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CTC and ctDNA detection
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Metastatic process
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Epithelial-mesenchymal transition (EMT)

a process by which epithelial breast cancer cells acquire mesenchymal
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EMT/MET pathobiology of metastasis
= K 3 EMT
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Extravasation into blood
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Surg Neurol Int 2013;4:5256-64.



TUMOUR CELL
DISSEMINATION,
PLASTICITY AND EMT

Cancer Metastasis Rev, Plasticity of disseminating cancer calls in patients with epithelial malignancies, 2012, 31 673-87. Bednarz-Knoll N, ef al © Spnnger
Science+Business Media, LLC 2012 With permission of Springer, Kang Y & Pantel K, Cancer Cell 2013.23.573-81; Joosse SA efal,

Individual cytokeratins can be downregulated and pan-cytokeratin antibody cocklal ncreases therelfore the sensitivity of CTC assays. Cin. Cancer Res. 2012,18.986-1003,
Yokobor T, ef al, Plastin-3 as new CTC marker not downregulated duning EMT. Cancer Res 2013, 73205969



CTC detection techniques
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CTC ENRICHMENT STRATEGIES

Biological properties
Protein expression

Physical properties
Label-free strategies
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Circulating Tumor Cells Detection
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CellSearch™ System: Images of Tumor Cells

Cytoplasm Nucleus Cell Membrane Composite

CD45-APC
neg

Tumor Cell

CK-PE DAPI
pos pos

@ ¢l
/';o / o /'\

Leukocyte CD45* Leukocyte |

_ nucleus Membrane Tumor Cell




EpCAM-based assays for epithelial tumor cell detection in
cerebrospinal fluid

Table 2 Overview CELLSEARCH® and flow cytometry studies in CSF with reported sensitivity and specificity versus cytology

Study Assay N Patient population  Sensitivity (95% Specificity (95% Sensitivity (95% Specificity (95% CI
ch ch CI) cytology cytology

Tuet al. [4] C I8 MRI confirmed T7.8(52.4-93.6) 100 (47.8-100) 44.4(21.5-69.2) Not reported
LM/lung cancer

Lee et al. [5] C 38 Confirmed LM/ 8095(58.1-944) B8462(54597.6) 66.67(43.04- Used as gold stand-
suspected LM/ 85.35) ard 100%
breast cancer

Nayak et al. [6] C 51 Clinical suspicion 100 (78.1-100) 97.2(854-999) 66.7(38.3-88.1) Used as gold stand-
of LM/solid ard
tumors (mainly
NSCLC and
breast cancer)

Jiang et al. [7] C 21 NSCLC patients 95.2 (NA) 100 (NA) ST.1(NA) Not reported
with suspected
LM

Acostaet al. [26] FC 6* Clinical suspicion 1005 (NA) 1005 (NA) Not reported Not reported
of LM previous
diagnosed carci-
noma

Milojkovic Kerk- FC 29 Clinical suspicion 100 (75-100) 100 (79-100) 61.5(32-86) 100 (79-100)

laan et al. [8] of LM but a nega-

tive or inconclu-
sive MRI. previ-
ously diagnosed
carcinoma
Subird et al® [10] FC 144 Confirmed LM or TO.8 (NA) S4(NA) 50 (NA) 100 (NA)
clinically sus-
pected LM
Subird et al.” [9] FC 78 Clinically suspected  75.5 (63.5-87.6) 96.1 (88.8-100) 65.3(52.0-78.6) 100 (100-100)
LM and previ-
ous diagnosis of
epithelial-cell
neoplasia

C CELLSEARCH®, FC flow cytometry, 95% CI 95% confidence interval, MR/ magnetic resonance imaging, LM leptomeningeal metastases,
NA not available

Mark T. J. van Bussel, Journal of Neuro-Oncology (2018) 137:1-10



Circulating Breast Tumor Cells Exhibit Dynamic
Changes in Epithelial and Mesenchymal Compositic

Patient- denved CTCs
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Microfluidics Based Cell Separation

Trapped Tumor Cell Parylene Membrane Filter
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ANGLE

ANGLE’s Parsortix system for capturing cancer cells
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APPROACHES FOR CTC
DETECTION
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DLA as a Method for Expansion of
Analysed Blood Volume

