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Learning objectives

• To acquire a deeper understanding of the clinical course of lung cancer.

• To understand biological hypotheses on classification and risk stratification, 
ongoing/required research in therapeutics and knowledge of use of omics 
technologies for biomarker-enabled precision medicine for lung cancer.

• To develop skills and abilities for critical analysis, interpretation of research data 
and therapeutic strategies.

• To become better equipped for informed, innovative thinking and engagement in 
ongoing or new research projects.
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IN WHOM do we analyse tumours for molecular abnormalities ?
HOW



WHY do we analyse tumours for molecular abnormalities ?
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Mascaux et al, Nature 2019

Multi-step carcinogenesis



Mascaux et al, Nature 2019

Active immune response



Mascaux et al, Nature 2019

Early inhibition of immune response



Chronology of molecular pathway of lung carcinogenesis

Mascaux et al, Nature 2019
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7 weeks ON dox                    9 weeks on dox

                                             10 weeks on dox 
 1 week OFF dox                  1 week on Erlotinib    

Mouse Lung Adenocarcinomas Induced by Sensitive EGFR Mutations Respond to Down-
regulation of the Receptors  or Erlotinib

Histopathology                    Tumor Response (MRI)

Ji et al.:Genes and Dev 2006:20:1496-510



Models of oncogenic addiction

Torti D et al, EMBO 2011



The oncogenic shock

Sharma SV et al,  Genes and dev 2007



IPASS: Progression-Free Survival in EGFR Mutation 
Positive and Negative Patients

EGFR mutation positive EGFR mutation negative

Treatment by subgroup interaction test, p<0.0001

HR = 0.48 (0.36, 0.64) 

p<0.0001

No. events gefitinib,  97 (73.5%)

No. events C / P,  111 (86.0%)

Gefitinib (n=132)

Carboplatin / paclitaxel (n=129)

HR = 2.85 p<0.0001

No. events gefitinib , 88 (96.7%)

No. events C / P, 70 (82.4%)

132 71 31 11 3 0
129 37 7 2 1 0

108
103

0 4 8 12 16 20 24

Gefitinib
C / P

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
a
b

il
it

y
 o

f 
p

ro
g

re
s
s
io

n
-f

re
e
 s

u
rv

iv
a
l

At risk :
91 4 2 1 0 0
85 14 1 0 0 0
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Gefitinib (n=91)

Carboplatin / paclitaxel (n=85)

Months Months

Fukuoka et al. Proc ASCO, 2009



Hendriks LE, Ann Oncol 2022, Epub Dec; Ramalingam S, N Engl J Med 2020, 382:41

Overall survival

FLAURA Phase III 1st line treatment, osimertinib vs gefitinib/erlotinib
Advanced NSCLC, common EGFR mutation, double blind, amendment for osimertinib cross-over

PFS: 18.9 mo
OS: 38.6 mo



TMB high versus low and oncogenic addiction

• Celine Mascaux

Spigel, ASCO 2016
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IN WHOM do we analyse tumours for molecular abnormalities ?



ADVANCED STAGES NSCLC



ANY NON SQ NSCLC



ESMO Guidelines 2024 



ESMO Guidelines 2024 



ALGORITHM IN STAGES IV NSCLC

NSCLC stage IV 1st line 2nd line

Molecular abnormality

Comorbidities, age, PS treatment

PD-L1 expression

PD-L1 0-49%

Targeted therapy

Pembrolizumab
Cemiplimab

Atezolizumab

Chemotherapy + 
pembrolizumab

Chemotherapy + 
pembrolizumab

Targeted therapy new generation

Chemotherapy rechallenge

Docetaxel
Paclitaxel-bevacizumab

Rechallenge
Clinical trials

50%



EARLY STAGES NSCLC



Spicer et al, JTO 2024



Unresectable stage III



In France



HOW do we analyse tumours for molecular abnormalities ?



Mosele et al, Ann of Oncol, 2020

Ensure precision medicine based on biomarkers analyzed in NGS 
with a sufficient level of evidence (ESCAT I//II).



