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Research Grants:
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o Bristol-Myers Squibb, Roche, Takeda, AstraZeneca, J&J, Regeneron, Pfizer
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LUNG CANCER: Multifactorial disease

= =
IARC/WHO

= 135 agents as Group 1 carcinogens

according to International Agency for Research

on Cancer (IARC) classification, with sufficient

evidence for cancer in humans

—> More than 30 risk factors for lung cancer,
including:
- tobacco smoke
- environmental factors
- occupational exposures

Clinic Cancer Institute
Barcelona | and Blood Disorders

International Agency for Research on Cancer

:% Health
© ation

IARC MONOGRAPHS
HAZARD CLASSIFICATION

IARC Level of certainty that a Substances
Group substance can cause cancer evaluated
(typical examples of evidence leading to each group)

CARCINOGENIC TO HUMANS

Higher level
of certainty Sufficient evidence for
in humans.
PROBABLY CARCINOGENIC p—
S CE-T<L-
Lmnod vidence for cancer in humant Emlsb from high-temperature frying,
evidence in i 4 it of red meat,
animals. Dight ahft work
Lmntedewd‘e .c human: s Gaachng sigie b t, n«upat ional
exposure as a i barber,
l'ld
v
Lower level
of certainty Inadequate evidence in humans. Coffee drinking, crude o,
Inadequate evidence in ‘mercury, paracetamol
perimental animall

This classification does not indicate the level of
risk associated with exposure (risk assessment)
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LUNG CANCER in 2026 Cike o | Comesrirsuae

MORTALITY PROGNOSIS - 5yrs rate Survival

1st cause of mortality in cancer

180000 | 40- 5-Year Relative Survival
o 2600001 Pancreas ;\? —— Observed 5-Year Survival
S 140000 cancer ~
- 3 307 Modeled Trend 100
1] 3 90
s =1
joo! N : ] =
. § 1 . 10| 628%
2 c
E 40000 - i’ 107 § o
8o = 5 50
) v 0 T T T T 1 40 34.8%
1980 1990 2000 2010 2020 30
Mortality, Basque Country, 1999-2021 Yo 20
- 8,9%
10
LT ® “localized Regional | Distant
- '
25.4% 53%
i cases
i . e \ y
FPP PP ISP PSSP STF TS

Dela Cruz CS, et al. Clin Chest Med. 2011; SEER Lung cancer 5-year survival 2022



LUNG CANCER: Multifactorial disease

[ T
TS -
T
TS ¢

Lung cancer risk factors

g
5
)

REALITY =
misperception

TOBACCO Stigma
minimizes the others
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The only risk factor

Cancer Institute
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EXPOSOME: Lack of Knowledge in Clinics Barore | S350 B S e

“What is not studied is not reported,
what is not reported does not exist &
what does not exist is not prevented”




CANCER, RESEARCH FOCUS e e | ST e

Recognizing the disparity in current knowledge between genes and environmental exposures,

Chris Wild (2005) defined the “exposome” representing all environmental exposures (including

those from diet, lifestyle, and endogenous sources) from conception onwards, as a quantity of
critical interest to disease etiology.

Courtesy of Dr. Kogevinas
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EXPOSOME in Cancer: Limited data

Occupaltional

Air Poliution

Social Detarminants

Lifestyle

Exposure Type

Metaboltes

Adiducts

Chemicals

Ly

g |

3 |
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in m

e LW
10 100 1000
Sample Size of Cases (Log Scale)

10000

Approach:

Hypothesis Testing
Untargated Discovery

Adduciome
Exposoma

2 Metabolome
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Cancer Exposome Research Opportunities

prospective pooled N pre-diagnosis longitudinal multi-tissue
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Young AS, et al, JNCI Cancer Spectr 2025
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= Environmental exposures that

C e Cummulative
an individual encounters | effect
throughout life, and how these @ i @%
exposures impact biology & L~ > o
health a Carcinogen Lung cancer Lung cancer
Exposure initiation diagnosis
- External factors

-~ Intemal factors Ol
i

= Chemical, physical, biological, & pancepinsiy
i 220 >13,
social factors T years 2135 years
APPLICATIONS Multiple ! el
Exposures g 2 71

