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Perspectiva clinica Earalans

| Mi dia a dia en el HOSPITAL |

Persona sana Cancer de pulmén Mesotelioma Tumor timico

Mesotelioma
Tumor Timo

Pacientes con cancer de pulmén 90%




CANCER DE PULMON en 2024

Estimated Number of Deaths in 2011

Mortalidad

Principal causa - cancer
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—— QObserved 5-Year Survival
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25.4%

Based on data from SEER 22 (Excluding IL/MA) 2013-2019. Gray figures represent those who have died from lung and bronchus cancer.
Green figures represent those who have survived 5 years or more.
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Dela Cruz CS, et al. Clin Chest Med. 2011; SEER Lung cancer 5-year survival 2022
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Cancer de pulmon: Diagnostico Barcelona

DIAGNOSTICO POR IMAGEN

Biopsia
DIAGNOSTICO
HISTOLOGICO

Sospecha CONFIRMACION



Cancer de pulmén: Clasificacion histologica e

Hasta hace 20 aios

Célula
pequena
(CPCP)
Adenocarcinoma
40%
Epidermoide
No célula pequeia e

(CPCNP)

Cancer Epidemiol Biomarkes Prev 2019



Cancer de pulmon: Clasificacion molecular @ Sarcelona

Adenocarcinoma

EGFR Other 4%

MET 3%

> 1 Mutation 3%

HER2 2%

ROS1 2%

BRAF 2%

RET 2%

No conocidas NTRK <1%
31% PIK3CA 1%

MEK1 < 1%

Otros
11%

Cancer de

, Epiderm. | Adenoca
Pulmon A 55%

Clasificacion HISTOLOGICA Clasificacion MOLECULAR

Li. JCO. 2013; Tsao. J Thorac Oncol. 2016.



Cancer de pulmon: Tratamientos de nueva generacion @ Sarcelona

Tratamiento
@ dirigidos

&
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Molecular Profiling <.« Prognostic Markers \
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e e |

Markers predictive of drug ..« |

sensitivity/resistance - &

Markers predictive of €.«
adverse events

Tumor



Cancer de pulmoén: Tratamiento anti-ALK

- Adenocarcinoma R 4

Grupo molecular:
- Fusion de ALK

Enfermedad GangliO/

avanzada

Terapia dirigida

Primario

Metastasi

Pleurales
{‘

Antes del tratamiento

PET - CT Imaging
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Shaw et al, N Eng J Med 2014



Tabaco - principal factor de riesgo Bcrcetons

= Mas de 80% de casos Cancer Smoking lung cancer correlation from NIH

20-Year Lag Time Between Smoking and Lung Cancer

égﬁgcr)]ge Cyanhydric acid Cigarettes Lung

(was used in the gas chambers) Smoked Cancer
“Haptttparine Ammoniac Per Person Deaths
Methanol (detergent) Per Year (Per
(used as rocket fuel) — p 100,000
*Pyrene *Urethane 4000 People)
Naphthalene Toluene Cigarette
(moth-repellent) (industrial solvent) Consumption 150
Nicotine ;
(used as a herbicide and insecticide) fl\gtsrlg?;)%ison) ( men ) Lun g

- 3000 Cancer

*Cadmium *Dibenzacridine
(used in batteries) ( men )

*Polonium 210 100
Carbon monoxide (a radioactive element)
(found in exhaust fumes) DDT

(insecticide)
Vinyl chloride ) o 2000
(used in plastic materials) Known carcinogenic substances

Fig. 114 50

1000
La IARC ha identificado 2 50 carcinogens en el humo del tabaco

1900 1920 1940 1960 1980



PREVENCION e

PREVENCION PRIMARIA PREVENCION SECUNDARIA

2

= Diana: Poblacion general = Diana: Poblacion que desarrollara cancer
= Estrategia: EVITAR = Estrategia: Screening — deteccion precoz
= Objectivo: | RIESGO de cancer = Objectivo: 1 SUPERVIVENCIA




DETECCION precoz: “Screening’ ..
Criterio: TABACO

Lung canceyY 9crwnin@ criteria

have smoked at least

el Los otros 20%

ou are between
Y o

%0 t0 71 =
years of age ﬂ ¢

stil smoking o have |Gy Qi ?
quit within the last yoors | % g

no unintended w&ighi- loss
no cough
in gooo\ health

two packs ay for
0 years

Uchicago Medicine



Los “Otros” -

Ademas del tabaco
FACTORES AMBIENTALES

Contaminacion
exterior

FACTORES Interior
200
10-20%  AMBIENTALES Exterior
- i
15% Ton
TI B NO MODIFICABLES L

Mannan et al, Int. J. Environ. Res. Public Health 2021
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Radon en Espana, ¢ qué sabemos?

SEOM2019"

PAMPLONA /23, 24 Y 25/OCTUBRE
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Encuesta de nivel de conocimiento sobre el gas radon en poblacion general en Espafia

Patricia Martin Romano', Rafael Lopez Castro?, Alicia Castafieda®, Antonio Calles*, Neus Baste®, Pablo Berlanga®, José Carlos Benitez’, Noemi Reguart?, Pilar Garrido®, Laura Mezquita'®

 J

= En2019 B

= Google Form®©
= Periodo: 2 semanas

= N=2.594 participantes
- 2/3 mujeres
- >50% entre 30-50 arios
- 27% fumadores

50% no conocia el radon antes de hacer la
encuesta

No conocia
50%
Si
50%

2
y
> % o 3
P -
S, R 1 \/J 4
- R S
€ NS a4 |

v 47 4
ol Santa €ruz de Tenerife )
2 2 -~ e85 e

Martin-Romano et al, SEOM 2019



Radon en Espana, ¢ qué sabemos?

