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Liquid biopsy in precision medicine for oncology

XU Yangmei, ZHENG Qiuhong ( Affiliated Cancer Hospital of Fujian Medical University, Tumor Hospital of Fujian

Province, National Clinical Key Specialty of Cancer, Fujian Provincial Key Laboratory of Tumor Biotherapy, Fuzhou
350014, Fujian, China )

[ Abstract ] As a new technique in precision medicine, liquid biopsy has tremendous scientific value as well as great po-
tential to put forward the clinical application. It can be applied in early detection, diagnosis, monitoring, therapy selec-
tion and efficacy evaluation of cancer. The advantages of liquid biopsy enable its promising role as a noninvasive tech-
nique. This article elucidates the application prospect of liquid biopsy from the views of definition, characteristics, meth-
odology and clinical research of personalized oncology treatment, showing its great importance and potential.

[ Key words ] liquid biopsy; precision medicine; circulating tumor cells; circulating tumor DNA; circulating tumor
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BRBR A —FE, EZENFREAENDAELSE
R, R HF AR EY A, LR 57 AR A
5B 55 T O O S AR e T & BUR R
16 R T BT EOR B R E AR, E R A R
H 2015 FJE+ A RBBAT, 2016 6 A1 B %
Bt RAREER(FDA)#MET & —NET g+
ENTE -SSR /UK & NI & N 3N AN B
( non-small cell lung cancer,NSCLC ) g P
M EGFR 2B R& . AR E o E XA AT
fi g AR BT B EE RO, KON R BT
REBANOFR 2 ERA. B RGERNE

L3 A o S i B B A 2R 8 48 B circulating
tumor cell, CTC ). {& Zf fi¥ /& DNA( circulating tumor

DNA, ctDNA ) fa 48 b iR % K SCE & 6 3 ctDNA fr
CTC.

1 ctDNA S5MyEEHEETT

1.1 ctDNA &4
AN F s B F S E B & DNA
(cell-free DNA, cfDNA), 11 E WKk 8 TE% @

ML, AR E TR M o g e ), 8 3 4
K BT ARSI 40K & DNA ). otDNA & A K i
BETRRF AW RS N HER — FMECERE R
T RD TN EH NS W ENE )Nk
H i 2L B B9 DNA F Bto otDNA Z B T ofDNA #y
— R AR — M AAE M MO A AR, T U
M EEAEE, oDNA EFBRF( L EHE
W e B, F AR EH T U fDNA
XA E AR otDNA 3 Am DA . B AT ctDNA 8 £
B M 77 3% & PCR F1 Z XM F( next-generation se-
quence ,NGS )& A( % 1),

2016 4% & % % Sacher %5 # % R #
F PCR # K ( droplet digital polymerase chain reac-
tion, ddPCR ) A i ¢ 4 | 7 B NSCLC &Y W1 A4 K 4
S EGFR v oK B4 % 808 H F 2 B ( kirsten rat
sarcoma viral oncogene, KRAS )BUJR & 7% , 3 T # By
115%%&7‘?%%‘%‘]?%%@:1*%%5@%é’ﬂfhﬁ?’?
B E A R P B AR R
R, XM EE AL EATENRE S LAl &
LR NEREA AR,

F1 EFAK ctDNA ¥ 75E

R FoE Kl A 5 K A L B K
#F PCR (1) Nested real-time PCR;( 2 )ARMS/ (1 ~6)%Ml# EGFR (1 ~6)#% (1 ~6 )8, R
Scorpion PCR;( 3 )PCR-SSCP;( 4 )Mutant & Bl A RA;(7~ (Ef 2 5 @Al AHR LR

allele-specific PCR;( 5 ) Mass spectrome-
try; ( 6 ) Bi-PAP-A amplification; ( 7 )
DAPCR;( 8 ) BEAMing

