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Abstract: There have been significant advances in the understanding
of the biology and treatment of non—small-cell lung cancer (NSCLC)
during the past few years. A number of molecularly targeted agents
are in the clinic or in development for patients with advanced
NSCLC. We are beginning to understand the mechanisms of acquired
resistance after exposure to tyrosine kinase inhibitors in patients with
oncogene addicted NSCLC. The advent of next-generation sequenc-
ing has enabled to study comprehensively genomic alterations in
lung cancer. Finally, early results from immune checkpoint inhibitors
are very encouraging. This review summarizes recent advances in
the area of cancer genomics, targeted therapies, and immunotherapy.
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MOLECULAR GENETICS OF HUMAN
LUNG CANCER

Lung cancer has traditionally been classified by histologic
subtype and immunohistochemical characteristics. However, this
classification has been complicated by the recognition that sev-
eral clinically actionable somatic genetic alterations can be iden-
tified in the distinct histologic subtype of lung cancer and that
some of these alterations can be found in more than one histol-
ogy. Through comprehensive genomic analysis, it is known that
all lung cancers carry high rates of somatic mutation, high levels
of inter- and intra-chromosomal rearrangement, and copy-num-
ber alterations as compared with other tumor types.! Exploitation
of these genomic aberrations has become an attractive and effica-
cious treatment strategy and has underscored the need for multi-
plexed genetic testing as part of the routine care of patients with
lung cancer. To stratify patients into clinically relevant subgroups,
the combination of histomorphological, immunohistochemical,
and genetic analysis is now used routinely for patients with newly
diagnosed lung cancer and is the standard of care in newly diag-
nosed adenocarcinoma in which epidermal growth factor recep-
tor (EGFR) mutation and anaplastic lymphoma kinase (ALK)
rearrangement testing have been incorporated into standard treat-
ment algorithms. In addition, many institutions are now routinely
testing for alterations such as ROS proto-oncogene 1 (ROS 1),
RET, B-Raf proto-oncogene (BRAF), and v-erb-b2 avian eryth-
roblastic leukemia viral oncogene homolog 2 (HER?2) which have
shown initial promise in tailored cancer treatment.

Lung Adenocarcinoma

Lung adenocarcinoma is one of the best genetically
characterized human epithelial malignancies and recent dis-
coveries of targetable driver mutations have highlighted the
impressive cadre of molecular alterations present in this dis-
ease. The identification of oncogenic activation of particular
tyrosine kinases (TK) in some patients with advanced non—
small-cell lung cancer (NSCLC) most notably mutations
in EGFR?* or rearrangements of the ALK gene® has led to
a paradigm shift and the development of specific molecu-
lar treatments for patients. These clinical successes have
revolutionized the field and stimulated the investigation into
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FIGURE 1. Potential targetable oncogenes by histology
subtype. EGFR, epidermal growth factor receptor; ALK, ana-
plastic lymphoma kinase; DDR2, discoidin domain receptor
tyrosine kinase 2; FGFRI, fibroblast growth factor receptor 1;
KRAS, Kirsten rat sarcoma viral oncogene homolog; MET, MET
proto-oncogene; PIK3CA, phosphatidylinositol-4,5-bisphos-
phate 3-kinase, catalytic subunit alpha; PTEN, phosphatase
and tensin homology deleted on chromosome 10; RET, ret
proto-oncogene; SCLC, small-cell lung cancer.

additional, potential targetable, generation aberrations across
all lung cancer histologies (Fig. 1 and Table 1).

For patients with lung adenocarcinoma, the impact of
genetic testing has led to changes in the standard diagnos-
tic algorithms with recommendations from the International
Association for the Study of Lung Cancer and National
Comprehensive Cancer Network that newly diagnosed
patients with advanced disease be tested for EGFR mutation
and ALK fusion testing. In addition, many institutions are now
routinely testing for alterations in genes such as ROS, RET,
MET proto-oncogene (MET), BRAF, and HER2 which have
shown initial promise in tailored cancer treatment.

The need to perform detailed molecular testing of lung
cancers began with the correlation of EGFR mutations and sensi-
tivity to gefitinib and erlotinib in lung adenocarcinoma, typically
in patients with modest tobacco exposure EGFR TK inhibitors
(TKIs) are now the established first-line therapy in patients with
NSCLC known to have activating mutations in EGFR.%” The
majority of these tumors initially respond to EGFR TKIs, but
subsequently develop resistance to therapy, with a median time
to progression of 9 months.® Recent work has demonstrated the
value of additional molecular testing at the time of acquired resis-
tance in EGFR-TKI-responsive patients, as nearly half of patients
with disease progression will carry a secondary EGFR mutation,
such as T790M, which can now be successfully targeted with
third-generation EGFR TKIs such as AZD9291 and CO-1686.%°
Additional mechanisms of resistance to EGFR inhibitors have
been defined in rebiopsy cohorts, many of which are associated
with a potential for response to other targeted agents or with
response to other chemotherapies (small cell transformation).?

Receptor TK (RTK) gene rearrangements, such as ALK,
ROS, and RET, are identified in 1% to 8% of lung adenocarci-
nomas.'” Patients whose tumors harbor ALK fusion and ROS1
rearrangements demonstrate a response to crizotinib and other
TKIs.!'? However, similar to their EGFR counterparts, these
patients ultimately recur. This has led to molecular character-
ization of mechanisms of acquired resistance and the clinical
use of ALK and ROS inhibitors with expanded mechanisms of
action such as LDK378.

Interestingly, some of the most frequent genomic altera-
tions in adenocarcinoma, such as mutations in tumor protein
p53 (TP53), KRAS, and serine/threonine kinase 11 (STK11),
have proven difficult to target and therapeutically exploit.'*!*
The mitogen activation pathway (MAPK) is often implicated
in the development of lung adenocarcinoma; however, little
success has been garnered therapeutically. The most com-
mon mechanism for MAPK activation is through substitu-
tions mutations in 12th, 13th, and 61st amino acids of KRAS.
Activating KRAS mutations are observed in approximately
20% to 25% of lung adenocarcinomas in the United States
and are generally associated with a history of smoking. The
presence of a KRAS mutation appears to have at most a lim-
ited effect on overall survival (OS) in patients with early-stage
NSCLC although some data have suggested that it was associ-
ated with inferior prognosis. Efforts to identify specific inhibi-
tors for KRAS-mutated lung cancer have proven challenging
with the current focus of targeted therapeutics for patients
with KRAS-mutated lung cancer is against downstream effec-
tors of activated KRAS such as mitogen-activated protein
kinase kinase (MEK) 1/MEK2, phosphatidylinositol 3-kinase
(PI3K), and v-akt murine thymoma viral oncogene homolog
(AKT). Recent phase II data examining combination use of
selumetenib, an inhibitor of MEKI1/MEK2, and docetaxel
has been shown to have promising activity in KRAS-mutant
patient population.'® Additional work on downstream effectors
in the KRAS-mutant pathway is crucial, and currently, several
clinical trials using the inhibition of phosphatidylinositol-
4,5-bisphosphate 3-kinase, catalytic subunit alpha (pI3KCA),
MEK, and phosphatase and tensin homology deleted on chro-
mosome 10 (PTEN) are in progress.

Squamous Cell Lung Cancer

Genotyping alone has improved survival in patients who
harbor a targetable mutation such as EGFR mutation and echi-
noderm microtubule associated protein like 4 (EML4-ALK)
fusions. However, there has been limited advancement in tar-
geted approaches in squamous cell carcinoma until recently.
Recent genomic profiling in squamous cell carcinoma has
highlighted a number of new molecular targets including
the fibroblast growth factor receptor (FGFR) family kinases.
FGFRs are cell surface TK receptors that mediates cell sur-
vival and proliferation. Gene amplification of FGFR1 has
been detected in 7% to 25% of squamous tumors, and exten-
sive profiling has identified low-frequency activating muta-
tions and copy-number alterations in all the FGFRs.'¢"!® Small
molecule inhibitors of FGFR1 are in clinical development,
and a case report of a NSCLC patient with tumor regression
in response to the FGFR small molecule TKI BGJ398 has

S2 Copyright © 2014 by the International Association for the Study of Lung Cancer



Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))
10T 2unf
ur Suneawr £30100u() [eoTUI[)) JO SAT1-DNI [OIBOS=018S
SJUOAQ £30100g UBOLIOWY I8 pajuasard VN 29100UL-+FUN[+qRUWNWNIIOOU=ULID
S1[0qUId0qUIOIY ], 9q 0} eje(q "paro[dwod ]| aseyd qADd qQVOIN D3] uewny qEWNWNIIOAN suorHW/ANIT g 1(,S3[NSA1/7)0/A0T s[eLI[eITUI[o//:dNy
yuowdojoadp H600Z-1d9d OIBOS={[0JBIS29100U
Al 9seyd ur AJualmo pue (eury)) euUBUIUO)) ‘ouJ euLIRyJ B4+ 3UN[4+PUBHQIUIOOI=ULI};,SI]
BOULIRIP ‘YSBY BUIYD UI VD oY) Aq paroxddy NADA 3L 9[nodjow [[ews quunoo| elog Sueifoyyz Nsa1/g)9/A03 s[eLeotur]d,//:dny
(pa1o1dwioo) DTSN 103 11 3seyd
BOYLIRIP OIBOS= [OIBOS2PIIOURI+
‘SUOI}OBAI UOISNJUI 100UED 358AIq SUISsaIdxa10A0 undooroyq Sunj4pue4qeiunznisen=wdl; s}
‘AyredoAworpre) -2¥AH 103 pasoxdde vqq 4AH qQVOJN paziuewny qewnznjser], iplliEliTs) [NSa1/710/A03" sTeL[eoTUI[o//:d)Yy
UOo1}oBI UOISNUI DTOSN 10§ [ 9seyd
‘BOULIRIP ‘BOSNBU qQVIN ADF-X9V [OIBIS=YJIBOGPIo0U
‘on3ne;] ‘eryokuored 100UBD XIQII09A eO+Junf+qewnunIued=wiay; sy
‘erwesausewodAq [©30210]09 10} paroidde v g NEE qQVOIN 7DS] uewny /qewnwniiue g uoSwry [NS21/739/A03 s eIuI[o//:dny
Kyorxojojeday
‘ondney ‘(ysel pue
BISOUISISAPOIYIAID TOSN 10 IT 358y d
1eyuerd-rewred)
o130]0)BWISP 100UBd [OIBIS=U0IB0GPIo0U
‘Funruwoa 1SB0Iq pAouRAPE SUISSaIdXaI0A0 (zg-919) ILL 9[nodjowr 910ZLS D e+ 3uny+pue+qrunede=widy;s)
‘BosneU ‘BOYLIRI -7ddH 10J pasoxdde vaq 4AH 94D [Tews 9[qISIOAY qIoyAL/quunede QUITYIPIWSOXEB[D) [NS91/719/A08 " STRLI[ROIUI[//:d1Y
‘uedep
pue odoing ur suoneNW Y IOT
ynm syuenjed ur asn 103 paaorddy
's)eIS
OSBISIp pau( Ay} Ul Wel3old SSa0Y [OIBIS=U0IB0S9Io0U
Sunj rennsioyur essoI] oy} payes werdoxd 3L o[nodjow 6€81 AZ ©0+3UN[+pue+qIUNJIS=WId}; s}
‘BOULIRIP ‘AJIOTXO} UDS [eroads ® Jo jred se A[uo o[qe[reAy NEE! [[ews 9[qQISIOAY BSSAI[/qIUIYon) BOQUOZBIISY [NS91/719/A08 " STRLI[ROIUI[//:d)Y
suopeInw
AADT 61 UoXH pue YYS81 co6c-MdId o18aG=1]o180§ % 100U
i syuaned Jo juouneon IDLL 9[nodjowr Jimorin wroyesuy B+ SUN[+PUB+qIUIIRJR=U1I0}; S}
an3nej ‘edyLIeIp Ysey dulf-)s1y ) 10§ pasoxddy 4dH 9453 [[BWS [qISIOALI] quuneyy 123uLyeog N$a1/719/A03 s[eL[eITUI[d//:dNYy
Iooued oneoroued padueApe 10§
QUIQBIOWAS YIIM UOHBUIqUIOD UJ-
Ade1ay) 2ouBUUIBIA
uowigar ord
QUO JSBI J& JO dIn[Ie] IOV o [0I1BOS=10IL0S29100U
DTDSN padueApy- I3LL 9[nodjowr yLL-ISO S[eOINOORULIBYJ B4+ 3UN[+PUB4QIUIO[IO=ULI)/ S}
BIYLIBIP ‘AIIOIX0) UDYS pasoxdde yaq NEE [[BWS 9[qISIOAY BAQOIR] /qIUNOLIT 1SO/Y2}UUAL) [nsa1/719/A03 s eoIuIo//:dny
erwesausewodAy ‘paytodar pue paye[dwos useq
‘U[oBpEAY ‘UONOBAI aAeY DTOSN 10J sarpmys ][ aseyd
UuoIsnjur ‘edyLIeIp
‘sagueyo [reu J100UBD [B19910[0))- qqmnbg [OIBOG=[0IBOS 2910
‘SON}IOIX0) UDS I00UED JOoU PUE PeoH- STTO-DONI SIOAN-10ISTI OUBD-+SUN[-+QBUITXNJO0= LI} S}
19410 pue ysey pasoidde v A40d qQVON dL_WIYD XMIQIH/qeiixman AT 1g/euoDW [nsa1/Z10/A05 s[eLned1ur[d//:dny
(stonqryut-ued pue ‘TYHH ‘TYHH) SIONQIYUI YIOH
$3193}3q IPpIS judwdopaadq jo (s)398ae], adA], (s)dweN 110 (s)aosuodg NurpdAH
and£yoyoag aseyq Jud.LIn) JuiBN dpe], ey,
duIeN JLIdUIN)
Jadue) bun [|9D-|jews—uoN Joj saidelay] dibojoig pue paable] jo Alewwng pajeingel v ‘L 319VL

S3

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=cetuximab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=cetuximab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=cetuximab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=erlotinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=erlotinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=erlotinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=afatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=afatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=afatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=gefitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=gefitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=gefitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=lapatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=lapatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=lapatinib+and+lung+cancer&Search=Search
http:// � � �http://clinicaltrials.gov/ct2/results?term=panitumumab+lung+cancer&Search=Search
http:// � � �http://clinicaltrials.gov/ct2/results?term=panitumumab+lung+cancer&Search=Search
http:// � � �http://clinicaltrials.gov/ct2/results?term=panitumumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=trastuzumab+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=trastuzumab+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=trastuzumab+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=icotinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=icotinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=icotinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=necitumumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=necitumumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=necitumumab+lung+cancer&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panunuo))
CIC9STAVS/ITININ [aIeaS=yo1e
VN S[esnnoadeULIRyJ 9929100UR+-3UN[+ [ 7 [ ININ=WLI9Y,
11/1 9seyd SddH qQVON Uetiny VN S[oeULLIS]A §1[NSa1/710/A0F S[ELI[BOTUI]D//:dY
888DV /L8TI-EN 910G =0IBOG100UEI+Fun]|
BayLIBIp ‘Teniooe VN +888DINV+ L8T-E1=WId1S)NSAT
‘BILUDUE ‘Ysey] 03 paso[d T1/91 oseyd SddH qQVON Uetiny VN 0A3ueS TyotIe( /T¥0/A0T s[eL[eOIUI[O//:dNy
(K3101X0)0340
Ten[[oo juopuadop 102VD
-Kpoquue qQVOoN /S¥6£80SOYU YOIBaS=1o1ea5%p
erwoesouSewodAy ‘[en1ooe 0} pasroxduur D3] YIDg-nue VN 109UB+3UN[+GH6E]0SOY=WI,
“YSeI ‘SUOI}oBal UOISNJu] Paso[d MON] ‘T] 9seyd os[e) Y109 Pa100uISu-00470D) VN YooY S)[NSa1/730/A03 sTeIeoTuT[o//:d)y
69s-d3d [OIB3S=1]d1ea5 791
BIUOYJSE ‘BOSNEU ‘Appua1md sarpnys SuroSuo PIAH I3LL 9[nodjow VN Q0UBD+FUN[+PUB+qIUII[Od=U1I0),
“YSEI ‘BoyIIRI ON "paje[dwos 17 oseyq ‘CIAH YIDA [TewS S[qISIOASLI qrunied (pohm) 10z g S)[NS21/Z10/A0F s[RI RITUT]//:dNY
BUIOPOISUE AT
‘wsroquid Areuownd 'SQIpMIS /715069-SINE [OIBOS={[0IBIS2PIOOUBI+
‘uorsuoytodAy [eroye Furo3uo ou ar1e 1Y) ApUaLInD TIADAA VN qqmnbg Sun[+415069-SING=W19}/s}nsa1
‘yselr ‘edyLrerq ‘parerdwon Iy asey NAH-ued 3L 9[nodjow [[ews VN SIOAIN-0ISLIg /739/A0T s[eLneaTuId//:dny
OTOSN 10§ T °seyd
BWOID) opeIS-ySIy oIy OIBOS=10IBIS 291
pasdefar 10} JewueAN INID®IOYL Q0UBI4FUN[+qRWNZNJOWTU=TILIO),,
BOULIRIP ‘YSBY pue puejrey [ ur pasoiddy AT qQVOJN poziuewny qewNZnjowIN S90udI0S0Ig INA S)[NSa1/710/A03 ST eoTuI[o//:dNy
d CLTIYH {oreag=tores
ysel PARIAWOd HTISN 10§ 11 9seud 3L S[nosjowr VN §29100UBD 4+ SUN[4qIUNBISU=ULID),
‘RIUDYISE BIYLIBI(] (190ue0 35821Q) []] SeYd 4AH Y403 [[eWS S[QISIOAJLI] quuneIdN (y1ehp) 10z g S)[NSa1/710/A03 sTeLneoTuI[o//:dNy
‘paredwos sarpmys 1 oseyd
"JoouEd 3un|
ur sarpnys Suro3uo ou Apuarin)
"[oXE}200p
puE qewnZnises) yHm s10}doda1 YAH
UOTJBUIQUIOD U JOOUED }SBAIq 1ouy30 yum 2YIH $DT QVIANYI [OIBOS=1[0IBS 2P
3se2109p JHAT onejselow Jurssaidxaiono Jo uonezuawip qQVON JARINERT 120UBd+3unj+qewnzniod=udy;,
‘eoyIIRIp ‘On3ne] -2¥dH 10J pasoxdde yqq SJUOARI] QULINW PAZIUBWINE qeuNZn}Iog QYOO /YOIUAUN) S)[NS01/710/A03 s[RI [eOTUI[O//:d)Y
‘sodoydo
Surddejroaouou
jsureSe pajoalIp $OOWAS
I] UTeWOp  SAIPOQNUE [BUOJOOUOWT VN [OIBOS=1[0IBS 294 () QWAS =TI}/ S
BOULIBIP PUR Sy TI/1 9seyq Ie[N[[00BNXd Y IDT 0M] JO QIM)XTWI Y/ VN u oSoydwAg oI JINS21/7)9/A03 STeLIeoTUI[o//:sd1Y
(stoz Ur
pa1edwod 2q 03 pajoadxa
S1 pue 3ur03uo AUaLIND ST
0S0T YTHOYV "syutod pud
Arewnid 1oy 309w jou pIp $0866Cdd [OIBIS=1J1B0S29Io0U
yseI ‘ouoe pue pajojdwos arom 97 g 3L o[nodjow VN BOFUN[+PUB+QIUNTWOOEP=TID)/,
‘eayLreIq pue 6001 ITHIUV) I1T 9se4d YdH-ued [[etus S[qISISAdLI qrupIoseq 1P74d $1[N$21/Z19/A0F"s[eLI[edIuId//:dny
$393}3q IPIS judwrdopaadq jo (s)198ae], adAy, [OELITINEEY iTe) (s)aosuodg NurpdAH
andKyoyoag aseyd Jud.LIn) JwieN Ipery, [eLLL
EL I LJNRIRENIETS)
(panupuod) L d|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

