
Analysis and single-cell retrieval of circulating tumor cells to monitor treatment response and assess genotype in triple-negative breast cancer 

Introduction: We used a high-recovery rare cell analysis and single-cell picking system to enrich, visualize, and 
isolate circulating tumor cells (CTCs) for genomic analysis from the blood of patients with metastatic triple-
negative breast cancer (TNBC) undergoing treatment with cisplatin as part of a study to intensively characterize 
TNBC. CTCs were evaluated regularly during treatment to monitor CTC burden and characteristics that could be 
associated with treatment response or disease progression, and perform single-cell mutational analysis to inform 
clinical decision making.    
Methods: Patients were enrolled in the study at the University of Washington Center for Cancer Innovation after 
informed consent for participation in investigation of their disease, including molecular analysis of multiple 
biopsies of accessible tumor. CTCs were evaluated prior to treatment and tracked longitudinally using the 
AccuCyte – CyteFinder system.  Density-based enrichment of blood cells and processing to microscopic slides was 
performed using the AccuCyte kit. Fluorescently labeled antibodies to cytokeratin (CK), CD45 and EpCAM, and a 
nuclear dye were applied to samples using an automated slide stainer. Slides were scanned on the CyteFinder 
digital microscope and candidate CTCs identified using image analysis software. CTCs were verified by appropriate 
morphology and expression of epithelial and nuclear stains without CD45 expression. Other antibodies used to 
characterize cells included Her2, M30, and Ki-67.  A mutation hypothesized to lead to the activation of ROS1 was 
identified in the cancer cells isolated from the bone marrow of one patient. CTCs were retrieved from slides using 
the integrated semi-automated CytePicker and evaluated for the ROS1 variant using whole genome amplification 
followed by nested PCR and Sanger sequencing. Activating mutations in FGFR2 were identified in tumor isolated 
from lymph node of a second patient. CTCs were picked and evaluated as above for these  mutations.    
Results: Nine patients have been enrolled to date.  At least 1 CTC/7.5mL has been found in all patients. Pre-
treatment CTC levels in the patient with the ROS1 mutation were extremely high (1500/mL). One week after 
treatment, CTC levels spiked to more than 5000/mL. CTC counts then dropped exponentially to 9/mL after 4 
months. CTC clusters and Ki-67 positive cells also decreased during therapy. Treatment with cisplatin was 
discontinued in this patient due to toxicity and progression, and CTC levels increased to nearly 9000/mL over 4 
months.  The ROS1 mutation was found in 50% of individually picked CTCs before treatment with crizotinib, a 
ROS1 inhibitor.  After crizotinib treatment, the ROS1 mutation was only detected in 20% of CTCs. A second patient 
was found to have somatic loss of BRCA1, and was therefore treated with the PARP inhibitor, veliparib.  CTC levels 
increased during veliparib treatment to 13 /mL.  This patient was subsequently treated with ponatinib, an FGFR 
inhibitor, based on the identification of the FGFR mutation mentioned above. Before ponatinib treatment, two out 
of three CTCs had the missense mutation. During treatment with ponatinib, CTCs fell to undetectable levels, but 
soon after, CTCs were measureable again. At this point, we could no longer detect the FGFR2 mutation in eight 
CTCs.   
Conclusions: Analysis of CTCs may provide a non-invasive measure of cancer progression/response and the 
molecular evolution of tumor cells in patients with TNBC.  Single-cell CTC retrieval after slide-based 
immunofluorescent visualization is compatible with whole genome amplification and sequencing methods. 
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Figure 1. CTC collection by AccuCyte System buffy coat isolation 

Workflow for obtaining buffy coat using the AccuCyte® density-based separation system 
A. Add blood into AccuCyte Separation Tube containing float 
B.  Centrifuge sample to separate blood components into discrete layers (plasma, buffy coat, red blood cells) 
C.  Apply sealing ring (arrow-head) 
D. Aspirate plasma (left); add high-density retrieval (HDR) fluid (right) 
E.  Insert EpiCollector™ 
F.  Insert Transfer Tube pre-loaded with HDR fluid into EpiCollector™ 
G. During second centrifugation,  HDR fluid displaces buffy coat , which floats to the top of the HDR fluid inside transfer tube 
H. Remove Transfer Tube containing buffy coat  

Figure 2. Slide based blood cell analysis 

Sample transfer to slide, automated staining, scanning, single-cell retrieval and analysis 
A. Add sample containing buffy coat and adhesive solution to slide mounted on CyteSpreader base 
B.  Slide CyteSpreader blade to create uniform monolayer of cells on slide 
C.  Fluorescently label cells with automatic slide stainer (Ventana and Dako stainers have been used) 
D. Scan slides with the CyteFinder automated fluorescent scanner  
E.  Retrieve individual cells from slide with CytePicker module (integrated into CyteFinder) 
F.  Slide image under visible light 
G. CyteMap, fluorescent image of cells on slide 
H. One field of view from CyteMap 
I.  Individual CTC (green) with WBC surrounding it (yellow) 
J.  CyteMapper software analyzes images and presents objects of interest to reviewer for confirmation of cell identity 
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RESULTS 

