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Radon

= Radon gas is a Group 1 carcinogen, leading
cause of lung cancer in non-smokers; 24 one
in smokers

= 3-14% of lung cancer cases depending on:
- Smoking prevalence

Excess lung cancer mortality

Exposure-risk relationship

- Area between radon & lung cancer
= Role of radon gas in other solid tumors Epidemiological data
remains uncertain
= Epidemiological data: -
- Uranium Miners, recent evidence —_ H
- Indoor radon, no consistent data A
: RadoNorm

= |onizing radiation — Group 1 carcinogen for No consistent data for T

. other solid tumors yearssfer the stamic bomb exploson Miners, PUMA cohort
other solid tumors

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



BACKGROUND: Clinical observations

MAIN Hypothesis:

1. Radon is associated with molecular profile of lung cancer

2. ldentify a radon-associated signature in cancer

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

Radon
inhaled

Preclinical models

= Molecular profile of radon-induced lung cancer

= Also - other solid tumors induced by radon

Clinical studies

Uranium-workers
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Molecular profile of
radon-induced lung
cancer

Differences — sex
(female) & age

Also = similarities
with other solid tumors

Patients - indoor Rn
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BACKGROUND: Ecological studies /¢ Bineaona | oS B

Radon

= ECOLOGICAL study:

- To generate hypothesis - | level of evidence

- 1 Big data - to study correlations

- Limitations: mobility, cofounding factors (smoking),
pop level reflects patient level?

- BIG question - “integrating our clinical perspective”

= —

AIM: To explore the link between cancer mortality and :Zf FACT =3|"
-

estimated Radon risk areas in Spain to identfiy priority areas ;
for cancer prevention (focus on radon) ;._I._-:
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METHODS i,

= Retrospective analysis of mortality cases recorded in the National
Mortality Registry (INE) between 1999-2021 (22 years — period) Principlescausas de muertesegin i edad. 2022 I Né

Porcentaje sobre total de fallecidos

Instituto Nacional de Estadistica
779

= 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)

253
205 202 211
9.9 11,

= Radon classification: Municipalities grouped into 3 levels (CSN): | Meesefae o Defalide o Deladiie et Deioynisaes
- LOW: Aggregated Very_low and |OW mTumares m Sistema circulatorio wCausas externas de mortalidad Perinatales y malformaciones congénitas
- Medium: Moderate

- High: Aggregated high and very-high

454

154

= 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

CONSEJO DE
SEGURIDAD NUCLEAR

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
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= 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
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Radon Map by regions S e

CSN Map

AN

Radon Map

by municipality




METHODS: Data sources

INC

Instituto Nacional de Estadistica

“Lung cancer

Gozén: 80.69

Llanes: 79.24

Aller: 75.27

Céceres Provincia: 74.36
Santofia: 74.10

Asturias Provincia: 73.72
Langreo: 73.02

Sestao: 71.82

Mieres: 70.82

San Martin del Rey Aurelio: 70.44
Valdés: 69.41

Lena: 69.00

Avilés: 67.22

Ferrol: 66.84

Ourense Provincia: 66.59

= 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

Clinic
Barcelona
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CONSEJO DE
SEGURIDAD NUCLEAR

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
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RESULTS: Cancer data

OVERALL Deaths CANCER Deaths

N=9,140,258 N=2,351,989

Age (Range)
> 50 years 8,607,199 (94.2%) 2,200,465 (93.6%)
< 50 years 533,059 (5.8%)
Sex
Male 4,710,369 (51.5%) 1,451,814 (61.7%)
Female 4,429,889 (48.5%) 900,175 (38.3%)

Tumor type | = Municipalities:
078 v g
Colon Cancer 244,457 (10.4%) - 527 (69.5%) in low-radon areas
Breast Cancer 143,126 (6.1%)

Ferriol M, ESMO 2024; manuscript in preparation



RESULTS: 20 years Mortality evolution S e | AT

Evolution - dynamics
Example: Catalonia, Lung Cancer
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RESULTS: Cancer data (Map €3 8 | Sepeitss

