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Abstract: Lung cancer ranks the first in the mortality rate among all cancers, and non-small cell lung carcinoma
(NSCLC) accounts for about 80% of the incidence of lung cancer. In recent years, the drugs targeting specific
molecules have been developed rapidly. The epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-
TKIs) have achieved good results in the treatment of patients with NSCLC. Currently, there are three generations
of EGFR-TKIs, and the treatment outcome of these drugs surpasses traditional chemotherapies. However, the
problems of acquired resistance remains in the course of treatment. In this review, research progress of the mecha-
nisms of acquired resistance is divided into two parts: EGFR-dependent pathway and EGFR-independent pathway.
The EGFR-dependent pathway mainly includes EGFR gene mutations, whereas the EGFR-independent pathways
include HER2 amplification, BIM deletion, activation of HGF/c-Met pathway, activation of IGF1R, RAS mutation,
PTEN deletion, epithelial-mesenchymal transition, PUMA loss, and high levels of expression of VEGF or IL-6.
These interconnected mechanisms are linked with acquired resistance to EGFR-TKIs in NSCLC.
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Jii 9 7 4 thE 90 Rl PN 19 08 S RN B T IR 4F I
Tk, Hrh 25 80% 72 4F /)N 40 Jfd fiti ## (non-small cell lung
cancer, NSCLC), % i #E K Kl 5 & (epidermal growth
factor receptor, EGFR) ]335 2 4% /& NSCLC [ 5 oK
B REM, §E EGFR B2 B AR K N 1 52 M s 2 TR I
fiig # 1 771 (epidermal growth factor receptor tyrosine
kinase inhibitor, EGFR-TKIs) A& %43 77 EGFR 7848
FHPE I NSCLC. H#T, & =X EGFR-TKIs LI K
{fiH, 8 —1CEGFR-TKIs H L& & B . H & B %5, 1E
T EGFR Hu P9 8 H B & IR G, 5 ATP n] 1 M 5% 4+
G55 T I 2 R TR D) R 42, S B R Ak, B AT R 2
F T 3005 28 A2 (1 B 9 NSCLC & % . %% — 1L EGFR-
TKIs, WPl & Je . 55— EGFR-TKIs AN A ) 72,
BT 2 % JE 7 BT SR 4 b 4 S T IR 2R TS T RE
R, ] FL R A, X BT AR B EGFR A 40 1 4E H
45 =X EGFR-TKIs 11 AZD9291, -t ] LA AS AT 3 iy 411 1
I R W B B IR 1L, FF HLX T790M i 25 AL i i 5
B R IT BURW . {H S, 7R 28 — R EGFR-TKIs
BIT9~12 A Ja, B3 BBl 73RS VERY 250, 60% &34
(A5 EGFR 7E T790M | (1) F AR 1fij i 24100, 55 —AXANT]
1 [¥) EGFR-TKIs Fif i % JE X T790M 28 45 7 ) i 3 1
WA U BT Rk, £ T790M 848 1) 45 = 48 EGFR-TKIs
X HA A BT R, AT R BRI 2. 20104 1
H eh i b 2 22 Bt Jackman ZEM3E [ 15 8 il 72 T NSCLC
B EGFR-TKIs 315 P 25 11 3, W& 1. HETH
W R I, B T EGFR AL T3 3R Vi 245, i85 —
55 (1 TR 25 KL, A SOl EGFR-TKIs 3K 45 1 it 25 L 1
43 AR EGFR i 2% Al 4R K # EGFR i@ M EAT 1B ik
1 K¥EGFRIE®E

b #& EGFR-TKIs [ & &, EGFR & £E 3 Yk A b
FI9EAE . 55 1K N EGFR UG 2848, & i WA AN BT
21 fJ Leu858Arg (L858R) 742 Fl4h i T 19 [f] delE746-
AT750 B A5 X 5 — AR EEE X EGFR Bg & R4
HlFR ek B e EAEB B EBTES e G TT A RIF
(R REROY, (H R, 25— B B IR S WD TR 9T )5, 60% i

HOHILT SRR 2, = R N EGFR 5 2 A7 5 1
ZRAF Thr790Met (T790M), Bl 757 42 8 4% F H B 1% T
AE 4K i EGFR 4%, i MET A HER2 147 1 LEGFR 1]
P48  PIK3CA [ 58 AZ S UM% 3 B A A /b o %00
790 (T790M) H 1) 73 2 I8 2] HF it 2 2 110 728 A0 e A 7 T
R B AK, 36 I0 ATP 55 A 77, M B 1k 55 — 4% ] Jo
EGFR-TKIs 15 EGFR i 2 FR U g sk [ 45 5180,

