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The Burden of Cancer

• 2nd mortality 
in geral 
World;

• 4 / 10 people
• 1 / 6 deaths

Global Cancer Observatory - IARC

Epidemiology 
Perspective GER: 1.8T (1.1% GDP)

Economic Perspective
COST ON NEXT 30 YEARS

USD 25T
(0,5% GDP)

Chen S et al JAMA 
2023

BRA: 276B 
(0.3% GDP)

Patient Perspective

immunotherapy

Biology Perspective
Man, 67 years, 3 kids, metastatic kidney cancer



What ‘type’ of disease is 
cancer?

Sir Percivall Pott (1775)
Increase in testicular cancer 

in chimney sweeps
Occupational exposure to soot.

Cancer is a disease 
of the environment

Cancer is a disease 
of the genome

Theodor Boveri (1914)
Chromosomal defects lead to 
abnormal cell proliferation

Concerning the origin of malignant tumors. T. Boveri
J. Cell Sci. doi:10.1242/jcs.025742 (translated 2008)



The Burden of Cancer

 What ‘type’ of disease is cancer?
• Genetic: two genomes
• Celular: all cell compartments 
• Tissue: micro-enviroment
• Metabolic: energy and pathways
• Immunology: immune evasion
• Evolution: resistance
• Infectious: HPV, microbiome, vaccine
• Environmental: exposures 

Hanahan D. Can Disc 
2022

The Biology Perspective



Architecture of Genetic Susceptibility

Damaging Drivers

Perturbation
Key pathways

Manilo et al. Nature 
2009

>125 Cancer 
Syndromes

>1750 GWAS Loci in  
~30 Cancers



Published Cancer GWAS Etiology Hits
>1750 Disease Loci marked 
by SNPs

For > 30 “cancers”
Rare to Common

Adult Cancers
Estimated OR < 1.2

Vast Majority
~85% European Ancestry
~14% East Asia
~1 % African Ancestry

~15% Pleiotropy
(shared between cancers)

~5% biological mechanism 
 opportunity



Do we need to understand the biological 
bases of individual GWAS signals?

Polygenic risk score (PRS) based on many SNPsNO
Common Variants

PRS

Torkamani. Nat Rev Genet 2018

Higher Risk

Lower Risk



Precision Oncology Prevention

Torkaman A et al Nat Gen Rev 2018

Clinical Application: Ready for patients?

“Given the lack of validation of PRS, these should not 
be used to inform medical management at this time.”



Will be Brazil out of 
Precision Prevention?

17 quantitative traits and 5 continental populations

Martin Ar et al Nature Genetics 2019 

Operários, 1933. Tarsila do 
Amaral



CoDiGO Project
Closing the gap for diversity in genome research in Brazil

20 years of clinical data on EMR: 
cancer, chronic diseases, and more

Total Recruited
18 to 108 years

Cancer

Controls

Other Diseases:
• Cardiovascular
• Metabolic
• Infectious
• Immune
• Neurological
• etc



CoDiGO Project

ASN

EUR

AFR

African american

Latin american 1
Latin American 2

European

Admix

East Asian

Asian Pacific
Latino

African

N=15.921



PRS Evaluation in BR PoP

~4.500 PRS
EUR-based

PGS 
Catalog



PRS Evaluation in BR PoP

Renal Cancer

Colon Cancer

Prostate Cancer

Thyroid Cancer

Leukemia

Bladdder Cancer

Breast Cancer

Esophageal cancer

Melanoma

Ovarian Cancer

Brain Cancer

Testicular Cancer

~4.500 PRS
EUR-based

PGS 
Catalog



The Good, the Bad, and the Ugly
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How to “solve” the Ugly?
Re

na
l C
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r

Purdue M et al Nat Gen 2024Stream-line GWAS validation in-bulk per tumor type!

>2.000 BR Renal CA Cases
~6.000 BR Controls 



Post-GWAS: functional variants
Characterization of susceptibility regions is a critical 
opportunity for:

• new insights into the cancer biology;
• translational development of new approaches.

Cap-HiC

eQTL

MPRA

ATAC-seq
14q24 Renal Cell 
Carcinoma (RCC) 

risk locus



14q24 RCC region

Colli LM AJHG 2021



DPF3 increases T cell cytotoxicity
Activated PBMCs

DPF3
Control

DPF3 + 
PBMC

Control + 
PBMC



CLARA Trial

rs4903064

Somatic-Germline Multiomics Approach



CLARA Trial
Comprehensive Genomic Analysis of susceptibility, cancer and immune



CLARA Trial
Exceptional responders vs non-responders 



Take Home Message
• The Burden of Cancer

• Cancer Susceptibility: precision prevention

• Immunotherapy plus Genomics

Social, Economic, Health, Biological problem

Better understanding of cancer hereditability may move us to a better prevention

Not that easy as we thought: we need more data and context 



Laboratory of Translational Oncology

RESEARCH FUNDING

MEMBERS

POSTDOCS

GRADUATE

UNDERGRADUATE

COLLABORATOS

Young Investigator (20/10960-5)
EMU Spatial Genomics (23/17444-0)

PRONON 19 (25000.188587/2019-19)
PRONON 21 (25000.173229/2020-45)

Newton Advanced Fellow

Breast Research Aiming Valuable Evidences

Investigator Sponsored Research (CA209-6E3)

Stephen J. Chanock (NCI, USA)
Ludmila Prokunina (NCI,USA)
Mitch Machiela (NCI, USA)
James Gulley (NCI, USA)
Mark Purdue (NCI, USA)
Pierre Bigot (Angers, FR)
Oliver Delatre (Curie, FR) 
Eli Van Allen (Harvard, USA)

Niels Olsen (ICB-USP)
Peter Radcliffe (Oxford, UK)
David Mole (Oxford, UK)
Cida Koike (ICESP, BR)
Rodolfo Borges (USP, BR)
Rodrigo Calado (USP, BR)
Valdair Muglia (USP, BR)

Sabrina Baroni
Fernanda Coeli
Marina Cormedi
Raquel Megid
Danillo Almdeida
Mariana Mamede
Thais Benevides

Aline Souza
Virginia Silvestrini

Maite Kolarik 
Letícia Andrade
Matheus Aquino
Fernanda Oliveira
Formosa Dombel

Igor Alcantara
Carolina Furtado
Lucas Fernandes
Rafaela Miranda

Vinícius Macias
Livia Pinaso

Barbara Yasmin
Amanda Zuin
Anna Carolina
Josiane Ludke
José Lopes
Max Duarte
Keterson

Anna Carolina
Carol Mourão
Natália
Rafaela Miranda
José Lopes
Stefany Santana
Daniela Teixeira

Alison Pereira



Thank you for the opportunity!

INSTITUTIONS RESEARCH FUNDING
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