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Abstract

Objectives To address Croatia’s high lung cancer mortality and late-stage diagnoses, the Ministry of Health initiated a
multidisciplinary effort to design a national lung cancer screening program.

Materials and methods Lung cancer remains one of the leading causes of cancer-related mortality both globally
and in Croatia. In 2021 alone, Croatia recorded over 3300 new cases of lung cancer and more than 2800 associated
deaths, indicating a high mortality burden. In response to this public health concern, the Ministry of Health has
established a multidisciplinary Lung Cancer Screening Working Group, tasked with developing a national screening
approach. The Program incorporates several innovative elements, including the application of modified
International Early Lung Cancer Action Program (I-ELCAP) criteria for nodule management, volumetric analysis
assessed by artificial intelligence, complete digitalization, smoking cessation, and nationwide deployment to ensure
equitable access.

Results From October 2020 to August 2025, over 50,000 participants were screened, resulting in more than 70,000
LDCT scans performed. The cohort includes 54% male and 46% female participants, with an average age of 62
years. Among these participants, 4.5% had positive results, which required further follow-up.

Conclusion The Croatian National Lung Cancer Screening Program offers unique features as it has been
comprehensively incorporated into the existing healthcare infrastructure and is fully reimbursed. A key aspect of
the program is the important role assigned to general practitioners (GPs), who are responsible for identifying and
referring individuals at high risk for lung cancer.

Key Points

Question No European Union country has implemented a national lung cancer screening program despite evidence
from previous trials showing significant mortality reduction.

Findings Croatia successfully launched a fully integrated national lung cancer screening program using LDCT, Al-
assisted volumetric analysis, modified I-ELCAP criteria, and GP-centered recruitment.

Clinical relevance The Croatian model demonstrates the feasibility of national lung cancer screening within a
European public healthcare system with full reimbursement, providing a replicable framework for other EU countries
implementing lung cancer screening programs.
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Design of the first national lung cancer screening program in the
European Union - the Croatian model

The Croatian National Lung Cancer Screening Program was implemented in Oct 2020 in accordance with published scientific data and
recommendations from European Position Statement on Lung Cancer Screening, adopting modified I-ELCAP guidelines, using LDCT, artificial
intelligence, volumetric analysis of lung nodules while being completely digitalized.
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Exclusion criteria:

1. Presence of symptoms that indicate a possible malignant
disease

2. Regular chest CT performed in the last 12 months

3. If the patient has been treated for lung cancer in the last 5
years

4. If the patient's general condition prevents the planned
diagnostic procedures

5. Inability to give consent
&Inability to lie flat, hold breath and claustrophobia
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This is the first national lung cancer screening program in the EU and completely integrated into the
existing healthcare system with the placement of GPs in the central role.
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Introduction

Lung cancer is one of the leading causes of death from
malignant diseases, both worldwide and in Croatia [1-9].
With more than 3300 new diagnoses of lung cancer and
more than 2800 lung cancer deaths in 2021 on a popu-
lation of 3879 million, lung cancer remains one of the
main public health problems in Croatia [4—9]. For more
than a decade, population-based screening programs for
breast, colorectal and cervical cancers have been imple-
mented in the Western world and in Croatia, despite lung
cancer being the leading cause of cancer-related deaths,
more than the above-mentioned cancers combined [9].
This puts into perspective the importance of early
detection and screening for lung cancer (LCS). Regardless
of recent advances in lung cancer treatment, the overall
five-year survival rate remains low, with only approxi-
mately 15% of patients surviving beyond five years fol-
lowing their initial diagnosis [1]. Data for Croatia show a
10% 5-year survival rate, while the same data for the
European Union (EU) is 15%, and it has one of the highest
mortality-to-incidence ratios in the EU. One of the main
reasons is that approximately two-thirds of patients are

diagnosed at advanced stages when surgical treatment is
not an option, leaving only systemic treatments available.

Although the prevalence of smoking among adults is
decreasing in the Western world, it remains high in
Croatia. Tobacco consumption remains a leading risk
factor for developing lung cancer. This means that smo-
kers and ex-smokers are at higher risk for developing lung
cancer, which was the reason that previous screening
trials included only smokers and ex-smokers [7].

