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▪ 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

https://www.iarc.who.int/infographics/iarc-monographs-classification/; Agents Classified by the IARC Monographs, Volumes 1–135 – IARC Monographs on the Identification of Carcinogenic Hazards to Humans. 

LUNG CANCER: Multifactorial disease
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Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

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

53% 
cases

MORTALITY PROGNOSIS – 5yrs rate Survival

1st cause of mortality in cancer

8,9% 

LUNG CANCER in 2026

Mortality, Basque Country, 1999-2021



LUNG CANCER: Multifactorial diseaseLung cancer risk factors (IARC, WHO)
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EXPOSOME: Lack of Knowledge in Clinics

“What is not studied is not reported, 

what is not reported does not exist &

what does not exist is not prevented”



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.

E

Courtesy of Dr. Kogevinas

CANCER, RESEARCH FOCUS



EXPOSOME in Early life

Maitre L, Nature Communications 2022

Atopic Dermatitis

Lifespan Studies

Pregnancy & Childhood



Young AS, et al , JNCI Cancer Spectr 2025

EXPOSOME in Cancer: Limited data
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Carcinogen

Exposure   

Time of exposure

Lung cancer 

initiation
Lung cancer 

diagnosis

Latency

≥ 20 years ≥ 13,5 years

Late onset 
diagnosis

1

2 4

5

Lung 

cancer risk 

Level 3

Rappaport SM, et al, Envir Persp 2014, https://www.iarc.who.int/infographics/iarc-monographs-classification/; 

Chen et al, Int J Environ Res Publiic Health 2023;Abecasis M et a l, Leukemia (2020) 34:2279–2284;  https://seer.cancer.gov/statfacts/html/lungb.html; 

Multiple

Exposures

Cummulative

effect

▪ Environmental exposures that

an individual encounters

throughout life, and how these

exposures impact biology & 

health

- External factors

- Internal factors

▪ Chemical, physical, biological, & 

social factors

APPLICATIONS

→ Interplay - genetics & environment

→ Accurate risk assessment

EXPOSOME & LUNG CANCER

https://www.iarc.who.int/infographics/iarc-monographs-classification/
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Lung Cancer Exposome

Albarrán-Artahona V, Mezqu ita  L e t al, manuscrip t in preparation

More complex than expected...



2 questions arising …

Is this relevant 

for patients with lung cancer?

Is this relevant 

for oncologist?



PEOPLE 

WITH 

LUNG

CANCER

✓MAIN INTEREST: CANCER CARE (priority)

✓Cancer risk 

✓Cancer prevention (families)

Patients appreciate that their 

doctors inform them about risk 

factors, but with information 

tailored to their context

EXPOSOME: Impact on patients



TREATMENT EVOLUTIONTYPE OF TUMOR

EXPOSOME

IMPACTS ON 

CANCER 

EVOLUTION?

Oncologist

EXPOSOME: Clinical impact?



?
EXPOSOME

EXPOSOME: 

▪  cancer risk 

▪ Influence the mechanism?
▪ Influence the profile?

▪ Influence the outcomes?

More awareness

More dedicated research!
Identification of vulnerabilities related to each exposome pattern 

EXPOSOME: Impact on cancer care?



Smoking - Immunotherapy

Patients with NSCLC 

BETTER outcomes

Corke LK, Current Oncol 2022

Smoking - Mortality

Patients with NSCLC 

POOR outcomes

Lee SJ et al, Thorac Cancer 2014

What is the impact of OTHER risk factors?

PROGNOSTIC factor PREDICTIVE factor of RESPONSE

xxxxxx

Smoking – Targeted therapy

Patients with NSCLC 

POOR outcomes

https://pmc.ncbi.nlm.nih.gov/articles/PMC9224666/

Zhang P, Medic ine 2018

Zhang Y, Lung Cancer

One exposure (Smoking): Lung Cancer Outcomes



CARCINOGENESIS: “one risk factor, one disease” 

Tobacco smoking  - Carcinogenesis

Key 

carcinogens
(WHO)

Shared 

Mechanisms

Stephen S.Hecht SS, Nature Rev 2003; Krewski D et al, IARC 2012

Co-exposure?

✓ Metabolic activation

✓ Genotoxic

✓ Altered DNA repair

✓ Genomic instability

✓ Oxidative stress

✓ Chronic inflammation

✓ Among others

Smoking

Co-carcinogens



Synergism

SYNERGY Pooled Analysis 

OCCUPATIONAL CO-EXPOSURES

Female

Male 

Olsson A, et al. Environ Health Perspect, 2024

▪ Occupational 
factors: 

