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Abstract

Background NLST and NELSON trial showed that lung cancer mortality can be reduced by 20-24% using low-dose
computed tomography screening, due to an increase in early-stage diagnoses.

Research question How much lung cancer-related direct costs may be reduced using low-dose computed
tomography screening based on the ILST-protocol in a public healthcare system?

Methods Cost analysis of lung cancer screening vs. usual care in the framework of the retail price of the Catalan
public healthcare system. The lung cancer screening group included costs of screening (ILST-protocol), treatment cost
according to weighted average distribution of TNM staging in the NLST and NELSON trials, lung cancer detection rate
and smoking-cessation intervention. The usual care group included treatment costs based on distribution of TNM
staging registered in the Spanish index hospital.

Results In the usual care group, treatment costs were €91,959. In 5-year of lung cancer screening program, the
average expected costs per subject were €1,342 (range €1,054 — 1,832) for screening and €32,431 for treatment, with
an expected reduction of €952 based on an average cancer detection rate of 1.6%. The decrease in cost resulting from
the stage shift offsets 70.6% of the costs of the screening program.

Conclusions The decrease in direct costs associated with lung cancer treatment due to a stage shift resulting from
LCS of high-risk populations compensates for a substantial part of the LCS program costs.

Trial registration Retrospectively registered.
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Background

Lung cancer is the leading cause of cancer death world-
wide. In 2020, 2,206,771 new cases have occurred and
caused 1,796,144 deaths [1]. Also in 2020, 4,509 cases
and 3,548 deaths were registered in Catalonia (8 million
inhabitants), Spain [2]. Among patients with non-small
cell lung cancer (NSCLC), the 5-year survival rate is 26%
for all stages and below 3% for stage 4 disease. Unfortu-
nately, less than 20% of lung cancers are detected in local-
ized tumor stages when it is most treatable [3—5]. In 1999,
the Early Lung Cancer Action Program (ELCAP) study
showed that screening with low-dose computed tomog-
raphy (LDCT) improved early lung cancer detection [6].
In 2011, the U.S. National Lung Screening Trial (NLST)
reported a 20% reduction in lung cancer-specific mortal-
ity using LDCT compared with chest radiography (CXR)
screening in a high-risk population and a 6.7% overall
mortality reduction [7]. In 2020, the Dutch-Belgian lung-
cancer screening trial (NELSON study) in high-risk male
participants showed a cumulative rate ratio for death of
0.76 at 10 years in the LDCT screening group as com-
pared with no screening, although the difference was not
deemed statistically significant for women [8]. Addition-
ally, the Multicentric Italian Lung Detection (MILD) trial
showed a 39% reduced risk of LC mortality at 10 years
[2]. At the beginning of 2022, the European Parliament
resolution recognized the evidence that proves the posi-
tive effect of targeted lung cancer screening on mortality
[9], and a recent resolution from the European Com-
mission Directorate-General for Health and Food Safety
(COM 2022/474) has included lung cancer screening as a
recommendation for the first time [10]. Once the clinical
benefits of the LDCT screening on the high-risk popula-
tion have been demonstrated, there are currently multi-
ple initiatives focused on improving its cost-effectiveness,
implementation in populations at risk and smoking ces-
sation interventions [11].

The introduction of immunotherapy and targeted ther-
apies in the management of advanced stages of lung can-
cer have shown considerable impact on overall survival
(from 11.0 to 17.8% for the period between 2011 and
2014) in the subset of responders [12, 13]. These impor-
tant changes are achieved at a high economical cost but
could be offset by identifying early-stage tumours and
treating them with the current standards of surgery or
stereotactic body radiotherapy (SBRT). Lung cancer
screening could avoid the expensive and less effective
current treatments in use for advanced stage disease [14].

Cost-effectiveness analyses of lung cancer screening
using LDCT is sensitive to different key model param-
eters (e.g., incidence, sensitivity and specificity of the
tests, selection criteria, definition of high-risk popula-
tion, utility values, etc.) showing inconclusive data and
some uncertainty [15-17]. In the Pan-Canadian Early
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Detection Lung Cancer Study, the average cost to screen
individuals with a high risk for developing lung cancer
using LDCT and the average initial cost of curative intent
treatment were found to be lower than the average per-
person cost of treating advanced stage lung cancer [18].
Late treatment rarely results in a cure. In Catalonia, a
cost-effectiveness analysis of different smoking cessa-
tion approaches concluded that the most cost-effective
strategy would be to implement intensive smoking cessa-
tion interventions at ages 35-45, combined with LDCT
screening every three years between the ages of 55 and
65 [19]. Another study in the same region showed that
surgical treatment for early-stage lung cancer is cheaper
and offered better outcome than advanced stage medical
treatment and that the intervention would save money
between 3 and 6 years after its launch [20]. Other studies
have shown similar results [21].

In December 2020, an experimental lung cancer LDCT
screening (LCS) program was implemented in the North-
ern Metropolitan Area of Barcelona through the par-
ticipation of Germans Trias i Pujol University Hospital
(HUGTP) in the international consortium of the Inter-
national Lung Screen Trial (ILST), in which two patient
selection strategies (PLCOm2012 vs. USPSTF 2013) and
two protocols to classify the detected pulmonary nod-
ules (PanCan vs. LUNG-RADS) were compared [22]. In
this context, the aim of the present study was to perform
a direct cost analysis comparing the reduction of overall
lung cancer treatment expenses arising from stage shift
due to screening, with the costs associated with usual
care (no screening) in patients diagnosed with NSCLC
in the framework of the public national health system in
Catalonia (Spain).

