T790M disappear? Successful gefitinib rechallenge
after T790M disappearance in a patient with
EGFR-mutantnon-small-cell lung cancer. J Thorac
Oncol, 2013;8:27-9. ‘

15) Hata A,Katakami N, Yoshioka H, Kunimasa K,
Fujita S, Kaji R, Notohara K, ImaiY, Tachikawa R,
Tomii K, Korogi Y, Iwasaku M, Nishiyama A,
Ishida T. Howsensitive are epidermal growth factor
receptor-tyrosine kinase inhibitors forsquamous cell
carcinoma of the lung harboring EGFR gene-
sensitive mutations? J Thorac Oncol, 2013; 8:
89-95. .

16) Saito H, Yoshizawa H, Yoshimori K, Katakami N
Katsumata N, Kawahara M, Eguchi K. Efficacy and
safety of single-dose fosaprepitant in the prevention
of chemotherapy-induced nausea and vomiting in
patients receiving high-dosecisplatin: a multicentre,
randomised, double-blind, placebo-controlled phase
3 trial. Ann Oncol, 2013;24:1067-73.

2. FERFK

% 53 [H B AR ARFE4  2013.4.19-21 K

1. iR % © EGFR-TKI BEWREF Iz 3 5
EGFR-TKI+bevacizumab & D A&
T S

2. BEEMMERICRHEN T7T90M N—EH/M%
IZ¥H%e L, gefitinib B#EIES L7 EGFR
BT BB RE O—Bfl
RS ‘

% 36 [E HAMRERBHNESERZS

BE

3. REXEREROEHERSFEDEWVICX
5 BEATRE oK
ARG, REROCHE, BAXKE. JIFEA, EHF
W, MY, B sth, FAmEfod, kE—
B, KRESBF, TR, SDINE. KEEZER,
BEHEN, BESEE, FEEZ

% 18 [M B ABMERES 2018.6.21-22 &k

4. {bFRERREOE BRI T 57 s X
Fo L BE (v 2oy HR®) OFIMWEORE
AR, BASE. FEEZ., HEHEE [
., E¥ER, aREA, EBEEA. BHF
BT, =HEE

% 98 [H A AMEPESEEXHS 2013.7.27 K
53

5. FEEMMERICHRE S TT90M 23— ERIR%IC
Wk U, gefitinib B&E521FEL L7z EGFR &im
FIE BB R 0 — il
AR, T, MHBT. EEER, EH
HER, FEfEZ

6. Wiz DEMMERMEN S RIGE & EH
L7= 6 BIZEE9 AT ,
PrFHISE, AR, N#iERF. ERBE. BE
WER, A EEZ. BB, INGRTER

% 11 F B ABREEZSFMES  2013.8.29-31

2013.6. 20-21

179

i

7. WA EGFR-TKIs
FLEfEz

8. Multiple primary malignancies in Japanese
patients with non-small cell lung cancer

BRHEEER, PTTME, BEFAE. BAR. Nt
BF. mIUBEIT/NAGRRRE, A RMEZ

9. Prognostic impact of central nervous system
metastases and T790M status after Acquired
resistance to EGFR-TKI ,

A%, F ez, SHEEAE, N7, B
HER, BEHET. AHE

10. EGFR &=FEEGMIE/ IR D CNS
RENZXTT B Gefitinib PD % @ erlotinib OF
i
HEAAM, TR, MNHE-7, BEEEAR,
FEEZ

11. PEEEEECEREZZIT2REIEY X7
BETOTILVEE Y b 77 R BREES
b5 M AR SRBR (B DS ABFZE 27 —27)
BREER, LREAN, KL, EHETF.
(OES, BERR. mEE. A LEZ. ZREEH.
R — :

% 54 El A ABEESHS  2018.11.21-22  FIK

12. Vero4DRT #% FV 7= BB B EM S RRIE
I DY RR PR AEER ‘

INIARTERT, RABSEE, MRS, BEE AR,
BLEZ, FEEZ. TREER

13EGFR'TKI & % #% EGFR £ & B
non-Sq-NSCLC izxt% % CBDCA+PTX+BEV
BERA D% 2 FARBREReR S AR FE S L — 7 0109)
WA A, WL, REEIBL, BRI,
AFEEZz, BHEREER., BEB . BERE.
ERE, EEME, VREF. REEHR, R
e —

14. ALK EGFR #{=12 B 5 RE (T gE
D31 DIRIBHIBUR B L 2 OB 3tk
HAAE, AN, M, BAKET. BE
T, EHAK. BEER, KA, R,
FEEZ, mIUBI, AINAGRHR

15. 3E/NHRRFENSCLOIZX 3 22 h L% &
K (PEM) HAIR % 56 OfREt
JIREA, A EEZ, MBETE., HKEF. K
RO, BEARE., BB, BARRE, kE—
B, RESBF. FIE, REEZER, TH
., FEE, MHERF, EREIR. HEE AR,
BHEN

16. ¥prickiT 5 CT H A K TFAERCTCB DBE
B L ZEEORE
VI, BHE, INtEmT. EWBR. B
HEER. A EEZ

17. EGFR-TKI BE&MHERIC BT 5 P RES
BLOT790M & T DOBESE



ERR. FEEz, EWLE, EFES. B
HE

18. FE/HIIEIEESIZ R 1) DS ER DR
FEHESEER, MEETE. mBETF. M TRE,
TR, MHHRT. EOBR. AR,
AEfEz

ERS ANNUAL CONGRESS BARCELONA

Spain, 7-11 September

19. Multiple primary malignancies in Japanese
patients with non-small cell lung cancer
FEESER, PP TR, AR, B, N
B, mILEZ, DARHES, FEEZ

H. BB EHEDHEE - B
1. FEFEE
ZM L,
2. ERFERE
ML,
3. F D
BZER L,

180



BEAFER RIS (RIRERHEET IEE )
SERIFEREE

AHFEIL, BIM BEFEHEE 75 ERHAREFZ A A (EGFR) ERMA VDR |

RSB E BB T BELBIC, BIM BEFSEICER TS EGFR Fuivdr—+t |
AEEEGFR-TKDM T IRE B L B BIRBR TS T F =7 + R/ 280b |
BHABREORSMERIETHILE BELL TV, KRR TIL, AR BHOBKY |
AL T B SR EFTAERROLRF IR 2o TRY FEER T mha |

—VRBLUBERAXELERL. REZES

AR H T T,

A. BAIEEN

EGFREEFFEIL. 7 U7 AT %  ffiE D25
%% 5, HBETHHERPV2T ABRRE LTV
5 EHEE S, BGRR-TKI (7 4 F=7, =/
F=7) BN—BEHT D ENEBVR, EHHEIT
LULTERTSH (EEME) - L OREN»BED
L7V (WA EFINREET D Z EBNRER
RARE & 72> TV B, 20124EIC L RBFSEE DORIE &
1%, BIMBEFERENERT U7 AMIFEMIZH b
FUEGFRZS B fififs O ECFR-TKI i D R 0 —-> T
»HBRZ L EBHELEZ Nat Med, 2012), BIMERT
2T BARAZEDRT VT AD12~13%IZ7F
FET 572, BIMBIRFER 2 A 5 DECFRER
L. hAETERKI2500 A (25 x12. 5% : s
D3%) FETDLHEESINIFVEREBHETH D,
T OIEFIFEIT PCRIC X ABIMEETHRE & R
#H XN /-EGFREEHIE & CERICERETE, L
b ¥— KT v 7 THBEGFR- TKIZMEE2RT
7o EBULIZE SV FT T A IR R IE DOFESL S %
EThD,

REFOIE, BETHRRMY v EIZERT Sz
ARV ) A& NEEGFR-TKIIZHERT A2 & T
EGFRZ: B s fHia OEGFR-TK IR 2 iZER L 5 5
T ¢ HHR THIH THRR L (Cancer Res, 2013)
o AFFEIIRE DM E IR R U R Ieak R
REERICEBIEL L, MBSO BRAIEICET S [3E
ORI ZFRTHERICBOW T HIEFICEERNL
BT &R BRI TH D,

KRFFED B ROiE, BIMEGRFEEICER Lz
MEIEFIORERASEEZALNITAIZ L BIT
EGFR-TKLIZ it & 72 o 1= BIME & F Z RIS
EGFREERFENAZRNBIZT 7 4 F=T+RY J

181

Ay MEROB LERRIZ LV EZEET T

TANVERLNIL. AN EEZRET DI &
THh D,

B. BIEF% .
L. BIMBEE TR 2 H 45 EGFR BE A DEEER

R 623 DalM EBF%E (PEOPLE-]) :

