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[ Abstract ] Echinoderm microtubule-associated protein like 4-anaplastic lymphoma kinase (EML4-ALK) fusion
accounts for 3%-5% of non-small cell lung cancer (NSCLC) patients. With the in-depth study of the EML4-ALK driver gene,
ALK inhibitors represented by crizotinib have been gradually developed and applied in the clinic. However, the response to
ALK-targeted therapy is heterogeneous among different patients. Most patients with ALK-targeted therapy will inevitably
develop drug resistance, leading to tumor progression. Monitoring the efficacy of patients with prognostic markers to change
the treatment in time, and selecting individualized follow-up treatment according to the mechanism of drug resistance, can ef-
fectively improve the prognosis of patients. This article will review the mechanism of ALK tyrosine kinase inhibitor (ALK-TKI)
resistance and related prognostic markers to discuss the prediction for ALK-targeted therapy and the choice of subsequent
treatment for drug-resistant patients.
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RS HE R EML4-ALK, {2400 % B R 72, 295 NSCLC
EE3%-5% BEA M TR NG Pt R, A2
FRALKES Z R B M 57 (ALK tyrosine kinase inhibitors,
ALK-TKI) Z#i W FEML4-ALKHPERINSCLCH
T, BARGARST BRI AP AT 8. Crizotinib ( pEig %
Je) AR B A 24 B 4 PR (Food and Drug
Administration, FDA ) fEE FH TALKPIMENSCLC R BT
MIALK-TKIP . B, ] 6E JTEE0m | O AR e o 2 4 5
=) AR ALK 57 Ceritinib ((AF#EJE ) | Alectinib (3
SRBJE ) MiBrigatinib (A3 I JE ) LA K =A% ALK il 51
Lorlatinib (559858 ) SNz Az SRIM0, HFsE i 5a
PR BEAN TR, AN [R]85 X AL KR [ 3397 B9 S N A7 AE 25
o BIRHRIE K B ZNSCLCALTT FIG BE 1R T AR Y T
JEbREY), ALKEEEYT BUS bR A/ G A . Ak,
RZHURE I 2514F 5 2 Pl G b 1 IR 24, 3 B0
R o WA A BN 2B O H8 e B S X R 2 ik A 7
JE SR T E B, AR SCRESTA LKA Ay 25 L DA S
R BURPREMETTEGR, NALKBATENSCLCHE &L IH]
NEp ARy SR RN EREYRIE St oy

1 ALKHPIHIFI AT 25415

HFIRALK-TKITEALKPHPENSCLCHE hIUS T4 4f
YT AL, ABICHR o3 3 S AN ATk B b2 A T 2, i
IR 8 T S AR R . ALK-TKUE [RIRY 7 i 25534
P VT 245 FIARAT PR 245, T A PRI 24 R /0, YA
M2 AL AN I . 2 8083 8 T AR 24, ARt
BT 2 YA R R S (B R ALKHE DAY 1S 5
BIX A ) | 55 BRI ML AmTZHLE] . BT C R E 24
BURNC IR, -5 88 Z AN 25 L 2L A7
1.1 AR 2S BF5E R IH Crizotinib Ji & it 25 2 5 ALK
FHTENSCLC L 196.5% , M LEJT IR Crizotinibif 75 57
RIS PR ik i, 7 ok A= A7 ( progression-free
survival, PES ) U120 H, [HAR & B HIGREFAE (f]an
PR ZUE 2R | MRl | AR AE ) A R AT A A B
XS BTIRAMER 2 BB, W E A STt
MG . 2RI R, ALKFHPENSCLC A
HIRK 250 BB H ALK LS MYCHEH Y H19 | EGFR
AR KRASHEZRAZE | BimIE A Bk 2 PELILL K
EML4-ALK B HEZE AR S5 FL 080 ( mutant allele fraction,
MAF ) BARMOSEA G, G STy 28 RAEAS 1 X X 26
AT R AR

