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Progression in the mechanism of action and drug resistance of anaplastic lymphoma kinase inhibitors
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[Abstract] Three generations of anaplastic lymphoma kinase (ALK) inhibitors have been approved in china so far. After crizotinib, the sec-
ond generation of ALK inhibitors named seretinib and alectinib were approved in China in May and August 2018 respectively, which was a great news
for Chinese patients with ALK-positive non-small cell lung cancer. As the preferred drug for patients with ALK-positive non-small cell lung cancer,
ALK inhibitors have fundamentally changed the treatment mode of non-small cell lung cancer. ALK inhibitors have made great breakthrough in effec-
tiveness, but drug resistance is inevitable in clinical application. Searching the latest research results, to explain the mechanism of ALK inhibitors,
drug resistance mechanism and brain metastasis control. The characteristics of different drug actions and the changes of drug resistance targets were
deeply analyzed. The drug selection strategy after drug resistance was proposed, so as to provide a basis for the rational selection of drugs after drug re-
sistance.

[Key words] anaplastic lymphoma kinase inhibitors; mechanism; resistance

E /N 40 i il 98 ( non-small cell lung cancer,
NSCLC) 2/l fie o o DAY L2 2 B, Bt e
MKMW e, RZ WS EH RS
NSCLC [ RARAHIESS . H AT C L m AL 45
H KW 7 52 /& (epidermal growth factor receptor,

EGFR) . [H] 25 ¥4 bk I 98 3 (anaplastic lymphoma
kinase, ALK) DIRfgsE g5/ @kg‘@&{g{( fitf ( neuro-

trophic tyrosine kinase, NTRK) el o ALK &
HEZE NSCLC B LE LK 5% ~T% >, J& NSCLC

[WFEEHA] 2019-05-18

MEERN] IR, &, 290; DS WWRZ S, R, Tel:
IfiR2G2¢; Tel:

[EEER] ik, B9, BIEMEL500; BI5ornm . EBedye,

AR A 5 2 —. ALK #4150 7E NSCLC 457
SIA T REMEPEREE, AR, AZ/NT ALK i)
HIFH T ALK FHE NSCLC™ . ASC B E AR
ALK $pl50 A Ve FIALE] . T 25000 L I e A s il A7
BLEE, MG R A HUR 25 3 (4 o

1 ALK ##7 ZRK
FIAT ALK i 57 34 = 4K,
FHORERmB . PR,

— e e,
brlgatlnlb , B =AR

(010)69156515; E-mail: sunwenjuan7777@ 126. com

(010)69156513; E-mail: zhangbopumch@ 163. com

.10 -



N, S B AR TR R SR 00V AL S T 2 LR AT e

lorlatinib, 2013 4£ 1 H, TameE @7 B 3edit, H
T ALK P 14 J 350 i 300 5 2 % M I /) 4 i i 9 AR
#, 2018 4F 5 I FN 8 A Bk 5 ZE R Je AHAATE
thE .

ALK 500 I R 7 76 3 2 484 T Rt ik
J&, 2017. V4 NCCN /N4 fafiieds ia ' % A LART
ALK BHYE NSCLC —& HEIGIT I R e Je .
M7E 2019. V4 NCCN i/ it ftidea 4585 b, ALK
FHE NSCLC —ZIG97 I R4 7w e .
Je . Bk JE fil brigatinib, >4 ALK fH: NSCLC i
FRAL T 2R, (FUEAENG RN Y, ALK i
) 4 BT 24 17 400 2 T £ 3 T A A SR YT R
SEipNE v

2 ALK &I

ALK J2 85 552 1Al 2 RV, ] LAMEAL ATP |
() y-WE IR 7% B AR I R Rk Ak b, (% PR ok ik
BERRAL, DTS T (5 S i o R Sh W il A
XK EH 4 HE (echinoderm microtubule associated
protein-like 4, EMILA) W% 1< BE AN [A] 1 A Bk A
ALK JE A 20 4 @ Ff, JE L EMIA-ALK il 5 2
PRI, DT 3 T i 530 S i T A2 3, i 2
A FE Rk 8 2 1 ) 98 40 L 4 O A R R
EMIA-ALK g8 R &4k EGFR HE i 5 X — 8T 1k
FHRE AL, ESAE T IR . 8 R WA s AN W A 1
e