#7712 EGFR-TKI YRR % %17 5 EGFR 2 B i A% A, 400
B (%51 D BIM B TLEBENRIAEND)
RWT R Z AV BIMEGFSREZAIEL .
FT7 4 F =T ORNERCEFHE & OB ERIR
T ITHRETT 5, H25 FEIL, FRFEER L OBE
P - AEXEZER L, SEFERBEOGES
BEETH &b, EMBREY AT LADER, K
RIE R L UFEIT FEORESL 72 ¥, BFREH & 4%
ET 5,

HEE~DEE)
BEOANENRED- D, KEATERRIZH
BRI DT RTOFEET, ~LUFEE, B b
7 b BARTFRRATATGRIC B B mEREE ST (ERk
1 6 BRI FE - EEFEE - REEEEET
B1E) | EFEHRICET A mERS (Frk1 9
EXHREE - BEETBESTELS) | BREW
BT A MmEES (ERk 2 O FEEA£SHE SR
4158 BIOZToWE, EEBEMEZETL
TAMEREZERET S, EMICHZY., HELLD
U ARBEORORE, EH., ERELITEHE
ARTICFReE 35, BEREZITOHEITIE.
FEMEEE TOEMARLE T, FHTIEBYO
L L B/AMRIZ & EHTIT,

C. IEHER



1. BIMBETZA % E T2 EGER BT A DEEK
BB B & HNC 3 A film = BF9E  (PEOPLE-]) :
ARIAEHFRICSMT A EEHROEREENT D
TeDICBEIN-E 1 EESE (ER25484
300) BEUE2EHEE (EHK264E3H7
H) WHELZ 2 ha— LB X UOBRESERZT
EERICOWTHEER T 7=, &Ebic, RERIT
Bt Z—DRBEEERITARBR 2T o7,

T, EFIBGEOEERE LT, BEEGEDOY
ANT v ERIDOEIRESCREZRMET D CRC
WAFRARZ AR L. REEOEFIERFIZRIT
T, BRNIZERT 5 Eha il % %fE Ui,

D. BIMBEFLEICERE UERFIZ, EGFR £ &k
MADEANIZL ANBELFLTHEZ ENTFRS
U, MERITHEIER % BT 5 Brr A 0B fH R
BEELEZ, KEENCEHE 2T, REEE
RTOERRBVRBOLIVKE., EFABRZERIETIT
EThD,

E. ¥

TR SE B 0D BE PR A R % B & 2 3 2 RBR O E i
A 2 B U7, H26 R ICIESIR SR Z BT 5
FETH D,

F. BEERIER
YL,

G. EHRK
1. mXEER
EX

1)Urata Y, Okamoto I, Takeda M, Hattori Y, Okuno K,
Shimada T, Kurata T, Kaneda H, Miyazaki M,
Terashima M, Tanaka K, Morita S, Nakagawa K,
Negoro S, Satouchi M. Phase 2 study of S-1 and

carboplatin  plus bevacizumab  followed by
maintenance  S-1  and  bevacizumab  for
chemotherapy-naive  patients  with  advanced

nonsquamous non-small cell lung cancer. Cancer,
2013; 119: 2275-81.

2) Satouchi M, Okamoto I, Sakai H, Yamamoto N,
Ichinose Y, Ohmatsu H, Nogami N, Takeda K,
Mitsudomi T, Kasahara K, Negor, S. Efficacy and
safety of weekly nab-paclitaxel plus carboplatin in
patients with advanced non-small cell lung cancer.
Lung Cancer, 2013; 81: 97-101.

3) Yoshioka H , Okamoto I, Morita S , Ando M, Takeda

182

K, Seto T, Yamamoto N, Saka H, Atagi S, Hirashima
T, Kudoh S, Satouchi M, Ikeda N, Iwamoto Y, Sawa
T, Nakanishi Y, Nakagawa K. Efficacy and safety
analysis according to histology for S-1 in
combination with carboplatin as first-line chemo-
therapy in patients with advanced non-small-cell
lung cancer: updated results of the West Japan
Oncology. Ann Oncol, 2013; 24:1326-31.

4) Hattori Y, Iwasaku M, Satouchi M, Nishiyama A,
Korogi Y, Otsuka K, FujitaS, Katakami N, Mori M,
Nishino K, Morita S, Negoro S. A Phase II Study of
pemetrexed in chemotherapy-nave elderly patients
aged>75years with advanced non-squamous non-
small-cell lung cancer (HANSHIN Oncology Group
003). Jpn J Clin Oncol, 2013; 43: 1184-9.

5) Hattori Y, Satouchi M. Katakami N, Fujita S, Kaji R,
Hata A, Urata Y, Shimada T, Uchida J, Tomii K,
Morita S, Negoro S. A Phase II study pemetrexed
in patients with previously heavily treated non-
squamous non-small cell lung cancer. (Hanshin
Oncology Group 001) Cancer Chemeother
Pharmacol, 2014: 73: 17-23.

6) Satouchi M., Kotani Y, Shibata T, Ando M,
Nakagawa K, Yamamoto N, Ichinose Y, Ohe Y,
Nishio M, Hida T, Takeda K, Kimura T, Minato K,
Yokoyama A, Atagi S, Fukuda H, Tamura T, Saijo N.
Phase III study comparing amrubicin plus cisplatin
with irinotecan plus cisplatin in the treatment of
extensive-disease small-cell lung cancer: JCOG
0509. J Clin Oncol, 2014; in press.

i

1) RES RIBL, BN EWRTF . b A OEYRE-
RIL DS  Beyond PD : Bevacizumab, fEEH
A1 2013;1125-32.

2. FERHER

piE) ,

1) 2013 ASCO Annual Meeting. Benjamin J. Solomon,
Scott N. Gettinger, Gregory J. Riely, Hiroshi
Nokihara, Ji-Youn Han, Toyoaki Hida, Miyako
Satouchi, Editta Baldini, Salvatore Siena, Nobuyuki
Yamamoto, Leora Horn, Vanessa Roberts Tassell,
Amna Polli, and D. Ross Camidge. Subgroup
analysis of crizotinib versus either pemetrexed
(PEM) or docetaxel (DOC) in the phase III study
(PROFILE 1007) of advanced ALK-positive
non-small cell lung cancer (NSCLC),2013 €€ 5 A
Chicago,USA.



2) 15th World Conference on Lung Cancer. Aoe K,
Aragane N, Nobuyuki K, Satuchi M, Yokota S,
Iwanaga K, Kimura S, Negoro S. Monitoring EGFR
T790M with plasma DNA in lung cancer patients
treated with EGFR tyrosine kinase inhibitor in
prospective observational study. 2013 4 10 A
Sydney, Australia

3)15th World Conference on Lung Cancer. Namba Y,
Hattori T, Satouchi M, Yokota S, Kumagai T,
Imamura F, Fujita S, Katakami N, Nishimura T,
Sunadome H, Tachihara M, Morita S, Negoro S. A
phase II study of bevacizumab in combination with
carboplatin andpaclitaxel in patients with non-
squamaous (Non-Sq) non-small-cell lung cancer
(NSCLC) harboring mutations of epidermal growth
factor receptor(EGFR) gene after failing first-line
EGFR-tyrosin kinase inhibitor. 2013 4% 10 A Sydney,
Australia

ERN

1) % 93 B BAMERBNRAEZS TR, B
N EIRF. DT ERMBEEOERKRES OBR &
ASCO02013 @ TOPICS. 2013 £ 7 A, KBk
X

2) % 98 ElAAMBEEREEITEs WE &,
BN EWRTF | R FE. BR £F. BA X
EF. RE WML, Bk B—. EAF B+
Crizotinib THERFOFTGHIIZX Y flare &7z
L7z ZSERI, 20137 A, KRMFLRX

3) %98 Al A AMEFSEREIIME. i BE.
BN EVE . NE B Bl E£7. BE K=
F. RER MIBL, B3k B—. 7V V' F =T IREF
\ZHIE LT BB 1 67, 201347 A,
KB e X

4) % 53 B B AFRERFS - FiTEES, B £
PRF. ALK FEEEIZI1T B 1R PR EERE ~ M AR B >
HIEEE T~, FEEHB. 201344 A

5) 5 11 FRABREEZSZNES HE £
F. BN ERTF . BE VI, BF BEF, BH
KEF. RE RIBL, Bk B—. 7V F=7/
B OBEEIZET ARE. 2013468 A, e

6) % 11 [EBARERERESSFIES NE &,
BN EWT  EE E£7 BH R RE R
2L, BB BEF, BE V&, Bk B EAR
T B FEE. Pemetrexed EEAESIAIZ BT
% EMLA4A-ALK Bi&& {5+ & EGFR B TERIZ
DWTORE, 2013F8 A, e