% = 8 EGFR-TKIs, ¥ i1 AZD9291. HM61713.
CO-1686 7t 4h 71l & T &t 7] LAXT T790M PFH 14 1) £ 3%
PRI T 8 (H— e B AR 25 LA H G ) B
T 9% 3 R, Ercan 20 % B, i Z45 #k Bl T EGFR
L718Q.L844V 1 C797S 3Fh 5 4F . 7E C797S.del 19 5
L858R 1 T790M 11 [ ff &t~ , &3 2 X A EGFR
0041 7 77 A2 K BT . Thress 25181 % 31 C797S R 5
T790M RA#RAE 20 5 48 7 I, WIAEFL 797 £7 5 L1
- Jht 2R Ak 22 SRR i B, 5 8108 =X EGFR-TKIs &
L5 EGFRE AR AN A, NI KA 2. A
DX CTITS RAZJFHIM T W FL . 1EXT S5 LI
R A= CT97S AR TR 24 F8 38 () L 130 AT ¥ 1) W e, 46
E IR T>ARAL, Hgmtd EGFR C797S A%, I
H C797S A1 T790M 58 7% 1+ [F] — &5 o7 J [A_F 52 )it 5 O%
R X 25 B B M ol o ok B, H C797S AR
N G—CRAE, H 5 T790M 76 A [ () & 47 3L H | 5
KRR B, 4555 B 19 vE 4 R0 I 38 I
) B B0, A7 R AR X 2 AN A BB R AR CT97S R
A AH [ IR A T>A R G—C 5848, fr L, [FRE K 4
C797S RAZ, AN, A A FE . [FIE, AT K
L, A5 =ACEGFR-TKISIE I F, R —#n B
KA T CT97S AR, A ATTxF 15 {7 1 F AZD9291 ) &
H IR T B0y PCR, R BLIAIT R, T790M #4 4 fH
P, (HTE TN 245 B H 30 3 /N7 7 W BL: 6 491 3R 15 C797S 5
A7, S AERF T7T90M A%, {H KR 3845 C797S RAZ, 47
) EGFR ¥ 3% 5€ 48 11 % 2k T7T90M 4% o iX it B
C797S 248 & F 35 X 55 =X EGFR-TKIs i 2 ft) 3= 2
JRRZ —.

Table 1 Definition of acquired resistance to epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) in lung cancert™.

WHO: World Health Organization; RECIST: Response evaluation criteria in solid tumors

Items Contents for definition of acquired resistance to EGFR TKIs in lung cancer

1 Previously administered a single-agent EGFR TKI (eg, gefitinib or erlotinib) for treatment

One of the following:

A. A well-known EGFR mutation that is related to drug sensitivity (eg, G791X, exon 19 deletion, L858R, L861Q)
B. Real clinical benefit from therapy of an EGFR TKI as defined by one of the following:
i Efficacy evaluation of partial or complete response (RECIST or WHO)
ii Statistically meaningful and lasting clinical benefits (stable state of lasting > 6 months after initial treatment, as defined by RECIST

or WHO)

Continuous therapy of gefitinib or erlotinib for the last 30 days after systemic progression of disease
No intervening any treatment during termination of gefitinib or erlotinib and start of new drug treatment
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B H X EGFR-TKIs M i 25 J5 AN —, i xif = 4%
EGFR-TKIs WZ4002. CO-1686 #ll AZD9291 % iif
EGFR [d] I & 4 L718Q. L844V Fll C797S 9 4% I, %t
WZ4002 #1 CO-1686 ;™ 4= ffif 25 . {HAX C797S KA wi 2%
5] B 6 AZD929L it 2. 3 Ak, — A EGFR-TKIs Jf
AN SR UK — b R R L F) R 40 AT %, 25— 1R EGFR-
TKIs %A # Je X EGFR 28 — Y i#iG 2874 (L858R #il del

E746_AT750) 140 SRR, [FIN 6 T4 & 9848 del E746_

AT750/C797S Fl AR 5EAF L844V [ 21 s th R Fr BUs M
B 35 %5 JE 6 T EGFR 5 2E BRI 9845 1 4 g 24045 1R
I B U, RIS X T Q791R (54 F% 2372, A>G) %875 |
AR IEAR L718Q 1 L844V Lk J del E746_AT750/C797S
FAR YN A BUR L, IXONIRTT =R EGFR-TKIs i 24
Se it B, HILC797S RAZ, 78 T790M B4 i1 5L F
HF A AR e R B i B JE T DA SR AR A 3R A
EGFR = AR RAZ (AL s, A BEAR e 259 e FEAE A #E R
(1 gh 3R 2.

2 IERBEGFRIEEE

21 HER2# & AFKEREAEKKEF 242 (human
epidermal growth factor receptor-2, HER2) %t [A, 8 c-
ErbB-2 £ [A, 1 EGFR ¥ J& T ErbB 32 14 5 & 1t — ik,
% % Jt: 49 4% EGFR (ErbB-1). HER2/c-neu (ErbB-2).
HER3 (ErbB-3) 1 HER4 (ErbB-4). HER2 Jy J&i Ji 3
PRIEA, S — b i S R W 52 Ak, T 9T 3R B HER2 £ 1 4%
i 988 41 Jif %F EGFR-TKIs [ 2 e 8 22 E F, HER2
Y4 FI EGFR T790M R4F — AN [H] i Hi B . Planchard
USRI 5T 2 A R FH AZD9291 i ifi 24 (199 81 R B,
HER2 %5 =4t EGFR-TKIs %5 753 1t K i 19 v 76 KL 1],
I H A 386t ILAE T790M 5848 56 42 ¥ 2 B B 4 o Al
HE W2 B T 7E AZD9291 ¥5 57 JT 4 I, 25 il 1
T790M PFH 4 2 A 1 389 K, B2 fitr 89 48 it o 47 72 X
T790M BH 14 55 [ (1) 3 3¢, T790M [H 14 41 g v] DL &
PR, L 2 PRI T AR KO EGFR i& 42, B HER2 471 .
Fir LA, {81 FH AZD9291 & AL Tif 2 IF, HER2 473 ] 5 il
T2 0 R K, 25K EGFR-TKIs A1 HER2 411 1l 7]
EE FH AT el R T PR R YR T AR

2.2 Bcel-2 ZEHKREIE AT N R (Bel-2 interacting
mediator of cell death, BIM)  BIM 45 £ 234 /2 7] LA
Tl EGFR-TKIs ¥& J7 U R (A5 &4, BIM Z: 5] | K4y

