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• Histology

• Immunohistochemistry

• Molecular biology

• Tumor sequencing

• Genomic profiling

• Liquid biopsy

Subdivided tumors
into multiple cancers 
based on genomics

Pathological Diagnosis of Cancer



(R)Evolution of Molecular Tools



Hanahan D, Weinberg RA. Cell. 2000

Hallmarks of Cancer and Molecular Therapeutic Targeting



Hanahan D. and Weinberg R.A., Cell 2011

ER pathway
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Hallmarks of Cancer and Molecular Therapeutic Targeting



Progress in Systemic Cancer Care

From Empirical Cancer Chemotherapy
to Oncogenic Addiction Approach.



Kerr DJ et al. EBioMedicine 2021

Importance of Biomarker Testing

Singal et al. JAMA 2019



Louie et al. Front Pharmacol. 2021

Types of Biomarkers and Clinical Utility



Heitzeret al., Nat Rev Genetics 2019
The Cancer Genome Atlas et al. Nature Genetics 2013

Molecular Analysis Techniques for the Practicing Oncologist



The Partners of Personalized Oncology



Sarivalasis A et al. Rev Med suisse 2013

Circulating Tumor Markers



ER HER2

Ki67 Grade

I - II - III

Biomarkers and Types of Breast Cancer

Perou C et al. Nature 2000
Sotiriou C et al. NEJM 2009



Perou C et al. Nature 2000
Sotiriou C et al. NEJM 2009

Multiple Gene Assays as Prognostic Clinical Marker

Molecular subtypes



Paik S et al. NEJM 2004 

Oncotype DX
(21 genes)

NSABP-B14

Oncotype DX



But there are many challenges and limitations which need to be overcome !!!

Major Importance of Genomics-Driven Cancer Therapy



Solid Tumors = Mixture of Rare Molecular Entities

Garraway LA. J Clin Oncol. 2013
Husain H and Velvulescu VE. JAMA 2017



Major Milestones for Precision Oncology
Across Indications



Tannock IF, Hickman JA. N Engl J Med 2016

Selected Clinical Studies Evaluating Personalized Oncology (NGS)



Selected Molecular Pathology Biomarker Testing and Expressions



Selected Molecular Pathology Biomarker Testing and Expressions



Target Tumor Inhibitor Predictive markers of 
sensitivity/resistance

Disease setting

ER Breast
Tamoxifen, Aromatase 
Inhibitors, Fulvestrant

ER expression

ER mutation (Resistance)
Adjuvant & Metastatic

EGFR Head&Neck Cetuximab NA Locally/advanced & Metastatic 

EGFR NSCLC

Gefitinib/Erlotinib/

Dacomitinib/Afatinib/

Osimertinib

Mutation of EGFR (T790M)
Metastatic NSCLC

Adjuvant NSCLC (Osimertinib)

EGFR Colorectal
Cetuximab

Panitumumab

RAS status (mutation predicts
resistance to anti EGFR MAb)

Metastatic

HER-2/ 
Neu

Breast, Gastric, 
NSCLC, CRC

Trastuzumab, Pertuzumab

Lapatinib, Tucatinib

Neratinib
T-DM1, Trastuzumab-

Deruxtecan

HER-2/Neu amplification
Adjuvant (Breast) & Metastatic 

(Breast, Gastric)

Oncogenic Addiction

Targets* importantly involved in carcinogenesis process and their inhibitors (* Outside PD-L1)
NA: not available



Target Tumor Inhibitor Predictive markers of 
sensitivity/resistance

Disease setting

C-Kit GIST
Imatinib

(Sunitinib, Regorafenib)

C-Kit mutation

PDGFR mutation

High risk or 
metastatic GIST

ALK

R0S1
NSCLC Crizotinib, Ceritinib, Alectinib

EML4-ALK translocation

R0S1
Metastatic

Hedgehog Basal cell carcinoma Vismodegib NA Metastatic

BRAF, MEK
Melanoma

(NSCLC, CRC)

Vemurafenib,

Dabrafenib

Trametinib, Cobimetinib,…

BRAF mutation
Adjuvant Melanoma 
& Metastatic

PARP
Breast, Ovary, Prostate 

(BRCA tumors)

Olaparib, Niraparib,

Talazoparib

BRCA mutation

HRD

Metastatic

Maintenance (Ovary)

Androgen 
receptor

Prostate
Aberaterone, Enzalutamide, 
Sipuleucel-T

NA/ Androgen receptor 
variant 7 (Resistance)??