183

7) % 54 BB AEBRESKRS LB £ B
AL )IE BAE, KHE B, BE XKETF.
BN =T, Bk #—. BlE B#. DVH -
ERPR R F DR LE R IZ L A BEEBUBRIA T
BREEORE, 2013411 A, BHR

8) & 54 EAAMEFSHRE BN ME B8 A
i1, ARER MIBL. BN ET . Ak 2. HBHE
SAR, HAE MBS, BE BE. 4 X&£&. B
B fne, YR RF. ZE BHE. Bk £
EGFR-TKI #5 %4 EGFR & Z 5 non-Sq-NSCLC
\Z5%4 % CBDCA+PTX+BEV GHH D% 2 #E3RER(
PR A ARFZE 7 L — 7 0109), 2013 411 A, X
h:e

9) % 54 [B B AIEFSRE RE MiBL, BA £
PRF | A BE NE & BE &7 BE K
ETF, Bk - L% EHTF. BIE BB T
oK. B BIR. EAMREICRT S
CDDP/S-1 ffR{LFEMHBRBEIEDORES, 2013 4
1A, ®X

10) % 54 B H AMERSRS HE £7. BN =
. A BE. AR & BE XEF R
AL, Bk #B—. 7 UV F =7 IRGEHEERED
WG H 5T 2/®E. 203F 11 A, ER

11) % 54 BIRAEESAs AR & B =
PF ., MR B HHE EF BE XETR
B OMIBL, B B—. TF EHT. Bl B
P KRE. BRI FE. mEE RETETIE/INE
fe fifi 8 1 38 01T D b R ST BR 1R IR (weekly
CBDCA+weekly PTX+RT)Z DV T DORRE!, 2013
F£11 A, BR

12) % 54 BlHAEZSRES BN £ /A
R JifEE 0D HR R ERS Up-to-Date-FIEIAHR > b F 3
{BEEC-. 2013611 A, B

13) % 94 [ B AMERBNESEZSEHTHE &
M OEE BN RT . NIE B, IR B O
H £F. 58 XEF, RS @B, BE BEA
AR B KREXBETICZH L-ELERAE
s, [REXEB O 3 EF, 2013411 A, X
3

14) % 82 EIFFRIRERILBH LTS B FE,
BN EVF . B . UK B, BA ET
. BE RET. RE RIBL, Bk B— BE ¥
oA R—=U R v ad FERRIGE#E- T



BRI O 5 EFAORRET. 2013 F 12 A, KK
FEFRT

15) %599 Bl A AP EAEHS WA Em.

BN EWRT . BR FE, AR & BE £F
. FREB MIBL, BE XET. Bk B£— BER M
. EARE BT M2 T/VEREE S BEbh
TR ATHBEY o Eo—fF], 2014E2 8, &
JEE R AR B TT

H. ZIBIBAEEDHEE - BHFRR
1. HEFRE

YL,

2. ERFEZFE

B,

3. F Dty

YL,

184



BAESHRETER NS AUEEIHEERZEER)
____ OBANRHEE «

fﬁ%%? -

| ABFFIL, BIM BETFEREHE T5 LR E R TS5 (EGFR) BRI A DK
| BUEEERDLNIZTDEELIZ, BIM BETFERICER TS EGFR Fri v F ) —E
| PAEZEEGFR-TKDMMIRRE B L -EMEZERR T 74 F =7 +RY 2Lk
| FARBEOREMERIETAZEE BELLTWD, REE L, ERMZERRICBT
BHHANBEREZ ALY —=0 7T BEEb 12 EGFR-TKI M FaEF A AT L A8
SFREEL BIM BETSEOBEL ERNICRET 5720 0% MRk £ F #if =35
DEBRELT, EFIEE -BIM BETFEZEBAERERLCIKERT —F AN H
Web AT LEBRE L, BIE. @IRRFFIILHETD 4 HRTERZEALTE
D, BEELTD 400 EFICEZETDETERAERETI,

A. TIXEM

EGFRZEE L. BT 7 A < it #9925
%% ED, DRETIIFERMN2FAREEL T
B LHESN, EGFR-TKI (7 4 F=7, =)n
F=7) B—HBEHTD I ENENN, ZHFT
LN TERT S (BRI - ORI bER
L7222V (WIEATHE) ERINFEET D ERRE
RIRE & 72 o TV B, 2012 (2 SEEAFIEE OFHIEF &
3. BIMBGFEENET U7 NMIEEIZAH L
FUEGFRZS 2 fiti & O EGFR-TKITM T D JRE 0—->T
HBZ L EEE L Nat Med, 2012), BIMELEF
R BARAZEUCERT U7 ADL12~13%IFF
ET 57, BIMBG L% H 3 HEGFRE £
T, bETERK2500A (27x12. 5% : fiE
D3%) FETHEWESNDIFVERBETHD,
T OFEFIEEIL PCRIZ & ABIMBGTFRE & RERIR
B SN -ECFREEHE & CEREICERETE, L
b ¥— KT v 7 ThDHECFR- TKIIZMEZ =~
T2 BRI B DN BT 2R IB R IE DTESL N
EThbH,

REF ST, FETMIEMEY BB S
AU JAZy NEEGFR-TKIIZ AT/ & T
EGFRZ: & fifiE M DEGFR-TKI

TR ARRR L D 5 Z L 2 A THD THREL
7= (Cancer Res, 2013), AAF32IX
RE LB ICHER U BRI AR 2RI
BELL. SO BARFEKICET D [FEoR] %
FTRTHERICBOTHIEFICEERME DT

185

L 72 DERRMIFETH B,

ARFFEO BEIE, BIMERTZRNCRE L7
PEIEGIDBRIRIFFEERAONCITAZ & BLD
EGFR-TKLIZ i & 72 - 7= BIMEEF 2B ED
EGFREEMBAZHBIZT 7 4 F=T+RY /
AFy NMEROE 1FHERER (EREERER) &
NEZEMT BT 7 A NERALMIL, RRTEE
FRETHIETH 5D,

BIM EETFEEOBERIIFEZERE T CIiELN
NI ED D, EREEIRBROM S AR & 72
HIEGH RADOTADDRA T ) —=2 FifEREE
T DRERDHZ Enb, BEFEOE T BIM
BETEE 2H T 5 EGFR BRI A OEERA B
LT BREIR & FFE (PEOPLE-]) ] %3 b E
Fize ZITREREFOAFIZOVWTHET S,

B. BARAE

PEOPLE-] DXEREFIEL, EGFR-TKI (F'7 4 F=
TXE=aF=T) REEZTEBRERD S,
REZITTWA, HDWIIE%EZIT S TFED EGFR
BETFEEBEFE NIENABRE (BRELERA
<) THAB,

B EREFIHIT 400 Bl & L7z, BIM B FLR DR
BB 12.%EE 2 65 Z &35, PEOPLE-] 12
BT BIM BT EGFR B =T BATE
50 FIRERE S, EMEERBROMBEANGRE
LB, '

XBBEPEERREL LS TR T I 2HRL,



BANFRSBEEE P ERNEALa— FE2ED
T Web A7 DMZTERIBEREZIT S . BEROBE,
HMERNELALa—F, HYESL, H5, BEHEE
Bh. EEEE - RASHE XERBEDEBOAT
BUETH B,

SEGIBERFETREIZ Web ¥ AT A THEEEMN
BITEh, EERANLEBHROBEAEROHEERE
FER2 DN RRLE ~EFIBETT DA —/LH
EfFEns,

FEGIBR%, FHRITBVWTERENDRMMZ
BE L., FRAEBE~EMT D, FREE#E
IZBWT BIM BRETFESEOFES PCR 77 7 A
MEFTETRIET 5, MIERRIT. EAFRSHE
BEEEROVCHAEER~EHEINIRERS
ElXvBERmEND,

