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KEYWORDS Abstract

Lung cancer; Objective: To assess the feasibility of using primary care electronic health records (EHRs) and
Lung cancer the PLCOm2012noRace lung cancer (LC) risk prediction model to identify high-risk individuals
screening; in the Catalan population.

Primary care; Design: Population-based cohort study.

Electronic health Site: Catalonia, using data from the Information System for the Improvement of Research in
records Primary Care (SIDIAP), which covers approximately 80% of the population.

Participants: A total of 1,998,282 individuals aged 55-79 years were initially considered, with
data spanning from 2012 to 2023. After applying inclusion and exclusion criteria based on
smoking status, 24,294 individuals with complete smoking history were included.
Interventions: Estimation of LC risk using the PLCOm2012noRace model.
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Introduction

Main measurements: Variables: age, smoking history, body mass index, educational level,
chronic obstructive pulmonary disease, personal history of cancer, and family history of LC.
A 6-year risk threshold of >2.6% was used to define eligibility for LC screening.

Results: Overall, 18.6% of individuals exceeded the risk threshold, with higher prevalence in
men (21.4%) and those aged 60-79 years (23.8%). Current smokers had the highest risk (25.7%),
which decreased with time since quitting. On average, high-risk individuals could have been
identified 4.29 years before.

Conclusions: The use of EHRs and the PLCOm2012noRace model is a feasible approach to iden-
tify individuals at high risk of LC in the Catalan population. However, missing or outdated data,
especially regarding smoking intensity, may limit the predictive performance. These findings
highlight the need for systematic and timely data collection to support effective risk-based
screening strategies.

© 2025 The Authors. Published by Elsevier Espana, S.L.U. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Seleccion de participantes para el cribado del cancer de pulmén mediante las
historias clinicas de atencion primaria: el escenario catalan

Resumen

Objetivo: Evaluar la viabilidad de utilizar las historias clinicas electronicas (HCE) de atencion
primaria y el modelo de prediccion de riesgo de cancer de pulmén (CP) PLCOm2012noRace para
identificar individuos de alto riesgo en la poblacion.

Disefio: Estudio de cohortes de base poblacional.

Emplazamiento: Catalufa, utilizando datos del Sistema de Informacion para el Desarrollo de la
Investigacion en Atencion Primaria (SIDIAP), que cubre aproximadamente el 80% de la poblacion.
Participantes: Se consideraron 1.998.282 individuos de entre 55 y 79 afnos (2012-2023). Tras
aplicar los criterios de inclusion y exclusion, se incluyeron 24.294 individuos con historia com-
pleta de tabaquismo.

Intervenciones: Estimacion del riesgo de CP mediante el modelo PLCOm2012noRace.
Mediciones principales: Variables: edad, antecedentes de tabaquismo, indice de masa corporal,
nivel educativo, enfermedad pulmonar obstructiva crénica, antecedentes personales de cancer
y antecedentes familiares de CP. Se utilizd un umbral de riesgo a 6 anos >2,6%.

Resultados: El 18,6% de individuos superaron el umbral de riesgo, mas en varones (21,4%) entre
60y 79 anos (23,8%). Los fumadores actuales presentaron el mayor riesgo (25,7%), que disminuia
con el tiempo desde el abandono del habito. Se identificaria los individuos de alto riesgo una
media de 4,29 anos antes.

Conclusiones: El uso de las HCE y el modelo PLCOm2012noRace es factible para identificar los
individuos con alto riesgo de CP. La falta o desactualizacion de datos, especialmente sobre la
intensidad del tabaquismo, puede limitar el rendimiento predictivo. Una recoleccion de datos
sistematica y oportuna apoyaria estrategias de cribado basadas en el riesgo.

© 2025 Los Autores. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo
la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

high-risk individuals accurately is crucial to ensure the effec-
tiveness and cost-efficiency of screening programs.

