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| Mi dia a dia en el HOSPITAL |

Persona sana Cancer de pulmon Mesotelioma Tumortimico

Pacientes con cancer de pulmoén 000 [RARSee

Tumor Timo




CANCER DE PULM@&#P024
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Cancede pulmoén Clasificacidristologica e

Hasta hace 20 anos
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Cancede pulmon Clasificacidnolecular @ Sarcelona

Adenocarcinoma

EGFR Other 4%

MET 3%

> 1 Mutation 3%

HER2 2%

ROS1 2%

BRAF 2%

RET 2%

Noconocidas NTRK < 1%
31% PIK3CA 1%

MEK1 < 1%

Otros
11%
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Li. JCO. 2013; Tsao. J Thorac Oncol. 2016.
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Cancedepulmoén TratamienanttALK

- Adenocarcinoma

- Grupo molecular:
A Fusion de ALK
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A Mas de 80% amsos

Acetone

Cyanhydric acid
el .:L(was used in the gas chambers)
*Na lamine —— :

Napiigatiine Ammoniac
Methanol (detergent)
(used as rocket fuel)
*Pyrene *Urethane
Naphthalene Toluene
(moth-repellent) (industrial solvent)
Nicotine ;
(used as a herbicide and insecticide) fl\gtsrlg?;)%ison)
*Cadmium *Dibenzacridine

(used in batteries)

*Polonium 210
(a radioactive element)

DDT

(insecticide)

Carbon monoxide
(found in exhaust fumes)

Vinyl chloride

(used in plastic materials) *Known carcinogenic substances

Fig. 1.14

La IARC ha identificBdo &aftinogengn el humo del tabaco
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CriterioTABACO
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Ademagiel tabaco
FACTORES AMBIENTALES

Contaminacion
exterior

Residence

15% o~
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SEOM2019"
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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'®

A En2019

) OF
A Google Form®© m
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Fuente de informacion

Educacién Secundarla
Educacién Unwersnaria

meesmnales
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- \
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Foros cientificos
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53% no sabe qué debe hacer después

MartirRomano et al, SEOM 201¢



Factoresleriesgode cancer dpulmon(OMS)

7 .
a&i}

Diesel e

Carcinogenodegrupol

Productogguimicos @g‘g‘

§
ST

https://monographs.iarc.who.int/atgstsiethytheiarc/

REALIDAD =
mala
interpretacion

ESTIGMA DEL
TABACO minimiza
el impacto de otros

factores

@ Clinic
)) Barcelona

-

Group 1 carcinogens

TABACO

&

L BLELGED

2

~



https://monographs.iarc.who.int/agents-classified-by-the-iarc/
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Historia del Gas RadorC&nceidePulmon

Dr. F.E. Dorn

Radiumemanation
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Caso de Stanley Watras (1984)

1950 1970 1984 1995 2004
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................................................ >
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Radorennuestroorganismo

Plomo/Acero Aluminio Papel

Particula alfa

&

Particula beta

Rayo gamma
AV

Particula alfa =
Z penetrant e,

y

r

@ Clinic
)) Barcelona

https:iiww.interiorhealtthealtrandwellnesenvironmentaéaltrandhazardsadoryas



Clinic

Radiaciononizante nuestrarganismo Barcelona

Cromosoma

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

base damage/sugar damage
¥/ A\ VA
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Sage Free RadicBlolandMed2017Robertson et &if J. MolSci 2013
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Radiaciononizante nuestrarganismo

Skin

N
p21, TP53, BAX, BCL-2, MMP1,
Caspase-2, Caspase-6, COL1A1,
GDF-15, connexind3 1 p21 |

Brain

PTPN1, PMS2, HMGN2, IRF3,
IL-8, ICAM-1, VCAM-1, Cox-2,
Syn1, Syp, SAP97, Dbn1,
PSD-95 ¢t