R T — Z W22V TiE, N—2 T4 VE#H
B BWrhE (A2 3RS, 2HR.
BUERBRE ., EGFR B TFERNE, (LEFRIE
£ (BEGFR-TKI - ZfatEHL B A ZENENIZ DN
T, [REM - #IE LA ARRERT - gl LY
A AR T #41) . FITRRIE - BUTHEIE DBEE.
AOHEDOHE) % Web ANT 5, HHERITMERIC
*F UREHAROIZ, 918 THHE L 7z EGFR-TKI {65% « &
MR AFIERENENICS>WT, TiiEE
EWeb AS1TBEI AN TY A2 REITD,
- 1RRBASA R . TREBRMARF DEEIRIWHE (I1IB, IV,
WIEER) . IREBAEEOD PS, JAEANEA (EGFR-TKI
TIXESE - BE, BRETIRARITIIL Y A V),
R OTEE (RIETEE or FHEFIEE) . BAIEFTEER
EopgEar (REIE LCRERERT 28 L) &
BiER (G- B - ©BROEE - EEH) . JAE
AIRERA D BBHR (BXHE/) FFOERGER (&
7 EHBoOREE  EER), AEEREESL—F
- (BmER, ~Er7mvy, MR, FEE KF
EE, PS, BFH. B R. TH). &ZKE&EEH.
AR THEE, EEFE, HBERERAE
(fREE ~DERE)
BEONEDRED O, KEMEEIEERZE
BT BT _NTOWEEIT, ~NVYUFESE, BB
FJ b BTN T A mEEE (FAL
1 6 ECHREE - EEFBE - BREEEEET
F15) . BEFERICET o mERES (Eakl 9
EXHP PR - EEZEHEETE1LE) | BRRY
FICBET A MBS (B2 0 FEAFBEET
#4158 BLOFOKE, BEBEmMAETFL
TAEEERTD, EEIZHTZD, HH1LD

186

LU EBEOROARR, BH, HREZITER
BRRTIZFREE T2,

C. HERER

PEOPLE-] i%. 2013 £F 12 AIZ&R KRS hF )
L BETFHEGEEEZESTERRINZOE
M, AEBRE, HilbkE, LEEERE VY —
RO 4 FERIZB W TERARBELNLTVS
o BEDE A 4 FINERKENLEFIREIN
TRY, SHITIEMEERROERRKIE R R
b, 400 FIERR & CHERR BER - EBIB R &L bIEEL
TWFETH B,

BIM BIEFLZAOFE L IHF/EROBEEIZ OV
TEZEHE L L TERMICHRET 5 ROV TIR
. ATy T stE 2 LR LT,

- S AR (PFS) ROEAFHRMICONT
I%. Kaplan-Meier ¥i2 T BIM BEFEEL DH EH
AR AR E | logrank BREZS B W TEBHL
BE2ITH, MRl &, BRPE. PS. BUERER
HE VBET A v (Ist or 2nd LIRE) . TAEANE %
HEE LB Cox HFINY— FEFTLZ AV, BIM
BEFEHEETIEAEONY— RELEHET D
- EEOBKHE/INE  BIME G TSR OFEN.
EREDHEEMEREZ SR, REYR (BXHE
) BEERENT &T HRIF/INER LN 95%
EHERMZEHTI L LI, t REZ AW TERM
B 24T S, MR, 4. ERIRAER. PS. MUER
BREE. Vo T A~ (lst or 2nd LIE) . TAEARE
BPAEELTIESBOWERAY., ABLEEKR
M NROBMEERZIT S,

- HEES £ 0FEFRIIOVWT, BIMEGTF
ZRIOEFEIICEES L— K2R L, SL—R3
ULDBEEESORERIGR DN ISHEEXM

THEAMHICESLS) FEHT L E BT,
Fisher’ s exact test &AW TEERLLEEZIT D,
PERI, 4Eln, EEERRHA. PS., WUERBAERE, 1AE
74> (Ist or 2nd LIE), BENEREZEXEELT
DEEECIRAT 4 v I o ERV., BEERE
22T BIM BRTFEEEET 56 OMREL
v A EEHT B,

D. B8
THETOE A, BGER-TKI JABRIC & A g

ATEHRD BIM BEFSHOFEICL Y R H

HTIE-o& D LTz, PEOPLE-] Tix, [E—



ST IZ 33V T EGFR-TKI RIE D 4 Tl < Zffiia
PR AFNT L D OEEEIZ OV TS PFS £0F
BERHE 21T 5 Z &b, BIMEETFEHOFENR
EGFR-TKI /AR RICDAHEEXRIZTON, 5
WITE AR MRS AR RIS LT L 8T
AONETHRHNTEDLEIABFRTHDEEE L
5,

E. &

BIM = FHRUTER 35 EGFR Fr ¥ —
PRREE (BGFR-TKD) iR % B 8 L /BT EE
BBREERT AT OICMEREZREEILS BT
Tre FZTCREMITERBROBERE ) 71— b %
BER & LTHRAANERA S V—=v 72T &
& B2, EGFR-TKI - ZMAAMETI S AN K 218K
WEE L BIM BRERTEHEOBEZRERIICRET S

=]

F. BEAERER
BA=R/J PN

G. BEHER
L FRXCER

1) Kanazu M, Maruyama K, Ando M. Asami K, Ishii
M, Uehira K, Minomo S, Matsuda Y, Kawaguchi T,
Atagi S, Ogawa Y, Kusunoki Y, Takada M, and Kubo
A. Early pharmacodynamic assessment using
18F-fluorodeoxyglucose-positron  emission tomo-
graphy on molecular targeted therapy and cytotoxic
chemotherapy for clinical outcome prediction. Clin
Lung Cancer, 2014; in press.

2) Satouchi M, Kotani Y, Shibata T, Ando M
Nakagawa K, Yamamoto N, Ichinose Y, Ohe Y,
Nishio M, Hida T, Takeda K, Kimura T, Minato K,
Akira Y, Atagi S, Fukuda H, Tamura T, and Saijo N.A
phase III study comparing amrubicin and cisplatin
with irinotecan and cisplatin for the treatment of
extensive-disease small cell lung cancer (ED-SCLC):
JCOGO0509. J Clin Oncol, 2014; in press. .

3) Fukata S, kawabata Y, Fujisiro K, Katagawa Y,
Kuroiwa K, Akiyama H, Terabe Y, Ando M
Kawamura T, Hattori H. Haloperidol prophylaxis is
not effective for preventing postoperative delirium in
elderly patients: A randomized, open-label
prospective trial. Surg Today, 2014; in press.

4) Kawaguchi T, Ando M. Asami K, Okano Y, Fukuda
M, Nakagawa H, Ibata H, Kozuki T, Endo T, Tamura
A, Kamimura M, Sakamoto K, Yoshimi M, Soejima
Y, Tomizawa Y, Isa S, Takada M, Saka H, Kubo A.

187

Randomized phase III trial of - erlotinib versus
docetaxel as second- or third-line therapy in patients
with advanced non-small cell lung cancer: Docetaxel
and Erlotinib Lung cancer TriAl (DELTA). J Clin
Oncol, 2014; in press.

5) Tsujino K, Kurata T, Kawaguchi T, Kubo A, Takada
M, Ando M. Role of consolidation chemotherapy
after concurrent chemo-radiotherapy in locally
advanced non-small-cell lung cancer. J Thorac
Oncol, 2014; in press.

6) Hasegawa Y, Ando M. Kubo A, Isa S, Yamamoto S,
Tsujino K, Kurata T, Ou SH, Takada M, Kawaguchi
T. Human papilloma virus in non-small cell lung

cancer in never smokers : A systematic review of the
literature. Lung Cancer, 2014; in press.

7) Yokoyama Y, Ebata T, Igami T, Sugawara G, Ando
M, Nagino M. A predictive power of prothrombin
time and serum total bilirubin for postoperative
mortality after major hepatectomy with extrahepatic
bile duct resection. Surgery, 2014; in press.

8) Kawaguchi T, Ando M, Ito N, Isa S, Tamiya A,
Shimizu S, Saka H, Kubo A, Koh Y, Matsmura A.
Rationale and design of JME study: Japan molecular
epidemiology for lung cancer study. Clin Lung
Cancer, 2013; 14:596-600.

9) Tsujino K, Kurata T, Yamamoto S, Kawaguchi T,
Kubo A, Isa S, Hasegawa Y, Ou SH, Takada
M, Ando M. Is consolidation chemotherapy after
concurrent  chemo-radiotherapy  beneficial  for
patients with locally advanced non-small cell lung
cancer? A pooled analysis of the literature. J Thorac
Oncol, 2013; 8:1181-9.

10) Yoshioka H, Okamoto I,Morita S, Ando M, Takeda
K, Seto T, Yamamoto N, HideoSaka, Asami K,
Hirashima T, Kudoh S, Satouchi M, Ikeda N,
Iwamoto Y, Sawa T, Nakanishi Y, and Nakagawa K.
Efficacy and safety analysis by histology of S-1 in
combination with carboplatin as first-line chemo-
therapy in patients with advanced non-small cell lung
cancer: Updated results of a West Japan Oncology
Group LETS study. Ann Oncol, 2013; 24:1326-31.

11) Oki M, Saka H, Kitagawa C, Kogure Y, Murata N,
Adachi T, Ando M. Rapid On-Site Cytologic
evaluation during endobronchial ultrasound-guided
transbronchial needle aspiration for diagnosing lung
cancer: A randomized study. Respiration, 2013;
85:486-92.