Fuente de informacion

Educacién Secundarla
Educacién Unwersnaria

meesmnales
sanitarios
- \

Otros profeslonales

relacionados —

8%
Foros cientificos
9%

A:mgosIFamilia
11% Medios cornunlcaqén

@ Clinic
)) Barcelona

= |Interés de la poblacién sobre la medicion de
la concentracién de gas radén en su vivienda

#
§
&
§
¥
§

53% no sabe qué debe hacer después

Martin-Romano et al, SEOM 2019



Factores de riesgo de cancer de pulmon (OMS)
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Carcinégenos de grupo 1

Productos quimicos og‘e‘

Kmﬁ/

https://monographs.iarc.who.int/agents-classified-by-the-iarc/

REALIDAD =
mala
interpretacion

ESTIGMA DEL
TABACO minimiza
el impacto de otros

factores

@ Clinic
)) Barcelona

-

Group 1 carcinogens
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https://monographs.iarc.who.int/agents-classified-by-the-iarc/

Radon: Factor de Riesgo “silencioso” Balcalbng

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

$C% ~ “Lo que no se estudia no se notifica, |
@@  lo que no se notifica no existe y lo que
no existe no se previene” |
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Historia del Gas Radon & Cancer de Pulmon (€3] Barcetona

Caso de Stanley Watras (1984)

1950 1970 1984 1995 2004

Estudios epidemioldgicos

................................................ >
Dr. F.E. Dorn | :
Riesgo para la salud : Estudio pooling
Radium emanation Radon (Rn) en MINEROS . Mineros
(Ra Em) : 1988

Estudio'pooling
radon residencial

Estudios :de radon IARC:
residencial Carcinégeno 1



Radon en nuestro organismo @B Sarcetona

Plomo/Acero Aluminio Papel

Particula alfa

&

Particula beta

Rayo gamma
AV A

Particula alfa =
| penetrante, 1 transferencia de energia

https://www.interiorhealth.ca/health-and-wellness/environmental-health-and-hazards/radon-gas
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Radiacion ionizante - nuestro organismo Barcelona

Cromosoma

Single and Double strand breaks
clustered damage sites (prompt DSB)
single strand break simple DSB

base damage/sugar damage
¥/ A\ VA
complex DSB
clustered damage )m m

>V

Alteraciones "cluster” en ADN
inducidas por radiacion

Sage, Free Radical Biol and Med 2017; Robertson et al, Int. J. Mol. Sci. 2013
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Radén: Dario directo/indirecto €3 Sarcsione

Bersimvaeyv et al, Int. J. Mol. Sci. 2020,

2 O
" Rn
RN
alp
radon decay products
P o %N
ROS DNAdsb hypomethylation
] [
g changes in
. i | miRNAS
I\ expression
oxidation g .
of cellular = Shromosomal  high levels high levels
components aberrations of oncomiR of oncosupressor
cancer



Radiacion

lonizante - nuestro organismo

Skin

N
p21, TP53, BAX, BCL-2, MMP1,
Caspase-2, Caspase-6, COL1A1,

Brain

PTPN1, PMS2, HMGN2, IRF3,
IL-8, ICAM-1, VCAM-1, Cox-2,
Syn1, Syp, SAP97, Dbn1,

Thyroid

GADD45A, ATM, TNFSF9, p-p53 1
y-H2AX, CDKN1A, FDXR, BAX,
DDB2, SESN1, BCL2, MDM2,

Barcelona

GDF-15, connexin43 1 p21 | PSD-95 1 TNFSF10B, PCNA |

Endothelium

NF-kB, ICAM-1 ,endothelin 1,
IL-8, G-CSF, PDGF-BB 1
CD4+ T cell ,CD8+ T cell,
CD28+ T cell |

Lung

5-hydroxymethylcytosine, p53, p38,
p21, ERK1/2, NF-kB, TGF-B 1
IL-1b, IL-5, IL-6, TNF-a |

Immune cell

e N
Lymphocyte \

Heart

miR-375, miR-199a, miR-146a,
miR-421, miR-34a, miR-155,

RADIACION IONIZANTE

8-0x0dG, IFN-y, IL-2 1 I .

