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BACKGROUND

▪ Radon  gas is a Group 1 carcinogen, leading 

cause of lung cancer in non-smokers; 2nd one 

in smokers

▪ 3-14% of lung cancer cases depending on: 

- Smoking prevalence 

- Area 

Fenske N, Radonorm Meeting Poland 2023, Mezquita L, Radonorm meeting Poland 2023; Shin E, Front. Genet. 2020, Radon WHO 2009, Ferriol M, ESMO 2024; manuscript in preparation

Excess lung cancer mortality
Exposure-risk relationship 

between radon & lung cancer 

Epidemiological data ▪ Role of radon gas in other solid tumors 

remains uncertain

▪ Epidemiological data: 

- Uranium Miners, recent evidence

- Indoor radon, no consistent data

▪ Ionizing radiation – Group 1 carcinogen for 

other solid tumors
Miners, PUMA cohort

No consistent data for 
other solid tumors



BACKGROUND: Clinical observations 

Preclinical models Clinical studies

Uranium-workers

MAIN Hypothesis: 

1. Radon is associated with molecular profile of lung cancer

2. Identify a radon-associated signature in cancer

3. Improve Biomarkers & Precision Medicine of radon-related cancer

Radon 

inhaled

▪ Molecular profile of radon-induced lung cancer

▪ Also → other solid tumors induced by radon 

BIORADON  (EU) – 975 pts

MIRROR (ES) – 670 pts

Patients – indoor Rn 

▪ Molecular profile of 

radon-induced lung 

cancer

▪ Differences – sex 

(female) & age

▪ Also → similarities 

with other solid tumors Comprehensive genomic profiling



BACKGROUND: Ecological studies

AIM: To explore the link between cancer mortality and 

estimated Radon risk areas in Spain to identfiy priority areas 

for cancer prevention (focus on radon)

▪ ECOLOGICAL study: 

- To generate hypothesis - ↓ level of evidence 

- ↑ Big data – to study correlations

- Limitations: mobility, cofounding factors (smoking), 

pop level reflects patient level?

- BIG question – “integrating our clinical perspective”



METHODS

▪ Retrospective analysis of mortality cases recorded in the National 

Mortality Registry (INE) between 1999-2021 (22 years – period)

▪ We analyzed age-standardized rates, considering age & sex, using the 

ICD-10 classification, in municipalities with >10,000 inhabitants (overall, 

and the P25 of municipalities with higher rates) 

▪ Radon classification: Municipalities grouped into 3 levels (CSN):

- Low: Aggregated very-low and low

- Medium: Moderate

- High: Aggregated high and very-high

▪ Correlation Analysis:

- Used the area of each radon risk category within municipalities

- Calculated Pearson correlation for each municipality & province

- Selected results with p-value < 0.05 for significance

https://www.ine.es/dyngs/INEbase/es/; https://www.csn.es/mapa-del-potencial-de-radon-en-espana Ferriol M, ESMO 2024; manuscript in preparation

https://www.ine.es/dyngs/INEbase/es/
https://www.csn.es/mapa-del-potencial-de-radon-en-espana


METHODS: Radon Map

CSN Map

Radon Map by municipality

▪ Data Source: CSN

▪ Geographic Scope: All Spain except Canary Islands

▪ Geographic Level: Municipality

▪ Radon Levels: Averaged using areas of 5 categories

▪ Category Mean: Based on CSN-provided means

Ferriol M, ESMO 2024; manuscript in preparation



Radon Map by regions

CSN Map

Radon Map 

by municipality

Catalonia Aragon



METHODS: Data sources

▪ Data Source: INE (1999-2021)

▪ Geographic Scope: Provinces and municipalities (>10,000)

▪ Mortality Definition: Based on ICD-10 cancer classifications

▪ Age-Standardized Mortality: Adjusted to account for age 

differences

▪ Data Source: CSN

▪ Geographic Scope: All Spain except Canary Islands

▪ Geographic Level: Municipality

▪ Radon Levels: Averaged using areas of 5 categories

▪ Category Mean: Based on CSN-provided means

Lung cancer



RESULTS: Cancer data

OVERALL Deaths

N=9,140,258 

CANCER Deaths

N=2,351,989

Age (Range)

> 50 years 8,607,199 (94.2%) 2,200,465 (93.6%)

≤ 50 years 533,059 (5.8%) 151,524 (6.4%)

Sex

Male 4,710,369 (51.5%) 1,451,814 (61.7%)

Female 4,429,889 (48.5%) 900,175 (38.3%)

Tumor type

Lung Cancer 468,525 (19.9%)

Colon Cancer 244,457 (10.4%)

Breast Cancer 143,126 (6.1%)

Ferriol M, ESMO 2024; manuscript in preparation

▪ Municipalities:

- 87 (10.7%) were in high-radon areas

- 153 (19.7%) in intermediate
- 527 (69.5%) in low-radon areas



RESULTS: 20 years Mortality evolution

20 years period – lung cancer mortality evolution

Example: Catalonia, Lung Cancer
Evolution - dynamics



Male (<50 yrs) Female (<50 yrs)Overall

RESULTS: Cancer data (Map)

To STUDY – Age and Sex differences



Male Female

RESULTS: Lung cancer Mortality

Sex differences



Age ≤ 50 Age > 50

RESULTS: Lung cancer Mortality

Age differences



Ferriol M, ESMO 2024; 

manuscript in preparation

No correlation between cancer mortality & estimated radon risk areas

RESULTS: Correlation [all ages]



Ferriol M, ESMO 2024; 

manuscript in preparation

RESULTS: Correlation [young pop]

→ Correlations: particularly in young females (oropharyngeal, urothelial tumors)

→ Also, in lung cancer in young females, +++ (↓ cumulative smoking exposure)



Results: Other Cancers Age-Standardized Mortality

Pyriform Sinus Hypopharynx Nasal fossa

Other Intrathoracic Organs Renal Pelvis Other Urinary Organs



≤ 50 Female

Results: Lung cancer Age-Standardized Mortality

TO EXPLORE WHAT 

IS HAPPENING IN 

THIS AREAS?

HOTSPOT AREAS 

FOR 

PRIORITIZING 

PREVENTION 

STRATEGIES

Granularity level



Take-home Messages

This ecological study showed correlations between age-standardized death rates for 

certain solid tumors and Radon areas in Spain, notably in oropharyngeal & 

urothelial tumors in young females

Also, a correlation was found between Rn areas and thoracic malignancies in 

young females, a population typically associated with lower cumulative smoking 

exposure. 

This data can provide useful information to establish priorities in cancer prevention 

strategies (radon & other risk factors)

Further prospective studies are currently ongoing to explore the role of radon in 

patients with cancer, particularly for young pop (BIORADON, MIRROR, EXPOSOME)



34 centers – 5 European Countries14 centers - Spain

N= 670 patients N= 975 patients

Mezquita L, ESMO 2023; García de Herreros M, ESMO 2024, Bernabeu M, SEOM 2024

MIRROR BIORADON

Radon: Impact on patients with lung cancer?
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Molecular 
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OutcomesPATIENTS 

WITH CANCER

Exposure TreatmentsBiomarkers

Generation of knowledge

Bioinformatician

Multidisciplinary collabs
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