2900 bp ik 2k 2 &5 1 2 i BIM 2 B 42 98 T2 1)
fAt, 5 2 1 NSCLC 48 Jfa i) i 250, — T5i Xt 871 iz
NSCLC & % ) meta 73 45 & W, X T EGFR % [K 5%
A5 ) NSCLC H 3%, 1778 BIM & BBl i 2 22 BE M 1) S %
EGFR-TKIs ¥& 77 2 SR ANE, 5 95 45 il 28 71 TG 1f e AR A7
45 H gk /b, BIM 2[R k2R 22 1 7T g 3 3 EGFR-
TKIs i 2507, (R 57 ¥ Al A0 — B LI A AT L b 3
BIM 1k, 1M o 3 if 24 4 i %o 75 3F & J8 1 sk
PERSL BR it DL BIM 94 AL, 1 BIM 1R IA T LN
LS 2 LTS 245 PR TV

2.3 HGF/c-MET @ MET N—FiJFJE I, t2
P 24 S R OS2 A, S J5 T U ERKL AKT
STATS Jif % 52 1 21 ffg 38 58 FH 8 12 /K ~F o 3T BB 78 36
BH, S S0 R 41 B % EGFR-TKIs ifif 24 /9 J5 K 1, 1R
Z AR5 MET 4748 J FL R % PISK/AKT 3 2% 1) 3o 5 s
AR, n— e O X B R MBI R IL R E, S
Ui PIBK/AKT 38 #% B0, a3k 10 SO i 0s T (s 5
S e Bk bR & EDY, MET ¥ 3 5 EGFR & £
T790M TR AL £ 5 S 25 W i 245 v 2 AH B 7 B0 B AR
MR FR . METH 1Y &8 hnis ErbB3 B R AL A1 T
PIBK/AKT i # K 5 5 — X EGFR-TKIs [ ffif 252,
Shi ZRUTE L A = X 45 ¥ AZD9291 il PF02341066
(MET #1#171)) %} HCC827/ER A HCC827/AR #4714k 4
ARSI I A5 2508, 29I ICA TR T ErbB3/ERK R
B, BETTADE] T BIM 8RR AL, A BIM A& € M 75 3
SRR E T, AR AR B IR A ) e TR 4 PR R B Y ROR . TT
WL MET ™ 34 75 3 S0 25 Wy fiid 25 Hh ke B B4R . R4
Jfi4: K X7 (hepatocyte growth factor, HGF) i it 5 i
MET & [K 75 fif 88 & 26 % JEe A i 988 i 24 v 49y vt o 28
fERY . Yang 55220 5t & 30, 7E EGFR B A 1Y 1) Jifi s 2
F o, HGF AT LU MET B0 T i PISK i i, 41 &
0P AR B M BB, (FR LR AE ) HGF #0455
B P A MET #0081 75 5 2 MET w52 1 A0 3L 5, sk
UMK . Jang SRR B, IR R % #4152 (adenylate
transferase 2, ANT2) 4 B 1% 4fl i 4 R 44 4 il | % iz
RARGER A Z —, B RIE S S 850U % 40 it
EGFR-TKIs ififf 25 . £ % A /I 244 A Jil e 41 Jii H1975 Al
HCC827/GR 4l fiid ft) ANT2 3i& [X f% [ 2 Ji5 , Hsp90 7E 4]
Ji e 223k 32 B0, PISK/AKT 3 B3 11 i, AT

Table 2 Three generations of EGFR mutation sites, representative drugs and their targets

Group First generation

Second generation

Third generation

Mutation sites ~ L858R, del E746_A750

Drugs Gefitinib, erlotinib

Target sites del E746_A750 or L858R/L718Q,
L844V or C797S

L718Q, L844V and T790M

Afatinib, neratinib, CL-387, 785

del E746_A750 or L858R/L718Q, L844V
or C797S; Q791R; wild type (afatinib)

C797S, A768_V769dupASV

AZD9291, CO-1686, WZ400, HM61713
T790M; L718Q, L844V and L858R/
L844V (AZD9291)
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7 AR T AT EGFR-TKIS [T 24, fi &Ml 40 o A= K 52
F40H] . Deng 25RO 7 T PISK/AKT il ik £ 5 AE % 8
i 25 AR, 45 3R B, AT T PCO 4l i, PCI/G (i
e B JE it 25) 40 e AKT 1 B R 4k K °F B 2 T
ERK IR 1L 7K V- N AHIT; [R], DNA 7K 43 BT 2% B,
X 2 Fh A i 2 1) R A 3R LI R IR K B AN,
Al B 2 pL 51 R 35 AR B JE T 24 /2 HH PISK/AKT &
IR . B, R A R AL R B s #H
PI3K i 411 1] 771 LY 294002, AKT 1) B 12 1 415 52 3] 411 ]
i 24 4 i %o 55 B B 2 B SO T T2 KT GG [ L
W # A B £ JF . HGF/c-MET 8 % f H: K % ERK.
PI3K/AKT . STATs il % 7£ NSCLC 41 ffi X} EGFR-TKIs
(R TiRS 24 Hh = A B R e A FH 0 o) ) T8 B B —
B MR, B 03— R B R AT U, 7T A
2.