L XRCC1, hOGG1 | miR-185, miR-221 1

1 4 n

Mast cell Spleen Afe Cta a m u Itl ples
TNF-a, IL-4, IL-13, —f

\Nr4a2, histamine | ) lGCLM’ BS,8B% p58.0211 Or anos

f \ g
Microglial cell Liver
SOD, mPTP | v

\ J hepcidin-2, miR-21, miR-221,

e N miR-421 1
Macrophage PPARG, mlR-155, miR-375 d
Glutathione, AP-1, NF-kB 1

 BINSEs N Testis & Ovary
CD34+, CD38+, IL-6 1 miR-199a, miR-193a, miR-375,

L FIt3L | ) miR-185 1

- = 'd
X ”“% B cell )
N IFN-y, IL-4, IL-6, let7a, miR-15b,
A4 ! ailadls Osteoblast/clas

COL1A, ALP, OCN, Cbfa1, OPG 1

i

2, S d miR-16, miR-21, miR23-b 1 /
- >,

Shin E, Front. Genet. 2020



Radon residencial Pdftalsia
Carcinégeno de grupo 1 (OMS)

= =3-14% casos de cancer de pulmén

Uno de los principales factores de riesgo en
NO FUMADORES

Relacion LINEAL: 1 Exposicion — 1 tiempo - 1 riesgo

SINEI:{GICOS - Radon + Tabaco RN _”
- v/ 2 causa en fumadores >
(@) o peaith v/ 1 x25riesgo de cancer de pulmén en fumadores

\\q-@

Medir radén = Poblacién general:

Toma medidas si niveles altos :
Recomendacion < 100 By/m3 [ 1 15% riesgo de cancer de pulmon, cada 100 Bqlm3

Pavia Bull Wordl Health Organ 2003, Darby BMJ 2005, Krewski J Toxicol Environ Health A 2006,
Lorenzo-Gonzalez Envir Res 2020, Riudavets M et al, Cancers 2022, Radon Handbook, WHO 2009



Percepcion del riesgo - Radén Bmcalsn

International Atomic Energy Agency (IAEA)

Radiation dose from indoor radon: Radiation dose equivalent

a comparison 4 W%}% e N
&Y Organization
il = 91 Radiografias
The radiation dose , ~
Annual average recalved e Reference level de torax al ano
radon concentration : 100 Ba/m?3
. approximately gqm
[nine hems equivalent to: \ J
Less than one Chest
3
s X-ray per day / \
400 Bg/m? 1 Chest X-ray per day I*H’l
T ~ 274 Radiografias
800 Bg/m? 3 Chest X-rays per day Reference level térax al afio
2 000 Bg/m?3 7 Chest X-rays per day \ 300 Bg/m® /

1 pCi/l = 0,037 Bq/l (37 Bg/m3)



¢ Como estudiar el gas radon & cancer de pulmén? €3 Sarcaiona

»
Cancer de pulmoén Poblacion sana
(CASOS) (CONTROLES)
Trabajadores de las 22222 Q00 00
minas de URANIO | ) | |

Medir gas radon

Poblacién TTTTTT tatst

general

Asociacion

Lubin J Natl Cancer Inst 1995, Pavia Bull Wordl Health Organ 2003, Darby BMJ 2005, Krewski J Toxicol Environ Health A 2006, Lubin Int J Cancer 2004, Duan Eur J Cancer Prev 2014
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¢, Como estudiar el gas radon & cancer de pulmon? Barcelona

= DOS POBLACIONES [

Segun la intervencion que realicemos para estudiar el gas radén

Epidemiologicos & TITTT

dadiiiill,
- Observacionales LLLLLLR AL Exposiciéon a Radén —
:§ = (Casos - controles = |n vitro: células, organoides ?25
8 = Ecoldgicos = |n vivo: ratas, ratones & perros @
z = Transversales g:
o >

= Estudios de casos

ASOCIACION entre Radon & Cancer CAUSALIDAD entre Radon & Cancer




Radon ocupacional & Cancer Pulmon: Mineros (Uranio)

Clinic

/ Uranium-workers

/

/
/7

Excess lung cancer
mortality

)

Occupational Rn exposure

Lung cancer

Barcelona
— S
No consistent data for
other solid tumors

Exposure-risk relationship
between radon & lung cancer
Also in low-exposed miners

Decrease of ERR with time
since exposure

Persistance of risk after

adjustement on smoking

Contribution of radon
to lung dose
Dose-risk relationship

Modified from Dr. Laurier, RADONORM meeting (task 4.5) Paris; Courtesy of Dr. Laurier, IRSN (France)



Radon residencial & Cancer de Pulmon

Pooled studies §

15% de riesgo de cancer de pulmoén en poblacion general (por 100 Bg/m3)

Clinic
Barcelona

Indoor radon N of N of N of Group 95% CI
Studies Cases Controls (Bg/m?)

Metanalysis (1) 8 4263 6612 150 Bg/m3 ERR 0.14 0.0-0.3 1997
Metanalysis (Il) 17 NR NR 100 Bg/m3 ORR 1.15 1.07-1.24 2003
China pooling study 2 1.050 1.996 100 Bg/m3 ORR 1.33 1.01-1.36 2004
American pooling study 7 3.662 4.966 100 Bg/m3 ERR 0.07 0.03-0.16% 2005
European pooling study 13 7.148 14.208 100 Bg/m3 ERR 0.08 0.03-0.16 2006
Updated metanalysis (lIl) 22 13380 21102 100 Bg/m3 ERR 0.07 0.04-0.10 2012
American CPS || 1 3493 811961 100 Bg/m3 ORR 1.15 1.01—1.35 2011

OR= Od(ds ratio; ERR = excessive relative risk

Lubin J Natl Cancer Inst 1997, Pavia Bull Wordl Health Organ 2003, Darby BMJ 2005,
Krewski J Toxicol Environ Health A 2006, Lubin Int J Cancer 2004, Zhang et al, Asian Pacific J Cancer Prev 2012



