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Metastatic process

Massague J. et al., Nature, 2016 



Epithelial-mesenchymal	transition	(EMT)	
a	process	by	which	epithelial	breast	cancer		cells	acquire	mesenchymal	

characteristics

Thiery et al. Nature Reviews Molecular Cell Biology 7, 131–142 (February 2006)



EMT/MET pathobiology of metastasis

Ramakrishna R, Rostomily R. Seed, soil, and beyond: The basic biology of brain metastasis. 
Surg Neurol Int 2013;4:S256-64.





Simon A Joosse et al. EMBO Mol Med. 2015;7:1-11

CTC detection techniques  





Circulating Tumor Cells Detection
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EpCAM-based assays for epithelial tumor cell detection in 
cerebrospinal fluid

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



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

Yu, M. et al Science 339, 
580 (2013);
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Saliba AE, L Saias, JL Viovy PNAS 2010 
Laboratoire Physicochimie Curie, CNRS UMR 168  
Autebert J Methods 2012
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DLA as a Method for Expansion of 
Analysed Blood Volume
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Diagnostic Leukapheresis (DLA):

•Safe, FDA approved procedure 
established in context of immunotherapy 
for prostate cancer 
•Equivalent of 2.8 L of peripheral blood  
used for MNC enrichment, even 2-4x 
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



Results - baseline

Overall Survival 
N= 1,944 patients 
HR = 2.77 
p<0.0001

Progression-Free Survival 
N= 1,899 patients 
HR = 1.92 
p<0.0001

CTC < 5 /7.5 ml 
CTC ≥ 5 /7.5 ml

CTC < 5 /7.5 ml 
CTC ≥ 5 /7.5 ml

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



Essai LANDSCAPE - Bachelot et al,  
Lancet Oncol 2012

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/m²/d, PO, d1–14 q3weeks 



Primary endpoint:  
CNS volumetric response

CNS Volumetric change n = 44   %

CNS objective response 29 65% (95% CI: 50.1-79.5)

          ≥ 80% Reduction 9 20%

          50- <80% Reduction   20 45%

   20- <50% Reduction 6 14%

   > 0- <20% Reduction 2 5%

   Progression* 7 16%

*2 patients had extra-CNS disease progression



LANDSCAPE: a Unicancer phase II study with lapatinib and capecitabine 
in patients with brain metastases from HER2-positive metastatic breast 
cancer before whole brain radiotherapy  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Date of sampling CTC Status CNS-OR (%) p

 Baseline (n=41)
 0 at baseline 17 / 21 ( 81) 

NS
≥ 1 at baseline 11 / 19 (57.9)

Day 21 (n=38)
0 at day 21 25 / 31 (80.6)

0.03
≥ 1 at day 21 2 / 6      (33.3)

Correlation with CNS-OR, (n=40)

CTC/7.5ml at baseline and 
changes under treatment

D21D0

Pierga 2013 Ann Oncol



LANDSCAPE  OS according to CTC at D21

Overall survival according to CTC values at J21
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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
management of the patient’s
disease



reviewed	in	Bidard,	Cancer	Met	Rev	2013

The SWOG 0500 trial



SWOG S0500 Study

Log-rank p < 0.0001
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 Smerage JB et al.,  J Clin Oncol 2014

Overall survival/arm

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



The SWOG 0500 trial



• 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.







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.

Mazel, M., Mol Oncol 2015



Concordant PD-L1 staining in tumor tissue and 
corresponding ISET filters from selected NSCLC patients.

Illie, Annals of Oncology 29: 193–199, 2018



Proximity-Ligation Assay (PLA) HER2-HER3 

JL Viovy  
S Descroix , I Hajji 
Laboratoire Macromolécules et Microsystèmes en 
Biologie et Médecine Institut Pierre-Gilles de Gennes  



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

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





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

• CTCs	isolated	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+

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



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

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

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



Molecular	characterization	of	breast	cancer	CTCs	associated	with	
brain	metastasis  

• Demonstration	
of	Ki67,	uPAR,	
and	int-β1	
staining	of	
single	CTCs	by	
DEPArrayTM.

 Boral D. 2017 NATURE COMMUNICATIONS|8: 196 



Molecular	characterization	of	breast	cancer	CTCs	associated	with	
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 COMMUNICATIONS|8: 196 



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

Circulating	Tumor	Cells

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

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

Connoly Curr Neurol Neurosci Rep (2016) 16: 25



Circulating tumor DNA ctDNA

J. C. M. Wan  NATURE REVIEWS CANCER 17 ;2017 223 



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

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

12 patients 4 GBM, 6 BMBCs, 2 BMLCs;

L De Mattos-Arruda NATURE COMM2015



Cerebrospinal fluid-derived circulating tumour DNA better 
represents the genomic alterations of brain tumours than plasma

L De Mattos-Arruda NATURE COMM2015



Genotyping tumour DNA in cerebrospinal fluid and plasma of a HER2-
positive breast cancer patient  with brain metastases  



Multifocal clonal evolution characterized using 
circulating tumour DNA in a case of metastatic  
breast cancer (Murtaza et al, Nature Comm  Nov 2015)



Analysis of ctDNA

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





Diagnostic approaches to measure the impact of 
cancer therapies on clonal evolution.

Nabil Amirouchene-Angelozzi Cancer Discov 2017;7:805-817



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…

Cabel et al, Int J Clin Oncol 2017
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