Evidence from NLST and NELSON

The first, and to date, the largest lung cancer screening trial
was conducted in the United States. The National Lung
Screening Trial (NLST) enrolled 53,454 participants aged
55 to 74 years at high risk for lung cancer [10]. The strategy
of three annual low-dose computed tomography (LDCT)
screenings led to a 20% reduction in lung cancer mortality
compared to chest X-ray screening after a median follow-
up of more than six years [11]. The high-risk population
was defined as individuals aged 55 to 74 years with a 30-
pack-year history of smoking who were either current
smokers or had quit smoking within the previous 15 years.
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However, at the time of designing the Croatian lung cancer
screening program, despite strong and convincing data,
only about 4% of eligible high-risk persons have been
screened in the United States after the introduction of the
screening program provided by healthcare insurance pro-
grams [12]. This has been attributed to patient anxiety
about potential work-up, which included different types of
biopsies (CT-guided, bronchoscopy, surgical), PET-CT
scans, and potential surgical procedures.

The results of the European Nederlands-Luevens
Longkanker Screenings Onderzoek (NELSON) trial were
first presented in 2018 [13] and published in 2020 [14].
NELSON is a Dutch-Belgian, population-based, rando-
mized lung cancer screening trial initiated in 2000. The
study was designed for a high-risk male population with
volume-based LDCT to assess a decrease in mortality over
a 10-year follow-up period with LDCT scheduled at
baseline, 1 year, 3 years, and 5.5 years [14]. However,
amendments to the study were made to include high-risk
females as well, due to an increase in the number of
female smokers, as well as an increase in incidence and
mortality from lung cancer in females.

The at-risk population was defined as persons aged 50
to 74, who were current smokers or former smokers (who
quit within the past 10 years) with a history of smoking
more than 15 cigarettes per day for over 25 years, or more
than 10 cigarettes per day for over 30 years. In this trial,
participants were randomized into two groups: screening
with low-dose CT compared to no screening. After ten
years of follow-up, the cumulative risk reduction of lung
cancer mortality was 24% in the screening group. Among
the females, the NELSON trial observed a risk reduction
of lung cancer mortality of 33%. The study also reported
low rates of follow-up procedures for LDCT scans [14].

Robust evidence from relevant published data, espe-
cially the NLST and NELSON trials, has shown the
effectiveness of low-dose CT screening as a preferred
method for identifying persons at higher risk of devel-
oping lung cancer. Based on that data, the European
Position Statement on Lung Cancer Screening was pre-
sented in 2017, and concluded that LDCT is the best
method for lung cancer screening. The statement con-
cluded that planning for the implementation of LDCT
screening should begin across Europe as soon as possible,
and that EU countries should set a timeline for imple-
menting lung cancer screening [15].

Despite convincing data and recommendations from the
European Position Statement on Lung Cancer Screening,
none of the countries in the EU had implemented a
national lung cancer screening program (NLCSP)
[11, 13, 16, 17]. Recognizing this gap and considering the
high prevalence of smoking among adults, poor incidence
to mortality ratio, and high incidence of diagnosis of lung
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cancer in advanced stages in Croatia, the lung cancer
screening working group, established by the Ministry of
Health, launched the NLCSP in Croatia in 2020, the first
government-funded NLCSP program in Europe. This
paper describes the design and implementation frame-
work of the Croatian NLCSP.

Materials and methods

Croatian National Lung Cancer Screening Program
(NLCSP) offers several unique features, such as modified
I-ELCAP criteria, GPs in the central role of the integrated
approach, complete digitalization, smoking cessation
programs, and nationwide application. While many stu-
dies have explored ways to detect lung cancer at an early
stage, two large, randomized trials, the NLST and NEL-
SON, showed a clear reduction in mortality and became
the foundation for the Croatian National Lung Cancer
Screening Program [10, 11, 13, 14, 18, 19].