Methods
Study design and objective
A cost analysis study was designed from the perspective
of the Catalan Ministry of Health, the public health sys-
tem that offers universal, free healthcare in Catalonia.
The objective of the study was to compare the antici-
pated costs of diagnosis, treatment (surgery, radio-
therapy and drugs) and follow-up associated with two
approaches to the NSCLC diagnosis and care: the lung
cancer LDCT screening according to the ILST protocol
[22] versus the diagnosis in the usual care (Fig. 1). Usual
care treatment was defined as the application of clini-
cal practice guidelines developed by the Spanish Society
of Medical Oncology for the treatment of NSCLC [23].
In both alternatives, all lifetime costs (up to healing or
death) were taken into account. The costs, expressed in
euros (2021), were calculated based on the standard retail
prices of the health resources contractor of the Catalan
Ministry of Health [24]. As a cross-sectional study, we
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Fig.1 Lung nodule management protocol [22]. *Growth in subsequent scan is defined as: 0.1.5 mm in mean diameter or solid core of semi-solid nodule
>6 mm. # = Consider biopsy after appropriate clinical assessment. CAT =computed tomography; LDCT =low-dose computed tomography; PET = posi-
tron emission tomography; PLCO = prostate, lung, colorectal and ovarian; USPSTF =U.S. Preventive Services Task Force. Reprinted with permission of the

American Thoracic Society. Copyright © 2022 American Thoracic Society. All rights reserved
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did not include QALY (Quality-Adjusted Life Year) in the
analysis.

Estimated costs

The anticipated costs of the LCS program were calculated
as the sum of the prices of radiological tests, medical vis-
its, endoscopic or computed tomography-guided biop-
sies, laboratory tests, lung function tests and positron
emission tomography (PET-CT), which were expected
to be performed over a duration of 5 years according to
the ILST protocol [22], considering 300 participants and
assuming the following patients’ expected distribution:
CAT1 (normal findings) 65.7%, CAT2 (low malignancy
risk) 17.5%, CAT3 (moderate malignancy risk) 13.1%, and
CAT4/5 (high malignancy risk/suspicious for lung can-
cer) 3.6% [25]. The costs associated with smoking cessa-
tion treatment (9 visits per patient) were also included,
assuming that it will be necessary for 50% of participants,
based on the patients enrolled at the LCS program dur-
ing 2021. The costs of nicotine replacement treatment are
not included in this study because they are not funded by
the Catalan Healthcare Service.

Diagnostic procedures including bronchoscopy, stag-
ing CT, PET-CT, brain nuclear magnetic resonance
and follow-up visits were recorded as per local practice
guidelines (usual care). Treatment-related costs were
calculated based on the main treatment schedules’ retail
prices, administered for each stage of the disease and
according to the institutional activity registry, which
includes surgery, chemotherapy, radiotherapy, immuno-
therapy and targeted therapy. Total costs were estimated
adjusted by overall survival based on the 8th edition of
the American Joint Committee on Cancer (AJCC) stag-
ing manual (TNM) [26]. Although the public health

Table 1 Anticipated costs of the LDCT screening program
following the ILST protocol [22] in 300 patients

Resource Quantity  Cost/ Total Per-
unit, € cost,€ centage
of total
cost
Initial medical visit 300 170 51,000 12.6
Lung function tests 300 164 49,200 122
Laboratory tests 300 5 1,500 0.4
LDCT 853 110 93814 232
Follow-up medical visit 671 80 53,695 133
Smoking cessation visit 1,350 50 67,500 16,7
Lung nodule biopsy 39 24214 9,552 24
+bronchoscopy/lung CNB
PET-CT 79 997 78,656 194
Total cost of the screening program 409917 100

1,342.72

LDCT low-dose computed tomography, /LSTInternational Lung Screening
Trial, NSCLCnon-small cell lung cancer, PET-CT positron emission tomography/
computed tomography, CNBcore needle biopsy

Mean cost per participant over the 5 years
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system covers the whole treatment, the model did not
include complications and second-line treatments; other,
minor costs were not considered.

The stages distribution for usual care (stage I 14%, stage
II 6%, stage III 12%, stage IV 68%) corresponded to data
observed in 388 patients diagnosed with NSCLC at the
Catalan Institute of Oncology, an institution that includes
a network of public hospitals that in 2022 covered 40% of
the population of Catalonia. The stages distribution con-
templated for the screening alternative was estimated from
the weighted average of the detections in the NELSON [8]
and NLST [7] studies, eliminating the missing values (stage
163%, stage 11 8%, stage III 17%, stage IV 12%).

The total anticipated costs derived from the diagno-
sis, treatment and follow-up of the different lung cancer
stages identified in each alternative were compared in
order to assess the economic impact of early detection of
the disease, using a 5-years average cancer detection rate
(CDR) of 1.6%. As we present the first-round data, the
average CDR corresponding to the 5 years program was
taken from the Lahey program, which has a baseline CT
CDR of 2%, identical to our site [27].