1.2 FRAGPEMZY
1.2.1 ALKJRGIXGEAE A LK 45 I 58 A8 S B i UL Y
ALK-TKITH 25 Z—, 25 CrizotinibMZ45H L3091,
Choi %24 YR 3 7 Crizotinib i 2 FNSCLCH % h & 3
L1196MAIC1156YRAE, Bfif51151Tins, L1152R, G1202R,
S1206YFIG1269AZE AL UMY 2 F 3], 3K LA LK 58 AEHY
A1 T T T 45 #3045 A DX R o F Tl BE L A 3 1A ) S
##IX (G1202R, S1206Y) | R FEHLIX (L1196M ) | ATP
451X (G1269A) FlaC-12HENAK i (1151Tins, L1152R,
C1156Y) 131, BUAb, Sasaki%F MRy S 7E 96 1 L EF 2 13 40 g
JE R FH TPk ALK F1174L5EZAE A 7E I Crizotinibifif
25 8L, Bl 5 7E Crizotinibiif 25 ALK BHPENSCLC A
Kk %2 808, HoAl Crizotinib M 2540 X (I ALK 275 16
fU45G1128A . 11171T, E1210K, C1156SFIF1245V&:ne-1]
S Z 4 Crizotiniblif 25 8 H RN P—ALKE, 5 A
WF 5 e BB 25 R M 2 ALK RS (22) , Bilan
G1202R+G1269A3L 28 7AE NS

HT wifikCrizotiniblif 2y, Hi— UM ALK-TKIZ #i
B IF R IE N T R o A Bl 2 B itk e, 28R H
SR BUHT R ALK 228 T i 24, 5 CrizotinibAHIL,
TARALK-TRIARYY 5 ALK 25 548 . Horp,
G1202RJE %2 “MRALK-TKIVA YT 3 5 UL it 24 58
ARUSl BRI Z AR, Ceritinibifif 2558 28 AL $EF1174L/C/ V.
L1196M, G1202del, D1203NFIT1151M VA L Z B ALK RS
C1156Y+I1171N%0618,20] Katayama/’%‘g[2l]ﬁﬁ"fﬂ'f:Alectinibff[ﬁL
AN A AR P R BIVIISOL FITI7 1T 2558748
B Rl 22 2 F11171N/S FIL1196 M % 28 1% 5 Alectinib
it 24506, BG1202R 4D, Brigatinibifiy 24 #4121 i 46l
FID1203N . $1206Y/CHIE1210Ki 2544506 Lorlatinib
XiF I iR TR 24 58 AR 5 B A B I e 1, H T R R 2
FIALK-TKIIATT R . Shaw L ALK C1156Y
&7 (f) Crizotinibifit 25 i 3 £ LorlatinibiRIT )5 M 24, H
A EIL1198FR A, 5 — LM —fLALK-TKIAH, £
HLorlatiniblf 25 & RN ZHALKRAE , fEogho2s2el
FH], =fCALK-TKI Lorlatinibff 24§ #F H L FHALKR
5 R G Ho 29 9 AR ALK-TKITH 24 B iy 24, %4
5 G1269A+11171S/C1156Y/G1202R . G1202R+L1196M/
F1174L . L1196M+D1203N%5 257
1.2.2 ALKRlASERIFE DB ALKRLG JERY 1S 25 55
CrizotinibJoik 58 I FiiE(E S, Mgt R n —E %
JRIA, 295 Crizotinibifil 24 B 24 B 15% 27 Katayama%[zs]ﬁﬁ(

‘Crizotinibi#s S 24U H3122 41 i1 2 (H3122CR) A
000
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Tab 1 The drug resistance mechanisms of targeted therapy in ALK-positive non-small cell lung cancer

