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FAMRR T HERIEATHLE | EEIGEEFIRAIH
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FENARASET. MAEREFELEES X SEE
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ERE—R—FUEIE T FDA #E/ER CTC DERSK, 7E 2004
fF 1 B, CellSearch RH3K1S T FDA Rt , FSRXIHEFBE
IIREEE NS MET CTC it , HHUNBEEN2EE
T EFEHHTMEZH. LFSHRE , £ 2004
F 8 BINFHEE=ERHRE FN—RISERIET CellSearch
HIIRARAERNY , REEENREFREFHON—MNERE |
{83 CellSearch RFExT 177 BIIREEREHRITT CTC HI5T
RYL CTC B EFEHEREIEX. FDA IEMALET
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8, WENH CTC, EpCAM+R ERZAIBAYRFE , CK+
DAPI+ 2B %A ARABRETZINILHAIE M
CD45-2HMHIBRIFEAE , CD45-2RRARBMmEAN. AT
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Ef, AR 51 CTC B=FH.
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CellSearch FIERFI*M7E
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—L CTC , JTEEXS EpCAM E/RFBHERIRIE-, FEfM
73i& (EE30 RT-PCR ) AILAGH EpCAM BRYERIBPIEBLARE |
XLLARIE R ARRBRIARAEIRRIEE (IS REF (EMT) |, K
7 EpCAM HIPRMER), [XLE EpCAM [RERIZERE , 7245
ERUEMT , 2THTRENMBEREDFIT AEE
B2, FrLAIX 2 EpCAM FEMRARBE CTC, B S
CellSearch FULERFITELE , AfIXS EpCAM FBIERARIMLH
EMISHT , KM TESHI CTC 4iBIrEL,

5ittERt , AiIBIAIRE CellSearch J5iERIRTFHR M |
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T LB EH FEHIZEML CellSearch RIS B R SR T AL
R, XEHAMNRR , REFHRELEE CTC ARIEER , X
CellSearch FiEMIEAR B4R , BI CTC i1 , 2IEHHRANE
MmEy. SEfRLE , BOE CellSearch JF#2 Y EpCAM B 4 AT
CTC , REIEMESL CTC iH#E L , Mi&EMAFITRIE
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R EFEFIERE , RTHlE NMBBROREER. FRERIRER
FRFZ CellSearch FTRFRIHIRRIE AL | WINEBERE
REFME. MEFIFEME. MREFENE URERESE
NEEZGIIMEFOY., FMENNS , REN=EN4aR
IS OH T RO , RRRENATIZEHERIRR
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BRFARE LRE T TFERMRH—L O,

TiRERE T AERYIEILER  FERMBA/NESES
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RO , ERARRANAS R, REEN
BERENABENEERRYE  RIOEENZAR , &
FEIEMAEFIREY |, IR EIREERN, R
ZERTERNENE—XRMBZ AT, LR EFRAIREEX
FMBNFE. BOIEFRINTEMBRRNGEFN , 8B
MASRIEZEANEAE , BEER TEREEMEREXR
IRRVEREFNAME , SRHIEEIMAE , NSRS
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HRARIRES | AR EEIEREC |, EBiE
0 CellSearch LY3d , T CellSearch JRHRAIMAMERITTIET N
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o XEEEIEAITER | R NAREREA IR ARRILRA | CellSearch RAERHATREIA |, CellSearch TEIRRIIFR AR
» AR ISR U AR BIRERIIASR. PRI ENE SIS TIe R E DA MRS AN E | GiEEA RS iAo EATX
 REER T SRANNE | RENERRTRIE=FRHBAELARTUSARER.

SE R

Ferreira MM et al. Circulating tumor cell

technologies. Mol Oncol. 2016 Mar;10(3):374-94.
"E

BERMBERE "RIKER" — M ERED  BEX
TLRIEEAT TUHNEXES. BT CTC IRRA
RIRBEHAE T REBERIES MRt BRI
RIS BXEENME, EXEHAT , HG
BENBBTRNFORMIK CTC MHRIRA , HEHEN
FBEMIANIERE, HIEETARFEXBIIR
i, FIeE N FErImEs. BERKIIX CTC NEY
FIEBABAR , CTC FABFEH—FLRE , FEK
IISESE LZ-AEEEL. EitiaZBigAI CTC FRAY
MEREETHSZ M B R EIEH— k.
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B8R BB (CTC) pirR— M RTIHEREE
BERBE RN RN ICHERIRAFNSHL.

AE | BEEFRTRATREABLENS FUENRRE
B CTC BN RS , KEHBF/ERNRE
MEFINDBLE | a0 ERAEEEER RIS
MIRRIA, CTC NFFRIINSEFTRAHLAERETS
EFERER PCR BT EMME T RS ISERAIANE
REBRTTE. MARMERHEFRAT CTC o
FRIAIFELSHT, QC 2 CTC DIHN—NEETH ,
MBI RN RAL T ERIRENIT T8 CTC AN
AEEMHR AR LAH R IR BIEFREEE. CTC 199
FRAFT LR FIXLABER S FRIEMF I RAYE
BER , PIIHEZAFIRRAIE AR EF AR
BRAVAE | IR TFAERHEANTSR. ZERSTEE
CTC FHG AT RN HILAR BB D B2 S8
FTRYSERT EE R AT,

R CTC S R— ] R FELIREF IR b ENTE



TN B RIRTRINEIRTTIE. XGRS , HIEE
FREHR CTC DB, BB URAFE. CTCH
HROETEEHIF] CTC 99 FRAAG SR,

Van Berckelaer C et al. Current and future role of
circulating tumor cells in patients with epithelial
ovarian cancer. Eur J Surg Oncol. 2016

Dec;42(12):1772-1779.
mE

B IPEARRR ( CTC ) BREHEEA RS HA9E0NE
8. CTC EAFESXMETERHIEMME. LR
SRELEE ( EOC ) RY CTC HIRRAOERIXE. BT EOC
FPEBIEERERIANZEIE TR EZISIRT AL, 7
BRE=52Z2—NBEPRETLER | BIANER
RPRBRBRMBERNE. A, RIENARER
T MRS BIFE EOC RVEE(ER , FEB: CTCRSS
MRHAREE D HA. CA-125 KFERFAREHREBERBEX.
L5 . CTC MFESBREN R ITRREEER. &
i , CTC 7£ EOC FRIXMTNEMEILFEUR T £
HoBEMENAZE. BT EoC RS ETEENEE
FTEMFRETEERENER , ARRET LRAR
¥R F ( EpCAM ) R9757E. XAJLAUEE EOC Fhgys>
£ EpCAM FA1E CTC F1 E5Z-[AREE4L ( EMT ) HijE
EpCAM B NESRAERE., CTC NFEHAIBERETUMN
B, BAERIARS CTC RS Siar REEX |
CTC BRE/NHRPE CA-125 EFNENT A,
CTC Y ( BEE ) FIHEARKATREREENEE , N
79 CTC HFE | EEMNEIENTUIYE “RIKME
EMBLEE" .

Wong KHK et al. Whole blood stabilization for the
microfluidic isolation and molecular
characterization of circulating tumor cells. Nat

Commun. 2017 Nov 23;8(1):1733.
wE

BN NERR AT E AR s A EERREMD
R IXLPRE T ETEAIEAR (CTC ) BRINER
WERGENF  XLENFRM T /ERI S FEIRLIES IR
RRE., EXE , HiEr T BB RERESEH
X EME SAYMIMREHAVE SR IREA SRR T2 M
LTFESNTIRSHITTE. ERXMTE , TSR
HAMBRIFIA 72 N2 MATHRIRADIET R

©2018 IMPROVE MEDICAL All rights reserved
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= CTC FEMEN. MBEARRESmRRNTERN
RNA E&FHAAM RT-qPCR LUK RNA U , ATIfE
EERFMERY , SEETIIRERE PIENERE
PREIFEER R 7 RIRTERAGN | FERREEMARANRFIR Z 6]
BORMA—EED 92%. RINTARRRAEESTPIKS
HTAIBEAR.

Wong KHK et al. The Role of Physical
Stabilization in Whole Blood Preservation. Sci

Rep. 2016 Feb 15;6:21023.
mE

BN IRAVRIEIERES E S WAL F AR P IR A
FRASFIRIENN T iEk ERIRRS. FEXMIRAARRINET
PRI ERMRIE , H5RYEELMESR |
REMMEE , FERTEMIELS EMHRG, X
B, BT 70 kDa R SYIRERET LIREMNR
BEAFE 72 /MR LEIRITNE , TEBIDHFER
NERIMERRE. MERERD TRRIARN
Y, BUE T B4BIRAYTESD | FHHT hE RIS R
BESAYRR— R AR B O B R R AR
SMERATZRRIRS. LSk, RERERERIMR S5 WAY
AEREERAES  CELERREMDEHTS
. ZRFEIRER | ERREYWA LA MR |
FERHSRAFEERI,

Pantel K et al. Circulating tumour cells in cancer
patients: challenges and perspectives. Trends Mol

Med. 2010 Sep;16(9):398-406.

e
R A TEREITERIGNEERERNSEE (BM )

FRRYSME AN IEATERLANE ( DTC ) SPRYMEERIEL
BB (CTC) . MIXLHFHTTERIAREIS , BM B—FE
REERRE  BREESTREPM ( SIE7LE
HUSURRTE | AhEERNSERARE ) B9 DTC ROREREE. A0, 5b

SCHRISE | Article Abstract Collection [ 9
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BMSHFSTFEERGLEAYE BM REESE , HE
WS HRR/NABRIEAETE CTC W FREFMENS £
Siafr R AGIGARZAE. 5, CTCyDTC RI53F53
ARV AR TR | WEERENIRRE
BHEAEERENX.

Primary tumor

Distant organs
{i.e., bone marrow)

Alix-Panabiéres C1 et al. Characterization of
single circulating tumor cells. FEBS Lett. 2017
Aug;591(15):2241-2250

FiiiE

"RINERARE" EWSINBTOEESEMRT
AOTESABEBLERE ( CTC) , IXMEESHIT AR R TR
KEIXKE. CTC RERBRAMAEEBIERITINE |
BB SMEHRIEE AT EXN D FRIINERE
8. X CTC oA MEKET BFE T HZHE
7, BEEHENIGREX. CTC HIEHRRN RS
GEEEEN. TaREmEEEmN. Ele
5iaT. URET AT Emai e sIaotenrs SE
TRRE. AFERBERNBZAIM DNA, RNA FIEH
BUKFH) CTC BRI HTRIRGRIAIR | FRiEe T
THREIRATIRIS S | ETERAEEDE IVER-Einm
IEFEREIESEE AT ITRNESR.

Krebs MG et al. Molecular analysis of circulating
tumour cells-biology and biomarkers. Nat Rev

Clin Oncol. 2014 Mar;11(3):129-44

10 E XHEEE | Article Abstract Collection

mE

KT IERN SRR S IR SRR , BN
e IMENEERASN. BEEEXFINT R
BENIGER |, BN ERERTTEHRHEE
RETFEEHEDTLISRERITTENG, EEe
B ESFEZNEELRBERATLG , WEERRE
TEHROHEATZRENEN. EXE , HilEiT
MBI IR P ESRASE TR ( CTC ) I
BIRE IR A BRI GIREER | REEEIR
KREBZXBLEREFHE. AFIRUMSE CTC
IR EIEEZITIRFRY CellSearch® R4 , {EEHBRI AL
FERESRE, BIIETIeT RIEN CTC RKIUN{ER
SR MARFY BRI | SCRfEIRRRTEE FiEL |, &
1A LB . SRR N EEIEER
BENRVAMRATIER. SARS FORIRIEEISEE
IRREBEINEES , FETEA CTC FFc4E DNA
STRIES A BE EUFAT 2 BREE S/
RIS,

Xue P et al. Highly efficient capture and harvest of
circulating tumor cells on a microfluidic chip
integrated with herringbone and micropost arrays.

Biomed Microdevices. 2015 Apr;17(2):39.
ik

B IELARRE ( CTC ) EFETRAIMER I EET
ARRE  WIANREBNERRE. ZIBRIAL, B
BEMZAMAT CTC 5B, A, BEEX
1218 CTC IR RMENERFT R , FENEETEH
SRR T — S S FAIER ST IRES
Pt EXTART | BAIENE T — AT
EBEFIEERRRISINRE S A | BT ETF EpCAM HI%R%E
[RRISCHR CTC $BERFNIEAR. 165 Hep3B MYELRIEZR(E
NATERZEEHITLIER CTC KRR, FR%E



10.

11.

BF , Hep3B fHEERIRIRIRERTIAR] 10 MR (&8 mL
HRAE) | BIRMETHA 0%, M, HIKR
Hep3B fAREAYEANRTIIRNIAR] 69.4% , ZRIBEIM 1 E
100 A%, XUERR\IZEBEENENGE , E51H
LSRRI R | RIPEAR R A TEEN
IZHRRTAST.

Earhart CM et al. Isolation and mutational
analysis of circulating tumor cells from lung
cancer patients with magnetic sifters and biochips.

Lab Chip. 2014 Jan 7;14(1):78-88.
mE

B IPEEARRR ( CTC ) RO FNRAE AT LSRR
HHUZHANIATT. IESHIEFFRAATHE CTC A9
AZE—EEMRE |, GIIEEE. FRERIIRIkaT
ApE. LAURKEES SRAMUERE T E SRR AR,
IMRETHODBEEIFERE |, AP ERE
HESMRIAE R, BERENHILIS. Eretsaius
SRAJERZRRE | FREAMEAURRIFARIC , MemAPEEEn
BRREMIARAMERE. 33T CTC RS, BAX
T EREREHIBMCRERERINERRT A ITUE |

RATHESHMRR CTC HTREDHT. ERAXLE 12.

IR E R R LA | SEERER "RINER
BLUE" RUBHUEIEIIRIE.

NH;
Ty
\cl
Q
Intracellular

B Reduction

Cristofanilli M et al. Circulating tumor cells,
disease progression, and survival in metastatic
breast cancer. N Engl J Med. 2004 Aug
19;351(8):781-91.

e

HER | RRE T AR LA RL
RETERRRIR.