Methods to develop recommendation about NGS in daily practice

Mosele et al, Ann of Oncol, 2020



Mosele MF, Ann Oncol 2020

Which biomarkers do we test in first line for advanced NSCLC



Mosele MF, Ann Oncol 2020

Which biomarkers do we test in first line for advanced NSCLC



Mosele MF, Ann Oncol 2024



Mosele MF, Ann Oncol 2024

ESCAT I/II



Mosele MF, Ann Oncol 2024

ESCAT I/II



slides

HES : % CT

Nucleic acid extraction 

Molecular biology

DNA

RNA

FISH

DNA

Protein expression

Small pieces 10µ

IHC

Quality of the tissue  (fixation, treatment, time 
since sampling)
Quantity of available material
Tumour cellularity (%)

With sequential approach of testing
Risk of lack of tissue

For small sample, prefer high 
throughput techniques (NGS 
+++)

Analyses of mutations/fusions/amplifications

Bloc selection by 
the pathologist

Biopsy
Resectio

n



Biomarkers, molecular targets and methods for testing according to ESCAT scores 



Rolfo C, JTO 2021



Mosele MF, Ann Oncol 2020



WGS WES Panel of genes of DNA

RNASeq Targetted RNASeq Panel of genes

ADN

ARN

Variable size
(30-500 genes)

Kb- some Mb

NGS approaches



Library Nucleic acid Input* Genetic alterations detected

Hybrid capture based DNA High (≥50 ng) Break points of translocations (limited if long 

introns)
Hybrid capture based RNA High (≥40 ng) Fusions (partner independent)

Amplicon based RNA Low (≥10 ng) Fusions (only known fusion partners)

Anchored Multiplex 

Sequencing

RNA Low (≥10 ng) Fusions (partner independent)

* Minimum nucleic acid input suggested by manufacturers. 
Higher input is recommended when possible to increase the 
sensitivity of the test.

Advantages and disadvantages of the different next-generation 
sequencing methods for detection of fusion genes 



And the future ?



Vincent D. de Jager  Lancet 2024 

Emergent biomarkers



He et al. Semin Cancer Biol, 2023

Application of IA technologies to single-omics analysis



Rakaee et al. JAMA Oncol. 2024

IA Guided precision medicine



Rakaee et al. JAMA Oncol. 2024

Cox proportional hazard models of significant independent predictive factors
associated with progression-free survival and overall survival. Variables with
P < .25 from univariate analyses were included in the Cox regression analysis.
Number of events and C-index are indicated for each model.

C-index indicates concordance index; ECOG, Eastern Cooperative Oncology
Group performance status; ICI, immune checkpoint inhibitors; LUAD, lung
adenocarcinoma; and LUSC, lung squamous cell carcinoma.

Multivariable Analysis in the Validation Cohort

IA Guided precision medicine



Multi-omics

Baysoy et al. Nat Rev Mol Cell Biol. 2023



He et al. Semin Cancer Biol, 2023

Multi-omics technologies have been developed to profile genome sequences, epigenetic features, transcription expression, protein and metabolite abundance, and more. Additional information from an individual can be captured by emerging omics technologies, 
such as radiomics, pathomics, and microbiomics. The corresponding representative technologies are enumerated. Whole-genome sequencing (WGS), whole-exome sequencing (WES), whole-genome bisulfite sequencing data (WGBS), chromatin immunoprecipitation
sequencing (ChIP-seq), methylated RNA immunoprecipitation sequencing (MeRIP-seq), assay for transposase-accessible chromatin using sequencing (ATAC-seq), chromosome conformation capture (3C) technology, mass spectrometry (MS)-based proteomics
technology, single-molecule protein sequencing (SMPS) technologies, Nuclear magnetic resonance (NMR) spectroscopy, mass spectrometry (MS)-based metabolomics technology, positron emission tomography(PET)/computed tomography (CT) scans, magnetic
resonance imaging (MRI), Hematoxylin and eosin staining (H&E), and whole metagenome sequencing (WMS). 

Multi-omics technologies



Kang et al. J Transl Med. 2023

A Radiomics process mainly includes image acquisition, 
region of interest (ROI) segmentation,
radiomics feature extraction

B Pathomics process includes acquisition of pathological 
images, whole slide images (WSI) ROI segmentation,
extraction features of deep learning

C Genomics process mainly includes acquisition of 
genomics data, analysis of genomics data, etc.