—> Interplay - genetics & environment

. mmﬁ;wwww Late onset
- Accurate risk assessment

SEER222017-2021, All Races, Bath Sexes

c w33 8

Rappaport SM, et al, Envir Persp 2014, https//www.iarc who,nt/infographics/iarc-monographs-classification;
Chen et al, Int J Environ Res Publiic Health 2023;Abecasis M et al, Leukemia (2020) 34:2279-2284; https://seer.cancer.gov/statfacts/htmlungb.html;
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Lung Cancer Exposome

More complex than expected... Carcinogens
Occupational .
nd Che:"ucal
ndoor products
radon f@
ir /Q\ sy (G0
pollution Radiation
Smoking Exposure Others

kit

=

-

oosoeo oy
Individual Latency —»

risk
Age II i Immune Lung
Susceptibility system Cancer
Sex Hormones
Ancestry M Metabolism
Genetics

Endogenous factors

Albarran-Artahona V, Mezquita L et al, manuscript in preparation



2 questions arising ...
v

Is this relevant
for patients with lung cancer?
B )

Is this relevant
for oncoloqist?

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



EXPOSOME: Impact on patients BiRins | ST B

0
N

¥ g

PEOPLE
WITH
LUNG

CANCER

v MAIN INTEREST: CANCER CARE (priority)
Cancertisk—

v" Cancer prevention (families)

Patients appreciate that their
doctors inform them about risk
factors, but with information
tailored to their context




EXPOSOME: Clinical impact?

Nt

EXPOSOME
IMPACTS ON
CANCER
EVOLUTION?

TYPE OF TUMOR

Oncologist

EVOLUTION
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EXPOSOME: Impact on cancer care? A
i

Precision Medicine
More Personalized Diagnostics

EXPOSOME: ?
» T cancer risk : i 4% w?o ’?
= |nfluence the mechanism? - ( , |
= Influence the profile? | . m«w)
= |nfluence the outcomes? = S '

l e @;) "

EMect
More awareness

More dedicated research!

Identification of vulnerabilities related to each exposome pattern



One exposure (Smoking): Lung Cancer Outcomes Barctone | 57303 B

PROGNOSTIC factor PREDICTIVE factor of RESPONSE

Smoking - Mortality Smoking - Immunotherapy Smoking - Targeted therapy

Patients with NSCLC Patients with NSCLC Patients with NSCLC

POOR outcomes BETTER outcomes POOR outcomes
S _ | "\‘ et
2 ’ E 0.6 A
E )Q g 0.4 \‘.\
(.zJ g 0.2+ b
’ h Ol::ervat::)n tim:a8 (monstohs) " " . T T - 3 T Py
B Time (months)
Lee SJ et al, Thorac Cancer 2014 Corke LK, Current Oncol 2022

Zhang P, Medicine 2018

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

What is the impact of OTHER risk factors?
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CARCINOGENESIS: “ere-trisk-factor—one-disease”

Tobacco smoking - Carcinogenesis

AKT and PKA | 1 Apoptosis
slic(ﬁpw‘—v activation, and | = | T Angiogenesis
ng other changes | | T Transformation
Cigarette Metabolic Persistence \
smokine activation Miscodin:
Metabolic Repair
detoxification
@e@ @nam Apoplos\isw
—_— g 2
Co-carcinogens [ Prc. AP1 activation | Enhanced
Tumour promoters 1 | and other changes = carcinogenicity

Co-exposure?