Eligibility criteria
In Croatia, the NLCSP includes persons from 50 to 75
years with a 30 pack-year smoking history who are active
smokers or have quit smoking during the last 15 years.
Exclusion criteria are listed below:
1. The presence of symptoms that indicate a possible
malignant disease
2. Regular chest CT performed in the last 12 months
3. If the patient has been treated for lung cancer in the
last 5 years
4. If the patient’s general condition prevents the
planned diagnostic procedures
5. Inability to give consent
6. Inability to lie flat, hold breath, and claustrophobia

Screening protocol

Published data show that different screening trials have
used different protocols for work-up, recommendations,
and resulting diagnoses of lung cancer. At the time of
designing the Croatian National LC Screening Program,
there were three published protocols: I-ELCAP, ACR
Lung-RADS (American College of Radiology—Lung CT
Screening Reporting and Data System) and European
Consortium [15, 20-24]. All three protocols measure
solid, non-calcified nodules (NCNs)in full, but differ in
part-solid NCNs measurement. For part-solid nodules,
I-ELCAP uses the diameter of the solid component, while
ACR Lung-RADS uses both the entire diameter of the
part-solid nodules as well as the diameter of their solid
component. The European Consortium protocol deter-
mines the volume of solid NCNs using its proprietary
software. Given that volumetric measurements for entire
part-solid and non-solid NCNs are problematic, the
European Consortium protocol specifies the equivalent
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diameter values for each. Each protocol provides thresh-
old values for its work-up. Threshold mean diameter
values are as follows: for I-ELCAP, 6.0 and 15.0 mm; for
ACR Lung-RADS, 6 mm, 8 mm, and 15 mm; and for the
European Consortium, 50 mm?® (equivalent to 5 mm) and
300 mm® (10 mm) for solid NCNs, and 5mm for part-
solid and non-solid NCNs.

The three most widely adopted protocols for lung cancer
screening work-up, the I-ELCAP, ACR Lung-RADS, and
European Consortium guidelines, were directly compared by
Henschke et al [25]. Each of these protocols follows a stepwise
approach. The initial LDCT scan is used to detect large or
advanced cancers requiring immediate intervention, while
subsequent LDCT's focus on monitoring smaller NCNs for
potential growth indicative of malignancy. In their compara-
tive analysis, Henschke et al reported the proportion of
positive screening results as follows: 1.4% for I-ELCAP, 5.9%
for ACR Lung-RADS (reduced to 2.1% when Scenario 2 cri-
teria were applied), and 3.1% for the European Consortium
protocol [25]. These findings highlight significant differences
in sensitivity and specificity among the protocols, which may
influence clinical decision-making and patient outcomes.

Modified I-ELCAP protocol for the Croatian Program
Based on these findings, the I-ELCAP protocol [22]
demonstrated the highest efficiency in terms of immediate
work-up, overall diagnostic management, and biopsy
recommendations. Consequently, a modified version of
the I-ELCAP criteria was adopted for implementation
within the Croatian National Lung Cancer Screening
Program (Table 1). The modified protocol incorporates
additional elements, including volume-based assessment
of lung nodules and refined categorization of imaging
findings, to enhance diagnostic accuracy and optimize
clinical decision-making. All modifications were carried
out in accordance with the approval of the I-ELCAP
clinical team. At the time of designing the Croatian Pro-
gram, the original protocol was based on the average
nodule diameter. Volume measurements were introduced
to align nodule size with diameters. Accordingly, a nodule
follow-up recommendation based on volume doubling
time was introduced and aligned with the I-ELCAP pro-
tocol, which was based on diameter change. Classification
of the results into categories provides a better under-
standing of the small nodule findings. Biennial screening
is conducted for participants with negative baseline and
regular follow-up LDCT with no new or growing nodules,
reducing unnecessary exposure and resource use, fol-
lowing I-ELCAP guidelines.

Imaging requirements
The LDCT scanning is currently available at 24 sites (17
cities across the country) with plans for expansion. The
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minimum technical requirements for LDCT units are
given below in Table 2:

As more suitable CT units become available, the net-
work of radiology sites will be expanded accordingly. The
goal of the low-dose scanning is to achieve less than
1.5 mSv effective radiation dose per scan. The radiologists
have received additional training and have been licensed
for the special skills needed to report screening scans
correctly, using the Modified I-ELCAP Croatia protocol
(Table 1).

