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The Human genome and the cancer-related genes

Issues In
FOCUS

THE HUMAN

GENOME PROJECT

GENOME : 3,4 billion bases (Gb)
EXOME : 1% genome 30Mb
>26 000 GENES

Kevin Alexander Boon

—
LI
Genome Exome Target sequencing
3,000,000,000 base pairs 30,000,000 base pairs A few genes

(20,000 protein-coding genes)



Our clinical practice

KRAS PCR Report
colon KRAS KRAS

EGFR PCR Report

lung EGFR EGFR

BRAF PCR Report

melanoma BRAF BRAF Melanoma

Implications

« Economy of scale

« Gain in the limit of detection <1% vs. 20% for sanger sequencing

« Bioinformatic limitation — capacity, database, filter bias

« Productivity limitation / number of samples per week — PGM 318 < 30 samples
per week



What can we detect by NGS?
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NTRK fusion genes

Carcinogens (smoking, UV)
DNA repair defects (HRD, MSI)
Genotoxic insults

Hmologous Recombination DNA Repair Deficiency
Microsatellite instability

Viruses
Bacteria



ESMO Scale for clinical actionability of molecular targets
(ESCAT)

A framework to rank genomic alterations as targets
for cancer precision medicine: the ESMO Scale for
Clinical Actionability of molecular Targets (ESCAT)

J. Matea', D. Chakravarty’, R. Dienstmann’, S. Jezdic®, A. Gonzalez-Perez*, N. Lopez-Bigas™*,

CKY "'Jl—J;. F L F‘i;-ilelf G. Tortora®?, J-Y. Douillard?, E. M. Van Allen'®, N. Schultz2, C. Swanton'’, o

L ESMO scale for Bllnlcal : evidence tier Il
n LB L]

Actionability of

I-A: prospective, randomised clinical trials show the alteration-drug match in a M I I T t ‘ - ESCAT ESCAT
specific tumour type results in a clinically meaningful improve- ment of a survival 0 ecu ar arge s ' evidence tier ||l |§ evidence tier [V
end point

I-B: prospective, non-randomised clinical trials show that the alteration-drug
match in a specific tumour type, results in clinically meaningful benefit as defined
by ESMO MCBS 1.1 _ )Inat | ' ESCAT evidence tier V
I-C: clinical trials across tumour types or basket clinical trials show clinical benefit
associated with the alteration-drug match, with similar benefit observed across
tumour types

ESCAT evidence tier X

[I-A: retrospective studies show patients with the specific alterationin a H*W ;\ l gEER
specific tumour type experience clinically meaningful benefit with matched f
drug compared with alteration-negative patients

II-B: prospective clinical trial(s) show the alter- ation-drug match in a

specific tumour type results in increased responsiveness when treated with Mateo et al’ Ann OnCOI 2018

a matched drug, however, no data currently available on survival end points



ESMO recommendations for NGS testing in clinical practice

Tumor multigene NGS to assess level | alterations. Larger panels are acceptable if they
induce acceptable incremental costs (drug included*®) and report accurate ranking of
alterations. NGS can either be done on RNA or DNA, if it includes level | fusions in the
panel.

No current indication for tumor multigene NGS

No current indication for tumor multigene NGS
IVIuItigene tumor NGS can be an alternative option to PCR if it does not create additional
cost.

Lung adenocarcinoma

Colon cancers

Multigene tumor NGS to assess level | alterations. Larger panels are acceptable if they
induce only acceptable incremental costs and report accurate ranking of alterations.

Hepatocellular carcinoma No current indication for tumor multigene NGS

Cholangiocarcinoma Multigene tumor NGS could be recommended to assess level | alterations. Larger panels are

Prostate cancers

acceptable if they induce only acceptable incremental costs (drug included*) and report
accurate ranking of alterations. RNA-based NGS can be used.

Mosele et al, Ann Oncol 2020



Molecular tumor boards

PATIENT PROFILE SPECIALISTS INVOLVED MOLECULAR ANALYSES MOLECULAR FINDINGS

CLASSIFICATION
. . Clinical Oncologists, Pathologists, Standard Scales for classifying molecular
F;ahgntz WPD are nott regpc:rr: ding to Geneticists, Bioinformaticians, Aim: Actionable alterations aberrations based on potential Clinical Utility
standard-of-care systemic therapies :
| y o Molecular Biologists Consider time and inferpretation (JCR/ESMO ESCAT OncoKB)
Cand|.dates f.or NGS studies Oncology Pharmacists, Bioethicists NGS cancer-associated genes Functional Significance + Clinical actionability
Histological context Scientist/physicians Clinically Relevant gene fusions Balanced Therapeutic Recommendations
Research Clinical Trial Coordinator with potential immediate impact

MTBs are the result of introduction of Next Generation Sequencing (NGS) in Clinical practice leading to precision
Oncology.

» Specific type of multidisciplinary tumour board in which cases are discussed on the basis of Clinical information
and Modern molecular diagnostics.

* Aims:

0 Provide Clinical recommendations

[0 Provide guidance based on the best available evidence

[ Guide patients towards innovative Clinical trials



Clinical validity versus clinical utility

Genomic and transcriptomic profiling expands precision cancer medicine: the WINTHER ftrial

303 patients a

because of (i) health deterioration or

- 4
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Rodon et al, Nat Med 2019



UNICORN:
Study Design

e Histologically-confirmed

resectable colorectal cancer
e For rectal cancer: no indication

»

* Absence of metastases

Molecular
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The role of liquid biopsy
h 4

: - H H H H T Qu.:antitative fmalysis
S R N Serial liquid biopsies g X RDlsease Stag'"‘:}t _
———————— * Response monitoring
= > : - o o o o ) - * Prognostication

- Cancel: detection: Molecular Detection Monitoring | Monitoring
screening or profiling or of residual s anilavelition
earlier diagnosis  prognostication disease P
® Clone 1
© Clone 2
® Clone 3 e, e e———
q, = ny
c : : Genomic analysis
= ! ) * Mutation profiling
“ ' : * Treatment selection
o | * Monitoring clonal
b A evolution
Time ; ' '
lSurgery (or other) k—f : Treatment 1 Treatment 2 !