Stephen S.Hecht SS, Nature Rev 2003; Krewski D et al, IARC 2012
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Co-exposures (Smoking + others): Lung Cancer

Synergism

EUROPEAN Pooling study

INDOOR RADON

Relative risk

60

50

40

Relative risk of lung cancer

~' Non smoker

—#—. Ex-smoker (>10years)

——. Ex-smoker (<10 years)

—— Current smoker (15-24 per day)

! smo¥e!

cur®

1/
10 yrs]
Former smoker > 10yl
..-————'-___'—_‘ NON-smoker
1] 200 400 600 800

Radon concentration (Bg.m)

Darby et al, Scand J Work Environ Health 2006

SYNERGY Pooled Analysis
OCCUPATIONAL CO-EXPOSURES

Asbosios / Sica |

Inchacuskdont etects

A Female 54% smokers

Asbestos / Skca
‘Squamous call
carcinoma

Smail cell |

1]

E--——,-;J:-----i-}—{——— 1

Adenccarcinoma

Inchadaak ot ecs (og-scae)

Individual exposures

® Coexposures

= QOccupational
factors:

Asbestos
Chromium
Vi

Nickel
PAH
Silica

Olsson A, et al. Environ Health Perspect, 2024
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Mezquita L, WCLC 2024
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Perspective: Research — firstly in Radon

Paris

= Mujer 42 afios, no fumadora
= Adenocarcinoma de pulmén
= Perfil molecular: EGFR mutacion

Madrid Madrid Paris Paris Bﬁna Barcelona
2011 2014 2015 2018 2020 2026
Conozco a Pili Tesis (raddn) :a PhD - PostDoct :;f Y H. Clinic - [C&] Veneer

) “‘ [PrrrITa——
w‘ & M«,{,L.q»,\)méiz/\f},
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Radon gas - one of the leading causes of lung cancer
= Radonis an odorless, colorless, = Most important source of natural = Type of radioactivity:
tasteless radioactive gas radiation a-particles
(Uranium decay chain) ,
= ++frequent in rocky areas « @ R
(granite, volcanic) e
B O r aluminum

Y . very thick lead

| penetrance, 1 transfer of energy

Radon & Thoron 37%.

Risk: Indoor
accumulation

“ a-track
detector

WHO Handbook on indoor radon; US Environmental Protection Agency
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Understanding the radiation action mechanisms

Molecular mechanisms

‘Simple DNA Damage Clustered DNA Damage

melﬂTmT TTW]TTIH-[T 2‘;"}‘;1"&\1:\&
T TTTTIT

ssa

DNA damage
DNA strantmag

crosslinks, mod/ﬁcalron o eaxynoaso rings & bases, %
homologous & non-homologous recombination mm
= simple 058
Soluble Factors — CeLI d?’"‘ ‘3"_59“"8:";"“ m LUIIIH
Cokines, chemokines, groudt \poplosis, mitolic catastrophe,
fa0t0rs g e = ractors, e autophagy, bystander-induced,
'''' senescence-like

Radiation
coagulalron factors, ECM proteins W
==

Ccell

Immune cell
response 4 [ e Cellular stress
Mroinisiiciusdels | | ) | ROSRNS, ER stress,
immunity, woutmont. | \ I inflammasome,
activation, polarisation, \ \ / | antioxidant enzymes
antigen presentation Lu n ca n c er rofi I e7
g P -
H A Tumour antigens,
ypoxe DAMPs, & neo-antigens
Reduced angiogenesis, vasculogenesis, e
bmphangogeness immunoregulatory molecules,

ceramide-induced apoptosis

Bystander & abscopal effects
i soluble factors

death pathway & apoptosis associated,

miscellaneous molecules

Olivier L, Front Oncol 2021; McKelvey et al, Mammalial Gen 2018; Lumniczky K, et al, Environ Int. 2021, Maddedu C, et al Int. J. Mol. Sci. 2022, Danforth JM, et al, Front
Cell Dev Bio 2022, Stefanou DT, et al. Biomedicines 2022, Hur W et al, Int. J. Mol. Sci. 2017, Sage, Free Radical Biol and Med 2017; Robertson et al, Int. J. Mol. Sci. 2013

Other mechanisms?
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1st step - Precision Medicine Consultation

Generation of knowledge

_ _ Hospital Clinic (2021-2024)
Patients — Oncologist
Collaboration
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2" step - Lung Cancer EXPOSOME & Precision Medicine

Generation of knowledge

Multicenter prospective study

/ INCLUSION CRITERIA \

v Patients with lung tumor
all-histologies, all-stages:

o New diagnosed
o Under treatment
o UnderFU

v Good PS (PS <2)

v Referral by the
oncologist/ICAPEM

\ network j

Consultation
assessment

Activation: Sep 2024
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Barcelona

Cancer Institute
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o2

ICAPEM

Are you interested?

