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How could precision medicine reduce HC disparities ?

* Broad implementation of devices: simple, low cost, comprehensive (ctDNA and Al)
* Reduce requirement of complex infrastructures or expertise (ctDNA and Al)
* 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 Al reduce
healthcare disparities ?

Applications:

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



Al model to predict relapse in patients with HR+/Her2- early stage Breast ~
Machine was asked to learn which features from HES slides are asso” .n relapse
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FarkrAIkL a French consortium to accelerate precision medicine
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5 years project

PortrAlt Lab: a collaborative platform to accelerate and
optimise the development of Al diagnostics models

15 CE-marked digital pathology @®_ Outcome Prediction
models in 3 indications:

- breast cancer @ Biomarker Pre-Screen

- |lung cancer

- multi-cancers Pathologist enhancements

A digital pathology marketplace, accessible in 30+ centers

(incl. the full Unicancer network)
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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



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

No ctDNA drop after EARLY
— 4 weeks CDK4/ET — Access tO
(drivers only) Innovatoin
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PD17-02, Bailleux et al



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

1772
patients

Blood-based NGS
O H panel (ctDNA,

[ +) peripheral blood)
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Tumor Board
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Gustave Roussy - Roche — Foundation Medicine 5@ Blood Sample & ‘

Partnershi P l Clinical Annotations »L
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 Demonstrate and support value recognition by HTAs and
national authorities

« Ambition: >10 000 patients per year ,
e 4,000 tests 2024 o Nationwide initiative

e 8,000 tests 2025-2026 ' « Comprehensive Cancer centers
e >10,000 tests later e Public / Private Hospitals
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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

Patients with MBC Tumour specimen Molecular profiling Target identification
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Cancer Modelling | :
Sequencing coding regions of DNA (= DNA sequencing)



Are they recurrent genomic drivers in metastatic breast cancers ?
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Are genomic alterations only involved in cancer cell biology ?
.- CD274(PDL1) amplification
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What is the impact of targeting the protein
encoded by a driver alteration in BC ?

Cohort with PIK3CA-Mutated Cancer
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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 ?



Article

Genomics to select treatment for patients

with metastatic breast cancer

Andre, Nature, 2022

IR-PI3K
q
Frozen or FFPE fresh
biopsy, frozen or FFPE
biopsy <12 months or
ctDMNA sample SAFIR02-
BREAST
SAFIR02-BREAST targeted
screening phase

Targetable
molecular
alteration?

CR, PR, SD after
six to eight CT cycles
{or four cycles if

stopped for toxicity)

SAFIR02-BREAST
IMMUNO

-

Stratification:

- Hierarchical testing
. * First- d-line CT

Y 2 P Step 1: PFS in ESCAT VI
(n=115)

|—»_ Step 2: PFS in T (1= 236)
After a predefined number
of events was reached in
ESCAT I/l

Stratification:
* First- or second-line CT

* CR/PR or SD
* Group of genomic

L alteration (A,B,C,D)

In a preplanned pooled
analysis of SAFIR02-BREAST
and SAFIR-PISK

S

211 Previously reported®

L>-

*olaparib, capivasertib, vistusertib, AZD8931, vandetanib, bicalutamide, AZD4547, selumetinib



Article

Genomics to select treatment for patients
with metastatic breast cancer

PFS in patients with ESCAT I/l genomic alterations (n = 115) PFS in patients presenting genomic alteration beyond ESCAT Ul {n = 123)

1.00 1.00 -
— Maintenance chemotherapy — Maintenance chemotherapy
— Targeted therapy matched to — Targeted therapy matched to
0.75 genomic alteration 0.75 1 genomic alteration
HR adjusted for stratification factors: Unadiusted HB:
o 0.41 (90% CI: 0.27, 0.61) 115 195% cl: D' 6. 1.75
L 0.50 + P < 0.001 0.50 A5 : 0.76, 1.75)
0.25 1 0.25 S
0 0 4 1
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0 6 12 18 24 30 36 42 48 54 60 0 6 12 18 24 230 38 42 48 54 80
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It is useful to perform multigene sequencing IF
analysed with the right framework of target classification

Andre, Nature, 2022



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

e 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

e (Cancer cells
 CytotoxicT cells



lllustration I: T-DXd

Antibody: Monoclonal humanized anti-Her2 1gG1
Linker: Cleavable linker (Gly-Gly-Phe-Gly)

Payload: Topoisomerase | inhibitor
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Trastuzumab deruxtecan in patients with Her2 3+ mBC

100 - Median (95% CI), months
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DAISY: Study Design

4 )

é Patients with\

mBC*

> 218yearsold T-DXd IV 5,4 mg/kg Q3W
Upon PD or unacceptable
toxicity

> 21 COHORT 2 HER2-low:
chemotherapy HER2 IHC 2+/ISH- or IHC 1+
regimen in (n=74)
metastatic