Lung cancer (LC) is a leading cause of cancer-related deaths The Prostate, Lung, Colorectal, and Ovarian

worldwide, with a poor prognosis due to late detection. In
Spain, 29,188 new cases and 22,930 deaths were reported
in 2020," with a survival rate of 13.5% for the period
2010-2014.% Tobacco use is responsible for around 85%
of cases, along with environmental risk factors such as
radon and air pollution.® Randomized Controlled Trial (RCT)
Screening with low-dose computed tomography (LDCT) has
been shown to significantly reduce the mortality rate from
LC in high-risk individuals.*® However, identifying these

(PLCOM2012) risk prediction model is a clinically vali-
dated tool that incorporates additional risk factors beyond
age and smoking history to improve risk stratification.”
The EU-funded 4-IN THE LUNG RUN project, a multicenter
randomized controlled trial involving the Catalan Institute
of Oncology (ICO), uses the modified PLCOm2012nonrace
model for risk stratification, excluding ethnicity as a
predictor to improve its global applicability.®’ Before
implementing large-scale, organized LC screening, it is
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1,998,282

Population birth cohorts 1944 to 1968 (aged 55 to 79)

Exclusion criteria

!

Population with smoking register recorded
1,768,103 (B8.5%)

e Smoking status "unknown”
(11,5%6)

!

Population with smoking register recorded and
updated 31/12/2023
1,478.568 (74%)
{51.1 % females; 75.7% aged 60 to 79)

l l

“ea Never smokers
714,145 (40,39 %)

Smokers
315,658 (17,8%)
(51.1 % females; 75.7% aged 60 to 79)

Ex-smokers
448,765 (25,38%)
(51.1 % females; 75.7% aged 60 to 79)

(51.1 % females; 75.7% aged 60 to 79)

l l

28,506
(44.7 % females; 77.9% aged 60 to 79)

Persons with number of cigarettes smoked per day, lifetime
exposure to smoking and number of years since they quit smoking

iy Lost before index date

(14,7%)

24,294
(47.2 % females; 75.8% aged 60 to 79)

Persons with number of cigarettes smoked per day, lifetime
exposure to smoking and number of years since they quit smoking

Figure 1

essential to explore efficient recruitment strategies to iden-
tify high-risk individuals- In the Catalan healthcare system,
primary care electronic health records (EHRs) represent
a valuable resource. These records contain longitudinal,
structured clinical data for most of the population, and can
be used to estimate individual LC risk scores.

This study aims to evaluate the performance of the
PLCOmM2012nonrace model when applied to routine EHR
data. The goal is to assess whether this approach could sup-
port a population-based screening strategy by identifying
high-risk individuals earlier using existing data infrastruc-
ture.

Methods

Study design, study population and data source

This population-based cohort study used data from the
Information System for the Improvement of Research in Pri-
mary Care (SIDIAP), a secondary database source derived
from primary care EHRs in Catalonia.” SIDIAP routinely
collects pseudo-anonymized health data from individuals
attending primary care centers, covering approximately
80% of the Catalan population (5,564,292 individuals). The
database includes demographic, anthropometric, lifestyle
(e.g., smoking), clinical and diagnostic (ICD-10) data, among
others.’® Data from 2012 to 2023 were used for this
study. Inclusion and exclusion criteria are shown in Fig. 1.
The initial cohort comprised 1,998,282 individuals (born

Flowchart through inclusion and exclusion criteria.

between 1944 and 1968, aged 55-79 years), of whom
1,768,103 had a recorded smoking status and 1,478,568
had an updated record on 31 December 2023. Individuals
with unknown smoking status (11.5%) or classified as never
smokers (40.39%) were excluded. The final cohort included
315,658 current smokers (17.8%) and 448,765 former smok-
ers (25.38%). Of these, 28,506 individuals had complete data
on cigarette consumption, lifetime smoking exposure, and
years since quitting. The final study size ultimately included
24,294 individuals aged 55-79 years who were still active at
follow-up and had sufficiently detailed smoking histories for
LC risk assessment on 31 December 2023.