Results

Screening program

In the LCS program, total costs estimated for 300
patients expected to be managed in our centre amounted
to €409,917. As shown in Table 1, the most substantial
anticipated expenditure corresponded to LDCT tests
(23.2%) followed by PET-CT (19.4%) and smoking ces-
sation visits (16.7%), whereas biopsies (2.4%) and labora-
tory tests (0.4%) accounted for a minor part of anticipated
costs. The average cost per participant for the 5-year
duration of the LCS program was €1,349.72. Differences
in cost of screening due to variations in the management
of the lung nodule as established in the ILST protocol
for each of the CAT (based on PanCan lung nodule risk-
based protocol) categories are shown in Table 2. The cost
per participant increased from €1,054 for CAT1 to €1,832
for CAT4/5 (a 74% increase).

Treatment costs of the NSCLC patient

There were relevant differences in the total cost of diag-
nosis, treatment and follow-up depending on the TNM
stage in which the disease is detected, with 12 times
higher costs for stage IV than those associated with stage
I (Table 3).

Stage shift and cost reduction

The differential costs arising from stage shift are detailed
in Table 4. The average expected cost of diagnosis, treat-
ment, and follow-up for lung cancer detected in LCS pro-
gram was €32,431 as compared with €91,959 in the usual
care. In the LCS program strategy, costs were mostly
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Table 2 Anticipated costs of the screening according to CAT
category and lung nodules following the ILST-protocol [22]
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Table 5 Costs of the screening program associated with three
detection rates

CAT  Management of lung Nodule® Cost per
partici-
pant, €
1 1 LDCT every 24 months (x 2 LDCT in 5 years) 1,054
2 1 annual LDCT during 2 years for solid nodules (x2 ~ 1.054
LDCT)
1 annual LDCT for 5 years for subsolid nodules (x 4 1,434
LDCT)

3 1 LDCT at 3 months, 1 PET-CT (£ 50% of cases) + 1 1,483
nodule biopsy lung cancer (+ 25% of cases) if the risk
of malignancy is between 10% and 30% or there is
growth of the lung nodule

4/5 1 PET-CT + 1 biopsy of the lung nodule (+ 50% of 1,832

cases)

?Lung nodule management at the start of screening includes for all participants
the same visits and screening tests, which include 1 initial medical examination,
1 LDCT, 1 blood analysis with haemogram, biochemistry and coagulation tests,
1 lung function test and 4.5 smoking cessation treatment visits per year for 2
years (calculated considering that 50% require smoking cessation, and each of
these 9 visits in total)

CATcomputed tomography, ILSTInternational Lung Screening Trial, LDCT low-
dose computed tomography, PET-CT positron emission tomography/computed
tomography

Table 3 Anticipated costs of the usual care for the patient with
NSCLC according to TNM stage

Stage Average Cost per patient, €
Diagnosis Treatment Follow-up Total cost
I 904 7,664 1,618 10,186
I 904 8,560 1,259 10,723
Il 1,854 56,835 1,083 59,772
% 1,566 119,754 1,023 122,343

NSCLC non-small cell lung cancer

Table 4 Anticipated costs of diagnosis, treatment, and follow-up
by participant in both strategies

Stage Cost, € Screening Usual care, Differen-
program with € (%) tial due
LDCT, € (%) to stage

shift, A€

I 10,186 6,409 (62.9) 1,470 (14.4) 4,939

Il 10,723 831(7,7) 636 (5.9) 196

Il 59,772 10,208 (17.1) 7,240 (12.1) 2,968

% 122,343 14,982 (12.2) 82,613 (67.5) —67,631

Total expected mean 32431 91,959 -59,528

cost, €

LDCTlow-dose computed tomography

associated with stages I, II, and III (positive differential
costs) because of a higher number of cases detected in
the initial stages. However, the high cost associated with
stage IV and the high proportion of these stages in the
usual care program offset the expenditure on initial stage
treatments in the screening program approach. Conse-
quently, the differential cost per participant diagnosed
with lung cancer was estimated at €59,528.

Costs Detection rate

1% 1.6% 2.2%
Screened cost per participant (A) €1,349
Expected value of the decrease in cost associ- €595 €952 €1,309

ated with stage shift per participant (B)
‘Real’ cost of screening per participant (A-B) €754 €397 €40
Total costs savings (B x 100/A) 44%  70%  97%

For a 5-year average CDR of 1.6%, the expected cost
reduction per LCS for each participant was €952. Tak-
ing the expected cost reduction into account, the screen-
ing program in discounted cost was €397 (€1,349-€952),
or €119.180 for 300 participants. The decrease in costs
of diagnosis, treatment and follow-up resulting from
stage shift offset 70.6% of the costs of the LCS program.
Assuming a 1% cancer detection rate, decrease in costs of
diagnosis, treatment and follow-up resulting from stage
shift offsets 44% of the costs of the screening program.
With a 2.2% cancer detection rate, 97% of the total costs
would be offset (Table 5). In all the cases studied, the cost
reduction resulting from the stage shift due to the LCS
program offset a substantial part of the program costs.