3 ALK ##IFIERHLH 5 i 259 5
3.1 ALK 3 7] 15 F #L %

SRR JE SR T gePE ATP IR, J2 B a4 il
S ALK, AKT, %% 5% T 3 (signal trans-
ducer and activator of transcription, STAT3) 55 R
1k, BEAE S M B A SCEE R 0k, A F4EBH i 40 Y
JEHI AL AR TR T e KR A T
ALK Zh, IAEHIT MET | c-ros JGURE LA 1 g = IRIN
fiff (c-ros oncogene 1 receptor kinase, ROS1), [H it
SRR JE i 22 B R S R R A AR . A AR
55 =AY ALK A0 50) 32 220 AL 55 e me 5 Je 26
L, ERIEEE S BURIE . IR mR . AR
ARt

FERR S i RN e e e JE = 20 4%, A) LA
ALK, S BAEAKE T 1 521K (insulin-like

growth factor 1 receptor, IGF-1R) . Ji 5 2 52 1A 3 il
(R R ZAK, TnsR), Hxh ALK S —
%5 ML 5 C1156Y . L1196M ., GI269A ., S1206Y .
71T A B E M, BXF P R B H R,
fHARBE# 3 F1174C B¢ GI1202R 28787 Bl e
B ik ek B e e Je i 10 4%, Reig i
K 2 % ALK 30 Bl 3 1) 4k & PE T 245 88 51, 245
L1196M ., C1156Y J% G1269A"", 4 I v mh #5 2 fiif
21 REAE 75 b I 5 B 5 brigatinib J2 5 A% 0 e HE
ALK, EGFR XUHE G, XF & Ay ALK $i 7) if
54T 3 5 lorlatinib J& H] 3 SRALAY ALK Al
ROST #1057, H W% 78 (9 4 5 A T % $T 36 1
GI202R it 25287, HXF ALK & 511t 245 28 728 B
BRI
3.2 ALK #7417 it 25 HL %1

ALK il 5 i 25 AL H iR E £ 2 a4 =K
J5: ALK AR 252848 . ALK AR it 24 98 A8
L 7RI
3.2.1 ALK i SR i 25 AL ALK AR 1%
i 245 9 A8 4% ALK {8l i 28 28 i ALK & 55
P ALK SO A s, T L g ek K
FI LR G A ALK R0 45 57 s, 2k BE
SR BT R F R AR AT R e JE 5 ATP 2%
M3 BN 25, TR A T2 MR,
25 R B SR A . ALK filg 3R Y 1
R ALK Fili A 356 PR X3k & AR — R 2R A8 s 5 DLy
hnest, ALK A5 S @ A g R B, IR ZE MR iy AR A7
A 245 5 F v B HEEH

ALK P B i 287 SR A K, GK (gate-
keeper L1196) H[I2h ALK BSR4 067 55 1195
P A (048, MK EER (0
4%) 1 RIBAE gly-hoop . 0BE . JEIEREAN aD-12
e, TIIX IS B3 A Y H L ) RO B )
GRERAY, Jo FASAH Y T 1] IR 5 24345, sk
Je F W E A LU E 73 5 EL197 4 55 i 7R 3
T RS, A SR RERR Y N1 435 M1199 &
ARG MR e HBE 5N AT R 4 G
AREEEA IR fE 2L, 2 e e AR T 24 1Y
oS e o N N AT R R SR
LI152R, C1156Y. LI1196M. SI1206Y. GI269A .
F1174L. T171T, GI202R., 1151T 2™ Qiao