12) Kogure Y, Ando M, Saka H, Chiba Y, Yamamoto N,
Asami K, Hirashima T, Seto T, Nagase S, Otsuka K,
Yanagihara K, Takeda K, Okamote I, Aoki T,
Takayama K, Yamasaki M, Kudoh S, Katakami N,
Miyazaki M, Nakagawa K. Histology and smoking




status predict survival of patients with advanced
non-small-cell lung cancer: Results of West Japan

Oncology Group (WJOG) Study 3906L. J Thorac H. SIMBAEREDHEE - S8R
Oncol, 2013; 8:753-8. i

13) Nakamura K, Katai H, Mizusawa J, Yoshikawa T, 1'2 ?‘%f@%
Ando M, Terashima M, Troh S, Takagi M, Takagane 7R Lo
A, Ninomiya M, Fukushima N, Sasako M. A phase 2. RAFRER
III study of laparoscopy assisted versus open distal ZURL,
gastrectomy with nodal dissection for clinical stage 3. DA
[A/IB gastric cancer (JCOG0912). Jpn J Clin Oncol, WL,
2013; 43:324-7.

2. FEHER
EE2 L,

188



BIRE 4

PEERROTUTICET 5 —RE

%a_'tt?

REERAL FILE A PV R4 & ~N— | HARE
Nakagawa T, Takeuchi S, EGFR-TKI Cancer Res 73 2428-34 2013
Yamada T, Ebi H, Sano T, resistance due to
Nanjo S, Ishikawa D, Sato M, [BIM polymorphism
Hasegawa Y, Sekido Y, Yano [can be circumvented
S. . by in combination

with HDAC
inhibition.
Ando M, Kawazu M, Ueno T, |Cancer-associated |Cancer Sci 104 1002-8 2013
Fukumura K, Yamato A, Soda [missense mutations
M, Yamashita Y, Choi YL, of caspase-8 activate
'Yamasoba T & Mano H., Uenolnuclear
T, Fukumura K, Yamato A,  [factor-kappaB
Soda M, Yamashita Y, Choi  [signaling.
'YL, Yamasoba T & Mano H.
Tominaga-Sato S, Imanishi D, Mutations in the JBiol Chem 288 0457-67 2013
Imaizumi Y, Iwanaga M, nucleolar
Itonaga H, Yoshida S, Hata T, phosphoprotein,
Moriuchi R, Kiyoi H, Nimer S, nucleophosmin, -
Mano H, Naoe T, Tomonaga [promote the
M, Miyazaki Y. expression of the
oncogenic
transcription factor
MEF/ELF4 in
leukemia cells and
potentiates
transformation.
Kawazu M, Ueno T, Kontani [Transforming =~ |Proc Natl Acad (110 3029-34 2013
K, Ogita Y, Ando M, mutations of RAC  [SciUS A
Fukumura K, Yamato A, Soda |guanosine
M, Takeuchi K, Miki Y, triphosphatases in
‘Yamaguchi H, Yasuda T, Naoehuman cancers.
T, Yamashita Y, Katada T,
Choi YL, Mano H.
Suzuki HI, Matsuyama H, Computational Leukemia 27 - 2107-11 2013
Noguchi M, Yao T, Komatsu |dissection of distinct
N, Mano H, Sugimoto K, microRNA activity
Miyazono K. signatures associated
with peripheral T cell
lymphoma subtypes.
Yasuda T, Ueno T, Fukumura [Leukemic evolution [Leukemia 28 426-28 2014

K, Yamato A, Ando M,
'Yamaguchi H, Soda M,
Kawazu M, Sai E, Yamashita
Y, Murata M, Kiyoi H, Naoe
T, Mano H.

of donor-derived
cells harboring IDH2
and DNMT3A
mutations after
allogeneic stem cell
transplantation.

189




Daito H, Suzuki M, Shiihara J,
Kilgore PE, Ohtomo H,
Morimoto K,et al.

Impact of the
Tohoku earthquake
and tsunami on
pneumonia
hospitalisations and
mortality among
adults in northern
Miyagi, Japan: a
multicentre
observational study.

Thorax

63(6)

544-50

2013

Hagiwara K, Kobayashi K.

Importance of the
cytological samples
for the epidermal
growth factor
receptor gene
mutation test for
non-small cell lung
cancer.

Cancer Sci

104(3)

291-7

2013

Kobayashi K, Hagiwara K.

Epidermal growth
factor receptor
(EGFR) mutation
and personalized
therapy in advanced
nonsmall cell lung
cancer (NSCLC).

Target Oncol

8(1)

27-33

2013

Watanabe S, Minegishi Y,
Yoshizawa H, Maemondo M,
Inoue A, Sugawara S, et al.

Effectiveness of
gefitinib against
non-small-cell lung
cancer with the
uncommon EGFR
mutations G719X
and L861Q.

] Thorac Oncol

9(2)

189-94

2014

Shindo Y, Ito R, Hasegawa Y
et al.

Risk factors for
drug-resistant
pathogens in
community-acquired
and healthcare-
associated
pneumonia.

Am J Respir
Crit Care Med

188(8)

085-95

2013

Yoshida K, Sato M, Hase T,
Elshazley M, Yamashita R,
Usami N, Taniguchi T, Yokoi
K, Nakamura S, Kondo M,
Girard L, Minna JD, Hasegawa
Y.

TIMELESS is
overexpressed in
lung cancer and its
expression correlates
with poor patient
survival.

Cancer Sci

104(2)

171-7

2013

Aoyama D, Hashimoto N,
Sakamoto K, Kohnoh T,
Kusunose M, Kimura M,
Ogata R, Imaizumi K, Kawabe
T, Hasegawa Y.

Involvement of
TGFp-induced

the PTEN
C-terminus on
TGFp-induced
acquisition of
malignant
phenotypes in lung
cancer cells.

phosphorylation of

PLoS One

8(11)

e81133

2013

1980




advanced non-small
cell lung cancer: a
phase I/II study
(AF-001JP study).

Fukatsu A, Ishiguro F, Tanaka [RASSF3 Lung Cancer  [83(1) 23-9 2013
I, Kudo T, Nakagawa K, downregulation
Shinjo K, Kondo Y, Fujii M, |increases malignant
Hasegawa Y, Tomizawa K,  |phenotypes of
Mitsudomi T, Osada H, Hata |non-small cell lung
Y, Sekido Y. cancer.
Okamoto W, Yoshino T, A phase I, Cancer 72(5) 1063-71 2013
Takahashi T, Okamoto I, Ueda pharmacokinetic and |[Chemother
S, Tsuya A, Boku N, Nishio K, pharmacodynamic  |[Pharmacol
Fukuoka M, Yamamoto N, study of
Nakagawa K. nimotuzumab in
Japanese patients
with advanced solid
tumors.
Ono A, Takahashi T, Oishi T, |Acute lung injury  J Clin Oncol ~ [31(26) [e417-9 2013
Sugino T, Akamatsu H, with alveolar
Shukuya T, Taira T, Kenmotsu hemorrhage as
H, Naito T, Murakami H, adverse drug reaction
Nakajima T, Endo M, related to crizotinib.
'Yamamoto N.
Hosokawa M, Kenmotsu H,  |Size-based isolation [PLoS One 8(6) 67466 2013
Koh Y, Yoshino T, Yoshikawa |of circulating tumor
T, Naito T, Takahashi T, cells in lung cancer
Murakami H, Nakamura Y,  |patients using a
Tsuya A, Shukuya T, Ono A, microcavity array
Akamatsu H, Watanabe R, System.
. |Ono S, Mori K, Kanbara H,
'Yamaguchi K, Tanaka T,
Matsunaga T, Yamamoto N.
Tokito T, Shukuya T, Efficacy of Cancer 71(6) 1493-8 2013
Akamatsu H, Taira T, Ono A, |bevacizumab-contain|Chemother
Kenmotsu H, Naito T, ing chemotherapy for|Pharmacol
Murakami H, Takahashi T, non-squamous
Endo M, Yamamoto N. non-small cell lung
cancer with bone
metastases.
Seto T, Kiura K, NishioM,  [Efficacy and safety [Lancet Oncol |14 590-8 2013
Nakagawa K, Maemondo M, |of the selective ALK
Inoue A, et al. inhibitor
CH5424802/R05424
802 in patients with
ALK -rearranged

191




Van TT, Goto H, Hanibuchi
M, Nishioka Y.

pregnancy-associated
plasma protein A as
a migration-
promoting gene in
malignant pleural
mesothelioma cells:

a potential
therapeutic target.