Discussion

The stage of lung cancer diagnosis is a major determinant
of lung cancer prognosis. A late diagnosis is the main
contributing factor to the high frequency of individuals
with advanced disease at presentation who are unlikely
to benefit from curative treatment and accounts for the
high lung cancer-specific mortality rates. In addition to
the high mortality, the costs of non-curative treatment
options, including new therapeutic targets, are very high
and continue to rise. LCS programs are therefore essen-
tial to find lung cancers earlier and diagnose and treat
more patients at early stages.

This study highlights the importance of the participant
selection criteria and recruitment effectiveness in the
potential savings of a LCS program. If only a prevalence
of 1% is found, then the savings covers less than half of
the direct costs of screening, while if a 2.2% cancer detec-
tion rate is achieved, then savings almost cover costs
(Table 5). In relation to this, risk models appear to be
more efficient than categorical age and smoking criteria,
as shown in the interim results of ILST study in which
USPSTF2013 categorical and the PLCOm2012 risk pre-
diction model were prospectively compared, the latter
being more efficient with a cancer sensitivity improve-
ment of 15.8% [28]. Another approach to achieve better
recruitment is screening low socioeconomic status pop-
ulation. Results of the UK Lung Cancer Screening trial
[29], in which LDCT screening was evaluated in a large
population sample of people aged 50-70 years, showed
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that higher socioeconomic status correlated positively
with response, but inversely with risk. The proportion
of individuals with high-risk of developing lung cancer
(5% or greater over next 5 years— LLP risk prediction
model) decreased with higher economic status, ranging
from 17.7% in the most deprived quintile to 8.0% in the
least-deprived quintile (p< 0.001). Also, a cost-effective
screening program should include a significant propor-
tion of women as the benefit has proved to be greater.
In the NELSON study women achieved a 59% reduction
in lung cancer-specific mortality as compared to 24%
for men at 8 years of follow-up (although this difference
decreases after 10 years) and 27% reduction for women
in the NLST as compared to 8% for men [8, 30]. Recently,
Cressman et al. have published with ILST data that the
PLCOmM2012 risk model compared USPSTF-2013 cri-
teria saved costs, increased QALYs and decreased dis-
parities in access to screening (mainly socioeconomic
and sex-based differences) that support the use of risk
models [31]. Although the categorical criteria have been
modified in USPSTF2021 by lowering age and tobacco
consumption (55 to 50 years and 30 to 20 pack-years) to
reduce disparities these approach does not appear to be
more cost-effective than risk models [32].

This study also differs from previous ones as the cost of
smoking cessation is included. The total cost of smoking
cessation visits represents 16.7% of the total cost of the
LCS program. Including smoking cessation interventions
within LCS program has additional benefits of improv-
ing tobacco-related health outcomes, such as chronic
obstructive pulmonary disease, heart disease and other
malignancies. This impact has not been quantified yet,
but it is expected that it will contribute to cost-effective-
ness of the LCS program [19]. In addition, it should be
noted that while NELSON and NLST monitored normal
CT results every year and a half and year respectively, in
the ILST protocol this was done every two years. On the
one hand, this reduces the costs of screening, but reduces
its potential for detecting early stages.

The evidence from this research is consistent with pre-
vious studies [14] showing that, in high-risk populations,
the average costs of LCS using LDCT plus the average
initial cost of treatment with curative intent are less than
the average cost per NSCLC patient with advanced stage
in the usual care approach.

This study has some limitations. First, the cost analy-
sis was based on a combination of our own data and
estimated distribution of lung cancer obtained in a LCS
program from the weighted average of two main pub-
lished studies [7, 8]. Second, although the financial cost of
lung cancer is high, the cost range in our study has been
restricted to the healthcare system’s perspective, which
according to some studies may account for less than 25%
of the total costs attributable to the disease [33]. It does
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not consider a set of other potentially relevant costs,
such as mortality and morbidity losses informal costs
[34], costs related to primary care [35] or cancer drugs
prices [36]. In addition, the expected positive effects of
the smoking cessation program have not been taken into
account, which implies that the results presented by this
study could be even more favorable to screening. Third,
adherence to the LCS program has been considered to be
100%, while published data varies between 50% and 90%
so that our cost savings estimates are likely optimistic
[37]. Fourth, as we only have baseline results, we cannot
provide our own average CDR for the 5-year program.
For our model, we have used the average CDR from the
Lahey program [27] (1.6%) as their baseline CT CDR is
equal to ours (2%). Additionally, the economic analysis
has been based on the tariffs and clinical protocols of a
public health system, which might differ from those of
the private sector. Finally, the screening program is sup-
posed to recruit the vast majority of high-risk individuals.
However, if its implementation is unfortunately low, the
ultimate impact on screening costs could be unfavorable.

The present findings invite a reflection on the cur-
rent global health policy management of lung can-
cer along time. Current policy seems to be focused on
short-term costs, to the detriment of the implementa-
tion of more mid-long term cost-effective solutions.
Apart from increasing the smoking prevention and ces-
sation program, including the cost of screening into the
current budget for lung cancer diagnosis and treatment,
will result in a certain cost increase of the budget for an
indeterminate period. If the implementation of the LCS
program is rapid, the selection criteria used is highly
cost-effective, and the recruitment manages to reach the
entire at-risk population, but especially the most socio-
economically deprived population, the increased cost of
screening will be offset by the reduced treatment costs
for early-stage in a relatively short time.

