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PIAHCE . R 936 — LAl FHEGFR-TKIZR AL 24 i i WILUAD F 3, T790MPBH I 2848 %y
52.7%(49/93), T790M%EAE 5 HILUAD (B AR IS . MR 1. HZI2: R . ECOGITSr. WIkR
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5 90.9%, HHZE T HiFR0.639(95%CI 0.526~0.752); T790M Pk € A% H 5 14 v (37 JC ik Ji 2f AF
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Abstract

Keywords

Objective: T790M mutation is the main resistance mechanism of epidermal growth factor receptor tyrosine
kinase inhibitors (EGFR-TKI). Serum circulating tumor DNA (ctDNA) is an ideal method to detect T790M
mutations. This study aimed to explore the relationship between ctDNA identified EGFR T790M mutation status
and EGFR-TKI acquired resistance and prognosis in patients with advanced lung adenocarcinoma (LUAD).
Methods: Ninety-three patients with advanced LUAD who acquired resistance with EGFR-TKI in the first-
line of Nanjing general hospital from January 2012 to January 2016 were analyzed retrospectively. The ctDNA
was extracted from peripheral blood according to the instructions of circulating nucleic acid kit QIAamp and
mutational status of T790M in ctDNA was tested using next generation sequencing (NGS), which clinical features
and prognosis were further to analyzed. Results: In 93 cases of advanced LUAD patients who were treated with
EGFR-TKI in the first-line, T790M mutation was 52.7% (49/93). There was no statistically significant difference
between T790M mutation and age, clinical stage, histological subtype, ECOG score, initial EGFR mutant type,
EGFR-TKI types of drugs (all P>0.05). However, it was related to sex, smoking history, type of progression after
EGFR-TKI resistance, level of serum CEA after EGFR-TKI resistance and therapeutic regimen after EGFR-TKI
resistance (all P<0.05). The cut-off value of serum CEA after EGFR-TKI resistance predicting T790M positive was
90.1 pg/L, with a sensitivity and a specificity was 44.9% and 90.9%, respectively. The area under curve was 0.639
(95% CI 0.526-0.752). T790M mutation positive patients had prolonged PFS and OS compared with T790M
negative patients (PFS, 12.4 months vs 6.2 months, P<0.001; OS, 29.5 months vs 18.1lmonths, P<0.001). Cox
univariate and multivariate regression analysis indicated that T790M mutation positive was PFS (RR =0.302; 95%
CI 0.162-0.560; P<0.001) and OS (RR =0.422; 95% CI 0.250-0.715; P=0.001) independent influencing factors.
Conclusion: T790M mutation was related to sex, smoking history, the level of serum CEA after EGFR-TKI
resistance, type of progression after EGFR-TKI resistance, which was an independent influencing factors of PFS
and OS.

lung adenocarcinoma; next generation sequence; T790M; epidermal growth factor receptor-tyrosine kinase

inhibitor; circulating tumor DNA; prognosis
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W BRAFRZAL . ALKGLA LA KEE AL g /N 240 i 9
ARl HAE, KRR R R W T790M
HHURR 98 722 1 16 39 i % 988 (lung adenocarcinoma,
LUAD) H &3 % 1] L EE =1CEGFR-TKIs (¥ 75 £
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#r(RECIST 1.1)#5ifE, HEME6~8JH 1T CTHAR Y
fili o ASHIF ST 22 0 R BE A8 B 2% By Ao, [ A
BB EBHE B AERE . PESE L HEFHE N
REGFR-TKIZE 1 R FF 4R 255 1L B ik g . ot
T Ml e — UK B U7 i B[R] (DA A R B, oS X
FMEGER-TKI G Y7 B 55 1 R T4 EA0 T b Je —
DA DT ] (LA R ) o

1.2 N EBERHE

HAd B H40.9%(38/93), Ltk
59.1%(55/93); 4E#429~86(H759)% ; WM
di 8 25.89%(24/93), ANWHN#E74.2%(69/93) ;
IIIBHA . YV I ([ Br oo ¢ W50 B RO i TN M 43
W) 23590 5 ek 7.5%(7/93) F192.5%(86/93) 5 43

