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Cellules tumorales circulantes

Hopitaux Universitaires
© & SAINT-LOUIS
LARIBOISIERE
CERNAN D-WIDAL
e

considérations techniques

EpCAM-affinity based

CellSearch® system
AdnaTest BreastCancerDetect

CTC-Chip
Dynal®
MACS®
MagSweeper
On-Q-Ity
CTC-ETI

Physical properties-based

= |SET

= ScreenCell®
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= Density Gradient Centrifugation

Other methods

= FAST
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= Flow cytometry (FACS)
= PRO Onc Assay
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CTC en 2014 e SAINT-LOUIS
Facteur pronostique indépendant en ()l-'i LARIBOISIERE |
situation métastatique
confirmation européenne

51 European centres contacted SYSTéme
Cellsearch

32 centres did not report eligible
patients

¥
2400 potentially eligible patients

disclosed by 19 centres Données sur |Cl
mesure des CTC.

' 2 centres unable to provide data

¥
2174 potentially eligible patients Non

provided by 17 centres interventionnel.

¥

230 ineligible patients excluded

¥

1944 indmvidual patients from 17 centres
included

Méta-analyse des données de centres européens, données publiées et non
publi¢es Bidard FC et al, Lancet Oncol 2014
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métastatique
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Progression-free survival (%)
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0

0 6 12 18 24

Number at risk
CTC <5 1014 685 394 211 115
CTC=5 885 439 174 79 35

Patients Events Median progression-free survival in
months (95% Cl)

—(TC<5 1014 735 11-4 (10-6-12-1)
— (TC=5 885 772 6-5(5:9-7-0)

PFS
Baseline seuil CTC 5 cellules/7 .5ml
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CTC=5 911 639 396 237 147 85 53

Patients Events Median overall survival in months (95% Cl)

— CTC<5 1033 371 37-1(32-8-41-9)
—((TC=5 911 558 15-5(13-5-16-8)
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Variation précoce des CTC sous traitemen

apres b semaines
Facteur pronostic indépendant en situation
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Patients Events
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Number at risk
Decrease 149 101 49 24 1 Number at risk
Increase 17 8 6 2 - Decrease 149 135
Stable negative 327 226 126 59 25 Increase 17 13
Stable positive 179 3 25 12 3 Stable negative 327 296
Patients Events Median progression-free survival Stable positive 179 116
in months (95% CI)
—— Decrease 25-<5 149 131 9:6(8.2-111)
Increase <5-=5 7 13 67 (1-8-NA) — Decrease 5-<5 149
—— Stable negative <5-<5 327 243 107(97-127) Increase <5-=5 17

—— Stable positive 25-25 179 166 4-8(3-7-65)

PFS

—— Stable negative <5-=5 327
—— Stable positive =5-=5 179

70
10
104
116

270 (21.7-315)
22.4 (11-9-NA)
415 (36:8-527)
131(94-16-4)

0S
Bidard FC et al, Lancet Oncol 2014
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SWOG6G S0500
. Registrabon
Baseline CTC measurements lér.e Iigne de
chimiothérapie:
RH-
<SCTC/7.5 mL blood >SCTC/7.5 ml biood OU

Arm A (low risk
( ) 2% CTC measurement at day 22

Apres échec de toute
d'hormonothérapie

Follow-up for PFS and OS

No further blood draws <5CTCTS5mL >S5 CTC7.5ml
Arm B (moderate risk) Arm C (high risk)

AmB Arm C1
Maintan current thecapy

Smerage et al JCO 2014 online
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apres 1 cycle

Registered for screening
(N =624)

Excluded
Initial CTC test not completed (n=17)

Ineligible after review (n=12)

Initial CTC evaluation completed
{n =595)

| |
Initial CTC < & Initial CTC =5
Arm A (n=276) {n=319)

Low risk |

Excluded
No day 21 CTC (n=31)

Day 21 CTC evaluation completed
{n = 288}

I
I I
Day 21 CTC <5 Day 21 CTC =5

Arm B (n =165 Arm C (n=123)
High risk

Moderate risk

Randomly assigned
{n =123}

Arm C1 (n =64} Arm C2 (n =59}
Maintain therapy Change therapy
Smerage et al JCO 2014 online
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SWOG 50500 pzgative

. . . . . . [ 4 .
B o Mais effectif faible, manque de puissance, biais de sélection?
. Median 1 i
1.0 ¢ Median
= a— n_Events (months) n _Deaths (months)
= == Arm C1: Maintain therapy 64 63 3.5 == Arm C1: Maintain therapy 64 55 10.7
> 0.8 - ‘I Arm C2: Change therapy 56 56 4.6 0.8 - Arm C2: Change therapy 59 52 12.5
= L
vy = Log-rank P= .64 —_ o Log-rank P = .98
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0 3 6 9 12 15 18 21 24 0 6 12 18 24 30 36 42 48
Time Since Random Assignment (months) Time Since Random Assignment (months)
MNo. at risk at risk
Arm C1 64 37 16 13 10 7 4 3 1 e 64 47 30 18 10 5 3 3 1
Arm C2 56 3% 25 14 10 6 5 2 1 oo 59 44 a1 18 7 7 4 2 1