Metastatic

NTRK Solid tumors
Larotrectinib

Entrectinib
TRK Fusion Metastatic

Oncogenic Addiction

Targets* importantly involved in carcinogenesis process and their inhibitors (* Outside PD-L1)
NA: not available



Target Tumor Inhibitor
Predictive markers of 

sensitivity
Disease setting

VEGF
NSCLC, colorectal, renal, breast, ovary, 
cervix,  HCC, gastric

Bevacizumab, Aflibercet (colon), 
Ramucirumab

NA Metastatic 

VEGFR

Hepatocarcinoma

Colorectal

Gastric

Sorafenib, 

Lenvatinib, Cabozantinib

Regorafenib

Ramucirumab

NA Metastatic 

VEGF(R); M-
TOR

Renal
MTKs,  Bevacizumab

Everolimus, Temsirolimus
NA Metastatic 

VEGFR; 

M-TOR

PDGFR

Neuroendocrine,

Soft tissue sarcomas

Sunitinib, 

Everolimus

Pazopanib, Olaratumab

NA Metastatic 

VEGFR, RET, Thyroid
Vandetinib, Sorafenib

Lenvatinib, Selpercatinib
NA Metastatic 

M-TOR

PI3K Breast
Everolimus

Alpelisib

NA

Mutateted PI3K
Metastatic 

CDK 4/6 Breast
Palbociclib, Ribociclib, 
Abemaciclib

NA
Metastatic 

Adjuvant (Abemaciclib) 

Oncogenic Addiction

Targets* importantly involved in carcinogenesis process and their inhibitors (* Outside PD-L1)        NA: not available



Towards molecular segmentation!

Breast Cancers



Many Other Targetable Genomic Alterations in Breast Cancer 
Ongoing Investigation

Arnedos, M. et al. Nat. Rev. Clin. Oncol. 2015



Karapetis et al. NEJM 2008

Kopetz et al. JCO 2021Andre et al. NEJM 2020

Heracles study

Sartore-Bianchi et al. Lancet Oncol 2016

Dienstmann. Am Soc Clin Oncol Educ Book. 2018.

Biomarker Testing in CRC 
Precision medicine



Advanced Non-Squamous Lung Cancer (NSCLC)
Targetable Driver Mutations

ORR: 60-80%
mPFS: 9-18 mo
mOS: 28-39 mo

ORR: 70-80%
mPFS: 29-35 mo
1-Yr PFS: 70-80%



Wu et al. NEJM 2020

Advanced Non-Squamous Lung Cancer (NSCLC)
Targetable Driver Mutations



Kandoth C et al. Nature 2013.
Pauli C et al. Cancer Discovery 2017

Only Few Successful Combinations of Genomic Alterations and 
Approved Drug in Clinical Practice

Some genomic alterations are common to various types of cancers



Average Mutational Burden in Various Cancers

Alexandrov LB et al. Nature 2013
Lawrence M et al. Nature 2013



Bai R et al. Biomarker Research 2020

Predictive Biomarkers for Immune Checkpoint Inhibitors Efficacy

•Combination of biomarkers ? (e.g., immunogram,...)



TMB as a Predictive Biomarker for Immune Checkpoint Inhibitors efficacy 
KEYNOTE 158 (Pembrolizumab)

Marabelle A. et al.  Lancet Oncol 2020



• Medical education and recommandations.

• Tumor biology, prioritization of targets and 
MDTs.