Sugawara S, Maemondo M, |Randomized phase II|Lung Cancer |81 01-6 2013
Tachihara M, Inoue A, etal.  [trial of uracil/tegafur
and cisplatin versus
vinorelbine and
cisplatin with
concurrent thoracic
radiotherapy for
locally advanced
unresectable stage 11
non-small-cell Lung
cancer : NJLCG
0601.
Lee CK, Brown C, GrallaRJ, {Impact of epidermal |J Natl Cancer I |105 595-605 2013
Hirsh V, Thongprasert S, Tsai |growth factor
CM, Tan EH, Ho JC, Chu da [receptor inhibitor in
T, Zaatar A, Osorio Sanchez [non-small cell lung
JA, Vu VV, Au JS, Inoue A, et [cancer on
al. ' progression-free and
overall survival: a
meta-analysis.
Sato S, Hanibuchi M, Macrophage Clin Exp 30 333-44 2013
Kuramoto T, Yamamori N, stimulating protein  [Metastasis
Goto H, Ogawa H, Mitsuhashi |promotes liver
A, Van TT, Kakiuchi S, metastases of small
Akiyama S, Nishioka Y, Sone [cell lung cancer cells
S. by affecting the
organ
microenvironment.
Mitsuhashi A, Goto H, Surfactant protein A |Am J Pathol 182 1843-53 2013
Kuramoto T, Tabata S, suppresses lung
‘Yukishige S, Abe S, Hanibuchi|cancer progression
M, Kakiuchi S, Saijo A, Aono |by regulating the
Y, Uehara H, Yano S, Ledford [polarization of
JG, Sone S, Nishioka Y. tumor-associated
macrophages.
Abe S, Morita Y, Kaneko MK, |A novel targeting  |J Immunol 190 6239-49 2013
Hanibuchi M, Tsujimoto Y,  [therapy of malignant
Goto H, Kakiuchi S, Aono Y, |mesothelioma using
Huang J, Sato S, Kishuku M, |anti-podoplanin
Taniguchi Y, Azuma M, antibody.
Kawazoe K, Sekido Y, Yano
S, Akiyama S, Sone S,
Minakuchi K, Kato Y,
Nishioka Y.
Huang J, Tabata S, Kakiuchi S, Identification of Oncotarget 4 1172-84 2013

192




T, Ando M, Nakagawa K,
'Yamamoto M, Ichinose Y, Ohe
Y, Nishio M, Hida T, Takeda
K, Kimura T, Minato K,
'Yokoyama A, Atagi S,
Fukuda, H, Tamura T, Saijo N.

comparing amrubicin
plus cisplatin with
irinotecan plus
cisplatin in the
treatment of
extensive-disease
small-cell lung

cancer: JCOG 0509.

Katakami N, Atagi S, Goto K, [LUX-Lung 4:a J Clin Oncol 31 3335-41 2013
Hida T, Horai T, Inoue A, phase II trial of
Ichinose Y, KoboyashiK, afatinib in patients
Takeda K, Kiura K, Nishio K, [with advanced
Seki Y, Ebisawa R, Shahidi M, non-small-cell lung
'Yamamoto N. cancer who
progressed during
prior treatment with
erlotinib, gefitinib,
orboth.
Urata Y, Okamoto I, Takeda [Phase 2 study of S-1 |Cancer 119(12) 2275-81 2013
M., Hattori Y, Okuno K, and carboplatin plus
Shimada T, Kurata T, Kaneda |bevacizumab
H, Miyazak M, Terashima M, [followed by
Tanaka K, Morita S, maintenance S-1 and
INakagawa K, Negoro S, bevacizumab for
Satouchi M. chemotherapy-naive
patients with
advanced
nonsquamous
non-small cell lung
cancer.
Satouchi M., Okamoto I, Sakai |[Efficacy and safety [Lung Cancer |81(1) 97-101 2013
H, Yamamoto N, Ichinose Y, |of weekly
Ohmatsu H, Nogami N, nab-paclitaxel plus
Takeda K, Mitsudomi T, carboplatin in
Kasahara K, Negoro S. patients with
advanced non-small
cell lung cancer.
Y oshioka H, Okamoto I, Efficacy and safety |Ann Oncol 24(5) 1326-31 2013
Morita S, Ando M, Takeda K , (analysis according to
Seto T, Yamamoto N, Saka H, histology for S-1 in
Atagi S, Hirashima T , Kudoh |combination with
S, Satouchi M, Ikeda N, carboplatin as
Iwamoto Y, Sawa T, first-line
Nakanishi Y, Nakagawa K.  |chemotherapy in
patients with
advanced
non-small-cell lung
cancer: updated
results of the West
Japan Oncology.
Satouchi M, Kotani Y, Shibata [Phase III study J Clin Oncol In press 2014

183




Tsujino K, Kurata T, Is consolidation J Thorac Oncol |8 1181-9 2013
_[Yamamoto S, Kawaguchi T, |chemotherapy after

Kubo A, Isa S, Hasegawa Y, |concurrent

Ou SH, Takada M, Ando M. |chemo-radiotherapy
beneficial for
patients with locally
advanced non-small
cell lung cancer? A
pooled analysis of
the literature.

'Yoshioka H, Okamoto I, Efficacy and safety |Ann Oncol 24 1326-31 2013

Morita S, Ando M, Takeda K, |analysis by histology

Seto T, Yamamoto N, of S-1 in

HideoSaka, Asami K, combination with

Hirashima T, Kudoh carboplatin as

S,Satouchi M, Ikeda N, first-line

Iwamoto Y, Sawa T, Nakanishijchemotherapy in

Y, Nakagawa K. patients with
advanced non-small
cell lung cancer:
Updated results of a
'West Japan
Oncology Group
LETS study.

Kogure Y, Ando M, Saka H, [Histology and J Thorac Oncol 8 753-8 2013

Chiba Y, Yamamoto N, Asami [smoking status

K, Hirashima T, Seto T, predict survival of

INagase S, Otsuka K, patients with

Yanagihara K, Takeda K, advanced

Okamoto I, Aoki T, Takayama non-small-cell lung

K, Yamasaki M, Kudoh S, cancer: Results of

Katakami N, Miyazaki M, West Japan

Nakagawa K. Oncology Group
(WJOG) Study
3906L.

194




2428

Published OnlineFirst February 4, 2013; DOL: 10.1158/0008-5472.CAN-12-3479

Priority Report

EGFR-TKI Resistance Due to BIM Polymorphism Can Be
Circumvented in Combination with HDAC Inhibition

Takayuki Nakagawa'*, Shinji Takeuchi', Tadaaki Yamada', Hiromichi Ebi', Takako Sano®, Shigeki Nanjo®,
Daisuke Ishikawa', Mitsuo Sato?, Yoshinori Hasegawa®, Yoshitaka Sekido®, and Seiji Yano'

Abstract

BIM (BCL2L11) is a BH3-only proapoptotic member of the Bcl-2 protein family. BIM upregulation is
required for apoptosis induction by EGF receptor (EGFR) tyrosine kinase inhibitors (EGFR-TKI) in EGFR-
mutant forms of non-small cell lung cancer (NSCLC). Notably, a BIM deletion polymorphism occurs naturally
in 12.9% of East Asian individuals, impairing the generation of the proapoptotic isoform required for the
EGFR-TKIs gefitinib and erlotinib and therefore conferring an inherent drug-resistant phenotype. Indeed,
patients with NSCLC, who harbored this host BIM polymorphism, exhibited significantly inferior responses to
EGFR-TKI treatment than individuals lacking this polymorphism. In an attempt to correct this response
defect in the resistant group, we investigated whether the histone deacetylase (HHDAC) inhibitor vorinostat
could circumvent EGFR-TKI resistance in EGFR-mutant NSCLC cell lines that also harbored the BIM
polymorphism. Consistent with our clinical observations, we found that such cells were much less sensitive
to gefitinib-induced apoptosis than EGFR-mutant cells, which did not harbor the polymorphism. Notably,
vorinostat increased expression in a dose-dependent manner of the proapoptotic BH3 domain-containing
isoform of BIM, which was sufficient to restore gefitinib death sensitivity in the EGFR mutant, EGFR-TKI-
resistant cells. In xenograft models, while gefitinib induced marked regression via apoptosis of tumors
without the BIM polymorphism, its combination with vorinostat was needed to induce marked regression of
tumors with the BIM polymorphism in the same manner. Together, our results show how HDAC inhibition
can epigenetically restore BIM function and death sensitivity of EGFR-TKI in cases of EGFR-mutant NSCLC

where resistance to EGFR-TKI is associated with a common BIM polymorphism. Cancer Res; 73(8); 2428-34.

©2013 AACR.