©2018 IMPROVE MEDICAL All rights reserved
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% EURIEE R OMRT |, FERE e
BRI AERMFE—RMELZE , X 177 ZRETUER
R FLIREREE HHT T BN KT, &
BHESSHFOFERNER SR RER B R
XHaT AR,

HZR . EEEFRERIHERIIaT 28, RIgES%
QERYBEIR PR IR, 5 7.5 mL £MH{EIR
PPyERZmRR ST 5 MNYLEIEEL |, IR K ST
HETE 7.5 mL 209 5 MIBENPRITHRERH
(270BXF 7.0 408, p<0.001) FRERFER (1014
BXXTF 181MA , p<0.001 ) BFE, EFHRATENS
—RMEVIEY , FEZARNXFERISEEFE (THREE
=8, 21 4BX 70408, p<0.001 ; BEFH, 82
MRAXATF 18108, p<0001 ), HB , EFRAE
HELLBIREE (N 49%FEZE30% ) , REFiATERE. &
v Cox LHEINEEIEER , EFRIMERFRREEE
H, BEMNE XML ERIEARAKTEETHE
ARSI EEMUE 7.

e AT BN E R LIRERE
TR SRR R IUE 7.

Deng G et al. Enrichment with anti-cytokeratin
alone or combined with anti-EpCAM antibodies
significantly increases the sensitivity for
circulating tumor cell detection in metastatic
breast cancer patients. Breast Cancer Res.

2008;10(4):R69.
HE

515  EASHEERE PN E R IPEMIE

(CTC) , HFEE(ITHEEAT IR IEEESE
NIMBHNETERFAEYRESRIEER., TRESRE
MmMEHRDEI CTC , HEEERHUEM CTC &
FIERN. RE CTC EEMinERERAERMME
( CK+) . CD45 [BHME ( CD45- ) 1 4'6-—BrEL-2-FEN|
W (ZRE ) FAtE (DAPIY) |, BAZE CTC EEIRA
BETH-EpCAM HiiRR., AT , —LiEMERIAR
;%A EpCAM, EXE , HAiNRH T —MEEREH
AESNEERNE  ZHEET5RMT CK 3
CK 1 EpCAM FiARESHIES.

J37% : {8 CellSearchtrade $RICZER % ( Veridex , LLC ,
Raritan , NJ , USA ) QMERB 49 BEEHBHILIRE

SCHRISE | Article Abstract Collection [ 11
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13.

MBENMAER , SEIIM CTC WEFHEFT. B
EIREERYL CK 2541 EpCAM iR E&E AT CTC B
£5. Brightfield FISRFEARICAIHL CK. 1 CD45 F1 DAPI
(%RE ) BIGETF CTC £, Ariol®R% ( Genetix
USA Inc , SanlJose , CA , USA ) BT EsNArEEHS R
FIESEIG £ CTC B9

ZER RN AEEBEE=MEEMN CTC , BF
CK+#] EpCAM+ , CK+§1 EpCAM-/{i§ , LAK CK-/{&F0
EpCAM+fE., EEELRF , FHAAIL CK FUAES
FEERHEZEESA CTC PHMEER (49%3F29% )
BRI CTCAGSER (1 ZE 571312 270) |, X
EE CeliSearchtrade #RCRFEHE 49 BIAREERE., &
BAKE CTC 1) (8 7.5 mL MK > 20 1 CTC ) H9E
EFR , FAINFERENEILL CellSearchtrade FRIETTIAS
15-111%K9 CTC, HRIERER Ariol "RFERI=KSEFNEE
HEGEIIR CTC tREiRD> T IRIEY CTC SHRI%L

=
I==RY

518 - BAMEERPIMEF RN CK RCH A
THEMAIEE CTC, BIRERAH CK 85H1 EpCAM 171
HESERTESRSENRBE. (£ Arol (R) &R
FR=ADIEHBZ R EE G TR CTC
.

Hayes DF et al. Circulating tumor cells at each
follow-up time point during therapy of metastatic
breast cancer patients predict progression-free
and overall survival. Clin Cancer Res. 2006 Jul

15;12(14 Pt 1):4218-24.
mE

B BRAIZANREY , 84L& L, 875 mL MKRF
>5 NMEIRIREMI ( CTC ) § 177 BIRERB 1L FLARE
(MBC ) BENERMELY , SRENIRKRERBEX.
EATRS | TS T BEEREER R EtERE SR CTC
K,

SIS | TEFHAETE (2% ) ZAIFlAT AR 3-
5. 6-8. 9-14 F115-20 & , 7E 177 A MBC B& it
CTC, WNERRESHIMAI BT ETHEFE (PFS )
MEFEE (0S) A, EFRMMASER2S A
CTC/7.5 mL HSE##1T Kaplan-Meier EREE DT,

Z8 : AMNMIATESRF <5 4 CTC BEHIHAL PFS B
Eaalm 7.0, 6.1, 56, 70160 MNP, XFF254

12 [N s2ikisE | Article Abstract Collection

14.

CTC MEE , REXLIHRNERFAL PFS BEYS
o8R0 130 14, 3.0f13.6 NF. 5 /NHIMmAT
B <5 CTC BAEMFAL 0S 15> 185 MNE., HTF=25
N CTC EBE | SREXLABREMARAFL 0S B&EYR
2 28I 109, 63, 63, 6.6F16.7MNH. EERFI
BT TR 9 = 14 BRI PFS 7 OS MEERHE
TERRE,

£hi8  foeyT SRR IR ERE TSR CTC 2 MBC
BE NSRRI RN TR .

Detection of:
CTCEpCAM 7w ©

+
Technology CTCEpCAM” @
EPISPOT assay ®: 0

CellSearch® system ®

Colon cancer

Liu Z et al. Negative enrichment by
immunomagnetic nanobeads for unbiased
characterization of circulating tumor cells from
peripheral blood of cancer patients. J Transl Med.

2011 May 19;9:70.
iz

BR  BTESEMMEMRE ( CTC ) RIPREEERE
RUPRHIZ AT BEF AR EHEARCYIRIA AR ERY CTC |, AI8E
wWizdEER. FNLLTETEREMARN CTC E
&, REENFIZRAAYTT A,

Fi% AR TEREAERTLIE 20 mL MBRFFETFLOH
BRE  ARERAAE. RRYEALEREY
EpCAM FIAMEMAER ( CK ) 7/8 REBHARREIRS
¥ HMW-MAA/MCSP &, BRI HAIEAEU
CTC, NBERNMBFEEN CTC HENH
EpCAM+CK+CD45-, NEBRRBENEENNRTE
5= CTC #RE X I MCSP+CD45-, 7 73R8 70 B
BMRE (n=48 ) REBUHRRE (n=22) NEEN
116 MNMELEIM#E,



15.

ZR  IEREEEREN 84 NIEEFH 47 4 (56% )
FIGUE] CTC , FERBEREEREN 32 MERPH 17
N (53% ) FRME CTC, ERERRIEAUR
NSCLC fB& H95ME M # A 16 U F) CD45-EpCAM-
CK+, EpCAM-CK+4HiE B mMINEEFHERBIT 6 N
B, RPEAIMERR. CGHIFLTX—m=, BdE
EERER CTC N H CD45-CK+H1/2k EpCAM+ , 18
HERIENNZE 73% (61/84)

510 : (M CD45 FREL CTC RIFRINIAEREH#R
IR bR i, X oI ResCIl IRt CTC R9%L
B. NRENFREEH FRFREE CTC , NFEEMRE
IFARIER .

Adams DL et al. Cytometric characterization of
circulating tumor cells captured by microfiltration
and their correlation to the CellSearch® CTC test.
Cytometry A. 2015 Feb;87(2):137-44.

e

RENARIRS 7 ERERE IRFHEEHTIMER
ByEB4EAE ( CTC) |, R T XTF CTC RIEZIBAYERE | 1IE
0 CellSearch®CTC UK FTFIZEAIAREE, B CellSearch
B IEBA BT LA 4248 M IE FRAE X R CTC |, {NHE3R
EpCAM [RHAMAIEEN SEAIIBNEEIR 7 BIRAY
CTC I8, 18R , CTC DBRENTTIEEBERSIFBAIMN
BEMKPHIRKE CTC, EAFE , 5 CellSearch 1§
tb  BEERSES ENMERHE B RHEEXY

BPMSETEE & EpCAM FABCRFERBRNL, AT
RIXFRES , HAIHT T —IURRMESALRHAR | LA
{FRRRIEERS ( CellSieve™ ) ] CellSearch XT3REH 30
IR AR B E M ES MR A IR CTC
TEBHTRIEFLR. G , BAi1E CellSieve HIEMAE
H ( CK ) +/CD45-/DAP+HIAIES AR MESA R T
BHHTIER DT, SEMSIERA—FE | CellSieve HE

©2018 IMPROVE MEDICAL All rights reserved
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Lk CellSearch EZ3H4 CK+/CD45-4HfE, oh , SHTE
7~ , oIt EpCAM FESE | BIXFMUERRIE
CK+/CD45- 4Rl BIRAER MR, A, 2T AR
BB REETRILSH CK+/CD45-/DAPHAEAY
TWESHTER TS CeliSearch #8XRITEE, ERTTIELL
RO, BATHETHEN CTC 28 , ERMAEN
WIRAIEZ BRERX, XUHIERE , BARESE
MIMAPFEEERIURERANSTISEN CTC
{BRETLAGERAIE EpCAM (RIS B SRETE CellSearch
D EMIRARER AR,

Li H et al. Circulating Tumor Cell Analyses in
Patients With Esophageal Squamous Cell
Carcinoma Using Epithelial Marker-Dependent
and -Independent Approaches. Medicine
(Baltimore). 2015 Sep;94(38):e1565

mE

FEJLF BRI R, SME I 1R R B 4 AR
(CTC) W NERIZH. FEMATEX. A,
CTC AR ESPAMIRE ( ESCC ) PRIIRRIBEX MR
WE. ZMREEELER 2 4 CTC RS , —
£ RAREMR RN B — L RS AR SRR RE
ESCC BE R CTC MIRREN ., TEIRTRIM 61 &
ESCC BE FRIEMEIRBEXIMNEIESR | FO
BT CellSearch B4 ( CS ) 53 BRI CTC FIEIL LRZ A+
FEA/N (ISET ) EAEDBRI CTC, XA 22 BER
HEENMAEFRAENE. £ ol ERRNERYT , &
i ISET 53E7E 20 BEBE (32.8% ) FgilIE| CTC , 18
I CS TTEUE | BEE (1.6% ) FHENR CTC, fEH
ISET Y 61 BEEPTH 38 (4.9% ) MRBBIRIPEER
BF (CIM) , EEEE CS FEEEIBEFEEN
A2, FRASRESBEPRMEI CTC/CTM, 1B

SHEREE | Article Abstract Collection [ 13
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17.

18.

I ISET 5i% , CTC BFEITFS ESCC RIMERFIE L
HRIAMRKTFAER, RIMERESEHARMEXIRARSIE
FLEAEXM. HIINERBREURE CS I ISET 5
E MR ESCC BERSMNEMAF MY CTC A9RE
H. A, 5 ISET J5iAHBEL , CellSearch RFUTF RBL
ERE, #—PHRRXTiFhI AT ESCC HRY
EREXEE,

Ligthart ST et al. Circulating Tumor Cells Count
and Morphological Features in Breast, Colorectal
and Prostate Cancer. PLoS One. 2013 Jun
27,8(6):¢67148.

FiiiE

BR  ERitileE. SRERETRYIRERETE
TEEIRIMEARRE ( CTC ) RIS RAYEME. SRtk
BT EBR AT IT4 CTC ( mCTC ) MM BN
CTC (aCTC ) EVERTIREBSFHE. FXE | Fi)
WIET kERIFIEE. FIRETMEREREERER CTC
Ef& LAY oCTC Bix , AR T ERISFSHHE
F.

73i% R CellSearch REFRIEREBERTIIRE. 2
ENEERE. fRENER. RUEILIRESEERI
BREENERNEEERR. SHTEGS oCTC 977
£ FNECNRRSE S IE SRR,

8 1 aCTC fl mCTC MREFERGELREREE
8. CTC WHBSEFEXMRR , M CTC X/\,
EMACRHIERTESTTAZIEEM , BE5TR
DITFRUARIR. 7E 204 MEREXIEERAY 7 M0 694 MR
MEREERRRY 9 MRATI—A aCTC/7.5 mL iR, E—8
EAERMEIE 2 FEEPIENEISIH 9 1 aCTC,

Frithiof H et al. A novel method for downstream

10 [N 2ikiEE | Article Abstract Collection

characterization of breast cancer circulating
tumor cells following CellSearch isolation. J

Transl Med. 2015 Apr 21;13:126.
e

BR | WHOIMRERTIREAMBEIEMEE (CTC )
BB T T AN R ERFLERELAR HAfth
MEEREPENENENTIR. ATEYEREA
fEE 8 ENIMAF CTC WSiRER AR FDA #EH
CellSearch 224t ( Janssen Diagnostics ) , E{XKEHTFET
EpCAM WSRO, XA IRFIETLAE
FXLAEPIMSEIERHTIATIEE | DIRIRHED
SRR E ORI MBS RIS URE. A5
REIBRIRFFE—FRA CellSearch RRSEIF CTC Tiffp
FETTIE.

753% : LAZLEYEREEZR MCF7 [ ERa (+) /HER2 (- ) ]

0 SKBr3 [ ERa ( +) /HER2 (-) ] N¥Bm , #3Z7—
RS CTC RERE |, ZRFMNEFIGR+FE AN
IREETATT TR |, 153 BRI RESZ o ( ERa )

FIARRERKEFZR 2 (HER2 ) , BT CellSearch
BT CTC HEBfE . (FRMEBFFAR) CTC-DropMount £
AREHRW CTC H— L EEHECESMEH TR
*.

Hypoxia

Inflammation k_.

Tumor EMT

aaaaaaaa

ECM g0 2 \0)

tactors 1 el
Non-EMT
=ar=ac=a

Blood
vessel

® corcercen %) Nomatcel 467 stomaicet (O] Macophage

CO) EMTed cancercell O Growthfactors @S0 Endothelial cell Platelet

£58 : CellSearch Profile 53471 CTC-DropMount f& CTC
HIEIERS 87%. i TR —SN=ERERE
7528, DAPI[RM44ERE. 4IEFAER (CK) 8, 187119
FEME |, (ERIEIER MR CD4s BRMERMBREME 535
79 CTC , BEfE934T ERofll HER2 RIX, %73 AR AR
BEFEPEEIGE , NTTIERRRIGRIBRME,

2516 : FAIRVERKE |, ERHFAR CTC-DropMount



19.

20.

