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Figure S1. Recovery rate of MCF7 cells at different WBCs concentration. ~100 of MCFs were 
spiked into 1 mL 0.015% (v/v) ferrofluid containing 3 – 20 millions of WBCs. Total volume was 
10 mL. Flow rate was 1 mL/min. Error bar n = 3.



Figure S2. CTC enumeration of Patient C (stage IV lung cancer) using two different processing 
method. Inertial-FCS was a size-based separation method. CTCs was identified using 
immunofluorescent staining as described in the method.



Table S1. A performance comparison of existing CTC separation technologies including i2FCS.

Category Type Technique Throughput 
(mL/h)

Recovery 
rate Purity Viability Reference

CellSearch N/A ~81% N/A N/A 1

Magsweeper 9 59±27% ~100% N/A 2
Immunoaffinity

Flash-Chip 84.3-91.3 Remove~ 99.97 
Ramos cells 97.6% 3

CTC-Chip 1 >60% ~ 56% 98.5% 4

GEDI 1 ~85% ~68% N/A 5

OncoCEE 1 ~80-90% N/A N/A 6
Microfluidic 

micropost
NanoVelcro-Chip 0.5 ~90% N/A N/A 7

HB-Chip 1.2 ~91.8% 14% 95% 8

GEM-Chip 3.6 ~90% ~84% ~85% 9Microfluidic surface 
capture

Graphene Oxide Chip ~1-3 73±2.4% N/A N/A 10

Ephesia-Chip 3 ~90% <100 contaminating 
cells N/A 11

Magnetic Sifter 10 48% - 90% 17.7±9.3% N/A 12

Isoflux 1.2 74-85% ~1.4 % N/A 13

CTC-iChip 8 89.7-98.6% > 0.1 % N/A 14

Micromagnetic Chip 1.2 ~90 % remove > 99.6% 
WBC >90% 15

IMN 1.2 ~94% N/A 93% 16

MAP (magnetophoresis) 10 86-90% N/A N/A 17

SIM-Chip 2 82.4% 92.45% 84.1% 18

Immunomagnetic 
positive

CTC-µChip 2 ~90% 15.6-35.0 N/A 19

QMS 1E6 – 1E7 cells/ s 46% ~0.1 - 6.4% ~90% 20

EasySepTM Human 
CD45 Depletion Kit N/A 69% 1% N/A 21

CTC-iChip 8 ~ 97% ~7.8% N/A 14

Monolithic CTC-iChip 1.5E7 – 2E7 cells / s ~99.5% 18.4% (445 WBCs per 
mL) N/A 22

LPCTC-iChip 48 86% Remove ~99.97% 
WBC N/A 23

iFCS 6 98.8% ~1620 WBCs per mL 
blood 97.25% 24

Immunomagnetic 
negative

i2FCS 60 99.7% 507 WBCs per mL 
blood 98.1% This work
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Optofluidic CC-RBC system 0.1 90% 92% N/A 25

Ficoll-Paque 20 N/A N/A N/A 26Density gradient 
centrifugation OncoQuick N/A N/A N/A N/A 27



RosetteSepTM CTC 
Enrichment Cocktail N/A ~62.5% N/A N/A 28

Density-antibody Accucyte Enrichment 
and CyteSealerTM N/A ~90.5% N/A N/A 29

Microfluidic Ratchet 1 ~90% Remove 99.99% 
WBCs 99.1% 30

ISET® N/A N/A N/A N/A 31

ScreenCell® 1 mL/min 74-91.2% N/A ~85% 32

CellSieve 2.5 mL/min N/A N/A N/A 33

FMSA 0.75 mL/min 90% Remove 99.99% 
WBCs 80% 34

SB microfilter N/A 78-83% Remove ~99.95% 
WBCs 71-74% 35

RCT (Resettable Cell 
Trap) 0.6 >90% Remove ~99.89% 

WBCs N/A 36

Size-Deformability

Cluster Chip 2.5 41-99% ~15% ~95% 37

Vortex 22.5 21% 57-94% ~86% 38

Vortex 7.5 1.9-93.8% 1.7-37.6% ~91% 39

DFF (Dean Flow 
Fractionation) 3 >85% Remove ~ 99.95% 

WBCs > 98% 40

MFM (multi-flow 
microfluidic) system 6 93% Remove ~ 95% WBCs N/A 41

Labyrinth 150 90% ~600 WBCs/mL N/A 42

Inertial forces

Cascaded chip 120 13.8-80.8% 63.6-68.7% 95-98% 43

ApoStreamTM ~1.3 ~73%

Remove ~99.99% 
peripheral blood 

mononuclear cells 
(PBMCs)

97.1% 44

MOFF-DEP 7.6 75.3% Remove 94.23% of 
WBCs N/A 45

Dielectrophoresis 
Device N/A ~100% 

(simulation) 83% (simulation) N/A 46

Electrophoresis

ODEP N/A 41.5% ~100% N/A 47

taSSAW-Chip 1.2 ~83% Remove >90% WBCs ~91% 48

Acoustophoresis
Acoustophoresis Chip 6 ~86.5% Remove ~ 98.9% 

WBCs N/A 49
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Ferrohydrodynamics FCS 6 ~92.9% 11.7% 96.3% 50
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