SR, LI196M (11145 0 A 28 A8 3 BUE 1 ¥

- 11 -



HATE oM
2019 4E 9 A

I R Z5HTRYY 443
Clinical Medication Journal

Vol.17,No.9
September,2019

BTG PRSI, T 1 6 A5 A B AR AR AT T R R B
FREUCE AR, FEMET A ) TG BRI ALK, 2%
B EE R T e R R AW, FLmERE R
N3 53 1 24 Fk wag g (1) BOA B 434331 55 M1199 JE
AR, S-MEREERAY S L1122, A1148 il H1124 #E
JE VAR BEAT K B . ZEFR B B S ALK
ML G A EM R 52, Hik, ZEmE el
R SR 2 H UL L1196M 28745, [v] B A JH Al B 5
A5G C1156Y . L1196M . GI269A ., S1206Y .
171T 20 (H % G1202R F1 F1174C %€ 48 TG
2 BT R R 9-2 -6, 6-T -1 ALK
TErRMEfE A, 11 EARER 43 5 M1199 T ik & 8 ;
5 Bl BEMASE L1122, A1148 , V1180, L1196, %%
NI L1182 Fl L1256 #EATHI /K45 & XELLEH KA
FE 1L R T BB 4 o 4-FF 8 R IR 4- ML e 0 5 2F
TEBEE SR 2, 5 «C-E1167 F1 B3-K1150 4 4
454y, R-BEA DFG-1270 $8 [a] 5 1L 30 40 5 G 15 P
A, BRI, BUBEAR A o AL BRHE, UG M
BiEAL TR IRAR S Bl Sfe 5 Je 32 B2 4T %) L1196M
C1156Y Fl F1174L %345 . brigatinib ik 22 5t v mk
et 25 A2 G 2, [RE AT ROST, B IE
R N3 53 R Z LB 3430 5 M1199 JE Jli ek,
5 ely-loop RTBCH L1122, J5ELHy V1130, A1148,
ek 1 L1196/1198 . L1256/1257 13k it 3, w5 B 114
V1265 B g K 454 . S-ME g4y 5 A1148 FiI
L1256 AT Hi K456, WAL S 808k T oy L1198
4546, MIVREE-DRIEFR 73 G A 2R, T
FEMENERR 5 C4 R [ AE7E 5y F NI &S, brigatinib
TEZYIREE A Y Y G R v B (L, 25t
i 25 5 AL L 4 T AE o brigatinib X} T 5o e 5 Je Fil %€
FHER BT 25 1% C1156Y . F1174C/L. L1152R. 1151
AR, N v e JE RN BT Ok B R i 25 i 11171N A
VI180L A%, M4 s, brigatinib % F G1202R
(G R0 = 1 T s R e A H At — AR ALK 31 3 551
lorlatinib J2 35 2-Z LML BERTAE ). 2-F IEH 0 5
BEMY E1197 T8 BUA S, ML BE PR B N1 R 5
MI1199 JEIR 1 &t ', 5 gly-loop Fij By L1122,
A1148, BEENY) L1196/1198 | Ak 0] B 1Y A g 11
L1256 Z [alE AT Hi K45 & . MERE IR TE A1148 |3k
B ES A, M3 5 L1122 | BE k47 i 7K 25
B ZAYMFAIRTR 5 R1253 1 N1254 T8 553

THFERI 1. 5 L1256 (g /K- fil iy A7 T 2 A 2

FRORLL MR ER , AR SEE Ao 32095 5] v, R AR B
UL LI196M I G1269A Z€75, DL K AN K UL i
T1151Ins, LI1152R, C1156Y . F1174L fl S1206Y %
A8, T G1202R SR T briagtinib ™
3.2.2 ALK #0550 A AR P T 25 Bl BR bk
ALK ARBEVETN 255842 LASE, T AE 55 B% B0 AL 7] fE
2. ALK [ F iif (550 B E 24 PBK/
AKT/mTOR ., Ras/MEK/ERK #1 JAK3-STAT3, 4{Z
SOFERIAE I, 55 o s M R R R
B RBOE T IEE S, PECALK PR 2y, X255
PTG 5 DT {5 530 2 1 FREOE PR ALK R4
Prir 25878

SRR JE T 24 )5 A W48 3] EGFR 3845 14 L858R
A, 330 ALK T {E 5 38 2% i MAPK 5% PI3K-
AKT SH0E 5 MM &M 1 (NRGL) B
PN EGFR Gl B, 2 Fq B Je . PR B e Ak i
2, AR KRR SRR e 25
P TPS3 Z874% . MET 93 D) ) SRC % & H P I
(src-family kinase, SRC) . 22 %4 775G 1k & H % 1§
( mitogen-activated protein kinase, MAPK) FlJig it
JILEE 3-1% i ( phosphatidyl-inositol-3-kinases, PI3K)
ARG SE o T 55 B0 78 Im K S B b O A 5
WEER], PRI T 25— 20 1 B9 R 1 WY AT A
PIVE
3.2.3 HLURRIE AL B (epithelial
mesenchymal transformation, EMT) [ 7] 58 #L il K
EMT {if bRz iAo 25 7 apams vk, 3545 1T BGs it
B 5RZE. PR M mA RN R R ) %, &L
3 20 A 5114 e 98 200 R AR AT A% N4 22 BE ) Y
WrE e, AR, ZUIMIRAI RN, EMT 5
o - 200 e TR L T 24 R A RS O R
EMT AT i ALK #0785 37 4, Zhou % 4
T EMT 5 1 22 19 i Tt 400 1 0] #0245 40 G o A I IR
Hr, TEMCERE . JEERRYE . PSR JE R 25 AR AR v
PULEEE] EMT 2 0 ki, Horp—Tiass 0, 1F
RSN, EMT JAR gk sl ALK i 500 i 2544