Radiologist training and licensing

Licensing of radiologists is achieved after completing a
course that covers lectures, workshops on lung nodules
and software possibilities, and patient cases. Only
experienced radiologists (more than 300 thorax CT scans
per year) from high-volume thoracic centers can be
licensed. Introductory training courses have been orga-
nized on a regular basis for all newly participating radi-
ologists. Each course spans a full day and is structured
into two parts: a session devoted to lectures, followed by a
hands-on session. The practical component includes the
review of approximately 30 representative cases, which
are jointly discussed at the conclusion of the session. A
volume measurement tool is available during the training
to support standardized assessment and familiarization
with the workflow.

Digitalization

There are several unique features of the program. For the
purpose of the NLCSP, a unique IT application has been
developed and incorporated into the existing national IT
healthcare platform, providing a secure and completely
paperless system for radiology and pulmonology referrals,
structured reporting, and report sharing. The advantage
of such an IT solution is an integrated care approach and
central data storage, which serves a national lung cancer
screening register. The NLCSP software uses a unique
identifier for each screening participant, in the form of a
health insurance number, which also functions as a per-
sonal identifier for all other healthcare procedures. All
data is shared with and stored in the patient’s digital
personal healthcare record. This digital infrastructure
enables efficient communication between primary care
physicians, radiology centers, and specialized pulmonol-
ogy clinics, significantly reducing delays in diagnosis and
treatment initiation.

Multidisciplinary collaboration in workflow and integration
Role of general practitioners

A major difference when compared to other programs is
the placement of general practitioners (GPs) in a central
role to enrol the high-risk population without sending out
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Table 1
in Croatia
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Modified I-ELCAP recommendations for handling the pulmonary nodules in the national screening program for lung cancer

Baseline LDCT

Regular annual/biennial LDCT

Follow-up LDCT

a) NEGATIVE:
1) If there are NO non-calcified nodules (NCNs).
Recommendation: Return for the first annual screening

in 12 months
b) SEMI-POSITIVE (OR INDETERMINATE):

1) Only non-solid nodules are present; they can
be of any size.

Recommendation: Return for the first annual screening
in 12 months

2) Largest solid NCN < 6.5 mm

(volume < 150.0 mm?) or largest solid
component of a part-solid NCN < 6.5 mm
(volume < 150.0 mm?3).

Recommendation: Return for the first annual screening
in 12 months

3) Largest NCN is solid > 6.5 mm in average
diameter (volume > 150.0 mm3) OR

largest NCN is part-solid and the solid
component > 6.5 mm in average diameter
(volume > 150.0 mm?3), but < 15.5 mm

(2000 mm?)

Recommendation: Return for LDCT in three (3) months
4) Endobronchial solid of any size
Recommendation: Return for LDCT in one (1) month

<) POSITIVE:

1) Largest solid NCN > 15.5 mm

(volume >2000.0 mm?)

Recommendation: Referral to screening pulmonologist/
nodule clinic

a.1. 12 months

b.1 & 2. 12 months
b.3. 3 months

b.4. 1 month

c.1. Screening pulmonologist/nodule clinic

a) NEGATIVE:

1) There are NO NEW or GROWING nodules.
Recommendation: Next annual repeat screening in 24
months

b) SEMI-POSITIVE (OR INDETERMINATE):

1) Only NEW or SLOWLY GROWING non-solid
NCNs of any size.

Recommendation: Return for next annual repeat LDCT
screening in 12 months.

2) Largest solid NEW or GROWING NCN OR solid
component of NEW or GROWING part-solid NCN
is <3.0 mm in average diameter, (volume of
20.0 mm?3).

Recommendation: Return for next annual repeat LDCT
screening in 12 months

3) Largest NEW OR GROWING solid NCN OR
solid component of NEW or GROWING part-
solid NCN

is between 3.0-6.5 mm in average diameter
(Volume between 20.0 mm? and 150.0 mm3).
Recommendation: Return for LDCT in 6 months

4) Largest NEW or GROWING solid

NCN > 6.5 mm in average diameter

(Volume > 150 mm?3) OR

largest NEW or GROWING solid component of a
part-solid NCN > 6.5 mm in average diameter
(Volume > 150 mm?).