Diagnostic Leukapheresis (DLA):

DLA
*Safe, FDA approved procedure . 40ml
established in context of immunotherapy 725 X107 MNC
for prostate cancer
*Equivalent of 2.8 L of peripheral blood 20ml z‘ml 1% ml
used for MNC enrichment, even 2-4x CTCTrap CellSearch + Waste  Alternative technologies

ST

total blood volumes safe in solid
tumor patients

*Well tolerated by patients

*Ethical approval at UDUS

*Enables liquid biopsy in patients with
too few CTCs for analysis

*Costs reduced compared to use of a
corresponding number of CellSearch kits

% intactCTC

18



Clinical validity of circulating tumour cells in patientswith 3 % ® Res u Its - bas e I i n e

metastatic breast cancer: a pooled analysis of individual
patient data
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Progression-Free Survival Overall Survival
N= 1,899 patients N= 1,944 patients
HR =1.92 HR = 2.77
p<0.0001 p<0.0001
- J /

Bidard FC, (...) Pantel K, Pierga JY, Michiels S.Lancet Oncol. 2014 Apr;15(4):406-14.



Essai LANDSCAPE - Bachelot et al,
Lancet Oncol 2012

Lapatinib plus capecitabine in patients with previously
untreated brain metastases from HER2-positive metastatic
breast cancer (LANDSCAPE): a single-group phase 2 study

Thomas Bachelot, Gilles Romieu, Mario Campone, Véronique Diéras, Claire Cropet, Florence Dalenc, Marta Jimenez, Emilie Le Rhun,
Jean-Yves Pierga, Anthony Gongalves, Marianne Leheurteur, julien Domont, Maya Gutierrez, Hervé Curé, Jean-Marc Ferrero,
Catherine Labbe-Devilliers

Key Inclusion Criteria

- HER2+ MBC

— Newly diagnosed brain metastases, at least 1 cm in diameter (T1 gado. MRI)
— Not candidate for brain surgery or SRS

— Any previous treatment except WBR, lapatinib or capecitabine

— ECOG PS status 0-2

Treatment:
L: 1,250 mg/d, PO, continuous C: 2,000 mg/m?d, PO, d1-14 q3weeks



UNI

Primary endpoint: .
CNS volumetric response R&D

CNS Volumetric change n=44 %

CNS objective response 29 65% (95% CI: 50.1-79.5)
20- <50% Reduction 6 14%
> 0- <20% Reduction 2 5%
Progression* 7 16%

*2 patients had extra-CNS disease progression



LANDSCAPE: a Unicancer phase Il study with lapatinib and capecitabine 350 -
in patients with brain metastases from HER2-positive metastatic breast
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DO D21
Date of sampling CTC Status

_ 0 at baseline (81)

Baseline (n=41) ]
2 1 at baseline (57.9)
0 at day 21 (80.6)

Day 21 (n=38)

2 1 at day 21 (33.3)

Pierga 2013 Ann Oncol



LANDSCAPE OS according to CTC at D21

Overall survival according to CTC values at D21

Log-rank test : p = 0.02
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Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) Working Group

(www.egappreviews.org/workingrp.htm)

= Analytical performance

how accurately and reliably the test detects the analyte(s) of interest;
= Clinical validity

how well the test relates to the clinical outcome of interest
(such as survival or response to therapy);

= Clinical utility
Whether the results of the
test provide information
that contributes to and

improves current optimal Clinical Utility
management of the patient’s Clinical Validation
disease

Analytical Validation

Technical Feasibility

{ASCO, ESMO, NCCN



The SWOG 0500 trial )

instit.ut‘Cu‘ rie

Screening :gﬂs+orfgtienl starting a 1st line of chemotherapy (L1)

' SWOG 0500
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reviewed in Bidard, Cancer Met Rev 2013



SWOG S0500 Study
Overall survival/arm

1,00 -

Arm C1 ; n =276 ; 146 deaths

OS median : 35 months
Arm B ;n =163 ; 107 deaths

OS median : 23 months
Arm C1/C2 ; n = 123 ; 98 deaths

OS median : 13 months

0,75

0,50 -

0,25

Overall Survival (probability)