K setting J

COHORT 3 HER2 non-

expressing: HER2 IHC 0 (n=40)

Mosele, Nat Med, 2023



Drug efficacy is driven by Her2 expression

Data cut-off:

Oct 19, 2021

Median PFS (mths) 11.1
(95% Cl) (8.5-14.4)
HR 0.53
(95% Cl) (0.34-0.84)
p-value

Mosele, Nat Med, 2023
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Large Her2-null area is associated with lower response
rates in patients with Her2-overexpressing cancers

Objective response to treatment : = Non-response = Response

80% P =0.397 !
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Mosele, Nat Med, 2023
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Assessing new dimensions of the biology for treatment selection

e 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

e (Cancer cells
 Cytotoxic T cells



ORGANOTREAT Clinical trial

Patien Organoscreen-

: Organ: Patients @tB PDO
D .
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582
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ALL solid tumors, >1000
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Treatment guided by organoids is associated with stable diseases
in patient with pancreatic cancer and high chemogram score

PDO

Gemcitabine paclitaxel
= P Gemcitabine nabpaclitaxel
Gemcitabine nabpaclitaxel
Folfirinox

Hits >1,5

Gemcitabine
nabpaclitaxel

S = 1' Gemcitabine
s p Folfirinox
mmmmss Docetaxel
I Gemox
| 1- Gemcitabine
—— G emcitabine nabpaclitaxel
s Capox
messesssssss Gemcitabine
s | Gemcitabine paclitaxel
e 5-F )
s 1 Paclitaxel
s 1 Folfirinox
meeeeessesssm Carboplatine paclitaxel
messssssssssesssss  Phase 1 trial
—— | Capecitabine
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s 5-Fu Carboplatine
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I — 1' Capecitabine
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s T 5-Fu Carboplatine
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e 5-F
msessmss  Paclitaxel
e p Gemcitabine nabpaclitaxel

-15 -10 -3 o 3 10 15

Chemogram score

. . . . J TTP (n-1) TTP (n) ’
Fanny Jaulin & Alice Boileve, unpublished data Time (months)
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W Stable disease
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CRISPR screen on patient-
derived organoids for
diagnostic use




CRISPR-based screen in patient-derived organoids

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

Sensitiviti to TOP1 confirmed bi Irinotecan

Sensitivity to EGFR confirmed by Erlotinib & Lapatinib

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

Age, years: > 35-40 v 18-35 &
Age, years: > 40-50 v 18-35 —_—y
Age, years: > 50 v 18-35 &

Charlson score =1 v 0 0
BMI (underweight v normal) - -
BMI (overweight v normal) —_—
BMI (obese v normal) - O
Current smoking (yes v no) - 1
Marital status (single v married) 3

Education (high school v primary) - o
Education (college or higher v primary) 1 —_—y—
Income: > € 1,500 v = € 1,500 + L

TNM stage: Il v &

TNM stage: lll v1 - &

{Neo)adjuvant CT (no v yes) @
(Neoladjuvant trastuzumab (no v yes) O

Type of surgery (mastectomy v BCS) O
Hot flashes (yes v no) - e t——
Gynecological toxicity (yes v no) ®
Musculoskeletal toxicity (yes v no) 2
Concentration problems (yes v no) T
Neuropathy (yes v no)
Fatigue (severe v others) O
Insomnia (severe v others) - L
Anxiety (borderline v normal) &

Anxiety (case v normal) 1
Depression (borderline v normal)

2

Odds Ratio
= >
Favors Adherence  Favors Nonadherence

@
Depression (case v normal) - &
1
1

OR

0.715
0.537
0.514
1.850
0.726
0.885
1.208
1.063
1.718
0.555
0.438
0.810
1.194
0.907
1.740
1.945
1.149
0.849
1.428
1.683
0.971
1.063
1.652
1.104
1.216
0.999
1.268
0.955

95% ClI

0.317 to 1.613
0.265 to 1.090
0.213 to 1.241
1.086 to 3.149
0.234 to 2.251
0.536 to 1.461
0.693 to 2.103
0.673 to 1.681
1.021 to 2.889
0.222 to 1.380
0.169 to 1.132
0.424 to 1.548
0.749 to 1.901
0.423 to 1.948
1.041 to 2.908
0.944 to 4.007
0.734 t0 1.799
0.525 to 1.374
0.957 to 2.129
1.060 to 2.366
0.639 to 1.474
0.676 to 1.639
1.073 to 2.545
0.719 to 1.694
0.765 to 1.932
0.580 to 1.721
0.714 to 2.252
0.422 to 2.158

P

419
.085
139
.024
579
632
505
792
041
2098
.088
.524
456
.803
.035
071
.544
.506
.081
.025
.889
.820
.023
.662
408
.997
A17
91

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 10 cure some patients selected by biological markers ?