<t
701


http://clinicaltrials.gov/ct2/results?term=dacomitinib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dacomitinib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dacomitinib+and+lung�cancer&Search=Search
https://clinicaltrials.gov/ct2/results?term=Sym004&Search=Search
https://clinicaltrials.gov/ct2/results?term=Sym004&Search=Search
http://clinicaltrials.gov/ct2/results?term=pertuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pertuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pertuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=neratinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=neratinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=neratinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=nimotuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=nimotuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=nimotuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-690514+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-690514+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-690514+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pelitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pelitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pelitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=RO5083945+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=RO5083945+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=RO5083945+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=U3-1287+AMG888+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=U3-1287+AMG888+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=U3-1287+AMG888+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM121+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM121+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM121+lung+cancer&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(ponuyuo))
(S0s1 5009
Surpos juean(pe ayj ur
uoneroyiad SuroSuo Sunsay [ oseyq-
[eunsojuIonses DTOSN O1eISeIdN-
‘a3eyrIoway [£10910[00 O13BISLIQA-
‘STSOqUIOTY) 1s83Iq [0IBIS=T]01ed
‘ernurojold aAnje3ou Y HH ONeISLIRIN- UnseAy S29100UBIFIUN]+QBUINZIOBAIQ=ILID
‘uorsuoyodAH pasoxdde v 1 V-IDdA QVOJA poziuewny qewnzioeAoq ipElliliely) 3¢,$1NS01/719/A03 sTeLneoTuI[o//:d)y
SIONQIUI Y IDTA PUe IDHA
LIDH-XeNNH [OIBS=1]0
erxoIAd ‘Apuaimd syuaned VN 189G 29190UBI+(RIINWNIN[BZ=ULId}
‘ongney ‘ysey Sunmioar joN MADdF qVOJN Uewnf| qewnwniniez qeuIuan {$1NSA1/719/A03 sTeLneoTuI[o//:d)y
100ue0 Bun] 10§ [ 95 AN UOTEIS=YOIBIS 90T [ |
JIOWIPOIAY urajoxd uorsny VN s[eonnaoseuLIRyJ ~INIA=WLIRY ) NS/ 70
11/1 9seyd CIHH-CIdH Apoqnue dyroods-1g VN SOBWILLIDA /A0S s[ernedIUI[o//:dny
ISTININ [oreaS=y
qVOJN uewny AN s[eonnaoeuLIRyJ 2IBIGIAOUBIH [ G [ INN=ULIS}, S}
1 aseyq MADd 9011} JO UOTIRUIqUIO)) VN NORWILLIOA] [nsa1/739/A03 s[eLneoTuI[o//: A1y
sduwrero 97966S-SINT SQOUQIISOTE [OIBOS={[0ILIS 2 IOOUBI+9T966S
[e3oayso[nasnu (y¥9H ‘TadH 10)qIyut sfnosjow VN nquy /qqnbs -SING=UI9),S)NSAL/ 10
‘YSeI ‘easneu ‘BoyLIRI(] (payordwoo) | eseyq AADHA) YTH-ued [Tews J[qISIOAY VN SIOAIN-[OISTIE /A0T s[RI eoTuT//:dny
08¢ AJIV [oIeaS=ya1
angney JI0}IQIYUI S[NOJ[OW VN BuLIRyJOIg BOS29I00ULI+()S €+ AN V=WId)/S
‘Yser ‘easneN (payordwoo) | eseyq JdH [Tews J[qISIOAY VN Keiry 3INS01/7)0/A03 s[eL)eoTuI[o//: A1y
€0T AV [0IBAS=[0IRIS 2 IOUBI+PULHE()T
VN s[eonnaoeuLIRyJ -AY =L} S)NSAL/ 70
Ioseyd €ddH qeOJN pazIueuny VN OdAV /03 s[eLned1uI[d//:dny
3unInIoal Jou APUALIND
100uBd SUn| 10 T 9SEYJ V SP6LAHAN Yoreas=y
qeoIN D3] VN JIBdS®V+S Y6 LAHTAN=WI1S)
11 9seyq CAH “9ADA UOTIOE [eNp PAZIUBWINE] VN [O9JUOUAD) nsa1/730/A03 s[eL)eoTuI[d//:diy
100UEd 3un|
10] sa1pmys SuroSuo oN 1€68AZV
SddH 10)qIUUT S[NOITOW VN [2IBaS=121eaS79 | €68PZB=ULIA},,
11 9seyd ‘CIAH A0 [[ews J[qISIOAY qIUnO[WOIA BOQUOZBIISY S}[NSa1/Z30/A0F s[eIneoTUI]//:dNy
INO6LL 16c6 AZV [orIeag
Surpnpout Y404 J0)qIyu S[NOITOW VN ={oIBS® [6C6dZ V=113 SN
11 oseyd JO suwIoj Juenjn [[eWS [€I0 J[qISIOALI] VN BOQUOZBIISY S21/7)0/A03 "sTeLI[eOTUI[o//:sd1Y
NO6LL 9891 0D Yo1eaS=1o1eag
Surpnpour Y107 I0}IQIYUT S[NOJ[OW VN 29100ULd+FUN[+9§9 [+ D=ULId},
11 aseyq JO suwIoj JuenjA [[eWS [€I0 J[qQISIOALI] VN SIAO[D) S}[Nsa1/Z30/A0F s[eIneoTuI//:dy
$393J3q IPIS juduwrdopaad(q jo (s)393ae], adA, (s)sweN Y0 (s)aosuodg NurpdAH
andKyoyoag aseyd Jud.LIn) JdwieN dpeay, L,

W\ ILIUID

(panunuod) | 3|qeL

SS

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=CO+1686+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CO+1686+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CO+1686+lung+cancer&Search=Search
https://clinicaltrials.gov/ct2/results?term=AZD9291&Search=Search
https://clinicaltrials.gov/ct2/results?term=AZD9291&Search=Search
https://clinicaltrials.gov/ct2/results?term=AZD9291&Search=Search
http://clinicaltrials.gov/ct2/results?term=azd8931&Search=Search
http://clinicaltrials.gov/ct2/results?term=azd8931&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEHD7945+A&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEHD7945+A&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEHD7945+A&Search=Search
http://clinicaltrials.gov/ct2/results?term=AV-203+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AV-203+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AV-203+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARRY+380+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARRY+380+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARRY+380+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-599626+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-599626+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-599626+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM151+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM151+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM151+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM-111+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM-111+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MM-111+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Zalutumumab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Zalutumumab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Zalutumumab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=bevacizumab+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=bevacizumab+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=bevacizumab+lung�cancer&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))

‘Teaoxdde 103 VHINH Ui

soseury dIg

Copyright © 2014 by the International Association for the Study of Lung Cancer

BOULIBIP ‘SOWAZUD 0} PopIWIQNg “JJoudq [BAIAINS €T 19404 0z11 dd1d [oIBaS=Y0I1e
IOAI] PIJRAS[S © pamoys | Sunj-gNNT d ‘p-410ad Jo1esIep wrayasuy 9§29100uRd+3Un[+(7 [ [ I g=1L10)
‘SunIuoA ‘easneN 111 aseyq parerdwod 1] yd €T I-9ADAA 3L 9[nosjou [[ews QIUEPAIUIN Io3unyoog {SINSa1/19/A0F s[RI eI,/ dny
I00ued 3unj 10y
SOIPNIS QATIOB OU AJUALIND) 1Y ‘L 90LOINY RIS ) i
uorsuapadAy ‘ondney ‘(Tearaans oaoxduwir 0y pafrey ‘d4IDad VN 9929100UL0+-3UN[4qIUBSI)OUW=ULID}
‘BOLIBIP ‘BOSNEN. Apnis DTDOSN) 11T oseyd ‘CTT9IDIA DL o[nosjow [[ews Qqrues)oJA] uaswry {SINS21/Z19/A 0F s[eIneoTutd//:dny
100UEd Jun 1L12azv
uoisuaIadAy 10J SAIpN)s 2ANOR ou Apuarin) 1Y ‘d YI0ad unuady 199UBI3UN[4+QIUBIIPII=ULID
‘eruoydsAp ‘eoyirerq I11 9seyq ‘CTTIIDAA DL o[nosjou [fews qrueIpa) BOQUOZEIISY 34,$1NS21/719/A08 sTeLnTeOTUI o //:d)y
03] uewny jo
9] )M PauIquIod
‘syuaned 100ued CUADIA®
BaIyLIEIp Suny Surniooe jou Apuarm)) ["IADIA Woy $0004AV
‘ayoepeay ‘ermurojord ) suonzod urewop /AVIL-IDTA SRR ) i
‘stxesido ‘eruoydsAp (SO Jo urod puo Arewrad 1010B] [)moI3 Ie[N[[90BIXD denez 9929100uLd+3un|+1dooIoqIy y=uLio
‘uorsuoyiodAH  joow 03 Po[TeI-TVLIA) 111 9Seud reyuaoerd YDIA Jo urojoxd worsn g ydooraqipy SIJUSAY/-[JOURS 3,$3NS21/719/A08 sTeLnTeoTUI[o// Ay
(pansind Suroq j0u
uonesrpul Sunj) pajorduwod
DTOSN Ul sarpms []] aseyd
100UEd PIOIAY) ATe[[npaw y.¥9dZ
ysel ‘eoyLrerp 9]qe109SAIUN ‘PIOUBAPY/- 139 9403 BWINORY QIUB)OPUBA=ULIO}; SINST
‘uorsuopodAH 10§ pasoxdde v ‘€ TYADAA ILL 9[nosjou [ewS qIUEB)OPUBA BOQUIZBIISY /739/A0T s[eLneaIuId//:dpy
‘uoneyuowdidop Irey
BUDIWOA “UOREAI[D OTOSN 10§ 11 Ud
oseuIwesuer) I $€098LMD RMEINE AN
‘ongney ‘eaylIeIp BUWOUTOIRD [[99 [BUI ‘d ‘0 gIDad JUSLIJOA ©agpI00URd+Funj+qruedozed—uiro
‘uorsuoyIodAy ‘easneN pasueape 10j parordde v CTIIADIA L 9[hosjou [[ewS quuedozed QUITIYHWSOXR[D)  3/SINSI/ZI0/A03 STeLn[eoruI[o//:dyy
“)IDS PuB IDSN
10J Su119s 9oUBUAUIBY
oy ur pajen[ead Surog
"DTOSN 103 I11 9seyd
QWIOIPUAS JOO)
-puey ‘wsiproIAyodAy BUIOUIIIRD [[99 [BUI POIUBAPY/- 1aY ‘€114 8¥Z110 NS 0IBOS =101
‘BOYLIBIP ‘STIIBWIO)S Jown) [ewons [eunsauionsen- ‘LY ‘g YI0Ad juAng BOSPIO0URI+FUN]H+QIUNIUNS =TI}
‘yselr ‘uorsuajadA pasoxdde vaq ‘CTIYADAA L 9[nosjow [[ews quunung REVAIR | ({S3NSA1/Z10/A03 STeL[ROTUI[O//:d)Y
"DTOSN aamsod
-SVY Ul pajen[ead Surog
*DTOSN 10J SutoSuo
11 9seyd ‘pajeurnid) [ aseyq
uorsualradAy ‘ongnyey BUWIOUIOIERD [0 [BUAI POOUBAPY/- €114
‘BAULIBIP ‘UONORAI Ja0ueo EAN/AVE 9006~ AVd Yoresag=ys1
urys J00j-puey Ienjeoojeday o[qeroasarun- ‘LI ‘d YIDHAd TeABXON BOS29100URI+FUN[4qIUJRIOS=ULID)
‘uonjewrenbsop /ysey panoxdde v g ‘CT-IADIA 3L 9[nosjout [[ews qruoyeIog 1okeg (SNSA1/719/A0F sTeLnROTUI[O//:d)Yy
$193JJ dPIS jusmdopass( jo (s)yaBae], adA], (s)awreN YO (s)10suodg NurpRdAg
adKyojoag asey JudLIN) dwieN dpei], el

JweN ILIUID

(panunuod) "L 3jqeL

o
701


http://clinicaltrials.gov/ct2/results?term=sorafenib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=sorafenib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=sorafenib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sunitinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sunitinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sunitinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pazopanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pazopanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pazopanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=vandetanib
http://clinicaltrials.gov/ct2/results?term=vandetanib
http://clinicaltrials.gov/ct2/results?term=Aflibercept+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Aflibercept+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Aflibercept+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=cediranib+lung+cancer
http://clinicaltrials.gov/ct2/results?term=cediranib+lung+cancer
http://clinicaltrials.gov/ct2/results?term=motesanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=motesanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=motesanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BIBF1120+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BIBF1120+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BIBF1120+lung+cancer&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® ¢ Volume 10, Number 1, Supplement 1, January 2015

(panunuo)))
0887IX
ssouputiq /680€9€TSD LEALEN
JYSTU “BAYLIRIP ‘BISNBU uoy VN QUIYHWSOXL[D) =0IBIS P IOOUBI+QIUIIOIOJ=TLID);,
‘ongne; ‘uorsuopadAHq ‘1 9seyq LAN ‘T-9IDTA IDLL o[no2jou [[ews qrunaIo /STIXI[OXY S)[NS21/710/A0F s[RI RITUTd//:dNy
celd [21BaS=1218a§ 7R Io0UBD+7TE
(uror01d [reWS paseq VN (qqmbg s1oAN -1 D=WI3};S}NSAL/ZI0
uorsu1adAy ‘eLmnurdjord ‘11 9seyd 7-4dDAA -UI}03U0IqL) UOAUPY VN -[oISLIg ) SNXAUPY /A0Z s[eLnedIuIo//:dny
BIX2I0UR "sa1pnys LY9TX I pREEIN
‘uorsuoyrodAy ‘eosneu 3uro3uo 9ANOR ou AJUALIND ygudd ‘cIdH IDLL 2[nosjow VN =(0IBOG P IIOURI+/ 9 TX =1 S
‘ongne;y ‘ysel ‘eayLeIq ‘parerdwos 1 yq AADH ‘T-YADIA [[eWS J[QISIOAILI] VN SIXI[OXH 3INS21/710/A03 s[RI RITUI[O//:dNYy
‘suonesofsuel} LY/
eruoydsAp “eoyLIerp syuoned E parenyead 3uroq os|y 080L1
‘erxaloue ‘eLnurajold 100Ued Juny 103  dseyd 1Y ‘29404 VN [0189S={01BIS 29 qIUIBAUS[=ULID
‘ongney ‘vorsuotodAy [roeseqd ‘(€1 0S[8) T-YADHA  IMLO[MOd[OW [[ews qruneAus poywty Tesry 1 SINS31/Z10/A0T S RIIUI[Y//: Y
ysel ‘wsIproidylodAy 100UBD Sun] 10§ | aseyq VY 19Y LI Toyqryur 90SH-€LAVE
‘ured Ayruanxo AADA ‘IIDAd oseun[n N e318ANS [0IBOS=UIBaS 29 qIUJRIOTIY=ULID
‘Uo1dLAI UDYS JOOJ-puey Iroseyd  ‘zdLL ‘€T 1-4ADIA eamjAuaydiq qQIuaye1039Yy 10Aeg 1(,S1NS21/710/A0F S[eL[BOTUI[O//:dNY
muz“meno 1ol JO ‘SuOnRIO[SURY) [ Y
ncoc?o_u uorsuladAy /6T Suonied U1 pajenieas
UOT)OBAI UTYS JOOJ-PUBy Su1aq oSV *)TOSN 10§ 11 95eyd 8T TX qqrnbg [OIBOS=T[018d
‘SunIwoA ‘erxoIoue ’ 19 ‘LAN binowoy SIOAIN [0IsLIg S79100UBI4+3UN[4+QIUIUBZOQRI=ULID
‘ST)ISOONT “BAYIIRI(T T11 @seyd ‘TIADAA DL o[nosjou [[ews qrunuezoqe)) /STXT[OXY 3,$3NS21/719/A08 sTeLnTeOTUI o //:d)Yy
uondeal urys DTDSN 10J [T aseyd 698-L.dV [oreas=yd
100j puey ‘eunurajord dIoad VN ipiliEliEly) 183G 29190UB+FUN[+qIUBTUT[=ULIY)
‘uorsualadAy ondiye 111 °seyd dIDdA IDLL o[nosjou [ews qruejrury /(31AqqY) NoqqVy {SINSAY/I0/A05 s[eLn OO/ ANy
REbliih)
3uny 10j qruezoan oaoidde
JoupIp VA 'S "uees [S6-AV YoleaS=
uorsualadAy ‘eruoyise 10U sem SO Ul JuatwaAoxdu] €T I1-9IDIA 10)1qIyul yredoar] s[eannaoeuLIRyJ [0IBIG 2P IO0URI4-QIUBZOAN=ULID}/,
‘eruoydsAp ‘eoyireIq ‘pajerdwos 117 yd ued J[nosour [ews QIUBZOATL OdAV S)[NS21/Z10/A0F s[RI RITUT]O//:dNY
¥85TCC
SsouIZzIp I9oued Funy 10§ [] 9seyq LI AZ/L8LALd JoIeag={o1
‘on3ney ‘eosneu d310ad VN Suneyog BOGPI00UBI4-FUN[4(IUB[B)BA=UILID}
‘eayLreIp ‘uorsuorodAH 111 oseyd 1 4ADAA L 9[nosjou [ewS qruefeeA J0Keg/S1IIBAON {S3NSA1/Z10/A03 STeL[ROTUI[O//:d)Y
ermurojord ‘SuroSuo siowny
QUIOIPUAS JOOJ-puBy plouroIe S..* £prus 1 aseyq I 9ELETODOV [OIBaS=10I8d
‘easneu ‘ongnej o dyioad BIATU] §29190UBO+3UN[+PUB4QIUNIXB=ULID
‘uorsuatadAy ‘eoytrerq  syuaned HTHSN SuUnmMIodI JoN ST I YADIA I3LL 9[nos[our [[ewS quUIIXy 10z J 1, S)NSA1/719/A0F S[eLI[RITUIO//:dNy
‘[0XBI90P YIM UOHBUIQUIOD
Ut 5TDSN pasueape jo
JUSUIBAI) SUI[-PUOISS
*SISOQUIOIT]} o) UI JOUI SEM [BAIAINS
snoudadoop 1181940 Jo jurod pus Arewig
‘eumurejoxd ‘oyoepeay ‘payordwoo d1211-D1 [0IBIS=1]0IB3S
‘erxaIoue ‘eosneu ‘ured (TAATY) Apmus 1 aseyd BZWERIAD) 29100UBd+3UN[+QBWNIIONWE Y =W
[eurwopqe ‘uorsuorddAH "190ue9 J1ses 10§ pasoiddy 7-4ID9A qVOJN Uewnp qeuunIonwey A[IUT g/euoiDW]  3SNS21/Z10/A03 s[eIneatul]d//:dny
$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH
RIGINTUTINS | Iseyd JudLIN) ELINE] QA0 ) ey,
dwWEN JLIPUID
(panunuod) L 3|qeL

S7

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=Ramucirumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ramucirumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ramucirumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=axitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=axitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=axitinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=vatalanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=vatalanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=vatalanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=tivozanib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=tivozanib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=tivozanib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=linifanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=linifanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=linifanib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=cabozantinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=cabozantinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=cabozantinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Regorafenib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Regorafenib&Search=Search
http://clinicaltrials.gov/ct2/results?term=lenvatinib&Search=Search
http://clinicaltrials.gov/ct2/results?term=lenvatinib&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL647+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL647+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL647+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CT-322+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CT-322+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CT-322+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=foretinib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=foretinib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=foretinib+cancer&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panunuo))

