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How could precision medicine reduce HC disparities ? 

• Broad implementation of devices: simple, low cost, comprehensive (ctDNA and AI)

• Reduce requirement of complex infrastructures or expertise (ctDNA and AI)

• Allocate patients in the optimal center based on DATA (« screen for risk »

• Adress shortage of workforce by re-allocating resources to patients who need them 
(short treatment durations)

• Reduce impact of low education on outcome (adherence, perception)

• Substitute the MD where it does not exist anyway… (digital monitoring)

• Reduce disparities between cancer types
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Can pathology assisted by AI reduce 
healthcare disparities ? 

Applications:

New low-cost predictors (RlapsRisk BC)
Detect molecular targets (MSI, BRCA, ERBB2…)
Automatize difficult to read markers (Ki67)



AI model to predict relapse in patients with HR+/Her2- early stage Breast Cancer
Machine was asked to learn which features from HES slides are associated with relapse

Garberis, ESMO, 2021
High Risk

Tumor cells, poor differentiation, proliferation…

THE MACHINE CAN LEARN !!!
!!!!

!!!!
!!!!

!!!!
!!!





ctDNA to identify patients with high risk of 
cancer death or validated genomic alterations

Why does it decrease healthcare disparities ? 

Avoid the need for interventional radiology or specialized center
Assess the outcome and therefore drive patients to innovations



PD17-02, Bailleux et al

No ctDNA drop after
4 weeks CDK4/ET

(drivers only)

Clinical utility of circulating tumor DNA sequencing with a large panel:
Early detection of hard-to-treat cancers (SAFIR03)

EARLY
Access to 
Innovatoin



Bayle et al; AACR 2022 Session PO.CL11.03 

1772 
patients 

Therapeutic 
Orientations and 

Outcomes

 Molecular 
Tumor Board

Blood-based NGS 
panel (ctDNA, 
peripheral blood)
FMI

Clinical utility of circulating tumor DNA sequencing with a large panel:
Targetable genomic alterations (STING) 

11

1.1% (N=19) were MSI high



FMI - GR Biology 
Report 

F1LCDx 
Sequencing 

Analysis

Blood Sample & 
Clinical Annotations

 GR Final Report 
+ MTB Review incl. 

Therapeutic Options
(Std Care – Clinical trials)

FMI Data 
Analysis

● Nationwide initiative
● Comprehensive Cancer centers 
● Public / Private Hospitals

MTB

●  4,000 tests 2024 
●  8,000 tests 2025-2026
●  >10,000 tests later

Gustave Roussy - Roche – Foundation Medicine
Partnership

Our common ambition : extend french patients access to 
liquid-based comprehensive genomic profiling (CGP) 

beyond expert centers

• Promote precision medicine toward the oncology community

• Give opportunities and patients’ ethical access to innovation 
(biomarker-driven clinical trials)

• Facilitate translational research programs by building very 
large clinically-annoted molecular databases 

• Demonstrate and support value recognition by HTAs and 
national authorities

• Ambition: >10 000 patients per year
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Hypothesis: if we identify the mechanisms of cancer progression or mechanism 
of drug sensitivity in each patient, it should improve PFS and OS 

Arnedos et al, Nat Rev Clin Oncol, 2015



Cancer Modelling I : 
Sequencing coding regions of DNA (= DNA sequencing)



Are they recurrent genomic drivers in metastatic breast cancers ? 

Bertucci, Nature, 2019



Are genomic alterations only involved in cancer cell biology ?  
CD274(PDL1) amplification

Bachelot, Nat Med, 2021



What is the impact of targeting the protein 
encoded by a driver alteration in BC ? 

Andre F, NEJM, 2019

Targeting recurrent validated genomic drivers leads to tumor responses and improved PFS
in patients presenting the alteration, but not in the population without the alteration

There is a need to perform genomic testing in patients with metastatic breast cancer
What is the benefit of multigene sequencing ? 



Andre, Nature, 2022



Andre, Nature, 2022

It is useful to perform multigene sequencing IF 
analysed with the right framework of target classification



Summary

• Genomics is useful is around 10% of patients with metastatic cancer 
(maybe a little bit more in mBC because of PIK3CA)

• Genomics has reached a plateau

• What are the next technologies to model cancer biology and develop 
precision medicine ? 