Endothelium

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

Immune cell

e N
/ Lymphocyte \
8-0x0dG, IFN-y, IL-2 t
J

L XRCC1, hOGG1 |

Mast cell
TNF-q, IL-4, IL-13,
\Nr4a2, histamine | )
s N
Microglial cell
SOD, mPTP |
N\ J
s R
Macrophage

Glutathione, AP-1, NF-kB 1

( BM-MSCs
CD34+, CD38+, IL-6 1
| FiaL |

Y e N
%/ - B cell
2 O IFN-y, IL-4, IL-6, let7a, miR-15b,

2, = miR-16, miR-21, miR23-b 1 /
- >,

Thyroid

GADD45A, ATM, TNFSF9, p-p53 1
y-H2AX, CDKN1A, FDXR, BAX,
DDB2, SESN1, BCL2, MDM2,
TNFSF10B, PCNA |

Lung

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

Heart

miR-421, miR-34a, miR-155,
miR-185, miR-221 1

miR-375, miR-199a, miR-146a,

= Spleen

lGCLM, GS, GPx, p53, p21 1

Liver

miR-421 1

hepcidin-2, miR-21, miR-221,

PPARa, miR-155, miR-375 |

Testis & Ovary

miR-185 1

miR-199a, miR-193a, miR-375,

Osteoblast/clas!ﬁ

COL1A, ALP, OCN, Cbfa1, OPG 1

Clinic
Barcelona

RADIACION IONIZANTE

Afectaa multiples

organos

ShinE, Front. Genet. 2020



Radorresidencial F arcalois
Carcinogenadegrupol (OMS)

A & -1®pcasosde cancer dpulmén

A Uno ddos principaledactoresderiesgoen
~ NO FUMADORES

A RelaciorLINEALY Exposiciény tiempe ¥ riesgo

A SINERGICO% Radon + Tabac{pa _»
V2 causenfumadores . |
g@ﬁ(")",‘g’;ﬁfgﬁﬁﬂ V ¥ x 25riesgale cancer dalmorenfumadores

‘\ﬂv—

Medirradén A Poblacion general:

Tomamedidassi nivelesaltos

Recomendacién 10(Bg/m3 Y 1riesgode cancer d|5)ulmoncada:LOOBq/m3

Pavia BulWordHealth Organ 2003, Darby BMJR@@% ki ToxicoEnviron Health A 2006,
Lorenz&sonzaleEnviRes 202Riudavets! et al, Cancers 2022, Radon Handbook, WHO 2



Percepciérmelriesgo- Radon LT

InternationaAtomicEnergy Agency (IAEA)

Radiation dose equivalent
~

Radiation dose from indoor radon:

a comparison /\\ﬁg(;@‘& World Health

%Y Organization

The radiation dose 491 Radiografias

Annual average feceived is Reference level de térax al afno

radon concentration :
A T approximately 100Bg/m?

equivalent to: \ J

Less than one Chest

200 Bg/m? oy berday / \
400 Bg/m3 1 Chest X-ray per day {***}
800 Bg/m? 3 Chest X-rays per day Euratom a 27,4 Radlograﬁas
Reference level torax al afno
2 000 Bg/m? 7 Chest X-rays per day \ 300Bg/n? /

1pCil = 0,037 Bg/l (37 Bg/m



;Comoestudiarel gasradon& cancerde pulmor? e

P =
Cancer de pulmon Poblacion sana
(CASOS) (CONTROLES)
Trabajadores de las 22002 0.0 6 0.0

minas de URANIO

Medir gas radon

Poblacion TTTTTT tatrt

general

Asociacion

LubinJ NatlCanceinst1995, Pavia BWordIHealth Organ 2003, Darby BMJ 20@%;skiJ ToxicolEnviron Health A 20QfibinintJ Cancer 200BuanEurJ CancePrev2014
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= DOS POBLACIONES

Segun la intervencion que realicemos para estudiar el gas radon

J EpidemiolsgicoEERTTITY 3

praaeennee

\ch Observacionales LLLLLLR AL ExposicioraRadon —
[ , T . =
cg A Casos controles A In vitro:célulasorganoides 0
O A Ecolégicos A In vivorratasratones perros é
. ) -
0 A Transversales 0.
O , . o