Smerage et al JCO 2014 online
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Idem quelque soit le sous type histologique

os® PFS
Median Median
[maonths) imonths)
Biologic Subtype C1 Cz HRt 95% ClI P S C1 Cz HRt 95% Cl F Poa#

All 10.7 125 1.00 06910147 A48 MA 3.5 46 0.92 0.64 10 1.32 54 MA
Hormone receptor positive, HERZ negative 12.4 174 0.80 050to1.28 35 2 4.2 57 0.86 0.57 to 1.31 51 88
Triple negative o1 79 1.148 05210273 67 1.8 22 0.70 031to156 a8
HERZ positive 13.3 73 418 04510 385 6 47 73 1.44 023 t0B8.82 .69

Vérifié méme si métastases osseuses
uniquement

Smerage et al JCO 2014 online
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SWOG S0500 (A msosere

A 1.0 m [Deaths
= Arm A 276 155
Arm B 165 115
_ 0.8 w= Arms C1/C2 123 107 0S
m
R Bras A (CTC low) 35 mois
>F |
L .
=3 Bras B: 23 mois
= oo 044
@ O .
= Bras C1/C2 13 mois
0.2 5
0 1|2 2|4 E-IE 4IH EID ?IE
Time Since Initial Registration (months)
Mo. at nsk
Arm;. 276 240 166 87 42 17 2
Arm B 165 123 FLt 38 16 7 LI
Arm C 123 65 21 7 3 2 a

Smerage et al JCO 2014 online
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SWOG S0500 selon les sous types o LARBOISIERE
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Time Since Initial Registration (months) Time Since Initial Registration (months)
No. at nsk Na. at risk
Arm A 276 240 166 87 42 17 2 Arm A 148 136 97 51 3 9 o
Arm B 165 123 70 38 16 7 [i] Arm B a3 76 46 23 7 2 o
Arm C 123 65 pal 7 3 2 1] ArmC B9 53 19 & 3 2 o
C 1.0 i Deaths D n Deaths
) LY - Arm A 74 56 — Arm A 53 18
' Arm B 33 a0 Arm B 36 18
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Time Since Initial Registration (months) Time Since Initial Registration (months)
MNo. at nsk MNo. at nsk
Arm A 74 55 28 12 7 3 1] Arm A 53 48 40 24 12 5 2
Arm B 33 17 4 1 1 0 [i] Arm B 36 7 18 13 7 4 o
Arm C 27 9 2 1 0 0 [i] Arm C 7 3 1] o a 1] o
erage et al JCO 2014 online
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« CTC deécisionnelles » études en cours

Clinical trial Phase of Method of Therapeutic intervention
development CTC detection

Setting

No selection for breast cancer subtype

NCTO0382018 1] CellSearch® Change vs maintenance of chemotherapy, based Metastatic (1% line)
(SWOG S0500) on CTC counts: siratification for HER2 siatus

NCTO1710605 1] CellSearch® Clinician vs CTC count-driven choice (=5 CTC: Metastatic (1% line)
(STIC CTC chemotherapy; <5 CTC: endocrine therapy)

METABREAST trial)

NCT01349842 1] CellSearch® Change vs maintenance of chemotherapy, Metastatic (3" line
(CirCe01) based on CTC counts and beyond)

HER2-positive CTCs and HER2-negative primary tumours

NCTO1548677 Il CellSearch® Trastuzumab vs observation

(TREAT CTC Trial)

NCT00820924 Il CellSearch® Lapatinib

NCT01048099 NA PRO Onc Assay Trastuzumab or pertuzumab
NCT01185509 1] CellSearch® Trastuzumab and vinorelbine
NCT01619111 1] CellSearch® Standard therapy alone vs standard
(DETECT Il trial)®” therapy plus lapatinib

Adjuvant

Advanced or metastatic
Metastatic
Advanced or metastatic

Metastatic

Abbreviations: CTCs, circulating tumour cells; NA, not applicable.
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Mixture of tumor and normal cells, Next-generation sequencing separates mixture into single
with mixed clonal composition DNA molecules, which are then sequenced
&