Finally, the potential risks and harms of LDCT screen-
ing should be mentioned. The identification of indetermi-
nate nodules implies the repetition of CT scans with the
consequent costs and risk of radiation and, in some cases,
invasive complementary scans are performed. In addi-
tion, the wait until diagnosis involves distress to patients
during the screening process.

Research on LCS should continue to further optimize
workflows so that they become even more cost-effective.
In addition to the use of LDCT as a screening tool, other
fields of research such as blood biomarkers focused on
both screening participant selection and the manage-
ment of detected lung nodules [38] or the introduction
of radiomics [39—41] are being developed. Once these
techniques are validated in clinical practice, further cost-
effectiveness studies will be needed.



Rosell et al. BMC Health Services Research (2025) 25:1001

Conclusions

In conclusion, the decrease in direct costs associated
with lung cancer treatment due to a stage shift result-
ing from LCS of high-risk populations compensates for a
substantial part of the LCS program costs. Since the eco-
nomic impact of a LCS program depends mostly on the
cancer detection rate achieved, crucial aspects include
the choice of the most effective selection criteria, the
implementation of a robust public health policy to pro-
mote smoking cessation, screening most of the high-risk
population especially the highest risk individuals, and
achieving adherence to follow-up annual and biennial
screening.

Abbreviations

AJCC  American Joint Committee on Cancer
CXR Chest radiography

ELCAP  Early Lung Cancer Action Program
HUGTP Germans Trias i Pujol University Hospital

NLST  National Lung Screening Trial
NSCLC  Non-small cell lung cancer
LDCT  Low-dose computed tomography

PET Positron emission tomography

SBRT  Stereotactic body radiotherapy

SCLC  Small cell lung cancer

LCS Lung cancer screening

CAT PanCan lung nodule risk based protocol

CDR Cancer detection rate

Acknowledgement

Editing and editorial assistance in the development of this manuscript were
provided by Marta Pulido, MD (freelance medical editor, Spain). Mrs Adela
Gonzalez and Mrs Ester Cervera, as nurse navigators of the ILST (Hospital
Universitari Germans Trias i Pujol, Spain), have selected and managed the
participants. Dra Anna Nufiez (Hospital Universitari Germans Trias i Pujol,
Spain) has contributed to filling in the ILST database. Ms Andrea Borondy Kitts
MS, MPH (Lung Cancer and Patient Advocate, Consultant, USA, has reviewed
the manuscript. To the ILST consortium, especially the PI, Dr. Stephen Lam
(British Columbia Cancer Agency, Vancouver, Canada) and Dr. Kwun Fong
(Department of Thoracic Medicine, The Prince Charles Hospital, Brisbane,
Australia), as well as Ms. Sukhinder Khattra, ILST Project Manager (BCCA,
Vancouver, Canada).

Authors’ contributions

ARG. had full access to all of the data in the study and takes responsibility

for the integrity of the data and the accuracy of the data analysis.ARG. S.B,
and FL.S contributed to conceptualization; AR.G., RM.R. and FL.S. contributed
to methodology; ARG, and FL.S. contributed to supervision; AR.G., M.M.

and FLS. contributed to data curation; ARG, S.B, RMR, JB, PLCand FLS
contributed to writing—original draft preparation; ARG, S.B, RMR, PLC, JB,
OE., JA, LRR.and FLS contributed to writing—review and editing; S.B., M.S.
and M.M. contributed to data resources and M.S. contributed to data curation.
All authors have read and agreed to the published version of the manuscript.

Funding

This work was supported by MINECO [NUm. Expedient: RTI2018-095209-
B-C21-22]; Barcelona Respitatory Network (BRN)- Fundacié Ramon Pla i
Armengol; “Clinical project”grant, Fundacié Académia Ciéncies Médiques de
Catalunya i de Balears; “Talents”grant 2020, Fundacié La Pedrera and Hospital
Universitari Germans Trias i Pujol.

Data availability
Study data are available from the corresponding author upon request.

Page 7 of 8

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 27 July 2023 / Accepted: 4 June 2025
Published online: 30 July 2025

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2021;71(3):209-49. https://doi.org/10.3322/caac.21660.

2. Asociacion Espafiola contra el Cancer (AEEC). Impacto del Cancer en Cata-
lufia 2020. AEEC website. Accessed February 26. 2022. https://observatorio.co
ntraelcancer.es/sites/default/files/informes/cataluna/Catalu%C3%B1a.pdf.

3. Duma N, Santana-Davila R, Molina JR. Non-Small cell lung cancer: epidemiol-
ogy, screening, diagnosis, and treatment. Mayo Clin Proc. 2019;94(8):1623-40.
https://doi.org/10.1016/j.mayocp.2019.01.013.

4. Schabath MB, Cote ML. Cancer progress and priorities: lung Cancer. Cancer
Epidemiol Biomarkers Prev. 2019;28(10):1563-79. https://doi.org/10.1158/105
5-9965.EPI-19-0221.

5. Rami-Porta R, BolejackV, Crowley J, et al. The IASLC lung Cancer staging
project: proposals for the revisions of the T descriptors in the forthcoming
eighth edition of the TNM classification for lung Cancer. J Thorac Oncol.
2015;10(7):990-1003. https://doi.org/10.1097/JT70.0000000000000559.