Assessing new dimensions of the biology for treatment selection

• Linking ATAC seq / CHIP seq with epigenetic reprogramming

• Predicting sensitivity to biotechnological therapeutics by spatial biology

• Monitoring cancer adaptation to new therapies by CTCs

• Organoids
• Cancer cells
• Cytotoxic T cells



Illustration I: T-DXd

o Antibody: Monoclonal humanized anti-Her2 IgG1

o Linker: Cleavable linker (Gly-Gly-Phe-Gly)

o Payload: Topoisomerase I inhibitor

o DAR: ~8:1



Trastuzumab deruxtecan in patients with Her2 3+ mBC

P < 0.000001

 T-DXd 
Median (95% CI), months

17.8 (14.3-20.8)
HR (95% CI): 0.3589 (0.2840-0.4535) 

6.9 (5.5-8.4)
T-DXd TPC

Patients still at risk
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T-DXd: 62.3% (95% CI, 57.0-67.1) 
TPC: 27.2% (95% CI, 20.1-34.8) 

T-DXd: 42.2% (95% CI, 36.5-47.8) 
TPC: 13.9% (95% CI, 7.9-21.6) 

Andre F, Lancet, 2023



Ø Patients with 
mBC*

Ø ≥ 18 years old

Ø ≥ 1 
chemotherapy 
regimen  in 
metastatic 
setting

COHORT 1 HER2 
overexpressing: HER2 IHC 3+ 

or IHC 2+/ISH+ (n=72)

COHORT 2 HER2-low: 
HER2 IHC 2+/ISH- or IHC 1+ 

(n=74)

COHORT 3 HER2 non-
expressing: HER2 IHC 0 (n=40)

T-DXd IV 5,4 mg/kg  Q3W 
Upon PD or unacceptable 

toxicity

DAISY: Study Design

Mosele, Nat Med, 2023



Drug efficacy is driven by Her2 expression

Data cut-off: 
Oct 19, 2021

Cohort 1
HER2 IHC 3+ 

or 
IHC 2+/ISH+

(n=68)

Cohort 2
HER2 IHC 
2+/ISH- 

or IHC 1+
(n=72)

Cohort 3
HER2 IHC 0

(n=37)

Median PFS  (mths) 
(95% CI)

11.1
(8.5–14.4)

6.7
(4.4-8.3)

4.2
(2-5.7)

HR 
(95% CI)

0.53
(0.34-0.84)

1.00 1.96
(1.21-3.15)

p-value p <0.0001

NCT04132960

Mosele, Nat Med, 2023



Large Her2-null area is associated with lower response 
rates in patients with Her2-overexpressing cancers

Mosele, Nat Med, 2023



Assessing new dimensions of the biology for treatment selection

• Linking ATAC seq / CHIP seq with epigenetic reprogramming

• Predicting sensitivity to biotechnological therapeutics by spatial biology

• Monitoring cancer adaptation to new therapies by CTCs

• Organoids
• Cancer cells
• Cytotoxic T cells



PI/Clinic: Pr Michel Ducreux
PI/Scientific: F. Jaulin
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Treatment guided by organoids is associated with stable diseases 
in patient with pancreatic cancer and high chemogram score 

Fanny Jaulin & Alice Boileve, unpublished data



CRISPR screen on patient-
derived organoids for 

diagnostic use



CRISPR-based screen in patient-derived organoids

Control
Bulk

PDOs

* hits => PDO growth is inhibited
# could not be predicted based-on genomics

* * * *

Targeted CRISPR screen on PDO from PDAC patient PGR-20

Sensitivity to EGFR confirmed by Erlotinib & Lapatinib 
Sensitivity to TOP1 confirmed by Irinotecan

# #

Here: PDAC PDO + “Druggable oncogenome” library (66 genes, Hu et al Biomaterials. 2022) 
Addgene#182133) 

Ctrl

ü  ü  

Fanny Jaulin & Alice Boileve, unpublished data

https://www.addgene.org/browse/article/28224622/
https://www.addgene.org/browse/article/28224622/
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Social determinants of health and toxicities are associated with lower adherence to therapy 

Pistilli, J Clin Oncol, 2020



Can shorter therapies cure patients ? 

• Short duration therapies in patients with excellent outcome          
(LESS, UNICANCER, PI: E Deluche)

• Short duration therapies in patients with outlier reponse to new drug  
(POP-DURVA, PRISM, PI: J Ribeiro)

• Impacts:
• Reduce compliance issues
• Reallocate resources to patients with high unmet medical need



Can short duration IO cure some patients selected by biological markers ? 