Imezquita@clinic.cat

EXPOSOME
MTB

v EXPOSOME patterns
v" Lung cancer profiling
v" Genetic predis position

505
) GILEAD @ésac
AECC—

aaaaaaaa
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1. Risk factors & Exposome Approach
Lung Cancer Exposome & Precision Medicine (ICAPEM)
Preliminary Data

Challenges & Future Directions

A S

Take-Home Messages



EXPOSOME & Precision Medicine in Lung Cancer

Update — Mar 2026
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Newsletter Exposome, Mar 2026
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1. Risk factors & Exposome Approach
Lung Cancer Exposome & Precision Medicine (ICAPEM)
Preliminary Data

Challenges & Future Directions
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Challenge N#1: Endogenous factors

%
INHERITY STUDY ";fa
ICAPEM

Prospective study

10% of patients with NSCLC - carriers Cancer prevention in families

14 patients (88%) didn’t met criteria for study in a GCU
= |In 10 families (63%) genetic

cascade study was
recommended performing

ILC sudy population GCU study criteria germline testing in 27 healthy
relatives.

= Of them, in 12 individuals a PGV

was detected
— —)

T Patient death prior
no cascade study

QO Relative studied

st 2nd 3rd
degree /degree degree

@ PGV-Carrier

Figure 4. Proportion of patients with PGV with GCU study criteria. Figure 6. Cascade study in PGV-carriers. Relatives studied are represented by degree relationship.

Laguna JC et al, ELCC 2024, EJC 2025



Challenge n#2: In-deep characterization
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Interplay

— Exposome &
endogenous factors

~

Gene-Environment Networks

Genes

Environmental
Factors
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Zhang X, et al, Front Phys 2015, Kropat E, et al. Journal Dynamics Games 2020, Herrera-Luis E, et al, Nature Rev Genetics 2024



Challenge n#3: Data in understudied pop

% of developing cancer by sex in Spain, 2025
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SEER 22 207-021, 4 e, B S

@  susceplibaty (genetics)
©  Early exposure (childhood)

@O Poten! carcinogens (| period)
©  shorter latency
©  Lung cancer giagnosis

Cifras Cancer 2025; Mezquita L, Educational Session ASCO 2024
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SEX & AGE perspective
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Sex perspect

Geographical differences

Example: Basque Country, Lung Cancer Mortality, 1999-2021
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Geographical differences: Prevention by Risk Areas

Granularity

! <50 Female
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Future: How can we (MD) help? B o | ST s

My personal view

Risk factors i
Life Environmental Occupational Family cancer My adVlce tO you
habits exposure exposure history
+ Smoking (PY, + Radon + Asbestos }

[}
B EC OB =l . 8exraminutes
s Camnabis .« Arsenic 3 Nz during the 15t consultation
X
S5 J 1. Demographic data
= 2. Environmental history
~If‘ 3. Occupational history
/ A 4. Family history of cancer
I

"r»h = Impact on:
= Patient & family
= Co-workers
= General population

Laguna JC et al, Am Soc Clin Oncol Educ Book. 2024



Future: EXPOSOME - Preventive strategies Sorton | 50T

wogean
Commissen

Primary prevention

EUROPEAN CODE AGAINST CANCER

@ ways to reduce your cancer risk

SHS =»
Lifestyle =p

w s w N e

Workplace = °

Indoor —, .
Radon

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

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

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

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. mit red meat and foods high in salt

If you drink alcohol of any type, limit your intake. Not drinking alcohol is better
for cancer preventon.
Avoid o0 much sun, especially for children. Use sun protection. Do not use
sunbeds
In the workplace. protect yourself against cancer-causing substances by following
health and safety instructions.
Find out if you are exposed to radiation from naturally high radon levels in your
home. Take action to reduce high radon levels.
For women
+ Breastfeeding reduces the mother’s cancer risk. If you can, breastieed your baby.
+ Hormone replacement therapy (HRT) increases the risk of certain cancers.
Limit use of HRT
Ensure your children take partin vaccination programmes for
« Hepatitis B (for newboms)
« Human papillomavirus (HPV) (for girls).
Take part in organized cancer screening programmes for.
« Bowel cancer (men and women)
« Breast cancer (women)
+ Cervical cancer (women)