BARTUREEIIRE CTC PRANEETNEDIR
THIEPRE. (R BRI SMAEYREYIRY
TR , AILATE CellSearch _F BB ITZ /G
NN EE MR RIR S EENIRRFIENER.

Bacecelli I et al. Identification of a population of
blood circulating tumor cells from breast cancer
patients that initiates metastasis in a xenograft

assay. Nat Biotechnol. 2013 Jun;31(6):539-44.
mE

EEN |, EEESERBRE MR RIAEIR BT
(CTCs ) WEFSIRM. A, RE CTCs NiFER—L&
BELAMEARNIENR , CTCs hEBIRMIE
( MICs ) RTFEFIRE MRS RISCIGUEST, XEBRAIFF
R7—MEMBERE  HAREXERFERMEAIRERZL
BREE CTCs B3 IR/NRARE. FHFIFFERRT MICs,
XEEHF MIC BY CTC BF{AZRIAT EPCAM, CD44,
CD47 #1 MET, TE—/NEFEERBBE T , EPCAM (+) |
CD44 (+) . CD47 (+) . MET (+) CTCs #( & [~
BAE EPCAM ( +) CTCs] SREFREEMEBEL
HEZEX. XEHIERmA T MBI MICs FIMEX
RE , XA REE R IRIT EIF AN TN A RS 1 FLAR
ENTE,

Onstenk W et al. Improved Circulating Tumor
Cell Detection by a Combined EpCAM and
MCAM CellSearch Enrichment Approach in
Patients with Breast Cancer Undergoing
Neoadjuvant Chemotherapy. Mol Cancer Ther.
2015 Mar;14(3):821-7.

e

W IT CellSearch K F 7 20%-25% B B % 1 2 5 &8
(pBC ) BEHNZ T EFRFEAIE (CTC) . AT
BE CTC RO , FAVFAR T REFBARNK S F
( MCAM ) {E/ L RZ4RREALRT 5> F ( EpCAM ) 5iRY

©2018 IMPROVE MEDICAL All rights reserved
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EEMRCY  HEREFNE T HER2 BB /111 #7
pBC FFIAFTHBIIT ( NAC ) RIREE B MCAM PR
CTCs RIIRARIER M., FIFRS , TEELISE—IX NAC
fB&RE , DBIM 7.5 mL MEFEET EpCAM FAMER
MCAM R CTCs, FIRRIVMIBAG T B
#Hi8 (CEC ) . TEBHMNRELESE EpCAM/MCAM
CTC BIE HRIEF F>40%., EIFITT CTC §1 CEC it
HEWETERM (pCR ) RIEXMY. EZ&RS , Fi19
BT 68 FUEBE 12 6 (18% ) 71 68 HIEEH 8
(12% ) B9 EpCAM FR4F] MCAM [ CTCs, —NE
HAlE . X BUIRINT 44 BIBERY 7 61 ( 16% ) ] 44
BIBETE 76 (16% ) o IR NELLATHY 18%F0E
F EpCAM —/ A HA/E R0 16% 5> BIIR B EI 25% (p =
0.08) F130% (p=0.02) ., FEELHE , REGHAS
MCAM PE CTCs B E S 23%i8H MCAM [HE
CTCs BB TEEELANAE] pCR (p=0.13) ., EpCAM
FH £ B9 CTCs #1 CEC it 85 pCR T X . K&
EpCAM/MCAM CellSearch B4 , 125 7 I H pBC
H CTC MR HER, XF NAC BB R CTC M
CEC It#15 pCR RIXEX, MCAM BRM CTCs HIIIRFRE
KHEEH—EHR.

Lustberg MB et al. Heterogeneous atypical cell
populations are present in blood of metastatic
breast cancer patients. Breast Cancer Res. 2014

Mar 6;16(2):R23.
mE

515 : B IEEE ( CTCs ) EmREEUEMbERER £
FZARRE*EBE 3 F ( EpCAM ) NI F 3 E. 2,
EpCAM RILAERCRRIABI T | Sl BRI
M. BANRiHT BRiiVRiEIEXIe SRR 2R
EEAL MR mPE CTCs FIEAIEIRAIEEE , XML
WiRBEIKE EpCAM RIEEF/EDBRA.

i - AN 32 Bl ARESDE | MRFERER
RIEEIANRER RRRER T ZF T, RAER
EREERMEAXTR (n=5) . #TSLINFIRCIA
IRCHEEMIERERC  BEECAIEAER (CK)
8. 18F0119, {#F BD LSR RzV4MAE{YEL BD FACSAria
B FACSAria A SN #HTEZ SR MBAR
(FCM ) otfr. W EERNIRAHITRERBHLESR
& , BT ST DAPL. EpCAM, CD45, CK. FRREK
EFZIRTER. ARHRERHE (CM) MEX
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22,

LARCRIRIA.

ZR . NPUEENEEFRT , B FCM 1 CM £7F
T BB EpCAM+] EpCAM-ZRIAHY CD45-PB14%/CK-BEME
( CD45- CK+ ) BHK, IbHh , iBtRET BE CK+IHEER
RIZIEMARIE CD45 B EpCAM+F EpCAM-E¥{K, 7
CD45-F] CD45+ 5 Eg# , CK+EpCAM-events/mL 25 F
CK+EpCAM-+events/mL ( B & 7E p<0.000 5 B BB FIT
FEX)., MBEHERSEEF CK+CD45- fll
CK+CD45+events {92 ( Foi8 EpCAM K& )
BEFASTEEXNRESR (9557 p<0.000 5
p<0.026 ) , AP, FRA—EBSD CK+CD45+events thRIX
CD68 , CD68 B—Fh5 IiEEtE X B IR4R A XAIHRIC
., CD45-CK+EpCAM-RIKFE#ME , BREFIIEE
(p=0.0292),

20 BRI REEE MR PEIRNIEHREMEE
CK+EpCAM-, AAXLEEFFHEHE—HHE
EpCAM+CTCs , IRFREH—THIFAT KIS EpCAM-1§
HRREE TS FIFTAR IR ER.

7

Cayrefourcq L et al. Establishment and
Characterization of a Cell Line from Human
Circulating Colon Cancer Cells. Cancer Res. 2015
Mar 1;75(5):892-901.

FiiiE

MRPRITEIRIEAN ( CTC ) RBHREIFEDIRC
¥, BRTRNEEEMREENRISRIEEENRE
MSNEAFASED. b, CTC RN TIREESRE R
BEYSEFTR TSR, Am , BTF CTCs 1EEE
BO (RIRERBERENMES )  BETX
CTCs BRAAR. EIt , M CTCs BI7 4B F N
KAMBREHE AT E—FHRERKERNES. X
B, ®ilExmd T —S5EEE CTCs HigEAY
FXAHRRATEY., 879 CTC-MCC-41 FNAIRAEE

16 E XHEEE | Article Abstract Collection

23.

KIEFRT 2 XUMBECEERERAE. RRE. &
HEREEMSWEAREKELHMT TSR, XMHIERN
SR, CTC-MCC-41 BB FEE B E PRI
PPEEAIBRYISAE  FFRER TIRENRE , S IET+
B ER/EFRRE. TR SRS
RIES. TIREARERE | RERENRBHBIES
CTC-MCC-41 R AT RERIESARI M B4R AZ AR
By, XE—KEFE CTC RIES |, (BEME
LAY CTC E=F AR ARIMIIR R 2L B T A 2R
IHREFASR.

Weissenstein U et al. Detection of circulating
tumor cells in blood of metastatic breast cancer
patients using a combination of cytokeratin and
EpCAM antibodies. BMC Cancer. 2012 May
30;12:206.

mE

BR | EEBUILIRERSE (MBC) RSNAMAaTE
FEAMBAR (CTCs ) . AFET—FEET
EpCAM-FOiARE R EE# RIS BAYFEL CTC 8
735 . ETERSRIETREER CTC &,

73 - BENILEREMIER HCC1937 BRI R AY
MFNETEZEREAEEE. X 10 BREZAE
HITHELUTEE S, WET 59 f MBC BER
CTC I , USRS SRR TSN E.

R IEEE SIBINR HCC1937 MRERIEIIFSHT
BEIT R (2) =0957 NUERE. ARFIENKES
84%, MNAR 18 585 N 30 NMARIITFHIARERIETEN
REP 14%, ITF 10 MABRKIINGR , ETHHCV A
30%, 10 BERZIHEF MKRFRIGNE CTCs, 15
CTC/7.5 mL MR RRBSE 2 BRI 5 r R R B
BT — M IFEEZEITEIRE (p <0.001) , ATIFHE
& CTC KERNFREMNE |, BIIBHERTEXILE
(CTC-L:0CTC) . HXE4H (CTC-M : 1-4CTC )
BEM&4E (CTC-H : 25 CTC ) , XF CTC-LMH #RicH)
MREFENEIIBREEEN (p<0.001) , FHITIIE
ELTRE SRR EA 3 MXIGANIREFIRS 2 PMXIGE
HERY | 164877 2 DNXBQERIEEL (p=0.026) . XFTF
YERIHEZRER CTC , BAMRE T — MR EIEiE
1(1+x) , FBFEERRFRN (p <0.001) ,

210 - SRERIE |, B CTC NS AZTITH | &



24,

25S.

RERTR. ROOEERE  BAXD AR CTC K
FRBRERSERN.

N/

‘ Overexpressed cancer receptor { Antibody
@  Red blood cells .

O White blood cells o PASE
O Spiked cancer cells a S5 Tween-20

Spiked blood droplet —

Zhang L et al. The identification and
characterization of breast cancer CTCs competent
for brain metastasis. Sci Transl Med. 2013 Apr
10;5(180):180ra48

mE

e FLERE ( BMBC ) R—FMEaiVERE , BERRE
TEIEIN, & BMBCIER TRRKMNER , BSH
BMBC BTSRRI REBIERR (2
BMBC ) HR{EIREBHIN ( CTCs ) RILEIESAMELUE
B, A AILBRE B E N B MZAE 2B
CTC T 7TEE , HNEF=FEEPELT CTC A
BR. LRSS F (EpCAM ) BB CTCs 1,
BAESET IEBREERL , 855 "NERIERing
( BMSMs ) ” HER2+/EGFR+/HPSE+Notchl+, 47T
XL CTCs AR R 2RMERIRIEEERES] | XL CTCs
HFH EpCAM FRMEMIRHM CellSearch £ &R, FIX
BMSM 5 CTC REABERRM , FEERES
BN RSN, BESTENE B
ERIX BMSM FHIERT EpCAM-CTCs Hrig U 7 1&ANAY
RieiEae . MEMER. TR mit RNz
BMSM CTC $SEERNEE. SRR , HINRHT
AZEFUBREE CTCs T3z, EMFIKHEREFRRERR | Rk
THER CTC MpREEF5aEI09 BMSM B EIFEATIAR,

Joosse SA et al. Biologic challenges in the detection
of circulating tumor cells. Cancer Res. 2013 Jan

1;73(1):8-11.
HE

EREERE MR AIEARIEBHRENTNE
¥, FEALUESATREK. B UERIEAR

©2018 IMPROVE MEDICAL All rights reserved

IMPROVE REVIEW EZ8%E-1030EB

( CTC ) MR ARSET L RHRcY) L RIS F

MAER ; EE  WRESIHERE , ERSMESE
Bleh | XL FARCHERMEARIEY BUIEF TR,
187X CTCs RUEI, ASEFEHITIST CTC iZ2MidEe
B P IEAIEERIE X,

Gorges TM et al. Circulating tumour cells escape
from EpCAM-based detection due to epithelial-to-
mesenchymal transition. BMC Cancer. 2012 May
16;12:178.

e

BE  BMMEMERE (CTCs ) B IMILIRE. BiFIiR
. SpERRE PSR TIERXRE. AT
—SF R CTC ERAEWIREY) , BAIBR T ARG R
NBIRERMBRERE RN CTC AIZRI ( MDA-
MB-231 , MDA-MB-468 #1 KPL-4 ) , MIETMEHIEN
YIrPIRERIAE (20 = 200 mn? ) |, FHERTAFRRS
CTCs {7017 : O—MEF LRIFCHNEESZE
(AdnaTest ) ; @—FhEt¥T ARE EERWITIATTR
AR (EBMPCR) ; ©—FEHITAZE DNA FFHIRIHUA
TRMTTE (EEPCR) . WS, BT EMT FHHE
PCRIXIGHAE T 5 EZ-BEREEL ( EMT ) 1HXHIEE
RIXZAL,

Bk - BAMERATHH AT Adna i, AERE
[H#Y RT-PCR # AluJ FFFIHY PCR SRAG TS HEEARE
R CTCs, FATHEN " A LRE-BIFREE RT-Profiler
PCR B&51” &l CTCs BIZREIZE(L,

R . RE AdnaTest £ | EFVNRMRKPRIEHRiE
W 1 APEEEE  BXMITEERRRERUE
CTCs , REBA WAL, A , CTCs BFER
LUt 5t3d A R4a; DNA FEFIRI PCRIERR |, LR

SCHRISE | Article Abstract Collection [ 17
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27.

28.

LFRRFES. AdnaTest &l CTC KM ZHF EpCAM
T8 , MIEZERIS Twist #1 EGFR 7£ CTCs £ &
T, XMERREBYT S RPRAENREEER
RIE |, FE—MEIRN LR-AZRREN (EMT ) 94
MEREFEX.

£518 | ERET EpCAM NEERASEREEENZIE
5 EMT B9 CTC ##K. BRRERREMEEMREIERITE
EERET , CTC BRI , XREERREEATIEN
B IR CTCs ( BIERFREHIEF ) RHFTRICHIRNE
o

Larue L et al. Epithelial-mesenchymal transition
in development and cancer: role of
phosphatidylinositol 3' kinase/AKT pathways.
Oncogene. 2005 Nov 14;24(50):7443-54.

FiiiE

FRE-IAEEEM (EMT ) 2 FRRRiIRSEmR. M
URREREME. R BRI A IS INE S RE N E R
2, MRS ANERRE EMT HEAEMEHREIE
MRAUESERESXRIER | BT REEMEE RN
Ewtt. JIMMERIRE (BREKEF |, Src. Ras, Ets,
AR, Wat B-E5HEERH Notch ) S EMT , —NX
BIND TR MMM S F ESSHERN TR, 5
K, BERSBLALES 3888 ( PI3K ) /AKT BHAGIEILIER /9
EMT — N EB4FE, EXREGRAS , Hi1iTi187T
PI3K/AKT 1BESTE EMT REFIEEIEFRAWER , EX
2 EfEHERET. PBK/AKT fIEM EMT BSRE
ZEREEEREEN , FiTie 7T EMT LISSHE
FEERIRYET RN,

Apoptotic &
Necrotic Cell

> 9% ~ ©O

Epithelial
Cells

Guarino M et al. The role of epithelial-
mesenchymal transition in cancer pathology.