Drug Drug resistance mechanisms
ALK mutation ALK amplification Bypass track activation Other mechanisms
Crizotinib L1196M, C1156Y/S, G1269A, S1206Y/F, CNG EGFR activation; HER2/3 activation; EMT; Histologic
L1152R, F1174C/I/V/L, G1128A, IGF-1R activation; Src activation; transformation; Hypoxia
1151Tins, E1210K, G1202R, I1171T, KRAS G12C, G12V, Q22K mutation;
F1245V,11268L, G1202R+G1269A, Autophagy activation; Raf-1, P2Y
11171T+11268V+E1210K activation
L1152R+EGFR activation; CNG+L1196M; EGFR activation+KIT amplification; Loss of ALK gene; P-gp
1151Tins+EGFR activation; G1202R+KIT CNG +G1269A; EGFR L858R+Loss of ALK gene overexpression; POLE
amplification; G1202R+IGF-1R CNG+1151Tins; mutation; Histone
activation; L1196M+EMT CNG+EGFRL858R acetylation, miR-449 and
miR-34a decrease; PD-L1
overexpression; exosome
RNA
Ceritinib C1156Y, G1202R, F1174L/C/V, V1180L, CNG EGFR activation; HER3 activation (1) EMT;
L1196M, G1202del, D1203N, I11171N, (2) P-gp overexpression;
T1151M PD-L1 overexpression;
Histone acetylation,
miR-449 and miR-34a
decrease; exosome
RNA; miR-100-5p
overexpression
Alectinib  V1180L, I1171N/S/T, L1196M/Q, G1202R, EGFR activation; HER3 activation; (1) EMT;
F11741/V, V1185L+L1196M IGF-1R activation; (2) NMU overexpression;
MET activation; Src activation PD-L1 overexpression
Brigatinib G1202R, D1203N, E1210K, S1206Y/C - - -
Lorlatinib L1198F/M, G1202R, D1203N, F1174C/L, EGFR activation (1) EMT;

11171X, G1269A

111715+G1269A, 11171N+L1198F/
D1203N, G1202R+G1269A/ L1196 M/
T1151M/F1174L/C, C1156Y+L1198F,
G1202R+L1204V+G1269A,
E1210K+D1203N+G1269A

(2) NF2 loss-of-function
mutations; miR-100-5p

overexpression

ALK: anaplastic lymphoma kinase; CNG: copy number gain; EGFR: epidermal growth factor receptor; HER: human epidermal growth factor
receptor; IGF-1R: insulin-like growth factor 1 receptor; Src: sarcoma gene; KRAS: kirsten rat sarcoma viral oncogene homolog; EMT: epithelial to

mesenchymal transition; KIT: v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog; P-gp: P-glycoprotein; PD-L1: programmed cell

death ligand 1; NMU: neuromedin.

YA RIEML4-ALKE DI N, [RIEHS AT ALK L1196M %S
75 B J5 DoebeleZ5: 27 Crizotinibiif 25 58 W & B2 ALK
FEPRPE DB I, Hor il 5 IF A ALK G1269A% 7%, i —
- FE I A LKR A LR DUBU N5 Crizotinib i 254 ¢
1.2.3 FZHEE 5B 0 TR S 5 R R S I E
2 ALK-TKIM 25 Bl Z—, 20T & ZFALK-TKI
RIT IR RS R AER N 32K (epideﬁal ﬁwth

factor receptor, EGFR) 5% I i /2 f 5 UL %) 55 B S0 3k
1, 295 Crizotinibii 25 B # 193097, T2 it FIHEGFR
ST 238 S . EGFRSH T B U R LT 245 24
Jir, 5 EGFRECHSUA 1 M2 3 % 4K P (epidermal
growth factor, EGF) M AHA fill A 3%, BREGFAb, {ARSMSE
5534 & ILE GFR 1Y HABECAR 554k AE K R Fa (transforming
growth factor-a, TGE-a) FMIFR & AR L ERKEF
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(heparin-binding epidermal growth factor, HB-EGF) th 25
Crizotinib 2464, B )5, Katayama%""f:BZ]T’{ALKI‘H‘@HHWZS%\
I PRAEASFHIE S Crizotinibifi 24 EGFRIBE R L /KF- T3
BEAE, 5T FE Crizotiniblif 25 4% 1 & BLEGFR L8S8R
54, P INEGFRZEAS WA HE L) Crizotinib M 256 ¢, A3
KK 32142/3 (human epidermal growth factor receptor
2, HER2/3) 5 EGFR[A|JEBHERFK %, A 5324 Crizotinib
M 245 40 & SRHER 3BCAR P 2298558 111 (neuroregulinl,
NRG1) [k, nfE #FHER2 FIHER3MHI TR, 5
U PR S EUN2Y . R, DFSER R EGRRIE B Y S
IR RS S A = ALK TKI 2.