Introduction

The EGF receptor (EGFR) tyrosine kinase inhibitors (TKI),
gefitinib and erlotinib, have shown marked therapeutic effects
against non-small cell lung cancer (NSCLC) with EGFR-acti-
vating mutations, such as exon 19 deletions and L858R point

- mutations (1). About 20% to 30% of patients, however, show

intrinsic resistance to EGFR-TKIs despite having tumors har-
boring these EGFR mutations. In addition, patients who
respond initially later develop acquired resistance to EGFR-
TKIs after varying periods of time (2). Among the molecular
mechanisms associated with acquired resistance to EGFR-
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TKIs are (i) gatekeeper mutations in EGFR (i.e., a T790M
second mutation), (i) activation of bypass signaling caused
by Met amplification or hepatocyte growth factor overexpres-
sion, (iii) transformation to small-cell lung cancer, and (iv)
epithelial-to-mesenchymal transition (3, 4). Several therapeu-
tic strategies, including new generation EGFR-TKIs and the
combination of an EGFR-TKI and a Met-TKI, have been
evaluated clinically in patients with EGFR-mutant NSCLC who
acquired resistance to EGFR-TKIs (2). The mechanisms of

. intrinsic resistance, however, remain poorly understood.

Recently, a BIM deletion polymorphism was reported to be a
novel mechanism of intrinsic resistance to EGFR-TKIs (5). BIM,
also called BCL2L11,is a proapoptotic protein and a member of
the Bcl-2 family. Gene products (such as BIMyg, BIM;, and
BIM) with a BH3 domain, which is essential for apoptosis
induction, antagonize antiapoptotic proteins (such as Bcl-2,
Bcl-Xp, and Mcl-1) and activate proapoptotic proteins (such as
BAX and BAK), thereby inducing apoptosis (6, 7). Activation of
BAX and BAK induce cytochrome c release into the cytoplasm
and result in activation of the caspase cascade (8). BIM is
pivotal in apoptosis induced by EGFR-TKIs in £GFR-mutant
NSCLC cells (9). The expression and degradation of BIM
is regulated mainly by the MEK-ERK pathway (10). The
BIM deletion polymorphism is relatively common in East
Asian populations (12.9%), with 0.5% of individuals being
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‘/ﬂC{Amen’am Association for Cancer Research

Downloaded from cancerres.aacrjournals.org on May 13, 2014. © 2013 American Association for Cancer Research.



Published OnlineFirst February 4, 2013; DOI: 10.1158/0008-5472.CAN-12-3479

Overcoming EGFR-TKI Resistance Due to BIM Polymorphism

homozygous for this deletion. During the transcription of BIM,
either exon 3 or exon 4, the latter of which encodes the BH3
domain, is spliced out due to the presence of astop codonand a
polyadenylation signal within exon 3 (11). The BIM deletion
polymorphism involves the deletion of a 2903 bp fragment in
intron 2 and results in the preferential splicing of exon 3 over
exon 4, generating a BIM isoform that lacks the BH3 domain (5).
A retrospective analysis in patients with EGFR-mutant NSCLC
showed that progression-free survival (PFS) following EGFR-
TXI treatment was significantly shorter in patients with the
BIM polymorphism (6.6 months) than with wild-type BIM (11.9
months; ref.5). Another study in patients with EGFR-mutant
NSCLC treated with EGFR-TKIs also reported that PFS was
significantly shorter in patients with BIM-low (4.3 months)
than BIM-high (11.3 months) expressing tumors (12), suggest-
ing that reduced expression of BIM with a BH3 domain
is associated with an unfavorable response to EGFR-TKIs.
To date, however, no therapeutic strategy has yet been devel-
oped for patients with EGFR-mutant NSCLC with low BIM
expression.

Histone deacetylase (HDAC) is an enzyme that regulates
chromatin remodeling and is crucial in the epigenetic reg-
ulation of various genes (13). Many compounds targeting
HDAC have been developed, including vorinostat, an HDAC
inhibitor approved by the United States Food and Drug
Administration (FDA) for the treatment of patients with
cutaneous T-cell lymphoma (14). In mantle cell lymphoma
(MCL) cell lines and in cells from patients with MCL,
vorinostat induced histone hyperacetylation on promoter
regions and consequent transcriptional activation of proa-
poptotic BH3-only genes, including BIM (15). Using in vitro

and in vivo models, we assessed whether the combination of

vorinostat and gefitinib restored the expression of BIM
protein with a BH3 domain in EGFR-mutant NSCLC cells
with the BIM polymorphism and overcame EGFR-TKI resis-
tance associated with this polymorphism.

Materials and Methods

Cell lines and reagents

The NSCLC cell lines, PC-9, HCC827, and HCC2279, all of
which have EGFR mutations, were obtained from Immuno-
Biological Laboratories Co., ltd., the American Type Culture
Collection (ATCC), and Dr. John Minna (University of Texas
Southwestern Medical Center, Dallas, TX), respectively. PC-3
cells, established from a Japanese female patient with
NSCLC and with an exon 19 deletion in EGFR, and differing
from the prostate cancer cell line PC-3 (ATCC CRL1435),
were purchased from Human Science Research Resource
Bank (JCRBO077: http://cellbank.nibio.go.jp/~cellbank/cgi-
bin/search_res_det.cgi?DB_NUM=1&ID=252 = 1&ID = 252).
PC-3 and the other 3 cell lines were maintained in Dulbecco’s
Modified Eagle's Medium (DMEM) and RPMI-1640 medium,
respectively, each supplemented with 10% FBS and antibiotics.
All cells were passaged for less than 3 months before renewal
from frozen, early-passage stocks. Cells were regularly screened
for mycoplasma using a MycoAlert Mycoplasma Detection Kit
(Lonza). The cell lines were authenticated at the laboratory of
the National Institute of Biomedical Innovation (Osaka, Japan)

.

by short tandem repeat analysis. Vorinostat and gefitinib were
obtained from Selleck Chemicals and AstraZeneca,
respectively.

Genotype and expression analysis of BIM

Genomic DNA was extracted from cells using DNeasy Blood
and Tissue Kits (Qiagen), according to the manufacturer's
protocol. Total RNA was extracted from cells using RNeasy
PLUS Mini kits (Qiagen). PCR methods were used to detect the
BIM deletion polymorphism in the samples and the level of
expression of BIM isoforms (5).

Cell apoptosis

Cells (3 x 10°) were seeded into each well of 96-well,
white-walled plates, incubated overnight, and treated with
the indicated compounds or vehicle [dimethyl sulfoxide
(DMSO0)] for 48 hours. Cellular apoptosis was analyzed with
Caspase-Glo 3/7 assay kits (Promega), which measure cas-
pase-3/7 activity, and PE-Annexin V Apoptosis Detection
Kits (BD Biosciences, in accordance with the manufacturers’
directions.

Apoptotic cells in tumor xenografts were detected by ter-
minal deoxynucleotidyl transferase~mediated nick end label-
ing (TUNEL) staining, using the DeadEnd Fluorometric TUNEL
system (Promega), according to the manufacturer's protocol.

RNA interference

Duplexed Stealth RNAi (Invitrogen) against BIM and Stealth
RNAi-negative contro! low GC Duplex #3 (Invitrogen) were
used for RNA interference (RNAi) assays as described (4). The
siRNA target sequences were 5'-CAUGAGUUGUGACAAAUC-
AACACAA-3' and 5'-UUGUGUUGAUUUGUCACAACUCAUG-
3 for BIM #1, and 5'-UGAGUGUGACCGAGAAGGUAGACAA-3
and 5'-UUGUCUACCUUCUCGGUCACACUCA-3' for BIM #2.

Western blot analysis

Western blotting was conducted with antibodies against
phospho-EGFR (Tyr1068), Akt, phospho-Akt (Ser473), cleaved
PARP, cleaved caspase-3, histone H3, acetylated histone H3
(Lys27), BIM, and B-actin (Cell Signaling Technology); and
against phospho-Erk1/2 (Thr202/Tyr204), Erk1/2, and EGFR
(R&D Systems). Blots were subsequently incubated with horse-
radish peroxidase-conjugated secondary antibodies specific to
mouse or rabbit immunoglobulin G, with signals detected by
enhanced chemiluminescence (Pierce Biotechnology).

Subcutaneous xenograft models

Male BALB/cAJcl-nu/nu mice, ages 5 to 6 weeks, were
obtained from CLEA Japan Inc and injected subcutaneously
into their flanks with cultured tumor cells (5 x 10° cells/0.1
mL/mouse). When tumor voliunes reached 100 to 200 mm® the
mice were randomized and treated once daily with gefitinib
and/or vorinostat. Each tumor was measured in 2 dimensions,
and the volume was calculated using the formula: tumor
volume (mm®) = 1/2 x length (mm) x width (mm)* All animal
experiments complied with the Guidelines for the Institute for
Experimental Animals, Kanazawa University Advanced Sci-
ence Research Center (approval No. AP-081088).
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Statistical analysis

Between group differences were analyzed by one-way
ANOVA. All statistical analyses were conducted using Graph-
Pad Prism Ver. 4.01 (GraphPad Software, Inc.), with P < 0.05
considered statistically significant.