• Inter and intra-tumor heterogeneity.

• Serial tumor biopsies (± invasive)  liquid 
biopsies.

• Emerging of CNS metastases.

Genomics-Driven Cancer Management
Limitations

• Evolving and validation of sequencing 
technologies and data.

• “Druggable” targets.

• Challenges in drugs access, clinical
methodology and healthcare organization.

• New designs (innovative) clinical trials.

• Ethical and legal challenges ( e.g germinal 
mutations and ethical considerations).



Hierro et al. Clin Cancer Res 2019

Evolving Clinical Trials Framework for Drug Approval

Unselected patients exclusively based 
on the type of tumor. 

Biomarker-defined patients within a 
tumor type.

Biomarker-defined patients across 
different cancers sharing abnormality.



Patient survival and clinical response to pembrolizumab across 12 different 
tumor types with MMR deficiency

Dung T. Le et al. Science 2017



Larotrectinib (TRK inhibitor): Efficacy

Drilon A et al. N Engl J Med 2018;378:731-739

Drilon A et al. N Engl J Med 2018



Swanton C et al. NEJM 2012

Single biopsy specimens of primary 
tumors , may not fully represent the 
genetic diversity of multiple metastatic 
sites. 

Important molecular changes will be 
missed if repeated biopsies are not 
performed during the evolution of the 
disease.

Future clinical trials and biomarkers  
might consider longitudinal analyses of 
tumour evolution through the disease 
course. 

Fisher R et al. British Journal of Cancer 2013 

Inter and Intra-Tumor Heterogeneity



Lone et al. Molecular Cancer 2022

Liquid Biopsy
Two techniques to analyze ctDNA



Lone et al. Molecular Cancer 2022

Liquid Biopsy



Potential Clinical Applications of Circulating Tumor DNA (ctDNA)

• Early detection of cancer (e.g., 
NPC, …)

• Prognostic indicator

• Tumor mutation burden

• Predictor of response to 
therapy

• Treatment response monitoring

• Residual disease monitoring

• Resistance mechanisms



Cohen J et al. Science 2018.

ctDNA for Early Cancer Diagnosis



Isaac Garcia-Murillas et al. JAMA Oncology  2019

ctDNA and detection of molecular residual disease (MRD)

Colon CancerBreast Cancer

Tie J et al. Sci Transl Med 2016; Reinert T et al. JAMA Oncol 2019 
Tarazona N et al. Ann Oncol 2019 



ctEBV DNA as a Prognostic Marker in Nasopharyngeal Carcinoma

Lin et al. NEJM 2004



Prognostic and Predictive Role of HPV16 ctDNA in OPSCC 

Chera BS et al. J Clin Oncol. 2020 Haring CT et al. Oncotarget 2021

Longitudinal changes HPV16 ctDNA correlate with treatment response. ctDNA
responses could be observed earlier than conventional imaging(average 70 days,
range: 35–166).

NPV: 100%
PPV: 94%

OPSCC: 
oropharyngeal squamous
cell carcinoma



Take-Home Messages

 Ongoing and marked developments in the field of cancer biomarkers.

 Treatment of unselected populations should be abandoned.

 The identification of a driver genetic abnormality as well as the discovery of a selective agent 
are key for efficacy ( and need for prospective validation).

 Molecularly segmented or “rare” tumors are “good” niches for molecular-targeted therapies.

 Discovery of the resistance mechanisms is a high priority as well as the development of 
selective agents.



 One gene may predict resistance, but no single gene, protein, pathway can predict full efficacy.

 Chemotherapy remains important for the synergy with targeted agents in selective settings, 
but combinations complicate choices of appropriate biomarker.

 Better clinical outcomes observed in the metastatic setting, but much less evidence and 
breakthroughs in the adjuvant setting.

 Rise of expected and unexpected side effects.

 Pharmacogenomics: potential tool for individualized therapy.

Take-Home Messages



Thank You 
for Your Attention. 

Adapted from Tonellato