Treatment selection

Wen et al, Nature Reviews Cancer 2017 Nature Reviews | Cancer

v Quantitative information: changing ctDNA levels, monitoring and prognostication

v" Qualitative information: selection of targeted therapies, resistance mechanisms, clonal evolution



Two different approaches for minimal residual disease

Tumour-Agnostic Tumourdnformed

Method

Key Advantage

Key Disadvantage

Applications

Detect mutations de novo from plasma
(one assay for all)

Does not require tumour tissue

Lower sensitivity due to multiple
hypothesis testing

Non-invasive genotyping
Detect emerging resistant mutations
Cancer screening

|dentify mutations in tumour tissue => track
mutations in plasma (customised)

Higher Sensitivity

Requires tumour tissue

Minimal residual disease detection

Surveillance — monitor recurrence
Response monitoring




The fourth dimension: time

Lead-Time to Clinical Recurrence , , ,
Lead-Time: Time between first detection of ctDNA from the end of

definitive treatment and clinically detectable recurrence

‘ Lead-Time
------------ > Lead-Time Affected by:
End of Rx Surveillance Surveillance » frequency of ctDNA testing and imaging
| | i « sensitivity of ctDNA assay and imaging modality
» tumour biology / site of relapse
Molecular Relapse Clinical Relapse o P

J

Increasing ctDNA detection rate with increasing time after surgery

Frequency of Testing Lead-Time

median (range)
ctDNA CTscan

Tie J, et al. (Sll) Q3M Q6M 5.6M (IQR 2.7-9.3)
Tie J, et al. (SllI) Q3M M+ Q12M 1.7M (0.3-15.7)
Tarazona N, et al. Q4M Q6M 11.5M (3-18)

Chen G, et al. Q3M Q12M 5.1M (not reported)
Wang Y, et al. Q3-6M not reported 4M (2-31)
Henriksen TV, et al. Q3M 12M + 36M 8M (0.56-21.6)




Clinical applications of MRD

Opportunities to Improve Outcome

Prognostic Treatment Efficacy
Enrichment
Surveillance
Re-escalate
Treatment
Lowrisk
(~10% risk?)

ctDNA SOC and/or novel
B Positive therapy

High risk

SOC = standard of care



Pegasus trial

Molecular Adjuvant Phase | Molecular Metastatic Phase
N=25
LB . FOLFIRI
ctDNA +/+ 6 months!
N=35 - o
o — CAPOX f 3 weeks turn-around
CtDNA + 3 months i fi’ é” g
Post-Adjuvant Gl @ L @ @
s 5 LB N=16
) N<41 LB after 6 months
= Pre-CAPE LB Post-CAPE LB
— 5 f Post Surgery LB from #3 or at the
= c (2-4 weeks) end of treatment?!
v © @ MN=3 [expected)
w0 o
s© : LB . CAPOX
ctDNA -/+ 6 months?
_ - — CAPE é 3 weeks turn-around
N=140 ctDNA - 6 months :
N=105 Y., LB fl g
@ N<6 (expected) Pést-Adjuvant ctDNA -/- Follow-Up
: : — LB after 1 cycle LB N>96
1. Or atinterruption due to toxicity | of treatment N LB after 3 months LB after 6 months
O Interventional Liquid Biopsy 299 p ¥ P " "
® 1§ LB+ switch to CAPOX @ rom #3 or start o rom #3 or at t E1
@ If LB+ switch to FOLFIRI treatment end of treatment

Lonardi et al, ASCO Ann Meet TPS 2020



ERASE-CRC trial

Resected
stage lll or
high-risk stage Il
colon cancer

ct-DNA
assessment

* pending the results of ct-DNA analysis, up to 2 cycles of
FOLFOX/CAPOX are allowed to start the adjuvant
treatment within 8-10 weeks after surgery

Positive

Negative

Part 1
Adjuvant phase Il randomized study

Follow up

Adjuvant non-randomized cohort Follow up

Negative

(N=150)
FOLFOX (12 cycles)*
or

CAPOX (8 cycles)* ct-DNA
assessment
(N=300)

ct-DNA (N=150)

FOLFOXIRI
(12 cycles)*

- Follow up/adjuvant tx at

ct-DNA investigator's choice

Part 1, adjuvant randomized study:

v' Stratification factors:
* Highrisk stage lll vs low-risk stage Il vs high-risk stage Il
* Center

v Primary endpoint: rate of ct-DNA clearance

v Target accrual: 300 patients

Resected stage Ill or high-risk
' stage Il colon cancer t

. B

FOLFOX/CAPOX
(3 to 6 months)

Negative
ct-DNA

ct-DNA

ct-DNA assessment

Part 2

Post-adjuvant phase Il randomized study
Positive

ct-DNA

(N=105)
Observation

ct-DNA
assessment

(N=210)
(N=105)

FTD/TPI
(6 cycles)

Part 2, post-adjuvant randomized study:
v' Stratification factors:

* Previous adjuvant therapy (FOLFOX/CAPOX vs FOLFOXIRI)
* Highrisk stage Ill vs low-risk stage Il vs high-risk stage I|
v Primary endpoint: rate of ct-DNA clearance
v" Target accrual: 210 patients
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