F1 BHILUAD £E T790M R TR 7S I FRAFAE

HRE B 26 BEIE S IR e M R, R O RE Ry 32
LU S(US R cE I 1D SS = cE i I €115 S5 = S N
SEAR R A (201 14ETIASLC/ATS/BRS/A A 1 [ B
L2 BB 2K ) M B He o 15.19%(14/93)
55.9%(52/93), 17.2%(16/93), 6.5%(6/93),
5.4%(5/93); i EECOGIF/ N0O~357,
Hrfro~15r. 2~33 51 L Ms8.1%(54/93) Fl
41.9%(39/93); A & MEEGFR-TKIIA YT A
PIMEAEGFRENBMBERAL HI¥ T T790M
PegeAs . Hirf19-delf121-L8S8RAr 9 5 kb Ny
48.4%(45/93)151.6%(48/93); % —1CEGFR-
TR 2 5 #% 52 %5 = fCEGFR-TKI(H A% e )i I7
FE A B2 1L T7 1 JB A 200l B R 57.0%(53/93)
F143.0%(40/93)(F£1).

Table 1 Clinical characteristics of T790M mutation status in advanced LUAD

Il RAFAIE n T790M(-) T790M(+) X P
el 8.801 0.003
% 38 25 13
e 55 19 36
R % 1.705 0.216
<60 51 21 30
=60 42 23 19
WA 4.861 0.034
7o 69 28 41
A 24 16 8
I PR 533 1.766 0.249
1B 7 5 2
Vil 86 39 47
HAETHRY 7.142 0.129
B SAy 2 R A 14 10 4
Pty = R R T B 52 20 32
FL3k g F AL B 16 7 9
TFL Ky F R B 6 3 3
SRy FE AL B 5 4 1
ECOGIiT41 0.053 0.836
0~1 54 25 29
2~3 39 19 20
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Il PRAFAE n T790M(-) T790M(+) X P

EGFRZAF A 1.870 0.214
19-del 45 18 27
21-L858R 48 26 22

EGFR-TKIFiZ& 0.482 0.786
AR R 63 30 33
J[ERY:2 =92 13 7 6
Big)e 17 7 10

EGFR-TKIf 25 )5 i JE S 7.894 0.007
JrrEB i R 46 15 31
AL 47 29 18

EGFR-TKIH 245 Il CEA/K -/ (ug-L™") 14.758 <0.001
<90.1 67 40 27
=90.1 26 4 27

EGFR-TKIffi 25 5 1697 1 % 64.033 <0.001
REHR 53 6 47
I LT 40 38 2

1.3 FRARIUEF T790M R I HIHE

FIT A R Y 2 AR 2 VA T R S SR AN i e Ak
M10~1SmL T DNAfRY 258 ([ JAmoyDx /A 1)
e, IRRE T AR A 7E36 hiN T2 500 r/min,
4 CHMTFBEO10 min, FIEHEBEHNELE
T15 800 r/min. 4 CHRMAFTYRLLE L 15 min, i
ZAFFNE FIEWR T-80 CRANRKAGR1E, %R
QIAamp (78 [F Qiagen’ 7] ) i ¥R A% BR 177 & i W 2
Ak JE 17 25 B DN A (circulating tumor DNA,
ctDNA), FFRHH AR 7 (NGS) [ J5 5 X ctDNA
FT790MR BT YT

1.4 FEik

A A R TR YT, R A E
Rfit, JoRVi. B A B M RE TR R 2~781H
HIE#20184E6 H1H, o3 fliE P iris
1941, 361744, HHIPESHO.SMNH, HFi0SHK
2421 H

1.5 Git=4b18
B 4% HISPSS 22,08 AT 5 0 b . 3

BOFERER (%)%, 17K ; 1l CEAZKF- Tl
T790M FH 4 58 25 1) e A Ml 5t ok &2 18 T AR
fIE #1 2& (receiver operation curve, ROC)HHZ T4
3R ; R HKaplan-Meierik #4747 W5 53 B 3547
Log-Rank £ 55 ; Cox L i XU 455 784 43 By 52 1l PFS I
OSHYINER, P<0.0SHZEFAH G L.