24 BEBREMHEKETF 1ZE (insulin-like growth
factor 1 receptor, IGF1R) IGF1R J& A 254 ity % 1 &
FITR, J& T 285 2 R W 52 1A SR ik, FC T A o e 1 3R A
K K71 (insulin-like growth factor 1, IGF-1). Yi&5E2lk
I, HGF AT IGF-1 1 73 WA 54 i I % 2 11 A2 (annexin A2,
ANXA2) 215 FNE R A, 1@ 1 XM i) HGF/c-MET F
IGF-1/IGF-1R i #% AJ Wi 2 # ] ANXA2, AT i 2 PR AIS
Jit g8 b 2 1] 78 Ji %5 1k (epithelial-mesenchymal transi-
tion, EMT) & dE & JE AT 25 . Chen 2 POI7E X % H 1R
miR-223 7£ EGFR-TKIs ffiff 24 5 i 2] 1) /E H (14 B 72 &
P, miR-223 ik 1 7] DL 3 B IGFIR ) mRNA &
BAKFRER T, 20804 R i PISKIAKT/
MTOR J& %, i 2 7] DA X i 8 20 g 6 EGFR-TKIs 1)
B . Suda 2527 ] EGFR B A4 B i) H358 4H i 4
BT B e 1T 25 0k, A4k B H358/ER i i % 5 7~
A EGFR 1) AR AR, 3% A K I MET 2 K (1 5 3,
E A AT R S0 4E A Y IGFAR BB AL KT 7, Rt
fhATTHEDT, IGFLR (175 4 2 5 80 EGFR By A1 2 Jifi 5 41
Ji o} B v & Je it 25 L 2 — o Guerard SE 28 7E X}
IGF1R 3 #4 fux) 7 JE & Je i 24 BIHL ] R A B 53 h
RIT — P A K R 7 0 8 A, B A A a] BL
IGF1R MAEAN ] fL k% 54 %%, 11 BaA% 9 IGFLR 1 R AR, 1]
LA 5] 4 it 3 P BELYS , DRI R BELAS 40 i & 2B R T, PR AR
X AR B R R 25 . IGFAR & AL A LLE i 30 T T
PIBK/AKT/mTOR it % 5, & I B & (1 A2 [ R A %%
SR T R 240 PR R T K R A G B 7 AR 2

25 RASZRE  7EIE/NH M it 1) SR 3 R, P O R
INTE S 3 26% A1 11% F 835 H I K-RAS FE K] 1
RAFEHA R R UG, Ohba Z5EROE — I [a i 14 43 41
W die Y, 7E 354 M L AR D) B 1 fili it s F8 38, EGFR

1 RAS 2 [R5 48 43 5l & HE7E 41.1% F16.4% 1) & 35
IR RAS J: R R A8 1 LU AN /&1, {H & RAS RAZBHE I
B LU I R 2 1 T R A AT RN A AR A7 R AR B
1R %, Horh 54 Py Jo ik & A A7 % 02 50.8% Lt 76.9%, A&
IR TF 2 70.0% L 86.6%, 7% B RAS Ji [K] 948 fE — 4>
TG /N RS T R 3R . Zhou Z5BULE X 45 42 I A
BB e 1 AE /S 41 i s 58 1 (Bl o) A ep R B,
45 [ B F A 8L H LT k-RAS 2 [H {848, AT K
A 1E K-RAS J: [R 15 F1 2 5 41 8 F 11 12 47 . 13 {7 %5 1
T bo RATRANEH G RKEREEPZ TR
HREMEZER. FLLK-RAS EEH 548 5 55 JE 5 8
(DI PR 3K 2 7 A2 B K BE R . Yamaoka 5B R 7 1 il v2:
B e B 25 bk, A AT R A S T 24 20 A ) B A Y k-
RAS JE [ B id R IE 1 I, 1X 330 7 EGFR R i A5
55> F ERKL2 B AKT 2[5 5 3% 3 R AE G . 7EHl
2521 H 25, K-RAS I8 338 2 BEAR G K7, B
YA TR T X BT JE IR I o k-RAS 3 R 1) 58
AR AT DAAE 9 48 i 5 EGFR-TK s F A8 sk 1 i it 57
TOI R 5%

2.6 PTENSRSk R B A9k 7 & A1 2204 (phos-
phatase and tensin homolog, PTEN) J& — Fft 1]l J& % [A],
1) 2 IA 25 12 338 T M i R 1 4 B8, Sos S5 BAITE
EGFR 6 14 ) fi e 48 i o & L, PTEN SR 2K 7] LAFR 43
i EGFR W 5848 5 i (5 5 15 SR B B IS EGFR,
SEAN T JE TR 25 . PTEN @ i 2% ik MR 1k o g
Tk L % -3,4,5- = B R (phosphatidylinositol-3, 4, 5-tri-
phosphate, PIP3) 3K & 7 AKT 3% 1k, &l it PTEN 5k 2%
A LLE AKT 351k, S 8040 i 26 . o S A 4 i 4
T4 B W) 0TS B2 Ay (peroxisome proliferator-activated
receptor gamma, PPARy) & —Fi% 52 44, Fo 4l i Ja nl
- E PTEN 2 3& 3t 1M #0 PISK R 7 (I 41 (5 5 1% %,
N SYIMIE T . BT, PTEN 6k 2 2 S 3 NSCLC 4f
M EGFR-TKIs /= AE fiif 2, b 1 H 3k 4 ol 3% EGFR-
TKIs BT 2545 T 3 (1) L

27 EMT EMT 2% B A WM b R g0 Mk 2k i)
PE, Bk i BAT IE RS 58 0 1 TR 53 200 e ) aek RS, e
i ff I EMT R B J5 3k N T hE T 40 fUIR A, Bhi,
W HLIE T A AN BERRIA0T, LigBRHL, 5EAER R
MUK SR AR A L, B EMT R 5365 e i 245
YA s R RS MR 28 RE L. W EE T AEE BT
ZiGH I EMT 84, a] LS 2 ik 520t 75 8 J8 1 iUk
PE. TWISTL & EMT ¥ 3% Al 1, 5 R TR 5 TWISTL
1) 757 AT LA ] EGFR 2€ 4% () NSCLC 4H fild 4F K91,
TWISTL () i % ik § #U NSCLC & # %} o i& # JE Al
AZD9291 1 ffif #j . BIM & {2 8 T- BH3 2% [A, TWIST1
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Rt H A A N E T XRUS 37 4 BIM [ %
Ko FTLA, EMT I H B0 o] D3 8IUE 8 6T EGFR-TKIs 7
AT 24, BRI EMT % 5% X 7 TWISTL e 28 a2k 410 il i
U MR T R R )RR, X 2 AR R