4 ALK IHIFIMAFEAHLE

Gainor %" g KIS KB, 45— 1RFI% =
A ALK i 550 I 24 ) it 25 30 i 8 | R LU a5
A TR e i 25, ALK OB 25 %
AR 30% , H.DA L1196M F1 G1269A A = % i) it

c12 -



N, S B AR TR R SR 00V AL S T 2 LR AT e

29875 AR M T 25 28 A8 ) 90% ;5 £ —AX ZE iy B
JE. B2 S brigatinib, O 25 5842 & b
¥160% ~70% , HLL G1202R =2 2528748 5 e
IR 21% | 29% | 43% , FLAEIEAS LA F b WL 5
g, /D WMELLE 35 1) G1202R RAF LI B A RN
I, PURE S AL ALK 00 245 5 193677 7] Re
BN 4%,

55 = AL lorlatinib AT L7 75 2280 ALK 4101 75 i 245
B GI202R % 4% H %} D1203N It 4 E1210K 0
DI203N Bk 73 F1174C S5 5 45 40 5 A 40 7E Shaw
SEPTRBFSE R, CLI56Y B R NSCLC 3 1 78
MRk Je it 2 J5 , 45 A lorlatinib P U505 i B )5 BR
C1166Y 2825 4h, R 45 Hr il L1198F 2745, L1198F
AR SIETR TIMERR JB S ALK (256, [ sumsEr e
WA KL, lorlatinib i 24 J5 1] GEf#H NCSLC X 5
Mo T T AURR

5 ALK 51 o) R 7% 16 F7 S fir

In-H e B A HEDL I BDAE “ 25 58" FEHT T 4%
YRRV e 1l 28 25 2ok ot - e el ) L &R 58, 2
SAEF R IE A F Y ik A, 5828 2R
IRERY /& ABC #%i5 1K ( ATP-binding cassette trans-
porter, ABC) FK&%, B+ P-FEE H ( P-glycopro-
tein, P-gp) FIFLIRJE T 2585 B ( breast cancer re-
sistance protein, BCRP) , ZEHi#yJe HoAA sk, ik
ABGZH 25 3 /b Bl JE . brigatinib B A % i
P, HEAHRAERZ , W ese P-gp JIEY), 2
Hii#} JE, . brigatinib Fl lorlatinib J& P-gp i1 BCRP [1y3&
R, AP EAE R . PIAE 2 R
YERITR, sumb e 5 28 5 B JE 7E I8 W b o vk ik 2|
AR AL ;. PR e o R NR 254, iE A 20
LdZ HARRNIRY), % NCSLC Hili% #% 42 55
Rt

6 RTTRIER

55 AR ALK )57 ] 4 5 22 BOTa e JE i 2
L B AR ALK 00 50 25 R A ) 4 e o Ay
ZE5to IS —AC ALK AR 25 o, IR
AR A i T ELYEA R 245 PR A8 s 3, 9 HLH B
B RAL . Lorlatinib % F BEAE T ALK 4100 ) 51 i 24
AR TS AR n] LA 4 O 25 21, 38 mTRE M B lorla-
tinib 1 24 i #0002 5 — A0 ALK 410 1] 751 A0 jg 45

BBl FET 0, FF4F ALK B4k NSCLC, sEmg = —
TR AR 5 A TR 25 P 15— 25 = A ALK 4]
P BRTN R, B B ALK 5 5
JFA RS — M, IGIRATEE . 259t 52 1%
T FE S TUHR T BE S X — P9, MRS BRAY T 5L
EPIR i es o S e IO YA

