be
guaranteed and all forms of discrimination should be avoided.

These fundamental principles can also be applied to lung cancer screening.

7.2. Ethics in screening linked to individual behaviour

Lung cancer screening with LDCT typically targets high-risk adults, and
especially (former) smokers. This linking of cancer screening to individual
behaviour, such as smoking, raises specific ethical challenges in addition to
the principles we described above.
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7.2.1. Fairness in defining target group

Determining the right target population is essential for an effective screening
programme. In the case of lung cancer screening, choosing (former)
smokers as the target population may raise ethical questions, as it may
exclude other high-risk groups. Examples include people who were regularly
exposed to hazardous substances such as asbestos, passive smokers, or
people with a family history of lung cancer.5* 55 This exclusion may be
considered unfair.

This can be accommodated by multivariable models that calculate the risk
of lung cancer over a given period and use a risk threshold to determine who
is eligible for screening. Several risk prediction models take into account, in
addition to smoking behaviour, e.g. family history of lung cancer, asbestos
exposure and chronic obstructive pulmonary disease (COPD).1°

7.2.2. Accessibility, transparency and informed consent

The effectiveness of lung cancer screening also depends on the number of
participants.5® However, there appear to be more barriers to reaching and
achieving sufficient participation of the target audience than in other
screening programmes such as breast, cervical and colorectal cancer
screening.

People from vulnerable socio-economic groups are more likely to get lung
cancer because they are more likely to smoke or doing unhealthy jobs. They
would therefore benefit most from lung cancer screening. Yet they are often
harder to reach or decide not to participate in screening. Smokers
sometimes feel guilt about their smoking behaviour and fear the test result.
As a result, they often avoid information about the risk of smoking and lung
cancer screening.%5-57 Furthermore, they often distrust the health system and
the government and struggle with lower health literacy.

Lung cancer screening in high-risk individuals

Recent research explored which effective strategies can increase this
accessibility. Important are targeted outreach, working with local institutions
or advocacy groups, and appropriate communication when inviting and
providing information about lung cancer screening.58: 5% Lack of transparency
about potential harm is an ethical concern for screening programmes, as it
directly conflicts with the principle of autonomy and informed consent.

Community initiatives and use of digital technology can improve accessibility
in remote or disadvantaged areas, but at the same time it can be a barrier
for vulnerable socio-economic groups, as they are often less familiar with
digital communication.

7.2.3. Risk of feeling stigmatised

There may be a perception among some that smokers with lung cancer are
themselves responsible for their disease. As lung cancer screening invites
mostly heavy smokers, the risk of stigma is therefore high. Research has
shown that these people often feel unfairly treated because they are invited
because of their behaviour, while other factors can also cause lung cancer.%®
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7.2.4. Risk of unwanted behaviour

There are no objective figures on individual smoking behaviour, but one has
to rely on what the smoker reports himself. People may present their
behaviour differently for two different reasons:

e Out of concern, exaggerate (past) smoking behaviour to still qualify for
screening.

e Downplaying (past) smoking behaviour to avoid being invited, so as not
to face the social stigma of being a smoker or not wanting to face a
diagnosis due to fear.%°

This phenomenon can distort the selection of the right target group, and
undermines the accuracy and effectiveness of the screening
programme.

Discussions are also ongoing around the so-called ‘free pass to smoke'.® |t
implies that people assume that lung cancer screening will allow them to
continue smoking because a tumour will be detected early by screening
anyway. A smoking cessation is then less necessary, according to their
reasoning. This raises ethical questions about the unintended
consequences of screening.5?

7.3. Conclusion

Systematic screening for lung cancer in Belgium targeting hard-to-reach
populations must be equitable, accessible and transparent, with clear
communication adapted to the target group. It must also take into account
possible stigmatisation and undesirable behaviour.