Radon residencial & Tabaco
Efecto (Sub)Multiplicativo

Odds-ratio

60

50

40

30

20

10

07

EXPOSICION LABORAL (MINEROS)

Czech, French and German miners cohorts

—l— Never smoker
—&— Ex-smoker >= 10

—&— Ex-smoker < 10 and current smoker

W‘M

o

Amam

e

0 100 200

300 400 500 600 700 800 900 1000

Cumulative radon exposure (5-year lagged, WLM)

Leuraud et al., Radiation Res 2011

222

86

RADON RESIDENCIAL

European Pooling study

Relative risk

Relative risk of lung cancer

60
=+=| Non smoker
—®=, Ex-smoker (>10years)
50 1 ——. Ex-smoker (<10 years)
=—+—| Current smoker (15-24 per day)
40 ///‘/
30
4/
20
10 i
" - NO fumador
0= 4 hd -
0 200 400 600 800

Radon concentration (Bg.m3)

Darby et al, Scand J Work Environ Health 2006

Clinic
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Radon laboral: Relacion con otros tumores?

Kreuzer M, et al. Radiat Environ Biophys. 2024

Cancers respiratory tract excluding lung

Mineros Uranio — PUMA Cohort, N= 119,709 mineros

ERR /100 WLM (95% CI)

Lung cancer ——

Cancers excluding lung cancer ——

-0.03 0 0.05 0.10 0.15 0.20

Nueva evidencia - Cancer gastrico +++ & cancer hepatico

4,329
6,102
334

ERR

0.184
0.013
0.021

Clinic
Barcelona



Radon residencial: Relacion con otras enfermedades? B i
Enfermedades
respiratorias

Otros tumores solidos (cerebral, renal, etc)
Tumores hematologicos: linfomas/leucemias

En investigacion... no evidencia solida

Bronquitis cronica/Enfisema

Yin W, et al, Yonsei Med J. 2019
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¢Por qué estudiamos gas radon & cancer de pulmon? -

Cada vez hay mas NO FUMADORES con CANCER DE PULMON

January 15, 2022

You Don't Have to Be a Smoker to

Get Lung Cancer
w‘ Anyone
< with lungs [oont wait
' | N can get “getchecked!

lu ng cancer -
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Nuestra perspectiva: integrar la causa Barcelona

CARCINOGENO
IMPACTA EN LA
EVOLUCION

Oncologos




Perspectiva: Investigadora €3 e @

Barcelona

2011, Madrid

12 4" Mar Cantébrico 5 e
QOW ’
&)
O
=
= Mujer, non-fumadora = = o
= CPNCP < -
= Histologia: Adenocarcinoma o ”%’
= Grupo molecular: EGFR 2 Ciag
<
w e 0
2014-2017, PhD =
2018-2020, PostDoc
2020-present, Investigacion _— I A T
< " o 100 mi 4




Cancer de pulmoén: No es una sola enfermedad

Hace 30 anos

Oncologos

PERFIL MOLECULAR

e \ Clinic
\>)) Barcelona

Pacientes

e MRAFM

= Tratamientos diferentes
=  Evolucidn diferente
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Area de interés: Grupos moleculares & radon Barcelona

Grupos moleculares

EGFR Other 4%

MET 3% , : .
+ 1 Mutation 3% = La mayoria de los pacientes:

HER2 2% - NO fumadores
ROS1 2% - Mas jovenes

BRAF 2% ;g
 RET 2% - Ofras caracteristicas

NTRK<1%

\ PIK3CA 1% = NINGUN factor de riesgo identificado

MEK1 < 1%




Area de interés: Grupos moleculares & radon

Heterogeneidad genémica

Tumor mass

Tumor clonal composition

Private E mutations =

Private D mutatiN

Private F mutations

-

4

ared C mutations J

Evolutionary phylogenetic tree

Tr@ncal A mutations [

Late
mutations

Early
mutations

© 2015 American Association for Cancer Research

)) Clinic

)) Barcelona
[l Pre-GD clonal [ Untimed clonal [@ P
nt somatic event St

somatic eve

A Adenocarcinoma

CCR Reviews

AACR

”Tronco del arbol es comun”

Jamal-Hanjani, M, Clin Cancer Res 2015; Jamal-Hanjani M et al, NEJM 2017

.

Alteraciones
genoémicas

MUY PRECOCES

~\

PrefsiD

drivigrs

Genome

doubling )

Post-GD
clonal/

init@ting BCOR

subclonal RNF43

Mutations
PRDM 1 I 0/2
MET i 0/2
CMTR2 i 0/3

\.
5
wv
w

| I 1

NCOR1

Late  KMT2C B 373

drivers  pASK Fmmm 2/2
DNM2 i 2/2

SMAD4 I— 22

PTPRC I 2,2
NOTCH? I— 2/2

FLT4 I—2/2

EP300 I—2/2

CIC —2/2
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Grupos moleculares & gas Radon Barcelona