PLCO2012 nonRace risk score model and variables

We calculated the 6-year LC risk score using the
PLCOmM2012noRace model,® which includes the following
variables: (1) age, (2) level of education (categorized as
less than high school, high school, post-high school edu-
cation, some college, college, or postgraduate), (3) body
mass index (BMI), (4) presence of chronic obstructive pul-
monary disease (COPD), (5) personal history of cancer, (6)
family history of LC, (7) smoking status (never, former, or
current smoker), (8) average smoking intensity (number of
cigarettes per day), (9) smoking duration (years), and (10)
time since quitting smoking (set to O for current smokers). A
score >2.6 indicates a high risk of LC. Sex was also recorded
as an additional variable.
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Table 1  Description of the complete study population, and by sex.

Item

Female
(n=11,460; 47.2%)

Male
(n=12,834; 52.8%)

Total
(n=24,294)

1) Age (years)
3) BMI (kg/m?)
4) COPD (yes)

64.1 [59.7;69.0]
27.2 [24.0;31.1]
2841 (24.8%)

5) Personal history of cancer (yes) 1171 (10.2%)
6) Family history of lung cancer (yes) 98 (0.86%)
7) Current smoking status (smoking) 5446 (47.5%)

8) Smoking intensity (avg. # cigarettes/day)  15.0 [8.00;20.0]
15.3 [10.4;21.5]
0.22 [0.00;3.96]

9) Lifetime smoking duration (years)
10) Years since quitting (years)

65.8 [60.8;71.3]
28.0[25.3;31.2]
4445 (34.6%)
2018 (15.7%)

68 (0.53%)

5645 (44.0%)
16.0 [8.00;24.0]
14.9 [10.1;21.8]
0.57 [0.00;4.29]

65.0 [60.2;70.2]
27.7 [24.7;31.1]
7286 (30.0%)
3189 (13.1%)
166 (0.68%)
11,091 (45.7%)
15.0 [8.00;22.0]
15.1 [10.2;21.6]
0.43 [0.00;4.15]

BMI: body mass index; COPD: chronic obstructive pulmonary disease.
The description of item 2 (education level) is not provided since the value was equal for every participant.

Table 2 Description of the study population, by age. Table 2. Description of the study population, by age.

ltem 55-59 years old 60-79 years old
(N=5881; 24.2%) (N=18,413; 75.8%)
Sex
Female 3064 (52.1%) 8396 (45.6%)
Male 2817 (47.9%) 10,017 (54.4%)

1) Age (years)
3) BMI (kg/m?)
4) COPD (Yes)

5) Personal history of cancer (Yes)

6) Family history of lung cancer (Yes)

7) Current smoking status (Smoking)

8) Smoking intensity (avg. # cigarettes/day)
9) Lifetime smoking duration (Years)

10) Years since quitting (Years)

57.7 [56.4;58.9]
27.7 [24.5;31.6]
921 (15.7%)

420 (7.14%)

40 (0.68%)

2881 (49.0%)
16.0 [10.0;23.0]
14.9 [9.79;21.4]
0.11 [0.00;3.86]

67.4 [63.7;71.8]
27.7 [24.8;31.0]
6365 (34.6%)
2769 (15.0%)
126 (0.68%)
8210 (44.6%)
15.0 [8.00;22.0]
15.1[10.4;21.8]
0.53 [0.00;4.22]

BMI: body mass index; COPD: chronic obstructive pulmonary disease.

The description of item 2 (education level) is not provided since the value was equal for every participant.

The latest available data for each variable were used
in the calculations. If a variable had no recorded value
in a participant’s history, it was imputed using the mean
value reported in the original model.® However, this only
happened for the variable BMI in five participants (0.02%).
Due to registration gaps in SIDIAP, some informed assump-
tions were made. For instance, as education level is not
recorded, all participants were assigned a ‘‘high school’’
level based on the most recent regional health survey
data for their sex and age group.'" Regarding smoking
intensity, the source data categorize cigarette consump-
tion per day into discrete intervals: 0-10, 11-20, 21-30,
and >30cigarettes/day. As a numerical value is required
to calculate the PLCOm2012noRace score, values within
the first three intervals were imputed using a uniform
distribution, assuming equal probability for any number
of cigarettes within the interval. For the last interval
(>30cigarettes/day), imputation was performed using a
beta distribution (=1, B=3), where the probability of
higher consumption gradually decreases. In addition, a cor-
rection was applied if a participant’s smoking status was
recorded as ‘‘former,’”’ but more recent data indicated

cigarette consumption greater than zero. In such cases, the
smoking status was updated to ‘‘current smoker’’.