Finding a delicate balance between the benefits of early detection of lung
cancer, and the ethical considerations in selecting individuals based on their
behaviour, is crucial in any implementation of lung cancer screening.
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8. IMPORTANT ELEMENTS BEYOND THE
SCOPE OF OUR STUDY

Besides a thorough assessment of the effectiveness and cost-effectiveness
of a screening programme, other factors such as the impact on the health
budget and system should also be taken into account.! In addition,
combination with smoking cessation can still significantly affect cost-
effectiveness, and quality assurance of a screening programme is crucial for
a lung cancer screening programme.

8.1.1. Impact on the budget

From an economic point of view, when advising on the efficient use of limited
resources, priority should be given to the cost-effectiveness of an
intervention (i.e. the expected cost of the intervention relative to the
expected effects). Already based on our information on safety/efficacy and
cost-effectiveness of lung cancer screening, the policymaker can decide
whether to consider lung cancer screening. Because the impact on the
budget depends on a number of policy choices yet to be made (e.g.
screening interval, population, invitation procedure, etc), we did not calculate
the financial impact of the screening programme on the healthcare system.
If policy makers decide to organise lung cancer screening, including the
above-mentioned policy choices, a budget impact analysis can be carried
out in the next step, based on this report.
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8.1.2. Impact on health system

Population screening requires not only sufficient financial resources, but
also the necessary infrastructure and capacity of healthcare staff. It is
therefore necessary to identify which people and services will be involved in
the process, and whether there is sufficient capacity for this.

Healthcare providers who play an important role in recruiting and informing
participants must have sufficient knowledge and time. Incidental findings will
require additional medical interventions. Therefore, protocols should be
developed for their reporting and management.

Another important requirement is sufficient capacity for LDCT scans, and
concerns have been raised about this for Belgium.62 The potential impact on
waiting times for CT scans should be assessed before considering lung
cancer screening. Remarkably, the Swiss Cancer Screening Committee
recommends biennial screening just because of capacity problems with
annual screening.53

8.1.3. Combination with smoking cessation

This KCE report deals only with lung cancer screening and the economic
model did not take into account the combination with a smoking cessation
programme. Research shows that combining LDCT with effective smoking
cessation programmes further reduces mortality from lung cancer and other
tobacco-related diseases® and that it also benefits cost-effectiveness.5-68
Smoking cessation interventions are already available to the population and
are considered cost-effective. If lung cancer screening were to be organised
in Belgium, it would best be combined with existing smoking cessation
interventions.
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8.1.4. Quality monitoring

One of Dobrow's principles (see Section 2.2 in the scientific report) states
that a screening programme should be continuously monitored, to support
the most effective screening and to gain and maintain public trust.® 8 This
requires a high-performance ICT system and continuous data collection.
Screening standards should also be developed using outcome measures
such as tumours detected, humber of false-positive results, harm from
invasive procedures, etc.®® 70 Furthermore, audits of reporting and
management of incidental findings and training for radiologists could be
included in quality assurance for lung cancer screening.” The the federated
entities, which are responsible for organising screening programmes, have
experience with this.
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9. CONCLUSION

Lung cancer is one of the most common cancers in Belgium. Because most
tumours are at an advanced stage at diagnosis, it is also one of the deadliest
cancers. If lung cancer is treated at an early stage, patients have a much
better prognosis. For this reason, early detection by screening individuals at
high risk of lung cancer with low-dose CT scan (LDCT) may be useful to
reduce disease burden and mortality.

Before launching this population screening in our country, KCE was asked
to assess whether lung cancer screening in a high-risk population is cost-
effective. To estimate this cost-effectiveness, effectiveness and safety must
first be assessed. Based on this information, supplemented with Belgian
data, a cost-effectiveness analysis was carried out.

9.1. Is lung cancer screening effective and safe?

9.1.1. Benefits: fewer advanced cancers and reduction in deaths

The main objective of cancer screening is to save lives. Our literature review
showed a 21% reduction in lung cancer-specific mortality among
participants. When all causes of mortality are taken into account, we see a
5% decrease in overall mortality for this population. Moreover, the
incidence of stage IV lung cancer decreases because the tumours are
detected at an earlier stage.