ECOLOGIC studies

i | AIM: Prevalence of driver alt. NSCLC & radon exposure in FRANCE

Radon o | _
Only small [prospective] cohorts have FRANCE ) IRSHY e

explored this association s
Current home 2 @®

* N=116.424 NSCLC

Lo - w
¥ T e CenarwT
. )
Y= L ”
N= 116.424 NSCLC T W
T Mezquita et al, WCLC 2018 -
:
= Control
5 . | OBJETIVE: % molecular subgroups & Radon risk area in France
S u EGFR mutation Radon i
ALK fusion . : m’fﬂ' . ‘ NATIONAL REGISTRY (1st yr) | RS[]V' INDOOR RADON MAP
M BRAF mutation BIOF RANCE ‘ . i | ics (N=12.641 )
e s = N=3994 patients with NSCLC
% 3 HER2 mutation *  Home in childhood - Radl.:m data by postal code
g 100 Bg/m3 : § : * Period: 2012-2013 -)Tzernr;;oarreas (high/low)
ROS1 fusion . o
a Childhood
i, Nodata available & \
N=3.994 NSCLC

r r
Tagaetal Mezquita et al Ruano-Ravina et al
* Only driver us, N=24* Spain, N=4 8% Spain, N=92*% Mezquita et al, WCLC 2020 Barieset i, Lancet Oncol 2016

positive patients

Taga, Cancer Epidemiol Biomarkers Preven 2012, Mezquita Clin Lung Cancer 2019, Ruano-Ravifia Eur Respi J 2017 : Demographic a& molecular data

Ra d 0 n : N= 44 countries in Europe

(7 GLOBAL CANCER
\«>/ OBSERVATORY

Rn >100 Bg/m3 in homes of pts with lung cancer EUROPE -5 s it

demographic & radon data available

harboring ALK fusion, EGFR mut, BRAFV60E Molecular data ¢

N= 21 countries with EGFR data e
N= 17 countries with ALK data : Seetemmmsiomeet e Smemomems

by co u ntry : (studies with N 2100 patients)** ; . i Rn mean: High=> éO I;q/mi

i Low =< 50 Bq/m3

N= 159,818 NSCLC patients evaluable for EGFR | | ° % dwellings, annual mean > 200 Bq/m3

P re I i m i n a rv eVi d e n ce N= 17 countries N=111,746 NSCLC patients evaluable for ALK @ * % dwellings, annual mean > 400 Bq/m3
T % certain driver alt. in radon risk areas

Mezquita L, WCLC 2018; Mezquita L, WCLC 2020, Garcia-Pardo, WCLC 2022
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¢, Como estudiar el gas radon & cancer de pulmon? Barcelona

= DOS POBLACIONES ]

Segun la intervencion que realicemos para estudiar el gas radén

Epidemiologicos & TITTT

Freeeenees
- Observacionales LLLLLLR AL Exposiciéon a Radén —
:§ = Casos -controles = |n vitro: células, organoides ?25
QE, = Ecoldgicos = In vivo: ratas, ratones & perros %
é = Transversales g:

= Estudios de casos

ASOCIACION entre Radon & Cancer CAUSALIDAD entre Radon & Cancer




Consorcio Europeo RADONORM

“TOWARDS EFFECTIVE RADIATION PROTECTION
BASED ON IMPROVED SCIENTIFIC EVIDENCE AND SOCIAL
CONSIDERATIONS” - FOCUS ON RADON & NORM

Funded under

H2020-Euratom-1.
Overall budget ‘

€ 2203541475

EU contribution
€ 18 000 000

Coordinated by Euratom

BUNDESAMT FUER STRAHLENSCHUTZ Horizon2020
B Germany

Commission

Participantes: 56 centros; 22 paises; collab US/Canada

.......................................................................................................................................................................................................................

WP4: Effect & Risk assessment —_—

- Task 4.5: Indoor radon in lung cancer

. Leaders: Dr. Mezquita (IDIBAPS); Prof. Besse (GR)

~ Partners: IDIBAPS; GR; EORTC; BfS; IRSN; MTA; LC
. Funding: 800k€ EUR

......................................................................................................................................................................................................................

Clinic
Barcelona

H

7R N
RadoNorm

Managing risks from radon and NORM

Main Objectives:

(a) characterization of radon and NORM

(b) improving dosimetry

(c) assessing effects and risks for humans & envir.
(d) refining mitigation technologies

(e) raising the understanding for societal aspects
(f) disseminating achievements

https://cordis.europa.eu/project/id/900009



https://cordis.europa.eu/project/id/900009

ESTUDIO DEL PERFIL CLIiNICO Y MOLECULAR

DEL CANCER DE PULMON EXPUESTO A RADON

Cohort 2

RADAR study

Pathological and molecular
characterization of radon-
induced lung cancer in rats

= lab

Cancerologie

Experimentale

Thoracic

Oncology GUSTAVE/

Group & ROUSSY

Translational = [\

research lab

Translational ID u BAPS

genomics in .

solid tumors lab e
Period 2018-2021

Cohort 3 y 3

RADON-miners study

Molecular characterization of
radon-induced lung cancer in
Uranium miners

BfS (Germany)

Thoracic

Oncology GUSTAVE/
Group & ROUSSY
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= OBJETIVOS PRINCIPALES:

- OBJETIVO N#1:

Perfil de cancer de pulmoén
asociado a radon (grupos
moleculares)

o Ratas
o Mineros (exposicion laboral)
o Pacientes (exp. residencial)