Pathology. 2007 Jun;39(3):305-18.

ik
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29.

3%, BHEMENTS | T IMERRMNRRIER
MEBRISBINEEAR , HEATFIVEMREFENE
AEENBIRE R 7. ERERAIRERS
BERXEFENERS B E B EERNERE
FRHRNEEAR., EAREZRESIETEIEE
FENEME |, BB SERERRIIXRUKR
XM AN BERFKFE EH RIS,
SRSHIERZREE | MERNEIRIXM N 2iE—
MIRA - AR (EMT ) S HERAS &L
B, EMT EARRER BRI PR IAREEE
1238, NTISEURIBMNEA L RERREK, Frr-4ria
FRHRBETIR At , I TMEEEMT &, F
HBHERT. B EMT D FEMERTEEN |
EEEME T I/ MEEXRBRINESIREN—LETESS
HESDF. XLEERBEEKEF. SHBEIRY
B , Ras FIEAth/\ GTP B, Src, B-ERERTIESR.

IR AERDEPE LS F EASHEENTEL

XEMEERNIBEMMEMTH "+ ZFR. E
RO ERETF S IRE R BN ZLAR N HERREM
BEPRAKE  HhiERR SR M MuBREEE
KTHE LS , ARINEEEREMN EMT 174
ALIER,. E-SHEE TR TFIERRIA R
iR, IERBRIERE AR A TITNE—EANERN
EMT fiTtEipyEdhRe. EE—FMER T , E-SHERER
N EMT TJ8ER FIMEREMERETREER. A¥r
2, BXL L, ERFLEPEFH EMT BIEMIEITF
AR REIPIRE T ESHERRIARE FRARER
EENESE. TS5 EMT S FRESYEELD
R, IXERI IR B RY BOTRE 7 #E

4
=

Sabbah M et al. Molecular signature and
therapeutic perspective of the epithelial-to-
mesenchymal transitions in epithelial cancers.

Drug Resist Updat. 2008 Aug-Oct;11(4-5):123-51
mE

LERZ-[EREW (EMT ) FrigRaIfsISiEE. m
B, HRTEENEELSTEERRRES U
R3S E R AR AN B R R RS E R 75 BRI,
It , Z70EER) , EMT SSiMEithe , BEmaRLUNEE
SHATH (KRB, K&, RIDFISA. EGF-R 8
ATHIRYT ) NZMERERTHNE , MARESTSE
ESMAYERN "EHl" WHNE. B, FRER



30.

SHRFIFE EMT (ES0HFIFRETESTTEMR
BELABRAT SRIF 4R EMT RN IE R EN LT S
. EIt, $H33/14% EMT BRI & s |
flaN4ERIR1E NF-xB, AKT/mTOR 4, MAPK, B-IZER
EH. PKC 1 AP-1/SMAD AF , 2T — AUz
EMT FAZE F R iE st EREISORRS. SIXOXE 5T
BRI EEEIRRRIFIRRIEZE T T
. Mo, SR AERRERBIES (5140 EGF-R,

IGF-R, VEGF-R, &%/ FAK. Src) 1 G BR{BELS
i ( GPCR ) FESHY LI EMT (55 B RIRARRITHR.

IR PRI =Y B B A7 ROIRPRAYSS AL - N
ING FHDEIF ( Tressa : JEIFMEEE EGF-R ; CP-
751871 , AMG479 , NVP AEW54 , BMS-536924
PQIP , AG1024 : IGF-R ; AZD2171 , ZD64 74 : VEGF-
R ; AZD0530 ,
46174 : GPCR ; EME X , CCL79 , RAD-1001 :
mTOR ) FIAJRALIRERERTHUA (#5285 T : ErbB2 ; IR
BT : MEBRREKEF-A ; RRERT | REEK
EFZ4K ; FITHE © o- vbeta 3 BBAE ) . BRATTLUR
T, MTEARNA, ETFIRRSEREBINETME miR, £
[ EMT BEEHEMHTFINRABKRURES THZE AL
BERNATHRESHRE. REEE. BN
EMT $HENRRREEEN DiERERR | fizAxt
B R RS EHRMEEH A HEEES
MR AR . X — B ARAT LAE IS 5 B EMT 48 X (9
cDNA, ERRAE. HRAFIBERMETIALIGRIE
BT EKRESRECH.

BMS-354825 , SKI606:SRC ; BIM-

Satelli A et al. EMT circulating tumor cells
detected by cell-surface vimentin are associated
with prostate cancer progression. Oncotarget.

2017 Jul 25;8(30):49329-49337.
e

B IPEARRR ( CTC ) TUHAISRFTHRER T ETRIK
AR ENBENENSRE. AW, FIFFREREAE
FREREMRAEE , MBS RMEIREYRZIER T IX—
. ERDFDA #8358 CTCs ( iBER ) AfNERET L
R . FEET AR RRNERARERIASE
ZEFHT EMT, Al , REBEETMERE EMT £
CTCs IFEAEXM. AT IRMMX—HA ERNERE |,
BARIAI T ARRERZER (CSV) {EAENA
. FLERETNEMEER CTCs RISRICH). EICTRAIEA
RT 48 BREIFIIRE (PCA ) BERSNEAMES , BIF

©2018 IMPROVE MEDICAL All rights reserved

31.

IMPROVE REVIEW EZF38%-1030EB

BERGRMEAEBMTE. STMEN=FRRME
=, EiEEMBCHIET CSV Y CTC i+ (£ 84-
1mAb CSV) , BFMIEEZRA LR CTC IR iER]
FUBRAERMTUR (PSA ) EE. HAIEIERNA 548
FRIERALL , CSV ZEARESMEMEMERE. 1
S BAlIA CSV IZMARMABERE | WRAESBT
HERE T CTCs (BT EEM. HNEIERE
CSV 5|8/ CTC T sERBEMEMNE , FEEFER
—FTTRERY PCA MEA R IR RV E
B, AHH—28iE.

Hamilton G et al. Mesenchymal-Epithelial
Transition and Circulating Tumor Cells in Small
Cell Lung Cancer. Adv Exp Med Biol.
2017;994:229-245.

mE

NRERTE (SCLC ) LMRZRMAER. RS, BT
FREZEJFAE. SCLC ROfEIRFER4RAR ( CTCs ) AITTEL
RERS  XEBERAATIEEIREZ T KA MR CTC
EFH. CTCs BANEBEETHM ( CSCs ) F1ER-
RS (EMT ) REMURHE , (BIETIHEBAIAsEs
B LR ASE. XFF SCLC CTC AR
BHGc7 #1 BHGe10 LAR KR F R &R I f % 5 R
SCLC i Rif1T2 e THIRIMCYFERKE FHIRE
S, WNHEAIEGN E- S EBp-ERERER
%, FHEMAEXRE SOX17, o«-fAEH. OCT-3/4,

KDR . Otx2, GATA4 HCG . TP63
Goosecoid fEFI CTC B RFIIFRFIX. HEZT |

HNF-3p/FXA2, SOX2, PDX-1/IPF1 1 E-f5¥4EAT X
E5. EEHEANRENBRFREEERK
( SCLC26A ) #1545 ( NCI-H526 ) (92 4 CTCs % 2
MABR. Bt , XL BB SCLC BEREIR

Nanog .

SRRISE | Article Abstract Collection [ 19
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32.

33.

SCLC CTCs =il RN THIIRCHIZRIZ. 18
R, BEMNREEKFHS AR EREEET ( MET 5
EMIT ) —BI9RKF , E-4SHERF IR —5(LT
HOIEIR E DR AL KRR /B4R B . HNF-3B/FOXA2 FlI
PDX-1/IPF1 FIRIA T SERKE FXIRBDE/IGF-1 ZK
RS EFESEANERKRT IGF {kiEEX.

EpCAM

Target cell -

Antibody to

EpCAM Hydrogel '

Part of the guidewire
which remains inside the

puncture cannula

20 mm long gold-coated tip of the stainless steel guidewire which is
in direct contact with the blood circulation

Shahneh FZ et al. Sensitive antibody-based CTCs
detection from peripheral blood. Hum Antibodies.

2013;22(1-2):51-4.
FiiiE

TEIRPPELRIE ( CTC ) AR B IR LAY
—/BEf. CTCs NZLARE. RIFIIRE. MR ESE
EREFREBMUAERLE. RARMIET ESZEU’)“’HEE[[,
B SRR EARERENERRX | FEd
AR ERATENEEGIE. EFHRIFEN
FERLAUBIE 7 kR R e skiE M AR ES R i
JRASZRIESKAR L CTCs B9 E. CTC IeNTERR RS
BEZRIEREIR , AR RIIFUETT SRR it
EREYIREY. AEEREETERIEMmERE
EE’\J7|':ﬂ CTCs 1&M7FERTIE | FRIENERIRE
& CTCs 1 NAEMIRSHIRTTT A,

Hristozova T et al. A simple multicolor flow
cytometry protocol for detection and molecular
characterization of circulating tumor cells in
epithelial cancers Cytometry A. 2012
Jun;81(6):489-95.

mE

TEEREELRRE ( CTCs ) MY AMEATEIRESAD , AR

FIEWETHR, FRT —FSERIARALE,
BF/NEM+FEMRMGNFIS FRIE  ZHREELIHA
R , ARSI CD45 FIRIEIRSHAF] LIRS
EpCam FI4RMEMAEN 7/8 REMAE. AT HDETRR
HREANREERISEHEY , R AT kB L RIRICYIRISOYS

20 PN szikisE | Article Abstract Collection

34.

SHBFRE. EETRELEETIZAEZG , WIE
T EERTUELSEEHAYEEE ( SCCHN ) BE M
H CTCs RO E R ERRAEKE FZ4K (EGFR ) fl
BEERICAZEL (BE-EGFR ) MURIR. RISKIOKRE | 125
ZEERIFHREM (P18 85% ) FNLIMEMERE R (2)
=0.98]. BURRMFNES SR L RIEFRRERME CTC
FREEAIAZRIES. X 33 {5l SCCHN BEHANIDITE
7=, 33.3%MEBERARPIFE CTCs |, 8 3.75 mL [I&ZS
B 1.5£0.5 CTCs, 100%RIEEARFHGNF] EGFR FIFRIX
36.4%H CTC+HEA G UEIRE-EGFR RIX. M2
ZEv T MEEmRBNZeRlArALE , BT
LR MHEERE (B4E SCCHN ) HAfY CTCs , KAE
HIFMAI D FHRALE.

Watanabe M et al. Multicolor detection of rare
tumor cells in blood using a novel flow cytometry-
based system. Cytometry A. 2014 Mar;85(3):206-
13.

FiiiE

SSMEEE MR PE B ( CTCs ) TRIEFIEE
ERIGRAERIGUER. 12581k, CeliSearch RE
EEEERTNYEE B ERNE——/NTHEZLER
. BISIISESTE CTC RS, Am , BT L
F4BRERERT S F ( EpCAM ) OESEFIMEE D FHHTRE

BIRTS [RASURERIBLRIE CTCs AT LA FEIRARIZ
ERNTRRCZ IR, BIIFR T —MERARYES
FRNARANSZE CTCRNRS , TRTFSHFHD
HTHY CTCs BITHEFNRAE. BEBARR EpCAM FRIXK
PRI A M RIS O/ By SR, F
FAiL CD45 BBHIREREIREMRE | FASF CD45-Alexa
Fluor 700 , EpCAM -B41EH , HEAEH (CK) -7
REBSCRIUA , f/E 7 -8 T B D XWIEZT
EE. tRCHRE, MRAIETIEER =0.760-0.888 )



3s.

36.

MEMRE [ R (2) =0.994-0.998 ] FEMREREIFTIFRHARAH
R A , ML TF EpCAM FixR. BRBEES
TR CellSearch RFFRBAMGTER , XRARKININER
G EpCAM BB A EEERENRBE. It
Hb, ERR-[EREELL ( EMT ) tRC¥IBIINA EFRA 188
M EpCAM-/CK #BREFN EMT ESHEME. &L
Fri& |, HAIMNEZE CTC MRS A LAS Rt U LARD
RIFIRABIAY CTC FhEE,

Marrinucci D et al. Fluid biopsy in patients with
metastatic prostate, pancreatic and breast cancers.

Phys Biol. 2012 Feb;9(1):016003.
e

MYEBNMAEESETOEABAVEET ; AT, MwE
MENERSEEENHENEE. RIIEEELT
—FREIBELIGNTTE | %775 RBI B EmiE
(CTCs ) MACHEREDRENES | FLURBSRIEM
E (HD ) EMEAN] , UHEZHREFZEGRREE
K, XF "HD-CTC" #@&H , > 5 HD-CTC/mL HI%5
R ES0%NEBMAIZIBRESRE (n=20) gl ,
T0%BEEFBMFLIRERE (n=30) g , £ 50%H)
HRMRIRERE (n=18) PiEH , IEBWRE (n=
15 ) #EHER) 0%, W5, FEXEEERES , XS
HD-CTC &M 2 4~ HD-CTC #l| 30 24 HD-CTC, X7
TEES TR IRIBER TR MEASEEITIRE.
F BRI E R E P LEAE HD-CTCs AJRES].

Yagi S et al. Development of an automated size-
based filtration system for isolation of circulating
tumor cells in lung cancer patients. PLoS One.

2017 Jun 22;12(6):¢0179744.
mE

TEERETERZEAR ( CTCs ) |, X ATESLiRIRREEE SN M
SRIEFARIBEBLENE | LRI, R CTCs BTIZHTE
EHEEDEEAYIRORBEIIRR. BIFRT B
BERESI (MCA ) R4t , RIEIYERARIBANIE S M4BIRATA
INIZERZBEDBIARRISRAGM CTCs, fELL , BeAiMERsk
BAr/RERAHEE ( NSCLC ) FINBRERHEE ( SCLC ) &
ERMERITHEZRS. A TG CTCs BRE | B
SHIE/NRBEATE AR R ( NCI-H820, A549, NCI-H23
1 NCI-H441 ) EABRERENINBEMEFRSPHT
ImARRISENE., FTEIEARAIEIERSTE 70%LA k. Joit

©2018 IMPROVE MEDICAL All rights reserved

37.