2 #FR

2.1 EGFR-TKI WA F B2 EWIEKRFLES T790M
RTRE S

JIT A AR AR PR 25 i I LUAD B, T790M
FH P 98 48 % 4152.7% (49/93) . T790MPHPE R AE 5
AR IR . HEUE TR ECOGIESr . PIR
EGFRZEE KM | EGFR-TKIFM KB LS & X
(P¥>0.05); {H59:5](x*=8.801, P=0.003). W 4H
1 (x°=4.861, P=0.034). EGFR-TKIi} 2y ik J@ 2k
i (x*=7.894, P=0.007). EGFR-TKIfH ZjJ5 . CEA
JKF-(x*=14.758, P<0.001). EGFR-TKIf} 255677
77 % (X’=64.033, P<0.001) FL# 234 G205 X
(£1).
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2.2 EGFR-TKI l{Z /51l CEA Fil T790M PSR )% . EGFR-TKIfH 255 # €26 | EGER-TKIfiH 2}

ERRR J&i Ifi. CEAZK V- % PES F1OS § i 3 TG 48 112 7% X
EGFR-TKIMH 25 5 il CEATRIM T790M I ¥E M i (PYy>0.05; £2, 3).

JERPE N 44.9%, FF5E }90.9%, i FE (cut-off)

490.1 ug/L, M FHFL(AUC)H0.639(95%CI

0.526~0.752, P=0.021; K1), Lot
0.8 |-
:g 0.6 - 1
5 o4t b
1
02+ :11
_~T790MIIE Llii‘f L
0.0 _~T790MPH
0 s 0 15 2 2
el et 2 01/ 1)
B2 T790M R IR A5 X PRS RSN 245 SR L 3
0.((})40 04I2 0.I4 0.I6 0.I8 1.0 Figure 2 Comparison of the effect of T790M mutation status
1-FESHE on PES
¥ 1 EGFR-TKITi 24 /5 Ifl CEATA I T790MBRIE RO C B 2%
Figure 1 Level of serum CEA after EGFR-TKI resistance
predicting T790M positive by ROC curve Lor o
!
0.8 |- E
2.3 T790M IR A 5 M H LUAD FUS Ho1E % 14 \\ 1
7 3R I Kaplan-Meier i XF 0] RE 5% M i & :i 0.6
Pps%uosE’JI?a& THETES BT, T790MPH %8 & " \
%%mqﬂuwsmﬂuos S 12.4, 29.54 & osf §
, i’{ling790M9%”}U9§‘f&FE"J6.2, 18.1 70 H B %
LJ&(Log Rank P<0.001; , E3); CoxHLlH o2r
?%ﬂgl%‘zlﬂ}ﬂ%*ﬁi’]krTWOMa& S BH P - T790MIIE
PFS(RR=0.302, 95%CI 0.162~0.560; P<0.001)7l oof 7 TPOMAE - _
OS(RR—O 422, 95%CI 0.250~0.715; P=0.001) 197l 0 R o

SR, Cox H A ER 8] H 43 A £ 7 it K 43 1) &3 T790M I EE IR 75Xt OS B4 M &5 B Lh 3y
JEPFS(RR =0.277, 95%CI 0.123~0.621; P=0.002) Figure 3 Comparison of the effect of T790M mutation status
MmN R, Mk AR s MEFE onos
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F2 HNnEHALUAD B & PFSHE X E Z K B E ZH0 % [EE CoxE JF 5 17

Table 2 Analysis of PFS related factors in patients with advanced LUAD by univariate and multivariate Cox regression