- OBJETIVO N#2:
FIRMA GENOMICA
asociada a Radon en CANCER




RATAS: Cancer de pulmon inducido por radon

Experimentos, Comision de Energia Atdmica (Francia); = 30 aios

Clinic
Barcelona

N > 4.000 ratas

‘ Inhalar
k//ﬁ Radén

’Q’Q ’Q’Q

De semanas a ainos

Figure 1. Simplified scheme of the radon inhalation chambers.

v

Camara de exposicion a radén
20- 105 WLM

Ratas,
Cancer de Pulmén
Inducido por Radén

N= 52 tumores

@ Cancer de Pulmén
@ Otro tipo de Tumor

Muestras archivadas




MINEROS: Cancer de pulmon, Expos. laboral a radon

Exposure to HIGH DOSE
Radon > 300 WLM (vs.
low <15 WLM)

&

Bundesamt fiir Strahlenschutz

N= 30 samples from lung
cancer in Uranium
Miners exposed to 1
dose vs. | dose

N= 27 samples
Radon data exposure
Clinical data
Molecular data: WES

Radon-associated
Lung cancer profile
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Mezquita et al, unpublished data, not to post



1920- EORTC Bioradon

Principal Investigators: Prof. Besse; Dr. Mezquita

Clinic
Barcelona

Exposicion
RADON RESIDENCIAL
y——
e AN 000
Driver _’

4 MUTACIONES
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i ﬂ w ﬂ i ALK, ROS1, RET, NTRK1/3

o 000
ceecoo . v OO0
|I\II\II|II\II| Driver
FUSIONES

Full-WT or others

N= 975 pacientes

Cancer de pulmén ‘QC —
no célula pequefa 00
OTROS

5 Eu Countries: Spain, France, Portugal, Belgium, Italy

Radon
detector

Cuestionario

Datos
clinicos

Muestra
sangre

Muestra
tejido

INSTITUT
DE RADIOPROTECTION
ET DE SORETE NUCLEAIRE

GUSTAVE/

"
Barcetona | Du BAPS RoUSSY

CANCER CAMPUS I \
Institut GRAND PARIS
he

Biomédigues

Objetivo PRIMARIO

RADON IMPACTO
= Perfil molecular
= Perfil del paciente
= Perfil del tumor

Investigacion TRASLACIONAL

PERFIL exhaustivo ®
asociado a radon w
—> Al - analysis
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ESTUDIOS: + 800 pacientes desde 2021 Barcelona
Santi: 9°|_ugo Pamzlona
L 2 :
Lfn 1. Cataluiia
_ Maxe%
Valladolid '
* SaI;deII Barcelona 2. Galicia
Madrid .
* 3. Madrid
Toledo
* 4. Navarra
Ciud:d Real 5. Castillay Leodn
6. Castilla La Mancha
7. Andalucia

Malaga



INTERACCION: Radon & otros factores

Desarrollo del cancer de Pulmoén en un individuo

PREDISPOSICION
GENETICA

W Affected

SEOM

Sociedad Espanola
de Oncologia Médica

SCAN study

CO-CARCINOGENOS

Bl

Factores sinérgicos

= MINISTERIO
S * DE CIENCIA
|u’:~"-f? 2 EINNOVACION

MIRROR study

EXPOSOMA

Radon + todos los
factores de riesgo

-
€. O

<&@
ICAPEM

EXPOSOME study
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- 'O onsulta de Medicina
LUNG CANCER Exposome \%"d ((j:e Preléisicci')n,MH.dClinic g&p
Generation of knowledge

Age Smoking
Sex Gndoor RadoD
Ancestry Air Pollution
: Individual risk :
Genetics _ Occupational
— Carcinogens
Lung cancer
Metabolism nd ® Chemical
Hormones w Radiation

Metals

Immune system Clinical impact

v' Quality of life
v Response to therapies
v' Survival




RADIUS PROJECT - EXPOSOME & CANCER

Ecological study

MORE PRECISE DATA - By municipality

|dentify potentially cancer hotspot areas

Priority areas (prevention) —specific intervention
Al - Predictions — future actions

-

Radon Map, CSN

Economic activity, INE
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- FIB

M. Ferriol
PostDoc (HCB-UPC)

/ Cancer mortality, INE \

Lung Mortality per 100,000 inhabitants

Gender=T 0<=Age<=100

INE 1999-2021 /

Ferriol, Mezquita et al; Confidential, not to post




MORTALITY: LUNG CANCER MORTALITY
19992021, Catalonia

o
o
f

Mortality per 100,000 inhabitants

50 4,

Male population

o2}
o
1

~
o
I
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o
L

Girona

Barcelona
Tarragona

Differences by sex,

Female population

Mortality per 100,000 inhabitants
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Barcelona

Radius PROJECT

Girona
Barcelona
Tarragona
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Ferriol, et al; Confidential, not to post