D Clinical data include demographic information, laboratory 
examination, diagnosis and staging, treatment method, etc.

E Multiomics combinations.
Multiomics data are fused by machine learning methods to 
construct combinatorial models for tumor 
microenvironment exploration and cancer
prognosis evaluation, and to develop comprehensive 
prognosis biomarkers

Multi-omic combinations



He et al. Semin Cancer Biol, 2023

The data acquired in multi-omics studies can be integrated with other complementary modality data, including medicinal imaging, and clinical information (left panel). ML methods can be divided 
broadly into supervised learning and unsupervised learning. Representative ML methods are listed (middle panel). Data integration strategies for multi-omics include early, intermediate, and late 
integration (middle panel). AI-based multi-omics analysis has the potential to aid precision medicine. Key applications of AI-based multi-omics analysis in cancer precision medicine are shown 
(right panel). Support vector machines (SVMs), natural language processing (NLP) kernel methods, principal component analysis (PCA), and latent dirichlet allocation (LDA). 

Artificial intelligence support of multi-level biomedical data 
integration workflow



Conclusions

• Biomarkers testing according to level of evidence (ESCAT)

• Testing in non squamous and light or non smokers squamous lung carcinomas

• Advanced stage and nowadays for early stages

• NGS approaches with panel of genes

• RNA seq preferred as testing for gene fusions

• Perspective of integration of multi-omics and IA





Christian Rolfo, MD, PhD, MBA, Dr.hc.

Professor of Medicine

Director Division Medical Oncology
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The James Comprehensive Cancer Center, The Ohio State University

PRECISION ONCOLOGY IN 
LUNG CANCER - DIAGNOSTICS

Harnessing liquid biopsy for diagnosis, monitoring
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WHY TESTING?

Galbraith S. ASCO 2024



Molecular profiling across histologies in lung cancer    

across 80.000 pts with lung cancer

Russo A (Rolfo C), et al. ASCO 2024 7

Overall biomarker posit ivit y

NSCLC



Distribution of genomic alterations across 

histologies

Russo A (Rolfo C), et al. ASCO 2024

8

Overall biomarker posit ivit y by histological subtype

LUSC AdenosquamousLUAD

Sarcomat oid NOSLarge Cell



Tissue vs. Liquid biopsy

Rolfo C, et al. J Thorac Oncol 2021;16(10):1647-1662.



Rolfo et al, JTO 2021 Oct;16(10):1647-1662



Expedited diagnostic odyssey
stacking diagnostic steps may be able to shorten the diagnostic odyssey

Russo A. et al (Rolfo C.) JCO PO, Feb 2024

Clinical evidence 
of advanced 

cancer

Blood draw for liquid 
biopsy 

Radiographic 
staging

Receiving/
interpreting results

Biopsy for pathologic 
diagnosis

Treatment



36% of early LBX samples were positive for an 

actionable NCCN driver

Russo A. et al (Rolfo C.) JCO PO, Feb 2024

9 (18%) of patients were NCCN driver 

negative with estimated tumor fraction 

(TF) ≥ 10% (presumed true negatives)

7 driver+ patients received a 1L matched 

targeted therapy with a median TTD of 11 

months and real-world response (PR) in 

majority of patients

ALK RE

KRAS G12C

METex14/amp

Multiple

ERBB2 mut

EGFR mut

BRAF V600E

Driver negative, 

elevated TF

Driver negative, 

no elevated TF

OsEr
OsOsOsAl
Th

Osimertinib

Erlotinib

Dabrafenib + Trametinib

Osimertinib

Osimertinib

Osimertinib

Alectinib

Therapy ALK BRAF EGFR EGFR, KRASDriver

PR

Time to therapy discontinuation (months)

0 6 12 18 ≥24

PR

PR

SD

PR

PR

Still on therapy

Censored (left network)



Rolfo C et al, Clin Cancer Research, April 10, 2024



Liquid biopsies (lbx) and tissue biopsies (tbx) for identifying 
MET exon 14 skipping (metex14) in advanced NSCLC: analyses 
from the phase II VISION study of tepotinib 

Rolfo C. ASCO 2023

Prognostic Value 

of Liquid Biopsy



Rolfo C. ASCO 2023



Potential utility of liquid biopsy in NTRK fusion-

positive NSCLCs

Rolfo C, et al, Br J Cancer 2021



NTRK fusions as mechanism of resistance

Rolfo C, et al, Br J Cancer 2021



Potential clinical applications of LB in lung cancer 
management

Malapelle U, et al. Lung Cancer. 2022;172:53-64.



