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[ Abstract ] Non-small cell lung cancer (NSCLC) is the most common type of lung cancer. Epideral growth factor
receptor tyrosine kinase inhibitors (EGFR-TKIs) are the most important treatments currently for advanced NSCLC patients
harboring activating EGFR gene mutations, and achieve significant clinical efficacy. T790M mutation occurs in half of NSCLC
patents with acquired EGFR-TKI resistance. Screening for EGFR gene mutations in histological and/or circulating tumor cell
or DNA samples of NSCLC patients can identify patients who would have a response to EGFR-TKIs or acquire resistance dur-
ing the treatment. Quantitative analysis of plasma EGFR mutation is of great importance not only in early diagnosis of tumors,
but also in curative effect evaluation and for follow-up. However, a strict requirement is proposed on the detection technique
because of low DNA content and the fragmentation of the genes. To date, many methods have been applied to detect cfDNA
EGFR mutations, including sequencing, real-time PCR (RT-PCR), amplification refractory mutation system (ARMS), mutant-
enriched PCR (ME-PCR), denaturing high-performance liquid chromatography (DHPLC), digital PCR, and droplet digital
PCR (ddPCR). However, of all the methods above, ddPCR has the highest sensitivity, allows high throughput operation. In
conclusion, the ddPCR has a lot of future promise in clinical gene diagnosis.
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R A R T B R A T SR e A SR R TR B S KT
FEMCDNAZN SN L B BRI L MR HE (S50, X 2t
DNAF i BSDNA (cell-free DNA, fDNA) . BJF57 7 SE,
RTINS ] L 4 935 725 e 2 L i 125 DN AT — 7 72 B 2
B R R P 6 78, Karlovich 55 ™ R SR TR IR AG I 7 1 i 5L
IS5 18 R AL IR R AVE R AT RE, LIS AT I 45
R S, IXTEAS TR 2458 A8 T79MIR B 2 1, AL IA]
UM 11 2% A IR ZH U 4G EGFRISEREA A1
.

HHT, TR SNE M EGFREASHY )y AR 2, 0 dk
WPk | SEREOE 2 SPCR (real-time PCR, RT-PCR) | §/"
HERH 2% A4S 2240 (amplification refractory mutation system,
ARMS) | ZRAFEH4PCR (mutant-enriched PCR, ME-PCR) |
AR RO AR (6,1 1 (denaturing high performance liquid
chromatography, DHPLC) MNBUFPCREE, L E A H
PR AL, A SCHS B A I S 1l EGFR LRI 5822 14 7
ILLRIRUTT,

1 BT+ 45NE I EGFREL F 2225y 77 SE M A

08 W15 27 )5 27 S R E N wall B eS PSS & & 2 i I VU SR 3
I ERCE R R —R Ok, AMUBER I E R,
1 HLAE A BUBT I R4S, HAHIA &, 2 H AT AR R
PRIG AR B R o 125 T B SR DN PP R At B A T 3 L 4
6 ¥ T, R R B, FERTRAS , SOTE I R 1 A
TE—E BIBRE , ANE TR I AR A 7. 5 22
MR EA B RBUEA R, (UREA IR 5 BE7E25%-30%
T AREAT PR, SR S RSN R, A
IR A R — A 12 RV ECHe I ik & Jrg e g — A
MRy, HAZ AR Ry 5 G I Fe, AR He— A P R A
Lo SetA e, B I A5 £ 4 Roche/454 FLX,
Illumina, Solexa Genome AnalyzerflApplied Biosystems
SOLID system,,

1.2 RT-PCR RT-PCRF19964F 3 [E Applied Biosystems/y
A, IZBOR I TPCRMGE MR E 19 RER, 5H
PCRAALL, HFRFEH 58, AR R, HATCME) iz
I S¢S S PCRAE H MUPCREER E I AZOEARIC
PREFEAH N O QR SEBLUE S RE . FR By Bl
PCRIZ N #EAT, PCR™HIA M RN, POL(5 = it 3
e, L — MG, POt RPCRIUI AR —R 5
Sl T, XA AT LM B T2 M5 5 iR B R M I PCR™ )
(AR Ak, S5 i 3 5 o A e X SR SRS A VR B R A T A