- Asbestos
- Chromium 

VI
- Nickel

- PAH
- Silica

EUROPEAN Pooling study 

 INDOOR  RADON

Darby et al, Scand J Work Environ Health 2006

Individual exposures

Co-exposures

61% smokers

54% smokers

Co-exposures (Smoking + others): Lung Cancer

Mezquita L, WCLC 2024



Pili 
▪ Mujer 42 años, no fumadora

▪ Adenocarcinoma de pulmón

▪ Perfil molecular: EGFR mutación

Perspective: Research – firstly in Radon

?
Zamo ra

Salamanca

Madrid

Par is

Barcelona

2011

Madrid Madrid

2014 2018 20262020

Paris Barcelona Barcelona

https://www.articulo14.es/salud/pilar-la-paciente-cero-que-descubrio-que-el-gas-radon-provoca-cancer-20260204.html

2015

Conozco a Pili                              Tesis (radón)                                      PhD            -  PostDoct                H. Clínic – 

Paris
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Radon gas – one of the leading causes of lung cancer 

▪ Radon is an odorless, colorless, 

tasteless radioactive gas 
(Uranium decay chain)

WHO Handbook on indoor radon; US Environmental Protection Agency 

▪ Most important source of natural 

radiation

▪ ++ frequent in rocky areas  

(granite, volcanic)

▪ Type of radioactivity:                   

α-particles 

↓ penetrance, ↑ transfer of energy

▪ Risk: Indoor 

accumulation

α-track 

detector



Lung cancer profile?

Other mechanisms?

Understanding the radiation action mechanisms

Molecular mechanisms

Immune mechanisms

Oliv ier 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
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36 centers – 5 European Countries16 centers - Spain

N= 806 patients N= 975 patients

García de Herreros M, ESMO 2024, Bernabeu M, SEOM 2024, Mezquita L, ESMO 2023; Laguna JC, WCLC 2022, García de Herreros M, WCLC 2025

MIRROR BIORADON SCAN

N= 380 patients

Single center - Spain
Dr. Gorria

PhD student
JC Laguna

PhD student

Dr. Garcia

Research fe llow

EXPOSOME (radon): Impact on cancer care?



1st step - Precision Medicine Consultation

Patients – Oncologist

Collaboration

Generation of knowledge

Hospital Clinic (2021-2024)



INCLUSION CRITERIA

✔ Patients with lung tumor 

all-histologies, all-stages: 

o New diagnosed

o Under treatment

o Under FU

✔ Good PS (PS <2)

✔ Referral by the

oncologist/ICAPEM 

network

Multicenter prospective study

Carcinogens

Tumor sample 

Clinical data

Consultation

assessment

Blood sample

N=1,000

EXPOSOME 

MTB

✓ EXPOSOME patterns
✓ Lung cancer profiling

✓ Genetic predisposition

Questionnaire

Generation of knowledge

Are you interested? 

lmezquita@clinic.cat 

Activation: Sep 2024

2nd step -  Lung Cancer EXPOSOME & Precision Medicine

mailto:lmezquita@clinic.cat
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EXPOSOME & Precision Medicine in Lung Cancer

Update – Mar 2026

Newsletter Exposome, Mar 2026
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INHERITY STUDY

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

Laguna JC et al, ELCC 2024,  EJC 2025

Prospective study

Challenge N#1: Endogenous factors



Challenge n#2: In-deep characterization

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

Omics 

– in deep profiling

Interplay 

– Exposome & 

endogenous factors

AI tools 

- for Exposome



Challenge n#3: Data in understudied pop

Female

Male

% of developing cancer by sex in Spain, 2025

Young pop

Cifras Cáncer 2025; Mezquita L, Educational Session ASCO 2024



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

SEX & AGE perspective

Geographical differences: Exposome & Cancer Data



Example: Basque Country, Lung Cancer Mortality, 1999-2021

Geographical differences: Sex perspective



≤ 50 Female

TO EXPLORE 

THESE AREAS?

“HOTSPOT 

AREAS”

TO PRIORITIZE

SPECIFIC  

PREVENTION 

ACTIONS

Granularity

Geographical differences: Prevention by Risk Areas 



My advice to you 

5’ extra minutes                           

during the 1st consultation

1. Demographic data

2. Environmental history

3. Occupational history

4. Family history of cancer

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

My personal view

Future: How can we (MD) help?

Impact on: 

▪ Patient & family

▪ Co-workers

▪ General population



de Koning H, et al NEJM 202 ; Adamek M, et al. Lung cancer screening: learning from implementation, 2022; https://cancer-code-europe.iarc.fr/index.php/es/

Cancer Screening

Redefining eligibility criteria?

The Economist

Primary prevention

Indoor 

Radon

Future: EXPOSOME – Preventive strategies

SHS

Workplace

Lifestyle
LAPIN Consortium – EU4HEALTH

IDIBAPS – WP3

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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Lung Cancer is a multifactorial disease

Exposome: 

- Environmental exposures 

- Co-exposures; cumulative exposure; interplay with genetic factors

Patients: 

- Exposome – clinical & translational research

- Better understanding of the impact (Precision Medicine)

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

TAKE-HOME MESSAGES



THANKS! 

lmezquita@clin ic.cat

Funding Organisms:

▪ PATIENTS & FAMILIES

▪ MECA Group & collaborating Groups

▪ All the researchers & centers participating in EXPOSOME studies
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