2.8 p53 LAY BEA T YT R (p53 upregulated
modulator of apoptosis, PUMA) PUMA & Bcl-2 5
W R BH3 4 AR [, 7 p53 51 F ¥ T2 F 2 04 75 f e,
PUMA 5 EGFR-TKIs X il J8 (1) 5B A7 55, PUMA 1)
T P 1 T LS N AR 8 51k 0 iR 4 B T A
S, 18 H shRNA 1 il PUMA [f) 335, ] LLHI 55 &5 JE &
JEHIVE R . Han 250058 38 Bk 4% H1650 75 A % JE it 24 Al
AV M 24 200 0 1 2 3% L A0 5 R 2 ) e A, ok BT 24 4 e
IR T3 R PUMA ERIE R 7. PUMATE 2R
B R AR 2 3 3 NSCLC 41 fiid % EGFR-TKIs [ ifif 245, 3
5ty L a2k ] DA S8 i e 8 200 J 9 2 P, 3 R v ks
AR R EH

29 SERIREFE UL R 7S AL SO O 1 5%
PRI AR, W1 A K A 3R -6 (13 46 (interleukin-6, IL-6)
AL P9 R AR K R 7 1) R R ik (vascular endothelial
growth factor, VEGF) %, 1] DA-5 S5 M8 41 f xf 2454 (1)
i 245 o I £ i HP 1L-6 1) 1 3R TR % EGFR RAZ 1)
NSCLC &3 Xf # JE & Je 13K 7 gk /N B2, —Iix) 52 44
P25t 5 A % R 16T I EGFR 2848 () NSCLC &3 1
[ JB5T A 73 BT B 16 1 3R IA 1) BB o T i e AR A7
B, AT RRIT IR, IL-6RES
o} B To ke AR AT B A R, 10 1L-6 S B RS
F EGFR-TKIs 697 &35 2R . 1A EGFR-TKIs Al
PUIL-6 (LA, 1T LA I EGFR %€ 4% ff) NSCLC & %
Xf EGFR-TKIs [ffiUs&: . BT VEGF 5EGFR B R £
RN PN N =i = gt N = e o S P R )
(vascular endothelial growth factor receptor 2, VEGFR2)
00 1) 70 BT 1 B JE T DL 2 e AL T AR B JE 6 T790M
FH M AR L P R P AR 5 R 4, NS 2 Rg3 1T LA R i
VEGF #1 VEGFR ()33, [F#f 7] PA 3 & % 5 EGFR-
TKIs B 25, % K &35 o ik @ A 17 S, IL-6 Al
VEGF, K3 5 EGFR 1] LA B ¥ 40 T g2, By LLE A1)
Kk 2 5 B EGFR 247 1) NSCLC & #% X} EGFR-
TKIs [T 24

210 B F I T 4 (programmed death ligand,
PD-L1) PD-L1 58 o Wik F0 15 A R A %, &
F& 15 52 EGFR 2845 7Y NSCLC & 4 % EGFR-TKIs ]
fif 5B AEAE G+, H pE A — 3458 . Tung 550
T, 4S5 NSCLC i3 EGFR & X 248 5 75, PD-L1
(1) 15 2% 35 1] DUAE 48 i 5 EGFR-TKIs 7= A i 25 . 3@ it
Xf PD-L1 AT 2 B 2o it , KL BA T BT -la

(hypoxia inducible factor-1a, HIF-1a) il YES 3¢ Bk &
1 1 (YES associated protein 1, YAP1) ik ) B4k 5
PD-L1 ) 3215 B A AFEAH O . PD-L1 WL BR ] DL
HIF-1a F1 YAPL i % i85 N . Hop, PD-L1 ¥ % 1)
YAPL 215 5 (1748 4k 7T DL 238 75 & 2 A% 40 e 4 g
) 1Ceo {17 HL7E T 24 855 1, 18 % PD-L1 #1 YAPL [
MRNA 2 [F] i 7y, B DAHEN B PD-L1 18 42 1) YAP1
ik FiAT E S E EGFR-TKIs [ 25 . Kunimasa 2547
TE 53 BT W PRAE A I R B0, 27 56 35 Jof e 41 i+ PD-LL 1y
Fik, IR SRR st . X T PD-L1 R R ik, ®H
T790M FAZ ) EGFR ¥4 B NSCLC i %, PD-1 )1 i
TBIT A B IRCR . SuFEEEIEXT 101 A7 32 B 7T
HOR I, PD-L1 I i 3Rk 4 I 35 BRI A 3 10 2% W0 2% il
KL HE R ATEW, PD-L1 1) £ ik 5 5040 M % EGFR-
TKIs [T 25 . 554, PD-L1 () BH M 22 54 32 8 Y B 48 X
EGFR-TKIs J K fiif 245 (1) & & w1 AS 52 3R 43 14 i 24
BB, N TR KA SR AT P 2 R AR ) 2 i
AT R BIE 5T SR A T PD-1 FH W DA YR 97 i 24 f) R R
Kobayashi %5415} 211 i) NSCLC H & ¥ A< 1) 1] i 14
AT AR e, PD-L1BH M B BB R A7 R
PD-L1 B 1 & # (%, {5 & X T 4 # EGFR R 4% 1
NSCLC &, PD-L1 BHME 5 3 % EGFR-TKIs [ 20 5 %
A5, Suda FFPOR L [ ] PD-1 8% PD-L1 Y597
X} T EGFR 58748 NSCLC 835 SR AL (1 R K], 45 5 &
B, EGFR-TKIs 3 15 1% i 25 41 H (1) EGFR % g 14 7K ~F
Tk, e B PD-LL 3R IE, (H & T 2 5748 1 41 i
A HILPD-LL SRk 5oL, FrEA, PD-18{PD-L1
) 2R 1 0 AT e RO T R AR it 24 R A8 Y NSCLC B 5%
HiRIT Efs 3R X . A K PD-L1{E EGFR-TKIs fiif
250 AE F 75 B BAR S Bt AT 0 #T o
3 RESRE