MODEL, SPAIN - BRAIN TUMORS DATA

Geographic differences, Brain

MALE pop

Cerebral Mortality (M 0-100 y/o) per 1,000,000 inhabitants

p

Estella-Lizarra: 170.52
Aller: 139.13

Carrefio: 125.97
Llanes: 125.61

Grado: 125.27

San Martin del Rey Aurelio: 122.80
Vilanova de Arousa: 119.80
Vilalba: 118.54

Gernika-Lumo: 115.64

Verin: 115.39

Azpeitia: 115.01

Bermeo: 114.77

Lugo Provincia: 114.58

Abaran: 114.02

Ourense Provincia: 113.46

@ Clinic
)) Barcelona

By SEX

FEMALE pop

Cerebral Mortality (F 0-100 y/o) per 1,000,000 inhabitants

Tafalla: 118.98
Ofati: 109.69
Monforte de Lemos: 103.21
Pamplona: 100.59

Mos: 99.05

Vilanova de Arousa: 97.16
Ermua: 96.54

La Bafieza: 96.40
Sanxenxo: 95.57

Huétor Vega: 95.05

Aller: 94.26

Villaviciosa: 94.12
Massamagrell: 93.30
Ciudad Rodrigo: 92.92
Bermeo: 91.08

Ferriol, et al; Confidential, not to post



RADON SPAIN - CANCER MORTALITY

Ecological study - Geographic differences

= Correlation: INE data (1999-2021) and Radon Map data (CSN)

= N=9,140,258 deaths; 26.7% cancer deaths;
= (61.7% in males; 38.3% in females);
- 147,324 (6.3%) in patients <30 y.o.,

* Municipalities:

- 87 (10.7%) were in high-radon areas
- 153 (19.7%) in intermediate

- 527 (69.5%) in low-radon areas

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

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

Ferriol M, et al, not to post; submitted

ill-def he respiratory syste

Mortality rate

s, Female pop, <50yo

C65: Malignant tumor of renal pelvis
C12: Malignant tumor of the pyriform
sinus

C39: Malignant tumor of other and
fined sites of the respiral m

and intrathoracic organs

C13: Malignant tumor of hypopharynx

C68: Malignant tumor of other urinary
organs and unspecified

€30: Malignant tumor of the nasal
cavi

avities and middle ear

C74: Malignant tumor of the adrenal

C44: other malignant tumors of the
skin

€22: Malignant tumor of the liver
and intrahepatic bile ducts

C50: Malignant tumor of the breast

/» Low Radon
Intermediate Radon
/& High Radon

HHHHHH

—e—|
f—e—i
e
el

I
C66: Malignant tumeor of the ureter
!

-1.00 -0:?5 —0:50 —-0.25 O.IOU 0.25 0.50 (J.I?E 1.00
Correlation

Clinic
Barcelona



Nos puede afectar a todos (!) L.

(

Anyone with lungs
can get lung cancer.
Learn more at lungevity.org

JALUNGEVITY
 ——
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Age n da Barcelona

e Cancer de pulmon

* Gas radon y cancer de pulmon

* Investigacion del impacto del gas radén en salud
* Conclusiones



Futuro préximo - Investig

acion en factores de riesgo

Clinic

/

ESTO ES EL PRINCIPIO

Study - identificacion

SCREENING - C. Pulmén

.POBLACION DE ALTO RIESGO
INCLUYE A LOS EXPUESTOS A
RADON?

PREVENCION PRIMARIA

y’@ World Health
E#Y Organization

E

Educacion - Sensibilizacion

EUROPEAN CODE AGAINST CANCER
Q ways to reduce your cancer risk

1 Do not smoke. Do not use any form of tobacco.

2 Make your home smoke free. Support smoke-free policies in your workplace.
3 Take action to be a healthy body weight

4 Be physically active in everyday life. Limit the time you spend sitting.

5 Have a healthy diet:
« Eat plenty of whole grains, pulses, vegetables and fruits.
« Limit high-calorie foods (foods high in sugar or fat) and avoid sugary drinks.
» Avoid processed meat; limit red meat and foods high in salt

6 If you drink alcohol of any type, limit your intake. Not drinking alcohol is better
for cancer prevention.

7 Avoid too much sun, especially for children. Use sun protection. Do not use
sunbeds.

8 In the workplace, protect yourself against cancer-causing substances by following
health and safety instructions.

# 9  Find out if you are exposed to radiation from naturally high radon levels in your

home. Take action to reduce high radon levels.

10 For women:
« Breastfeeding reduces the mother's cancer risk. If you can, breastfeed your baby
+ Hormone therapy (HRT) the risk of certain cancers.
Limit use of HRT.

11 Ensure your children take part in vaccination programmes for:
» Hepatitis B (for newborns)
« Human papillomavirus (HPV) (for girls).

12 Take partin org
« Bowel cancer (men and women)
« Breast cancer (women)
+ Cervical cancer (women)

d cancer 9 for:

The Zuropean on take to
‘Sucoessiul cancer preventon fequires Mese Individual 305505 10 De SUPPOre By govemmenta! polcles ang c5ons.

Find out more about the European Code Against Cancer at: hitp://cancer-code-europe.iarc.fr

https://cancer-code-europe.iarc.fr/index.php/es/

) Barcelona



https://cancer-code-europe.iarc.fr/index.php/es/
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¢, Como mejorar estas cifras INFORMANDO sobre el radon? Barcelona
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| Jornada Clinic: Medioambiente y Cancer

Tema: EL GAS RADON @9

18:00 - 18:10: Bienvenida - Dra. L. Mezquita, Dr. JC. Laguna.