A Estudiodecasos 5

A é

CAUSALIDAD entre Radén & Cant

ASOCIACION entre Radén & Ca
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Radomocupacionak CancetPulmaon MinerogUranip 2 sarcetons

/ Uraniumworkers \

Lung cancer

V4 ) — i
// Occupational Rn exposure —_—
Excesdungcancer No consistent data for
mortality othersolidtumors

-
\
[N\
/ N
i ionshi Decreasef ERRwithtime Contribution of radon
Exposureisk relationship sinceexposure Persistance aisk after putior

between radon & lung cancer : : tolungdose
Also in lowexposed miners adjustemenon smoking Doserisk relationship

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



Radorresidencia&& Cancer dulmon

Pooled studies§

15% deiesgode cancer dpulmonenpoblacién genergbor 100Bgdm3)
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Indoor radon N of N of N of Group 95% CI
Studies Cases Controls (Bg/md)

Metanalysis (1) 8 4263 6612 150Bdm3 ERR 0.14 0.00.3 1997
Metanalysis (1) 17 NR NR 100Bgm3 ORR1.15 | 1.071.24 2003
China pooling study 2 1.050 1.996 100Bdm3 ORR 1.33 1.011.36 2004
American pooling study 7 3.662 4.966 100Bdm3 ERR 0.07 0.030.16% 2005
European pooling study 13 7.148 14.208 100Bdm3 ERR 0.08 0.030.16 2006
Updated metanalysis (lII) 22 13380 21102 100Bdm3 ERR 0.07 0.040.10 2012
American CPS Il 1 3493 811961 100Bdm3 ORR 1.15 1.00 1.35 2011

OR= Odds ratio; ERR = excessive relative risk

Lubind Natl Cancer Inst 1997, Pavi&vBudHealth Organ 2003, Darby BMJ 2(
Krewski ToxicoEnviron Health A 200&irint J Cancer 2004, Zhang AswrPacifid CancePrev2012



Radormrresidencia&& Tabaco
EfectaSubMultiplicativo

Odds-ratio

EXPOSICION LABORAL (MINEROS)

Czech French and Germamnerscohorts
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—l— Never smoker .‘\“0/“/A
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Cumulative radon exposure (5-year lagged, WLM)

Leurauet al., Radiation Res 2011
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Rn||. ™~

86

RADON RESIDENCIAL

EuropearPoolingstudy

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)

L

30
—

20

—n
10 e ——— O—
" NO fumador
0= ¢ s A
0 200 400 600 800

Radon concentration (Bg.m3)

Darby et ahcand Work Enviréiealtt?006
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Radodénaboral Relaciogonotrogumore?®

KreuzeM, et aRadiaEnviroBiophys2024

MinerodJraniod PUMA Cohoriy=119,709 mineros

-0.03 0 0.05 0.10 0.15 0.20

Nueva evidenciCancer gastrico +++ & cancer hepatico

ERR /100 WLM (95% ClI) N
Lung cancer —— 4,329
Cancers excluding lung cancer —— 6,102
Cancers respiratory tract excluding lung . 334

ERR

0.184
0.013
0.021
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Enfermedades
respiratorias

Otros tumores solidos (cerebral,a@nal,
Tumores hematologicos: linfomas/leucemias

En investigaci -né no evid

Bronquitis cronica/Enfisema

Yin W, et a,onseMed]. 2019
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¢, Porquéestudiamogiasradon& cancer deulmor? Sf--

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

A|.1 one
wit lungs ’IﬂDon't wait

“getchecked!
canget 9 :
The earlier the disease is found the

[T ng cancer -
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TIPODE CANCER | TRATAMIENTO " EVOLUCION |

CARCINOGENO
IMPACTA EN LA }
EVOLUCION

Oncologos




Perspectivalnvestigadora ) gie,,.. ®

2011, Madrid

12°

&
)

