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Lessons from Capture of Circulating Tumor Cells



Liquid Biopsies: Complementary technologies

Haber and Velculescu,  Cancer Discovery 2014 2

Plasma DNA 
(ctDNA)

Applications:
-Acquired resistance mutation

-Monitoring recurrence ?
-Early cancer detection?

Limitations:
-Only DNA markers

-Tumor DNA is small fraction
-Tissue of origin? 

-Aging blood cells also
acquire mutations 

Circulating Tumor Cells
(CTCs)

Applications:
-Monitoring progression
(mutations, signaling, EMT)

-Individualized drug testing
(ex vivo culturing/analysis)

-Detecting recurrence and
early cancer detection?

Limitations:
-Very rare cells

(1-5 CTCs in 20 ml blood)
-Complex technologies



Tumor Cell-based Liquid Biopsy (TCLB)
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True Noninvasive Biopsy

Advantages: 
- “Real-time” window into ever-evolving heterogeneous 

molecular landscape of cancer
-All the analytes required for both a definitive diagnosis and the 

identification of the origin of tumor

Need for:
- Sample large blood volume

- Robust, high throughput clinical grade device
- Proof of principle in real time clinic settings



CTC-Chip

~10-20 mL
(~0.4% of 5L blood volume)

CTCs

Intact viable cells
(Tumor models, drug Rx)

Single cell analytics

Molecular signature
(CTC Score)

Diagnostic quality 
imaging

Nagrath et al., Nature (2007)
Ozkumur et al., Sci Trans Med (2013)
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• Positive selection
• Negative depletion
• Size-based sorting






0
10
20
30
40
50
60
70
80
90

100

Su
rv

iv
al

 (%
)

Pre I II III IV

Stage

Late-stage therapy is highly ineffective

• Only a tiny fraction of nodules identified in 
screening are cancerous

• Increasing use of MRI and CT (especially 
Low Dose CT) scans led to an explosion of 
‘incidentalomas”

• ctDNA testing for cancer-associated DNA 
methylation has a false positive rate of 62%

Changing landscape of cancer screening:
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Tumor Cell-based Liquid Biopsy using leukopaks 

Mishra et al., PNAS (2020); Mishra et al., Nature Communications (2025)
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Challenge:

50-fold more platelets than a 
tube of blood

100-fold more WBCs than a 
tube of blood

10-fold more volume than a 
tube of blood

How much blood volume needed for a robust CTC assay?



Mishra et al. PNAS (2020); Mishra et al. Nature Comm (2025) 

CTC-Chip: Multiphysics negative depletion of blood cells
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Avanish Mishra

1. Process large volumes at a single cell resolution: 300 million cells per min at 1 CTC in 40 mL blood sensitivity
2. Apply in unbiased way to all cancers, without having to know which cancer ahead of time: 

“Negative Depletion” of normal blood  cells vs “Positive Selection” or “Size  Selection” of tumor cells
2. Tumor cells are “untouched and  undamaged” and hence they can be studied and cultured for analysis



Clinical results from cancer patients

Mishra et al., Nature Communications (2025) 8

Green - Tumor Markers
Blue - Nucleus
Red – Exclusion markers

GU: EpCAM/C11/CK19
TNBC: EpCAM/C11/CK19 
HCC: EpCAM/ C11/CK19/ASGR1/GPC3
UM: Sox10/Melan-A/NG2 

• 99% of WBCs overlap with 67% of CTCs with size ranging from 4 to 25 microns
• Intra-patient variation in tumor marker expression range from 2 to 20-fold



Tumor origin:
Cell lineage-based 

RNA signature
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ddPCR confirms the 
presence of the 

expected tumor type
with high specificity

Mishra et al., Nature Communications (2025)

Genomic amplifications and 
deletions in CNV between
EpCAM+ and DN CTCs 

indistinguishable

Single-cell DNA (CNV) 
analysis providing 

bonafide proof of cancer

WES analysis for 
prostate CTCs 

displaying CNVs

Whole Exome Sequencing (WES) of 
CTCs identifies functionally significant 
mutations within known cancer genes 
beyond those detectable using ctDNA or 
even tissue needle biopsies

Single-cell RNA-seq 
analysis for prostate 

CTCs displaying CNVs

Two distinct hierarchical clusters
based on RNA expression.
DN CTCs are small, mesenchymal-
like cells with neuroendocrine
features.

Clinical results from cancer patients



Integrated monolithic CTC-Chip for early diagnosis

Jon Edd 10

300 million cells/min
1 CTC in 200 billion blood cells

<1 sec within the chip



CTCs from a rare event to a reliable biomarker 
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