IMPROVE REVIEW EZF38%-1030EB

FTIRPRITAY | M 50 BRGERFDEEEFD 10 SEEHME
FRRET 6 mL AMNEI, FidiEes EERAIERE.
A& CTCs FEX 3 DAPI fEME. fREEAEEMME.
CD45 [AM4RRE. 50 GIRFEBENTI9ERA 72 568
1 48-85 %) ; T6%MI ABBIR/NAREATE , 20%HIA
#875 SCLC , 14%HIABBIEER , S6%AALTIV
HA. 1E 80%MIhEE B A PRI —ME S CTCs (
fi1£52.5) . 48 CellSearch RFESFHAIN MCA RFe{T
R |, FIFE AR BB | IESL T RNERS
BO{G M (R E) CTC iT3f , CellSearch 5 MCA 0 Lt
11;p=00001,n=17) , FARERKH , FHiAI MCA
FRGHERE CTCs iR EA RFAIRPRRIFERTSR.

Hosokawa M et al. Size-based isolation of
circulating tumor cells in lung cancer patients
using a microcavity array system. PLoS One. 2013

Jun 28;8(6):e67466.
wE

BR | BT LIRS F ( EpCAM ) BOEZRIMEL
BEIHES ( CTC ) MSeEEEEETENE | HIaNIEHARL
foE. ZRpEfIaisIiE. A BREIFINERE
(NSCLC ) SEERE, AT RRRXNMERE , A
RT MRS (MCA ) RS, ZRRSHET CTC o
BRINBMIREERRL , TIAMKERT EpCAM Rik., X
B, RS TIRHEIEEE CTCs IRFRAFRIER | &
il MCA R#% 5 CellSearch RFE BT T HL &,
CellSearch REFERA T EHRATET EpCAM BJTIE,

75i% ¢ A CellSearch RFGRIEHERHIFF MCA
RABIRERCTARASZD TN 43 SEBMER
FEBREREMAAIINBIMEFRLATEL CTC, FMRSHE
MBEIRTiITh CTC RITFE,

55 ¢ MCA RS7E 22 25 NSCLC BEHHY 17 &
FSME] CTC , MifEFE CellSearch 24t , 22 ZREE+TE
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38.

39.

7 BIEWE] CTC, B—73M , R MCA RFEHJ 21 B/
RIS (SCLC ) B 20 BHRME] CTC , TR
CellSearch REEHY 21 BEREFE 12 FRMWF CTC, B
I$ MCA F45 (A 13 , SEE 0-291 NMEHY/7.5 mL )

UE NSCLC &) CTC BIESTF CeliSearch R4t
(Fhfiz#g 0, SBE 0-37 NERE/7.S mL ) |, REAGITE
B (p=00015), BAWEE MCA RFEMT
CellScarch RGEHIEEH , {BKTE SCLC AR
EME (p=02888), MCA RIMH CellScarch Rk
50 CTC IBMAUBE B CTC 5,

£5i0 : 5 CellSearch RGEHELY , MCA RFBE A ETEIR
il E PP BHESH CTC F1 CTC #&,

Hosokawa M et al. Microcavity array system for
size-based enrichment of circulating tumor cells
from the blood of patients with small-cell lung

cancer. Anal Chem. 2013 Jun 18;85(12):5692-8.
e

EXTHARS , BAURE T —FERE &/ BB
4RE ( CTC ) B973i% , WERRASIES] (MCA ) RS
NBRBADEE ( SCLC ) BEMKRPARIAIAL, HTMN
M+ EE CTC , BEBER MCA [ 10 (4) B=/3E
25 | MRHIERDIReE 5/ BULEBRS |, RITETH
MR BRI FERERNE Bk B EH
. MCA RIRARFOFLBREIS ML | AITEERENES
S TERERIRAEE_E R/ | RIRTSSTFEAR
MpEAMEE. EMIRIRET , AEHET X2 80%
RIBON 1 mL £MAFY SCLC ( NCI-H69 1 NCI-HS82 )
M. FEIRREEARS , 16 % SCLC BEPE 16 B
MR CcTC, WAk, FERER MCA ERSRNBMIEHER
EHETER MCA LHIRMIEE (p<0.001) , XFE
BAfEFRRERZ MCA iR T HE S M ENETRAME.
It , NN EFZEBERN/NRIREEF CTC &
BAFHIEN.

Huang SB et al. High-purity and label-free
isolation of circulating tumor cells (CTCs) in a
microfluidic platform by using optically-induced-
dielectrophoretic (ODEP) force. Lab Chip. 2013
Apr 7;13(7):1371-83.

mE

ET IR EEAMER B ( CTC ) DBHIAAEMN

22 [N zitisE | Article Abstract Collection

40.

EHBRESRAN. FBIRERE CTC , MiRE
5 crc RETURMEREXNRE. AT , XA
DERET , CTC AEBEZIRRE., ATHRRXNE
B, AARIRE THFESNBIK (ODEP ) EF Y
MRS |, LIRMRAFEEPNERS  2T1
MEERDERMBNRAE CTC, izt , <N
B F RSt B A N ER AN TN ER
F , EFHENR T ERMBFTE RSB SR
BrE. BIRMERH—SOE  BEIRES B
MREEE. BIEXMAEL  ATLALLES. BRFIESEIs
AP BEEMAE., TZART , S5EHE ODEP BIFK
% : FIFIRREE (PC-3 ) FIADREEE ( OEC-MI ) 488 ,
R EERMAERRENSINEMIE. o, SCRAR
TRERSEAIANMEE. SRER , ATRER CTC
PEAREENBMIEE R HE PC-3 A5 OEC-
M1 4858 , EIERS ( PC-3 40 : 76-83% , OEC-M1 4A
i3 : 61-68% ) FIFEER ( PC-3 48 : 74-82% ,
M1 4 : 64-66% ) (IREFME : 0.1 uL/min FHEERAIK
M :1ul) . EEBHTESR CTC HEFERITTHERTE
E. thsh, XF PC-3 1 OEC-MI1 4AfE , HEAIEMRE
N EERITEATIL 94+2%F 95+3%, Lo, 98
RO RISIEIERE . SRR , XTTAFRE 7 —
MET ODEP RURIATES | BefBLUEE:. Fohrnic. H

OEC-

feklF | FRIRBAENSROE CTC, RIMEXLY
MRS F B3R CTC ATHEETHERRENLE

MEEBIEREX.

Nagrath S et al. Isolation of rare circulating
tumour cells in cancer patients by microchip

technology. Nature. 2007 Dec 20;450(7173):1235-9.
"=

EENEERERINAMPLE T ERMETEN LR
4RHE ( TEERBMERLNIEEE CTC ) |, FHEATHEEHEAIEREE
HERmEEIRE. BARAFERL , B CTCRRTRAK



41.

TRALENEESNR  TEAMEARLRRKR , B
T, SEMENIFMRFEE. £E. 98, 28
9 FHRAE CTC WEHIRE NI LA — L R I EET 4
YIRS BB FIIER. BRiETY
B CTC BRI R T AR BRI PR A EN S Lo T
k. BXE, BNERT —MUSHNRRATES
(CTCER ) KFFR | ZFERBNINELMER+FE
AN IE M BE CTC , B B4R CTC SHi ik
(EpCAM ) iRBHUTHEEIERANS. SERERSM
FESEVENTNCEERLIE, CTCEHTE 116 f
(99% ) HEAFH 115 Glp IS E TR EbE. 7l
FIfRE. BRiRE. LIREMSERHEDREIINELFH
CTC , E=F587 5-1 281 4 CTC , {EAF 50%, I
S+, 77 BERHRGIRENEEPSEE CTC, £
F CTC HRNEREENSRYE , RINMWKTHEES
AT REFRIBTENAE. D Te8RaTiNRE%
MEEESE/IMAYP , BISTREREHER S IENER CTC

HEN BTN SERNIGRIEBXEELEET.
It , CTC SR BEREF CTC RERRBIFINER
WT—MIRNERTE. CEEHEEEYEMRRME
REEEEAEES ZNEN , SEREN. 2
WRFDNEI,

Dong Y et al. Microfluidics and circulating tumor

cells. J Mol Diagn. 2013 Mar;15(2):149-57.
e

TBIRAERAEER ( CTC ) WNERERMERIE | EANBERR
4, IR R E LIRS , RERSHASHE
ERETNT. CTC RESFRMFRIERE TR, WU
ETFEBERENFR. NIRFHE CTC 2EEH
Ry, BN CTC BERNFEEERWEERRME
L, BEFFR T BSMITENSBER A ER A+
EE CTC., MRkREE T BIET—RME CTC EE%E
Bfe. AERERNBESHIERTNEESREM

©2018 IMPROVE MEDICAL All rights reserved

42,

43.

IMPROVE REVIEW EZF38%-1030EB

RFHEA CTC IBMRIRIATT A,

Lee SW et al. Continuous enrichment of
circulating tumor cells using a microfluidic lateral
flow filtration chip. J Chromatogr A. 2015 Jan
16;1377:100-5.

e

B IPEARRR ( CTC ) D BIIRAMEBES IR
HFEAEEREN. CTC NBRBEICNTREIFEEME |
EAeiemik+HRAFEL [ BIE 10 (9) MRS
B 154 CTC]. &, BEFR T SMFIREEMILE
(BETFENHD ) R (KNSHEE ) 75500%E. &
TS BEBEBSNRRME | FATARMIE
WK FETEARNRREMEN. SYIETEEXAT
TEZM RS BIED S CTC RIEARIA.
EXE | FANRH T —HMEURANRISIE (p-LaFF ) &
R, Hh R SEERNESEIT ISP LR
3K CTC, BT @M , CTC £ 7 S5assilimant
BinEdiRsREETEERIRERIMA. TIERTE
ERsEmRRMR R AR | FRIERmERMR
4R ( BRRRFNLIARRE ) AU, FAIMp-LaFF TR
RETBRERER (95% ) MIFBE (99% ) , &RARRE
WD TR CTC BOIRE. FfiJAIu-LaFF SIABERT
BIEERTZETFITE.

Lee A et al. All-in-one centrifugal microfluidic
device for size-selective circulating tumor cell
isolation with high purity. Anal Chem. 2014 Nov
18;86(22):11349-56.

mE

TEIREEB4ERE ( CTC ) HTHEERES RFIEREFHIE
AmZEEkEESNXE. AFLKEF CTC WHEER
t, EETENTERMEERITESAT DN, A
i, AHRBENEDRANHRARGS , EEIEERE
FESHMSEIHAELE,. 1o, ERNETRE
SRS RS R AR , FAEEBE KT
3L CTC B9 EpCAM FiX , HERMIBEE 2 BN SR
f, EXE , HiNRH T —FMETBOHNR TSR
CTC HBEFE , TTLIE 30 WANSMFSEMIHEE
HERERY CTC, SRR NBEERELE P EKFIS MAY MCF-7
FUREHIERIGEZEEE , HELIT 61 %A IR
HE , XNFETFRINTEEHEEN, ESHRHE

SCHRISE | Article Abstract Collection [ 23
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44.

45.

HFEREFT  SMERRERSEEM 44%EF 84%
T, EIRCRIRMERET | 8 1 oL 2MFBRLEN
B4, SEREIEHNETRIMN CTC SEEER
SR9MELL , WA T 20 £, EIRRIGES , KESEMN
R R EAY 7.5 mL MRASHRAELL CTC i 10 E 60
& | SRR 50%H0 38% MM HER, Sk, B
iI89 CTC DEEBREBIRE , TircHED BaEERN
CTC , IXERAIMHERIRN CTC FkED FHH.

Chiu TK et al. Application of optically-induced-
dielectrophoresis in microfluidic system for
purification of circulating tumour cells for gene
expression analysis- Cancer cell line model. Sci

Rep. 2016 Sep 9;6:32851.
mE

MRIEARRFEHRMEA B ( CTC ) SEEfEkEiE
XK. WEEREN CTC MERRFRLNDIHEEAN
HREEFEERRSTAE. Am, BaRI CTC o
BREETRLTENXENBEKESRESHLERN
CTC, ATHRRXNEE , FARRECEESNSE
7k ( ODEP ) BT AR IEFNSOCR MG AR
BERRARSE S , LIEEM CTC oBAEZ Et—
HAE CTC, EXTEARS , FFR THIRMARSE | 7T
4T ERERIERM CTC DEMRE. BREXR, i
RHINRFEBIAEIA 100% AL SE CTC , 8
HT ERSRIRANATESERE. B, £ CTC BEEZE
BRI |, &I AT LR AR A M B AR T
. NIBEBTIRESTREE , MAHRRHR. SR
ki, XIEATIRH T —FE T ODEP RIRIRIARSE |
REMS T BB AUt N RR IR S 50 B A E RO 4B R

Li W et al. Biodegradable nano-films for capture
and non-invasive release of circulating tumor cells.

Biomaterials. 2015 Oct;65:93-102.
BE

MEMAEEMD BB MEMRRE ( CTC ) 2l
REFMEMFRARNEEED. BRIPUTIZIESATR
AESBENMARETIENELDT , XEEDHSIHEM
FEIED | ATREESRITN , NTIREEXD BN
HEMEER. BIEMARSRREME ETEY
PEENPKRBIRRE  HTBTHEMEIR CTC LIRIF

20 [N zikisE | Article Abstract Collection

46.

RANEREREMIEER | fI80 PC-3, LNCaP, DU 145,
H1650 1 H1975, EAISEMAZEE (LbL ) H%E , B
HEAMIEEER | ERSHMRCIEEEREE. 1B
SR AEEETFENHNEEREIRRER LbL 4UKEE
RE | ZEmABEEEIEN S M TS EEmN | FE
LA RS TR, ROITEE RS BIRERE
e , HERNREMEEHSISEZNIER MREE
113, BI85 ARE0E re BRSPS H A s D AR 4tRT
1TROERANE |, GIATEAIEAR. SRR RBSFEIL
HRBRYASMARRIESR, AL | EGER LbL (SRS
IR, EEMRYIRERCREREREM CTC,

/

\.
1/ >
)

i

g

J

%

(c) recycling \
Ki

==

b) internalization

. a) activation
""" ECM with
a nanotopographic cues

Integrin-FA signaling

f (
: ‘

Chen W et al. Nanoroughened adhesion-based
capture of circulating tumor cells with
heterogeneous expression and metastatic

characteristics. BMC Cancer. 2016 Aug 8;16:614.
BE

ER  BHMEMIE (CTC ) BETSEEXRESER
HIEEXME. AT, BRIASE CTC fB3R77 AWK
FRMEERA | XERAFTEXTY &l CTC RE
EAFREAIIRANR,

73k L IR T —FRA CTC B3RS R | S A
EETHRBURBER , BT HRMBERFR
CTC, SIEEMAELL . FfiI9 CTC ERTHFIBE
RSB AR ZBIR R EAVER AN R, ELL
TRELT CTC FWIER IR EEARA.