084V/C08YCySHD sI0)1qIyut
lonquyut VN S[eonnadeuLIeyd 104081y SYo=uL1e) s)nsal
11/1 °seqd ATV d[nosjoul [rews VN resny) /2¥2/A08 s[eLIeaIuI//: ANy
€1197dV [oreaS=
1031qTYUI VN S[EOTINOOAWLIEY ] [OIBOG29I00URI+ [ [97JV=UI10),
11/1 °seqd AAOIATY d[nosjoul [rews VN pely $1[NS21/Z19/A08"S[eLI[eduI[d//:dny
qQIUIOZLID
‘UQ9S J0U 0IoM M Juouea) 10138 D TISN
S90UBQINISIP [BNSIA oneIseow dANISod-3 TV M 8LE3AT [oIBOS=U[01
A[qeloN “eoyIIerp syuorjed 103 JuoUBAL]} O} SUOTJEOO[SUEBT} 1031qTYUI eIpRYAZ BOGI00ULI+IUN[+§/ € T=WI5}
‘uniwoa ‘easneN 10} VA 'S’ 2Yr Aq pasoxddy STV 9[nod[ou [[ewS qQuIBLIRD SIIIBAON. {S1NSa1/Z10/A03 STeL[EOTUI[O//:dNY
96€-X [OIBOS=U[0IBIS29IOOUBI+9GE
I031qIyuUI VN -X=ULI2}{SINSI/ZI0
1 oseyq STV 9[nod[ou [[ewS VN K19000X /A0S s[eLEOIUI[//:dNY
on3nyeJ ‘UoneAd[d
oseJ)suenoulte JTOSN lonqryut 9901v£C0-dd [oIeaS=yd1
QuIUR[E ‘SOOUBQINISIP O1)B)SBIOW JO PIOUBAPE 1SOY aannedwos-J Iy Loy[eX ©9G29100URI+3UN[+qIUIOZLIO=ULI}
[enSIA ‘BoYLIRIp ‘BosneN  A[[Bo0] +3 TV 10} paroidde yqq PIN- TV o[nodow [[ews [en(g qQuunozir) 10zYyJ (S)NSa1/739/A0F s[eLI[RIIUIY//:dNy
SIONqIUul [SOY % ATV
S[9SSOA POO[q
Jown) punoLns
1B} S)ORL A Ul
juasaxd uroyord (L o1]-urewop 1030eJ PIyLOY
P910103S PaJOLIISal yImoi3 Jeurroprdo) IVEP0IDTIN
‘syuonjed 10oues Sun| Surniooe -IB[NOSBA 114D isurede VN 100URO+(NV+8t 0 Sou=w1o
jou Ap3uerIm)) ‘pajd[dwos | yg ‘L1409 s193818], Apoqnue poziuewny| VN ipiiliGlieTg) 1, S3NSA1/739/A0F S[eLI[RITUIY//:dNy
siowmn) Jo
QINIB[NOSLAOdU
‘syuoned 10oues Sun| Surniode dInjewuwI oy} 7908dAV
SOIPMYS QAI)OR OU AJuarIn))  s3a31e) Jey) JuoSe QATJBALIOD VN J190UBO+UI[NQBIqUIO=ULIO};S)[NST
‘(peyordwoo) Iy eseyd Surpuiq-urngny, -V UIjeISe)aIquo)) urnqeIquQ SIJUOAY/-JOUBS /739/A03 s[eLneIIuId//:dny
eoyLIeIp Lrpue TSE6-LSAVE [=3ueI9109
‘BIXQIOUE ‘SSOUASIROY ‘g-44pad VN UBOFQIUIBI=ULIN, L6+ TS600LON
‘uotsuolpdAH (parordwoo) [ aseyd ‘€TYIDIA IDLL 9[nosou [ews qluneeL ouf yoaorg LOV /MOYS/710/A08 " S[BLI[BOTUI]D//: ANy
AnansuasiodAy eS| 666TX yoreag=y
‘eTUAYISE ‘LIYLIRID (suI100u09 A19)eS 018 ‘€114 VN 0I89S P I0URIHPURH (66 X=ULID),
“Ay191%0} OBIPIE) 01 oNp PAJEUIIAY) T ALY 44D5Aad “YIDdA IDLL o[nos[ou [ews VN SIXIjoxy §1[NSa1/710/A08 S[ELI[BATUID//: Ay
sewn Sunj aAnoR ON 0Z8TX
LI ‘g ¥doad VN [2I1BIS =180 S 2P IO0UBI+() [ X=WLID
yses ‘ongney ‘easneN 11 eseyd T-IADHA 3L 9[nosjou [JewrS VN SIXI[OXH 1,S3[NSA1/7)0/A0T S[eLI[RITUId//:dNy
[oIedS=
[se1 ‘easneu ‘syuonjed Sunnioar J4dH L1 9[modjowt 88/ AVVN [OIBOS29I00URI+Q]/ +HH V=W,
‘eayLIRIp ‘Ondneq jou Apuarind T/ 9seyd  YIDT ‘T-UYIDTA [[ews o[qISIOALI] VN SIIBAON. S)[NSQ1/710/A03 s[RI [eoTUI[O//:d)Y
$39333 IPIS judwrdopaadq jo (s)398ae], adAy, [OELITINEEY iTe) (s)aosuodg NurpdAH
adKyoyoag aseyd Jud.LIn) JwieN Ipery, [eLLL
JuIBN] JLIdUID)
(panunuod) | 3|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

=)
701


http://clinicaltrials.gov/ct2/results?term=AEE+788+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AEE+788+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AEE+788+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=xl820+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=xl820+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=xl999+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=xl999+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=xl999+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/show/NCT00952497?term=telatinib�cancer&rank=1
http://clinicaltrials.gov/ct2/show/NCT00952497?term=telatinib�cancer&rank=1
http://clinicaltrials.gov/ct2/show/NCT00952497?term=telatinib�cancer&rank=1
http://clinicaltrials.gov/ct2/results?term=ombrabulin+cancer
http://clinicaltrials.gov/ct2/results?term=ombrabulin+cancer
http:// � � �http://clinicaltrials.gov/ct2/results?term=megf0444a+AND+cancer
http:// � � �http://clinicaltrials.gov/ct2/results?term=megf0444a+AND+cancer
http://clinicaltrials.gov/ct2/results?term=crizotinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=crizotinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=crizotinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=X-396+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=X-396+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=X-396+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LDK378+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LDK378+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LDK378+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AP26113+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AP26113+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AP26113+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=ch5424802BCL-2inhibitors
http://clinicaltrials.gov/ct2/results?term=ch5424802BCL-2inhibitors
http://clinicaltrials.gov/ct2/results?term=ch5424802BCL-2inhibitors

Molecularly Targeted Therapies

Journal of Thoracic Oncology® ¢ Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))

eruadoydwAg
“BLINJRIOY
‘uonjednsuoo ‘Sunrwoa

10A9J “eoudsAp 100ue> Sun] 10§ | asEYq 9)1s Surpuiq ayensqns 16€-0X3 [OIBOS=T[2IBIS P [ 6€
‘on3neJ ‘LSV Poread[d oy Sunosie) 3L VN S[eonnadeULIRy J -IX=U10); S)NSAI/7I0
‘erwroue ‘erwo[eodAH 11 9seyq 2I1G-0 o[nos[oW [[eWS VN Xoury| /A0S s[RI eoTuT]d//:dny
pawrdwo) Joyqryur
‘100uEd SUny 10§ | aseyq aseuny [qy/21S [enp 909-1JIS
Bosneu a[mruoqIesdurjournb VN [OIBOS=1[0ILS29qIUINSOq=TIID
“BIXQIOUE ‘BOULIBI(] 11 seyd 14V IS -¢-ourIue-y quunnsog (1AM ) 10z g 1¢,S3NS21/7)0/A0T s[eLneaTuI[o//:dny
1oy00d
(uondiosar Surpuiq-d1v 2y}
JSB[00)SO JO UOT)BULIOJUOD
PRYeIpati—aseuLy dAndE A Spulq 0€50 AZV
eruay)se ‘eruadonnau ‘syuoned 21§ suqryuy) Anuey-Oys jo VN QIUIJBIRIBS=ULID}; S} NSAL
o111q9y ‘eruadoyneT  Surniooe jou ApuaiIny) ‘[1 aseyd 19V-40d 018 DL 9[nosjow [[ews qrunjeoRIRS BOQUOZEIISY /739/A0T s[eLn eI/ :dny
DTOSN 103 1T Ud
BIWAYNO]
snoua3o[aAuw o1u0IYd aAnRIsod
-owosowoyd erydjoperiyd-
ysex suezoqmyoxd
‘uorssarddnsooAt BUWODILSOIqL-0JBULIO urajod uorsny 1LS-11S 1=8d2p1
“@oULIRID JIown) [EWONS [BUNSUIONSRD)- 1av-404gd 00A09[D) QOUBIFIUN[+PUB+QIUIRWI=ULIS),
‘uonuelaI pmyj 105 poroxdde yvqq IDAd ‘LI DL o[nosjow [fews qruryew| SI)IBAON. S)[NSa1/Z10/A0F s[RI RITUT]//:dNY
‘suoneINw g Suneanoeur
pue suoneInW 7Y Yum ATASO
ysel syuoned HTHSN Ul parpnis J103daoar | 10308)
‘uorssarddnsojokw Suraq oSy "D TSN 10§ 1] 9sByd Sunemnuns
01,0 pasduojoxd -Au0j09 10 SINA ST8YSE-SING [0IBaS=1018g
‘BOULIBIP ‘UOISNIJO BIWONNI| SNOUSTO[IAW 4A0dd ‘LIl Aruey-Os Jo [0041dg qqmnbg 291000+ 3UN[4PUL+qQIUNESEP=ULID
[eanord ‘woruelar pingj oruoIyd 10§ pasoidde y (.1 “1gv-dD9 9IS L1 9[hos[ow [ews qruiese SIOAN-10ISTIg 1¢,83[NS01/730/A08 s[eLn eoTuI[o//:dNy
SIONqIYUT [V S/eseuD] duIsoIk) OIS/ 19V-40d
1011V YoIeaS=y
S109JJ0 (Suro3uo H DS ‘poreuruLId} [jod4sso3 jo VN 01BOS2PIOOUBDHPUB+H[ () | V=W,
OpIS [EUNSIIUIONISE) saIpmys DTOSN) 1T oSeyd Z-1og ued JIOWOTJUBUD dATIESON VN BIUOOSY S)[NSa1/730/A03 sTeIeoTuI[o//:d)y
0L0-STXD
seruado)ko ‘Apua1Ing 1031qIYUI VN [01BOS=1]0IBIS 2P X0} =1
‘K)19TX010INAN. syuoned Sunmioar JoN TI/T Ud 7-1o9g ueg J[nosour [ews Xe[003eqQ Xuruon 3,$3NS01/719/A08 sTeLnTeoTuI o/ A1y
OPTI0A[ONUOQLIAXO0P 6€1€D
SawAzua Apuarmds syuoned -o03110 asuaseuan) 1=3d29195UBd+ ¢ | §DH=U1I0);S)NSAI
IOAT] POIRAD[D TOAQ] SunmIoa1 JoN “II1/IT 9Seyd -1d asuasnuy uosIowIqQO BJUSD) /219/A0F s[RI eoTuT]//: ANy
(o1qerresorq
AJreso st €97 £9¢-19v Joouaueh [2IBoS=12IBS7E9T
eruadojfooquioyy ‘Apuarmd syuanyed Surniooe J1jOWIA -LgV) Jonquyur VN 2(917qQqY) -LgV=W13};S}NSa1/7I0
‘ured xyoeq “eoyLreIq JON "D7IOS 105 IT oseyd €Hd 1-ped d[nosjoul [lews XEB[OONABN, noqqv /A0 s[eLn[eDIuI[d//:dny
$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH
adSyoyoag aseyd Jud.LImn) JuieN dpeIL [eriy,
B JNIRIRENIETS)
(panunuod) L d)qel

S9

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=ABT-263&Search=Search
http://clinicaltrials.gov/ct2/results?term=ABT-263&Search=Search
http://clinicaltrials.gov/ct2/results?term=ABT-263&Search=Search
http://clinicaltrials.gov/ct2/results?term=G3139+cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=G3139+cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=Obatoclax&Search=Search
http://clinicaltrials.gov/ct2/results?term=Obatoclax&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT101+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT101+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT101+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dasatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dasatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dasatinib+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=imatinib+and+lung�cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=imatinib+and+lung�cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=imatinib+and+lung�cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=saracatinib
http://clinicaltrials.gov/ct2/results?term=saracatinib
http://clinicaltrials.gov/ct2/results?term=bosutinib&Search=Search
http://clinicaltrials.gov/ct2/results?term=bosutinib&Search=Search
http://clinicaltrials.gov/ct2/results?term=KX2-391&Search=Search
http://clinicaltrials.gov/ct2/results?term=KX2-391&Search=Search
http://clinicaltrials.gov/ct2/results?term=KX2-391&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panunuo))

I100UBd un| 10j | 9seyq snoiqnue DVINA-LT/2201-SOA saousLosolg [o1eag=1o1es
ured jurof ‘oyoepeay onsejdooaunjue VN uesoy]/qqinbg S29IO0URI+UTOAWITASOA Y=ULI);S
‘angne; ‘eayLreIq 11 oseyd 06-dSH suournbozuag uroAwdsaAy SIKIN-10ISLIg 3INS21/719/A03 s[eLneITuI[O//:dNy
Suntwoa ‘swoydwAs (uroAwreuep(a3 TI6ANV [oIBaS=1d
[ensia ‘anSnej -uou) punoduwod VN TRIGPIAOURILTTH A NV=1IY;S)
‘easneu ‘edYLIRIJ 11 aseyd 06dSH Paseq-2[0zeXos] VN ST)IBAON. [NSa1/Z19/A03 s[eLeoTuId,//:dny
BIUTIOSUT
‘asejeydsoyd
aurey[e pajeAde
‘ured eurwiopqe *9seasIp aAnIsod-y TV 0606-VLS [OIBOS=UIBIS9IOOURD
‘ongne; ur pajenea?d 3urdq Apuarin)) 1031qQIYUl VN s[eannadeuLIRyJ +3Un[+0606-VLS=WL};s)Nsa1
‘BIUIOUR ‘BOYLIBI TII/1T @Seyd 06-dSH J[nosjoul [[ews qidsajouen BIUAg /219/A03 s[RI RITUT]D//:dny
OTOSN WBINW-SV A
ur pajen[ead urdq os|y
. ‘(syuaned pajesojsuen-y 1y
QIn[rej IOAI[ ‘oInjrej ur £11an98) ) TOSN 10J [] seyd QATJBALIOD $0S-Id1 [=3d29100U0+4,(0§
[eUaI ‘edYLIRIP o uroAweuep[a3 VN -[d[=U1191/,S)NS1/710
‘gasneu ‘ondne] 111 @seyd 06-dSH 9]qN[OS-19JBAN urAundseloy Aruguy /A0Z T eITUI]d//:dny
s100qQIUu] 06-(dSH) U101 JO0US JeoH
uonepes3op urdjord 10 uoissardxa auo jo sioje[npowr onduagidyg
‘suoneInu 9¢L01V [oIeas
SEIN 10 Vg PIm Joypqrut VN =[0I PIOULILYE/ )TV =AY,
syuaned ur pajojduwod | aseyq 10)1qIYUI Jey-ueq J[nosjoul [[ews VN JNOIY S)[NS21/710/A03 s[RI RITUT]D//:dny
“Jo0uEd Jun|
ur pajen[ead Suroq jou AuaIIND)
818XDT YoIeas=
‘stown) Juapuadop- v ydg 1o)quyur 10)1qIyul VN [0IBIG29I00URI4 | §X D T=WID),,
10 Juenu- WY Ul I[/T oseyd oseuny Jvyad J[nooour [[ews VN ST)JIBAON. S)NS21/Z10/A0F s[RI RITUT]D/ /ANy
‘100uEd Suny Surpnpour
. SIaoued HOO9AAVIL
BOULIRIP ‘BUWOUIIIRD ur pajen[eas Swog 9EHST1TISD 0IBIS =101
1199 snowrenbs ’ ' oseuny I031qIyuI Ie[ugel, BOS29I00UBD+PUB-qIUJLIQEP=ULID}
uny[s ‘yser ‘erxa1kd ‘Bwioue[ow 10y pasoidde yvaq Avdd ey 9[nod[ou [[eWS quuojeIqe QUIT[YPIUSOXB[D) (S)NS2I/739/A0T s[eLn[eaIuId//:dpy
‘190uEd Sun| Surpnjout
sIooued JO09AIVId
ur pajenyeas urog
BuiouraIes Y0TLOYU /TE0PXTd [oreaS=y
1199 snowrenbs unys BWOUB[OUI O1JBISBIOUT (uoneynw IonqIyur Jeloqaz Yooy 0IBIS P IOOURI-(IUSJRINUIIA =ULIS)
‘ongney ‘yser ‘edyirerq 10J pasroidde v q009A) AVIG 9[nod[owW [[ewS QIUOJeINWIOA JUONIXXI[J (S)[NS21/719/A0T s[eLneaTuId//:dpy
¢ uonduosuen
Jo J0jeAnoe 0916 ddO sIouqIuul Jvygydress=
pue 10onpsuen VN JMNSUJ YoIeasay [0IBOSPIA0URIAZ()9 | S+ JO=LId)
I oseyd € IVLS [euSIs Jo Ioyqryuy VN Suifiog exns10 {SINSAL/TI0/A0T s[eLn O[O/ ANy
erwaok5odAy €-1IADA 8TTIX oIeas
‘onguney VIOINY VN ={0IBIGPIOUBIH-YTTTX=UHA);S
‘eruadonnou ‘BasneN (pasopd) 1aseyd  “YI1-4DI “19V 9IS IDLL Pa1e8Ier-nmy VN SIXI[oXY] 3[NSa1/Z19/A03 s[eLneoTuIo,/: A1y
$199J3 IPIS Judwdopaad( jo (s)193ae], adAL (s)oweN YO (s)aosuodg NurpdAH
adSyoyoag aseyq Jud.LIn) JuieN dpei], e,
JWEN LU
(ponuiuod) L 3|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S10