XL ALK 0 25 00 i, mal % e %
BT IR ], EGFR AN
A 3 FALA T LA P A i L e 0 S DR A i 24
P, H a4k ALK, FIAEE EiE, ALK #0505
5 EGFR 75 31 BI04 0 F AT LU our He i 26, B
A 2 4 T IR RO 2 ALK #7715 EGFR i
FIRIBCA R %, B REE ALK ISR, H
WA 0 P RE IR e 2 2% R AL, HSPOO 413 4§ 551 7T
ASEAR ALK 4081 30 22 B 2 A T 24 1 T 4 i ALK
AEEE A, ALK 150 5 HSPOO 1 4 371 B¢ A 1
PN TR L, A MR Y47 B g R 3 2k
F, (HHB SR TR

g BRTR, ALK 50 AT 2 4 8 2 ok e A= A7
W, AR RE S R SR, T2
(O RE A P 2208 ALK FH 4 NSCLC H % 1 B S 45 A 7
Ao KRBT AL B A A7 A AT IR S T
K EAFRER SR, Fit, R4 S st 1
— 2 =X ALK #5712 H §r g —Fhoe g, mies G
ALK 10 300 R A o 700 2 g — Fb e, (H AT REAE
TE VAL (540 T 0 7 7 2R S I, AT 7 A T
R

(&% 30Hk]
[1] Golding B,Luu A, Jones R, et al. The function and therapeutic
targeting of anaplastic lymphoma kinase ( ALK) in non-small
cell lung cancer (NSCLC) [ J]. Mol Cancer,2018,17 (52):
2-15.

National Comprehensive Cancer Network. NCCN Clinical Prac-
tice Guidelines in Oncology ( NCCN guidelines ) : non-small cell
lung cancer [ EB/OL ]. (2019-04-29 ) [ 2019-05-18 ]. http.//
guide. medlive. cn/guideline/17986.

Lhjd , A=IR0 BT RL ALK ) 750 78 e 91k /N0 A i i i 97 v
FBFSE Ik R[] SR AEE & ,2017,15(10) : 1113-1123.

National Comprehensive Cancer Network. NCCN Clinical Prac-

(3]

[4]
tice Guidelines in Oncology (NCCN guidelines ) ; non-small cell
lung cancer [ EB/OL ]. (2017-01-18 ) [ 2019-05-18 ]. http://
guide. medlive. cn/guideline/12614.

Soda M, Choi Y L, Enomoto M, et al. Identification of the trans-

[5]

.13 .



HATE oM
2019 4E 9 A

I R Z5HTRYY 443
Clinical Medication Journal

Vol.17,No.9
September,2019

[6]

[8]

[9]

(1]

[12]

[13]

[16]

[17]

[18]

forming EMIA-ALK fusion gene in non-small cell lung cancer
[J]. Nature,2007 ,448(7153) :561-566.

Ryohei Katayama. Drug resistance in anaplastic lymphoma ki-
nase-rearranged lung cancer [ J ]. Cancer Sci,2018,109 (3):
572-580.

Friboulet L,Li N,Katayama R, et al. The ALK inhibitor ceritinib
overcomes crizotinib resistance in non-small cell lung cancer
[J]. Cancer Discov,2014,4(6) :662-673.

Katayama R ,Shaw A T,Khan T M, et al. Mechanisms of acquired
crizotinib resistance in ALK-rearranged lung cancers [ J]. Sci
Transl Med,2012,4(120) .120-127.

Bedi S,Khan S A, AbuKhader M M, et al. A comprehensive re-
view on brigatinib:a wonder drug for targeted cancer therapy in
non-small cell lung cancer [ J]. Saudi Pharmaceutical Journal,
2018,26(6) :755-763.

Gainor J F, Dardaei L, Yoda S, et al. Molecular mechanisms of
resistance to first-and second-generation ALK inhibitors in ALK-
rearranged lung cancer [ J ]. Cancer Discov, 2016, 6 (10 )
1118-1133.

Saber A, Hiltermann T J N, Kok K, et al. Resistance mechanisms
after tyrosine kinase inhibitors afatinib andcrizotinib in non-small
cell lung cancer, a review of the literature [ J]. Crit Rev Oncol
Hematol ,2016,100 (7) :107-116.

de la Bellacasa R P, Karachaliou N, Estrada-Tejedor R, et al.
ALK and ROSI as a joint target for the treatment of lung cancer:
a review| J ]. Transl Lung Cancer Res,2013,2(2) ;72-86.

Qiao H,Lovly C M. Cracking the code of resistance across multi-
ple lines of ALK inhibitor therapy in lung cancer[ J]. Cancer
Discov,2016,6(10) :1084-1086.