OCEANDO ATLANTICO-E

40

A Mujernonfumadora

A CPNCP

A Histologia: Adenocarcinoma
A Grupo moleculaEGFR

20142017, PhD
20182020PostDoc

2020present, Investigacion




Cancedepulmon No esinasolaenfermedad -

Hace 30 anos Oncologos Pacientes

L { e R TR

A Tratamientos diferentes
A Evolucion diferente

PERFIL MOLECULAR



Areadeinterés Gruposmoleculare®: radén (

Gruposmoleculares

EGFR Other 4%
MET 3%

> 1 Mutation 3%
HER2 2%
ROS1 2%
BRAF 2%

— RET 2%
Noconocidas NTRK < 1%

31% \ PIK3CA 1%

MEK1 < 1%

= .‘;;\\,5
<)
. :; )

N

A La mayoria de los pacientes:
- NO fumadores
- Mas jovenes
- Otras caracteristicas

Clinic
Barcelona

A NINGUN factor de riesgo identific

ado



Areadeinterés Gruposmoleculare®: radén

Heterogeneidad genomica

Tumor mass

Tumor clonal composition

Private E mutations =
\/ Private F mutations s
Private D mutatim are
/ [ mutations

Shared B mutatio ared C mutations /

' { Early
Trgncal A mutations mutations

Evolutionary phylogenetic tree

© 2015 American Association for Cancer Research
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[l Pre-GD clonal [ Untimed clonal [@ P
somatic event somatic event st

A Adenocarcinoma

e

CCR Reviews

AACR

OTronco del

JamaHanjaniM,ClinCanceRes 2015; JantddnjanM et al, NEJM 2017

.

Alteraciones
genomicas

MUY PRECO(C

~\

PrefsiD

drivigrs

ES
Genome
doubling )

8r bol es

Post-GD
clonal/

init@ting BCOR

subclonal RNF43

Mutations
PRDM1 e 0/2
MET I 0/2
CMTR2 i 0/3

\.
5
wv
w

| I 1

NRONRNNONNAENNNANNOWLWWLWWI DS

NCOR1
Z CTNNBI1

O ARID2 I 3/
PLXN B2 i 3/4

BAP1 [ 3/4

late  KMT2C mmm 3/3
: BR5 i 2/2
drivers  pASK i 2/2
DNM2 i 2/2

SMAD4 I 2/2

PTPRC I 2/2
NOTCH — 2/2

FLT4 I—2/2

EP300 M— 2/2

CIC —2/2

A OUWUWUEWWUINO




Gruposmoleculareg: gasRadon

Onlysmall[prospective¢ohortshave
exploredhisassociation

)
£
@ Control
5
= = EGRRmutation
g AlKfusion
8 m BRAFmutation
A [ — BN | :
g {7 HERmutation
< 100 Bq/m3 { RoSLfuson
2 :
s i Nodataavailable
Tagaet al Mezauita et al Ruano-Ravina et a
* Only driver US N=24* Spain, N=48* Sain, N=92*

positive patients

Taga, Cancer Epidemiol Biomarkers Preven 2012, Mezquita din Lung Cancer 2019, Ruano-Ravi3a Eur Respi J2017

Rn >100 Bqg/m3 mmesof pts withlungcancer
harboringALKfusion EGFRnut, BRAF600E

Preliminarevidence
Y é&értaindriveralt inradonrisk areas
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Radon
FRANCE

Currenthome

N=116.424 NSCLC

Radon
BioFRANCE

Childhood

N= 3.994 NSCLC

Radon
EUROPE

Molecular data
by country

N= 17Zountries

ECOLOGI€&tudies

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

/,Te:'i.'-. French National Registry

A N=116.424NSOLC
A Y%driver alt. by region
A Period: 2012-2016

Mezuita et al, WA.C2018

French National Map

i | OBETVE %molecular subgroups & Radon risk areain France

(AJIFET. ‘ NATIONAL REGISTRY (1st yr)

A N=3994 patientswith NSCLC
A Homein childhood
A Period: 2012-2013

Mezita et al, WALC2020 Barlesiet al Lancet Onenl 2016

IRS[] INDOORRADON MAP

A Geoestadistics (N=12.641 measurement)
A Radon data by postal code

A Territory:

A 2riskareas (high/low)

Demographic a& molecular data

Indoor Radon exposure

N= 44 countriesin Europe
(7 GLOBAL CANCER
\a/ OBSERVATORY
v
N=32 countries with
demographic & rafjon data available

Y
N=21 countries with EGFRdata
N=17 countrieswith ALK data
(studies with N 100 patients)**

'

i N=159,818 NSO Cpatients evaluable for EGFR i
| N=111,746 NSO Cpatients evaluable for ALK

- TUROPLAN COMMISSION
Juint Research Centro

A Estimated Rn mean: High =x50 Bg/ m?
Low =<50 By/m?

A 9%dwellings, annual mean > 200 Bg/ m3

A %dwellings, annual mean > 400 Bg/ m3

AIM: To study the correlation between molecular alt.
& radon exposure across Elropean countries

Mezquita L, WCLC 2018; Mezquita L, WCLC 20Z0a@artieCLC 2022




Clinic

cComoestudiarel gasradon& cancerde pulmor? Barcelona

= DOS POBLACIONES

Segun la intervencion que realicemos para estudiar el gas radon

J EpidemiolsgicoEERTTITY 3

preaftnnee

\ch Observacionales LLLLLLR AL ExposicioraRadon —
.G 4 A . z . EI-
cg A Casoscontroles A In vitro:células organoides )
O A Ecolégicos A In vivorratas ratones& perros é
. ) >
£ A Transversales 0.
O , . o

A Estudiosdecasos -

A é

ASOCIACION entre Radén & Can CAUSALIDAD entre Radén & Cant




ConsorciceuropedRADONORM
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OTOWARDS EFFECTIVE RADI ATI ON PROTECTI ON
BASED ON IMPROVED SCIENTIFIC EVIDENCE AND SOCIAL A
CONS | DE R AADCESNORADD &NORM 2
W&
A N
S _ Y m RadoNorm

EU contribution
€ 18 000 000

Coordinated by

Euratom

BUNDESAMT FUER STRAHLENSCHUTZ Horizon2020

B Germany

Participantesh6 centros; 22 paisexyllabUSCanada

WP4 Effect& Riskassessment

Task 4.5Indoor radon in lung cancer

Leaders: DMlezquitd DIBAPS); Pr8ess€GR)
Partners: IDIBAPS; GR; EOBRBORSN; MTA; LC
Funding: 8ROEUR

ﬁ

Managing risks from radon and NORM

MainObjectives

(a)characterizationf radonand NORM
(b)improvingdosimetry
(c)assessingeffectsandrisksfor humans& envit
(d)refiningmitigationtechnologies
(e)raisingtheunderstandindor societalaspects
(f)disseminatingichievements

https://cordis.europa.eu/project/id/900009
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ESTUDIO DEL PERFIL CLINICO Y MOLECULAR

DEL CANCER DE PULMON EXPUESTO A RADON
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Figure 1. Simplified scheme of the radon inhalation chambers.
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ESTUDIOS: 800 pacientes desde 2021
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MORTALITY: LUNG CANCER MORTALITY
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MODELSPAIND BRAIN TUMORS DATA (€ s

Geographic differences, Brain

MALE pop

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

'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

By SEX

FEMALE pop

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

Tafalla: 118.98
Onati: 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

5& ¢ Sanxenxo: 95.57
o ’ Huétor Vega: 95.05
Aller: 94.26

' 3 Villaviciosa: 94.12
© @ : - Massamagrell: 93.30
&9

Ciudad Rodrigo: 92.92
Bermeo: 91.08
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Ecological studyGeographic differences

>\

CorrelationINEdata(1999202) andRadorMapdata(CSN)
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Municipalities
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A Correlations: particularly in young females
(oropharyngeal, urothelial tumors)

A Also, in lung cancer in young females, ++++
(lower cumulative smoking exposure

FerrioM, et al, not to post; submitted