Mo FHZERE Ty er U H A% 25 DR AN T A ) 28 A8 BE PR 20
DNAERE &, AT R R AR G AT 535 5 R el 9f:
HPCRJWY AR G R ek, arR i i N Az
7 AT LRSI R A 196 LA b 281 (R AR A
Kl T CH (cycle threshold ) , TCHESZ Y HIRERMY
SO, AR R PR TORS B S

1.3 ARMS 19894 NewtonZE" I ZEPCRIYKLA I, HE vy
TAMRS, HWHRE A Fe F AR TR 11 (allele-specific
amplification, ASA ) , BUFREFT EL K47 FPCR (allele specific
PCR, AS-PCR) , i AF HIDNAR A ik = 3°>5°51))
fitg 15 1, PCRE|4 03’ Sty A AV il JL 0 201 5 LA A DNA
A REA A IR, EEREAR R R AR, B Y
(5 [ LAKGE I 5% A8 B I AR TS [, 225143
i B R LB AL, — NS B AEDNAH AR, — MR
DNA HAb, i 2 (G855 58 A% 78l B A= 7 B b i 43 58
AR Y al Y AR R EL DN B3 AR A P CR A AT LA 3o 5 I
LUK B SE N9t 2 5 PCR (real-time PCR) Wl5E #4743
Hro ARMSHEEURE T ik 1961 SETEARATY 18 B 2 A8
Z5; (Scorpions ARMS, SARMS) NIZ7E 18 FH i 28 7% 2
G SEat B, 51 T—Mo BUR S Bl Scorpions B £, T
Scorpions#R £ H A F Tk 5 1 RIRHAE R — 20+ |,
SHEAR S 7 A bR, LA T 160,19, Cobas@ 2 LA
ARMS A I 55t 23 0 £ Bt G 46 i8] 4, K I EGFRZEAZ 1)
BURE %019, ARMSHIA R Z Ab1ET HAER I E S0 %8
z,

1.4 ME-PCR ME-PCR - Asano 25" g 37 3 ke # il
EGFREERZRAZ 1% )5 438 £ PR PCR{J 5 A8 KL 15 31 5
A, H RS Bk PR, BEAIX10°-1x10* 4> By A= Ak
DRI DL PP G — AN S L R HARR R, 1A
R & B¢ T2 it 9 2 B B R A . FEAR R Z b E T
BIMIRPCR, R A%, FERC, 25515 Lt i BT,
HBERGIN— 205 WL 5872, T 55— SL 8/ INA 58 728 IS A
R I