MMR-deficient colon cancers
Pathologic response in 100% of patients; 79% pCR

The primary endpoint was met in stage | with a pathologic response rate of 100%

0 -
gg‘ Pathologic response (RVT) Patients n=19
g e Yes (<50%) 19 (100%)
g Major (<50%) 17 (89%)
Sy Complete (0%) 15 (79%)
5  PRA Partial (10-50%) 2 (11%)
S -60 No (>50%) 0
o
[=)]
_g 80 4 Adjuvant chemotherapy
- MPR All patients had ypNO disease at resection and
& -~ no patients received adjuvant chemotherapy

=

I
Eligibility H

POP-Durva Criteria Durvalumab Q2w x 2 cycles
* TNBC 10 mg/Kg
CTses% T

%
-30 D1 D15 D22 Surgery




Can biology predict risk of toxicities ?

WHY ?7???

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



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

breast cohort
n=13 000

Development and validation of models based on clinical factors

Integration of biological data

Exploratory / Agnostic approach

Hypothesis-driven approach : : _
testing other potential predictors

Integration of markers Gepetic
of systemic inflammation variants

canto;

CAMcer TOxicities

Proteomics

Di Meglio & Vaz Luis, personal communication



of long-term cancer & treatment related fatigue among survivors:

Building a bio-behavioral predictor

The triade Inflammation-biological aging-frailty

Systemic inflammation

n=1373, 16 markers + metabolic sd arra

Clonal Haematopoiesis

(n=1000, 17 genes)

Predictive model of CRF at Y-4 Odds Ratio 95% CL Pr> |f
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

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 10.99 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 11.02]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 11.69]0.4957
IL-6, high vs. low 2.06 1.4 13.03]0.0002
Intercept 0.49 0.22 11.05]0.0672




Efficacy of digital remote monitoring of patients under anticancer oral drugs

Relative Dose Intensity

RDI (until study discontinuation)
No. of patients
Mean (s.d.)
95% CI
Min-Max
Median
Q1-Q3

RDI (until study discontinuation) adjusted for global adherence

No. of patients
Mean (s.d.)
95% CI
Min-Max
Median
Q1-Q3

Remote
Digital
monitoring

272

0.9344 (0.2590)
0.9035-0.9653
0.20-2.00

1.00

0.80-1.00

255

0.8417 (0.2632)
0.8093-0.8742
0.0-2.0

0.9

0.7-1.0

Control

287

0.8943 (0.1914)
0.8720-0.9165
0.00-1.51

1.00

0.80-1.00

265

0.7998 (0.2090)
0.7745-0.8251
0.0-1.3

0.8

0.7-1.0

559

0.9138 (0.2275)
0.8949-0.9327
0.00-2.00

1.00

0.80-1.00

520

0.8204 (0.2378)
0.7999-0.8408
0.0-2.0

0.9

0.7-1.0

t=4.38
P=0.0426

t=4.07
P=0.0451

Mir, Nat Med, 2022



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

Active treatment

Remote patient monitoring with ePROs + therapeutic education during active treatment phase

ADHERENCE TO WEEKLY QUESTIONNAIRES cown — -

Digital therapeutics

2055 patients across 26 highly diverse

centers:

= 70% patients reporting via mobile app

* Adherence to weekly ePRO reporting:
85% (overall); 81.1% (>65y)

Qualitative studies during the co-design phase (n=35):
elevated satisfaction and interest

Ferreira A & Franzoi MA, ASCO 2023. Franzoi MA AFSOS 2023.
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CLINICAL
RESEARCH:

“SCREEN AND
CHARACTERIZE”
APPROACH

Simple,
comprehensive
& low cost
methods:

Al based pathology
(>10 000/y)
ctDNA (>10 000/y)

of cancer death
or rare alteration

INNOVATIVE
TREATMENTS

RISK
ASSESSMENT
& VALIDATED

PREDICTIVE
ALTERATIONS

frameworks
of precision
medicine

Patients with cancer
(Nationwide)

Low risk
of cancer death

6
LOCAL CENTER

DE-ESCALATION




Drug development in rare genomic entities:
Single arm trials for drug registration

Drug Development

and Implementation

in Orphan
Molecular Entities

Larotrectinib
in Cancers
with NTRK

Translocation

Milestones

7

Rare genomic alterations
with unmet medical need

Single-group
practice-changing
trial

NTRK fusions in <1% of cancers

Oncogenic
Mo treatment available

Decision to start a single-group
registration trial

Tools Being
Developed

Pending Issues

7 g

\.

Objective response
rate, 30%

719 of responses
ongoing at 1 yr

Interpretation of the data

After regulatory approval

After regulatory approval?