Based on our cost-effectiveness analysis, we estimate that if 2000 high-risk
individuals participate in three rounds of screening, three lives will be saved
after 10 years thanks to this screening.
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9.1.2. Disadvantages: indeterminate and false-positive results,
overdiagnosis and radiation exposure

Despite the above benefits, a number of participants also experience harm
from screening, as is the case with all cancer screenings.

Based on our analysis, we estimate that after three rounds of screening,
almost 1 in 4 participants (23%) will need an additional scan to rule out lung
cancer, following an indeterminate result. Moreover, about 3% of
participants will face a false-positive result, leading to unnecessary
invasive investigations (e.g. biopsy, bronchoscopy, or even surgery) and, in
rare cases, complications.

Itis important to point out that not all lung cancers are detected by screening:
so-called interval cancers manifest themselves between two rounds of
screening.

Lung cancer screening also certainly involves overdiagnosis, diagnosing
and treating a cancer that would never have caused problems. However,
there is uncertainty about the exact extent. Our literature review shows that
most studies report overdiagnosis between 20% and 25% of cancers
detected. In our baseline analysis, we assumed an overdiagnosis rate of
23.9%. Scenarios were also run with more optimistic and pessimistic figures
for overdiagnosis.

Finally, there is also a radiation risk associated with repeated LDCT scans.
If we assume that in our country (former) smokers between 50 and 75 years
of age will be invited annually for lung cancer screening, the estimated
lifetime risk of cancer from radiation is less than 2.5 per 1000 women and
about 1 per 1000 men.** The risk of cancer from radiation is significantly
higher in women than in men.
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9.1.3. And what about incidental findings?

Lung cancer screening can also reveal findings unrelated to the disease
being screened for, known as incidental findings. We estimated that 23%
of screening participants would need an additional examination or medical
advice for incidental findings.

Further research is needed to calculate the health gain or loss of these
incidental findings, but it is clear that a significant proportion of participants
will require additional investigations, which may lead to additional morbidity
and impact on quality of life. As these findings may also have a significant
impact on the healthcare system, they should also be taken into account.

9.1.4. Important advantages and disadvantages to be
communicated to the target group in advance

We note that both the benefits of reducing (lung cancer-specific) mortality
and the drawbacks of overdiagnosis and false-positive testing, in particular,
are important. It is therefore appropriate to provide full and clear information
on this to all potential participants, even if this would lead to a lower number
of participants.f9 A number of ethical aspects should be taken into account
when providing this information (see Chapter 7).

A commonly used method for displaying information about lung cancer
screening, is the use of a 1000-person figure (see Figure 7). Since such a
figure represents the ratio of possible pros and cons, there is no "right"
choice to be made, but individuals are encouraged to make their own
informed personal decision about their participation in lung cancer
screening.5?
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9.2. Would lung cancer screening be cost-effective in
Belgium ?

9.2.1. According to the international literature reviewed

Although a considerable number of studies have been published in recent
years on the cost-effectiveness of lung cancer screening, most of them have
significant methodological shortcomings. For instance, the aforementioned
disadvantages of screening, as well as the cost of inviting participants, were
not always taken into account, which may lead to overly optimistic estimates
of cost-effectiveness. For this reason, we conducted our own cost-
effectiveness analysis of lung cancer screening for high-risk individuals for
our country, compared with no lung cancer screening.

9.2.2. Based on our own analysis for the Belgian context

Good-quality scientific evidence from randomised studies, combined with
recent and complete Belgian real-world data from the BCR and IMA, allowed
us to develop a reliable economic evaluation.

We found that lung cancer screening in Belgium would result in an
incremental cost of €77 747/100 participants and 4.64 QALYs gained/100
participants. This amounts to an ICER of €18 530/QALY gained, compared
with no lung cancer screening. A number of variables have a significant
impact on the ICER, such as the number of overdiagnoses, price discounts
on cancer therapies, the costs to reach participants, and the number of
participants.