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

Cancer Screening

A

LAPIN Consortium — EU4HEALTH
IDIBAPS - WP3

World Health
¥ Organization

N

EU4Health programme .I\gqj
for a healthier and safer Union -\ 48

The Economist

Redefining eligibility criteria?

de Koning H, et al NEJM 202 ; Adamek M, et al. Lung cancer screening: learning from implementation, 2022; hitps//cancer-code-europe.farc. frindex php/es/


https://cancer-code-europe.iarc.fr/index.php/es/
https://cancer-code-europe.iarc.fr/index.php/es/
https://cancer-code-europe.iarc.fr/index.php/es/
https://cancer-code-europe.iarc.fr/index.php/es/
https://cancer-code-europe.iarc.fr/index.php/es/
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1. Risk factors & Exposome approach
Lung Cancer Exposome & Precision Medicine (ICAPEM)
Examples

Challenges & future directions
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Take-home messages



TAKE-HOME MESSAGES GO e | ST

Lung Cancer is a multifactorial disease

-~ Exposome:
oge® - Environmental exposures
- Co-exposures; cumulative exposure; interplay with genetic factors

ﬁ Patients:

Exposome — clinical & translational research
Better understanding of the impact (Precision Medicine)

Challenges & future: Multidisciplinary Research for Prevention & Lung Cancer Care




THANKS!

= PATIENTS & FAMILIES
= MECA Group & collaborating Groups

= All the researchers & centers participating in EXPOSOME studies

Castilla Ledn

Dr. Asuncion Diaz
Dr. Rafael Lopez Castro
Dr. Soledad Medina

. - Dr. Samuel Saez Navarra
Galicia - Plar delaTore - Dr. Hugo Arasanz
- Dr. Sergo Vazquez - Dr. AlvaroPérez - Dr. Arturo Lecumberri
- Raquel Romero Rodriguez - Laura Miguélez
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-Dr. Luks Leon < ¢ “ .
-Dr. Jorge Garcia £ & """ ¥ o P

Madrid

- Dr. Maria Sereno
- Dr. Gustavo Rubio
- Dr. Belén Rubio

- SaraVazquez

- Beatriz Rodriguez
- M. Pilar Mansilla

- Inmaculada Martin

Extremadura

- Dr. Santiago Gonzalez
- Dr. Jose del Corral

- Dr. Verénica Serrano

- Dr. Marta Gonzélez

- Pdoma Moyano

&EORTC

The future of cancer therapy
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> Valenciana
- Bernat Gaspar
- AEACaP team

ey A\ e s M Castilla-la Mancha

- Dr. Patricia Cruz

- Dr. Lucia Gonzalez Lépez
- Dr. RuthAlvarez

- Dr. Rafael Morales

- Amalia Gonzalez

- Lourdes Femandez

- Ana Karina

-ElenaCorrd

Bundesamt

e fiir Strahlenschutz
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Cataluiia

- Dr. LauraMezquita

- Manuel Jimenez

- Miquel Ferriol

- Maxime Janiin

- Jihan Bakkalli

- Julieth Mena

- Ainara Arcocha
-LauraAlcdea

- Dr. Juan Carlos Laguna
- Dr. Teresa Gorria

- Dr. Diana Anguita

- Dr. Angela Montes

- Dr. Michele Rola

- Dr. Vicor Abarran

- Laia Aguilar

- Federica Turrisi

- Dra. Cristina Teixido

- Dr. Daniel Martinez

- Dr. Daniela Sala

- Dr. Karmele Saez de Gordoa
- Dr. LauraLépez

- Dr. Silvia Catot

- Mertixell Pelicano

-Dr. Clara Martinez

- David Berengué

- Dr. Mariona Figas

- Dr. Laia Vila

- Julia Gine

- Dr. Claudia Aura Gorzalez
- Dr. Lara Pjjuan Andujar
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