(1 )SafeSep;( 2) TamSeq;( 3 ) Ion-Am-

pliSeq;( 4 ) CAPP-Seq;( 5) OnTarget
(1 )Digital karyotyping;( 2 )PARE

SRR #1152

AL AN )T

8 B o A R
Ao H 4 E

% B AF X # SNVs,

CNVs fn & #
M 4% B SNVs,

CNVs fn & #

EE N
K;(7 ~8)
B =
B MEE

B (7~8)R R
A TR B R

B

bR E
7

R & 5

NGS # At K JEAE ctDNA o i 8 45 57 1 0 22
F R A& 2 FH # I 5+ % ( copy number variations,
CNV)# 1t ctDNA A Ml & 2 7 # , 3% 7 & & & X [
Rl 7 REAEE & PR, O s AR 7 4T 2
R HT A2 B H KN E tDNA B & 1k, & H
BT AN A B 4047 7 ¥ o Newman 20 F| 4
# 9% 31 %] ( integrated digital error suppression, IDES )
Wy 77 i A A AN R AR B 2 A 7 ( cancer
personalized profiling by deep sequencing, CAPP-seq )
HEE A A EKE 0.004% by 58 % F (L5 B, 3T
S8 R FILLE % K ctDNA #3189 3T b, f8 & B & 3N
PEEEER, BRAE T, KA DNA F B F o

Mo AR AT DNA SRR T W 7k, LR
BREILHE DNA RENFRE —ANEHAEE
WAz /MR BB, AR 3R 7 B T DL g A 2R
RIR( Pl andf B2k A A BB AR AR AR ), %
BOAR LA E ) B N s K e EFM!E& e ] R
o ST ,NGS A — 8 R4, X BHEA
WOR B B S AR K SR AL 3R DL RCE U E DNA A
AR IR B AT A R R
1.2 ctDNA #m £ I 58557 F 69 5 )
BRI CSISE S, B B oDNA BT 4B A o i
HEAGFEREMBALERTRITHN—B M, #w /R
&R AR A BT T ok S BN B R UM IR AR
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# 1t tDNA B, 8 #F Bh 5K B 30 A5 0 B R R 4
RAME R L EAE R, By F 382 8 7 2 el
An TG W, 8 By T8 1 36 97 3 BLIE AR, KT
HANROEEST LM, ], Dawson % | Al etD-
NA &3 % W7 7 29/30 4 5L B B 4, SO 1 ¥ &
97% . Spindler %1042 46 57 b 53 B %t ctDNA 3
THMBURE REAL R KRAS fn R K W g ikt &
W #U% B JE K ( v-Raf murine sarcoma viral oncogene
homolog , BRAF )4 3l , 7 s JK 24 40y #y 97 % 42 B 48 %
Z I, Steffensen 2 "3t 144 5] B A % &= i 25 4 Y
tEWNEEEEHTHR, BT ERF IR E
By B H ctDNA, £5 R 4R 7~ cotDNA K-F 5 T3 & & 77
WA AERHERFE ML,

A g TR TE A B BT F B, otDNA &I 5 T
XK R B R A E An U T LB A E T 2
£ fs ¥ LA CTC B Ah 3t ] e I F AR ROy Ja
NFEAM . ctDNA TR Z A T kWA &k
A, RE#tATHR R S NS RABRE®
(ZFEANFAR R E W IEE A5 K WM E A
REEE R ) HAE(RERNFERE ), &
2., ctDNA A I 72 Bk S ¥ 97 T B A ) [ i LR BT
F R EMAREENEEZN A

2 CTC 5phiEtE#iasr

2. 1 CTC #8 & Aenlf= 47

CTCE R HEER AWk — A 432
FRAE, thn kN BE BT RTENE RATE
i) TN N 07 N R VN )
“ERAAHEADFEE LR REK BEASBRR
%R M AR H K T AR R 4 4 EpCAM ., CK ., CD45
%, @It sk R R AR CTC & R 4 %
Bl fEkan P, EEREEER D HH T —
MEETHABELBECR MBIk aaERhE
AW ESEK B CTC 2 B HKE, BT L K-1H
Ji# 1k ( epithelial-mesothelium transformation, EMT )
FRAZMW T, RE T 088 E, W H R
WS SMR, ETE SN A S, KK
CTC 2 —# g £ 7R B KBRS
KA KR — b, AR S HUR T CTC 8y 25 % fo
B, BRAABEF O AZT B AEFE
2111V R 44 ok A T A R 45 R Y CTC 3k
WALEEF], T LRSI B A 4 M. Pramanik %"
M % & 7% wk Mg K 4 LA CTC o 7 i
el ke X R A