Liquid biopsy can capture the dynamic evolution of 
resistance mechanisms to EGFR TKIs

Russo A (Rolfo C) et al. Clin Lung Cancer 2023

52-year-old never smoker 

female; diagnosed in July 

2018 with cT4 N3 M1c 

lung adenocarcinoma 

(stage IVB). 

Osimertinib start with an intracranial 

CR and extracranial PR
PET/CT in Nov. 2020: CR

After 18 mos oligo-PD (LN mets) → 

SBRT and continued osi

Further disease progression → osimertinib 

stopped; switch to erlotinib

Erlotinib discontinuation 

→ platinum-based chemo 

start



A sample of ctDNA report with key elements

Krebs MG (Rolfo C) et al. JAMA oncol 2022



Special situations: brain metastasis in TKI resistance
CSF demonstrates superiority of cell-free DNA over cell pellet genomic DNA for molecular 

profiling

Escudero et al, Cancers 2021, 13(9), 1989;  Bale et al (Arcila M.) J Mol Diagn . 2021 Jun;23(6):742-752



Use of liquid biopsy in immunotherapy

Stadler J, et al. Cancer Res 2022



Lack of ctDNA Clearance Is Associated with Poorer Outcomes

Assaf ZJF, et al. Nat Med. 2023;29(4):859-868.



de Miguel-Perez et al. (Rolfo ) J Exp Clin Cancer Res (2022) 41:186

EV PD-L1 as a predictor for immunotherapy response and 

outcome



de Miguel-Perez et al. (Rolfo ) J Exp Clin Cancer Res (2022) 41:186

EV PD-L1 and survival outcomes



de Miguel-Perez et al. (Rolfo) Journal of Experimental & Clinical Cancer Research (2024) 43:81

Validation of a multiomic model of plasma extracellular vesicle PD-L1 and 

radiomics for prediction of response to immunotherapy in NSCLC

This multiparametric model showed high sensitivity and specificity at identifying non-responders 
to ICIs and outperformed tissue PD-L1, being directly correlated with tumor change.



Modified from Soh, Hamada Fujino, and Mitsudomi, Cancers (Basel) . 2021

DNA guided perioperative management in the future



Christian Rolfo, MD, PhD, MBA, Dr.hc.

Take home message… my elevator pitch 

• Liquid Biopsy is an important tool for diagnosis and monitoring.

• A good opportunity to incorporate LB in immunotherapy assesment

• Integrating liquid biopsy in clinical trials is a necessity

• Use of analytes beyond ctDNA opening the door for biology understanding.





@ChristianRolfo

@RolfoLab
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PRECISION ONCOLOGY IN LUNG CANCER – DIAGNOSTICS
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Prognostic biomarkers

Predictive biomarkers

Response biomarkers

✗✔ ✔

Diagnostic tools

Clinical Decision Support (CDS) systems

Therapeutic Decision Support (TDS) systemsComputer-Aided Diagnosis (CAD) systems



XIX century XX century XXI century

X-ray era Digital era Radiomics era



MetastasesCOVID-19

DIAGNOSIS

Tuberculosis



DETECTION & DIAGNOSIS



LUNG CANCER SCREENING PROGRAM

Inclusion criteria

Field JK, et al. Lancet Reg Health Eur 2021. PMID: 34806061

de Koning HJ, et al. N Engl J Med 2020. PMID: 31995683

NSLT Research Team. N Engl J Med 2011. PMID:  PMID: 21714641



LUNG CANCER SCREENING PROGRAM

Prevalence of pulmonary lung nodules

Field JK, et al. Lancet Reg Health Eur 2021. PMID: 34806061

de Koning HJ, et al. N Engl J Med 2020. PMID: 31995683

NSLT Research Team. N Engl J Med 2011. PMID:  PMID: 21714641

74%

51% 51%

27%

15%
9%

PANCAN UKLS NELSON NLST MILD DLCST

Nodule size cutoff

Study

1 mm 3 mm 4 mm 4 mm 5 mm 5 mm



LUNG CANCER SCREENING PROGRAM

Lung nodule malignancy risk

American College of Radiology Committee on Lung-RADS®. Lung-RADS Assessment Categories 2022. 