http://clinicaltrials.gov/ct2/results?term=XL228+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL228+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL228+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=OPB+51602+cancer&Search=SearchBRAFinhibitors
http://clinicaltrials.gov/ct2/results?term=OPB+51602+cancer&Search=SearchBRAFinhibitors
http://clinicaltrials.gov/ct2/results?term=OPB+51602+cancer&Search=SearchBRAFinhibitors
http://clinicaltrials.gov/ct2/results?term=Vemurafenib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vemurafenib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vemurafenib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dabrafenib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dabrafenib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=dabrafenib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LGX818+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LGX818+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LGX818+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=ArQ736+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=ArQ736+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=ArQ736+cancer&Search=Search
http:// �   � �http://clinicaltrials.gov/ct2/results?term=IPI-504+cancer&pg=1
http:// �   � �http://clinicaltrials.gov/ct2/results?term=IPI-504+cancer&pg=1
http:// �   � �http://clinicaltrials.gov/ct2/results?term=IPI-504+cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=STA-9090+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=STA-9090+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=STA-9090+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AUY922+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AUY922+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AUY922+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Alvespimycin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Alvespimycin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Alvespimycin+cancer&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))
sowAzua onedoay 101-O0dND [OIBIS=UIBIS 29 IOUBI+[() |
PaseaIoul ‘QuIueaId REIE proe VN -DAND=W);$)NSA/7)0
pasearour ‘ongneq q[ eseyd ‘TIdH ‘OVAH STwEX0IpAH VN suny /AOT s[eIneITUI]D//:dny
(sren SuroSuo
uoneguojoxd ou) Sun[ 10§ | osEYJ 6£64S [oI8aS=1
9L ‘UONBAJ[D Jonqiyut HvYAH VN QIBIGIRIIOUBD+-6 ¢ 6 S=WHRYS)
uruodorn ‘ongneq 11 aseyq JVAH J[nod9[oW [[euwIS VN 0l1g4S nS31/719/A03 " S[eLI[RIIUI[O//:dNy
eruadolfooquuoayy
‘erwreyodAy
‘BOULIBIP ‘BOSNEU 100ues Suny 10§ T aseyq 68SHAT [OIBIS=0IBIG 1D
‘uoneguojord (suLojost adKy-proe yepueq JUBO+3UN[+18ISOUIqOUBJ=ULId)/ S
Tearaur 10 ‘ysey 11 aseyq I8) DVAH-Ued STweX0IpAH jejsourqoue SIIBAON] 3[NSa1/Z19/A03 s[eLneoTuId,/: Ay
BOSNEBU ‘BrUuodLINIodAY
‘erwaneuodAy [0IBaS=1]01B3G29190ULI+3un|+
‘erwoeyodAy oy1oads oe1kinqiAuoyd qerfngrAuoyd+wnIpog=wiay;s
A1191X0]) [BO1}109-0ININ (paye1dwod) |1 aseyd B[] pue | sse[) proe oneydiy wnipos JINS21/710/A03 sTeLI[ITUI[O//:dNYy
Kyorxoy oneday [OIBaS=UJ1B3S 2910
‘easneu ‘AJ101x0} oygroads goyedoq UBO43UN[+proe+o101d[eA =W} S
[eo130[0INAU ‘BIWUAUY 11 oseyd B[] PUB | SSB]D proe oneydipy proe oroxdjep JINS$21/710/A03 ST eITUI[O//:dNYy
6-NV
VN
(ore141Nq [oIedS=y
BISNOFSAp oygroads [AypowAxofLofeard) 218G 29 IOOUBD+XAUBAIA=ULI0Y; S}
‘easneu ‘ondneq (parordwioo) 1 aseyd B[] PU® | Sse[D) proe oneydiry XOUBALJ ueyy, [ns21/719/A03 s eoIuIo//:dny
101 dXd Yorea§=YoIeagy
SULIOJOSI adKy-proe VN ja31eodo]. 109UBd+3UN|+1eISOUI[og=UI11d)/S
oan3neJ ‘SISow ‘BISNEN 11/1 9seyd 112 1 sse[D OTeXOIpAH jeIsourjog JuanyeIn)) JINS21/710/A03 s[RI [BITUI[O//:dNYy
ongnej ‘edsneu SLT-XANS /SLT-SIN [oIeaS=1d1eaS7®
‘erwd)eydsoydodAy "DTISN QATJBALIOP VN s[eannaoeuLIRyJ 199UBI43UN[4+]B)SOUNUI=ULID) S}
‘eruodojfoueg dAnIsod—urIoypes-g ur I aseyq oy10ads T ssep) oprurezuog jepsounuyg XepuAs [NSa1/Z19/A03 seLeoruId,//:dyy
DTOSN 103 I1/1 oseqd
Bosneu T [OIBS=T01R
‘eruadojfooquuoryy ewoydwA| (opndadisdop) XEpOIS| S[BOIINOOBWLIBY ] 99291004 UISdOpIIIOY =110} S
‘yser ‘ondneq [199-], snoaueind paaordde-yqq oyr1oads | sse[) opndadenay o1104) ursdopruoy 19)SOONO[D)/SB[[QISY  }[NSAI/ZI0/A0T s[eLn[eIIuI[o//:dNy
i pajeuruIo)
o oISBES S[ST OTOSN Ut 11 9seud
eruadojfooquuoryy VHVS /€890 SN [=8dw1o
‘on3ney rwoydwA] [[90-L, adK-proe BZUI[OZ OUBI+FUN[-+]BISOULIOA=ULID}; S}
‘easneu ‘eAYLIRI] snoauend pasoidde-yaq Al Pue ‘I[ ‘I sse[Dd STWEXOIPAH JB)SOULIOA NI Nsa1/719/A03 S[eL[eoIUI[d//:d)Y
stouqyul HaH
onoiqnue 8¥¢C SA oreag=yo
onserdoaunue VN IBIGPIO0URI4-8H 7 T+S A=W S
1 oseyq 06-dSH ouournbozuog VN 0AMUES IYoITE(] 3INS91/719/A03 s[RI [BOIUI[d//:dNY
(120ued Zun| 10 | aseyd snoiquue DVV-LI /£56-SOM SaouLIdsOIg 0IBOS =101
» 11 oseyd) Auedwod onsejdooaunue VN uesoy[/qqnbg S2pI00uBd+UTOAWIdSOUR ] =ULI0);S
eruodoydwiA] ‘ondneq £q payey juswdojorag 06-dSH ououmnbozuog uroAundsoue], SIOAIN-[0ISLIg 3INS91/719/A03 s[RI [BOIUI[d//:d1Y
$199JJ APIS juamdopass( jo (s)yasae], adA], (s)aureN 1YIQ (s)10suodg NurpadAg
RIGINTUTINS | Iseyd JudLIN) ELINE] QA0 ) ey,
dwWEN JLIPUID
(panunuod) L 3|qeL

S11

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=Tanespimycin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Tanespimycin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Tanespimycin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=DS+2248+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=DS+2248+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=DS+2248+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=vorinostat+lung+cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=vorinostat+lung+cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=vorinostat+lung+cancer&pg=1
http://clinicaltrials.gov/ct2/results?term=Romidepsin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Romidepsin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Romidepsin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=entinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=entinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=entinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Belinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Belinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Belinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pivanex+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pivanex+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=pivanex+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Valproic+acid+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Valproic+acid+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Valproic+acid+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sodium+phenylbutyrate+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sodium+phenylbutyrate+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sodium+phenylbutyrate+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Panobinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Panobinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Panobinostat+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB939+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB939+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB939+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CUDC-101+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CUDC-101+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CUDC-101+cancer&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))
Jyoepeay
‘an3ne; ‘Funiwoa 100us Suny 10§ ] 9SLYJ T44DIA 8STIIL oIedg=o1e0g
‘easneu ‘erxaroue AIOad Joyqryut VN 29I90URI4-PUBHQIUNITAO([=ULId)/ S
‘uorsuopodAHq 11 9seyq CTT-IADT a[nos[oW [[eWS qrupIAO(q SI)IBAON. 3Nsa1/730/A03 s[eLeaTuId,/:dyy
parerdwon HTHSN 107 TT oSty $9978s-SIN| YoIeag=1ores
YADIA VN qqmbg S79190UBO+PUB+QIUBALIQ=ULIDY;S
anSnej ‘vorsuairadAy 111 seyq pue JIDJ DL 9[nosjow [[ews qrueALg SIOKIN-[oISLIg 3Nsa1/Z30/A03 s[eLearuId,/:dyy
SIONQIUUL A ADA
awosedjoxd
Jo Kyanoe oI 0LL8T-ddD YOIBOS=U21BaSTRIOOUBI+(L LY |
pajordwiod ursdAnowAyo VN 20uar0g A30[00UQ -dAD=W12);$}NSAL/I0
siouIny prjos 10y  aseyq spqryuy 91qISIAAI A[MO[S VN Teoryg pue uoreydo) /A0T sTeImRITUT]D//:dNY
swoseajoxd 7S00-TdN OIS =1[0ILIS29IOOUBI+7S()()
£3101%0) [€O130[0INAU Surouo oy Jo yunqns VN S[BOIINOOBWLIRY ] -[IN=ULIdY; S} NSAL/Z)0
‘eosneu ‘ongneq sIouImy prjos 10y  aseyq 2100 o1ATEIRD SOT I0)IQIUUI J[qQISIOARII] Y oprwrelodsourfes SNOION /A0T sTeImRoTUID//:dNy
eruadojLooquioyy
pue ‘dInjiej [eual
‘ysel Je[noewt
‘Ayyedonou
Kiosuos [eroyduad 100u0 Sun] 10§ | aseyq S0L6NTIN (A30100u(Q) BpaYEL) I90URI+(NY
‘gasneu ‘ondnej yungns VN s[eannaseuLIey +80L6U[W=ULI2)/S) NS
‘uoneIpAYIp ‘BIXoIOUY 11/1 oseyd owosedoxd S0z JONQIYUT J[QISIOANY VN WNIUUS[IA /739/A03 s[eLnRIIUId//:dny
100uBd 3un| 10J [ 9seyq
1L1-9d [ BREEINS I PR CEING SRR 11
Ayredomau ‘syuoned unmnioal yungns VN s[eannaoeuLIRy 9F3UN[+PUB4QIUIOZ[YIBO=ULIA);S
Teroydrrad ‘eruadojoueg jou AppuarIny) ‘[ oseyq owosedjoxd S0z JIOJIqQIYUT [qQISIOALI] qruoz[yIe) XAuQ 3[NS01/Z10/A03 s[eLeoTuI o,/ Ay
‘syuanjed Jueinua
-SV Y ut pazojdxe Sureg
eruadojLooquioyy “3TOSN 10§ 11 3sBYq (xeqd ‘z-1o9
‘uorsuojodAy ‘AN ‘ggd ‘Lzd
‘Ayyedonou [eroyduoad ewoydwA] []90 opUBIA- “9°1) surojoxd 1¥€-Sd (ASo100U(Q) EpORL) [01BOS=1]0ILoS29100UE
‘uonednsuod ‘eayrLIeIp rwofoAw aidnnA- JUSI[D pue OpBIJOA S[BOIINOOBLIBY ] OF3UN[+PUB+qIUIOZ}I0G=ULI};S
‘BOSNBU ‘BIUAYISY 105 pasoxdde yaq swoseajo1d §97 10)IQIYUT [qQISIAAY qruozajog WNIUUR[[IA 3[NSa1/19/A03 s[eLneoTuId//:dny
SI0}IQIYUT QUIOSB)0I
11 °seyd LSETALI {o1eaS=1d
ur sarourUSI[BW d130[0JRWAY QATIRALIOP VN 189G 29100UBD+1B)SOUTAID=ULId)/ S
ul parpnys Sureq Appuaiin) 112 1 Sse[D Pp1oe o1eXoIpAH JBISOUIALD) 0JRWLIOJ[B)] JINSa1/710/A03 s[eLneITUI[O//:dNy
966£-4HD 218G ={]01BIS 7P I90UBO+066 €
Sunruwoa SUIIOJOST I031qIyUI VN sonnaderay “IHD=WI2);$)NSAI/7)D
‘eosneu ‘ondneq (parordwoo) | aseyq DOVAH I Sse[D 9[nod[ou [[ewS VN BUIOIY)D) /A03s[eIn[eOIUI[9//: A1y
Sun 10§ | 9seyq 87T [OIBIG=1]0IBIG P IIOURD
(opndadisdop) VN S[eonNAORWLIRYJ +3UN[+87 - =W} S)NSa1
qI1 9seyd 1 sse[D opndadena) o1194) VN 101S90N0[0) /739/A03 sTeLneoTuId//:dny
18L¥C-1Dd 218G =121BOS 7P 1o0UBO+[ B LT
VN “[Dd=U19)$INSAL/2I0
11/1 @seyd 1129 1 Sse[D opndadena) o104 VN sorjoAoruLIRyJ /A0T Tl eITUI]d//:dny
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
dwWEN JLIPUID
(panupuod) L d|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S12


http://clinicaltrials.gov/ct2/results?term=PCI-24781+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PCI-24781+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PCI-24781+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=FK-228+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=FK-228+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=FK-228+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CHR-3996+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CHR-3996+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CHR-3996+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Givinostat+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Givinostat+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Givinostat+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=bortezomib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=bortezomib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=bortezomib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=carfilzomib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=carfilzomib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=carfilzomib+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=mln9708+AND+cancer
http://clinicaltrials.gov/ct2/results?term=mln9708+AND+cancer
http://clinicaltrials.gov/ct2/results?term=mln9708+AND+cancer
http://clinicaltrials.gov/ct2/results?term=NPI-0052+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=NPI-0052+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=NPI-0052+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CEP-18770+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CEP-18770+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=CEP-18770+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=brivanib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=brivanib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=brivanib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Dovitinib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Dovitinib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Dovitinib+and+cancer&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panunuo)))
., red prq DTOSN WA towon
SIOUBQITSIP resnedousunsod 105 T 9seyd
[eunsejuronses
‘ayoepeay 190UBd 101doda1 08LZ8T IDI [OIBOS=1JIBaS 79
‘UO1IORAI IS Jsea1q 2An1s0d—103dada1 y3noiy Ayanoe Xapojse] 120UBI+3UN[-+)UBIISIA[N J=ULI);S
uonoafur ‘saysey 104 Quowioy 10j parordde yvaq 101doda1 uaSonsyg uagonsa syoo[g JUBNSOAIN] BOQUIZBIISY 1INS91/719/A03 " STRII[BOIUI[D//: A1y
Ade1oyy ououriof
Aemyped 0890v6TAT OIBS=T1]01
Soyadpay ayy ur Toyqryut VN 8IS 29100UBI-+()890Y 6T A T=WLIR) S
DTIDS19seyd  103dadar paudypoowsg o[nodow [[ews VN A na 1INS91/719/A03 " STRII[BOIUI[O//: A1y
Kemyped €16677704d oIeag=T1joIe
Soyadpay ayy ur Toyqryut VN 9SPIOOUBIHE | 66110 =W,
Joseyd  103dadar pauayioowrs J[nosjou [[ews VN 10z 4 1INS91/Z19/A03 " STRII[BOIUI[//: A1y
(parordwioo) 190ue))
Sun| Surpnjour
SIOWM) PIOS 1O | SSEY Kemyped 976-1d1 [OJBIS=1]01BOG29190URD
SHIUIUIRSUR) ’ Soyadpay oy ur J0)qIyul VN +PUB+976-Td[=WIA) SINSAT
‘easneu ‘andneq [1oseyd Joydooar pauayjoowrs d[nogow [[ews VN Kuyguyp /730/A08 " s[eLeoIuIo//:dNny
BISNAZSAp ‘sdwrerd 100UBD SUN] 10§ | ASEY Kemyped 7z A1 OIBOS=Ud1B3S
o[osnuI ‘erxoIoue Soyag3pay oy ur J0)1qIyul VN 29100UBI4PUBLG 7+ T=ULIR)S
‘easneu ‘andneq [1oseyd  Joydooar pauayjoowrs J[noojow [ews VN SIIBAON. JINS21/Z10/A03 s[RI [BITUI[O//:dNYy
swseds o[osnuwt *DTDSN 10} utog uo Kemyped Soya3poy 6770-DAD OIBOS=10IBaS 2
‘on3ne] ‘erwoneuodAy sa1pnys ou Apualin "DTOS O1UOS A} Ul 1001qIYUI VN JI9JUBDPUB+qIZOPOWISIA=ULIA);S
‘e1snagsA(q ur pojo[dwios Apnys [ oseyq  103dadal pauayjoows J[noojow [ews QISOpOWISIA [OJJUdUdL) JINS21/710/A03 s[RI [BITUI[O//:dNYy
systuo3ejue oyaSpoy
86¢£rOd oIe0S=1
‘suoneayrfdure Y O] yrm Jouqiyut VN 01BIG190UBI+-B6 E[DH=ULIAS)
syuoryed Jowm) prjos Ul | seyd €T TIIDA J[nosour [ews VN SI)JIBAON. [NS01/Z10/A03 s[eLneoTuId,//: Ay
Sun{ 10§ S[EL 9AOE ON 8999NS [0IBOS=1[0ILS29IOOUBD+PUL+]0
BOYLIBIP ‘UONBA[D o AADFA Jlonquyut 89-NSL -NSL=UW1)SINSL/TId
LTV/LSV ‘onsneq 1I/T °seqd “449dd 4404 S[MOI[OW [[elrS quupuelo [eonnadeuLIeyd oyre], /A0 s[eLn[eOLuL[d//:dny
snneaoued ‘yser
‘swseds u_omscw ‘osedr| suonEaO[sULI)
paseaIoul ‘eIwuouL Ly spuoned ur 139
ﬁoswﬁmm “Cm‘m& acmo_. Surod E.O \ﬁu—dw JTOSN Joyqryut YESYTdV [oIeaS=1dIeas
‘BOSTIBU ‘OUIBPRAY ' 19V dDg-ued 1031qIYyUI VN 29I00UBIPULH]IUNBUOJ=ULI};S
‘syunod 3o[)e[d Mo TIND 11 seyd 101qQIyuI YD J-ued a[nodg[owW [euwS qruneuoq aviav 3[NSa1/Z19/A03 s[eLneoTuId,//:dny
LYSYaAZv o1eaS=1o1eag
Jonqiyut VN WIJUBOHPULL/ S AZV=WI;S
11 aseyq €T 1ADd J[nosjoul [[ews VN BOJUZBIISY 3[NSa1/Z19/A03 s[eLneoTuId,/:dny
1D3] Jo uonod o
01 pajUI TYADA
Uone[[LIqY [eLE oy jo uoniod [OIBIG=1]0IBIG W1
‘erreonm ‘uoneroyrod ‘syuanjed pojen3arop Y IO (s4D g srdnnu) ® JO unsIsuod 6€01-dd sonnaderay OUBOHPUBH()ETTSOEISDH=WIN;S
[omoq ‘eruadonnan s syuonyed ur | oseyq den puedi yog  urejoxd uoisny 2[qnjos 0€2TS0EISD Qwild 2ALI/SD 3[NSa1/19/A03 s[eLneoTuId,/: Ay
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
dwWEN JLIPUID
(panuiuod) °L 3|qey