S PR 2 Cox Bl H 437 Z [N Z Cox[MH 4341
RR(95% CI) P RR(95% CI) P

53] 0.839 (0.546~1.287) 0.421 1.315 (0.672~2.574) 0.424
AEHS 1.295 (0.852~1.967) 0.226 1.172 (0.750~1.833) 0.485
W AR 1.188 (0.738~1.913) 0.479 1.243 (0.617~2.504) 0.543
I R 45 HA 0.277 (0.123~0.621) 0.002 0.446 (0.190~1.043) 0.063
A =AY 1.143 (0.893~1.463) 0.290 1.166 (0.920~1.477) 0.205
EGFR-TKIfi} 24 Ji5 it JEe S 7Y 1.375 (0.904~2.091) 0.137 0.847 (0.513~1.401) 0.519
EGFR-TKITii} 2 J il CEAZK - 0.720 (0.456~1.137) 0.159 1.068 (0.628~1.815) 0.809
T790MZEAR 0.345 (0.223~0.534) <0.001 0.302 (0.162~0.560) <0.001

3 HMEHALUAD BEOSHEXE R BEEMZ E R Cox@AS

Table 3 Analysis of OS related factors in patients with advanced LUAD by univariate and multivariate Cox regression

2% PA K& Cox Bl T 23 H7 Z [N 2 Cox Al T2 #7
RR (95% CI) P RR (95% CI) P
PE5 0.977 (0.643~1.482) 0.912 1.534 (0.810~2.906) 0.189
AR 1.236 (0.815~1.874) 0.319 1.265 (0.789~2.028) 0.329
W2 A e 1.239 (0.776~1.981) 0.370 1.547 (0.762~3.142) 0.227
I A 43 0.462 (0.211~1.011) 0.053 0.619 (0.272~1.409) 0.253
HL R 1.113 (0.865~1.433) 0.405 1.071 (0.838~1.367) 0.584
EGFR-TKIf} 25 )5 it JEE S 7R 1.409 (0.924~2.148) 0.111 1.100 (0.699~1.730) 0.681
EGFR-TKITi} 24 J5 i CEAZK - 0.762 (0.481~1.207) 0.247 0.989 (0.578~1.691) 0.967
T790MZEAL 0.422 (0.271~0.653) <0.001 0.422 (0.250~0.715) 0.001
3 itig Refractory Mutation System, ARMS)TE49 4k % ifif

% —1CEGFR-TKIs H A & #% it i W EGFREE [
RS AR Y B INS CLC HR 3 1 B e 1697 ik,
SR, JLF A BFAE10~ 121 A 52 A Al i1
HipE A ARAR TR 25 WA T G AR S — B 24
Jie 98 5 PR 28 AR R 4 R, AR AL e Al 0 K
FERAET B AR AME L BB AT S50 B iR S
PESEAE A5 o WF 5 71 2 B R TG AR A H T 790 M P
P 5 AR R AL 2L — 3k 29 M 80% o AW 53 76 BT
A —Z M FHEGFR-TKIVR YT Ji5 i 2 1) i W LUAD f&
H R T790MBHMER R H52.7%, X S5 IMEA
BEMAR W AR R B ST A R g, SR,
B VSR B G BELME 28 28 R 48 (Amplification