6. Henschke CI, McCauley DI, Yankelevitz DF, et al. Early lung Cancer action
project: overall design and findings from baseline screening. Lancet.
1999;354(9173):99-105. https://doi.org/10.1016/50140-6736(99)06093-6.

7. National Lung Screening Trial Research Team, Aberle DR, Adams AM, et al.
Reduced lung-cancer mortality with low-dose computed tomographic
screening. N Engl J Med. 2011;365(5):395-409. https://doi.org/10.1056/NEJM
0a1102873.

8. De Koning HJ, van der Aalst CM, de Jong PA, et al. Reduced Lung-Cancer
mortality with volume CT screening in a randomized trial. N Engl J Med.
2020;382(6):503-13. https://doi.org/10.1056/NEJM0a1911793.

9. Pastorino U, Silva M, Sestini S, Sabia F, Boeri M, Cantarutti A, Sverzellati N, Sozzi
G, Corrao G, Marchiano A. Prolonged lung cancer screening reduced 10-year
mortality in the MILD trial: new confirmation of lung cancer screening
efficacy. Ann Oncol. 2019;30(7):1162-69. https.//doi.org/10.1093/annonc/md
7169, https://doi.org/10.1093/annonc/mdz117.

10.  European Parliament. Report on strengthening Europe in the fight against
cancer- towards a comprehensive and coordinated strategy (2020/2267(INI)).
Accessed July 20.2022. https://www.europarl.europa.eu/doceo/document/
A-9-2022-0001_EN.pdf.

11.  European Parliament. Proposal for a Council Recommendation on strength-
ening prevention through early detection: A new EU approach on cancer
screening replacing Council Recommendation 2003/878/EC. Accessed
November 09. 2022. https://eur-lex.europa.eu/procedure/EN/2022_290.

12. Han D, Heuvelmans MA, Vliegenthart R, Rook M, Dorrius MD, Oudkerk M.

An update on the European lung Cancer screening trials and comparison
of lung Cancer screening recommendations in Europe. J Thorac Imaging.
2019;34(1):65-71. https://doi.org/10.1097/RT1.0000000000000367.

13. Garon EB, Hellmann MD, Rizvi NA, et al. Five-Year overall survival for patients
with advanced Non-Small-Cell lung Cancer treated with pembrolizumab:
results from the phase | KEYNOTE-001 study. J Clin Oncol. 2019;37(28):2518~
27. https://doi.org/10.1200/JC0O.19.00934.

14.  Soria JC, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated EGFR-Mutated
advanced Non-Small-Cell lung Cancer. N Engl J Med. 2018;378(2):113-25. htt
ps://doi.org/10.1056/NEJMoa1713137.

15. Grover H, King W, Bhattarai N, Moloney E, Sharp L, Fuller L. Systematic review
of the cost-effectiveness of screening for lung cancer with low dose com-
puted tomography. Lung Cancer. 2022;170:20-33. https://doi.org/10.1016/jlu
ngcan.2022.05.005.


https://doi.org/10.3322/caac.21660
https://observatorio.contraelcancer.es/sites/default/files/informes/cataluna/Catalu%C3%B1a.pdf
https://observatorio.contraelcancer.es/sites/default/files/informes/cataluna/Catalu%C3%B1a.pdf
https://doi.org/10.1016/j.mayocp.2019.01.013
https://doi.org/10.1016/j.mayocp.2019.01.013
https://doi.org/10.1158/1055-9965.EPI-19-0221
https://doi.org/10.1158/1055-9965.EPI-19-0221
https://doi.org/10.1097/JTO.0000000000000559
https://doi.org/10.1016/S0140-6736(99)06093-6
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1056/NEJMoa1911793
https://doi.org/10.1093/annonc/mdz169
https://doi.org/10.1093/annonc/mdz169
https://doi.org/10.1093/annonc/mdz117
https://www.europarl.europa.eu/doceo/document/A-9-2022-0001_EN.pdf
https://www.europarl.europa.eu/doceo/document/A-9-2022-0001_EN.pdf
https://eur-lex.europa.eu/procedure/EN/2022_290
https://doi.org/10.1097/RTI.0000000000000367
https://doi.org/10.1200/JCO.19.00934
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1016/j.lungcan.2022.05.005
https://doi.org/10.1016/j.lungcan.2022.05.005

Rosell et al. BMC Health Services Research

20.

21

22.

23.

24.

25,

26.

27.

28.

(2025) 25:1001

Snowsill T, Yang H, Griffin E, et al. Low-dose computed tomography for lung
cancer screening in high-risk populations: a systematic review and economic
evaluation. Health Technol Assess. 2018;22(69):1-276. https://doi.org/10.3310
/hta22690.

Raymakers AJN, Mayo J, Lam S, FitzGerald JM, Whitehurst DGT, Lynd LD. Cost-
Effectiveness analyses of lung Cancer screening strategies using Low-Dose
computed tomography: a systematic review. Appl Health Econ Health Policy.
2016;14(4):409-18. https://doi.org/10.1007/540258-016-0226-5.

Ngo PJ, Cressman S, Behar-Harpaz S, Karikios DJ, Canfell K, Weber MF. Apply-
ing utility values in cost-effectiveness analyses of lung cancer screening: A
review of methods. Lung Cancer. 2022;166:122-31. https://doi.org/10.1016/j|
ungcan.2022.02.009.