Recommendation: Return for LDCT in 1 month and
consider antibiotics prior to 1-month LDCT

5) New endobronchial nodule of any size

Recommendation: Return for LDCT in one (1) month
<) POSITIVE:

1) Non-solid nodule doubled in volume in 1
year (suggest only if a solid component
emerges)

2) Persistent endobronchial nodule after 1
month

Recommendation: Referral to screening
pulmonologist/nodule clinic

a.1. 24 months

b.1 & 2. 12 months

b.3. 6 months

b.4. 1 month 4 antibiotic
b.5. 1 month

c.1. & 2. Screening pulmonologist/nodule clinic

a) NEGATIVE:
1) Nodule resolved
Recommendation: Next annual repeat

screening in 24 months
b) SEMI-POSITIVE (OR INDETERMINATE):

1) VDT > 600 days

Recommendation: Return for next annual
repeat LDCT screening at 12 months from
baseline (annual screening)

2) VDT 400-600 days
Recommendation: Return for Ist repeat
LDCT screening in 6 months, if growth at
the same rate, repeat CT in 12 months

¢) POSITIVE:

1) VDT < 400 days

Recommendation: Referral to screening
pulmonologist/nodule clinic

2) Persistent endobronchial nodule
Recommendation: Referral to screening
pulmonologist/nodule clinic

3) VDT 400-600 days
Recommendation: When larger than

15 mm (2000 mm?>), refer to the screening
pulmonologist/nodule clinic

a.1. 24 months
b.1.in 6 or 9 months-at 12 months (annual screening)

b.2. 1st 6 months, 2nd 12 months

c.1. & 2. & 3. Screening pulmonologist/nodule clinic
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Table 2 Minimum technical requirements for LDCT scanners

1. Peak kilovoltage 120-140kVp

2. Tube current 20-60 mAs

3. Collimation =<1mm

4. Gantry rotation time =<05s

5. CTDIvol =<3.0mGy

6. Average effective dose =< 1.5mSv

7. Multidetector CT >= 128 detector slices
8. Image slice thickness =<1mm

invitation letters. In Croatia, there is a network of
approximately 2300 GP clinics throughout the country
taking care of about 1800 patients each. Each person in
Croatia has a dedicated GP, and approximately 90% of the
population visits their GP during one calendar year [26].
As mentioned above, the conclusion is that every GP can
expect at least one visit during the year from individuals
eligible for NLCSP and can conduct motivational inter-
views on that occasion. Therefore, the NLCSP starts at the
GP office with GPs checking for eligible candidates
(inclusion and exclusion criteria) during dedicated or
non-dedicated visits. The GPs can also search for
screening candidates actively in their digital archive,
where they have stored data on the smoking history of
their patients. After identifying the individual, the GP
should conduct a motivational interview with potential
screening candidates. Should the eligible person decide to
become an NLCSP participant, their GP will be able to
enrol them into the program, which includes smoking
cessation counseling, a precise description of possible
harms and benefits of the program, as well as choose from
available appointments for LDCT scanning at any of the
24 radiology sites across the country based on location
and appointment availability. To combat the low rate of
eligible persons who respond to screening programs, as
has occurred in the United States study (response below
4%), the role of the GP was positioned at the center of the
program, having in mind the benefit of a good doctor-
patient relationship. This should significantly increase the
number of persons who will enter the program after being
identified, but also improve the response rate to LDCT
screening.

Upon entering the program, the participant is presented
with additional information about the program, the harms
and benefits of LDCT, as well as smoking cessation sup-
port and assistance possibilities. At the radiology depart-
ment, the patient must sign the informed consent form
before undergoing an LDCT scan. Part of the informed
consent form is related to further data use for academic
and research purposes.
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Role of radiology and pulmonology

The NLCSP is offered after hours, which reduces the health
hazard for the participants and does not interfere with
regular waiting lists. For radiologists and GPs, the NLCSP is
treated as extra work with an additional financial incentive.