25 FYNSCLCH I 1 T790M %48 % 4130.6%, Sun
sz DOl g 26 LR W T790M 2% 45 [ 24 76 245 A B
() 98 A8 RGP ARE P 2R L A I 9k LA % i
JeA S I S R RT B 52 ) 1 8] I T 79 0 M 5E AR (1) K
WU ARIFSE R FH AR 45 K (next generation
sequence, NGS) X fir A 8 & A0 8 e AT kil , 3%
Tk LIRS e B LA P51, R B RE A I o 22
FROER S5, U BURMR— P B AR & .
AWFFTLE R R T790M%EAE 5 W LUAD R &
FIAEIS . G PR3 . 822 R . ECOGIES) .
EGFR-TKIFZEH L, 5REEAF 45 51—,
HS5HER . WA, AR L2/30
T790M 575 BHA: & WL F AN WA 1) Lot B, H—
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T4 A 49Tt 245 B BANS CLC I W58 15148 H T790M
PHAPE R AR S 5 PE 5] . W b ¥ U656, X nl g5 A
TN NBELL R T790MA I J5 B %, N
M5 TR B . WM 5 T 790 M AR A5k % AR 1) 54
RATF R — L5, AR ERT790MZ%E AR
HEGFR-TKITM 25 J5 it R 2 A % P ¢, 2 5%
REGFRELZ XML EF LG FE L, Hilk
P T790M B AR S 5 G WINSCLC % 4K
g A B e B 2 U AR G, BABHT790M FHPE R AL 5
M I LUAD B & I A 55 5 % VI AH G, [H] B Matsuo
LS e EGFR 19del b HA 26 B (1) 52 A5 45 25
BRI T790M PR ARF T AHIF 584 A 5 5k
B, MRS IS, AT RS InEA
H— %

CEA— B ¥ A N &= NSCLC (Jt H 2 B i ) iy i
JEAREY), ML CEAKYFfi % B0 1 iF ' DL 3R 97
THM s Qin P KB AR RIBIT I
M INSCLCE# %, 5 CEAZLHYPES I /L T CEA
45 CuiEPYHESEHE S IE W M CEAK M, 1
CEAJK - TH & I INSCLC B 4 %5 B K U PFES;
WA PRI EK I ECEAKFES5HE A0S FHH XK.,
AW 5T 45 5 B 7R EGFR-TKIM 2 J5 T790M % 2% [ 1
B I CEA/KT- B2 = T, TH25/51CEA
KT T790M PH 4 28 48 ) cut-of f{H "4 90.1 pg/L,
Al RE 1Y 5 R 2 EGER-TKIMN 24 J5 &5 19 1. CEA/K F- 5
T790MARGPERA G &, (HiIZWisme i, /54t
AT 55 TR AU 5% 0 A S8

SGTETE 71, T790M%E A8 BHE 1 6 1]
LUAD & BPFSHIOSH AL P B 34 W 1K, Cox
BAL IR 2R R 22 R 2R (1 U 43 B 44 78 T790M %8 4% PH M
PESHIOSHY A N7 52 R £, X 5 MaZ: B fOxnard
S5Oy 25 R — 8, #F — T 48 A 33 EGFR-TKITH
5 INSCLCHFE PV iR . T790M %8 748 FH 7k £
HHPPSH R AT BAME B FHFE K, {H SakaiZE PG T
7SI EINSCLC A H MK T790MEAS, Z5 R BIR
RAGPET790MR A FHEH S AT b 2 7 LS5
P12 7% X . Uramoto25 335 H EGFR-TKIf 25 1Y i
H PP T790M BH M 28 48 4 S 4 AR A7 R B v T B
PEZH . B, 7EEGER-TKIVAYT G i 24 i (i 3
T790M PH P 5845 1] G $2 7 Mg 4 1 2 < HL 2 A5 A1
X R B TG o P RE I B PR i S e R Y S
FEPERY HOWKER T T790ME A2 1R 25 4h, Hifth
P (c-metFE I3 4 | KRASHE PRI 4 ) 1o )my
B8 55 M9 A e i R B R R A O, AT EL
T790MBAME B A BB AR WS ; i HAAH Y —
5 T790M BH 4 € A% 1) i 24 £ 3 7T RE X 5 2 119 1k

I7 245 U

ZE LTIk, NGSH LMY 4 b b b E i
AR TR — B AE T Z5HLH], T790M 3k A5 Pk
A JEEGFR-TKIsTif 25 1Y i HHLUAD f8 3 il J5 [ 47
PRI, K AR AR AT M 28 48 7 A i BIL ) 4 25 01 2%
KAAT i — L%
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