1Q,

o
‘*"a ' 'f!‘Q Q
Qﬁ» Q" ®,
“‘g e Y

Correction for copy-number variants to obtain clonal-mutation
prevalence (not all possible states are represented)
o A AGGGGTTTGTGAGTGATTGAT
Diploid; expected
ratio, 50:50 (A:G) = AGGGGTTTGTGAGTGATTGAT
A
Single copy gain «
with loss of G AGGGGTTTGTGGGTGATTGAT
heterozygosity A AGGGGTTTGTGGGTGATTGAT
expected ratio,
75:25 (A:G) AGGGGTTTGTGGGTGATTGAT
A
Heterozygous deletion; A
expected ratio, 100:0 (A:G) Allelic prevalence is estimated from the abundance
of aligned sequence reads at each position in the genome

Aparicio S, Caldas C. N Engl J Med 2013

ASSISTANCE HOPITAUX
1 1. PUBLIQUE DE PARIS 11




ADN tumoral libre circulant

Hopitaux Universitaires

© & SAINT-LOUIS

LARIBOISIERE
FERNAND-WIDAL

Dawson S-J et al. N Engl J Med 2013

A Patient 6 B Patient 4
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Facteur pronostic

A Patient 17
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108 i ¢
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104 bine ; i

Circulating Biomarker
2
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1054 ;
s | | Vinorelbine Epiru- | Carbo-
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2

------ - === == ctDNA - ctDNA
10° -O- CA153 10° =0~ CA153
ND 3 j -8~ CTC ND -8~ CTC
T T T T T 1
0 100 200 300 400 500
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o 2w
3 0 o s 0
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1 T T T T
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E Quantiles of ctDNA and Overall Survival F ctDNA, CTCs, and Relative Hazard
CTCs (per 7.5 ml of whole blood)
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1 h f L I 1
34 B =
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0.8 i
K P -
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: s (sod) T o2 v CtDNA
G 0.6 8 17
[ I cTc
> 2 1
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£ 044 < 4
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o025} 0 e
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ctDNA (amplifiable copies per ml of plasma)
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A CA15-3 vs. ctDNA
CA15-3 ctDNA
Detected  Not detected Total r2-0.36
Patients 1045 P<0.001

Elevated (>32.4 U/ml) 21 0 21 ° o®

Not elevated (<32.4 U/ml) 5 1 6 10 T 4

Total 26 1 27 E ° -

ctDNA sensitivity, 26/27 (96%) S 102 o .. o & °

CA 15-3 sensitivity, 21/27 (78%) = - ged® .iiﬂ., ________

Samples © 104 i See® e .

Elevated (>32.4 U/ml) 67 4 7 S

Not elevated (<32.4 U/ml) 27 16 43 ND+

Total 94 20 114

ctDNA sensitivity, 94/114 (82%) T T T T T T T 1

CA 15-3 sensitivity, 71/114 (629) ND 100 10' 107 10° 10* 10° 10°

ctDNA (copies/ml)
B CTCvs. ctDNA
CTC ctDNA
Detected  Not detected Total
Patients

Elevated (=5) 18 0 18

Detected (1-4) 7 il 8

Not detected (0) 4 0 4

Total 29 1 30

ctDNA sensitivity, 29/30 (97%) . r2=0.61

CTC sensitivity (detected, >0), 26/30 (87%) 3 P<0.001

CTC sensitivity (elevated, =5), 18/30 (60%) 3? 104+

Samples 5 1034

Elevated (=5) 45 1 46 T

Detected (1-4) 28 2 30 i 107

Not detected (0) 33 17 50 ™

Total 106 20 126 g 10

ctDNA sensitivity, 106/126 (84%) Y 1004

CTC sensitivity (detected, >0), 76/126 (60%) e

CTC sensitivity (elevated, =5), 46/126 (37%) < NDH

3]

Median ratio of ctDNA copy numbers (per 3.75 ml of plasma) P ! L6 ot b5 i g 106 rE
to number of CTCs (per 7.5 ml of whole blood)=133 (interquartile z ND 20% 107 107 10° 10% 10 10
range, 51-528) ctDNA (copies/3.75 ml of plasma)
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preuve de concept

AKT inhibitor
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De Mattos-Arruda Ann Oncol 2014 sous presse
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Hétérogénéité tumorale et médecine de"2s i
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preuve de concept

A Mutant allele fraction =5% in primary tumaor C Mutant allele fraction <5% in primary tumor
100 - 100
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Rothé et al, Ann Oncol 2014
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Perspectives

B Informations différentes selon les techniques

O Concernant les CTC intérét théorique de pouvoir analyser/étudier ces cellules
tumorales (Protéomique, plusieurs « omics » etc...)

OO0 ADN tumoral circulant pour détection/suivi en cours de traitement, analyse
génomique n'est qu'une seule dimension.

Mais techniquement probablement plus simple.

L'avenir nous dira si I'ADN tumoral libre circulant se substituera au CTC

B Techniques complémentaires; Idéalement faire les 2 ?
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Merci pour votre attention

luis. teixeira@sls.aphp.fr
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