Results

EGFR-mutant NSCLC cell lines harboring the BIM
deletion polymorphism have low susceptibility to
gefitinib-induced apoptosis

We first examined the B/M deletion polymorphism in EGFR-
mutant NSCLC cell lines by PCR. PC-9 and HCC827 had wild-
type alleles, with a PCR product 4.2 kb in size. Consistent with a
previous report (5), HCC2279 cells were heterozygous for the
BIM deletion polymorphism, with PCR products 4.2 kb (wild-
type) and 1.3 kb (2.9 kb deletion polymorphism) in size. Among
the 7 additional cell lines with EGFR mutations (Supplemen-
tary Table S1), PC-3 was heterozygous for the BIM deletion
polymorphism (Fig. 1A). Western blot analyses reveal that the
expression of the proapoptotic BIM protein was markedly
lower in PC-3 and HCC2279 than in PC-9 and HCC827 cells.
Analysis of BIM isoform transcripts showed that cells with the
BIM polymorphism expressed more exon 3- than exon 4-
containing transcripts (Supplementary Fig. SIA and SIB).
Treatment with gefitinib enhanced BIM expression, caspase-

3/7 activities, and apoptosis in PC-9 and HCC827 cells much
more than in PC-3 and HCC2279 cells (Fig. 1B; Supplementary
Fig, S1C, S1D, and §2). Moreover, gefitinib did not increase
caspase-3/7 activity in PC-9 and HCC827 cells treated with BIM
siRNA (Fig. 1C), indicating the crucial role of BIM in apoptosis
induction in EGFR-mutant NSCLC cells treated with EGFR-
TKI. These observations clearly showed that EGFR-mutant
NSCLC cells with the BIM deletion polymorphism are much
less sensitive to gefitinib, as shown by induction of apoptosis,
than cells with wild-type BIM.

Vorinostat upregulates BIM and efficiently induces
apoptosis when combined with gefitinib

Because HDAC inhibition modulates the expression of
various genes, including proapoptotic molecules (13), we
hypothesized that the HDAC inhibitor, vorinostat, may sensi-
tize EGFR-mutant NSCLC cells with the BIM polymorphism to
gefitinib. In EGFR-mutated NSCLC cell lines, including PC-3
and HCC2279 cells, vorinostat dose dependently increased the
expression of acetylated histone H3 and BIM with the BH3
domain (Fig. 2A, Supplementary Fig. S3A). We further explored
whether the addition of vorinostat to gefitinib induced apo-
ptosis in EGFR-mutant NSCLC cells with the BIM polymor-
phism (Fig. 2B and D). In HCC827 and PC-9 cells, which contain
only wild-type BIM, gefitinib inhibited downstream signaling,
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c PC-9 @ HCC827
&
7

Caspase-3/7 activity (fold)
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Figure 1. EGFR-mutated NSCLC
cell lines harboring the BIM
deletion polymorphism show low
susceptibility to gefitinib-induced
apoptosis. A, top, PCR products
from the 4 EGFR-mutated NSCLC
cell lines generated by primers
flanking the deletion. PCR
products 4.2 kb and 1.3 kb in size
correspond to the alleles without
and with the deletion, respectively,
with the presence of both products
indicating heterozygosity for the
deletion polymorphism, Bottom,
the levels of expression of the
proteins BIMg., BIM, and BiMg in
each cell line. B, cell lines were
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@ treated with gefitinib (1 pmol/L) or
éo q;\ é}/ DMSO control for 48 hours, and
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> & & SANA measured using Caspase-Glo3/7
assay kits. Each bar represents the
L] BiMg, mean =+ SD. G, PC-9 (left) and

HCCB27 (right) cells were
transfected with BIM or control
siRNA for 24 hours before gefitinib
(1 wmol/L) treatment for 48 hours,
and the activity of caspase-3/7
was measured as in B, Each bar
indicates the mean =+ SD. Lysates
were collected and proteins were
analyzed by Western blotting.

[USS——— ¥ e ]

Scramble BIM#1 BIM#2 Scramble BIM#1  BIM #2

2430  Cancer Res; 73(8) April 15, 2013 Cancer Research

197
Downloaded from cancerres.aacrjournals.org on May 13, 2014. © 2013 American Association for Cancer Research.



Published OnlineFirst February 4, 2013; DOI: 10.1158/0008-5472.CAN-12-3479

Overcoming EGFR-TKI Resistance Due to BIM Polymorphism

PC-3
Vorinostat 0 0.3 1 3 10 (pmollL)
s s GO BIMg,
BIM S " B BIM,
— T . . S—— B!MS
Acetylated -
Histone H3 -
Histone H3 = et cumm o
14 7 @BIM exon 2A (lotal BiM)
42 | DBBIM exon 3-containing isoform
- @ BIM exon 4-containing isoform
o% 10
23
K]
38 °7
=K
HE
o
=X
2° 44
2 4
o LK i L
Control Gefitinib  Vorinostat Combination
2.5 4

E3:E4 ratio

2
1.5 '
1
* *
T
N ' - l
0

Control Gefitinib  Vorinostat Combination

B

D

HCC827 PC-3
Vorinostat L - = o+
Gefitinib -+ -+ - 4+ -+
p-EGFR - - -
EGFR
p-Akt
Akt
p-Erk = == = ==
Erk === e
Bl ~=qpengn Jpp—
Cleaved E— _
PARP
Cleaved = — —
caspase-3 —
B-Actin N
81 mControl .
o Gefitinib
@Vorinostat
6 . *k
B Combination

*

Caspase-3/7 activity (fold)

HCCa27 PC-3

Figure 2. Upregulation of BIM by vorinostat enhances induction of apoptosis in EGFR-mutated NSCLC cell line with the BIM polymorphism. A, PC-3 cells
were incubated with serial dilutions of vorinostat for 24 hours. The cell lysates were harvested and the indicated proteins were analyzed by Western
blotting. B, HCC827 cells (left) and PC-3 cells (right) were incubated with gefitinib (1 umol/L) and/or vorinostat (3 umol/L) for 48 hours. The cell lysates were
harvested and the indicated proteins were determined by Westem blotting. C, PC-3 cells were treated with gefitinib (1 pmol/L) and/or vorinostat (3 pmol/L) for
12 hours. The amounts of the various transcripts containing exon 2A, 3, or 4 are expressed as normalized ratios relative to actin (top). Ratio of exon 3-
containing transcripts to exon 4-containing transcripts in PC-3 cells after treatment with each compound. *, P < 0.05 versus control. Bar indicates the
mean =+ SD. D, apoptosis was analyzed by measurement of caspase-3/7 activity. *, P < 0.05 gefitinib or vorinostat versus control; **, P < 0.05 combination

versus control and single agents. Bars represent the mean = SD.

including the phosphorylation of EGFR, Exk, and Akt, resulting
in apoptosis, as shown by the expression of cleaved PARP and
cleaved caspase-3. The further addition of vorinostat augment-
ed BIM expression and caspase-3/7 activity. In PC-3 and
HCC2279 cells, which contain the BIM polymorphism, how-
ever, treatment with gefitinib alone induced minimal apopto-
sis, although the phosphorylation of EGFR, Erk, and Akt was
inhibited, whereas the combination of vorinostat and gefitinib
markedly increased the expression of BIM, as well as of cleaved
PARP and cleaved caspase-3 (Fig. 2B and Supplementary Fig.
$3B). This combination also augmented caspase-3/7 activity
compared with that of gefitinib or vorinostat alone (Fig. 2D and
Supplementary Fig. S3C), but this activation of caspase-3/7 was
inhibited by knockdown of BIM (Supplementary Fig. S4A and

$4B). Conversely, overexpression of BIMg,, itself stimulated
caspase-3/7 activities in cells with the BIM polymorphism, with
these activities further enhanced by gefitinib treatment (Sup-
plementary Fig. $4C and 84D). These results indicate that BIM
mediates the activation of caspase-3/7 induced by gefitinib and
vorinostat. Analysis of BIM transcripts revealed that vorinostat
alone induced BIM mRNA, which was enhanced by the inclu-
sion of gefitinib. Moreover, vorinostat treatment preferentially
induced transcripts containing exon 4 over those containing
exon 3 (Fig. 2C). These results indicate that the combination of
vorinostat and gefitinib inhibits HDAC and increases the
expression of BIM protein with the BH3 domain, thereby
sensitizing EGFR-mutant NSCLC cells with the BIM polymor-
phism to apoptosis in vitro.
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