1.5 DHPLC DHPLCH; RfRHAT19954E, IEHEN K&
T, JEAE RN G2 22 25 AR P B R e L Tk el B %
JR R A (R A 5 WU S AR A UL AR, AT Sy DN B A
BN Btz R A4 A B R AR AR SZ K DNA
FEBF A, 2 R A o B i B AR — o AL, (32
K DNA B () 3UE 18 208 73 A8 Pk, TR ARk FE 1 2 I
PR T ok o TS B A9 5 05 BUEE DN AL [R] J5 XU DNA [
FEEEERRIEAN IR, LEARTR] AR A3 ARk 25 A, U N DNA
DRI R T DX P A A 11 B8 S 7B e, i G i A O P st ) it T [
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PEOBUEE, DT o0 3 ] e B A LA e 22 0 P e Mt 2k
M R B R £ RT A B 43 B W 25 5L . 5 007 ik A L
DHPLCTHHL | PR, 3 min il AT 58 B— MEAS I AG I, AN
AT RN A ARG, 8 w] DA T AR RN 9 A8 414 . 76
GEAR Py BEIRH1.6%-6.25%L i, DHPLCK A 4722!
FOAR R ZANTEFASREAS I [ S AR, o NSRRI H 28 A5 11
BSR4 5 i, BN A 2 R Bl 2 A
IF, T A2 R R, Fre 222000, 3T TR
1.6 U FPCR £ FPCRIAYIRIH 45 5L [A 73 A s >k 1 B
TR, LT Sl AT ot R B R, el A0 i
HIT AT PRI 43 BOREE 2L 14, ZPCRY™ 3 J5 38 1o 1
PSR BT 3% e — e Xt iy 7 s, I DATE K &
HEP A AU DR Ry 5 S A 28] B bl A 98 AR, JERT R
AR, TERCTFPCRALA Z b AT A ANl rLis i Bk PCR
(BEAMing) . f#%4“7"PCR (microfluidics digital PCR) . 13
T ZUFPCR (droplet digital PCR, ddPCR ) SE A B ML Ay 5+
PR R A B BRI . AR S AR . BEAMing
TF200344fEH, X LA A THUFPCRY A H AR, # it
W0 A SAERER R, PRI REER S BAn o T 28 1E
LI TP A TPCRY Y, R By A= BRI SR R H AR5 11
WEPR R A T, 3 45 5 A T L, AR =X 4
M AR A THO T R &, S TR0 %5
P LR ZE AR 434, HAG I EGFRSE AR YU 150.029% 5,
P PCRIETERCFPCRAYAEAT F45E TR A HOR,
A RGEE o 728 a5 Y, FER AN, FT7E2 h (U520 min
HYN T HRAERFR]) 58 B 12 Al A [) 254G I, 4G 0 52 A 1
150.19, {HL T FRTRE D BRI A B g,
TENm AR B SR R BETS R AR o Bio-RadZyH] T-20114:4(E
HTddPCRALE Y, e RAEALGEHIPCRY 1 Fip e A it
e ARA 22, AT LUK B AR AR AR 53 1820,000 00 , TS
HEATPCRY G, AR 434 st 38 K BRPE SR i~ 85 5 L
), RIAS RS> 1 AR IR HE DUBCER B, & — PP IR o
2%t 5 R, AR 1£0.001% 15242

2 5ME M EGFRE F AT

I3 H 82 TA A A 0 3 DR 28 A8 i e o, L
AL RERG I 5 7% & AE25%-30% LA FHIFEAS, #ME M EGFR
GEASK RPN AL K, AI1ES.1%-37.0% 2 ]t *f
FHNE MLIX S FDNA K g 2 it & 12 /b B9 7 5 HE g i)
FEAAL, WP AR AR 1 . ARMS: SR mT 18
0.1%, {H HEER MM ZEAE . HAS 2 Kimura s PO 75 1,

PR S 5 Hh R 325 FT S AR MUS 72 43 Sl A D 1 I i EGFR
IS P 2878, R R S AR MS VL5 21| ) 78 A8 4 i
BT R (48.1% vs 37.0%) , F: R4 450.0%-75.0%, 4%
E85.79%-97.1%, —FFRIK72.7%-92.9%; [HIF—IEIE,

SARMS A A5 5] {149 111375 E G ERAGRR 5 75 P f 6 35 1 2
AR AT E, i Jop U J A A7 (progression-free
survival, PES) . g7 7 R (overall survival, OS) BH B K T2
AR R, S B SE AR B )R T RN Y — S,

TSR P PP TR U AR 151X — 4514 . Maheswaran ™/
H20 151 P X ()i Ied 2H 2 6 A/ it e s g A e, HC g 2
LU AT EGFRIEUB G AR, SR SARMSTE X4 i I
8 PR A L A ARSI, LA 19451 5 AR 2 A — 30
A, K 3R1K95.0% ; IZ ST HL A 112450 B X A1 il
U 3 9 A0 e A L S cE DN A 51 S A AR Py A A6 U EGFR
AT, G5B 7R LA 2 g 40 M A e AR B g 1
BRI 5875 (929 vs 33%, P=0.009) , YEIPASS™
FEPIE A A, BRI SARMS 4 86441 il i c DN A
HEATEGFREEIZE A8k I, JHC R AR R43.1%, FE S
100.0%, —%(%466.3% . DouillardZ:" % FISARMS : K6
W res2piE iz AR R 3K fFDNA EGFRIER A, HIR
WL R 65.7%, Fi S 4199.8% , Kl —HCR K 194.3%,