#115) EGFR ) EGFR-TKIs 7E IR PR 77 24 T AR 31
7%, {5 2 B EGFR AW 848, EGFR-TKIs #f Hi 81
iy 24 (%) 1) @5 . [ INF, JE4K 6 EGFR 18 #%, W1 HER2 4
. BIM Bl 2% . HGF/c-MET i #% [ 303 + IGFAR 3%
1k \RAS R4F \PTEN Ht 2% \EMT.PUMA % 1A F i . IL-
6 VEGF = #1855, & 0] A8 5 BCE /I 20 i i et 48 A xS
EGFR-TKIs =41 25 (1), ik (1) e A A 2
H— DR T, i HGF/c-MET 3 B8 0 < S i 3L
T ERK.PI3K/AKT.STATs i# %, IGFIR ({15 1b 4 T
PO R U PIBK/AKT/MTOR 38 B, 35 7T L3 i fiss it 25
H A2 Rk . AN RN 25 ML 2 18] A0 ELBCR, A EL 5
M . 40 HGF/c-MET i #% [ 30E « IGFIR (1) 3 {4 Al
PTEN 2 #2520 N Ui PISK/AKT Ji8 %, 3k 1 Xt 41 g
T KT P2 . EMT I S K7 TWISTL 2 4



£ RS ARG VA T 257 EGFR-TKIS SRAFVEMT 245 B (R IF 78 32 g

1369 -

EGFR
] dependent

Acquired
resistance

mechanism of
EGFR-TKIs

EGFR
independent

vV v ¥4 3V ¥V v vy

—

L858R, del E746_A750

L718Q, L844V and T790M

7978, A768_V769dupASV

Small molecule
targeting EGFR
drugs, such as
gefitinib, afatinib,
AZD9291, et al.

HER2 amplification

I

BIM deletion polymorphism

Combination

HGF/c-MET activation

IGFIR activation

Inhibitory
k-RAS gene mutation monoclonal
antibody, small
. molecule regulator,
PTEN loss
gene knockout
EMT

Down-regulation of PUMA

High expression of
interleukin-6

VEGF/VEGFR activation

Figure 1  Acquired resistance mechanisms of epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) and treatments

BIM [ %% 55, L [R] (2 48 40 i 7= AR T 245 . <[ /)N 4 P it
T EGFR-TKIs f= 42 3R 45 1 it 24 (ML) 52 %, W] Re it A7
7 10 A 18] B (0 25 Lo, TRTEST, 55 b 25 L 1 2 18] ¥ A
AR T B 2P A, BT AN [R] B8 3 T 24 AL )
RIS IR TT T SR BN Ia T 1% 2 T IR 24 11 &
B IT I

bt & 4 B A0 53 1 A 2 BRI R RE, NSCLC %)
EGFR-TKIs ifif 24 ) 73 5~ B 1l 32 7 18] W1, IR i, AJF 5 3
REE LA g it J S AR 48 22 /1388 6 PR R e A 2R, R IR
YA A, Fexd AT 5B, FEEAT 7 9 Ah 243K
2 R BN 1% FE S IRV, T R BT £ (% ik
259 3 HE IR PR, 0 R EGFR-TKIS i 24, #27 NSCLC
SR AR AT 2R [N i 24 B ) e B, 7 oK — L% EGFR-
TKIs B & H Ak 6 97 10 F B, 4l 40 EGFR-TKIs Bt &
MET #0141 77 . EMT A1 PIBK/AKT 38 i /)8 23 7 41 1] 751)
9 BIM F1 PUMA /) 73 7 1 715 551 L IGFAR 50 [ it
A CMET i R 7 5+ IL-6 11 VEGF F 41 1l 771 4% . {HL S,
FREUFMBE AL, K EE AW, R
A, R — .

References

[1]

Kris MG, Johnson BE, Berry LD, et al. Using multiplexed
assays of oncogenic drivers in lung cancers to select targeted
drugs [J]. JAMA, 2014, 311: 1998-2006.

Ma'Y, Xin S, Huang M, et al. Determinants of gefitinib toxicity
in advanced non-small cell lung cancer (NSCLC): a pharmacoge-

nomic study of metabolic enzymes and transporters [J]. Pharma-

Jia Y, Yun CH, Park E, et al. Overcoming EGFR (T790M) and
EGFR (C797S) resistance with mutant-selective allosteric inhibi-
tors [J]. Nature, 2016, 534: 129-132.

Shi P, Oh YT, Deng L, et al. overcoming acquired resistance to
AZD9291, a third-generation EGFR inhibitor, through modula-
tion of MEK/ERK dependent BIM and Mcl-1 degradation [J].
Clin Cancer Res, 2017, 23: 6567-6579.

Rosell R, Moran T, Queralt C, et al. Screening for epidermal

growth factor receptor mutations in lung cancer [J]. N Engl J

[2
cogenomics J, 2017, 17: 325-330.
[3]
[4]
[5]
Med, 2009, 361: 958-967.
[6]

Yun CH,Mengwasser KE, Toms AV, et al. The T790M mutation
in EGFR kinase causes drug resistance by increasing the affinity
for ATP [J]. Proc Natl Acad Sci U S A, 2008, 105: 2070-2075.