Log-rank p < 0.0001

0,00 -

0 6 12 18 24 30 36 42 48 54 60 66 72

Months from inclusion

Smerage JB et al., J Clin Oncol 2014



The SWOG 0500 trial

VOLUME 32

JOURNAL OF CLINICAL ONCOLOGY

NUMBER NOVEMBER 1 2014

ORIGINAL

REPORT

Circulating Tumor Cells and Response to Chemotherapy in
Metastatic Breast Cancer: SWOG S0500
Jeffrey B. Smesage, Wiliam E. Barkew, Gabriel N. Horrobagys, Eric . Wiser, Brian Loykind- Jomes,

Gordan Sekalovic, Sheela Tejwani, Anne F. Schoet, Mark A. O'Rourke, Danika L. Lew, Gerald V. Doyle,
Jodie R. Gualow, Rebeer B. Liviagssons, amd Daniel F. Hayes
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Cathrne Vi Poenak and Danssl 7. Hayos,

Univarsey of Mchgan Comgrehensive
Cancer Corter, Ao Artbor, MI; Mark R

VOLUME 33 * NUMBER 24 - AUGUST 20 2015

JOURNAL OF CLINICAL ONCOLOGY ASCO SPECIAL ARTICLE

Use of Biomarkers to Guide Decisions on Systemic Therapy
for Women With Metastatic Breast Cancer: American
Society of Clinical Oncology Clinical Practice Guideline

Catherine Van Poznak, Mark R. Somerfield, Robert C. Bast, Massimo Cristofanilli, Marthew P. Goerz,
Ana M. Gonzalez-Angulo, David G. Hicks, Elizabeth G, Hill, Minetta C. Lin, Wanda Lucas, Ingrid A. Mayer,

Somerfickd, Amencan Socioty of Cinical Robert G. Mennel, William F. Symmans, Daniel F. Hayes, and Lyndsay N. Harris

Data are insufficient to recommend use of CEA, CA 15-3, and CA 27-29 alone for
monitoring response to treatment.

The recommendation for use is based on clinical experience and Panel informal consensus
in the absence of studies designed to evaluate the clinical utility of the markers.

A number of studies have evaluated the role of CTCs in metastatic disease and have
clearly shown that CTCs are associated with poor prognosis in this setting.

However, none of the reviewed studies assessed predictive value using clinical utility
guidelines, with one exception.



Dealing with Mass-Limited Samples — Don’t

Just Count, Analyze
Patient Blood  CTC Isolation CTCs Applications
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Detection of therapeutic target molecules on CTC
Example: HER2 in breast cancer

Potential benefit from anti-HER2 therapy (e.g., trastuzumab) also in patients
with JHER2-negative” tumors (Paik ef al., NEJM 2008)
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Frequent expression of PD-L1 on circulating
breast cancer cells.

Sixteen patients with circulating tumor cells (CTCs) using the CellSearch®
system: PD-L1(+) CTCs in 11 patients (68.8%).

The fraction of PD-L1(+) CTCs varied from 0.2 to 100% in individual patients.

Merge Dapi CD45APC B7H1PE
.0
3
D .
Mazel, M., Mol Oncol 2015

CTcPD-Ll(+)
LeucocytePP-t1(*)

CTcPD-Ll(-)
LeucocytePP-L1(*)




Concordant PD-L1 staining in tumor tissue and
corresponding ISET filters from selected NSCLC patients.
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Proximity-Ligation Assay (PLA) HER2-HER3

A /Inlet /D Chamber

: Qutlets
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S Descroix , | Hajji
Laboratoire Macromolécules et Microsystémes en
Biologie et Médecine Institut Pierre-Gilles de Gennes




Ex Vivo Culture of CTCs: An Emerging Resource
to Guide Cancer Therapy

In vivo
propagation

Tumorigenesis | Drug susceptibility
= » C@ metastasis Genotype f—» testing

|

Blochemical characterization

In vitro 1. Expression
propagation (Transcriptome, proteomics)
2. Epigenetics
(Histone/DNA modifications)
3. Metabolomics

CTCs
(heterogeneous)