S13

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=GSK3052230+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK3052230+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK3052230+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD4547+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD4547+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD4547+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ponatinib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ponatinib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ponatinib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=TSU-68+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=TSU-68+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=TSU-68+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BGJ398+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BGJ398+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BGJ398+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vismodegib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vismodegib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vismodegib+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LDE+225+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LDE+225+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LDE+225+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=IPI-926+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=IPI-926+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=IPI-926+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF04449913+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF04449913+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF04449913+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2940680+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2940680+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2940680+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Fulvestrant+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Fulvestrant+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Fulvestrant+lung+cancer&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))
DTOSN 10y pajordwoo [ aseyq
QWIOIPUAS J13se[dSAPOTeAIN- oruoor3uenue €10$-0D [OIBIS=121BIS 291D
SISOQUIOIY]) ‘YSel ewofeAw o[dnnA-  ‘Arojewrwegur-nue prunaay UBO4-ZUN[+OPIWOPI[BUS T=ULI};S
‘uorssarddnsojoA 10J paroxdde yv(ad ‘A10)RINPOWIOUNUILU] pruopIfeud | quage) JINS21/Z10/A0F s[RI [BITUI[O//:dNYy
sjuade A1oje[npowounuuw|
[2IBOS=U2IdS I YHINV I+
"p3o1dwos useq istuogejue s[eannaoeuLIRyJ ANV+8967-NZA=W12)/S)[NSI
ongiyey ‘Funiwop SAeY sIowmy pIjos Ul [ asetq O[-dIH VNYW 01-4TH 896C-NZd uoyq /T¥/A08 s[eLIRITUID//: ANy
LIV/LSV [2IBaS=U2IBdSIRYTINVD
PAJeAJ[Q ‘BasneU 1031qIyul +ANV+8Ly-Xd=W13)/S)Nsa1
‘angney ‘eruauy 1 oseyd O[-ATH J[nos[oul [[ewus 8Ly-Xd U0AIAYI0OUQ) /219/A03 s[RI RITUI]D//:dny
s1oNqryur O 1-4TH
Juage
Sune|Are-preisnjy
ud3011U OIX0)0)Ad
© SLYdIYM ‘H01
-dd “njoqeow
QUIWIB[AXOIPAY © 0}
suonIpuod o1xodAy
19pun pasnpai si Snipoidaxd $01-dd [OIBAS=J1BIS29190ULI+§() |
on3ne;y ‘SunIwoa (poreutuiid) DIDS % yorym Snip-oxd pareanoe erxodAy VN A d=W13}{,$3NSAL/ZI0
‘easneu ‘seruadolf) DTOSN Ul I aseyd) 1 aseyd © 0} POJIDAUO)) QAT}O9[9S Iowny, VN BJoROIJ /A0 s[eLneOIUIo//:dNny
preisnw
oprweloydsoydost
owoIqIp June[Aye
“sjuonyed -VN( 2seda1
Sunmioar jou Apuarmy 03 SUORIPUOd
BOSNEU i orxodAy Aq Snipoid 70€-HL oIBIS=U2IB0S R YTINVD
. . DTOSN 103 [ oseyd : 5
an8nej ‘snrsoonuw pa10331m st Ajo10w pajeAnoe erxodAy VN s[eannadeULIRyJ +ANV+20€-H =W s)nsax
‘SUOISI] UDYS 11 aseyq J[0ZeprwiionIu-g QAT}OQ[S Jowun], VN proysaiy, /19/A03 s[RI RITUI]D//:dny
s3nip pareanoe-erxodAH
SOII[EWLIOUqE UoTouny
IOAT] T012ISO[OYD TAH
Ul 9SBAIIAP ‘S)UN0D
129 POO[q PaI PAJBAJ[Q I100UBd Sun| 10§ $20-X1D 100UBd
‘ersejdiodAy oneysord Suro3 uo soIpnys ou APuaLINy soprweuordoxd Joyernpouw Jojdodar QULINSO +ANV-+ULIBS0qOUd=U119); S}[N
UOTIRZILITA/(IMOIS T[] I11 @seyq ATy uaSoIpue 9AT}OQ[0S Y ULIes0qouy ouy X1.0 S01/7)9/A03 sTeLn eoTuIo//: ANy
"PJBUTULIO) UDq
Sey DTTOSN M uswom
. uotsuajiadAy [esnedousunsod 105 ] aseyq
sa3ueyd poow
‘easneu ‘s15010do)so 100UBD uauom [OIBIS=T]0IBIG P IIOURD
‘SIOPIOSIP jsea1q oAnisod—10ydooar I031qIyUI Tresnedouounsod ur XOpTUILIY +3Un{4+puL4+o[0ZEI)SEUY=U1LI};S
jurtof ‘saysey J0H Quowioy 10j parordde yq AsBIRWOTY 930159 SISBAIJ JloZenseuy BOJUZBIISY 1[NSa1/Z19/A0F s[eLneoTuId,//:dny
$199)J 1 IPIS judwdopaad( jo (s)393ae], adAy, (s)oweN JYIO (s)aosuodg NurpdAH
andKyoyoag aseyd Jud.Lin) JwieN dpeay, [eriy,

W\ ILIUID

(panunuod) "L 3jqeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S14


http://clinicaltrials.gov/ct2/results?term=Anastrazole+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Anastrazole+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Anastrazole+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=enobosarm+AND+cancer
http://clinicaltrials.gov/ct2/results?term=enobosarm+AND+cancer
http://clinicaltrials.gov/ct2/results?term=enobosarm+AND+cancer
http://clinicaltrials.gov/ct2/results?term=TH-302+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=TH-302+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=TH-302+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=PR-104+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PR-104+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PR-104+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PX-478+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=PX-478+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=PX-478+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=EZN-2968+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=EZN-2968+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=EZN-2968+AND+CANCER&Search=Search
http://clinicaltrials.gov/ct2/results?term=Lenalidomide+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Lenalidomide+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Lenalidomide+lung+cancer&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))
(dVI"IN onawiw (sasedsed
pue ‘zdvI-9 JO J01BAT)OR PIALIOP 901-LV [OIBIS=UJIBOS P II0UBD
1dVI-0 AVIX) -BLIPUOYOO0}IL PUOIAS) VN sonnaderay +PUB+Q ()}~ Y =ULI2); S} NSAT
Joseyq  IsmuoSeue JyI-BMmN JBWIS 9[NOJ[OW [[BWIS VN BIUOOSY /739/A03 " sTeLnRITUId//:dNy
JI00ued 3un| 10J SAIpNIS T1LZETL [0IBOS=1dIB0g
Furo3uo ou Apuarin) JrjowIW JRWS VN 29100URI4+PUB] [ 7T L =W}, S
‘paro[dwod | aseyd TI/] 9Seyd JsiuoSeIue SV 9[nod[ou [[BWS uedeurng J1301e19], 1INS91/Z19/A03 " S[RIN[BOIUI[//: A1y
BIPIBOAYIR)
1e[noLuAeidns ‘osedi] 9780% DAV
PUE JSBJAWE PAJBAJ[D /6201 SOH [0IBOS=1JIBoS
‘onsnyey ‘eayLrerp oW deWg VN £I1050Y//SO0ULIOS IOOUBO+PUBHGT() [+SDH=ULI};S
‘BIXQIOUR ‘BOSNEN parordwios | oseyd JsiuogeIue Sy 9[nod[ouW [[BWS VN QWOUN) UBWNH 1INS91/Z19/A03 " STRII[BOIUI[//: A1y
istuogeIue SV
'Oy LIRIp ‘snyLmnid €1S€99-SINT [OIBOS=1[0IBIS2PIOOUBI+E [ GE99
‘Ysel ‘SaWAZUD JOAI] 103dadar1 N LB VN qqinbg -SINg=WI2);,S)NSA1/Z)0
Pparead]d ‘eruadonnoN SIowmn) pIjos Ul | aseyq ‘LET-AD Jo 1stuody QVOJN pozZiuewng qewnjoin SIOAIN-[0ISLIg /A03 s[RI [ROIUI[D//:d1Y
YCT-dNV YDIBIS=1]21BoS 29 Io0UBI+,TT
1-dd 03 spulq VN ~dINV=U19)S)NSa1/7)0
‘parordwiod | aseyd yorym ‘g 1-dd syesIel urojoxd uoIsny-o,f VN sunwwrdwy /SO /A03 s[eIneOIUI[o//:d1y
Ayrunwwar Jownjiue
ssaxddns Aew pue
‘S[[99-L pjeAnoe 8ESYONO
uo passardxd /85S9€6SINE
101dooar & :1-yjeop /901 1-XAIN [01BOS=1]0IeaS 21
e13[eAw ‘e13reryire powwesSoxd VN qqinbg QOUBI+PUB+8GGOCHSING=UII,S
‘eruodoydwA] ‘ysey DTOSN Ul [T 9seyq Joouqryul  qYOJN $D3] uewny QBWN[OAIN SIOAIIN-[0ISLI 3INS91/Z19/A03 s[RI [BOIUI[//:dNY
snneday ‘snisfydodAy “sjuened puesI| |-yjeop SOTT-XANW [2IBdS=UDIBISR6SSIE6
‘wisIproIAyodAy Furniooe jou Appuorin)) powwesSoxd 6559€6-SINT qqinbg -SINg=W19);,S)NSA1/I0
‘on3ne} ‘eoyLIeIp ‘Ysey ‘parerdwod 1 yq Joouqryul  qYOJN $D3] uewngy VN SIOAIIN-[0ISLI /A03s[eIneOIUI[O//: ANy
907°SL9dD
‘100UBD Jun| VN I00UBO+
ur [ aseyq ‘(Bwor[oylosaw Apoqnue qew) WIIL], AN V+qeWnWI[oWan =13}/ s)|
jueuSifewr) I aseyd P-VILD [euooouowr 7H3T /QEWNUIT[OWAI], QUNWIWPIIN N$21/730/A0S s[erneoTuId,//:dny
"O10S ut 1 oseyd
. pue D TDSN snowenbs
snnedoy ‘suisyydodAy ur Suroguo s[eLy I11 aseyq
‘wsiproIAyodAy o ’ 010 XA OIBOS=[0IBIS 2P IO0UR
‘(Sp1100 SuNWIWIoINE) BUIOUB[OW O1JB)SBIDN - KOAIOX qqmbg OFIuN[+pue+qeunuiId[=wId}s
BOULIBIP ‘Ysey panoxdde vaq P-VI1LD qVOIN uewny DT qewnuidy SIOKIN-T0ISTIg 3[NSa1/Z10/A03 sTeLeoTuId,//: Ay
SOIPOqIUE AIOJR[NPOWOUNTUTI]
YSBI ‘SISOqQUIOIY}
ﬁm_muaobso: *S[BLI} 9AIOB OU A[JUSLINY
SSOMZZID "DTOSN 10§ 11 oseyd
‘Ayyedomou oruoSor3uenue [OI1BOS=10IBIS 210
Texoyduod BUWO[OAWL ‘A10jRUIUIRIUI-JUR prwoyey ], OUBIFIUN[+OPIWIOPI[BY | =WLIA};S
‘@ousouwoy ordnnu 105 pasoidde v K10y [NpOWOUNUIL] oprwopIjey], ouade) 3INS91/719/A03 s[RI [BOIUI[d//:d1Y
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
B JNIRIRENIETS)
(panupuod) L d|qeL

S15

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=Thalidomide+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Thalidomide+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Thalidomide+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ipilimumab+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ipilimumab+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ipilimumab+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=tremelimumab+AND+cancer
http://clinicaltrials.gov/ct2/results?term=tremelimumab+AND+cancer
http://clinicaltrials.gov/ct2/results?term=tremelimumab+AND+cancer
http://clinicaltrials.gov/ct2/results?term=BMS-936559&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-936559&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-936559&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS936558+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS936558+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS936558+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMP-224+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMP-224+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMP-224+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-663513+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-663513+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-663513+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS+1029+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS+1029+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS+1029+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=TL32711+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=TL32711+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=TL32711+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT-406+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT-406+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT-406+and+cancer&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))

BIX2IOUR ‘BISNEU
‘ongne; ‘eruodonnou

OIS =T]0ILd

~
I
Q
S
Q
50
S
. OTOSN 10} II/1 oseyd . M
eruadojfooquioay) ungaur ¥L61CIANA 0UOIAS YOI S29100UBI+{/ 6] 71 QINT=W12);S) <
‘eruadoydwA 111 9seyd °d “o pue g ‘n opndad o110£) opuiuap) VN [nsa1/730/A05 s[eryedturfo//:dpy .‘oy
surIgouy zm
L0STd 2
ss0[ JySrom (parey qQVON VN [OIBOS=TOIBOS P/ (S [ Y=ULIR}/S =
‘BIX0IOUE ‘On3ne] st juowdo[oAaa(]) I oseyd AI1-4D1 uewny od£) D3] qeunwn}eqoy QUO0Y 2P qBUIUSD)  J[NSAI/7IV/A0T S[eLneITuId,//:dNy 5
(yuowrdoorap PITdAV YoIeaS=1> fnj
AnanisuasiadAy panunuodsip Auedwo)) VN 1BOS29I00URI+7H9 [ AV =ULId};S .m
RIUQY)SE ‘BIUOIAISI0dAH *S[BLI} QAI)OR OU) [[/] 9SBYJ MI1-4D1 QVOJN poziuewng VN SIJUOAY/-JOUBS 1INS91/Z19/A03 s[RI [BOIUI[D//: A1y .m
suoned LO8YSL-SINE YoIeaS=Yd1eaS7® L08YSL m
Sunmisar jou Appuarmn) 10)1qIyul VN -SING=W19)/S)[NSAL/7)0 <
BIWO0A[310dAY ‘onne] ‘paro[dwios | aseyd MIPUB Y[-ID]  9[QISIOALI [NOJ[OW [[BUIS VN qqmnbg S19AN-[0ISLIg /A03 s[RI [ROIUI[O//: A1y =
=
— S
:ouwm:oﬁoa TOSN 10§ [ aseyq aohmoml.so 2
910 ‘eoudsAp qQVOIN $D3] 189S 29100URI+ 77 [ G=W121;,S) N
‘on3ney ‘uorsuopodAHq 11 oseyd A1-4D1 pare[Asook[3uou uewIng zeodnd 20p] uadorg [NSa1/719/A03 s[RI [BOIUI[//:d1Y m
BOYLIRIP 9$90- N [OIBIS=1]0IBIG P IIOURI+ RS
‘uonednsuod ‘easneu ‘syuoned Juninioar jou qQVOJN pazruewny VN un[+pue+qewnznoje=uLio);s 2
‘eI00A[310dAY ‘ondney  Apuarm) ‘pajordwoo [y aseyq MI1-4D1 odKy 103 qewnznjofe NOIN 1INS91/719/A03 s[RI [BOIUI[//:d1Y W
UOT}OBAI PJE[OI-UOISNJUT "PaNUIIUOISIP TIV-OINI [OIBIS=T]0IBIG W1 M
‘LruddA1310dAY u02q sey juowdoaaeg qQVOJN uewny VN JUBO+PUB+QBUNWNINXID=ULI};,S =
‘RILIOUE ‘YSBI ‘SMLINIJ ‘parojdwios [] aseyq MI1-4D1 ad£y 1031 qeunwnnNxI) Quoryuy 3Nsa1/30/A03 s[eLearuId,/:duy N
aseaIoul @
A HSL oumﬁoambmwm Mo
, S IEH_ PareAd[d ‘Ysel pajeurULI) £
onsney Sm:uubwgugf sem Sunj Joj [1/] 9seyd 6L7-DINV sogmumuﬁu 2
eruodonnou qQVOJN uewny VN IRIGPIAOURI+6/ FDINY=WI;S Q
‘eruadojfooquiory ], 111 9seyd A1-4D1 adKy D31 VN uoSwy JINS21/710/A0F s[eLI[BITUI[O//:dNYy
SOWAZUD JOAT| syuoned Sumniooe JoN L8YL-dSV/906-ISO [2IBaS=131e357906
PAIBAJ[R ‘BIUIIAISIad AT ’ ’ (Y1) 10ydaoar 10)1qIyul VN Se[[AISY -[SO=ULI2}{SINSAI/TI0
‘ongney ‘Suntwoa ‘eesneN  DTOSN Ul pajojdwoo [T oseyq  UINSUT pue J{-I0] o[noo[ou [[ews qrunIsury /sreannaoewreyd [SO /A0TsTeImRITUI]D//:dNy
‘yeop A[Ies ‘uoneIpAyap
‘eruownoud ‘erxaroue [oIBoS=
RIUQY)SE ‘BIWIAS10dAY (parey Juowdorosdp qQVOJN uewny 1L81SL-dD [0IBOS 2 qRWINUWINIIS T {=ULId}; S}
‘K}191X0) ORIpIR)) I9U}INJ) POJRUIILIA) [T 9By M1-4D1 odKy 7031 qewnwn3] 107Yyd NS31/719/A03 STl eOIUI[d//:d1Y
10UQIUUEJ 1-AD1
“190uBd Jun|
ur pa1ajduwoo | aseyq 1911071 YoIeaS=yoIes
onoWIW JBWS VN S29I00UBIHPUBH[9 [ T T=WIA;S
11 aseyd jstuogeiue sqv J[nds[owW [[ews VN SI)IBAON. 3[NSa1/Z19/A03 s[eLneoTuId,/:dny
L1600dD o18aS=1d1eag
onowrw dewrg apndad VN WIOURILPUBH/ [ 60D D=1IS
pajerdwoo | aseyq jstuogejue sqv| a[nds[oW [[ews VN o)uauan) 3[NSa1/19/A03 s[eLneoTuId,/: Ay
$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH
RIGINTUTINS | Iseyd JudLIN) ELINE] QA0 ) ey,
dwWEN JLIPUID
o
(ponupuod) "LajqeL 7



http://clinicaltrials.gov/ct2/results?term=GDC0917+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=GDC0917+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=GDC0917+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LCL161+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LCL161+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=LCL161+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Figitumumab&Search=Search
http://clinicaltrials.gov/ct2/results?term=Figitumumab&Search=Search
http://clinicaltrials.gov/ct2/results?term=Figitumumab&Search=Search
http://clinicaltrials.gov/ct2/results?term=OSI-906&Search=Search
http://clinicaltrials.gov/ct2/results?term=OSI-906&Search=Search
http://clinicaltrials.gov/ct2/results?term=OSI-906&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG479+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG479+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG479+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Cixutumumab+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Cixutumumab+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Cixutumumab+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Dalotuzumab+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Dalotuzumab+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Dalotuzumab+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BIIB022+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BIIB022+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BIIB022+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-754807&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-754807&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS-754807&Search=Search
http://clinicaltrials.gov/ct2/results?term=AVE1642+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AVE1642+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AVE1642+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=R1507&Search=Search
http://clinicaltrials.gov/ct2/results?term=R1507&Search=Search
http://clinicaltrials.gov/ct2/results?term=EMD121974+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=EMD121974+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=EMD121974+cancer&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))

gauaq jo 8E9EDU/QRINIPIN YdIBaS=1d1eag
o' 10J panunuodSIp syuaned qQVOJA JuS[eAOUOUI VN 29190ULI+FUN[+qRUWNZNJIBUQ=ULID
BWapa [erayding aanisod-jour ur ] dseyd I1AN-° paziuewny qewunznlreu) [O9JUAUAD)/AYI0Y  1S)NSAL/710/A0S S[RLI[BOTUI[O//:dNy
Jutod L6TOWMV YaIeag=1o1
pua Arewrtid $)1 320ur jou pig 10)1qIyul VN BOS29100UBI+3UN[4+QIUNUBAL =ULID
Ayorxojojedoyq *PaNUNUOISIP []] dSeYJ MADH /LAN-0 J[nos[ou [[ews qQIUIUBAL], aMOIVy 1¢,1NSa1/719/A03 STeLnRoTUI[o//:d)y
stoyquyur Aemped YIDH/AIN-O
seczdd {oIeag=d1eag
1onqryut VN %190ULdPUBCET+ZHH=ULI,S
11/1 9seyd [DYO0LW/HEld d[nds[oul [fews VN SIIBAON 1[NS21/7109/A08"s[eLI[eITuId//: ANy
LT0 ISO [oIeaS=1o
10)1qIyul VN s[eannaoeuLIeyJ TeIG2PIAOURI+/ TO+]SO=ULIR};S)
"parorduwod [ aserd 1001w d[nosjoul [rews VN ISO [nsa1/210/A03 s e ed1uL[d//:dny
§s08 AzZv YoIeaS=1d
J10)IQIYUT A[NOJ[OUT VN TBOGPIAOURI4GGOR(Z V=W S
SOIUTesuLL ], “pa1ordwon 11/ aseyq 71D ¥0oLw ITews aAnnadwos-J 1y VN BOJUOZBIISY 1[NSa1/Z19/A0F s[eLneoTuId,//:dny
BIWOPLIJAISIIIodAY
‘BIUIR[019)s2[0ydIadAY
‘eruooA[310dAy sn21d02s0.434y urAwedey SoInjoRJNUBW [0IBOS=1J1B0S 9 I00U
‘erwdurungeodAy s224w03da.43§ WO} sunwedey Srdnnu yam B4+ 3UN[+PULHSNWI[OIIS=ULIY;S
‘seruadoif) 11/1 @seyq 1D90Lw PAALISP PI[OIOBW snuijons Snup oueuan 1[NSa1/Z19/A03 s[eLneoTuId,/:dny
1ouqiyut €LSET-dV Y21BaS=2183579 190
spIsoonu OSBUDY QUTUOAI) STAIO)EL UBO4-JUN]+SNWI[OI0JePTY=111};S
‘BIXaIOUE ‘ON3NR]  "PIARUILI) ) TDISN 10J ] 9seyd JoLw /AULIS A[NOJ[OUW [[BWS snuwijoIoJepry PELIY AOIA 1[NSa1/Z19/A03 s[eLneoTuId,//: Ay
viuadonnou DTOSN 107 11 9seud
“LOYLIRIP ‘SUOT)OJUT SNWI[oIIS 100avyd OIS =10IB3S 2P
‘ongney ‘snruownaud BUWOUIIIRD [[99 [BUI PIOUBAPE- QUO0JIB[ JI[OAD0IOB 10Uy Yy 190UBI4+3UN[4+SNWI[OIIAT=ULIA};S
‘BTUQY)ISE ‘SIIRWO)S pasoxdde-yqq D901 [eINJBU Y} JO QATIBATIO( SNWIT[OIOAT SI)JIBAON. 3[NSa1/Z19/A03 sTeLneoTuId,//: Ay
BOYIIBIP ‘BOSNEU
‘uorssarddnsojokw
rewaegdsoydodAy OTOSN 40 11 seyd
‘erwoprdijrodAy 6LL-1DD [OIBOG=]0IBOS 2910
‘LrudA[310dAYy BUIOUIOIRD [[90 [BUAI POOUBAPE- uroAweder jo [osuog, UBO4+3UN[+SNUWI[OIISWI] =UL1d)/ S
‘BIUAYISE ‘Ysel ‘ondne] pasoxdde-yqq [D¥0LW Soreue 19)sq SNUWIOJISWA, (oA ) 19zyg 3[NSa1/Z19/A0F s[eLneoTuId,/:dny
SIo)qIyur o Lw
CCSIAAN [oreag=y
qQVON D3] VN 0IBIG9IIOUBDHUTXBITA =TI} S}
BISNRU TOAJJ “S[[IYD) parerdwos | aseyd unsoyur 'g ‘o paziuewny UIXB)IA QUNWWPIN [Ns21/719/A03"s[eI RITUI]//:dny
‘sa1pnys Suroguo 21$509t0-1d [OIBIG=1]0IBIG P IIOURD
ou a1 319y} APUaLIN) qQVOIN VN +217S0970-1d=W19)/S)NSaT
“PArRUIULId) | ASBYJ unsoyur 'g ‘o D3] uewny VN pzyd /219/A0F s[RI RITUI]D//:dny
eId[eryre 002N oIeaS=toIe
‘eayaIeIp ‘uonednsuod ) VN 29p] uadorg 9GP IIOUBI+QBUITXIOO[OA =ULIA)S
‘easneu ‘ongdneq 11 @seyd undayur 'g ‘o qQVOJA dLIdWIYD QRWIXIOO[OA 29 eureydorg JAd  }[NSel/gI9/A03 s[eLneoruId,/:dny
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
dwWEN JLIPUID
(panupuod) L d|qeL