M HORE) CTC FEHATRA XE

i

i

Stk E, CTC ERA FERT IE R KT Eo
M H KA T % BE R 3 T4 0 40 40 7E 48 B
] 3% gk uk RSB BRI E AR, A E S
B CTC #ATIFAE. B & AT A TAIM CTC
WMEEFTHEEEEHNFEN, RT-PCR X ¥
HH AN CTC # & % 3k 8 mRNA 2 % % M iy
R A R A T ROR R A E 4 A K T At
AEFAHATYT HENF 0N —RHF A, AT oM
CTC B RE G HEARHE ",
2.2 CTC #&m A2 Ik 55957 P 6 5 )
2.2.1 FFROIFE

(1) FATHITF Lu2 P XA qPCR H AR L
AARE CTC FHLEHIAN, B rEHEEHE RKE TG
T B Nesteruk %235 f| PCR # A & H, 3t F A H
X EMBOT WS B E A%, KA CTC AFF
BTN TR, ARG 7 d 89 CTC AT2 & 3 4% 1 1y 4
LG B Fo Galizia 42 & H, K EH CTC # B #
THEEEETUE L B, Peach %' 23t 14 & Uit
W11 841 BIAR B 45 B e F K B 1 Meta 217 B
7, FALEE T B 1] 36 ~38 AN AL, T CTC & i % 4
(33.4+3.6 )% ; KJa 24 h G40l 2| CTC & Fl f &
BHERMEIEZ;EZRKIAEF AL CTC 5
2 MR TUE A

(2) WITI7 2T 5 Bian £ 2 R H A5 A&
HFHEEZNT(ARAEAGAENE + FEME +
W2 Ik A0 ) AT E CTC W& 4, 3657 a7 CTC %t B 3
AN (H 2 ANCTC H HER2' );697 1 B # 5 CTC
RETHRZON. 6 NAHBTEREF T L%
MELEECTCHEENR BT FHALERELT A,
B 44 M TR 9T 2. Goldkorn &% 4R, % %
TG ZR K A I dh A JE AT B B A M R B M AT A
s B, % CTC H &7 MM W 5,3 & B CTC
AERTEEFRZ, AL FRNBETHR
WA, B A AL IRE Fw B BOE £ A H R IUE 6
7 H e, CTC M8 % m & R K. #n CTC % &
RENKAG, R MEEETRREFES
o EFMYGEE, R WG EHF BTG S CTC it
BRI AEF T RERL, AT TR H EE
ST 7 E o Smerage 120048 595 1) T AF 4ty
AL B AN E A CTC, #ix 6 %
-k A A ATHE BT HE# R CTC WA 775 ).B
A CTC & 413w, ZE AT 463697 21 d g D ) C
HA(#4EIT 21 d ERHEAE ), KI3 4 E# 0S
2% K 35.23 F13 ASA(P<0.01), AT 753 H &
#: CTC [ DUE oy o7 e s B F .
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(3) BT R/ R KA, L FH R
2 Jo 98 R B AT T DA BG Andn o CTC % B, T 48 25
KRy . 3t 30 ] NSCLC A 2 #7 ol &
CTC %t B AN, £ 3 CTC %k B 7 LR B B 2% B0 1
T