Patient

Clinical and blological Insights galned from CTC cultures

£ 2015 Amenican Association for Cancer Research
Cancer Research Reviews AACGR

Maheswaran S Cancer Res; 75(12) June 15, 2015



DEPArray™ Delivers 100%-Pure CTCs

Purity

We bridge the gap between

enrichment and single-cell analysis

1/1,000,000,000

Peripheral
biood

1/1,000-10,000

Z

Enrichment /
Sample-Prep
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Milteryi MACS®,

_01
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The Identification and Characterization of
Breast Cancer CTCs Competent for Brain Metastasis

 CTCsisolated from peripheral blood mononuclear cells of
patients with breast cancer and also develop CTC lines from
three of these patients

 “brain metastasis selected markers
(BMSMs)” HER2+/EGFR+/HPSE+/Notch1+

remc,
(BMSC)

PENC
{comeral)

MDA M8
23N
{comnral)

Cells injected Pathology Tumor incidence in lung (%) P for lung Tumor incidence in brain (%) P for brain

CTCAa Spindle perivascular 80 - 20 —
Epithelioid micrometastases

C1C-2 Spindle perivascular 60 0 —

CTC3 Spindle perivascular 60 — —

BMSM CTCA1 Spindle perivascular 100 <0.01 (compared to CTC-1) 80 <0.001 (compared to CTC-1)
Epithelioid micrometastases

BMSM CTC-2 Spindle perivascular 80 <0.01 (compared to CTC-2) 60 <0.001 (compared to CTC-2)
Epithelioid micrometastases

BMSM CTC-3 Spindle perivascular 80 <0.01 (compared to CTC-3) 60 <0.001 (compared to CTC-3)

PBMCs No tumor 0 — 0 —

Lixin Zhang et al. Sci Transl Med 5, 180ra48 (2013);



The Identification and Characterization of
Breast Cancer CTCs Competent for Brain Metastasis

* murine brain and lung sections from animals injected
with BMSM CTC-1 and analyzed for BMSM signature
protein expression by immunohistochemistry

mBrain  mlung

LA L

IHC staining intensity
~

BMSM BMSM BMSM
e cre-2 cTe-3

Lixin Zhang et al. Sci Transl Med 5, 180ra48 (2013);



Molecular characterization of breast cancer CTCs associated with
brain metastasis

d DAPl Brightfield Ki67 uPAR  int-p1 Demonstration

of Ki67, uPAR,
and int-f1

T staining of

DAPI Brightfield Ki67 _ uPAR __int-p1 single CTCs by
T DEPArrayTM.

uPAR/N-[{ 1+ uPAR/-INt-[1-

Boral D. 2017 NATURE COMMUNICATIONSI8: 196



Molecular characterization of breast cancer CTCs associated with

No BCBM

brain metastasis

Deriving from a comprehensive analysis of CTC
transcriptomes, a unique “circulating tumor cell
gene signature” that is distinct from primary breast
cancer tissues.

This signature included enrichment of several
genes associated with activation of Notch
signalling, or with novel immune-evasion pathways.

The validity of transcriptomic data was confirmed
by the immunocytochemical detection of Notch 1 in
72% of CTCs from patients with confirmed BCBM,
versus only 16% in CTCs from patients without
BCBM.

Boral D. 2017 NATURE COMMUNICATIONSI8: 196



Detection of Driver and Resistance Mutations in
Leptomeningeal Metastases of NSCLC by Next-
Generation Sequencing of Cerebrospinal Fluid

Circulating Tumor Cells

cSFCTCs
(cells/7.5 mL)
Ter

(m.lmu UA UA UA UA UA UA UA

B.-Y. Jiang Clin Cancer Res; 23(18) September 15, 2017



Detection of Driver and Resistance Mutations in
Leptomeningeal Metastases of NSCLC by Next-
Generation Sequencing of Cerebrospinal Fluid

Circulating Tumor Cells

A TCT CSFCTCs
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EGFR L858R EGFR L3858R and CSFCTCs: EGFR LB58R; PIK3CA;
(lung, ARMS) T790M (lung, ARMS) MET exon11 F839L

©Tumor gene profile @ CSFCTCs gene profile | |MRI ¥ Lumber puncture @Treatment or end point