MMR-deficient colon cancers

Durvalumab Q2w x 2 cycles
10 mg/Kg 

4 weeks 

    -30                D1                             D15                             D22             Surgery
                               

Eligibility 
criteria

• TNBC
• TILs ≥ 5% 

Durvalumab Q2w x 2 cycles
10 mg/Kg 

4 weeks 

POP-Durva



Can biology predict risk of toxicities ? 

WHY ????

To provide supportive care or to substitute with a less toxic drug in order 
to improve QOL and improve adherence



Development and validation of models based on clinical factors

Building a bio-behavioral predictor 
of long-term cancer & treatment related fatigue among survivors

Integration of biological data

Hypothesis-driven approach

Integration of markers 
of systemic inflammation

Exploratory / Agnostic approach
testing other potential predictors

Genetic 
variants Proteomics

breast cohort
n=13 000

Di Meglio & Vaz Luis, personal communication



Systemic inflammation 
(n=1373, 16 markers + metabolic sd array)

  Variable Odds Ratio 95% CI p
 Severe fatigue at diagnosis, Yes vs. No 3.99 2.81 5.66 <.0001
 Age, continuous 0.98 0.97 0.99 0.0021
 Tobacco use behavior, Former vs. Never 0.96 0.68 1.35 0.7991
 Tobacco use behavior, Current vs. Never 1.81 1.26 2.58 0.0012
 Pain, continuous 1.01 1 1.02 0.0023
 Insomnia, continuous 1.01 1 1.01 0.0002
 IL-6, middle low vs. low 1.27 0.87 1.86 0.2234
 IL-6, middle high vs. low 1.15 0.78 1.69 0.4957
 IL-6, high vs. low 2.06 1.4 3.03 0.0002
 Intercept 0.49 0.22 1.05 0.0672

Building a bio-behavioral predictor 
of long-term cancer & treatment related fatigue among survivors:

The triade Inflammation-biological aging-frailty

Predictive model of CRF at Y-4 Odds Ratio 95% CL Pr > |t|
Menopausal status, Post- vs. Pre- 0.600 0.438 0.821 0.0014
Hormonotherapy, Yes vs. No   1.382 0.913 2.092 0.1258
Severe fatigue at diagnosis, Yes vs. No 3.025 2.071 4.418 <.0001
Anxiety, Doubtful case vs. Non-case 1.340 0.900 1.993 0.1490
Anxiety, Case vs. Non-case 1.717 1.175 2.509 0.0052
Insomnia, continuous 1.006 1.001 1.011 0.0184
Pain, continuous 1.017 1.009 1.024 <.0001
CH, VAF >= 2% vs <2% 1.643 1.077 2.509 0.0213

Clonal Haematopoiesis
(n=1000 , 17 genes)



Efficacy of digital remote monitoring of patients under anticancer oral drugs
Remote
Digital

monitoring
Control

Mir, Nat Med, 2022

Relative Dose Intensity



Digital health as an opportunity: participatory care 
and behavioural interventions: routine care

41

Ferreira A & Franzoi MA, ASCO 2023. Franzoi MA AFSOS 2023. 
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Drug development in rare genomic entities: 
Single arm trials for drug registration

Andre F, NEJM, 2018



TARGET
 = key element of classification !

Should we move organ-agnostic developments ? 



30%* 30% * 600 k * 6 years =
>300 000 more patients with TNBC

would have got access 
to anti-PD1 if we classified cancers 

by their targets 
(under the hypothesis that drugs

are available everywhere…)

Pancancer estimate : around 3 M patients
missed access to anti-PD1 because cancer

Classifications are not based on biology



Change disease representation

Changing cancer representations toward comprehensive portraits to empower patients in their care journey, 
Franzoi, Ann Oncol, 2023



Conclusion
• There is a need to develop large scale screening of patients presenting a 

high risk of cancer death or toxicities in order to provide them early access 
to innovation 

• Sequencing coding region of DNA as a screening tool has allowed 
acceleration of drug development but has now reached a plateau

• There is a need to develop new modalities of target screening for patients 
eligible to therapeutic trials 

• Short treatment duration driven by molecular analyses could allow 
rationale use of resources and avoid compliance issues

• Digital monitoring could increase treatment compliance and patient follow-
up

• Implementation of molecular oncology requires development of new 
frameworks for drug development, oncology practice and disease 
representation