Statistical analysis

In this descriptive study, quantitative variables are sum-
marized using mean and standard deviation (SD) or the
median with interquartile range [Q1, Q3], as appropriate.
Data were stratified by sex, age, and years since quit-
ting smoking. Group differences were assessed using the
t-test, Mann-Whitney U test, ANOVA, or Kruskal-Wallis’s
test, depending on the distribution of the data. The time
since the score became positive (>2.6) was calculated to
determine how early the model could have detected high
LC risk in individuals. The most recent information available
in the EHR was used to calculate the score, and the age of
this information was described. For individuals positive on
December 31, 2023, we traced the onset by recalculating
the score each time a new value for any PLCOm2012noRace
variable was recorded. All analyses were performed using
R v4.3, and the code is publicly available in our GitHub
repository.'?
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Results

Population description

A comprehensive description of the entire cohort (24,294
individuals), stratified by sex, age, and time since quitting
smoking, is presented in Tables 1-3. Statistically significant
differences were observed for all variables when stratified
by sex (p<0.001), except for family history of LC (p=0.003)
and lifetime smoking duration (p=0.25) (Table 1). When
stratified by age, statistically significant differences were
found for all variables (p<0.001), except for BMI (p=0.25)
and family history of LC (p=1.00) (Table 2). Finally, when
the population was stratified by time since quitting smok-
ing, statistically significant differences between the groups
were observed for all variables (p <0.001), except for family
history of LC (p=0.5) (Table 3).

Individuals with the score > 2.6, and time (years)
with the score > 2.6

Table 4 provides an analysis of the cohort with respect to
the PLCOm2012noRace > 2.6 risk threshold. In the cohort,
18.6% met the threshold, with a higher proportion of men
(21.4%) compared to women (15.6%) (p<0.001). Individuals
aged 60-79 years were more likely to meet the risk thresh-
old than those aged 55-59 years (23.8% vs. 2.5%; p<0.001).
The prevalence of meeting the PLCOmM2012noRace >2.6
threshold was highest among current smokers (25.7%) and
gradually decreased with increasing time since smoking ces-
sation, reaching 6.35% among those who had quit for 10
years or more. Among individuals classified as high risk at
the end of the study, the PLCOm2012noRace score would
have identified them 4.29 years earlier. The time to reach
the score of >2.6 was consistent across sex and quitting-
smoking categories; however, as predicted, this consistency
was not observed in younger age groups.

Age of the information in the EHR

The age of the most up-to-date information available in the
EHR to calculate the different items of the score was ana-
lyzed. The age ranged from 1.6 years for BMI (item 3) to 7.5
years for smoking intensity (item 8) (see Fig. 2). Notably, the
items with the greatest impact on the score (items 8 and 6)
had the longest time since their last update, indicating a
potential gap in the timeliness of critical data.

Discussion

In a representative sample of the Catalan population from
the SIDIAP database (80% coverage), 89% of nearly 2 mil-
lion individuals aged 55-79 had a recorded smoking status,
and 74% had an updated record on 31 December 2023. Of
these, 315,658 were current smokers (17.8%) and 448,765
were former smokers (25.38%), but only 24,294 had a
detailed smoking history for LC risk assessment. Using a
PLCOmM2012noRace threshold of >2.6, 18.6% were eligible
for LDCT screening and the model would have identified
high-risk individuals 4.29 years earlier. Model accuracy was

Description of the study population, by time since quitting smoking.