R UK CTC FIRE A BEBSEBLM R i h £ 52
kLR FORME ( EpCAMT ) #0 EpCAM-EE4RIEAI(
SR, B, RURIK CTC SRR CTC , &



47.

48.

PENEREFPESH LRE-BREW ( TGF-iES
B EMT ) , BEAFHSTER EpCAM Rk, EEMA
EpCAM FEMFIBRMA AR AZLIRENERE S |,
3RAY CTC MM E SFRAMBIA/NERX , #ESH
EpCAM RIATX. L5 EEREBERKBENME
ERNMERRNEERT , NEATENFER IS
BORFE/NEABER CTC , T SHIRRAYEEAEREI TR,

18 ERIHEARENIRIEERAORURIR CTC B3R
SRTZERTRIARRIRREXRIFER CTC K
MEERENGHREMEBIMETR. HIIEBNIE
EERBIEREIEELhIETE CTC | IERE T MR~ CTC
BHARYED | BERATREYAIRINSIAIAE., ¥

—SRRERHRAT BRI I s et
CTC EMFES |, BRNTRERERERKEYY
et AN AEAE SR AR,

Khamenehfar A et al. Microfluidic Devices for
Circulating Tumor Cells Isolation and Subsequent
Analysis. Curr Pharm Biotechnol. 2016;17(9):810-
21.

mE

EER , BT CTC FEEREISHT. InRiaT &I,
HRBABIRRN M ET RRTEREENE | B
fER4RER ( CTCs ) RIARERXE. A, BT I&F
HEERD |, 98 CTC ERALESHkKMY. &,

BEFETESMET CTC D BNMRAES , #EX
LRENSTHSHBRAENEAE. EREETINT
CTC RIHER , (BRXIHERAY CTC H—L4RIEHN DNA 5
kgD, EAXF , BAER T &EXTHE CTC
RO TR LA THRIR D AT AORIE.

Hyun KA et al. Two-stage microfluidic chip for
selective isolation of circulating tumor cells
(CTCs). Biosens Bioelectron. 2015 May 15;67:86-
92.

e

HEIENLFH , ESHRTEAIMEHE (CTC)
{ENTeREBIERITFRR. M , CTC FREMIRRIER
CTC ARPHREENRER. EEFRKTHSAT CTIC
DB, FETLSESEAIEES (B, ERH
AN REEEREFTRER IS IR ) 0
REE (B, FRUETEHIREERE ) . BEESITE

©2018 IMPROVE MEDICAL All rights reserved

49.
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HES , EUEREEENEMaRE  MAESHE
EEHEMMRRIAE , BRLADERER CTC, ATIRIME
REENSHRSR | EAARPEAISINT FEMERGTR
2 H. MBS RRARMERIEARSIE (-
MACS ) SRR B4 (WBC) . BZMERISRA
TFISEEESE CTC NLENRNREHEEER ( GASI)
SR, FAITMEREMERN-MACS B LA 400 pL/min A7
B 5 mL MRFERPRIEMRRESEXRT 763 5. £H
GASI 5 K LA 100 pL/min B3R , EFE EpCAM &
HER2 REEARIX , RINHBEAKR , DBEREN
10.19% 2 22.91%., FAIRIREMERARIRIE S R XA LA
NI SEE CTC , IR LURIEEARFHMEXS BR CTC
BToER, B, BOSRTLEEFHR CTC &
B, ARAMEROEE AT

The CellSearch system technologv

CTC identification: D
e E\-Y: ‘7’
< EpCAM +

* DAPI+
Magnet cartridge

« CD45 -

Kim YJ et al. A microchip filter device
incorporating slit arrays and 3-D flow for
detection of circulating tumor cells using CAV1-
EpCAM conjugated microbeads. Biomaterials.
2014 Aug;35(26):7501-10.

mE

TEAPEEARE ( CTC ) RFENMM |, XLMENFED
BERIBME RN EMRS. REIRREAEIE
EBRZ , (BRET CTC NS BIILEEHEIGTFSRAR
&, BRI CTC TR, BRIRY CTC 42N
RAEERRELRGTY ERBREN S F

(EpCAM ) , #AT , FRERGEIEXRR , BT LR-ER
4k (EMT) , CTC R/R7EAY EpCAM FiX, EIXIN

HARF , BIURET —MREHIZIRES  HES TR
EEFII=4Rs , TS RERARETS CTC fREHD
F. ATHEERR , BAEEROZIRBIEAR M T
FAREMANE | 5S EMT KRB, EXSEHET , 05
B 7R caveolinl ( CAV1 ) F9 E1F , ETVE EpCAM F

SCHRISE | Article Abstract Collection [AY 25
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50.

£, FHRHEIEE CAVI-EpCAM HIBIRARERBH
HERSBRIEN., EEENRE , R FORBERERIt
IERERE IR R | FERERIASRT EMT FRICHY
. XL EMT HAXRENE— S ERIS RS
BERA | FAFFRRTERaT TR ERTZAY
AT IRISIRANS,

Huebner H et al. Filtration based assessment of
CTCs and CellSearch® based assessment are both
powerful predictors of prognosis for metastatic
breast cancer patients. BMC Cancer. 2018 Feb
20;18(1):204.

"=

B BB (CTC) ARG ENaTT R
MRECNEREILRE (MBC) Bk, FAHREN
BRETREMMSBERIKR CTC NTESETY
IR E R TER.

75i% : FEIXTARIBEMRARF |, M 60 & MBC BEHIRIE
TR 7.5 EFHBM , FEA CellSearch*FFTFFARRIE
FLRTFATET CTC it#. AP TREMAE
ZIi8) CTC pHMAIBXER HFUNERIEEND. HHES
4 12HR ( OS ) FHihit Kaplan-Meier BiZk , H{E>1 A
CTC #0=5 4> CTC,

Z58R  CellSearch®&RFiHI CTC PAMERA 56.7% , EFid
IERSE SR CTC PR 66.7% . R IEREBR
CTC iHIEARERXY. TeEREMEE , Fal
E CTC ME#E oS BEST I EHES4 CTCHEE
(p<0.001) , 1B CellSearch®IFAHAIFHRAE] CTC RY
BES>1 A CTC WEERHL 0S 5517 1.83 &F
(95%CI : 1.63-2.02 ) 1 0.74 £ ( 95%CI : 0.51-
1.52) , MBREIETFILIRAGEGNE] CTC , WAL
OS FFE19 B/ 1.88 £ ( 95%CI : 1.74-2.03 ) §10.59 &
(95%CI : 0.38-0.80 ) ,

2518 BT EpCAM TR RFEHE MBC B
& CTC HHMEETE. BAIRFAFTIESE , CTC 2

26 [ zikisE | Article Abstract Collection

51.

52.

MBC BE ABUEAEE DTUEF.

Sheng W et al. Capture, release and culture of
circulating tumor cells from pancreatic cancer
patients using an enhanced mixing chip. Lab Chip.

2014 Jan 7;14(1):89-98.
HE

SkESNAMAMER B ( CTC ) EERTEESHT
MEFEENNEERER, XM REES" NohE
EEERE TR MR ISR AR, (B
Mg+ CTC pIkim=E REB (IS BIIREERA
LR, FORET BT e IEEEIEER
IR UIIERRE (GEM ) (BREYFA. FiIEMTh
HOIERA T SRR AR RIS | LURMERERS
EHHDE CTC, BHREMERET /IR SS
540 | IRERRTIRAITE | &AM CTC FIFUA
REREZENEEER. EICAsEE IR
T | FRERIAE] > 90% , BRI P RERIIARAY
FREEARRERT AL > 84% . IBIETE | mL REMNIMENE
M5 ESFIFRITELER ( 50-50 000 ) H—H3aEi%
R, BUREABBECIISRELFNES | R0
PR EIEN. BRRNARRENFEESE
8 FESAREHRRAIRERTIEM AR RE
~HESR. WS BAINBZRERNEBIERIRES
FIMRHFAT CTC ; M I8 MERFRI 174 ( >94% )
KIT CTC, BABEMA Tz B iR EE XY
FUBEYIIATT RN PRIBESA |, FFE CTC a5k
BRYIRATTEETESEE (CT 3 ) X, Arigd
AU B7RHERRAY CTC 1141, CTC £MZHRINE
ERTB AR BRI AT I B KRR,

Reategui E et al. Tunable nanostructured coating
for the capture and selective release of viable
circulating tumor cells. Adv Mater. 2015 Mar
4;27(9):1593-9.

"=

R T ZEIB R R E B E ATV T I X R AE 4 +4
# . BT WEERE MR T ERARE T B
(CTC) . BMEKRETLIBTEMIERINRESL
MHRREENREER. 5 LB SEREINRY
HURRL DR EAIRAT CTC,
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FHPNNERBER—R T NE (BHLREREENENNEF « EFIIBAI CTC IMEFIET CellSearch AIFME) . FAiIIE
CellSearch REFRFENAMAIE RS , SEMNRHKREFINE , FENMBECHNENABISHMEE TR , R
R IREME I R BRRYEMHEROTE | RATRRE LIRS T TFERMARNH—E . SRERESMEAERLR , T2EMBAN
kOBFNMEN  ARTEEIREINE | IERATERMIREIINS | RItERENENAERE T BEM0ET. XEXEEE
TEHBFFRSE , RNENSRINFERAE , BEEXAIMEEEF.

BHILREEE TR EHFIEF :
HFZEAY CTC ##EFIEF CellSearch®AIiF(h

m=E

BR : EAMRAR ( CTC ) RIHMAEHRIEIARES A RNANFAAMEEBIEILINE (MBC) EX. FARNENZEET
RIEHL S ERIBER CTC AN E SET TR P A THR.

ik : EIXIMRIEEMERAR S , M 60 B MBC BEREME 7.5 mL A , FHEEF CellSearch* I RMIEFITIRFE &ML CTC it
£, BAIoH T RRITIEZIE CTC PRMEAIEXER HTRNTERIGED. TERDERE (0S) | fhif Kaplan-Meier HIZSE>1 ,
B251aE CTCs,

£58 : CellScarch®RSEHY CTC [HMZE) 56.7% , EFISIEFERI CTC [EMET 66.7%. FRTZEIREMN CTC IHHEEEERX
. TISERERITIE  RIQNUE CTC EE 0S MEZFSTF IS CTCs B (p<0.001 ) , Bid CellSearch™ ¥l , it
ME CTC BIBE AL OS 79 1.83 FF (95%CI : 1.63-2.02) , 1&MEI>1 4 CTC BIBE AL OS 790.74 & (95%CI : 0.51-1.52) ,
BEEFHENGETM  REUE CTC B9FBE (U OS BB 1.88 5 (95%CI : 1.74-2.03) , #&WEI>1 4> CTC RIBE U
0S BiEA 0.59 £ (95%CI : 0.38-0.80 ) ,

2518 : FTESIAY EpCAM MILFIERFAZME MBC BE CTC iH#IEIESE. FAIRIMFIUESE , CTC 2 MBC BE ABTUE/
BENNET.

JRE3ZHAL - BMC Cancer 2018;18(1):204
{E® : Hanna Huebner, Peter A. Fasching, Walter Gumbrecht, et al.

XK4@iF : CTC ; CellSearch ; ZLIREE ; BAFHR ; 038

28 [®) x#kisiE | Featured Article



FEI=1
B

AIRER T RENRYERE | \DZ—RI LR
SR OXFERRERE . REEIE/LTEATEEGEE
HE | BEFIREBUILIRE (MBC) IAR—MELER
BOERS , H 5 FEERET 25%. MBC RUIXFRERKHAZE
SMEMRFANE. BEEEAGSERGRARLIHES
FLERESE T ARRAIMERISE | QMR IR B REA e BRI
£, EEE/FH , AT RTIRESEBIAEIEERR
MEEBRRIKERER ., BB (CTC ) 2%
RUTEERIAANE | AN BENMRRAhRENESE. i)
RIS ERIEBREESTEFET , B TEEREFZMEE
TSN ETT R,

FIHATALE , BEIRET BFiHE CTC NRRETTE. it
PR S EIKERITIE M AR SHUR ( Fiin_ R4
FEkLHESF , EpCAM ) [, MITRASET SERFRIAIET 1 Ik £ TE
CTC, CTC i+#WESIR/HER FDA AN E B
CellSearch®Z 4t ( Veridex , LLC , Warren , NJ , USA ) , 1%
RAERREHIEEE EpCAM [RIE CTCs |, ARREREMH
FBFAER (CKs) 1 CD4sl', BIBFTALE , FFSHRERA |
CellSearch® ( CTCcs ) iFfAY CTC 1845 MBC BERITHE
MSEFERZEFEREREXME S, Bt , CellSearch™{zE
TEAESERWANES  TRTFANARESEINE
AT AL, AT, XMTTERNBRMRZ EpCAM [ CTC
AOERAE M LAR BB A0 T2 RLAI4N RNA, DNA Bf3kAY CTC
BRRDTTHIEME.

HERFRF AN ERIRGSEIIAT CellSearch"REE
SEFIERNFHAETE ML CTC F& Lif T |, LA T
EsCERECTIZR . SRR | BAIKERIERITT
SERIETECMAER] MBC BB ATTRSNEL

Bk
SRR ERHIE

XEN0 iMode-B ( AREFISD FIEUFLE ) ARSI 60
# MBC BE#H{T CTC D, 2010 2 2012 FHAlE) , FEFH=
RBIRERAF IR OBERE. NSRERNEFA
ERNsIEREITFEA MBC , BEWEMAFERNBEAER
B, ARG THRR=R-ACERREER-WHILAKE
EFRCEERAAME. IREETIVETE | FRaEME
FHHIATHEMTE. EEXT CTC #MERAANE | #4T CTC
DIHIAR A RS IGREERAE.