ME-PCRRMUE L e SR =, fiE 2,000 B 4= 45 Dl
o W 1) — A~ 5 A8 B Y], 17758 PCRAYAE A 104~ B A= 48 Dl
K E] — A RAZSEN, ME-PCRI AL T ¥l PCR K
2 He SR FIME-PCRXF ML 3¢ EGFRIE [RG5S 7
K, 1525275 5N 49.3% (66/134) , HAFURMEI = T
M (33/60, 55.0% vs 11/60, 18.3%, P<0.001) , SHC X}
TILA LI — SRR 94.4% (17/18) , Zhao% SR FiIME-
PCRZE XS 11191 Il SEAF AT 548 73 e, RGN 35.6%,

FE S 95.5% , S LG ISE R —S0R N 71.2%, Bai il
MLIEHC 72304 F JE BINSCLC, % FIDHPLCAS 2 4 1fiL 3¢
EGFRZEAFZN34.3%, RAPE H81.8%, Fr 5 490.8%, 5
AT A GE I FRH787.0% . Yung 25 SR FH ¥ 7 PCR YT
3V I S A T ABKGIN , 500 P A5 Y ZH 2L 9 AR 45 R AR
Fe, HRBIEH91.7%, K 57/2100.0%, — B3 51596.8%;

[FIEST, IZ A 55 F AU FPCRIYE M) BE K XFTEGFR-TK s
2 A 1 A, LI 3R 98 718 B TR B S B A IR T I E
FrmiBEA%, $2/R AT EGFRIEAS HEA 72 /3 vl LAFE =
I PRI A= B ST 3 Tk SR . Zhu K 98 28 DNAT ¢
ZN[FREE, MT5SddPCREUZEE1K0.04%; 5 ARMS A
1 BN LG AR G5 R A, JLA I 1M 2% EDNA R BB R
SERE YRR, 43 ) 81.89%1198.4% . A AR F IR 5EddPCR
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A6z 00 1 ¢ cEDNA EGERPAHA R 58748 (1) R | 5 5 85
RGN — BRI T TGS, FEABIEGE 2, 2t
R AEA 21545, 14BN ALE R 7351 61.3% . 96.7% | 81.4%,
50xnard P E B 45 45— 5L Thress e HAJ
SN 3 T Cobas@ . BEAMing K ddPCRAG I EGFRH
A WHUR AR LS, NERRE . FrREiR 254
AR AR GE R — B, =Rk B TN
R RS . AP LIBEAMing R A8 i i, 1k93% LU I,
Cobas@#flk, (HUL7E86%LA I, ddPCRJEH, Sh190%; Fi5F
P10, Cobas@-5ddPCRIJi5%] 7100%, BEAMing/£93%
PLE s SRR SR, HRes 0% -, H
FLIddPCR I, 153 797%. KarlovichZE 7 Hik 56 ]
FERFHCobas@r il il 3% ct DNA EGFREURGEAR , FRE R
[FIFEIA 21009, {H R AT K HHARE—FRBAR, A2
80% . F 15 452 R FHAN[R] 7 A i A& il EGFR
Tl 5 D0 BRR G AR BR AR

3 SPMEIMT790MZE G SEGFR-TKIs 3RS HEMTZy
FEEGFR-TKIsifiyr ol e rf, FrA7 iR B 81 2%t

=1 FRAZFENINEMEGFREUBRRTERICE

EGFR-TKIsj A i 2}y, JHT790MZE A%y iz UL A it 25 411
i, 24905 B A 2 HLA 1947 %-6 6% . B4 STk ™4
i, T790MZEAETE SN L ) th B T e Qe b e, i
T S 2 F 0 AT 16 JE) 78 A1 1 P oS I 21 T79 0M 2 AR
PAEAE o JLINEXT R 3 B T790M 28 AR MR A8 AT B A 46 I i
Tl R TAE & M B G B 7 B 3, X e SE BRI R TAE
HOsE T790M Ay s I s 1 AR KPR, IF B Mg 2 2047 1R
KR S5k, 1T AR L A A4 A6z 0T 79 OM 28 25 AH 458 i
FAA LA TARZ A1 Sorensen5 5K FHARMS 14
T790Mi: 22 Wil A 3, Hode eI IR IR dnb 0F Jreé i3 44
KAk B 28 B I 3¢ DNA, Ishii %5 07 PCRAT T
EGFR-TKISsili{ 245 T790M A5 I, L5214 1481.8%, 45 57
J85.7%, SLHAUG 45— ER A83.3% . Thress % HL
38MIFEATEAN 4L T Cobas@ . ddPCR, BEAMing A6 Il il
I ctDNA T790MIEALS AP | R 5 B M S AU —F0R,