A licensed radiologist reads the scan and performs
volumetric analysis and lung nodule detection utilizing
clinical applications incorporating artificial intelligence
(AI) for multi-modality reading. The radiologist’s report is
structured and includes detected nodules as well as
additional findings, such as emphysema, coronary artery
calcification and the diameter of the aorta and pulmonary
artery. For coronary artery calcification and emphysema,
which are classified in four stages as none, mild, moderate
and severe, a visual scale is used. The Modified I-ELCAP
Croatia protocol is used to categorize the lung nodules
and give recommendations for further LDCT follow-up or
referral to the screening lung nodule clinic.

The structured radiology report is available to the GP
along with precise instructions on the further steps to
take. In the case of annual or biennial regular follow-up
LDCT or the need for early recall, the GP will submit
another electronic referral to one of the radiology sites in
cooperation with the screening participant. In the case of
a positive LDCT result, the GP submits an electronic
referral within the application to one of 6 screening pul-
monology sites — nodule clinics. In the case of significant
additional findings, the GP makes a regular referral for
further workup at the appropriate institutions.

The aim of NLCSP is to offer quick and comprehensive
management of suspected lung cancers at lung nodule
clinics that are established in 5 cities (6 sites) across the
country. Management includes a multidisciplinary approach,
complete diagnostic work-up (bronchoscopy, CT-guided
biopsies or fine needle aspirations, CTs, PET scans or MRIs),
as well as thoracic surgery and on-site departments for
personalized oncology treatments. The purpose of lung
nodule clinics is to enable an early diagnostic and treatment
approach to patients with suspected lung cancer in a timely
manner and to increase the cure rate in this group.

In the lung nodule clinic, the screening participant is
interviewed and examined by a pulmonologist. If the first
pulmonology report confirms the suspicion of lung cancer
and the need for further work-up, the screening partici-
pant becomes a patient. After 6 months, the pulmonolo-
gist is obliged to issue the final medical report using the
NLCSP digital application, which includes the diagnosis
(pathohistological diagnosis), staging (tumor, node,
metastasis staging system) and applied treatment.

Quality assurance and control
Quality control is an important part of the NLCSP, which
includes the involvement of domestic and international
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quality control committees, regular reports on radiation
dose, reports on the number of participants and detailed
demographic data, as well as radiology and pulmonology
reports, all generated within the NLCSP application.
Apart from regular supervision from local medical phy-
sicists, the LDCT units check regularly for radiation
exposure on phantoms by an independent institution, i.e.,
the Unit of Radiation Dosimetry and Radiobiology at the
Institute for Medical Research and Occupational Health,
using standardized phantoms. The structured radiology
report has a mandatory field for effective radiation dose
per scan and a cumulative dose for each screening parti-
cipant. The basic LDCT scanning protocols are aligned
with guidelines of the American Association of Physicists
in Medicine [27], but are under continuous evaluation
and improvement by local medical physicists with the
support and guidance of the Croatian Medical Physicists
Association.

Results

From October 2020 to August 2025, over 50,000 partici-
pants were screened, resulting in more than 70,000 LDCT
scans performed. The cohort includes 54% male and 46%
female participants, with an average age of 62 vyears.
Among these participants, 4.5% had positive results.
Among those participants with a positive result, 2% of
cancers were found (1.7% lung cancer). Detailed analysis
of outcomes in this referral group will be reported sepa-
rately, and further analyses are ongoing.

All participating radiology sites met or exceeded
radiation safety standards. The mean effective dose was
0.89 mSv, markedly below the maximum limit of 1.5 mSv
set at the beginning of the program.

Conclusion

The Croatian NLCSP is the first NLCSP in Europe that is
completely integrated into an existing healthcare system
and fully covered by the National Health Insurance Fund.
The design of the Croatian National Lung Cancer
Screening Program reflects a comprehensive and multi-
disciplinary approach to implementing a national
screening strategy. This structured framework lays a
strong foundation for ongoing evaluation, positioning
Croatia as a model for lung cancer screening programs
within Europe.
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mSv Millisievert
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NLCSP National Lung Cancer Screening Program
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PET-CT Positron emission tomography computed tomography
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