©2018 IMPROVE MEDICAL All rights reserved
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> 673 E

HIRCRE—MD T IER MBC XHHNBFRFIREE
P, HESIRIINETERARRS. ZBEEAESS
PRAEGNANT HRUMERANEN , HEEFEHSELINE
WNEYR. CRNEIBREEERSIZE. FA. AT LR
EFPETERE. REREFHRECR 7 REFERMEMERNEA
LREFHIE, MRBEREART (HC ) RE , BERIA
FRMEMERSR (ER ) SR ERS2IR (PR ) fAME , =0 1%H
MR, HER2 [RMEE N AES 3+H9 HC 1EDEHE
BEFE , B BRI,

{8 CellSearch®&4 ( CTCcs ) HITEIRIEHEIST

SRH CellSave SRIME ( Veridex , LLC ) SREEM#E , H—
B2 BIEEHERFENERLINE (TNF) . WHIATIA
(0101819 CellSearch® £ 57 4R M ( Veridex , LLC ) FBF
CTC BEMiTEL. @M=< , CTC BidB5 CELL-TRACKS®
AUTOPREP*EFef#i3k , fEFRHT EpCAM HUAETERRIRIK |
AEHEI CKs 8. 18 71 19 NRBEREUR AABHEENR
CD45 LA 4, 6-ZBFE-2-ZFER|IF ( DAPI ) HH{RLAIZII=
4%, (/A CELL-TRACKS ANALYZER II°& 4@ 13 H a3k
SRR ETERITE CTC,

(EREEFTRNES (CTCrs ) TR ISR

XFEFIIIRAI7E . F§ VERSANT® kPCR # il &R
& (AFET | BR=R ) iSRS ALERER
(7.5 mL EDTA-I# ) . BZBAILAFFITRAE 8 MEAR. Al
BRY , % 50 mL Falcon EMABRIBRANEFH , KAZ
BIEBNEET 225 mL A MBRBFE SR (1.5 M NHCI ,
100 mM NaHCO; , 10 mM EDTA Z4NiAT IRk ) . 18
EHLEE A 7.5 mL EDTA MK mEFBEEBIRAY Falcon F
o, FBIIRERBERE  EERTHE 15 9. BESE
RBC R MR M RE IR TETHITIRET
(AIFET) . (FHEE 8 um fl | ITERMRER
B Whatman #ZFLZT M ZIE ( GE ) , BIAEA/NESE
CTCs,

ZISRESG ST RITIEBEIES] (10-30 mbar ffE ) 185
&, AILARER 85-100%AIBPEELANE , BRALIFIR 0.1%HH
M., TAEHIEHET PBS FHY 3.6 % B ES ( Sigma
Aldrich ) EIESS , WERAMFF Triton X100 ( Fluka ) fEiRE
. ATHITENRRRE , 5 Blocking i&#& ( Candor )
HIPFERRUESMR , N TMEAEE 8 f1 18
& (5 ng/mL /NEHT CK8/18-Dy550 , T3 UCD/PR 10.11 , 7§

Xik#EE | Featured Article [@] 29
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IIFEST ) MARAER 19 (5 pg/mL NEH CK19-Dy550 ,
5ebE AS3-B/A2 , P JFEETT ) , CD45 ( 20 pg/mL /N
CD45-Dy650 , 53§ 9.4 , P8I JFEFT ) 1 DAPI ( 1.1 pg/mL ,
4", 6-—BRE-2-KE| R EhERLE , Sigma Aldrich ) |, @
BB RIASHLIR- 3RS - SR S YDA RN DAPL HH{THRIEZRE.
IANBEEFE [ 14 Z“&8FWEA (2.2.2) ¥kt , DABCO ,
Sigma Aldrich ] LMFRFRYGRE, &5 WIS A FEH
HEEATEEAR. ERTARY (ANFET ) Bt
AT BB AE R /CD45 [31/DAPI FR4-4HE
(CTCs) .

Fitoth

ERAANRRAIEE (0 vs 1) PIF0 (<5 vs25) 1032
XA CTC i, XTFUSERI CTC BAMEE N 9 FtERNAY
CTC 12 75 7% 18 W MR+ B h B =D —Fh CTC. #1T
Wilcoxon signed-rank i, 3& LA U B8 1 A< R 48 M 55 1R A 89
CTC it#l. —IEZRAIRNERFAMMMENTTEZ BFE
RRES. Wi, HETHR/REFFAERFEL.

NREMBRBAIREREFLCEH | SUMEERFENA
MMAFE SR E R Z BREIER(E. BERIRAER
RSB0 5 . {8 Kaplan-Meier P~ ERPRHLEMATHFEER.
SRLMETHhEFEERENEREXE. ERNEFMLISILL
BEIRE CTCs BEMFER. Cox LHINIIEEATHRE
A CTC FHERITEMNE (—MEEAT CTCs. —MREA
T CTCre ) AR EMEMBNFIEEER. XEMEERERE
ISHTRTRUSERS (LR ) . BIERERF] HER2 TS ( PSR
). DR (FE) . 8% (FE8) .

R AU | p<0.05 FIANAEBRIUTZEN. FH
B4E SPSS (hRA 21, IBM ) #HTiHEL

SR
EETPEISHE

BE AR 00 RREBAR  FIFRN 609 5 (R
ZSD11.2), H 16 BEERT—HKIAT , 2 [ERTLA
7, RREE=HKAT 8 RRERERET=HET (X
1) . #5827 SRETCHMHEZWT | 18 SREEHmAT
ERUMERAT (AH) 8T |, 42 RREEIINE AH ST
LISMSIATT. FRA 60 |REE , 70.0% ER, 63.3% PR
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Filtration based assessment of CTCs and
CellSearch® based assessment are both
powerful predictors of prognosis for
metastatic breast cancer patients

Hanna Huebner', Peter A. Fasching', Walter Gumbrecht?, Sebastian Jud', Claudia Rauh', Mark Matzas?,
Peter Paulicka®, Katja Friedrich?, Michael P. Lux', Bernhard Volz', Paul Gass', Lothar Haberle'”,

Franziska Meier-Stiegen®, Andreas Hartkopf®, Hans Neubauer®, Katrin Almstedt®, Matthias W. Beckmann’,
Tanja N. Fehm* and Matthias Ruebner'”

Abstract

Background: The assessment of circulating tumor cells (CTCs) has been shown to enable monitoring of treatment
response and early detection of metastatic breast cancer (MBC) recurrence. The aim of this study was to compare a
well-established CTC detection method based on immunomagnetic isolation with a new, filtration-based platform.

Methods: In this prospective study, two 7.5 ml blood draws were obtained from 60 MBC patients and CTC enumeration
was assessed using both the CellSearch® and the newly developed filtration-based platform. We analyzed the correlation
of CTC-positivity between both methods and their ability to predict prognosis. Overall survival (OS) was calculated and
Kaplan-Meier curves were estimated with thresholds of 21 and 25 detected CTCs.

Results: The CTC positivity rate of the CellSearch® system was 56.7% and of the filtration-based platform 66.7%. There was
a high correlation of CTC enumeration obtained with both methods. The OS for patients without detected CTCs,
regardless of the method used, was significantly higher compared to patients with one or more CTCs (p <O0.
001). The median OS of patients with no CTCs vs. =2 1 CTC assessed by CellSearch® was 1.83 years (95% Cl: 1.
63-2.02) vs. 0.74 years (95% Cl: 0.51-1.52). If CTCs were detected by the filtration-based method the median
OS times were 1.88 years (95% Cl: 1.74-2.03) vs. 0.59 years (95% Cl: 0.38-0.80).

Conclusions: The newly established EpCAM independently filtration-based system is a suitable method to determine
CTC counts for MBC patients. Our study confirms CTCs as being strong predictors of prognosis in our population of
MBC patients.

Keywords: CTC, CellSearch, Breast cancer, Overall survival, Filtration

Background

Breast cancer is the most common cancer in women,
with one out of eight women developing this type of
cancer during life [1]. Even though the therapeutic man-
agement has significantly improved during the last
decades, especially metastatic breast cancer (MBC) is
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still an incurable disease with a 5-year survival rate of
less than 25%. This long term outcome for MBC is influ-
enced by various biological factors. Tumor characteris-
tics, which are associated with breast-cancer related
deaths, like blood-derived metastatic potential and the
presence of micrometastases are difficult to assess by
classical morphological imaging techniques. Within the
last years, liquid biopsy procedures for gaining prognos-
tic information associated with the possibility of metas-
tasis formation were developed [2—4]. Circulating tumor
cells (CTCs) are potential founder cells for metastasis

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
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the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

©2018 IMPROVE MEDICAL All rights reserved

X#tEX | Original Article Reading [8] 35



and can be collected and enriched from patients’ blood
samples. Their numeration has been proven to be of
highly prognostic impact [5] and furthermore allows
physicians to recommend a personalized therapy and to
monitor treatment response.

Different methods for the assessment of CTCs have
been described so far. Most of them rely on the identifi-
cation of CTCs by targeting antigens specific for epithe-
lial cells (e.g. epithelial cell adhesion molecule, EpCAM)
[6], by physical characteristics [7, 8] or expression pat-
terns [9, 10]. The gold standard for CTC counting is the
FDA approved semi-automated CellSearch® system (Ver-
idex, LLC, Warren, NJ, USA). This technique uses an
immunomagnetic selection of EpCAM-positive CTCs
followed by immunostaining of cytokeratins (CKs) and
CD45 [11]. So far, many studies presented a significant
correlation of the CTC count assessed by CellSearch®
(CTCcs) and the progression-free as well as the overall
survival of MBC patients [12—15]. Thus, CellSearch® rep-
resents a platform of high impact to analyze the progno-
sis and treatment response of breast cancer patients.
However, limitations of this method are the missing de-
tection of EpCam-negative CTCs and the difficulties in
adding downstream applications like RNA, DNA or pro-
tein analysis of captured CTCs.

In this study we aimed to compare the established
CellSearch® system with a new, filtration-based method
on an integrated CTC platform for automated cellular
protein and nucleic acid analysis. Overall, we focused on
the comparability of both units and the prognostic value
for MBC patients.

Methods

Study design and patient characteristics

CTC analysis was performed for a total of 60 MBC pa-
tients enrolled in the iMode-B (imaging and molecular
detection breast) study. Patients were included between
2010 and 2012 at the University Breast Center Franconia,
Erlangen. Inclusion criteria were radiologically measure-
able or clinically assessable MBC and a written informed
consent given by the patients for the use of their blood
samples. The study was approved by the ethics committee
of the Medical Faculty, Friedrich-Alexander University
Erlangen-Nuremberg. There were no exclusion criteria
based on tumor subtype, age or other patient charac-
teristics. Physicians were blinded to CTC test results
and investigators performing CTC analysis were blinded
to the clinical data.

Data capturing

Data was documented in an electronic case report form
specialized on the documentation of MBC by trained and
dedicated staff. The database had the same structure like
the PRAEGNANT study [16, 17] and data are monitored
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using automated plausibility checks. The documented data
comprised information about primary diagnosis, surgery,
treatment as well as progression and information about
death. Histopathological data from the primary tumor were
documented from pathology reports. Patients were consid-
ered estrogene receptor (ER) or progesterone receptor (PR)
positive if by immunohistological (IHC) staining at least 1%
of cells were stained positive. HER2 positivity was defined
as either having an IHC score of 3+ or a gene amplification
as shown by chromogenic in situ hybridization.

Circulating tumor cell detection with the CellSearch®
system (CTCcs)

Blood samples were drawn into CellSave Tubes (Veridex,
LLC) and shipped overnight to an experienced and dedi-
cated laboratory (T.N.F). The CellSearch® Epithelial Cell
Test (Veridex, LLC) was applied for CTC enrichment
and enumeration as described before [6, 10, 18, 19]. In
brief, CTCs were captured with the automated CELL-
TRACKS® AUTOPREP® System by using anti-EpCAM-
antibody bearing ferrofluid followed by their detection
with immunostaining of CKs 8, 18 and 19 and the
leukocyte common antigen CD45 as well as 4',6-diami-
dino-2-phenylindole (DAPI) to ensure integrity of the
cell nucleus. CTCs were identified and enumerated by
automated fluorescence microscopy using the CELL-
TRACKS ANALYZER II° System.

Circulating tumor cell detection with the filtration based
system (CTCgp)

For the filtration based method blood samples (7.5 ml
EDTA-blood) were processed with the modified pipet-
ting robot of the VERSANT® kPCR Sample Prep system
(SIEMENS Healthcare GmbH, Erlangen). Up to 8 sam-
ples could be processed in parallel. For that purpose,
50 ml Falcon tubes, each filled with 22.5 ml red blood
cell- (RBC-) lysis buffer (1.5 M NH,Cl, 100 mM
NaHCO3, 10 mM disodium EDTA in Millipore water)
were placed into a rack of the pipetting robot. The
7.5 ml EDTA blood samples were transferred into indi-
vidual falcon-tubes by the robot and incubated at RT for
15 min by back and forth aspiration of the pipettes.
Subsequently the RBC-lysed diluted blood samples were
pipetted into individual vacuum-based filtration units
(Siemens Healthcare). CTCs were selected by cell size
using Whatman nuclepore track etched membranes
(GE) with a defined pore size of 8 pm and 1 inch diam-
eter. This filter system, in combination with dedicated
filtration-pressure control (10-30 mbar negative pres-
sure) enables the retention of 85-100% of tumor cells
with a background of approx. 0.1% remaining white
blood cells. After cell capture and fixation by 3.6% Formal-
dehyde (Sigma Aldrich) in PBS, the cells were washes and
the membrane was permeabilized using Triton X100



(Fluka). In order to perform automated immunostaining,
non-specific binding sites were blocked using Blocking So-
lution (Candor) and cells were stained for cytokeratin 8,
18 (5 pg/ml mouse anti-CK8/18-Dy550, clone UCD/PR
10.11, Siemens Healthcare) and cytokeratin 19 (5 pg/ml
mouse anti-CK19-Dy550, clone A53-B/A2, Siemens
Healthcare), CD45 (20 pg/ml mouse anti-CD45-Dy650,
clone 9.4, Siemens Healthcare) and DAPI (1.1 pg/ml, 4',6-
Diamidino-2-phenylindole dihydrochloride, Sigma Aldrich)
by pipetting corresponding antibody-fluorophore-conjugate
solutions together with DAPI for cell nucleus staining.
Cover medium (1,4-Diazabicyclo [2.2.2] octane, DABCO,
Sigma Aldrich) was added to preserve the fluores-
cence intensity. Finally, the filtration membranes were
removed from the processing robot for optical investi-
gation. Cytokeratin positive/CD45 negative/DAPI positive
cells (CTCs) were counted by fluorescence scanning mi-
croscopy using a dedicated software solution (SIEMENS
Healthcare GmbH).