CTCs in TNBC patient samples 
A.Highest number of CTCs detected in each of the patients tested  
B.A dividing CTC from TNBC patient labeled with CK (green), Ki-67 (red), and DAPI (blue) 
C.  Same cell as in B but only showing the Ki-67 staining 
D. A cluster of heterogeneous CTCs from a TNBC patient labeled with EpCAM (red) and DAPI (blue) 
E.  The same cluster as in D but labeled for CK (green) and DAPI (blue) 
F. A clinical CTC from a patient during cisplatin treatment labeled with CK (green) and DAPI (blue) 
G.The same CTC as in F but labeled with the M30 apoptosis marker (red) and DAPI (blue) 
H.A cluster from a TNBC patient labeled with Her2 (yellow), EpCAM (green), CD45 (red) and Hoechst (blue) 
I. The same cluster as in H but just showing Her2 (yellow) and Hoechst (blue) 
J. A cluster from a TNBC patient with approximately 140 CTCs, CK (green), EpCAM (red), CD45 (yellow), DAPI (blue) 
K. CTC on a slide labeled with CK (green) and DAPI (blue) before picking with CytePicker 
L. Same region of the slide as in K after picking the CTC for downstream molecular analysis 
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ABSTRACT 
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Mix         X                 X       

Wild type ROS1 Mutant ROS1 Mix  of WT and mutant 

Before crizotinib – 50% mutant After crizotinib – 20% mutant 

Wild Type FGFR2 Mix of WT and mutant  
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Longitudinal monitoring of CTCs from breast cancer patients 
A.Comparison of RareCyte assay with CellSearch assay on duplicate samples from breast cancer patients (not triple negative) 
B.TNBC patient 2 was followed for 6 months for CTC numbers. Patient showed an initial increase in CTCs (gray bars) one week after initiation of cisplatin 

treatment, followed by a significant decrease in numbers which correlated very well with CA 15-3 levels in her blood (black line) and marked improvements 
in her clinical symptoms. Later on, treatment had to be discontinued due to acquired toxicity and lack of response. At this point, her CTC levels increased, 
along with increased CA 15-3, as well as a worsening of her symptoms. 

C. Serial monitoring of patient 2’s CTCs (blue) and CTC fragments (non-nucleated, CK+, EpCAM+, CD45- objects, green), and treatment regimen over 9 months. 
Also included are the time points of single CTC isolation for sequencing (figure 5A) 

D.Serial monitoring of patient 2’s CTC clusters over time (an example of a cluster from this patient is shown in figures 3D and E) 
E. Serial monitoring of patient 1’s CTCs including time points of single CTC isolation for sequencing (figure 5B) and treatment regimen 
F. Serial monitoring of patient 5’s CTCs and treatment regimen. In blue are total CTC events (individual CTCs and those in clusters), in red are CTC entities (a 

cluster counts as 1 entity), in green are CTCs and clusters of fewer than 25 CTCs. An example of a cluster from this patient is shown in figure 3J. 

Patient 2 

Molecular Profiling of single CTCs from TNBC patients 
A.Sixteen CTCs from patient 2 were isolated, whole genome amplified, a nested PCR was run and they were sequenced for a known mutation in ROS1. 50% of the CTCs 

before crizotinib treatment (red box, figure 4C) contained the mutant DNA, whereas only 22% contained the mutation after crizotinib treatment (green box, figure 4C). 
The ROS1 mutation is homozygous in the tumor, suggesting that when a mix of mutant and wild type was found, the wild type copy was probably from a white blood 
cell contaminant in the sample. 

B.Eleven CTCs from patient 1 were isolated, whole genome amplified, a nested PCR was run and they were sequenced for a known mutation in FGFR2. Two out of three 
CTCs before treatment with ponatinib (red box, figure 4E) contained the mutation, whereas after treatment with ponatinib (green boxes, figure 4E), none out of eight 
CTCs sequenced contained the mutation. 

C. Array comparative genomic hybridization between a single CTC from patient 2 after whole genome amplification, against pooled single-cell whole genome amplification 
products from a male lymphoblast cell line. Regions in red indicate genomic deletions and regions in blue show genomic amplifications.  
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Figure 3. Imaging of CTCs in TNBC 

Figure 4. Sensitivity of RareCyte platform and monitoring of TNBC patients over time 

Figure 5. Molecular profiling of CTCs 
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