B.-Y. Jiang Clin Cancer Res; 23(18) September 15, 2017



CSF may be a more optimal source of tumor-derived circulating nucleic
acids than blood which may have poorer signal-to-noise ratios due to
the presence of the BBB and native blood cells
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Circulating tumor DNA ctDNA

Apoptotic bodies

Point mutations

Copy number
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Rearrangements

Methylation
changes
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T790M EGFR Mutation Detection in Cerebrospinal Fluid and Response
to Osimertinib in a Lung Cancer Patient with Meningeal

Carcinomatosis

droplet digital PCR - CSF droplet dlgltal PCR

O b O ~Ond D O 1 D O

VAF: 0% (Sensitivity 0.1%)
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VAF: 0%

O VAF: 19%

\Jg'\
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Gortais H 2017 Journal of Thoracic Oncology Vol. 12



Cerebrospinal fluid-derived circulating tumour DNA better
represents the genomic alterations of brain tumours than plasma
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Cerebrospinal fluid-derived circulating tumour DNA better
represents the genomic alterations of brain tumours than plasma
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Genotyping tumour DNA in cerebrospinal fluid and plasma of a HER2-
positive breast cancer patient with brain metastases

FFPE

Material - Plasma and CSF-derived ctDNA
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Multifocal clonal evolution characterized using
circulating tumour DNA in a case of metastatic
breast cancer (Murtaza et al, Nature Comm Nov 2015)
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Analysis of ctDNA

<tDNA fraction and
technical limits of detection Digital PCR-based ¢tDNA detection
ctDNA fraction Technical limits * Droplet-digital PCR
incfcDNA of detection
100% .] * BEAMing
Advantages: sensitive, low cost
and quick; allows real-time senal
Ll monitoring in large cohorts
— | Limitations: only one or a few
cfcDNA mutations detected and no TMB or
m neoepitope prediction
Real-time PCR
DNA M M 1% and standard
extraction | JGTOT WTVOT NGS ctDNA
Plasma s— 3 30 T QIT w— — quantification
Buffy coat QGVGT GVOT 0.1% m
AOVOT OTOT
Red blood JGTOT VG
m NGS-based ctDNA detection
0.01% Optimized i, « Standard NGS
200 GT aoNa NGS  Optimized NGS
= Reduced base-position error rate
STTOVGT cfcDNA from normal cells - Unique molecular identifiers
BN AN cfcDNA from clonal Single Advantages: enables the analysis of several
haomatopoietic cells <tDNA genes, TMB, necepitope discovery, and dMMR
molecule status assessment
Limitations: high cost, limited sensitivity (for
standard NGS), bioinformatic turnaround time

Cabel L, ... Pierga JY & Bidard FC Nature Reviews | Clinical Oncology 2018



[umor Response Map
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Diagnostic approaches to measure the impact of
cancer therapies on clonal evolution.
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Nabil Amirouchene-Angelozzi Cancer Discov 2017;7:805-817



Circulating Tumor DNA Analysis in Patients With Cancer:
American Society of Clinical Oncology and College of
American Pathologists Joint Review

Jason D. Merker, Geoffrey R. Oxnard, Carolyn Compton, Maximilian Diehn, Patricia Hurley, Alexander ]. Lazar,
Neal Lindeman, Christina M. Lockwood, Alex ]. Rai, Richard L. Schilsky, Apostolia M. Tsimberidou, Patricia
Vasalos, Brooke L. Billman, Thomas K. Oliver, Suanna S. Bruinooge, Daniel F. Hayes, and Nicholas C. Turner

Some ctDNA assays have demonstrated clinical validity and utility
with certain types of advanced cancer; however, there is
insufficient evidence of clinical validity and utility for the majority
of ctDNA assays in advanced cancer.

Evidence shows discordance between the results of ctDNA assays

and genotyping tumor specimens and supports tumor tissue
genotyping to confirm undetected results from ctDNA tests.

There is no evidence of clinical utility and little evidence of clinical
validity of ctDNA assays in early-stage cancer, treatment
monitoring, or residual disease detection.

There is no evidence of clinical validity and clinical utility to suggest
that ctDNA assays are useful for cancer screening, outside of a
clinical trial.

J Clin Oncol 36. © 2018



To recapitulate...
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