Cressman S, Peacock SJ, Tammemagi MC, et al. The Cost-Effectiveness of
High-Risk lung Cancer screening and drivers of program efficiency. J Thorac
Oncol. 2017;12(8):1210-22. https://doi.org/10.1016/}.jtho.2017.04.021.

Diaz M, Garcia M, Vidal C, et al. Health and economic impact at a population
level of both primary and secondary preventive lung cancer interventions: A
model-based cost-effectiveness analysis. Lung Cancer. 2021;159:153-61. http
s://doi.org/10.1016/j.lungcan.2021.06.027.

Guzman R, Guirao A, Vela E, et al. Outcomes and cost of lung cancer patients
treated surgically or medically in catalunya: cost-benefit implications for lung
cancer screening programs. Eur J Cancer Prev. 2020,29(6):486-92. https://doi.
0org/10.1097/CEJ.0000000000000566.

Gomez-Carballo N, Fernandez-Soberdn S, Rejas-Gutiérrez J. Cost-effective-
ness analysis of a lung cancer screening programme in Spain. Eur J Cancer
Prev. 2022,31(3):235-44. https://doi.org/10.1097/CEJ.0000000000000700.

Lim KP, Marshall H, Tammemaégi M, et al. Protocol and rationale for the inter-
national lung screening trial. Ann Am Thorac Soc. 2020;17(4):503-12. https://
doi.org/10.1513/AnNalsATS.201902-1020C.

Majem M, Juan O, Insa A, et al. SEOM clinical guidelines for the treatment of
non-small cell lung cancer (2018). Clin Transl Oncol. 2019;21(1):3-17. https://d
01.0rg/10.1007/512094-018-1978-1.

ORDER SLT/71/. 2020, of 2 June, Which Regulates the Billable Cases and Con-
cepts and Approves the Public Prices Corresponding to the Services Provided
by the Catalan Institute of Health. Accessed December 29, 2021. http://cido.d
iba.cat/legislacio/10263520/ordre-slt712020-de-2-de-juny-per-la-qual-es-reg
ulen-els-suposits-i-conceptes-facturables-i-saproven-els-preus-publics-corres
ponents-als-serveis-que-presta-linstitut-catala-de-la-salut-departament-de-s
alut.

Myers R, Mayo J, Atkar-Khattra S, et al. MA10.01 prospective evaluation of

the international lung screening trial (ILST) protocol for management of first
screening LDCT. J Thorac Oncol. 2021;16:5913-4.

Goldstraw P, Chansky K, Crowley J, et al. The IASLC lung Cancer staging
project: proposals for revision of the TNM stage groupings in the forthcom-
ing (Eighth) edition of the TNM classification for lung Cancer. J Thorac Oncol.
2016;11(1):39-51. https:/doi.org/10.1016/jjtho.2015.09.009.

Regis SM, Borondy-Kitts A, McKee AB, et al. Outcomes of positive and suspi-
cious findings in clinical computed tomography lung Cancer screening and
the road ahead. Ann Am Thorac Soc. 2022;19(8):1371-8. https://doi.org/10.15
13/AnnalsATS.202106-7330C.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 8 of 8

Tammemagi MC, Ruparel M, Tremblay A, et al. USPSTF2013 versus

PLCOM2012 lung cancer screening eligibility criteria (International lung
screening Trial): interim analysis of a prospective cohort study. Lancet Oncol.
2022;23(1):138-48. https://doi.org/10.1016/51470-2045(21)00590-8.
McRonald FE, Yadegarfar G, Baldwin DR, et al. The UK lung screen (UKLS):
demographic profile of first 88,897 approaches provides recommendations
for population screening. Cancer Prev Res (Phila). 2014;7(3):362-71. https://do
i.0rg/10.1158/1940-6207.CAPR-13-0206.

Pinsky PF, Church TR, Izmirlian G, Kramer BS. The National lung screening trial:
results stratified by demographics, smoking history, and lung cancer histol-
ogy. Cancer. 2013;119(22):3976-83. https://doi.org/10.1002/cncr.28326.
Cressman S, Weber MF, Ngo PJ, et al. Economic impact of using risk models
for eligibility selection to the international lung screening trial. Lung Cancer.
2023;176:38-45. https://doi.org/10.1016/j.lungcan.2022.12.011.

Toumazis |, Cao P, de Nijs K, et al. Risk Model-Based lung Cancer screening: A
Cost-Effectiveness analysis. Ann Intern Med. 2023;176(3):320-32. https://doi.o
rg/10.7326/M22-2216.

Luengo-Fernandez R, Leal J, Gray A, Sullivan R. Economic burden of cancer
across the European union: a population-based cost analysis. Lancet Oncol.
2013;14(12):1165-74. 2045(13)70442-X.

Wood R, Taylor-Stokes G. Cost burden associated with advanced non-small
cell lung cancer in Europe and influence of disease stage. BMC Cancer.
2019;19(1):214. https://doi.org/10.1186/512885-019-5428-4. Published 2019
Mar 8.

van Meerbeeck JP, Franck C. Lung cancer screening in europe: where are we
in 20217 Transl Lung Cancer Res. 2021;10(5):2407-17. https://doi.org/10.2103
7/tlcr-20-890.