Implementation

i i My T
N Drug positioning
Historical controls: database ac:l:stfl.ntr;:duelti in the existing Postanproval
to assess natural history Magnitude of Clinical Benefit ene panels " | | landscape: need triI:rl::.i'
of orphan molecular Scale for single-group studies genep for prognostic biectiv
segments (e.g., GENIE) (ESMO) (e-g., France biomarkers objectives,
= A Génomique . : design
Preclinical models 2035 in metastatic
) cancers
LN S S AN r
e ———— - ~ ~ ~
How to define an orphan - New pa_ithwa?'s Efficacy thre_s hold
L Definition of of care in which below which
molecular entity in oncology? the companion few centers drugs developed
Incidence (Orphan Drug Act?), Statistical tools to claim ; pa . rugs P
. diagnosis in the deliver therapy in single-group
relation of genotype and transtumor efficacy rext of multi to patients with tric]
henotype, transtumor context of multi- o patients w rials are
P | ' gene sequencing an orphan withdrawn
reievance molecular entity from markets
\, PN FARN FARN .

Andre F, NEJM, 2018



Should we move organ-agnostic developments ?

B Objective Response [l No Objective Response
1717

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JUNE 28, 2012 VOL. 366 MO, 26

Safety, Activity, and Immune Correlates
of Anti-PD-1 Antibody in Cancer

Suzanne L. Topalian, M.D., F. Stephen Hodi, M.D., Julie R. Brahmer, M.D., Scott M. Gettinger, M.D.,
David C. Smith, M.D., David F. McDermott, M.D_, John D. Powderly, M.D., Richard D. Carvajal, M.D.,
Jeffrey A. Sosman, M.D., Michael B. Atkins, M.D., Philip D. Leming, M.D., David R. Spigel, M.D.,
Scott ). Antonia, M.D., Ph.D., Leora Horn, M.D., Charles G. Drake, M.D., Ph.D., Drew M. Pardoll, M.D., Ph.D.,
Lieping Chen, M.D., Ph.D., William H. Sharfman, M.D., Robert A. Anders, M.D., Ph.D., Janis M. Taube, M.D.,
Tracee L. McMiller, M.5., Haiying Xu, B.A., Alan ]. Korman, Ph.D., Maria Jure-Kunkel, Ph.D., Shruti Agrawal, Ph.D.,

Daniel McDonald, M.B.A., Georgia D. Kollia, Ph.D., Ashok Gupta, M.D., Ph.D., Jon M. Wigginton, M.D., Positive Megative
and Mario Sznel, M.D. (N=25) (N=17)

PD-L1 Status

4

TARGET
= key element of classification !

Proportion of Patients




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE This article was published on October 20,

2018, and updated on November 15, 2018,
at NEJM.org.

Atezolizumab and Nab-Paclitaxel
in Advanced Triple-Negative Breast Cancer N Engl ] Med 2018;379:2108-21.

DOI: 10.1056/NE)]Moal809615
P. Schmid, S. Adams, H.S. Rugo, A. Schneeweiss, C.H. Barrios, H. lwata, V. Diéras, . . :
R. Hegg, S.-A. Im, G. Shaw Wright, V. Henschel, L. Molinero, S.Y. Chui, R. Funke, Copyright © 2018 Massachusetts Medical Society.
A. Husain, E.P. Winer, S. Loi, and L.AA. Emens, for the IMpassion130 Trial Investigators*

Pancancer estimate : around 3 M patients
missed access to anti-PD1 because cancer
Classifications are not based on biology



Change disease representation

Patient perception of cancer driven by its complexity and including biology

- “I'have a HER2-positive cancer located in the breast” - "My tumor has a specific mutation that does not respond well to usual care.

The best freatment for me is a novel dinical trial in a complex cancer center”
- "My tumor s hormone-receptor positive and has a specific mutation called : i ;
PIK3CA and is primary located in the breast” "Both of our cancers are located . cgh. | -'Eee : .;;‘T;?lmzlm ;'&“n':a S;Te ﬂlrganla?hrw has ai“ thebe
in the breast but are different tumors” h;:z: e . homr:spm rdrealment, this is why | can - “We knew that this could happen and allowed us to plan
ahead"
- “My cancer responds well to oral therapy; this is why | need to take them : : eaia o
w:ryday and discuss side effects with the care |ea:1 and seek for available - "l discussed with my doctor the pros and cons of the treatment options and Ties' and kxwmg a‘;h!s alowed u;;to pamclpaths m h
S siome Ko mancgie Hiosi® which side effects would be acceptable for me in my daily fe” SPACAEY A Fesanci Iieen, s Col 00 I Ofhara

facing a similar situation”

- "I should not compare my history to other because each cancer is unique, and
the complexity of each case is different”

Consequences:
- Trustin the healthcare system and research
- Improved research participation and representation
- Rationale use of healthcare resources
- Better adherence to treatment plans
- Increased participation in their care (self-management, shared decision making, advocacy)

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