ddPCRY5BEAMing R & K 54 25 AR RS — BRI
TANHERLER, 7E70% LU I, Cobas@ R E{L H41%,

5 R 2H 21— BRI 60% . T 75 Karlovich ™ g iF 5,

Cobas@FKi il T790M Y R A M52 258748 1) — BRI
FITEE RS, 43 Hh63.3%H186.3% , ThressZE Bt —4 LB 772

Tab 1 Characteristics of different methods evaluating EGFR activating mutation in peripheral blood

First author Country Year Detection No. of Sample type Mutation  Sensitivity ~ Specificity ~ Consistentcy
methods samples rate (%) (%) (%) rate (%)
Kimura H2¢! Japan 2006 Sequencing 27 Serum 37.0 - -
Liu Y04 China 2011 Sequencing 78 Plasma 5.1 - -
Kimura H®28! Japan 2006 S-ARMS 27/M Serum 48.1/27.3 -/50.0 -/85.7 -/72.7
Kimura H?7! Japan 2007 S-ARMS 42 Serum 16.7 75.0 97.1 92.9
Maheswaran S281 USA 2008 S-ARMS 20 Peripheral - - 95.0
blood CTC
Goto K> Japan 2012 S-ARMS 86 SerumcfDNA 25.6 43.1 100 66.3
Douillard JYB Europe 2014 S-ARMS 652 Plasma cfDNA 10.7 65.7 99.8 94.3
He Ct2 China 2009 ME-PCR 134/18 Plasma 49.3/50.0 -/100.0 -/90.0 -/94.4
Zhao XB¥ China 2013 ME-PCR 1M Plasma 17.1 35.6 95.5 71.2
Bai H=2" China 2014 DHPLC 230 Plasma 343 81.8 90.8 87.0
Yung TK?23! China 2009 Digital PCR 31 Plasma 355 91.7 100.0 96.8
Oxnard GR®?! USA 2014 ddPCR 46 Plasma cfDNA 30.4 66.7 100.0 84.8
Zhu GB4 China 2015 ddPCR 86 Plasma cfDNA 43.0 81.8 98.4 93.0-94.2
Thress KS 133 USA 2015 cobas® 38 Plasma ctDNA? - 86 100 89
Thress KSB! USA 2015 ddPCR 38 Plasma ctDNA* - 90 100 97
Thress KSi33! USA 2015 BEAMing 38 Plasma ctDNA* = 93 93 95
Karlovich C®! USA 2016 cobas® 929 Plasma ctDNA* 55.6 73.3 100 79.8

ctDNA: circulating tumor DNA.
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BREAXT L 1 Cobas@ 5 BEAMingi il ifil ¢ ct DNA{ S,
T RUE Y N, fABEAMing# = T Cobas@ (81%
vs 73%) , {HBEAMingfr il T790M 4 S5 A K Cobas@

(58% vs 67%) 5 K MT790M ) —F% 1590%; 1%
SYEINHE L, RIFEZ T AZD929OVAYF I #, K Cobas@
DIA5 HYZHZIT 790M 28 7% B S35 10 2 WL 2% file 32 15 22 [ml A
J7 A A 2 PE A B — 2 DL XU TCobas@ il
BEAMing ] LT ifil 3% 42 75 35 A T790M 5748 . ML
EEFENO R LA S, HARRCE N A, B
FALIR ) G0 BSDNA T790M i #6158 FLAG 34, L 6%
J¥ B 25, ZhengZ ™% H1ddPCR X EGFR-TKIsTH 25 f5 425
i) 1f1 2% ct DNAHEA T T790MIE ARG, R AHE8L.% , i 7T
100.0%, ZHZ1587F—5(%88.0%.