Table 3

years
(n=520; 2.1%)

>10

1-4 years 5-9 years

<1 year

Current smoker

Item

(n=5782; 23.8%) (n=4318; 17.8%)

(n=2583; 10.6%)

(n=11,091; 45.7%)

Sex

1179 (45.6%) 2705 (46.8%) 1896 (43.9%) 234 (45.0%)
3077 (53.2%) 2422 (56.1%)

1404 (54.4%)

5446 (49.1%)
5645 (50.9%)

Female
Male

286 (55.0%)

1) Age (years) 64.6 [59.8;70.0] 65.1 [60.2;69.9] 65.3 [60.6;70.4] 65.6 [60.7;70.9] 65.2 [60.3;70.7]

3) BMI (kg/m?)
4) COPD (Yes)

28.8 [25.9;31.9]
92 (17.7%)

70 (13.5%)

2 (0.38%)

0 (0.00%)

28.3 [25.4;31.8]
1181 (27.4%)
631 (14.6%)

25 (0.58%)

0 (0.00%)

28.3 [25.4;31.8]
1710 (29.6%)
767 (13.3%)

49 (0.85%)

0 (0.00%)

27.6 [24.8;31.1]
894 (34.6%)

27.0 [24.1;30.4]
3409 (30.7%)
1341 (12.1%)

73 (0.66%)

380 (14.7%)
17 (0.66%)

0 (0.00%)

5) Personal history of cancer (Yes)

6) Family history of lung cancer (Yes)

11,091 (100%)

7) Current smoking status (Smoking)
8) Smoking intensity (avg. # cigarettes/day)

16.0 [10.0;23.0]
7.31 [4.00;12.3]
10.7 [10.3;11.2]

15.0 [8.00;22.0]
10.4 [6.56;16.2]
6.99 [5.90;8.14]

15.0 [8.00;21.0]
14.3 [9.84;20.9]
2.76 [1.82;4.06]

15.0 [8.00;22.0]

16.7 [12.1;23.2]

15.0 [8.00;22.0]
16.6 [12.6;23.3]

9) Lifetime smoking duration (Years)
10) Years since quitting (Years)

0.52 [0.24;0.72]

0.00 [0.00;0.00]

BMI: body mass index; COPD: chronic obstructive pulmonary disease.
The description of item 2 (education level) is not provided since the value was equal for every participant.
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Table 4 Score of the PLCOmM2012noRace model, proportion of individuals with the score >2.6, and time (years) with the

score > 2.6.
PLCom2012noRace PLCom2012noRace Time (years) with
>2.6 (%) PLCom2012noRace
>2.6
Complete study population (N=24,294) 0.98 [0.36, 2.08] 4527 (18.6) 4.29 [1.66, 6.65]
Sex
Female (N=11,460; 47.2%) 0.89 [0.32, 1.85] 1783 (15.6) 4.05 [1.53, 6.24]
Male (N=12,834; 52.8%) 1.07 [0.41, 2.31] 2890 (22.0) 4.54 [1.83, 6.94]

Age (years)
55-59 (N=5881; 24.2%)
60-79 (N=18,413; 75.8%)

Time since quitting smoking (years)
Current smoker (N=11,091; 45.7%)
<1 year (N=2583; 10.6%)

1-4 years (N=5782; 23.8%)
5-9 years (N=4318; 17.8%)
>10 years (N=520; 2.1%)

0.59 [0.27, 1.02]
1.23 [0.43, 2.50]

1.31[0.53,2.66]
0.98 [0.41,2.11]
0.81[0.30,1.67]
0.66 [0.26,1.36]
0.52 [0.24,1.04]

148 (2.52%)

0.91 [0.15, 2.31]

4379 (23.8) 4.40 [1.74, 6.73]
2851 (25.7) 3.83[1.30, 5.88]
477 (18.5) 4.71[2.57, 6.83]
771 (13.3) 5.12 [3.42, 7.27]
395 (9.15) 7.23 [3.11, 8.91]
33 (6.35) 2.24[0.13, 10.28]

limited by incomplete EHR data, particularly smoking inten-
sity. Better recorded variables such as BMl and COPD improve
risk stratification, reinforcing the need for multifactorial
screening criteria beyond age and smoking history.