1370

#2224 Acta Pharmaceutica Sinica 2019, 54(8): 1364 -1371

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

Jackman D, Pao W, Riely GJ, et al. Clinical definition of
acquired resistance to epidermal growth factor receptor tyrosine
kinase inhibitors in non-small-cell lung cancer [ J]. J Clin Oncol,
2010, 28: 357-360.

Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus standard
chemotherapy as first-line treatment for European patients with
advanced EGFR mutation-positive non-small-cell lung cancer
(EURTAC): a multicentre, open-label, randomised phase 3 trial
[J]. Lancet Oncol, 2012, 13: 239-246.

Roskoski R Jr. Small molecule inhibitors targeting the EGFR/
ErbB family of protein-tyrosine kinases in human cancers [J].
Pharmacol Res, 2019, 139: 395-411.

Yang JC, Wu YL, Schuler M, et al. Afatinib versus cisplatin-
based chemotherapy for EGFR mutation-positive lung adenocar-
cinoma (LUX-Lung 3 and LUX-Lung 6): analysis of overall sur-
vival data from two randomised, phase 3 trials [J]. Lancet Oncol,
2015, 16: 141-151.

Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor speci-
mens at the time of acquired resistance to EGFR-TKI therapy in
155 patients with EGFR-mutant lung cancers [J]. Clin Cancer
Res, 2013, 19: 2240-2247.

Ercan D, Choi HG, Yun CH, et al. EGFR mutations and resis-
tance to irreversible pyrimidine based EGFR inhibitors [J]. Clin
Cancer Res, 2015, 21: 3913-3923.

Thress KS, Paweletz CP, Felip E, et al. Acquired EGFR C797S
mutation mediates resistance to AZD9291 in non-small cell lung
cancer harboring EGFR T790M [J]. Nat Med, 2015, 21: 560-562.
Takezawa K, Pirazzoli V, Arcila ME, et al. HER2 amplification:
a potential mechanism of acquired resistance to EGFR inhibition
in EGFR-mutant lung cancers that lack the second-site EGFR
T790M mutation [J]. Cancer Discov, 2012, 2: 922-933.

Planchard D, Loriot Y, André F, et al. EGFR-independent mecha-
nisms of acquired resistance to AZD9291 in EGFR T790M-posi-
tive NSCLC patients [J]. Ann Oncol, 2015, 26: 2073-2078.

Ng KP, Hillmer AM, Chuah CT, et al. A common BIM deletion
polymorphism mediates intrinsic resistance and inferior responses
to tyrosine kinase inhibitors in cancer [J]. Nat Med, 2012, 18:
521-528.

Ma JY, Yan HJ, Gu W, et al. Association between BIM deletion
polymorphism and clinical outcome of EGFR-mutated NSCLC
patient with EGFR-TKI therapy: a meta-analysis [J]. J Cancer
Res Ther, 2015, 11: 397-402.

Chen H, Wang Y, Lin C, et al. Vorinostat and metformin sensitize
EGFR-TKI resistant NSCLC cells via BIM-dependent apoptosis
induction [J]. Oncotarget, 2017, 8: 93825-93838.

Suda K, Murakami |, Katayama T, et al. Reciprocal and comple-
mentary role of MET amplification and EGFR T790M mutation
in acquired resistance to kinase inhibitors in lung cancer [J]. Clin
Cancer Res, 2010, 16: 5489-5498.

Engelman JA, Zejnullahu K, Mitsudomi T, et al. MET amplifica-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

[33]

tion leads to gefitinib resistance in lung cancer by activating
ERBB3 signaling [J]. Science, 2007, 316: 1039-1043.

Shi P, Oh YT, Zhang G, et al. MET gene amplification and pro-
tein hyperactivation is a mechanism of resistance to both first
and third generation EGFR inhibitors in lung cancer treatment
[J]. Cancer Lett, 2016, 380: 494-504.

Yang H, Wang R, Peng S, et al. Hepatocyte growth factor reduces
sensitivity to the epidermal growth factor receptor-tyrosine kinase
inhibitor, gefitinib, in lung adenocarcinoma cells harboring wild-
type EGFR [J]. Oncotarget, 2016, 7: 16273-16281.

Jang JY, Kim YG, Nam SJ, et al. Targeting adenine nucleotide
translocase-2 (ANT2) to overcome resistance to epidermal
growth factor receptor tyrosine kinase inhibitor in non-small cell
lung cancer [J]. Mol Cancer Ther, 2016, 15: 1387-1396.

Deng QF, Su BO, Zhao YM, et al. Integrin f1-mediated acquired
gefitinib resistance in non-small cell lung cancer cells occurs via
the phosphoinositide 3-kinase-dependent pathway [J]. Oncol
Lett, 2016, 11: 535-542.

Yi Y, Zeng S, Wang Z, et al. Cancer-associated fibroblasts
promote epithelial-mesenchymal transition and EGFR-TKI
resistance of non-small cell lung cancers via HGF/IGF-1/ANXA2
signaling [J]. Biochim Biophys Acta Mol Basis Dis, 2018, 1864:
793-803.

Chen Z, Han J, Zhao F, et al. miR-223 reverses the resistance of
EGFR-TKIs through IGF1R/PI3K/AKT signaling pathway [J].
Int J Oncol, 2016, 48: 1855-1867.

Suda K, Mizuuchi H, Sato K, et al. The insulin-like growth factor
1 receptor causes acquired resistance to erlotinib in lung cancer
cells with the wild-type epidermal growth factor receptor [J]. Int
J Cancer, 2014, 135: 1002-1006.

Guerard M, Robin T, Perron P, et al. Nuclear translocation of
IGF1R by intracellular amphiregulin contributes to the resistance
of lung tumour cells to EGFR-TKI [J]. Cancer Lett, 2018, 420:
146-155.