S17

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=Volociximab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Volociximab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Volociximab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-04605412+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-04605412+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-04605412+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vitaxin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vitaxin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Vitaxin+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Temsirolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Temsirolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Temsirolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Everolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Everolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Everolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ridaforolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ridaforolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ridaforolimus+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sirolimus+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sirolimus+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Sirolimus+and+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD8055+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD8055+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD8055+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=OSI+027+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=OSI+027+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=OSI+027+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BEZ+235+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BEZ+235+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BEZ+235+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Tivantinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Tivantinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Tivantinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Onartuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Onartuzumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Onartuzumab+lung+cancer&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))
(syuenuwr IV Ig
2 SV Ut Sutoguo | aseyd) 088TY 1 AAAV
ITOSN Ut parardwos 1 aseyq YyeoazZv YaIeag=yoie
SISouId ’ 10)1qIyul VN euLRyJorg 9G2P100URI4FUN]+qIUNAWN[IS=ULID
‘BOSTIBU ‘BOYLIBIP ‘YSBY 111 oseyd 7% 1 JdN JLI9ISO[[Y quupown|os AB1Iy/BOQUOZRIISY  3(,SINSA1/Z10/A08 STRII[BOIUI[D//: A1y
“100UEd Funy ul | ey CIoTITASD
Ayyedounjor snoxas "qIURJRIQEP YIIM UOTIRUIqUIOD 10}IQIYUI 9[NOJ[OW ISTUD[RIN 018G =1]0IBIS P qIUT)OWERI ] =ULID
[eUAD ‘BAYLILIP ‘YSeY Ul BUWOURIN Ul parordde vq /1 AN [Tews oLIISO[[Y qQIUIOWIERI], QUITYHWSOXR[D)  3/,SHNSI/710/A03 s[RI eoTuI[o//:dny
s1031qIyuI (S[JA) 9Seuny| paje[n3ai-[eudIs Je[n[[ooenxa,/urdjold pajeande udgojn
Suprwoa ‘edsneu ‘erxaIkd JIONQIYUI 9[NOJ[OUL VN S[BOIINOOBLIRYJ [OIRIS=0IBaS29G 09/ L 88 €[N [=1IId
‘ondne} ‘ArorxojoaydaN (poyeuruidy) [ aseyqd PN [[eWsS 2A1}99[S VN XDS 14,SNS21/719/A0F s[eLneotur]d//:dny
SO9LLBBEINS yores
10Mqiyut VN uosuyof S=U5IBIST®CO9LLEEMNI=ULIA,S
QUIUNEBAID UT UOTIBAD[F (pyeuruia ) T aseyd 1AN-° o[nds[owW [[ews VN 29 uosuyof 3[NSa1/19/A03 s[eLneoTuI[d,//: Ay
€06L1C-Ad Y21BaS=121BaSWE06L I T
10Mqiyut VN ~d =191, SN/ 10
(pareutuu1e)) [ oseyd YADH/LAN- d[nosjoul [fews VN 19z4d /A03s[eLneotuI[o//:dny
8GESL8TAT
QVON #D3] VN Y21BaS=21BS®]S €S LYTAT=WID
11 9seyd LAN-0 poziuewny VN A1 g 1 S)NSA/TId/A0T STeL[eOIUI[O//: ANy
80C DNV
sjuoped 1onqiyut VN Y21BaS=218§® YO C+DINV=W12
Funmioar jou | aseyq LAN-0 J[nosjow [[ews VN uawy 14,SINS21/710/A03 S| [BOIUI[O//:dNy
0908THONI
1ouqiyut VN YoIeaS=Y31eaS7 (0908 THONI=W12
payordwos | aseyq LAN-0 9[nosjow [ews VN hou 1(,SINSA1/Z10/A0T S[eL[BOTUI[O//:dNY
LO9LLLSING [oIBag=yoIe
1ouqiyut VN qqmbsg 9§ 190UBO+PUBHL()9LLLSING=WID
‘pajardwos 1 aseyd 1AN-° o[noo[oW [[ews VN SIOAIN-TOISTI 3¢,$3INS01/719/A08 s[RI eoTUI[0//:d)Y
19V TN Yo1BaS=4>
10)1qIyul VN 18G9 IOURIHPURH[ 9 T IN=ULI)
pajerdwos 1/1 oseyq 1AN-° o[noo[owW [[ews VN NOIN {$1NSA1/719/A08 STeLneoTuI[0//:d)Y
S9TADOIN YoIeag=1o1
ToLL U0y 1ouqiyut VN BIS7R190UBI+PUBCHTADDN=WIS
[/19seUd ‘€T TYIDIA LHN-0 9[nos[oW [fewS VN QuADAYION 1 SINSa1/Z10/A0F S[eLI[RIIUL[Y//: 1y
‘syuoned 0Ly-dIN [oreag=y
SunInioal jou Apuarm) 114 ¥Ioad 10)1qIyul VN s[eannaoeuLIRyJ JIBIG2PIAOUBI+QIUNBANUT Y =ULID)/,
(OT1OS) 119seyd LAY LHN-O LI d[nos[oW [fewrs qruneAnuy XAV §1[NSa1/710/A0 S[BLI[BITUID//:dNY
SOT006HDS/66T-AV {oIeag=1o1es
BOULIRIP ‘QUorpeaYy qQVOIN 1D3J] VN s[eannaoeuLIRyJ S29I90UBIFPUL+qRIUNZN)B[O]{=ULID
‘ewopa [eroydurad ‘ondneq 11 9seyd pazZIiuopuey (pues1)) IOH poziuewny qewnzne[or] OdAV 1, S)NSA1/739/A0F s[eLI[RIIUId//:dNy
11/1 9seyd
eoudsAp ‘soroueuSIeW 7201 DNV [oIBOS =10
‘BOSTIBU ‘BIXOIOUR uonoun/ [eogeydossonses qQVOIN 7D3]I VN 120G 29 IOOUBD+QRUINUINIO[[=ULId)
‘uonjednsuod ‘onSne]  pue 10oued OLISeS Ul [[] aseyq (pues1) IOH uewngy qewnwniofry uaswry (S)[NS21/730/A0T s[eLneaIuId//:dpy
$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH
RIGINTUTINS | Iseyd JudLIN) ELINE] QA0 ) ey,
dwWEN JLIPUID
(panunuod) L 3|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S18


http://clinicaltrials.gov/ct2/results?term=Rilotumumab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Rilotumumab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Rilotumumab+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ficlatuzumab+and�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ficlatuzumab+and�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ficlatuzumab+and�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Amuvatinib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Amuvatinib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Amuvatinib+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MGCD265+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MGCD265+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MGCD265+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK2461+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK2461+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK2461+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS777607+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS777607+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMS777607+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=INCB28060&Search=Search
http://clinicaltrials.gov/ct2/results?term=INCB28060&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG+208&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG+208&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2875358&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2875358&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-4217903&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-4217903&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-4217903&Search=Search
http://clinicaltrials.gov/ct2/results?term=JNJ38877605&Search=Search
http://clinicaltrials.gov/ct2/results?term=JNJ38877605&Search=Search
http://clinicaltrials.gov/ct2/results?term=JNJ38877605&Search=Search
http://clinicaltrials.gov/ct2/results?term=JNJ38877605&Search=Search
http://clinicaltrials.gov/ct2/results?term=JNJ38877605&Search=Search
http://clinicaltrials.gov/ct2/results?term=Trametinib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Trametinib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Selumetinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Selumetinib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Selumetinib+lung+cancer&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))
9160L0OTASD yores
owd 1onqrqut VN S=U21BIST®I 1 60L0 [ ASOH=WLI,S
(pa1e1dwoo) | aseyq aseurny| eloIny aannRdwod-4 1v VN QUIYNWSOXB[D) 3INS91/Z10/A03 s[RI [ROTUI[O//:dNY
80ISN
1onqiyut VN [oIBaS=21BaS 2980 | SHIN=ULIS
seruadoif) (pa1e1dwoo) | aseyq aseuny y elomny 9[nogJow [[ews VN NI 1,8)[NS21/739/A0T s[erneoTuId//:dpy
(ewopokw opdnnu) T aseyq €44D4 9L0T-ANNA Y218aS=12183§%%9.0T
’ ‘€N YADIA loyqryut VN ~ANNH=WI21SHNSI/TI0
(uerreao) 1 aseyqd “y 9seury eloiny aseuny| pjedie)-nnp VN pawanuyg /A0Z s[eneatuIo//:dny
1onqryut 8GE6ELVHI
(yueurwop g eIoIne) djozerkdourure-¢ VN [OIBOS=Y0I8aS 29 qIIIOSNUB(J=WLID
(oway pue djeisoxd) ] aseyd rIOINE-UBJ J[nogow-[[ewS quaasnueq OUBIAION 14,SNS21/710/A03 s[eLn[eo1uI[o//:dNny
B19q €ISD pue
(porordwoo) [ aseyg  SPA TN 1Y “TISY €8T61V
‘TIAL € pue T VI Joyqrour VN Y21BaS=121BaS% €86 LV=WI3
eruadonnaN (eworaAw ardnnu) 1 aseyq ‘g pue y eIlomy 9SBUDY PAJasIe)-NNIA VN XSy 1¢,$1INSa1/719/A03 s[eLnROTUI[9//:d)y
ongney To)qryur dseury LETS NTIN (AS0100uQ epaYEL)
BOSNEU ‘ST)ISOONUI urejoxd suruoany) VN s[eannaoeuLIRyJ [OIBAS=10183S 29/ €78+ N TIN=WID
‘uorssarddnsoraA N T1/1 @seyq V BloIny /OULIdS Q[NOJ[OW [[BWUS quIasIY WNIUUS[IA 1¢,$1INSa1/719/A03 s[eLneoTUI[9//:d)y
PajeuIuId)
SI0TWUN) PI[OS UI | aSBYJ slrrazyv
Jonqrur VN Y2IBaS=Y21eaSw TS | [+dZV=WId
eruadonnaN (snooy away) [11/11 ¥seyd g riomny J[nos[owW [[ews VN BOAUOZBIISY 1¢,$1INS21/719/A03 s[eLnROTUI[9//:d)y
SI10)1QIYUI dSBUDY BIOINY
SISO)IUW JO SI0}QIYU]
Iooueo Suny ] oseyq 817X /€L60-DAD Y21BaS=121BSW E€L60
1onqiqut VN -DdD=WIRSHNSL/TI0
111 @seyd I AN J[nds[owW [[ews qrunawaqo) VpElNiEliETy) /AOT sTeln eIl dny
0€€8dZV
1onqiyut VN euLeyJorg [2IBoS=121eaS7R (0 € E8AZ V=12
pajerdwon | aseyq I AN J[nds[owW [[ews VN ARIIY/BOQUAZBIISY  1(SI[NSA1/Z10/A0T S[eLneoTuI[o//:d)y
[06Scedd
£3101%0) [RO1S010INOU I0)1qUIyuT VN OIBIS=T01BIS P [ 06S TEAJ=1110
A)191X0) IRINDQ pajerdwon | aseyd /1 AN J[nds[owW [[ews VN 10714 1¢,$3INS21/719/A03 s[eLneOTUI[9//:d)y
I00ue)) Sun ul [ oseyq COTEAN
1onqiyut VN [oIBaS=YdIBaSTI [ AHIN=WI2
11 aseyd AN J[nds[owW [[ews VN SI)IBAON. 1¢,$3INS21/719/A03 s[RI eOTUI[o//:d)y
99L698
ewopa [eroydiod Avd /61TVAad o1ea8
pue ‘on3nej ‘Funiuoa 10)1qIyul VN saoua19s01g =UOIBIS W+17%61 | VAQY=1LI2),
‘BISNBU “BIYLIBIP ‘YSBY T1/1 9seyq [AD:EIN OLIAISO[[Y VN BOPIY S)NSa1/710/A03 s[RI RITUI]D//:dny
d69€9€61DSIN
Sunrwoa ‘easneu 1oquyut /920€0L SV
‘ysed ‘uonednsuoo J[nos[ou [ews VN [SiEIN [OIBaS=Y2IBIS 299700 L+SV=1LId
‘BOULIBIP ‘BIUYISY 11/1 @seyd /1 AN aannadwos-uoN quIasewg ANA/VED YOI 3S)[NSA1/Z10/A03 s[RI eDIUI[O//:dNy
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
dwWEN JLIPUID
(panuiuod) °L 3|qey

S19

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=AS+703026&Search=Search
http://clinicaltrials.gov/ct2/results?term=AS+703026&Search=Search
http://clinicaltrials.gov/ct2/results?term=RDEA119%2F+&Search=Search
http://clinicaltrials.gov/ct2/results?term=RDEA119%2F+&Search=Search
http://clinicaltrials.gov/ct2/results?term=RDEA119%2F+&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEK162&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEK162&Search=Search
http://ttp://clinicaltrials.gov/ct2/results?term=PD325901&Search=Search
http://ttp://clinicaltrials.gov/ct2/results?term=PD325901&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD8330&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD8330&Search=Search
http://clinicaltrials.gov/ct2/results?term=GDC-0973&Search=Search
http://clinicaltrials.gov/ct2/results?term=GDC-0973&Search=Search
http://clinicaltrials.gov/ct2/results?term=GDC-0973&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD+1152&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD+1152&Search=Search
http://clinicaltrials.gov/ct2/results?term=MLN+8237&Search=Search
http://clinicaltrials.gov/ct2/results?term=MLN+8237&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT9283&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT9283&Search=Search
http://clinicaltrials.gov/ct2/results?term=Danusertib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Danusertib&Search=Search
http://clinicaltrials.gov/ct2/results?term=ENMD-2076&Search=Search
http://clinicaltrials.gov/ct2/results?term=ENMD-2076&Search=Search
http://clinicaltrials.gov/ct2/results?term=ENMD-2076&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK5108&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK5108&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK1070916&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK1070916&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK1070916&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))
689 CCEETSTAT [2IBOS=UdIBISIRCCEETST
ysel ‘easneu (pa1o1dwiod) urdyo1d oppurds ¢37 Jo VN ULy -AT=U119)/ S NS/ 710
‘ongney ‘eruadonnoN (DTOSN) 11 oseyd uIsauny SBOIA 10)qIYUE SLISO[Y VN O[EHEMOAN/ATIT 1[H /A0S s[eLeoruI[o//:dny
(souexe],
1] Ayyedoanau
ou) erwadA[31odAy
‘eruadoydwA]
‘ouruneao 689 66S1L-9dS [2IBaS=UdIBISRTOH6S | L
P2IBAR[R ‘BrWIdUR urdyoid oppurds VN -gS=UL13}{$}[NSAL/7ID
‘on3nye] ‘eruadonnoN 11 aseyd uIsoury SOUA Iouqryur JS3f qrsourdsy QUITYHWSOXB[D) /A0S sTeID[BOIUI[D//:d)Y
s10J1qIyUI Uuro)o1d ursaursy
"sToum}
prjos ut payordwoo | aseyq sardesot Funogie) 9LLOO6HOS
VNQ Sunenusjod VN 01BOS=Y0IBIS299/ L 006HD S=WId
“stowmny pmbiy ut ] aseyqd 134D YD Jo tonquyuy VN ysnojg-sutoyog 1 SHNSaI1/ZI0/A0T s[eLI eIIUI[d//:dny
sorderoy) Suregie)
-VNQ Sunenuajod 79LLAZV
YD Jo 1onqryut VN [oIBaS=U21edS 9L LAZV=WId
(pa1o1dwoo) | oseyq /1D aAnRdwod-4 1V VN BOQUOZRIISY 14,S1NS21/710/A03 s[eLn[eoIuI[o//:dNy
sorderoy) Sunesie) 819€09TAT
(syuoned unmioar jou) VNA Sunenusjod VN ruLIRyJOIg [OIBOS=1JIBOS ] [9C(9T A T=UWLId
11 9seyd 134D YD Jo ronqryug VN Kerry /A1 14 1 S)NSAI/Id/A0T s[eL[eOIUI[O//:dNy
Toyqryut (3yD) oseuny yurodoay)
91IDAD
Jouqiyut VN [2IBIS=U2IEdS2P9 [ [DAD=WId
(poyeuruidy) [ oseyqd eIOINE-UBJ J[noojow [ews VN 199894 14,S1NS21/710/A0T s[eL[BOTUI[O//:dNYy
Jonqryur oseuny LSYOAN
spIsoonw (5[S11 oeIpIED 0) ONP Paj[ey) AJrwrey urdjo1d ouruoaIY} VN [OIBOS=U0IBOS 2/ S0 IN=WId
‘easneu ‘eruadonnaN 11 9seyqd oseuny| BIOINY  /AULIdS 9[NOJ[OW [[RWS qQuIasezo], oI 14,S1NS21/Z10/A0T S[eL[BOTUI[O//:dNY
1063VL (AS0100uQ epaYEL)
1001qIYUI VN S[BOIINOOBWLIRY ] [oIBOS=1dIB0S ¥ [ 06 V=W
(pa1o1dwoo) | oseyq V 9seuny elomny J[nod[ow [[ews VN WNIUUS[TA 14,S1NS21/710/A0T s[eL[BOTUI[O//:dNY
006DV
(O pue g vy) Jonqryur VN 21838 =121B3S 2006 DN V=W1d
19seyd aseuny eloIne-ueg J[nos[owW [[eWS VN uodury 14,S1NS21/710/A0T s [BOTUI[O//:dNY
O» Y1€-SNS YOIBIS=2IeaS Y[ ¢
uonednsuod ‘g ‘v) Jouqryur IOYQIYUI QAT)IO[IS VN -SNS=U110};$}[NSAI/7ID
‘on3neJ ‘easneN (parordwioo) | aseyq oSBUDY BIOINE-UBJ aannadwos-J IV VN sisoung /A0S sTeLDROIUI[D//:d1Y
SELYIBE0-dd [OIBIS=YdIBISWSELY18E0
BIXOIOUR JIO}QIYUI [qQISIOAI VN - d =W}/ S}NSAL/ZI0
‘@asneu ‘BAYLIIR( (parordwioo) | aseyq g % V eiomy “aannadwoo-J 1y VN 10zYyJ /A0Z s[RI eoTuT]//:dny
€34 pue
PIV “19V ‘NAT 69S€0LSY
gL a® Joyqryut VN ouolag YOIBIS=21ea§ 9695 €0LSV=ULId
(parordwioo) | aseyq V-0sBuDy BIOINY aseuny| pajesIel-nnA VN ANT/VEDI OO  3,S)NS1/730/A0T s[erneotut]d,//:dpy
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
B JNIRIRENIETS)
(panupuod) L d|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S20


http://clinicaltrials.gov/ct2/results?term=AS703569&Search=Search
http://clinicaltrials.gov/ct2/results?term=AS703569&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-03814735&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-03814735&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-03814735&Search=Search
http://clinicaltrials.gov/ct2/results?term=SNS-314&Search=Search
http://clinicaltrials.gov/ct2/results?term=SNS-314&Search=Search
http://clinicaltrials.gov/ct2/results?term=SNS-314&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG900&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG900&Search=Search
http://clinicaltrials.gov/ct2/results?term=TAK901&Search=Search
http://clinicaltrials.gov/ct2/results?term=TAK901&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0457&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0457&Search=Search
http://clinicaltrials.gov/ct2/results?term=CYC116&Search=Search
http://clinicaltrials.gov/ct2/results?term=CYC116&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2603618&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2603618&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD7762&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD7762&Search=Search
http://clinicaltrials.gov/ct2/results?term=SCH900776&Search=Search
http://clinicaltrials.gov/ct2/results?term=SCH900776&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB-715992&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB-715992&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB-715992&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY-2523355&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY-2523355&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY-2523355&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® ¢ Volume 10, Number 1, Supplement 1, January 2015