FR TEGFROME P& A1, HAL 55 B 15 538 B 1Y 5 3 el e
WHALK-TKIMZY A 5 o AFFEE 7 A B, 7P ALKBH T &
# Crizotinibi 7 i BB /5 I FIKRAS G12C ., G12VELQ22K
A, HIZ R AL T H T B Crizotinib i 25 A R AT 5T
Katayama%Bﬂﬁfﬂﬁﬁﬂﬁiq:éﬁﬁﬂ% (stem cell factor,
SCF) f77E T Ji % 1% 28 R I Ml O KT T 56 (X 93 2 & 31
H3122 4011 % Crizotinib/ ™ A= M 2, AFFEEEW], H312240
JLCrizotinibifis 24y i 5 41 el I Wik 8 BT AT G, FEFEE ALK
L WA B AR BACERIRRAR . AN SNSRI SE, ]
S f 9 s A0 o 790 U AT LA 3 Crrizotinib T2 . Wilson 55139
KBRS P2YSZ AR FE Crizotiniblif 25 2H U ik, 3 it
WS E B C IS T Crizotinibiif 24, LLAF, Srcifl i 54 i
TR S 2 K 132 4& (insulin-like growth factor-1
receptor, IGF-1R) N H B AARIGF-133 # 1At 2 5 Crizotinib Ml
Alectinib T 2460-4) ) METY" 34 DL S BCAAR 200 i A4 PR

(hepatocyte growth factor, HGF) /A IHMET/ % i
T LIS 8 Alectinib R RS,

1.2.4 HAURZEHLE] ALK TR 2 A HABALE] 5 24 5
et G SRR I O N S S UL o N sl LTI iE £
k. (epithelial to mesenchymal transition, EMT ) fZ 5 UL
P w3, RN E R HEREY) (WNE-F53EH) %
2%, [ BTHAWREY) CABOEE ) RIRHEM, KimSF#0%)
H2228 i ifd R 17 Crizotinibifs Tl 25, 400 A5 HhIRE
NG, AT RS A ZERE Ty g, HE-¥5 25 A
A E 18I TR, BOEEAMAXLE R AN,

PE/REMTHR]RES 5 Crizotinib i 24 . WeiSE#SIXf Crizotinibii
B ERIT RIS AT TN, & S 25 2H 2198 A
R R IR R4 20 SEMTHIC R i, #E— RS EMT ]
82 5 CrizotiniblTi 25, Kogita%[‘m]ﬁfm@%%\‘ﬁﬁfﬁﬁiﬁﬁ‘
EMTM M H312240 8 %} Crizotinib/ = AL i 24, [FIEEHL, B
YA RIHEM T WA F Ceritinib | Alectinibﬁﬂ__‘_rrlﬁib Tﬂi

24, AN, A WFSE R I NSCLCH 24 5 L 4Ly ik
AR/ INAR L it e g 461, (L HG AL AR

5T % B Crizotinibifif 24 H & H A LK 3 DR Bk
KRG, (HH TALKEERR I 5 B AT, Tk HEER
B 25 R, B AN BB A LR S# 2R J2: 75 /& Crizotinib FY i 24
B o Kang 5 4o A BUI 2 8 H A7 f/E DN AR LS & 5L K]
POLEZEAY, S5ffi I3 58 48 i faf (tumor mutational burden,
TMB) ¥, AIHE 5 Crizotiniblit 2574 5% , RecondoZF2SI7E
Lorlatinibiit 245 B & 1 & IINF2 I RE e 28 7%, 2H 8 11 2k
£ 5miR-449 . miR-34a%5 2 Wi A% 2 M)A 5 Crizotinib
CeritinibMZ A5, miR-100-5p [ AT g i i #fHmTOR
i PEAH C mRNAM R A HE M B ALK-TKIMH 24560,