(4) RITBITT BT TF K, ALK
o RGN R B R B RN DR A B R B R K
B, RN ORI MEET N EEFR, R A% TF
A EIT TS B — AR TR YA
MEEEE T ERMBEREETWEEZRB U, (2
BT R R BT RNITEN AR D, A
P AAF ARV, £ 4 B WHO 2 RECIST A7 F f &
I Bk S 0% W 97 B9 . 2009 45 WHO 38 % | 4%
F& AR BML K & ( immune-related response crite-
ria, IIRC )\, AR V4 7 00 B Y 37 00 M\ B e
B, AR EERE AW EA TR, &R
irCR.irPR.irSD # irPD % iF #3657 % &. IRC #
WM AT EIT IR RET — Mty T A,
B /N A Tk B T R TE A B A B R B
EH AR AR B REMRRI, T AR T
B AR BT . 2016 4 £ B I K B 8 ¥ 4
(ASCO)% 52 ¥ AFo L, AFHR B REFER
B A WA b B B R 4 B T T
B FE IR, 2015 F, EF X AT B 20 F1 £ &H
Fi g B AN E R i 2R 3 A CTC 441, Bl kK
B A0 ] o 0 0% A B A0 G 9T B9 20 45 e
B xt B4, DL PFS 7 WL 4 H W AT e A 5,
ECRABERG S A AF BIERXHELHT
2016 £ 5 AM#1E )4 CTC f MR F LI &
# AWl CTC 8y Rk KT 5 ME e KN T 2 H( =2
EEE )R EHK(H P<0.05); K E CTC 5 fiF g
T2 NS MaMHEREEEME(HP
<0.05). CTC 5 % 7% 20 Jfl 36 97 A = V& B9 40 2 2 3
B, MY T AT R, CTC 40 e %%
BRIANAMEETRAS(P<0.05), F4EFE
BAKAKF, CTC & 4 T VAR 1 0 48 3 36 97 97 2037 1t
W5 A RAT . E % BT Bl KT O X TR
BREBTMRERMERANAEA T2 EENE
S, T AR TE AR FT LR A RS e 6 9T 9T RO R
ZF N EEHAT.

(5) MEWEIT HhkF CTC BA 5 M E R
KA S E A Fn & AL B CTC W 2 F 4 B &t
BEGME T AR SN E. AL LIRE CTC B
HER2 £ 5 R K WAL — 3, X E%k & 7 KIE
CTC k48 A M@ e 24 by sk B INI6 975 T

INE B R FLBRE 414 h HER-2 Pt B 3, 08
7 3 A2 AR 2| CTC 8y HER-2 % % FA I, 221 F b
FHEHEIT G, WBUF T BTy 0 AR
b B, HEAN CTC 2 eirm Rk ks 8 5
MERTEFEHEEZRTRNEL N EAR, €4
R LA e 0 By R 48 B AR AT o

2.2.2 M CTC AN A4 2B #®— B #
FDA .SFDA #t7E |l T3 0% . & B W Kur 7 oz
Bl R AR R G M RFJE B 7.5 ml 41 JA Ao,
il CTC % B, e R H ML EJE CTCs =5 441
ML HT 7] R JE CTCs=5 /M4 45 & CTCs =3 A
M MR TEFTEAR, RAEHENELEAE
B F CTC # %, 3 X3 CTC %t B 5§ % # B 5 7
I P PSR- £ i L ) &
AT CTC A, A B A RS B R MR T3k 2] 1 x
107°) 5 & — M, 3 7 [ mH#E R 7 ROk A0 %
MNCTC AR FREARLY; BT 23 R AWK E W CTC
ATHATRERE LR TFREEAXTHHRT, kK
CTC 3 K A B 3 Fs 3 A& B9 W JK B2 F , 17 4R 8
TN 7 %t T E BT AR vE B B oL,

CTC %Mt T T EMBHRNTA LT
FRFm T T RN AR ), e B
AP 55 FT DA AT P S 2 B B AR R M, DA R CTC
5 # it B ok o HE B WA K M CTC 4 7 % 4
GG R 2 = 2 o o o e
A1 ctDNA E #0357 J& H 3 CTC, Ml & & 6 7 &
T )o CTC AT Bk 2 E M E D G 555 A M
A HCEMT % 3 b R AR & 4 & 3k 5 3k
KOFEHE AR RELE ) AR T G
By 45 Rz AT

B Z ,ctDNA 5 CTC 7 s )R bt A 7 35+ 4
2, &K, Freidin %) 3 fg 35 Bk 58 KRAS R %
HATA M, & I ctDNA 89 R 8 E & T CTC. Madic
U3 30 Lt A M AL R B AR R (1))
B TR B R & 4 F HI AR, tDNA W R EUE & T
CTC;(2)CTC Wy & A Tl J7 & VI 48 X , T ctDNA #y
BEMNEF GO XA K E i, 3t FREKE ST
=LA F T % CTC £ 2 ctDNA, x # W &
e R B B AP Y R B, 1R AR I 38 AR A Il R A
2.3  JEAIRAY 9 T 48 B circulating tumor stem cell,
CTSC e 64 s SR 5 )