Smoking prevalence in Catalonia

A comparison between the ESCA survey-based smoking
prevalence'" and our EHR-based cohort suggests an under-
estimation of smoking rates in the EHR data. ESCA reports a
smoking rate of 24.6% among people aged 55-64 years, while
the EHR-based cohort reports only 17.8% among people aged
55-64. Although not directly comparable, the discrepancy is
likely to reflect missing or outdated smoking records, which
could affect LC risk assessment and screening eligibility in
routine practice.

Comparison with previous studies

Several studies’®'* have shown that the identification of
individuals at high risk of LC is improved by the inclusion
of additional risk factors beyond age and smoking history,
which were the criteria used in the National Lung Screen-
ing Trial* and the NELSON RCTs.> The PLCOm2012 model has
been shown to be effective in LC risk stratification, with
versions such as PLCOm2012NoRace addressing racial bias.?

In our study, using the PLCOm2012noRace model with a
risk threshold of >2.6%, 18.6% of individuals were eligible
for screening. When we constructed a simplified version, by
setting the variables education level, BMI, COPD, personal
history of cancer, family history of LC to the mean value of
the population as reported by Ten Haaf K et al.," the score
produced significantly lower values than the full version
(median: 0.33 vs. 0.98), resulting in fewer individuals being
classified as high risk (1.7%). This highlights the importance
of multivariable risk criteria. Direct comparisons with other
studies are difficult because of differences in thresholds and

population characteristics.''® For instance, the Manchester
Lung Health Check pilot applied the PLCOmM2012 model with
a risk threshold of >1.51% for LC (6 years) to determine
screening eligibility in a socioeconomically deprived cohort.
As a result, 56% of participants (n=1430/2541) were classi-
fied as high-risk and offered screening.’ Ongoing research,
such as the 4-IN THE LUNG RUN project,’ will provide further
evidence for comparison.

The role of primary care EHRs in supporting
population-based screening

Several studies in the United Kingdom'¢-"® and the United
States'”"?? have demonstrated the effectiveness of using
EHRs for LC screening, highlighting their global potential
to improve access to screening, particularly for socioeco-
nomically disadvantaged populations.?* The present study
further supports this evidence, showing that primary care
EHRs constitute a valuable source of routinely collected clin-
ical data that can be leveraged for risk stratification within
a population-based LC screening program.

While data are recorded in the primary care setting,
the use of such information to estimate PLCOm2012noRace
scores does not necessarily imply that family physicians
are responsible for delivering or managing the screen-
ing itself. Instead, centralized identification of high-risk
individuals—similar to other screening programs like breast
or colorectal cancer—can reduce the burden on primary care
and preserve the distinction between clinical care and public
health interventions.

However, successful implementation requires better
integration between primary care and LC screening
programs.?* Key challenges include high workload pressures,
data accuracy issues (particularly around smoking status),?
and a lack of standardized guidelines for identifying eligible
patients.?* Overcoming these barriers requires a structured
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Figure 2

Historical period of the information used for the calculation of each item in the PLCOm2012noRace model. Item 1 (age)

is determined at the time of risk calculation, while item 2 (education level) was imputed for all participants.

approach to integrating EHR-based screening models into
routine primary care workflows.*

Capacity within primary care to support LC
screening implementation in Catalonia

Our study suggests that Catalan primary care EHRs could be
valuable for identifying individuals at high risk of lung can-
cer. However, lack of smoking and other relevant data for
PLCOmM2012noRace model calculation remain a challenge, as
smoking history is primarily recorded for tobacco advice and
counseling and not for screening (one activity not included
in the public list of services). In addition, the COVID-19
pandemic has contributed to delays in updating some infor-
mation, such as smoking intensity, with an average update
interval of 7.5 years.

The European Commission supports LDCT screening in
high-risk populations and recommends pilot programs. In the
context of the 4-IN THE LUNG RUN and with the aim of iden-
tifying the optimal and most cost-effective strategy to invite
eligible individuals, the Catalan partner of the project has
done this through the primary EHR. Primary care physicians
validate the data used to calculate the PLCOm2012NoRace
score through a questionnaire inserted into the EHR before
referring eligible individuals. This study highlights the role
of Catalan primary care in risk-based LC screening and may
inform future integrated models.