4 B

R 5 6 e R4 0 o S EGFRZEAE S 4 Stk )
W 53 Rl R B2 A= 2L W] DG L el i, B TR A —F o 4>
15 T IR PR FRE S — A RS DU A 1] 1 cfDNA K Jite 25 g 41
MIEGFRIERIZEAS 1Y Iy o

RT-PCR, AMRS ., ME-PCR., DHPLC ., ${¥PCRE )}
DM AR, IR SR AR BIR K
RT-PCR, ARMS , ME-PCR 25U FPCREESEH T X 5825 ()
FE AR, 3K 6 TR ] 25T IS 9T RO AG oA B
o RT-PCRYEFLIR W HREXT 1B Ao AR UEF el
Tk SR il i . ARMSTRER A7, U R 1%, i
TEZE A ScorpionstR T fa HAHUE 1] 150.1% ., KimuraZg: 29
M FAFEAR HIARMS #4 TEGFRZE SR M, & LL8S8R
(ARG L SRAY R 3.7% , TXTEL9 del (ke R ] i544.4%, $7%
FERTINGE A 5 A /D, MK AR R VR 1 S A A
B, ARMSXT T4 548 AN AT R AN K R B . ME-PCRG %
PIIRPCR, 1 HfF S MY, #E5 2%, FERH, 255154
i A PR, RS I — 26 DL 58728, T 05— SE /MY
EA NRG A H o DHPLCH] LU F AR FNZEAS 4, (HA
REfa I SR AR, 5 R AS Ty A, HYAZ B
T LR, T A2 R B, Tl 220 h, B 1
A, HRAEE S A AR AR, 41.6%-6.25%.

EHT, 2527 B A [l 0 5 v 1 1 e B 7 1R 47 A0 G
W, (HAF B A AR R —3, 2 KRR . 5
, BRASIN 7 A B R A, DLAME] I 3 5 s 248 e B
cf DNAHFEAHEA FEGFR L PR 58 A5 46 I 3o 2 vk 52 AR 22 L
BRI, A FEFEA BT DNAT &, DNAHZEL, A4

AN AT AR Qg A | b o0 . g oAb R R A5
2% MaheswaranZ5*Y 8 # 37 TCTC-chipi #r, BG5S |
SE e, DA IAE 2B s IR A, e R A SR BT
ST AT LR o3 28 A % . Oxnard 4555 1o KAl
TEAZ o (long interspersed element 1, LINE-1) 4¢3 SE3EA5
f DNARYJ B ANEUL, BFFE3R I, UFEALINE- IR T B
ARy RS R IR, A Hh EGFRIE S 1 R AHUEE R A5 0%, T 1wy
FLINE-TH VR I, LA ARG Y R B ] 42 15 2281% .
Zhao S IE AT, LA HINSCLCHE A Y 1t 3 AP
ATEA TR I, HRUR A M S — BRI R T e
SRR B ML HRAEAS RIS 2R 5 T HL, B o0 P8 22 J A 10
I AGINZE SR, HAUR: . SR ) — BRI 25 T
o o A IR RE P I SR AG I S5 2 AR 22 B 2 PR
i RS G LA S R PR A T L. A2 B R AMRS
SN TP CRES G LUKE S LUK R 1A B AR s
WP k48 A M S AR EE I L YK (conformation-sensitive gel
electrophoresis, CSGE ) lx‘,{jﬁ%ﬁ:ﬂ:‘éﬁfiﬁm‘mo

RO PCR LA ML AR F 37 R (YBEAMing, fAX
“FPCR, ddPCR I fHFlIZ K| & Cobas@, SEI 1 XS FHEA
FRy e A A AN, T HJEddPCR, H R vy, RIS
L H0.001% Y 28748, T HAET, 3 hi] LAXF96 i A it
Fraf R, HoE AR R A 5 V5 SR, X 0 T4
[ 25 G757 0ol M i 2 L B e b+ o0 E 22, AH
15 HAE AR IE K2 W, 25 —fCEGFR-TKIstE#LEI B 5
W2 RIICAT LA DB

5 % XM
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