2.3.1 CTC #8n CTSC X % CTC Zimh ## K
AW BRI, ST, IE A BT oE By CTC 48 #8 J% Ak 3%
WM, BFEE P REE CTC 44 3 A EA. %
o M CTC. % & ¥ CTC X # # M CTC( B =
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CTSC ), f %8 H R/ [E &£ # AT EMT 9 #7& £ CTC 3k
B 5 i EMT L EA T 40 i 45 M By CTSC, A 7 i 75 %%
Mk EEEAEA, W CTSC L5 CTC % &1 0.
01%0 mF CTSC 5Bt 2 E %%k &, B ol
X —FURE Gl RME M S FRH R E T Ak
K T2 RT-PCR A I 7T 72 B 8 & 3 4b B o o & 3
CTSC, FHiF L7 # # M i B4 CTC F & % 3£ EMT
FnF 2 i % A % 3 F( 40 Aki2, PI3K; Twist] , B-cate-
nin, Vimentin, Fibronectin; MUC, CK19, CD44, CD133,
ABCG2,CD90 ,ALDHI #1 ICAM-1 % )7
2.3.2 CTSC #: il 5L A T Mg MRty HF¥
FHTIR R A AT IR E B CTC/CTSC #y
BWGEE RN ARV EATEREERE -, A
CISCW#ELH S AW IE Ko HEAMHXH, Yu
glolipw FRMENILBE XA RELAR
CTC( B EMT Fa e ) h £ 5 B2 BT E, &~
AT B e RA CTC B E T &, ik 1F %1t
HEFWERA CTC HEWMEN S, AREF LT
A2 Xt CTC 20 A5 B, Jib 98 & 4 A0 4 3 AH R 38 18] 24
Yy AR ,CTC BB B KU LA N £, %
TR R AT W2 ROR R, B A CTC
HEH I, XA EF CTC.CTSC 5 25 #7 2 s it 25
BB MA K B, WE 67 A2 & e i
CTC/CTSCs Hy %t & A4 x 2 F 47 & 4 \EMT % & %
A%%ﬁzﬁﬁi%@%%wﬁﬁéﬁlﬁﬁﬁﬁ
W, IWTT A 2 HtE 5 B MR BT

3 & &

ANBEFA 7 YRR ¥ G MG LD 7
SRR BRIL, 1T T ARG E T AR Ky X
S LR FEETHHAREZLE R, HEER
T?ﬁ**?’ﬁfzf%?&ﬂi AT AE - W By 0 2 R

L, EE DT BT T R T BOT R
F/)” PRATUR,, A8 B A R B R R 18 AR 3 BT
o AEAUFG R K MEY A & 098 s
7l R T BRI R R W, AR E R BT MR
RIIEIT MA R RIS T 05 R LK, HRRE
Tl R BT BOR & AR T = 7 RN AT %
AR BT e R SE Bk P i B R Lo, 4 5 R E A
PR VE DT MR B ALSE e A
(£ % X Wk ]

[1] BROUWER A, DE LAERE B, PEETERS D, et al. Evaluation

and consequences of heterogeneity in the circulating tumor cell

compartment [ J/OL . Oncotarget, 2016, 2016 Epub ahead of

print ][ 2016-08-31 |. http://www. impactjournals. com/oncotar-
get/index. php? journal = oncotarget. DOI: 10. 18632/ oncotarget.
8015.

[2] DONG L, WANG W H, LI A, et al. Clinical next generation sequen-
cing for precision medicine in cancer [J] Curr Genomics, 2015,16
(4):253-263. DOI: 10.2174/1389202915666150511205313.

[3] QIN Z, LJUBIMOV V A, ZHOU C, et al. Cell-free circulating
tumor DNA in cancer [ J ]. Chin J Cancer, 2016, 35( 7 ):36.
DOL: 10. 1186/s40880-016-00924.