Roskoski Jr R. Anaplastic lymphoma kinase ( ALK) inhibitors in
the treatment of ALK-driven lung cancers[ J ]. Pharmacological
Res,2017,117(2017) :343-356.

Lee C C,Jia Y,Li N, et al. Crystal structure of the ALK ( ana-
plastic lymphoma kinase ) catalytic domain [ J ]. Biochemical
Journal ,2010,430(3) :425-437.

Fontana D, Ceccon M, Gambacorti-Passerini C, et al. Activity of
second-generation ALK inhibitors against crizotinib : resistant mu-
tants in an NPM-ALK model compared to EMI4-ALK[ J]. Canc-
er medicine ,2015,4(7) :953-965.

van Linden O P J,Kooistra A J, Leurs R, et al. KLIFS:a knowl-
edge-based structural database to navigate kinase-ligand interac-
tion space[ J].J Med Chem,2013,57(2) :249-277.

Zhang S, Anjum R, Squillace R, et al. The Potent ALK inhibitor
brigatinib ( AP26113) overcomes mechanisms of resistance to
first-and second-generation ALK inhibitors in preclinical models

[J]. Clin Cancer Res,2016,22(22) ;:5527-5538.

[19]

[20]

[22]

[23]

[25]

[26]

[27]

[29]

[30]

- 14 -

Zou H Y, Friboulet L,Kodack D P,et al. PF-06463922 ,an ALK/
ROSI inhibitor,, overcomes resistance to first and second genera-
tion ALK inhibitors in preclinical models[ J]. Cancer cell ,2015,
28(1):70-81.
Redaelli S,Ceccon M,Zappa M, et al. Lorlatinib treatment elicits
multiple on-and off-target mechanisms of resistance in ALK-driv-
en cancer| J]. Cancer Res,2018,78(24) :6866-6880.
Kim H R, Kim W S, Choi Y J, et al. Epithelial-mesenchymal
transition leads to crizotinib resistance in H2228 lung cancer
cells with EMIA-ALK translocation[ J ]. Mol Oncol ,2013,7(6) :
1093-1102.
Camidge D R,Pao W,Sequist L V. Acquired resistance to TKIs
in solid tumours ; learning from lung cancer[ J]. Nat Rev Clin On-
col,2014,11(8) :104-109.
Dong X, Fernandez-Salas E,Li E, Wang S. Acquired resistance to
TKIs in solid tumours:learning from lung cancer[ J ]. Neoplasia,
2016,18(3) :162-171.
Gower A,Hsu W H,Hsu S T,et al. EMT is associated with, but
does not drive resistance to ALK inhibitors among EMIA-ALK
non-small cell lung cancer [ J]. Mol Oncol, 2016, 10 (4 ).
601-609.
Zhou J, Wang J,Zeng Y, et al. Implication of epithelial-mesen-
chymal transition in IGF1R-induced resistance to EGFR-TKIs in
advanced non-small cell lung cancer [ J]. Oncotarget, 2015, 6
(42) .44332-44345.
Shaw A T,Friboulet L, Leshchiner I, et al. Resensitization to Cr-
izotinib by the ALK resistance mutation LI198F[J]. N Engl J
Med,2016,374(1) :54-61.
Gainor J F,Tan D S,De Pas T, et al. Progression-free and overall
survival in ALK-positive NSCLC patients treated with sequential
Crizotinib and Ceritinib [ J]. Clin Cancer Res,2015,21(12):
2745-2752.
Spagnuolo A, Maione P, Gridelli C. Evolution in the treatment
landscape of non-small cell lung cancer with ALK gene altera-
tions : from the first-to third-generation of ALK inhibitors[ J]. Ex-
pert Opin Emerg Drugs,2018,23(3) :231-241.
Katayama R,Lovly C M,Shaw A T. Therapeutic targeting of ana-
plastic lymphoma kinase in lung cancer:a paradigm for precision
cancer medicine [ J ]. Clin Cancer Res, 2015, 21 (10):
2227-2235.
Sang J,Acquaviva J, Lovly C M, et al. Targeted inhibition of the
molecular chaperone Hsp90 overcomes ALK inhibitor resistance
in non-small cell lung cancer[ J]. Cancer Discov,2013,3(4) .
430-443.

(ARG - TR R