18:10 - 18:40: Mesa cientifica
+ El gas Radon - Qué es? Como se mide? Dra. C. Grossi, Fisica e Investigadora
en Radon y medida. U. Politécnica de Catalufia (UPC)
« El gas Radon - Impacto en la Salud: Dra. L. Mezquita, Oncéloga Médica e
Investigadora en Radon y Cancer, H. Clinic e IDIBAPS

18:40 - 19:15: Mesa de Dialogo
¢ Modera: Dr. JC Laguna, Oncdlogo Médico e Investigador en Radén y Céancer,
H. Clinic e IDIBAPS
« Participan:
Dra. M. Potrony: Genetista, Investigadora, H. Clinic, IDIBAPS
Dra. C. Grossi: Fisica, Investigadora, UPC
Dra. L. Mezquita: Oncologa; Investigadora, H. Clinic, IDIBAPS
Representante de AEACAP: Paciente

o]
o]
o]
o]

19:15 - 19:50: Preguntas del Publico y Dialogo Interactivo

19:50 - 20:00: Conclusiones y Despedida - Dra. L. Mezquita, Dra. M.Potrony

;]
I DI BAPS ~~¢ Translational genomics Chair of Innovation
S : g ; o Contacto: radon@recerca.clinic.cat
{5\} ﬁ?i,“?; ?ﬁ.tﬁf,:hmp'es L J in Precision Oncology @

Clinic Institut del Cancer
Barcelona | i Malalties de la Sang

Coordina:

Dra. Laura Mezquita, MD, PhD

Servicio Oncologia Médica; Hospital Clinic
Laboratorio Genémica Traslacional

Grupo de Medioambiente y Céncer;
IDIBAPS, Barcelona

Participan:

e Dr. Juan Carlos Laguna, H. Clinic

e Dra. Claudia Grossi, Universidad
Politécnica de Catalufa, Barcelona

¢ Dra. Miriam Potrony, H. Clinic

* Asociacion Espaiola de afectados
de Cancer de Pulmén (AEACAP):
Representante

Fecha: 15 de Mayo del 2024 a las 18:00h

Lugar: Sala Farreras Valenti - Hospital
Clinic (Escalera 9-11 Planta 3)

Registro =+




MECA - Grupo Medioambiente y Cancer S

N\

radon@recerca.clinic.cat

A. Arcocha, M. Bernabeu L. Alcolea A. Martinez, T. Gorria
Project Manager Research Fellow Study coordinator Junior Bioinfo Resident

ey Study population
o dae, -

v /S

M. Ferriol M. Jiménez JC Laguna M G? Herreros J. Mufioz
Informatician, PhD Junior Bioinfo Research Fellow Research Fellow Resident

PhD, PreDoc researchers

G. Oses - Rad Oncologist, UB

M G?-Pardo — Med Oncologist, UB
L Lupinacci — Med Oncologist, UBA
T Gorria — Med Oncologist res, UB
JC Laguna - Med Oncologist, UB
V. Albarran - Med Oncologist, UB
J Mufioz — Med Oncologist res

Thoracic Oncology Group
Dr. Noemi Reguart

Dr. Alejandro Navarro

Dr. Nuria Vifolas

Dr. Roberto Martin

IDnBAPS

Institut
D'Investigacions
Biomadiques
August Pi i Sunyer

Translational genomics
1 @ and targeted therapies
in solid tumors

S UNIVERSITAT»o:

il BARCELONA

Dr. C Teixidd
Mol Biologist

y ARRIET YT

Senior Bioinfo

B N TN
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IDnBAPS
Barcelona

IMUCHAS GRACIAS!

= Clinic Cancer Institut

Thoracic Tumors Group
Dr. Juan Carlos Laguna
Dr. Teresa Gorria
Dr. Alejandro Navarro
Dr. Nuria Vifiolas
Dr. Noemi Reguart
Ainara Arcocha

AN NN

Medical Oncology Dep.
Prof. Aleix Prat
Dr. Montse Mufioz
Eva Paradell

RN

Thoracic Tumor Committee

MTB Core Team
Dr. Carla Montironi
Celia Badenas
Xavier Solé
Jose Luis Villanueva
Lorena Moreno
Gisela Riu
Laura Alcolea

LR

BrORTC feLsy

NSTITUT IRS“ \@/

DOCKNGER 7 riooroeron S “# RadoNorm  rGUNDATION

(it

August Pi i Sunyer

= Translational Genomic Lab

Radon Clinic Group
Mario Bernabeu

Alex Martinez Bedmar
Miquel Ferriol

Cristina Teixidd
Giancarlo Castellano
Marta Garcia de Herreros
Javier Mufioz

Teresa Gorria

Pau Lasmas

Daniel Martinez

All the PATIENTS, researchers & centers participating
in Radon - Risk factors Academic Research

SN N N N N SRR NN

= Grupo SEOM Cancer Trabajo y
Medioambiente

GRUPO DE TRABAJO SEOM DE

"ii v, Cancer
sz o S

= Radon Spain Research network
= BIORADON - EORTC network

M Imezquita@clinic.cat

@LauraMezquitaMD

Funded by: m”:a'_ SEOM

intergroupe Francophone Sociedad Espafola
de Cancérologie Thoracique de Oncologia Médica

:f-'. ks I‘t:\'t
oS e, TASLC

Managing risks from radon and NORM
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