[4] MULCAHY N. FDA OKs first liquid biopsy for lung cancer muta-
tion [ EB/OL . (2016-06-01 )[ 2016-08-01 |. http://www. ai-
weibang. com/yuedu/121492087. html.

[5] SACHER A G, PAWELETZ C, DAHLBERG S E, et al. Prospec-
tive validation of rapid plasma genotyping for the detection of
EGFR and KRAS mutations in advanced lung cancer [ J ]. JAMA
Oncol, 2016, 2( 8 ): 1014-1022. DOI: 10. 1001/jamaoncol.
2016.0173.

[6] NEWMAN A M, LOVEJOY A F, KLASS D M, et al. Integrated
digital error suppression for improved detection of circulating tumor
DNA [ J ]. Nat Biotechnol, 2016, 34( 5 ): 547-555. DOI: 10.
1038/nbt. 3520.

[7] SNYDER M W, KIRCHER M, HILL A J,et al. Cell-free DNA
comprises an in vivo nucleosome footprint that informs its tissues-
of-origin [ J ]. Cell, 2016, 164 ( 1/2): 57-68. DOL: 10.1016/
j. cell. 2015.11. 050.

[8] HEITZER E, ULZ P,GEIGL J B. Circulating tumor DNA as a lig-
uid biopsy for cancer [ J ]. Clin Chem, 2015, 61( 1 ):112-123.
DOI: 10. 1373/ clinchem. 2014. 222679.

[9] DAWSON S J,TSUI D W,MURTAZA M, et al. Analysis of circu-
lating tumor DNA to monitor metastatic breast cancer [ J J. N Engl
J Med, 2013, 368 ( 13 ): 1199-1209. DOI: 10. 1056/NEJ-
Moal213261.

[ 10 ] SPINDLER K L,PALLISGAARD N, VOGELIUS 1, et al. Quantita-
tive cell-free DNA,KRAS, and BRAF mutations in plasma from pa-
tients with metastatic colorectal cancer during treatment with cetux-
imab and irinotecan [ J ]. Clin Cancer Res,2012,18( 4 ):1177-
1185. DOI: 10. 1158/1078-0432. CCR-11-0564.

[ 11 ] STEFFENSEN K D,MADSEN C V,ANDERSEN R F, et al. Prog-
nostic importance of cell-free DNA in chemotherapy resistant ovari-
an cancer treated with bevacizumab [ J . Eur J Cancer, 2014, 50

(115):2611-2618. DOI: 10.1016/j. ejca. 2014. 06. 022.

[ 12 ] JOOSSE S A, GORGES T M, PANTEL K. Biology, detection,
and clinical implications of circulating tumor cells [ J ]. EMBO Mol
Med, 2015, 7(1): 1-11. DOI: 10. 15252/emmm. 201303698.

[ 13 ] KARABACAK N M,SPUHLER P S,FACHIN F,et al. Microfluid-
ic, marker-free isolation of circulating tumor cells from blood sam-
ples [ J . Nat Protoc, 2014,9( 3 ):694-710. DOI: 10. 1038/ nprot.
2014.044.

[14 ] YU M, BARDIA A, ACETO N, et al. Ex vivo culture of circulat-
ing breast tumor cells for individualized testing of drug susceptibili-
ty[ J]. Science, 2014, 345( 6193 ): 216-220. DOI: 10. 1126/
science. 1253533,

[15]KIM S, HAN S, PARK M J, et al. Circulating tumor cell mi-
croseparator based on lateral magnetophoresis and immunomagnetic
nanobeads [ J ] . Anal Chem, 2013, 85( 5 ):2779-2786. DOI:
10. 1021/ac303284u.



+ 594 -

rp [ s A Ay 2, 2016 4E 10 H,23(5)

[16 ] WANG Z, WANG W, GENG L, et al. Distinguishing of tumor
cell-targeting peptide ligands through a color-encoding microarray
[ J]. Lab Chip, 2015, 15( 24 ): 45124516. DOI: 10. 1039/
¢51c01010a.