Statistical analysis

CTC assessments were described with cross tables using
two different cut-offs (0 vs. >1) [20] and (< 5 vs. =5) [10].
CTC positivity with regard to prognostic value was defined
as detecting at least one CTC in the blood samples with the
respective method for CTC detection. A Wilcoxon signed-
rank test was performed to compare CTC counts assessed
by the different detection methods. A significant test result
indicates that there are systematic differences between both
detection methods. Furthermore, Spearman’s rank correl-
ation coefficient was calculated.

Overall survival was defined as the elapse time between
the blood draw and the time of death or last follow-up, if
no death event occurred during observation time. The
maximal observation time of a patient was approximately
5 years. Survival rates were estimated using the Kaplan-
Meier product limit method. Confidence interval of median
survival time was estimated as described in [21]. Survival
rates of patients with or without CTCs were compared
using the log-rank test. Cox proportional hazards models
were used to investigate the prognostic value of each CTCs
assessment (one model for CTCcs and one model for
CTCpp) in addition to other known prognostic factors [22].
Those prognostic factors were age at diagnosis (continu-
ous), hormone receptor and HER? status (positive vs. nega-
tive), grading (ordinal), therapy line (ordinal).

All tests were two-sided, and a p-value of <0.05 was
regarded as statistically significant. Calculations were carried
out using the software package SPSS (Version 21, IBM).

Results

Patient and tumor characteristics

The patient population consisted of 60 patients with a
mean age of 60.9 years (SD, 11.2). A total of 16 patients
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were treated with first-line therapy, 12 with second line-
therapy, 12 with third-line therapy and 18 with higher
therapy-lines than third line (Table 1). A total of 27 pa-
tients received a chemotherapy at time of blood draw,
18 were treated with an antihormon treatment (AH) at
time of blood draw and 42 patients were treated with a
therapy other than the standard AH or chemotherapy.
Of all 60 patients 70.0% had an ER, 63.3% PR and 20.0%

Table 1 Patient characteristics

Group
Age, years (mean, SD) 60.9 1.2
Body mass index (mean, SD) 269 6.1
Tumor stage (n, %) T1 18 300
T2-4 40 66.6
na. 2 33
N-staging (n, %) N+ 36 60.0
NO 18 300
na. 6 10.0
ER (n, %) Positive 42 700
Negative 17 283
na. 1 1.7
PR (n, %) Positive 38 633
Negative 21 350
na. 1 1.7
HER2 (n, %) Positive 12 200
Negative 41 68.3
na. 7 1.7
Grading (n, %) G1 4 6.7
G2 27 45.0
G3 28 46.7
n.a. 1 1.7
Histopathological subtype (n, %) Ductal 50 833
Lobular 7 117
Others 2 34
n.a. 1 17
Treatment line® (n, %) First line 16 26.7
Second line 12 200
Third line 12 20.0
Higher 18 300
na. 2 33
Treatment at blood draw (n, %) Chemotherapy 27 450
AH 18 30.0
Others® 42 700

*Therapy lines are either chemotherapies, antihormone therapies or other anti-cancer
treatments. Each initiated therapy line is counted as one regardless of whether a
disease progression triggered the therapy initiation
be.g. bone modifying drugs or monoclonal antibodies
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HER2 positive tumor (Table 1). Further detailed patient
characteristics are shown in Table 1.

CTC results

At least one CTC was found in 66.7% (n = 40) of the pa-
tients with the filtration method and in 56.7% (n = 34)
with the CellSearch® method. There were 4 cases which
were CTC positive according to the CellSearch® method,
but CTC negative using the filtration method. Vice
versa, in 10 cases the filtration method detected CTCs
and the CellSearch® method did not. Overall accuracy
rates comparing positive vs. negative test results was
76.7% (n=46). Considering a classification with CTC
negative vs. 1-4 CTCs vs. 25 CTCs, the overall accuracy
rate was 60% (n = 36) (Table 2).

Comparing the CTC counts assessed by CellSearch’
method and the filtration based system of each patient,
we found a high correlation (Spearman’s correlation
0.733) of the CTC enumeration (Fig. 1). The CellSearch®
system detected a range of 1 to 2000 CTCs while the fil-
tration based method counted CTCs from 1 to 1900.
Overall the CTC enumeration by CellSearch® (median:
2.5 cells) was slightly higher compared to the one
assessed with the filtration method (median: 1.5 cells).
The cell count was lower with the filtration method in
33 cases and higher in 9 cases, a tie was seen in 18 cases
of which 16 were a pair of 0 and 0 counts (p <0.001,
Wilcoxon test).

CTC significantly influenced overall survival in
addition to the considered predictors. The adjusted haz-
ard ratio (HR) for CTCcg was 5.2 (95% CI: 2.2-12.4) and
for CTCgg the HR was 4.2 (95% CI: 1.9-9.4). The results
of both Cox models are shown in Table 3 and Table 4.
Kaplan-Meier curves for overall survival grouped into
positive or negative CTC count assessed by CellSearch®
or the filtration based method are shown in Fig. 2a and
Fig. 2b. Kaplan-Meier curves with a threshold of >5
CTCs are displayed in Fig. 2c and Fig. 2d.

The median overall survival of 1.83 years (95% CI:
1.63-2.02) for patients with <1 CTCcs (Fig. 2a) was
similar to the median overall survival of 1.88 years
(95% CI: 1.74-2.03) for patients with no CTCgg count
(Fig. 2b). In contrast the median overall survival of
0.59 years (95% CI: 0.38—0.80) for patients with 1 or

Table 2 Comparison of CTC enumeration by CellSearch® and
filtration based method

CTCeg n (%)
Negative  1-4CTCs =5CTCs Total
CTCcs n (%) Negative 16 (26.7%) 8 (13.3%) 2 (3.3%) 26 (43.3%)
1-4 CTCs 3 (5.0%) 5 (8.3%) 10 (16.7%) 18 (30.0%)
25CICs 1 (1.7%)  0(0%) 15 (25.0%) 16 (26.7%)
Total 20 (33.3%) 13 (21.7%) 27 (45.0%) 60 (100%)
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Fig. 1 Correlation of CTCcs and CTCgg counts

more CTCs assessed by the filtration based method
(Fig. 2b) was slightly shorter compared to the overall
survival of 0.74 years (95% CI: 0.51-1.52) for patients
with 21 CTCcgs (Fig. 2a). Similarly, significant differ-
ences regarding the overall survival were detected for
both CTCcs and CTCpg counts with a threshold of
>5 CTCs (Fig. 2c and Fig. 2d). The median overall
survival of 1.68 years (95% CI: 1.10-2.26) for patients
with <5 CTCcg (Fig. 2¢) was slightly longer than the
median overall survival of 1.29 years (98% CI: 0.89-
1.69) for patients with <5 CTCgp counts (Fig. 2d). In
comparison, the median overall survival of 0.33 years
(95% CI: 0.00-0.66) for patients with >5 CTCcs (Fig. 2¢)
was similar to the median overall survival of 0.47 years
(95% CI: 0.00-1.24) for patients with 5 or more CTCs
assessed by the filtration based method (Fig. 2d).

Discussion

In this study we used CellSearch®, a commonly used
method for CTC detection, and a new established auto-
mated filtration-based method to assess the prognostic

Table 3 Cox Regression model for the prediction of OS using
CTC count by CellSearch® and covariates

95% Cl
097-1.03 091

Characteristic HR p-value

Age Per year 1.00

Hormone receptor 1 (reference)

status

Negative

Positive 044 0.17-0.85 0.08

HER2 Status Negative 1 (reference)

Positive 032 0.13-0.85 0.02
Grading Per grade  1.08 0.58-2.02 0.82
Therapy line Per line 1.01 0.78-1.32 093
CTC count 0 1 (reference)

21 5.20 2.18-1243  0.0002

38 [] xit/Ese | Original Article Reading




Table 4 Cox Regression model for the prediction of OS using
CTC count by the filtration based method and covariates

Characteristic HR 95% Cl p-value
Age Per year 0.99 096-1.02 047
Hormone receptor Negative 1 (reference)
status

Positive 1.50 0.56-4.06 041
HER2 Status Negative 1 (reference)

Positive 0.89 035-2.25 080
Grading Per grade 145 0.70-3.00 032
Therapy line Per line 098 0.75-126 085
CTC count 0 1 (reference)

21 4.20 1.86-9.46 0.001

value of CTC count in peripheral blood in a cohort of
MBC patients. The CTC count within 7.5 ml of blood
draw was determined in a study cohort of 60 radiologic-
ally measureable or clinically assessable MBC patients.
We calculated the overall survival to determine and
compare the prognostic impact of both methods. Even
though the most commonly used cutoff for CTC positiv-
ity is five or more, it is still unclear whether a presence
of one or more CTCs might be an even more accurate
predictor depending on the tumor subgroup analyzed
[20, 23]. Several prospective, multicenter studies showed
a significant prognostic value for progression-free and
overall survival of MBC patients with CTC levels <5 or
<1 [12, 14, 24]. Additionally, CTC assessment was
proven to be a good setting for valuation of treatment
response and as an individual predictive test for meta-
static relapse [14, 24, 25]. Here, we set out to compare
both thresholds (=1 and >5 CTCs) for both methods. A
significant prognostic value of CTC count could be
achieved using the CellSearch® as well as the filtration-
based system. There were no differences between a
threshold of one CTC or five CTCs, indicating that the
new filtration-based method is also suitable for sensitive
detection of less than five CTCs.

Probably the most discussed downside of the Cell-
Search® method is that the CTC detection and isolation
relies only on EpCAM positivity [26]. It is known that
tumor cells and in particular CTCs are highly heteroge-
neous and are able to change their expression profiles
during cancer growth and spreading [27]. Especially
during epithelial to mesenchymal transition epithelial
surface molecules get lost to allow detachment and inva-
sion of tumor cells, while these markers are re-acquired
during mesenchymal to epithelial transition [26, 28].
During cancer cell dissemination the epithelial surface
marker EpCAM can be downregulated by either DNA
methylation, glycosylation or proteolytic cleavage allow-
ing the cancer cells to switch to a more mesenchymal

©2018 IMPROVE MEDICAL All rights reserved

and invasive phenotype [29, 30]. This emphasizes that a
method only relying on EpCAM positivity may not be
suitable for detection of all CTCs and thus might give
inadequate results concerning the prognostic value or
the biological classification the CTCs. In contrast to the
CellSearch® system, the filtration-based system does not
select CTCs based on EpCAM positivity and thus we
hypothesize this system might be suitable for detection
of CTCs with a wider range of different phenotypes. We
assume the detection of patients with a positive CTCpg
count but negative CTCcg enumeration might be due to
the missing EpCAM positivity of these cells.

Overall, the assessment of the filtration based method
was feasible. The CTC positivity was within the expected
rate and similar to results from different studies [6, 10].
Interestingly, even though the filtration based method
does not only select EpCam positive CTCs but in contrast
to the CellSearch® system also EpCAM negative ones, we
observed an overall smaller CTC count with the filtration
based system compared to CellSearch®. Nevertheless, we
could show a significant prognostic value for overall sur-
vival using both methods. We hypothesize that the smaller
number of detected CTCs might be due to the defined
pore size of the filtration based system. It was shown earl-
ier that CTCs from prostate cancer patients, which were
isolated using the CellSearch® system, had a significant
smaller average diameter (7.97 um) compared to cultured
prostate cancer cells [31]. Even though, to our knowledge,
there are no studies regarding the tumor cell size of CTCs
from breast cancer patients collected by the CellSearch®
system, we assume similar findings would occur. Our fil-
tration based system only collects CTCs with a diameter
of 8.0 um or larger and thus, this might be causative for
the overall smaller cell numbers and the CTCcs positive,
but CTCpp negative enumerations.

The assessment of tumor characteristics on CTCs is
an attractive opportunity to avoid repeated tissue biop-
sies. CTC counts from peripheral blood samples are de-
fined as liquid biopsies. In contrast to tissue biopsies,
this is a non-invasive, quick and feasible real-time
method to gain tumor cells for further analysis. Tumor
characteristics can help to stratify therapy decisions.
Even if primary tumor biopsies are negative for certain
tumor markers (e.g. HER2), CTCs often show a different
expression pattern (HER2 positive) [23]. These charac-
teristics of CTCs are important hallmarks to define the
treatment strategy and can help to avoid overtreatment.
The ongoing DETECT III trial (NCT01619111) is cur-
rently investigating the therapeutic relevance of HER2-
targeted therapy for MBC patients with HER2-negative
tissue biopsies but HER2-positive CTCs [32]. Addition-
ally, protein or gene expression profiles and analysis of
epigenetic or genetic alterations of the DNA could help
to characterize CTCs and thus the tumor even further
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[33, 34]. It even might help to stratify the therapeutic
strategy for MBC patients [35]. As the filtration-based
setting for CTC isolation is based on an automated nu-
cleic acid preparation system (VERSANT® kPCR sample
Prep system), it might not only help to determine the
CTC count but also to purify DNA, RNA or proteins
from CTCs for further analysis [36].

Nevertheless, this study has several limitations. First,
the small sample size only allows to coarsely compare
the two methods with regard to their prognostic value.
Second, the lack of standardized treatment is a potential
bias as it might influence the prognostic value regardless
of the CTC count. Additionally, the time of blood draw
was not defined precisely. But overall this setting
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represents the common clinical practice and was suffi-
cient enough to compare two different CTC detection
techniques in regard of overall survival.

Conclusions

In summary, our data indicates that the newly estab-
lished EpCAM independently filtration-based method
might be equivalent to the CellSearch® method in regard
to sensitivity of detecting CTCs from MBC patients and
predicting prognosis. The filtration-based method might
be easier to be used for automated RNA, DNA or
Protein extraction from isolated CTCs allowing an in-
depth characterization of the CTCs and the related bio-
logical background of the metastatic disease.



Abbreviation

CTC: Circulating tumor cells; CTCcs: CTCs assessed using CellSearch® method;
CTCrg: CTCs assessed using the filtration-based method; ER: Estrogene
receptor; IHC: Immunohistological; MBC: Metastatic breast cancer;

PR: Progesterone receptor
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