Overall

VFerro., : 26.80
Bergara: 26.71

To STUDY - Age and Sex differences



RESULTS: Lung cancer Mortality

Clinic
Barcelona

Female

'Llanes: 138.83
Gozén: 137.98
Aller: 135.66
Céceres Provincia: 134.88

Sestao: 129.65

Santofa: 128.84

Langreo: 127.51

Asturias Provincia: 126.62

Lena: 121.75

Valdés: 121.41
Pefiarroya-Pueblonuevo: 121.18
San Martin del Rey Aurelio: 120.84
Mieres: 120.33

Avilés: 119.88

Carrefio: 118.41

Sex differences

Teulada: 33.46

Rojales: 32.41
Javea: 28.46
Gijon: 26.69
Getxo: 26.43
Gozon: 26.12
Mieres: 25.82
Santander: 25.78
Donostia: 25.74
Bilbao: 25.47
Tolosa: 25.35
Calp: 24.81
Oviedo: 24.51
Dénia: 24.29

Cancer Institute
and Blood Disorders
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RESULTS: Lung cancer Mortality Q-

Age differences

Aller: 8.64 Santofia: 188.64

Sestao: 7.95 Villamartin: 171.67

Teulada: 7.83 Ribeira: 170.61

Mieres: 7.46 Olivenza: 168.42

Langreo: 7.41 Llanes: 166.63

Tolosa: 7.37 Goz6n: 165.86

Ribeira: 7.29 Las Cabezas de San Juan: 164.68
Pasaia: 7.27 Coria: 162.03

Errenteria: 7.11
Bergara: 7.09

Pefiarroya-Pueblonuevo: 161.55
Badia del Valles: 160.61

Ermua: 7.07 Caceres Provincia: 159.92
= ' Basauri: 7.06 - ’ Punta Umbria: 159.26

Fene: 6.98 Sestao: 159.08

Valdés: 6.92 Puertollano: 158.66

LI Vilalba: 6.77 L Villanueva de la Serena: 158.64




RESULTS: Correlation [ail ages]

to4

C30: Malignant neoplasm .

High Radon

Intermediate Radon
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liver and intrahepatic 1
bile ducts
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C44: Other malignant |
neoplasms of skin
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of bladder
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C11: Malignant neoplasm |
of nasopharynx

C12: Malignant neoplasm |
of piriform sinus

C39: Malignant neoplasm of
other and ill-defined sites 1
in the respiratory system

C30: Malignant neoplasm of

nasal cavity and1
middle ear

C74: Malignant neoplasm |
of adrenal gland

C66: Malignant neoplasm |
of ureter

C68: Malignant neoplasm of
other and unspecified 1
urinary organs

C13: Malignant neoplasm |
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of renal pelvis
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bile ducts
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Ferriol M, ESMO 2024;

manuscript in preparation



RESULTS: Correlation [young pop]

C39: Malignant neoplasm of

other and ill-defined sites {

in the respiratory system
C30: Malignant neoplasm of

nasal cavity and {

middle ear
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bile ducts
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. t#i High Radon tei High Radon
fef mltger:'r::jioarle Radon Intermediate Radon Intermediate Radon
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Correlation

—> Also, in lung cancer in young females, +++ (| cumulative smoking exposure)

Ferriol M, ESMO 2024;
manuscript in preparation



Results: Other Cancers Ag

Pyriform Sinus

[Aller: 1.71
Carcaixent: 1.25

Los Corrales de Buelna: 1.18
Caldes de Montbui: 1.08
Monévar: 1.05

Sant Feliu de Guixols: 1.04
Cullera: 0.97

Llanes: 0.96

Tordera: 0.90

Noia: 0.90

A Pobra do Caramifial: 0.89
Galdakao: 0.89

Calasparra: 0.86

Reinosa: 0.86

Lsant Joan de Vilatorrada: 0.84

Other Intrathoracic Organs

|Benissa: 1.47
A Laracha: 0.78
Paiporta: 0.76
Villafranca de los Barros: 0.67
Sueca: 0.63
El Escorial: 0.61
Béjar: 0.60
Villajoyosa: 0.56
Poio: 0.55
Tres Cantos: 0.52
. Benavente: 0.48
o Burlada: 0.48
Castalla: 0.46
Riba-roja de Turia: 0.45
LI Porto do Son: 0.45