(ponunuo))
[CYNOTY yo1eag
VN =U21BaS % [ CNDH Y= S)
1 9seyq puesi p-e3eQq qQVOJN uewny VN u0IoudZ0Y ns31/710/A03"s[eL[eoIuI[9//:d)ny
¥10¥80€04d o1eag=
(SproI1S YA PaONpaI) (yorou-uey) fonqryut VN YoIea§®y7101780€04 =191 S
K)101X0) [RUNSAIUIONSBD) (payerdwoo) [ aseyq 10J1QIYUT 9SBJOI0as A 9SBJOI0DS BUILIED) VN 10714 nsa1/7)9/A03 " s[eLnedIUI[o//:dNy
J100uRD Suny U | aseyq TSLOMIN YoIeas
ongneJ ‘easneu ‘eoyLIeIp [9J0U-UERJ) I03qIyur VN ={2IBOS2PTS L O N=WI); SIN
‘sdwred feuropqy 11/1 @seyd 10)1qIYuI 9SBJOI0as A 9SBJOI0DS BUILIED) VN SOIIN S1/7)9/A03 s[RI [ROIUI[O//:dNY
‘smyrnad L606T6¥ Od YoIeaS=
‘enworeydsoydodAy (gor0u-uey) Jonqruyut VN Y2IBI§%9 L 606 C67+Od=U91,S)
‘BOULIBIP ‘BISNEBU “BIUAISY 11 aseyq 10)IQIYUT 9SBJAIOAS- | 9SBJOI0DS BUILIED) VN Yooy Ns21/710/A0F"sTeIn[RITUID//:dNy
s1onqyur Aemyied yojoN
LE698TISINN [oreag=y
(oseuny duruoary) 1ouqiyut VN SI0UBIOT Q1B L E698T I SINN=WI91(S)]
(pa1o1dwoo) | aseyq uLes) 131d J[nosjow [ews VN [eOIPJA OUBIAIIN NSa1/719/A03 sTeLneaIuId,//:dny
YILI9PASD YoIeaS—=
ured [eurwopqe (oseuny duruoary) 1ouqiyut VN OISR €191 SO=UI,S)
‘erwIdue ‘Ondneq (pa1o1dwoo) | oseyq uwes) 1y1d aAnRdwod-4 1V VN QUIYHWSOXEB[D) Nsa1/719/A03 sTeLneotur]d,/:dpy
ongney (303j00d Surpurq-4 v LTL91d [OIES=TOIBIS P/ 7L
‘eruadojfooquuoryy (oseuny auruoaIy) 0} SPUIQ) SAIJRALIOP VN wrayesu| -1g=W19);S}[NSI/ )0
‘eruadonnau ‘erouy (poye1dwod) [ aseyqd quues) 14 ouourpueydoipAyiq QU}I9SBJOA 123uLyoog /A0 s[eLneoIuI[o//:dNny
Joyqrout 9ese1d [21BaS=1218a§R9ECT
BOSNBU (OT1OS Ut (oseuny ouruoaIy) J[nos[ou [[ews VN wiroyaduf -] g=W19)/S)NSAL/7)0
‘ongney ‘eruadonnoN payerdwod) 1 aseyd uLes) 14 aannedwods J1v VN 123uLyoog /A0 seLneOIuI[o//:dNny
1031qryut aseury oYI[-0]0d
s34 LL8YAZV yoreos
(yuawdoraAap woxy urajoid oppurds VN =U0IBS 2P/ [ Y ZV=W10);S)n
eruadonnaN panunuodsIp) 11 yd ursaury O1ONA 10)1qIyuT JS VN BOQUOZEIISY S1/7)9/A03 sTeLn eoTuId//: ANy
$34 129-09V UOIEIS=UOIEIS P 179
urdjoxd oppurds G37 Jo VN -OYV=W13};SINSAL/ 730
(parordwoo) [ yq UISOULY ONOMNL  I0)QIYUI SLIAISO[[Y VN aMOIV /A0 s[eLy[eOLUL[d//:dny
BIXaIOUR TELOIN SpEIN
‘ST)ISOoNW ‘BOsneu 637 uroyoud oppurds VN =U01BOS [ € L0 IN=ULId}; SIN
‘eoyreIp ‘eruodonnoN (payordwoo) 1 eseyq ursaury O1OA 10)1qIUUT JS VN TN S01/7)9/A03 sTeLn eoTuIo//: ANy
erwoneuodAy 0CSAdIV [oIBaS=U21ea§ 0TS
‘ondney ‘Suniuoa 637 woyoud oppurds VN A V=W19)/ SINSA1/ 730
‘eosneu ‘seruadojf) 1 oseyq uIsaury S1ONN Iouqryur JS| VN ruLIRYJOI ARIIY /A03 sTeIROTUI[O//: A1y
(L ursoury)

UOT)BAQ[Q 9SBUIUIBSURI) q-dNFD urjoxd S6CET6-SD OIBIS=1]2IBISWSHTET6
‘erwareuodAy J1010W SYI[-UISaUTY VN -3SD=WId};,$INSAT/ID
‘Sunwoa ‘ondneq (parordwioo) | aseyq POYUI[-2IOWONUD)) I03qIyuI JS VN QUITHYPIUSOXB[D) /A03 s[RI ROIUI[O//:dNY
spiuturesuen 34 1c6eyL-dS [21BS=2IBISR [ COHEYL
‘erwojeydsoydodAy uroyod oppurds VN -gS=WLIdY;,SINSAL/ZI0
‘eruadonnanN (payo1dwiod) | aseyq uIsauny| dNOoNA 100qIyuI gS VN QUIYHWSOXB[D) /A03 s[eIneoIuI[o//:d1y

$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH

RIGINTUTINS | Iseyd JudLIN) ELINE] QA0 ) ey,

JweN ILIUID

(panunuod) L a|qeL

S21

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=SB-743921&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB-743921&Search=Search
http://clinicaltrials.gov/ct2/results?term=SB-743921&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK-923295&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK-923295&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK-923295&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARRY-520&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARRY-520&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARRY-520&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0731&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0731&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0731&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARQ-621&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARQ-621&Search=Search
http://clinicaltrials.gov/ct2/results?term=ARQ-621&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD4877&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD4877&Search=Search
http://clinicaltrials.gov/ct2/results?term=AZD4877&Search=Search
http://clinicaltrials.gov/ct2/results?term=BI-2536&Search=Search
http://clinicaltrials.gov/ct2/results?term=BI-2536&Search=Search
http://clinicaltrials.gov/ct2/results?term=BI-2536&Search=Search
http://clinicaltrials.gov/ct2/results?term=BI-6727&Search=Search
http://clinicaltrials.gov/ct2/results?term=BI-6727&Search=Search
http://clinicaltrials.gov/ct2/results?term=BI-6727&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK461364&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK461364&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK461364&Search=Search
http://clinicaltrials.gov/ct2/results?term=NMS1286937&Search=Search
http://clinicaltrials.gov/ct2/results?term=NMS1286937&Search=Search
http://clinicaltrials.gov/ct2/results?term=NMS1286937&Search=Search
http://clinicaltrials.gov/ct2/results?term=RO+4929097&Search=Search
http://clinicaltrials.gov/ct2/results?term=RO+4929097&Search=Search
http://clinicaltrials.gov/ct2/results?term=RO+4929097&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0752&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0752&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK0752&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF03084014&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF03084014&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF03084014&Search=Search
http://clinicaltrials.gov/ct2/results?term=REGN421&Search=Search
http://clinicaltrials.gov/ct2/results?term=REGN421&Search=Search
http://clinicaltrials.gov/ct2/results?term=REGN421&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panunuo)))
[ seczdd ores
BIWOUR ‘Ongney saxa[dwods Yo Lw 10qIyur VN S=Y2IB3S79S £7ZAG=WI);SIN
‘BOULLIBIP ‘SISO “BISNEN I/19seyd ‘(1 ssepo-ued) y¢-1d J[noojow [[ews qIs1]03oB (] SIIBAON $21/710/A08"s[eLneotuI[o//:dny
stoyqryur 3 ¢-1d
10¥0-Xd [oreag=y
an3neJ ‘eayLIeIp (papuadsns VN S[eannaoewLIRYJ 018§ 79 3UN[4+-oUISOJLIad=1113) S}
“‘Funiwon ‘edsneN [etn O TDSN) 11/1 9seyd ny prdijoydsoydiAyyy QUISOJLI] 10V/xA103] [nsa1/210/A08 s L eoTuI0//:dNy
£vel DV oreag=y
eruadoynay ‘srern Aderoyjorper ydooenp s[eannaoewLIRyJ 018G 29BUN[+C € [+DY =W, S)
‘angney ‘yser ‘eayirerq uoneuUIqUIOd Ul I aSeyq Y 10)IQIYUT 2583)01J TARUTON uoImogy [Nsa1/Z19/A03 s[eLneoTuId,//:dny
Ayrorxoy 90TTIN oIEdS=1j0
[BUNSAIUIOTISBD) PV JLI2ISO[[B VN IROGW+3UN[+9() T T IN=WI;,S)]
‘STIISOONUI ‘Ysey 11 aseyq Py 2annedwoos -Jv—uoN VN NOIN nsa1/7)0/A0 F's[erneorurd;/:duy
stonqryut L3V
stoyquuut LYV/3¢-1d
s[eLn 120ued uado oN
186-9VV YoIBOS=121Ba§ R [ 8¢S
(payerdwoo) VN -V V=ULI2);SINSAI/710
s15010d09)s0 10§ ] oseyd 3 uisdayieo-nuy queoreqg SIJIBAON. /A0 s[eLneOTuI[o//:dNy
s[en sy1oads-100ues uado oN (owkzud oyroads (uondiosar TTR0-IN OIBOS=U0IBIS2PIOULD
-)SB[902)S0) 2U0q SOSBAIIAP) VN +Pue+7780-MIN=WI)/S) NS
s15010d02)s0 10§ [T 9seYd S ursdote) S uisdoes-nuy queseuRpQ NOIN /219/A0F s[RI RITUT]O//:dNY
sured ISBYIUAS
9[0SNWI/AU0Qq ‘UOIIOBAI SISEISEIOW ou0q 10§ 1] 9SBYJ eydsoydoiAd
AnanisuasiodAy ’ 1Asouiej s)a31e) [oIeaS=yoIe
‘Burreay pakerop ‘mel jo s1s010d02)so 10)qIyul ojeuoydsoydsiq XBUBSO, 9GP I20URI4-IRUOIPUD Y=L} S
SIS0109U00)s0 ‘snigeydosg 105 posoxdde yvaq JSB[021S0 Surureyuod uaSonIN 9)JRUOIPURY SI)JIBAON. 3[NS01/Z10/A03 s[eLneoTuId,//: Ay
SISBISLIOW 0U0q 107 []] 9Seyd
SUOOBAI 190UEBD WOIJ BIUOO[edI1adAY 9[nod[ow
AyanisuasiadAy ‘aseas1p jo8ed onewojdwiks J031qQIyUT [Tews Surrmbax [ouoIpIg s[eonnaoRILIRYJ I0JUBI+(IN V-OIBUOIPTIO=UILIA} S
‘seid[enyie ‘spideydosyg 10§ pasoxdde v 1SB[0091SO) d1v-oreuoydsoydsig 9jeuoIpnyg JJquien) 29 10)001J  }[NS91/710/A03 s[eL[edruI[o//:dny
(TeArains
siowny pue Kj1anoe
PI[OS WOIJ SASB)SE)OW AU0q 1SB]909)S0 10
SuonoeaI yim syuaned ur sjudAd uertodwr ureyoxd
urys ‘suonIJuI SNOLIAS PJB[I-[BIO]S JO UONUAAJIJ-  OUBIQUIDWISURI)) Apoqnue 791-DINV OIBIS=1]0IBIS 1
‘Mmef JO SIS0I0U03ISO s1s010dod1sO- 10MqIyuI [eUO[OOUOWL e1j01J /eAISY 90UBO+FUN[4QBUNSOUS(=ULI};S
‘eruoo[eoodAHq 10§ pasoxdde v puedI SINVY uewny A[nj qewnsoud(q uoswy 3INS91/Z19/A03 s[RI [BOIUI[O//:d1Y
(s1owny pIjos pue Bwo[oAW
ordnnur) sasejsejowr
AJ101X0) [eURl 2U0Qq PRIE[RI-IJUR))- VN 018G =1]0IBIG P IAOUR
‘mel Jo SIS0109U0)S0 s15010d02)s - 1031qQIYUl dreydsoydoiAd BIOWOZ OF3UN[+PUL+)RUOIPI[OZ=WLI};S
‘eruoo[eoodAHq 10§ pasoxdde v 1JSB[0091SO) [Asouieq 9)BUOIPI[O7 SIITBAON. 3INS91/719/A03 s[RI [BOIUI[O//:dNY
SIQYIPOW UOOUNJ ISB[I02)SO
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
dwWEN JLIPUID
(panupuod) L d|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S22


http://clinicaltrials.gov/ct2/results?term=zoledronate+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=zoledronate+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=zoledronate+and+lung�cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Denosumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Denosumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Denosumab+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=etidronate+AND+cancer
http://clinicaltrials.gov/ct2/results?term=etidronate+AND+cancer
http://clinicaltrials.gov/ct2/results?term=Alendronate+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Alendronate+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Alendronate+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK-0822+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK-0822+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK-0822+and+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=AAE-581&Search=Search
http://clinicaltrials.gov/ct2/results?term=AAE-581&Search=Search
http://clinicaltrials.gov/ct2/results?term=AAE-581&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK2206+lung+&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK2206+lung+&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK2206+lung+&Search=Search
http://clinicaltrials.gov/ct2/results?term=AG+1343+lung&Search=Search
http://clinicaltrials.gov/ct2/results?term=AG+1343+lung&Search=Search
http://clinicaltrials.gov/ct2/results?term=AG+1343+lung&Search=Search
http://clinicaltrials.gov/ct2/results?term=perifosine+lung&Search=Search
http://clinicaltrials.gov/ct2/results?term=perifosine+lung&Search=Search
http://clinicaltrials.gov/ct2/results?term=perifosine+lung&Search=Search
http://clinicaltrials.gov/ct2/results?term=BEZ235&Search=Search
http://clinicaltrials.gov/ct2/results?term=BEZ235&Search=Search
http://clinicaltrials.gov/ct2/results?term=BEZ235&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))

(panunuodsip judwdo[aAdp

IaypIn} pue pajou Jgausq 10c-1s4d [2IeoS=131e0S7 10T

ou ‘pajedwiod) (SITOH) Ionqryur o[nosjowr VN (s20ud10g Teqre) -[SE=WI)SHNSL/TId

ongnej ‘easneN (snowrenbs) [1] aseyd 1-davd orydodiy [rews quredrug SIIUQAY-JOUBS /A0S S[eL[BDTUI[O//:dNY
SIONQIYUI Y Vd

SLS-IAIN UOIBOS=Ud1eaSTG /LS

(syuened Sumidoe VN - IN=WLIR),S)NSAL/ZI0

10U A[JUa1Ind) [ 9seyq oI IDAd qQVOIN VN QUNUITPIN /A0S sTeImROTUI]D//: ANy

£DE-DINI oreag=y

VN 0IBIG29RUNIIONTIIEY=ULId}; S}]

anSneq 11 oseyq I IDAd qQVOIN DS uewngy qeInIIONEY DT duopowy Nsa1/710/A0F s[eIn RITUIO/ /ANy
SIONQIUUI 0 YIDAd

. elwaue hmwmsuwm% (OTOSN) 1 9seud 9¥69-08AVE :osomnaomwom%cw%

SHISOONW ‘BAYLIBIP JI0)IqQIYUT J[qISIOASI VN -08 AV g=ULI3}{ SINSI/ZI0

‘eosneu ‘ondpeq 11 oseyd S¢-1d 1 Sse[o-ued 9A19919s A[YSIH VN loAegq /A03 s[RI [ROIUI[O//: A1y

angney ‘erxaroue G9LTX

‘YSBI ‘SHIUTeSUL) MOLw I031qIyuUI VN [OIBIS=10IBIS29G9/ TX=ULId}/S

‘BOULIBIP ‘BOSNEN (payordwoo) [ oseyq  pue (] sse[d) M¢-Id [€I0 9AI}O[AS [en(] VN SIXI[OXY 3Nsa1/g10/A03 s[ereaTuId,/:diy

I100ued Sun| 10§ [ aseyq ¢0S16970-Ad 2IBaS=121eoS29T0S 16910

Jopqyut VN ~J =119}/ S)NS31/ 70

11 °seyd JOLw pue He-1d d[nosjout feng VN 19744 /A0 s[eLI[eaTuT[d//:dny

uoIsnyjo

[emod “oyoepedy 1760-0dH [2183S=12183S® [ 60

‘eIsnagsAp ‘eayLrerp DTOSN (sur1ojost Jo3qIyur VN -DD=WI3)/S)NSAL/T)O

‘ongnyey ‘vasneN snourenbs [] oseyq I sse[o) M¢-1d J[nosow [[eWs qIsInoIg [O9JUaUAD) /A0Z sTemmreotur(o//:dyy

urojoxd (Soreue

[ewosoqL UTUBWILION ) 998-Xd [OIBS=10ILS 9998

Sunrwoa 9s-d “gyorw I0JIqQIYUT S[NOJ[OUL VN -X d=WI9)S)NSAL/ 70

‘BaSNEU ‘BAYLIBI(] 11/ aseyd -dszomor “y¢-1d [[eWS Q[qISIOALI] VN U0AIAYP0dUQ /A0TsTeIneoTUI]O//:dny