Available at https://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/Lung-RADS-2022.pdf



LUNG CANCER SCREENING PROGRAM

Quanyang W, et al. Cancer Med. 2024. PMID: 38581113

AI-aided lung nodule malignancy risk assessment



Joshi G et al, Electronics 2024. doi: 10.3390/electronics13030498

* Updated 19 October, 2023

FDA APPROVED AI-ENABLED MEDICAL DEVICES

692 U.S. Food and Drug Administration (FDA) approved AI-enabled medical devices

531 in the field of imaging

146 applicable in oncology

135 medical imaging 4 pathology-based

7 colonoscopy-based

assisting biopsies

1% assisting liver ablation procedures

1%

assisting radiotherapy planning

24%

assisting surgery procedures

5%

breast cancer screening/diagnosis

23%
cervical cancer screening/diagnosis

1%

characterization of brain tumors

4%

characterization of liver tumors

1%

characterization of tumors

8%

classification of cancer type

2%

comparing scans

3%

polyp detection

5%

prostate cancer screening/diagnosis

6%

pulmonary nodule detection

15%

thyroid nodule detection

1%

https://radiology.healthairegister.com/



Computational analysis of standard imaging

ENHANCED RESPONSE PREDICTIONS 
AND ON-TREATMENT EVALUATION



IMMUNE-RADIOMICS SIGNATURES

End-to-end signature for response prediction

Trebeschi S, et al. Ann Oncol. 2019. PMID: 30895304                       Ligero M, et al. Radiology. 2021.PMID: 33497314



IMMUNE-RADIOMICS SIGNATURES

Biomarker prediction

Bernatowicz K, et al. J Immunother Cancer. 2025. PMID: 39800381



Pathology and radiology provide valuable information at different scales

Histopathology images Radiology images

Perez-Lopez R, et al .Nat Rev Cancer. 2024. PMID: 38755439
Ghaffari Laleh N, et al. Clin Cancer Res. 2023. PMID: 36083132



Vanguri RS, et al. Nat Cancer. 2022.PMID: 36038778

Multimodal data integration improves AI-model performace

Response prediction to PD-L1 inhibitors in NSCLC



Advanced imaging techniques

ENHANCED RESPONSE PREDICTIONS 
AND ON-TREATMENT EVALUATION



       Macrophages: CD206, PD-L1, S100A9

        T-lymphocytes: CD4, CD8, CD69, PD-1

        B-lymphocytes: CD19, CD20

       Phagocytes: CD163

      Tumor cells: PD-L1

11C, 18F, 68Ga, 89Zr

Imaging of immune cell dynamics with immunotracers



Bensch F, et al. Nat Med. 2018. PMID: 30478423

89Zr-atezolizumab PET-CT for assessing response to PD-L1 inhibition

22 patients with
non-small cell lung cancer (NSCLC), bladder cancer or triple-negative breast cancer (TNBC)

PET-CT after 7 days of 89Zr-atezolizumab in NSCLC



Bensch F, et al. Nat Med. 2018. PMID: 30478423

89Zr-atezolizumab PET-CT for assessing response to PD-L1 inhibition



Niemeijer AN, et al. J Nucl Med. 2022. PMID: 34272316

89Zr-pembrolizumab PET-CT for assessing response to PD-1 inhibition

SUVpeak on day 6-7, when tumour uptake was the highest and blood-pool activity was the lowest (best tumour-to-background ratio)

12 NSCLC patients eligible for pembrolizumab monotherapy as first- or later-line therapy

PR or SD > 6 months



Take home messages

▪ AI-driven tools enhance lung nodule detection and size measurements.

▪ AI models are advancing the ability to distinguish between benign and malignant 
nodules. These improvements are expected to further refine risk assessment in 
the near future, reducing unnecessary follow-ups and invasive biopsies.

▪ AI and advanced imaging techniques may help immunotherapy selection by 
providing non-invasive, real-time insights into the tumour microenvironment.



https://vhio.net/pf/radiomics-group/

rperez@vhio.net
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