Hypopharynx

e-Standardized Mortality

Aller: 2.39
Llanera: 1.95

Sestao: 1.91

Ordes: 1.74

A Estrada: 1.61
Llanes: 1.60
Villablino: 1.60

Badia del Vallés: 1.55
Barakaldo: 1.55
Villaviciosa: 1.49
Erandio: 1.46

Mieres: 1.40

Boiro: 1.40

Oliva: 1.37
Beasain: 1.31

W7
e

Arnedo: 0.92
Reinosa: 0.86
La Bafeza: 0.83
Ripoll:

.71
Aller: 0.68
Cambados: 0.64

Verin: 0.62

San Andrés del Rabanedo: 0.59

@ Clinic Cancer Institute
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Nasal fossa

O Grove: 1.18
Meliana: 0.86
Santofia: 0.76
Lalin: 0.64
Azpeitia: 0.
Andoain: 0.60
Atarfe: 0.57
Yuncos: 0.52
Boiro: 0.47
& Muros: 0.46
A Villacafias: 0.44
- Rute: 0.43
Consuegra: 0.42
Carcaixent: 0.42 |
. Grado: 0.40 |

Malgrat de Mar: 5.01
Pineda de Mar: 3.83
Rianxo: 3.78
Cocentaina: 3.49
Santa Coloma de Gramenet: 3.42
Bullas: 3.34

Molins de Rei: 3.30

Boiro: 3.26

99
L Alcantarilla: 2.99



Results: Lung cancer Age-Standardized Mortality cuinie | Cancer nstiut
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b SN, Granularity level
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TO EXPLORE WHAT
IS HAPPENING IN
THIS AREAS?

mmm—)  HOTSPOT AREAS
FOR
B | PRIORITIZING

Sant Quirze del Vallés: 4.40
Castellbsbl: 4.02 PREVENTION
Malgrat de Mar: 3.72

bremis o Dalt: 3.61 STRATEGIES

Sitges: 3.60

Corbera de Llobregat: 3.53
Granollers: 3.52

Berga: 3.37

Olot: 3.25

Sant Adria de Besos: 3.20
Balaguer: 3.19




Take-home Messages
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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)




Radon: Impact on patients with lung cancer?

Grupo de
Medioambiente
y Cancer

MIRROR

N= 670 patients

Clinic
Barcelona

14 centers - Spain

MIRROR study design

‘// Rn detector
Inclusion Criteria ‘
Informed Fatiartt
en
Patients with consentk questionnaire
all-stages NSCLC: == v
—_— v
D %
= New diagnosis v
* Under therapy ) Clinical data
* Under follow-up &
a f —°
Tissue available: a / 4
- Tumor block
Tissue sample
= Primary endpoint: ! _l v
Immune profiling in patients with \

NSCLC according to Rn exposure
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Radon awareness
Demographics
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Carcinogens - exposure

Clinical data
Pathological data
Molecular data
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Mezquita L, ESMO 2023; Garcia de Herreros M, ESMO 2024, Bernabeu M, SEOM 2024
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N= 975 patients
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34 centers — 5 European Countries
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RADON IMPACT
= Molecular profile
= Patient profile
= Tumor profile

Translational Research

Radon associated profile
=> Al - analysis

Comprehensive Profiling i
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Thank you!

All the PATIENTS, RESEARCHERS & CENTERS participating
in this Global Radon - Academic Research
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on working on this project?
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