The cost-effectiveness acceptability curve indicates that at a willingness to
pay (see Box 4) of €10 000 per QALY gained, there is a 1.5% probability
that lung cancer screening is cost-effective. If the willingness to pay is
€20 000 or €30 000 per QALY gained, this probability is 72% or 94%,
respectively.
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9.3. Overall conclusion

Screening for lung cancer with LDCT in high-risk individuals can reduce lung
cancer-specific mortality and overall mortality of participants, but potential
disadvantages must be taken into account, especially those of
overdiagnosis and false-positive results. LDCT also involves a significant
number of incidental findings, the overall pros and cons of which are
unknown. Furthermore, each participant is also exposed to radiation.

Lung cancer screening may be cost-effective if the government's willingness
to pay is between €20 000 and €30 000 per QALY gained. Notwithstanding
lung cancer screening can be cost-effective, the balance between clinical
advantages and disadvantages is less clear-cut and needs to be carefully
weighed against each other by policymakers. The impact on available
budgets and capacity within the healthcare system also play an important
role here. Finally, if a screening programme is initiated, each participant
should be clearly informed about the pros and cons in advance so that they
can make an informed decision. This ethical obligation should be respected,
even if this reduces the participation rate.

KCE Report 379Cs
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B RECOMMENDATIONS/

The following recommendations are addressed to the Ministers of Welfare and Health and
administrations of the federated entities, responsible for funding and implementing population
screening.

1.

General recommendations related to effectiveness:

1.1.We recommend that when deciding whether or not to introduce lung cancer screening in
(former) smokers at high risk of lung cancer, the effectiveness and expected health benefits
are weighed against the expected harms for participants.

1.2. Factors to consider include indeterminate or false-positive findings, overdiagnosis, impact
on overall mortality and quality of life, radiation risks and incidental findings.

1.3. Because of the complexity, we recommend using the 1000-person figure developed based
on the available evidence.

1.4. The policymaker should investigate the willingness of the target group to participate in lung
cancer screening when they are informed based on the 1000-person figure.

If the policymaker were to consider lung cancer screening following the effectiveness
assessment mentioned above, the following elements should then also be taken into account:
cost-effectiveness, budget impact, and organizational implications.

2.

Cost-effectiveness:

Based on health economics considerations, if willingness to pay is sufficiently high, lung cancer
screening could be considered.

Budget impact:

As a function of the envisaged lung cancer screening programme, we recommend taking into
account the impact on the budget of the different actors within the health care system.

Organisational impact:

4.1. Before lung cancer screening can be introduced on a large scale, the organisational impact
of such a programme should be estimated, both in terms of availability of infrastructure and

i The KCE alone is responsible for the recommendations.
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the required capacity of healthcare staff. In doing so, we also recommend assessing the
potential impact on other care activities (e.g. on waiting lists).

4.2.In particular, the impact of different approaches in the management of incidental findings on
the above elements should also be evaluated.

Initially, consideration should be given to whether lung cancer screening should be introduced.
The following recommendations are therefore conditional. If the decision is made to introduce this
screening, we recommend:

5.1.Integrate smoking cessation interventions into lung cancer screening. We recommend
elaborating the choice and implementation of these smoking cessation interventions with all
stakeholders involved.

5.2.Establish a clear protocol for the management of incidental findings. In this regard, we
recommend limiting the potential harms for participants and the burden on the system.

5.3.We recommend using clear, non-stigmatising communication adapted to the (hard-to-reach)
target group.

5.4.Integrate a quality monitoring plan that collects necessary data e.g. number of participants,
false positives, interval cancers, evolution stage IV lung cancers, etc.

To the Ministers of Welfare and Health and administrations of the federated entities
responsible for funding and implementing population screening, to the scientific associations
of medical specialists involved in lung cancer screening, and to research institutions

6.

For further investigation:

We recommend future re-evaluations if further information becomes available, e.g. from pilot
studies, on determining variables such as: participation rate throughout the screening
programme, false-positive findings, treatment cost of lung cancer at different stages, approach
and impact of incidental findings, introduction of modified screening intervals, etc.
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