TER AR R THE T, p-HifEH (p-glycoprotein, p-gp) i
TR M 2 W) 32 TR A LK-TRIM 2529, Kim %6
KB Crizotinib ., CeritinibAlAlectinibi 24 4l i B AL FE1EFE
T-ZRREIARL (programmed cell death ligand 1, PD-L1) | 4fififd
FIAPD-LIAIPD-L1 mRNAKVH = TR ARk, HZE
i 245 240 L 2 TR AKOF-BE R RNA-seq 4 SR i /RALK-TKI
M2 5 2 A S BEAH O R IA A OC . 2601 8 H AL WR
A S A IS5 RAE 52, PD-L1Y i Rk HES 5ALK-
TRIMINZS . A, BFFE & B, Sk B 25 20 M0 S M A rl 15
USRS LR ZY, B AT RS RE T
1.3 TEAR ALK-TKIMHZG 50
1.3.1 JFBIAIF AT CrizotinibiBY7 5 HERE ALK P
NSCLCHH, WHA I MG SLRYT 7 SRR B A AF R
()73 F 2L, LR T R B4 — AR =ARALK-TKI,
54bI7HIEL, —ARTKIIAYY Crizotinibii 24 £ 1 % WL 2%
fif & (objective response rate, ORR) H &, PFSHEK . ALK
G1202RJE “fRALK- TR WL 255845, fifi FH =X il
FLorlatinibA] DI S 5w iRIZ M 2528 A2 0o, Ak, A
[FJALK-TKIFfb 2225 FIANTR], Lorlatinibfif 2 A LK 225 1]
RE S X R ALK TR U USME o Shaw 3 P2HIE 7141
ALK C1156Y 2% 1Y Cizotinibilif 2 f # & Lorlatinib &I 75
Mi2Y, HELHT L1198 F 548 F1 2 X Crizotinib BB o
DL B S R R/, MR R ALK R AR 1% DL S 45 ALK-
TRIMEEURAL 5, A ALK-TKIL A 77 5HATT,
IR R B AR e ARG 56 85 S e
AR =ARALKTRI T2 A FALK I ENSCLCEE 11
PR T Crizotinib, Crizotinib/EN—26I477 1%L 254 1Y b
Ptz 3 TPk
1.3.2 EEfESE B P ALK F (G 538 B n] LA 80

ﬁAﬁ-Tﬁfé’io MEKZ ALKHISZ A i 2 R I (receptor
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tyrosine kinase, RTKs ) (55 B PR R 1, BRA
Crizotinib FIMEK il 5] Selumetinib Al i i il T JiFRas/
MAPK(F 518 %, Wi H3122CRIFZHEY, IR 190
(heat shock protein 90, Hsp90) ] LIF:EEML4-ALKFIZFf
RS AR, FEMR ORI SangZ5 9% B Hsp90
M Ganetespib 7E A N AN S8 HH R B AL IF B L e IR 1
P, HXFCrizotinibli 2 ALKFHPENSCLCEFH RA —E )7
Ao MH T Hspoo il R EIVE RS, Hoilm RN HAZ R . 15
AL FIRAR S G ALK-T KT 24 1) 2L R, 0 g 1
HIEGFR, MET, KIT, SrcFIIGF-1R%: {553 i 1] LA %5
SORRTEZS . iU, k5 Alectinib 5 EGFR TKI, MET il
(CrizotinibB{PHA-665752) 8% Srcilifl3 (Saracatinib) , AJ
I Alectinib M Lorlatinibiif 25255657 AR, mTORM
il AT DL FE N F2 D) Bk 2k 578 3 U Lorlatinib i 25251,
HDACHIIF] (Quisinostat) IJ LU 1 34 filmiR-200c i 15
AHIEM T 5 IR Z408
1.3.3 AW SRR T HEE B T LIRS ALK DA RS = il i
07, RERRITIR AR RER YT S TR S
EHLINRY TSR ZTT I A BN IE RS TCAE IR | AT ik
FRAEAR B4 B RSkt 125 I8 R B A AR IR TT,
ASEARSE I pe il /B RO BOR B TR . B e g %
Kkt AR Z2 VAR | 1556 i ZE SO PU AR 2 BT
DSR4 ] 24 DUER BR AU A5 A T B3R TS), B
SRIDPERTT TEIR S B A B NS CLC B i /s th A F 1
J7ak, (A HXTALKFHYENSCLCHE A 197 AL A T3 . Lin
LR ¥ W] CrizotinibIRYT /i H T BT F S e £ i
P15 (immune checkpoint inhibitor, ICI) JG¥ 72> H #E ™5
IIFRETE, IF9E A, TCiBPD-L1RIA /K-, ICHAYT
JEALKFHVENSCLCHEE 15 WL G2 il 3 BB, MO AN
A P S e BT PR ALK TIN5 5 S23R7 7

