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BLACK BILE

UNDERSTANDING CANCER
Cancer is a genetic disease

Hippocrates of Kos (c. 460-370 BC)

Claudius Galen (130-200 BC)

Black bile caused incurable cancer, 

whereas yellow bile caused curable

cancer
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Theodor Boveri (1902 AC)

Theorized that the underlying

cause of cancer lies

in chromosomal abnormalitie

H. Varmus and M. Bishop (1989 AC)

Nobel Prize won:

altered cellular genes could cause 

cancer

TGCA project (2003-2018 AC)

Pan cancer Atlas on 33 cancer

types, more than 11,000 patients

Hallmark of cancer (2000-2022 AC)

Heuristic tool for distilling the vast complexity of 

cancer phenotypes and genotypes

Level of understanding

2000

GENES

UNDERSTANDING CANCER
Cancer is a genetic disease

(c. 460
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2000

GENES

UNDERSTANDING CANCER
Cancer is a genetic disease

33 | different tumor types including 10 rare cancers

11,000 |  patients (paired tumor-normal tissue sets)

7|  different data type

2.5|  Pentabytes of data

20|  Collaborative institutions within USA
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Halsted (1882) |

Radical mastectomy

Röntgen (1895)

Emil Grubbe (1896)

Discovery of X-rays

Application of X-rays to treat cancer

1960s |

Frei &Freireich develop the VAMP 

regimen

1900

GENES

1950 2000

SURGERY

RADIOTHERAPY

CHEMOTHERAPY

TARGETED THERAPIES

IMMUNOTHERAPY

CART-

CELLS

From 2001 |

Target treatments
From 2011 |

Immunecheckpoint inhibitors

TREATING CANCER
Torwards precision medicine



1900

GENES

1950 2000

TARGETED THERAPIES

J. Mateu et al, Nature 2022

Subbiah V. Et al, CA 2024

TREATING CANCER
Genomically determined alterations can be targeted



1900

GENES

1950 2000

TARGETED THERAPIES

TREATING CANCER
Genomically determined alterations can be targeted | OVARIAN CANCER

Olaparib maintenance therapy provides about a 50% improvement in 

overall survival for patients with BRCA-mutated ovarian cancerDiSilvestro P et al, JCI 2022

Mary-Claire King

BRCA1 gene
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GENES

1950 2000

TREATING CANCER
The anti-cancer role of the immune system can be restored

IMMUNOTHERAPY

H. Ledford et al, Nature 2018

W. Ma et al, Exp Hem &Onco 2023

James P. Allison 

Tasuku Honjo



1900

GENES

2000

TREATING CANCER
The anti-cancer role of the immune system can be restored | ENDOMETRIAL CANCER

IMMUNOTHERAPY

Nature, TGCA 2013

Wu W, et al. J Hematol Oncol. 2021;14(1):160.

Bogani G, et al. Ann Oncol. 2024;35(5):414-428;

• <10%

• Ultramutated

• 30-40%

• Low copy number

• 25-30%

• Hypermutated

• 25-30%

• High copy number

PTEN 94%

KRAS 53%

PIK3CA 71%

PIK3R1 65%

ARID1A 76%

FBXW7 82%

ARID5B 47%

PTEN 88%

KRAS 35%

PIK3CA 71%

RPL22 33%

PI3KCA 54%

PIK3R1 40 %

ARID1A 37%

PTEN 77%

CTNNB1 52%

PI3KCA 53%

PI3KR1 33%

ARID1A 42%

TP53 92%

PPP2R1A 22%

PI3KCA 47%

Chromosomal instability 

(MYC, ERBB2, CCNE1, 

FGFR3, SOX17)

POLE ultramutated

MSS

MSI-high

HCN

POLE

MSS

MSI

HCN

1950
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Data source: WHO Mortality Database (2025), https://ourworldindata.org/

Cancer death rates by type, United States

TREATING CANCER
Oncology mortality trends
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TREATING CANCER
BRCA genes and PARP inhibitors in ovarian cancer

5-Y OS

51.6%
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36%

45%

Bevacizumab

PROGRESSION 

FREE-

SURVIVAL 

rates

SEER data

Banerjee S. et al. J Clin Oncol 2023; 41(4):626-63

González-Martín A. et al. Ann Oncol 2024; 35(6):575-586.

Ray-Coquard I. et al. Ann Oncol 2024; 35(2):136-147.

O’Malley D.M. et al. J Clin Oncol 2024 (online ahead of print).
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TREATING CANCER
Advanced/metastatic MSI-H/dMMR and ICI in endometrial cancer

*dMMR patients, ICI only

Data from Bogani G. et al, Ann Oncol 2024

Eskander et al, NEJM 2023

M.R. Mirza, N Engl J Med 2023

Colombo et al, Ann Oncol 2023

2-Y OS

80%
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Source: Cortellis Clinical Trials Intelligence

MORE OPTIONS, LESS TOOLS TO CHOOSE

PRESENT AND FUTURE CHALLENGES
Biormakers driven trials
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D Akhoundova & M A. Rubin, Nature Med 2024;

R. Siddaway et al, Nature Med 2025

Alix-Panabières & Pantel, Nat Bio Eng 2017​

LARGER
DNA

WIDER
RNA/PROTEINE

MORE FREQUENT
ctDNA/CTCs

FUTURE PERSPECTIVES
From genomics to -omics



FUTURE PERSPECTIVES
Data integration

Lipvoka et al, Can Cell 2022
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SUSTAINABILITY

K. D. Levy et al., Genetics in Medicine 2018

https://www.nature.com/articles/s41436-018-0080-y#auth-Kenneth_D_-Levy-Aff1
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FPG CHOICE



MRO.35: Equity and research in oncology. The subtle balance 

between personalized medicine and accessibility to care

26-27-28 OCTOBER 2025 - Fondazione Policlinico Universitario A. Gemelli IRCCS

Content of this presentation is copyright

and responsibility of the author. Permission is required for re-use

Genomics 
driven 
oncology

Genomics 
drives 
cancer
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