Vogler S, Vitry A, Babar ZU. Cancer drugs in 16 European countries, australia,
and new zealand: a cross-country price comparison study. Lancet Oncol.
2016;17(1):39-47. https://doi.org/10.1016/51470-2045(15)00449-0.

Triplette M, Thayer JH, Kross EK; et al. The impact of smoking and screening
results on adherence to Follow-Up in an academic multisite lung Cancer
screening program. Ann Am Thorac Soc. 2021;18(3):545-7. https://doi.org/10.
1513/AnnalsATS.202006-63 1RL.

Rodriguez M, Ajona D, Seijo LM, et al. Molecular biomarkers in early stage
lung cancer. Transl Lung Cancer Res. 2021;10(2):1165-85. https://doi.org/10.2
1037/tlcr-20-750.

Wang Z, Li N, Zheng F, et al. Optimizing the timing of diagnostic testing after
positive findings in lung cancer screening: a proof of concept radiomics
study. J Transl Med. 2021;19(1):191. https://doi.org/10.1186/512967-021-0284
9-8. Published 2021 May 4.

Torres G, Baeza S, Sanchez C, et al. An intelligent radiomic approach for lung
cancer screening. Appl Sci (Basel). 2022;12:1568. https://doi.org/10.3390/app.
12031568.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3310/hta22690
https://doi.org/10.3310/hta22690
https://doi.org/10.1007/s40258-016-0226-5
https://doi.org/10.1016/j.lungcan.2022.02.009
https://doi.org/10.1016/j.lungcan.2022.02.009
https://doi.org/10.1016/j.jtho.2017.04.021
https://doi.org/10.1016/j.lungcan.2021.06.027
https://doi.org/10.1016/j.lungcan.2021.06.027
https://doi.org/10.1097/CEJ.0000000000000566
https://doi.org/10.1097/CEJ.0000000000000566
https://doi.org/10.1097/CEJ.0000000000000700
https://doi.org/10.1513/AnnalsATS.201902-102OC
https://doi.org/10.1513/AnnalsATS.201902-102OC
https://doi.org/10.1007/s12094-018-1978-1
https://doi.org/10.1007/s12094-018-1978-1
http://cido.diba.cat/legislacio/10263520/ordre-slt712020-de-2-de-juny-per-la-qual-es-regulen-els-suposits-i-conceptes-facturables-i-saproven-els-preus-publics-corresponents-als-serveis-que-presta-linstitut-catala-de-la-salut-departament-de-salut
http://cido.diba.cat/legislacio/10263520/ordre-slt712020-de-2-de-juny-per-la-qual-es-regulen-els-suposits-i-conceptes-facturables-i-saproven-els-preus-publics-corresponents-als-serveis-que-presta-linstitut-catala-de-la-salut-departament-de-salut
http://cido.diba.cat/legislacio/10263520/ordre-slt712020-de-2-de-juny-per-la-qual-es-regulen-els-suposits-i-conceptes-facturables-i-saproven-els-preus-publics-corresponents-als-serveis-que-presta-linstitut-catala-de-la-salut-departament-de-salut
http://cido.diba.cat/legislacio/10263520/ordre-slt712020-de-2-de-juny-per-la-qual-es-regulen-els-suposits-i-conceptes-facturables-i-saproven-els-preus-publics-corresponents-als-serveis-que-presta-linstitut-catala-de-la-salut-departament-de-salut
http://cido.diba.cat/legislacio/10263520/ordre-slt712020-de-2-de-juny-per-la-qual-es-regulen-els-suposits-i-conceptes-facturables-i-saproven-els-preus-publics-corresponents-als-serveis-que-presta-linstitut-catala-de-la-salut-departament-de-salut
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1513/AnnalsATS.202106-733OC
https://doi.org/10.1513/AnnalsATS.202106-733OC
https://doi.org/10.1016/S1470-2045(21)00590-8
https://doi.org/10.1158/1940-6207.CAPR-13-0206
https://doi.org/10.1158/1940-6207.CAPR-13-0206
https://doi.org/10.1002/cncr.28326
https://doi.org/10.1016/j.lungcan.2022.12.011
https://doi.org/10.7326/M22-2216
https://doi.org/10.7326/M22-2216
https://doi.org/10.1186/s12885-019-5428-4
https://doi.org/10.21037/tlcr-20-890
https://doi.org/10.21037/tlcr-20-890
https://doi.org/10.1016/S1470-2045(15)00449-0
https://doi.org/10.1513/AnnalsATS.202006-631RL
https://doi.org/10.1513/AnnalsATS.202006-631RL
https://doi.org/10.21037/tlcr-20-750
https://doi.org/10.21037/tlcr-20-750
https://doi.org/10.1186/s12967-021-02849-8
https://doi.org/10.1186/s12967-021-02849-8
https://doi.org/10.3390/app.12031568
https://doi.org/10.3390/app.12031568

	﻿A cost minimization analysis of the implementation of the international lung screening trial in Catalonia (Spain)
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and objective
	﻿Estimated costs

	﻿Results
	﻿Screening program
	﻿Treatment costs of the NSCLC patient
	﻿Stage shift and cost reduction

	﻿Discussion
	﻿Conclusions
	﻿References