[17 ] 5, WIS, FEPRMR A 90 ARG I H A T 1 1 4012 18
MR L) ] P EBEAEYRI T, 2016, 23(5): 595-600.
DOL. 10. 3872/j. issn. 1007-385X.2016. 05. 002.

[ 18 ] PRAMANIK A, VANGARA A, VIRAKA NELLORE B P, et al.
Development of multifunctional fluorescent-magnetic nanoprobes for
selective capturing and multicolor imaging of heterogeneous circu-
lating tumor cells[ J ]. ACS Appl Mater Interfaces, 2016, 8( 24 ):
15076-15085. DOI: 10. 1021/ acsami. 6b03262.

[19 ] NI X, ZHUO M, SU Z, et al. Reproducible copy number variation
patterns among single circulating tumor cells of lung cancer patients
[J]. PNA, 2013, 110( 52 ): 21083-21088. DOI: 10. 1073/
pnas. 1320659110.

[20] LUCY, UEN Y H, TSAI H L, et al. Molecular detection of per-
sistent postoperative circulating tumour cells in stages Il and Il co-
lon cancer patients via multiple blood sampling: prognostic signifi-
cance of detection for early relapse [ J]. BrJ Cancer, 2011, 104
(7): 1178-1184. DOI: 10. 1038/bjc. 2011. 40.

[ 21 ] NESTERUK D, RUTKOWSKI A, FABISIEWICZ S, et al. Evalu-
ation of prognostic significance of circulating tumor cells detection
in rectal cancer patients treated with preoperative radiotherapy:
prospectively collected material data [ J/OL ]. Biomed Res Int,
2014, 2014:712827( 2016-08-31 ]. https ://www. ncbi. nlm. nih.
gov/pme/ articles/ PMC4070579/. DOI: 10. 1155/2014/712827.

[22 ] GALIZIA G, GEMEI M, ORDITURA M, et al. Postoperative de-
tection of circulating tumor cells predicts tumor recurrence in color-
ectal cancer patients [ J J. ] Gastrointest Surg, 2013, 17( 10 ):
1809-1818. DOI: 10.1007/s11605-013-2258-6.

[ 23 ] PEACH G,KIM C,ZACHARAKIS K, et al. Prognostic significance
of circulating tumour cells following surgical resection of colorectal
cancers:a systemic review [ J ]. Br J Cancer, 2010, 102( 9 ):
1327-1334. DOI: 10. 1038/sj. bjc. 6605651

[ 24 ] BIAN L, WANG T,LIU Y,et al. Evaluation of treatment response
for breast cancer: are we entering the era of “biological complete re-
mission” ? [ J ]. Chin J Cancer Res, 2012, 24( 4 ):403407. DOI:
10.3978/]. issn. 1000-9604.2012. 11.01.

[ 25 ] GOLDKORN A,ELY B, QUINN D I, et al. Circulating tumor cell
counts are prognostic of overall survival in SWOG S0421: a phase
Il trial of docetaxel with or without atrasentan for metastatic castra-
tion resistant prostate cancer [ J ]. J Clin Oncol, 2014, 32( 11 ):
1136-1142. DOI: 10.1200/JCO.2013.51.7417.

[ 26 ] SMERAGE ] B, BARLOW W E, HORTOBAGYI G N, et al. Cir-
culating tumor cells and response to chemotherapy in metastatic
breast cancer: SWOG S0500 [ J ]. J Clin Oncol, 2014, 32( 31 ):
3483-3489. DOI: 10.1200/JCO.2014.56.2561.

[ 27 ] TINHOFER 1, HRISTOZOVA T, STROMBERGER C, et al. Mo-
nitoring of circulating tumor cells and their expression of EGFR/
phospho-EGFR during combined radiotherapy regimens in locally
advanced squamous cell carcinoma of the head and neck [ J . Int ]
Radiat Oncol Biol Phys, 2012, 83(5):685-690. DOI: 10.1016/
j- ijrobp. 2012. 02. 009.

[ 28 ] DORSEY J F, KAO G D, MACARTHUR K M, et al. Tracking vi-
able circulating tumor cells ( CTCs ) in the peripheral blood of non-

small cell lung cancer ( NSCLC ) patients undergoing definitive ra-
diation therapy: pilot study results [ J ]. Cancer, 2015, 121( 1 ):
139-149. DOI: 10. 1002/ cncr. 28975.