2 ALK-TKIFVTEHRE4

J AL RNARAT LT 2 AL v Ay S S R B A R
ALK-TRIPY TR0 2%, T LIWE R T s F0 A7 4 W i A=
YIbREY). BRI Z b, BEMEML4-ALKRLGISH | FERAS
SFILLL S Z R AR S Y 5 B S ALK-TKIRI T A0A ¢,
AT IR T 1 0L, T8 R IR T2
2.1 ALKRGHAY MRS S5RE BEML4SMN e+ A,
EML4-ALKRA I Z RN RIS 8, b, v flv3 7Y
JEALKHMENSCLC i i WL Ry 5 25 A o), iy Tovl

ARG 2 AL S A o3 BRI MR B MR (tanﬁ‘n aﬁictl

B-propeller, TAPE) £ 44, 1fiv3 R @l 2 (1t = 1% 2544,
v 1R gl A R I R MEAS V3 Y, X6 24 9 1) R B
B30 YoshidaZE 62 & M CrizotinibiB YT )5, v1AI £ F AUPFS
B A AR R [FIREHE, Woo S5 I RFFE I,
v3a/bAI R E A CrizotinibIBIT G 73U Hofb R & 22 . 4R
MM, Lin%5E 493K Bv15v3 B 8 5 1Y Crizotinibd 7 RUAFAE
2R, (HIZIFST /R LorlatinibiG) 7 fEva i H 2 15 BF
. HFALKBHPENSCLCHE B SRR D, ALKAA 7 HIF
e BAI, 25 BF S AEAS TG BR , EML4-ALKRlA 25
B HALK-TRIFBURMEA G, e 52 3 i s /A
FERFY . AEAI B, /A H. (non-reciprocal/reciprocal ) ALK T
HEEFE3 - ALK SEMLYE R &5, §-ALKX 575 —F#18
B IS -ALKR &, LA 5 2%, Wk, 4k
FHE /A B ALK EHE B R A EML4-A LK G f8 35 Tl
T 2%, Yy RN, & B E 5 Crizotinibi YT (Y 4H 37
7RIS

2.2 ALKZEZAS AR A2 ShawZ5 6% P, Crizotinibifit
i E T, ALKREAETEAE S X Lorlatinib BIRTT SR EH
oM AR, 75 ARALK-TRIRYT IS T 25 5 h, fA7EALK
FASY B ORRIE 7, PESHK, HAHL—ALKRA BT
AR T ZHALKR A B TEIZMFEH, LorlatinibXfALK
G1202R /del 5 LRI BT 73R . I TSR] ALK %8
7 XA A AL KAl 300 ) BUBR PR A AR 25 5, AR R R 587
R L PR A TRIBE S i S8 2 4R A5 S 4 197 %8

2.3 TPS33LZAF TPS3%78 = ALKFHPENSCLCE A H LY
ZIAR 7 YuiESIFE Crizotinibi& TR E T R IR, f£1ETPS3
RAH R PFSILTPS3ET A AU 4 (8 H vs 131°H)
LR TPS3 KN 575 il iE & ALK BHIENSCLCE# 2 1A B Tl
JEHFo BLAN, FETPSIEFA: B vh, va IRl A FR B 7 A
Aeva3l B 25, (HARFETPS3Z A B E T A %2 5. il
B —Timeta /M F B, TPS3RAE B A ALK-TKIIAYT
JE WIPFSFIOSA 45 F A 7 R B

2.4 VEIN RN it (Circulating tumor cell, CTC) JEZiCTC
KV 5 NSCLCH HHZ — AR TR IS A G, R
FEIELECTCACT- SRR AT I T 5 & 547 OCHK, Tong 4569
XT4315| EGFRELA LKAV 8 5 I B L CTCRF-3E4T T4
W, ZICTCI <8 CTCs/3.2 mLEJHEE {3 PESHLE L
1 (overall survival, OS) % CTC>8 CTCs/3.2 mLiJEH
K, 25 B A5 E L ARz 598 A 36| EGFRIH
PER7HIALKBAYE B3, J5 2075 3 ALK BAYEREAS
WEZZE8, AP, Pailler 501k MAEAE ALK B CTCHL

%ﬁﬁ%ﬁ%ﬁﬁﬂﬁm (14.07H vs 6.140°H) , FWCTC
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