Dearden S, Stevens J, Wu YL, et al. Mutation incidence and
coincidence in non-small-cell lung cancer: meta-analyses by
ethnicity and histology (mutMap) [J]. Ann Oncol, 2013, 24:
2371-2376.

Ohba T, Toyokawa G, Kometani T, et al. The mutations of the
EGFR and k-RAS genes in resected stage | lung adenocarcinoma
and their clinical significance [J]. Surg Today, 2014, 44: 478-486.
Zhou B, Tang C, Li J. k-RAS mutation and resistance to epidermal
growth factor receptor-tyrosine kinase inhibitor treatment in
patients with non-small cell lung cancer [J]. J Can Res Ther,
2017, 13: 699-701.

Yamaoka T, Ohmori T, Ohba M, et al. Distinct afatinib resistance
mechanisms identified in lung adenocarcinoma harboring an
EGFR mutation [J]. Mol Cancer Res, 2017, 15: 915-928.

Han L, Guo XJ, Chen Z, et al. The mechanisms of paeonol

reversing multidrug resistance in ovarian cancer SKOV3/DDP



£ RS /NI VR 9T 259 EGFR-TKIs SRAS LT 24 AL AT 7T 33t Jig

1371

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

cells [J]. Acta Pharm Sin (%] %:%1k), 2018, 53: 1511-1517.

Sos ML, Koker M, Weir BA, et al. PTEN loss contributes to
erlotinib resistance in EGFR-mutant lung cancer by activation of
AKT and EGFR [J]. Cancer Res, 2009, 69: 3256-3261.

To KKW, Wu WKK, Loong HHF, et al. PPARgamma agonists
sensitize PTEN-deficient resistant lung cancer cells to EGFR
tyrosine kinase inhibitors by inducing autophagy [J]. Eur J Phar-
macol, 2018, 823: 19-26.

Ma Y, Liu H, Zhang H, et al. The TGF- g signaling pathway
induced EMT in breast cancer [J]. Acta Pharm Sin (%4 % 2% 4Rk),
2015, 50: 385-392.

Shibue T, Weinberg RA. EMT, CSCs, and drug resistance: the
mechanistic link and clinical implications [J]. Nat Rev Clin
Oncol, 2017, 14: 611-629.

Li L, Gu X, Yue J, et al. Acquisition of EGFR TKI resistance
and EMT phenotype is linked with activation of IGF1R/NF-
kappaB pathway in EGFR-mutant NSCLC [J]. Oncotarget, 2017,
8: 92240-92253.

Yochum ZA, Cades J, Wang H, et al. Targeting the EMT
transcription factor TWIST1 overcomes resistance to EGFR
inhibitors in EGFR-mutant non-small-cell
Oncogene, 2019, 38: 656-670.

Sun Q, Ming L, Thomas SM, et al. PUMA mediates EGFR

lung cancer [J].

tyrosine kinase inhibitor-induced apoptosis in head and neck
cancer cells [J]. Oncogene, 2009, 28: 2348-2357.

Han X, Liu M, Wang S, et al. An integrative analysis of the
putative gefitinib-resistance related genes in a lung cancer cell
line model system [J]. Curr Cancer Drug Targets, 2015, 15: 423-
434.

Li L, Han R, Xiao H, et al. Metformin sensitizes EGFR-TKI-
resistant human lung cancer cells in vitro and in vivo through

inhibition of IL-6 signaling and EMT reversal [J]. Clin Cancer

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Res, 2014, 20: 2714-2726.

Tamura T, Kato Y, Ohashi K, et al. Potential influence of inter-
leukin-6 on the therapeutic effect of gefitinib in patients with
advanced non-small cell lung cancer harbouring EGFR mutations
[J]. Biochem Biophys Res Commun, 2018, 495: 360-367.

Li F, Zhu T, Cao B, et al. Apatinib enhances antitumour activity
of EGFR-TKIs in non-small cell lung cancer with EGFR-TKI
resistance [J]. Eur J Cancer, 2017, 84: 184-192.

Li Y, Wang Y, Niu K, et al. Clinical benefit from EGFR-TKI plus
ginsenoside Rg3 in patients with advanced non-small cell lung
cancer harboring EGFR active mutation [J]. Oncotarget, 2016, 7:
70535-70545.

Tung JN, Lin PL, Wang YC, et al. PD-L1 confers resistance to
EGFR mutation-independent tyrosine kinase inhibitors in non-
small cell lung cancer via upregulation of YAP1 expression [J].
Oncotarget, 2018, 9: 4637 - 4646.

Kunimasa K, Nakamura H, Sakai K, et al. Heterogeneity of
EGFR-mutant clones and PD-L1 highly expressing clones affects
treatment efficacy of EGFR-TKI and PD-1 inhibitor [J]. Ann
Oncol, 2018, 29: 2145-2147.

Su S, Dong ZY, Xie Z, et al. Strong programmed death ligand 1
expression predicts poor response and de novo resistance to
EGFR tyrosine kinase inhibitors among NSCLC patients with
EGFR mutation [J]. J Thorac Oncol, 2018, 13: 1668-1675.
Kobayashi K, Seike M, Zou F, et al. Prognostic significance of
NSCLC and response to EGFR-TKIs of EGFR-mutated NSCLC
based on PD-L1 expression [J]. Anticancer Res, 2018, 38: 753-
762.

Suda K, Rozeboom L, Furugaki K, et al. Increased EGFR phos-
phorylation correlates with higher programmed death ligand-1
expression: analysis of TKI-resistant lung cancer cell lines [J].
Biomed Res Int, 2017, 2017: 7694202.