[ 29 ] WOLCHOK J D,HOOS A,0ODAY S, et al. Guidelines for the evalu-
ation of Immunotherapy activity in solid tumors : immune-related re-
sponse criteria [ ] ]. Clin Cancer Res, 2009, 15( 23 ):7412-7420.
DOI: 10.1158/1078-0432. CCR-09-1624.

[30 ] LIU Y,LIU Q,WANG T,et al. Circulating tumor cells in HER2-
positive metastatic breast cancer patients:a valuable prognostic and
predictive biomarker [ J ]. BMC Cancer, 2013, 13( 1):202. DOI:
10.1186/1471-2407-13-202.

[31 ] WARKIANI M E, KHOO B L, TAN D S, et al. An ultra-high-
throughput spiral microfluidic biochip for the enrichment of circu-
lating tumor cells [ J ]. Analyst, 2014, 139( 13 ). 3245-3255.
DOI: 10. 1039/ c4an00355a.

[ 32 ] WATANABE M, UEHARA Y, YAMASGHITA N, et al. Multicol-
or detection of rare tumor cells in blood using a novel flow cytome-
try-based system [ J ]. Cytometry A, 2014, 85( 3 ): 206-213.
DOI: 10. 1002/ cyto. a. 22422.

[ 33 ] FREIDIN M B, FREYDINA D V, LEUNG M. Circulating tumor
DNA outperforms circulating tumor cells for KRAS mutation detec-
tion in thoracic malignancies [J]. Clin Chem, 2015, 61( 10 ):
1299-1304. DOI: 10. 1373/ clinchem. 2015. 242453.

[ 34 ] MADIC J, KIIALAINEN A, BIDARD F C, et al. Circulating
tumor DNA and circulating tumor cells in metastatic triple negative
breast cancer patients [ J ]. Int J Cancer, 2015,136( 9 ): 2158-
2165. DOI: 10.1002/ije. 29265.

[ 35 ] SCATENA R, BOTTONI P, GIARDINA B. Circulating tumour cells
and cancer stem cells: a role for proteomics in defining the interrela-
tionships between function, phenotype and differentiation with po-
tential clinical applications [ J ]. Biochim Biophys Acta, 2012,
1835(2): 129-143. DOL: 10.1016/j. bbcan. 2012. 12.002.

[36 ] YANG M H, IMRALI A, HEESCHEN C. Circulating cancer stem
cells: the importance to select[ J J. Chin J Cancer Res, 2015, 27
(5):437449. DOI:10.3978/j. issn. 1000-9604.2015. 04. 08.

[ 37 ] WANG N, SHI L, LI H, et al. Detection of circulating tumor cells
and tumor stem cells in patients with breast cancer by using flow
cytometry: a valuable tool for diagnosis and prognosis evaluation
[J ] Tumor Biol, 2012, 33(2): 561-569. DOI: 10. 1007/
s13277-011-0303-1.

[38]SUN Y F, XUY, YANG X R, et al. Circulating stem cell-like epi-
thelial cell adhesion molecule-positive tumor cells indicate poor
prognosis of hepatocellular carcinoma after curative resection [ J .
Hepatology, 2013, 57( 4 ): 1458-1468. DOI: 10.1002/hep. 26151.

[39 JLIUS, LIN, YU X, et al. Expression of intercellular adhesion
molecule 1 by hepatocellular carcinoma stem cells and circulating
tumor cells [ J ]. Gastroenterology, 2013, 144( 5 ):1031-1041.
DOI: 10.1053/j. gastro. 2013. 01. 046.

[40 ] YU M, BARDIA A,WITTNER B S, et al. Circulating breast tumor
cells exhibit dynamic changes in epithelial and mesenchymal com-
position [ J ]. Science, 2013, 339( 6119 ):580-584. DOI: 10.
1126/ science. 1228522.

[WKFBEH] 2016 -08 -26 [fEEAH] 2016 -09 -07

[ AxHmEE] 3Hnl