As gatekeepers and core of the health system, primary
care plays a crucial role in identifying high-risk individuals
and ensuring equitable and informed participation in screen-
ing programs. Their expertise and close relationships with
patients enable them to facilitate successful implementa-
tion. However, their involvement must remain feasible given
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the current workload crisis in primary care.” Strong col-
laboration between primary care and screening programs
regarding outcomes, scheduling, and participation is essen-
tial for the success of LC screening initiatives.

Strengths and limitations

While EHRs accurately capture smoking status
distinguishing  non-smokers, active smokers, and
ex-smokers-the accuracy of the most influential vari-
able, smoking intensity, remains limited. Smoking intensity
is required as a numerical value for the PLCOm2012noRace
model but is often recorded as a discrete category (as
part of the Fagerstrom questionnaire to measure depen-
dency on nicotine), reducing its reliability for this new
purpose. Despite these limitations, evidence suggests
that never-smokers and low-intensity smokers missed by
targeted approaches generally have a lower risk of LC,?
partially mitigating the impact of these inaccuracies on the
identification of high-risk individuals.

This study has several strengths, including the use of a
large, population-based dataset and the application of the
validated PLCOm2012noRace risk prediction model, which
incorporates well-documented variables such as BMI and
COPD from primary care EHRs. An important strength of
this study is its link to the 4-IN THE LUNG RUN project,
which uses the same primary care EHRs from which this
study was conducted. The evaluation of fieldwork from the
European project, where the PLCOm2012NoRace question-
naire is derived from primary care data and missing data are
updated during primary care consultations, offers a promis-
ing approach to overcome the limitations of primary care
smoking registers.

This study is generalizable to the Catalan population
served by primary care centers. However, its applicability to
other regions with different patterns of access to healthcare
requires further evaluation.

Future research directions

Our findings highlight the importance of optimizing EHR
data to improve LC screening. Tailoring screening strategies
to balance accuracy and resource allocation is essen-
tial to ensure sustainability without compromising patient
outcomes. Future research should explore the impact of
applying different PLCOm2012noRace risk thresholds in clin-
ical practice and how these thresholds align with health
system resources, including LDCT scan availability, diag-
nostic outcomes, treatment capacity at specialist hospital
centers, and overall system efficiency.

Collaboration between primary care and national screen-
ing programs will be essential to refine these thresholds and
support effective implementation. Ongoing projects, such
as the 4-IN THE LUNG RUN,° will provide critical evidence to
develop scalable, resource-adapted screening programs.

In addition, efforts should focus on integrating smoking
cessation into LC screening programs, which could further
reduce the risk of LC and provide public health benefits.
Finally, understanding the role of socioeconomic factors and
improving access to screening for underserved populations
will be essential to achieving equity in screening programs.

Conclusions

This study demonstrates the feasibility of using primary care
EHRs and the PLCOmM2012noRace model to identify individ-
uals at high risk of LC in the Catalan population. Although
the multivariable risk models improve early detection, their
effectiveness is limited by incomplete and outdated data,
particularly on smoking history. Improving data quality and
implementing strategies to address missing information are
essential to optimize risk prediction. Strengthening collabo-
ration between primary care and screening programs will be
key to developing a more accurate and effective LC screen-
ing model.

What is known about the topic

- Early detection of lung cancer is crucial for improving
outcomes in high-risk patients.

- Models such as PLCOm2012 are effective for LC risk
stratification but rely on complete and accurate
data.

- The use of electronic health records (EHRs) in pri-
mary care is promising, but with limitations in data
quality, particularly regarding smoking history.

Contributions of this study

- This study demonstrates the potential feasibility of
using primary care EHRs to identify individuals at risk
of LC in the Catalan population.

- It provides evidence of lack of some smoking data
and their impact on the accuracy of risk models, high-
lighting the need of asking and recording data for this
new use.

- Emphasises the importance of integrating risk models
into routine clinical practice for the early detection
of lung cancer
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