97c1od o1eag

Jouquyuy VN =UIBOS 9T LOG=U1) )N

(payordwoo) | aseyq JOLW pue y¢-1d a[nos[ow [[ews [en(g VN SI)IBAON. S91/7)0/A03 s[eLneoTuId//: Ay

eruwodA310dAy
‘snIunuesuRL LYTIX
‘SISOqUIOIY) (sur1ojost J03qIyul VN [OIBIS=U0IBIS 2/ [ TX=WI);S
[eLIo)IE ‘Ysey pajordwoo T aseyq 1 sse[o) J¢-1d J[nosour [rews VN SIXT[OXH 1[NS01/Z10/A03 S[eLeoTuI /Ay
100uBd Jun| INrpue ‘nig
Surpnjour sxowny VXON seonput

snowenbs ut [] oseyq 1q urpko Joyqryut 0I610NO {oIeoS=1d1eaS79

’ sojern3orumop o[nodow [[ews uoq£)sq sonnaderoy |, 190UB9+3UN[+q1IOSOS Y =1} S

BIXAIOUE ‘On3nje 111 9seyq 1001qIuI S¢-Id  2ANnedwod-J [y —UoN quIosoSTy BAOUOJUQ) 3[NS01/Z10/A03 S[ern eoTuI,/: Ay

smnid Jouqyut 0CINME [aIeaS=1oIess

‘poowr paIsye (1 ssepo aannadwos-g 1y VN 2I100URI+TUNT+( 7 [N I=1101(,S

‘eruodA[310dAy ‘ysey 11 9seyd -ued) y¢-1d 9[nod[ou [[ewS qisijredng SIITBAON. 3INS91/719/A03 s[RI [BOIUI[d//:d1Y
$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH

adSyoyoag aseyd Jud.LImn) JuieN dpeIL [eriy,

JweN ILIUID

(panunuod) L a|qeL

S23

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=BKM120+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BKM120+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=BKM120+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Rigosertib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Rigosertib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=Rigosertib+lung+cancer&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL147&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL147&Search=Search
http://clinicaltrials.gov/ct2/results?term=BGT226&Search=Search
http://clinicaltrials.gov/ct2/results?term=BGT226&Search=Search
http://clinicaltrials.gov/ct2/results?term=BGT226&Search=Search
http://clinicaltrials.gov/ct2/results?term=PX-866&Search=Search
http://clinicaltrials.gov/ct2/results?term=PX-866&Search=Search
http://clinicaltrials.gov/ct2/results?term=PX-866&Search=Search
http:// �   � �  http://clinicaltrials.gov/ct2/results?term=GDC-0941&Search=Search
http:// �   � �  http://clinicaltrials.gov/ct2/results?term=GDC-0941&Search=Search
http:// �   � �  http://clinicaltrials.gov/ct2/results?term=GDC-0941&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-04691502&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-04691502&Search=Search
http://clinicaltrials.gov/ct2/results?term=PF-04691502&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL765&Search=Search
http://clinicaltrials.gov/ct2/results?term=XL765&Search=Search
http://clinicaltrials.gov/ct2/results?term=BAY80-6946&Search=Search
http://clinicaltrials.gov/ct2/results?term=BAY80-6946&Search=Search
http://clinicaltrials.gov/ct2/results?term=BAY80-6946&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ramucirumab&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ramucirumab&Search=Search
http://clinicaltrials.gov/ct2/results?term=Ramucirumab&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEDI-575&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEDI-575&Search=Search
http://clinicaltrials.gov/ct2/results?term=MEDI-575&Search=Search
http://clinicaltrials.gov/ct2/results?term=BSI-201&Search=Search
http://clinicaltrials.gov/ct2/results?term=BSI-201&Search=Search
http://clinicaltrials.gov/ct2/results?term=BSI-201&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))
wsrjoquid Areuownd

BIpIBOAYOL) JB[NOLIJUSA 08.560dd oIeag

e1dns ‘SOWAZUD IOAT] (sorpmys 9A1}OE ou) VN =(2IBIS (8L 60U d=WI31(SI|

paread]d ‘eruodonnoN 11 oseyd (NA/TI-TIVIL qQVOIN D3] uewny  qewmizoip/qewody pilielieTy) NS31/710/A03"s[eL[eoIuI[9//:d)ny
systuoSe 103dooar TV Y.L

T100TAX yo1eag

VN puejAiep ={21BoS29 [ 00 TN =WHI93 SN

1 9seyq 9SeIOWO[IL, juoge orussIe [I)  9JIUSSIELIOW WNIPOS Jo Kyis1eAtuny S91/719/A03 s[RI [BOIUI[//:d1Y

Ayyedoinau [erayduad
‘UOTIBAJ[D D) ‘BlUdUR

‘ongnyey ‘510950 jstuogejue rejdwo) TEITNIAD yoreag

OpIS[BUIISOIUIONSET VN 9serouwo[) VN uoneiodio)) =(0IBOS R TEY | NYDH=ULIdY; )]

‘uoneduojoid 114 (pa1o1dwoo) | aseyq ISBIQWO[Q], aannadwo) JeIs[jow] uoIdD) NSa1/719/A03 sTeLnedtul]d,/:dny
SI0}IQIYUI OSBIOWIO[,

IOAQJ ‘STIIRWO)S SSTINA

‘gosneu ‘ongney UIATAINS J1031qIYUI VN [OIBIS=UJIBOS GG [ N A =WIA};S

‘eruadonnau ‘uorsuaiodAy 11 oseyd sassaiddng J[nogow [[ews VN SE[[QISY JINS21/Z19/A 03 s[eLnedIuIo//:dny

BISNEBU ‘On3NeJ ‘19A9J S0CISIZAT oIesg

‘eruadoydwid] ‘ayoepeay apnoa[onuosIjo VN SIS ATIUT 1A =U21eaS®80C 1 81 CAT=WIR1SY

‘uonyeSuoroxd 114 11 oseyqd UTATAINS SY00[g Jsuesyuy VN 2 s[eonnadeULIRYJ N$21/730/A08 s[erneaTuId//:dny
SI0JIQIYUI UIAIAING

90¥-1LV [OIBOS=1JIBIS 9 ()t

SdVI oW deWS VN sonnaderoy |, <LV =W} S}NSI/7)0

1 aseyq saziuogeiuy J[nog[ow [[ews VN BIUAISY /A0 s[eLneoIuI[o//:dny

TTLTEIL [oIeas

SdVI dnowru Seurg VN =U2IeoS2P [ [ LTETL=WIR; SN

1 aseyq saziuogeiuy d[nog[ow [[ews juedeurng o1301en9], $91/710/A03"s[eLneoIuI[o//:dny
sonewil HVINS

DTDS Surpnjour

s1own] prjos | aseyq ELONINE qoIess

Jouqiyut VN ={21eoS 2P € LONING =11}/ SHN

I00UED JSBAIq [[] 9Seyd 7 T-ddvd o[nodowW [[ews VN uLeworg S01/710/A03 s[RI ROTUT[O//: A1y

LT8YIN [oIeos

uoissaxddnsofaAw 109UBD )sBAIq [[] 9Seyd J1031qIYUI VN =U01B0S 29/ 78T MIN=ULIdY; S)N

‘gosneu ‘ondneq 1 9seyq 7 T-ddvd o[nodow [[ews quedeIiN YOI S01/710/A03 " STeIROTUT[O//: A1y

18cedzv 6C=uel®y

Jouqiyut VN 18CCAZV=1I),CEE88LT0LON

BIWOUR ‘ON31Ie] ‘BosneN 11 aseyd JIvd o[nodow [[ews quede|o BOQUIZBIISY /MOYS/719/A03 sTeLneITuId//:dNy

888 LV yoIeag

(Adezaypowoyo 1031qIYUI VN ={o1e0S29qLIedI[oA =U110); S)n

is) eruadonnou ‘onSneq 11 °seyd T 1-ddvd d[nosjoul [leiS quedrop IIAQQV/noqqy §91/710/A0F "s[eLneoIuT[o//:dny

8€ELIET0-Ad

) eruadoydwiA] TSN 10§ [ 9seyq /669% 10DV yoreas

erworeydsoydodAy 1001qIYUI VN =(oIeaS2pquedeony=wio);syn

‘eruadojfooquuoay) ‘ondne] 11 9seyqd I-ddvd 9[nod[ou [[ewS quedeony 10zYyd S91/719/A03 s[RI [BOIUI[d//:d1Y

$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,

JweN ILIUID

(panunuod) L a|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S24


http://clinicaltrials.gov/ct2/results?term=Rucaparib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Rucaparib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Rucaparib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Veliparib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Veliparib&Search=Search
http://clinicaltrials.gov/ct2/results?term=Veliparib&Search=Search
http://clinicaltrials.gov/ct2/show/NCT01788332?term=AZD2281&rank=29
http://clinicaltrials.gov/ct2/show/NCT01788332?term=AZD2281&rank=29
http://clinicaltrials.gov/ct2/show/NCT01788332?term=AZD2281&rank=29
http://clinicaltrials.gov/ct2/results?term=MK4827&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK4827&Search=Search
http://clinicaltrials.gov/ct2/results?term=MK4827&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMN673&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMN673&Search=Search
http://clinicaltrials.gov/ct2/results?term=BMN673&Search=Search
http://clinicaltrials.gov/ct2/results?term=TL32711&Search=Search
http://clinicaltrials.gov/ct2/results?term=TL32711&Search=Search
http://clinicaltrials.gov/ct2/results?term=TL32711&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT-406&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT-406&Search=Search
http://clinicaltrials.gov/ct2/results?term=AT-406&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2181308&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2181308&Search=Search
http://clinicaltrials.gov/ct2/results?term=LY2181308&Search=Search
http://clinicaltrials.gov/ct2/results?term=YM155&Search=Search
http://clinicaltrials.gov/ct2/results?term=YM155&Search=Search
http://clinicaltrials.gov/ct2/results?term=GRN163L&Search=Search
http://clinicaltrials.gov/ct2/results?term=GRN163L&Search=Search
http://clinicaltrials.gov/ct2/results?term=GRN163L&Search=Search
http://clinicaltrials.gov/ct2/results?term=KML001&Search=Search
http://clinicaltrials.gov/ct2/results?term=KML001&Search=Search
http://clinicaltrials.gov/ct2/results?term=KML001&Search=Search
http://clinicaltrials.gov/ct2/results?term=PRO95780&Search=Search
http://clinicaltrials.gov/ct2/results?term=PRO95780&Search=Search
http://clinicaltrials.gov/ct2/results?term=PRO95780&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))

BOULIRID U0)O[S0)KD ‘urnqn} uo 9yIs 620-NIN
‘on3ney ‘uorsuajodAy urnqn} [eI[OYopud SuIpuIq-oUIOIYI[00 VN U TOOUBY ™ [OIBISIL/ [
‘BunIwoA ‘easneN (pa1o1dwoo) | aseyq ap sidnusiq 2y 03 A]qIs1dAa1 spurg VN BAONIDIPIA /WD BAOUIOIpAW MMM //:dNy
£0SYIXO
easneu ‘seruadojfo VN yoIeas
‘ongnej ‘ured juoge VAA eydsoydiq =[0IBIS €S HIXO=WLI); SN
Jowmn) ‘uoIsudlIdAH (parordwioo) | aseyq Surpuiq-urngny, 9[nod[ou [[eWS [V UneIselaIquio)) ANADIXO S91/719/A03 " S[RIN[BOIUI[O//:d1Y
ured Jouwmn) ‘10A9¥ U0JI[INS0IKO 85€T-IdN [OIBOS=[0IBIS ]G ET
‘on3ne] ‘eoyLIerp urnqny [eroy} VdA VN S[EONNOOBWLIRY J -IdN=WLISY; S} NSAT/I0
‘uniwoa ‘easneN (payordwiod) [1/1 oseyd opud oy spdnisiq 9[nod[ou [[BWS urnqeurJ SNAION /AO3 s[RI [ROIUI[D//: A1y
wsIoquid uneyped-g sydnisiq VN
Kreuownd ‘eruidyost Juode 181521947 [oIeas=1eag2poieydsoyd+yy
JRIPIEI J[qQISIOAII SurzuowAjodop VAdA dyvD/areydsoyd -UIJB)ISBIQIqUIO ) =ULId}; S} NSAT
‘uorsuairodAy (payerdwoo) I aseyq urngny A[qIsIAAY J[noojow [ews $V-UIeISeIaIquio)) ANADIXO /730/A08 s[eLeotuIo//:dny
(parordwoo) | aseyq VAA
© SB S)Oo8 pue dSOIONg [oIeas
uornoeal (errensny ut uoneziowAjod VN poywury =oIeaS 2 d S0 | DNG=WI1d};s)n
uorsnjur ‘yser ‘ondneq BUWIOI[OYJOSAW) [] ISBYJ urnqny syuqryuy VAA VN sorwouorg S91/719/A03 s[RI [BOIUI[//:d1Y
ANLLY 9 yam
(¥DN) opndad
Surwoy Jown) € Jo
UOTJBUIqUIOD JY} UO
S[[90 paseq punodwod
[e1[oy30pUD UO SSB[O-UI-}SIY B
(parordwod) D TOSN 11 passaidxa €7D STANIU-ION) ANLU-YON Y2IBIS=21eoS 2P AN.LY
aseyd ‘(pajordwod) DIDS 11 aseqjoxdoqejour 91e3n[uod v IN.L VN “ION=WLId);SINSAI/I0
S[[1YO Paje[aI-uoIsnjuy oseyd ‘eworayjosaul ] aseyd PUNOQ-oUBIqUISIA -opndod DYOND VN PIINIOIN /A03 s[RI [ROIUI[O//:d1Y
(Aprus O TOSN Ut 9pIX0 dInru YOYvVSV yoress
UQJS JJousq OU St pUE ‘UTU0}OIOS VAA VN ={0IBOS W0 VS V=W SIN
payey yuawdo[oadp) 1] aseyd “D-INLL Se9npuy 9[nod[ou [[ewS UBZOWIPBA SIJTBAON 29 BWOSHUY S91/719/A03 s[RI [BOIUI[//:d1Y
SVAA
(TIvyL
/Tzodvyr) [S6DNV LEILEN
SIUTWESURI) ‘BOSNEU qQVOJN uewny VN ={0IBOS P+ S6DINV=WI3}; S}
‘serdredw ‘e1Srenry (parordwioo) 1 aseyq $IA pue HIA JUBUIQUIODOY uruIoue[n ([ PpliliElielgYiieriingg N$21/730/A0S s[ern eI o,/ :dny
Ky101%0) ‘Suro3uo Apua1mo siowny GS9-DINVY [OIBOS =101+ S59
[eunsojuronses prjos ojdnnw ur Apnys VN -DIAV=UL19); S} NS/}
‘on3neJ ‘10A9] uoIsualxo [oqef uadQ ‘I] 9SeyYJ SIA/TI-TIVIL qQVOJN Uewnyg geunwn}euo)) uadury /A03 s[RI ROIUI[O//: A1y
190ue)) Sung ur
SOIPNYS QAR AJULIND ON
¢d14-SOH UoIeoS=d1eaS7® Ty Ld
‘s1owmn;} pIjos VN Rkl aIN -SDOH=WI3};,$}[NSAI/7ID
‘spIurwesuen) ‘onsneq oryerpad ur pojordwoo | aseyq SA/TI-TIVYEL qQVOJN Uewny qewnwnyexa| QWwoun) UeWNH /A03 s[eIn[BOIUI[O//:dNY
‘shiuluresuen 1413-SOH UoIeoS=dIeaS7® [ Ld
‘uorsuajodAy VN Rkl aIN -SDH=WI3};,$1[NSA1/7I0
‘eosneu ‘ondneq (pa3o1dwoo) | aseyq I/ 19TV YL qQVOJA uewNy qewnwnyedejy QUIOUAN) UBWINE /A03 sTeIn[ROIUI[O//: A1y
$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH
adSyoyoag aseyd Jud.LImn) JuieN dpeIL [eriy,
B JNIRIRENIETS)
(panunuod) L d)qel

S25

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=HGS-ETR1&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS-ETR1&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS-ETR1&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS-ETR2&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS-ETR2&Search=Search
http://clinicaltrials.gov/ct2/results?term=HGS-ETR2&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG-655+&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG-655+&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG-655+&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG951+&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG951+&Search=Search
http://clinicaltrials.gov/ct2/results?term=AMG951+&Search=Search
http://clinicaltrials.gov/ct2/results?term=ASA404&Search=Search
http://clinicaltrials.gov/ct2/results?term=ASA404&Search=Search
http://clinicaltrials.gov/ct2/results?term=ASA404&Search=Search
http://clinicaltrials.gov/ct2/results?term=NGR-hTNF&Search=Search
http://clinicaltrials.gov/ct2/results?term=NGR-hTNF&Search=Search
http://clinicaltrials.gov/ct2/results?term=NGR-hTNF&Search=Search
http://clinicaltrials.gov/ct2/results?term=BNC105P&Search=Search
http://clinicaltrials.gov/ct2/results?term=BNC105P&Search=Search
http://clinicaltrials.gov/ct2/results?term=BNC105P&Search=Search
http://clinicaltrials.gov/ct2/results?term=Combretastatin-A4+phosphate&Search=Search
http://clinicaltrials.gov/ct2/results?term=Combretastatin-A4+phosphate&Search=Search
http://clinicaltrials.gov/ct2/results?term=Combretastatin-A4+phosphate&Search=Search
http://clinicaltrials.gov/ct2/results?term=NPI-2358&Search=Search
http://clinicaltrials.gov/ct2/results?term=NPI-2358&Search=Search
http://clinicaltrials.gov/ct2/results?term=NPI-2358&Search=Search
http://clinicaltrials.gov/ct2/results?term=OXi4503&Search=Search
http://clinicaltrials.gov/ct2/results?term=OXi4503&Search=Search
http://clinicaltrials.gov/ct2/results?term=OXi4503&Search=Search
http://www.medicinova.com/html/research_cancer.html
http://www.medicinova.com/html/research_cancer.html

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))

swoydwAs
YI[-eZUANu[

III/1T 9seyd

‘syuoned
BUIOI[OY)OSIW FUNINIOAI OS[Y

I 9seud

1onA Isurede
asuodsar 110

MADF ‘103dadar
$11 03 Surpuiq
ADd snouaSopud
Jo uoniqiyut
parerpaw-Apoquuy

soouanbos
¢TI Pue [N s
J10JO9A SNIIA BIENUY
BIUIOOBA PIYIPOIN
IS VSI 9pluBjuo)N
jueAn(peounuwut
)M PIXIW pue
(C1r9dY) 1r9d
urojoid Iorired
sruaSounuuwur
JUBUIQUIOIAT PAALIDP
-sipnIguruaw
BLIOSSION 2y}
01 payuI] 4HFT
uognue
JTUOAIQUIA0UTIOTED
pue [-ong
0] soudgsuer)
Surureyuod—xod|moj
JUBUIQUIOIAI PUR

(TT-TDNN-VAIN)
010v OL
VN
VN

VN
IS VSI
OpruB)UOIN

AY9d-454d
UBWNY JUBUIQUIOINY

quogsuel],

(uano1q)
pyg "ups uasorg

oIe0S

=[21e3SP+0 [ OF-+D L=W133; S)
nS01/730/A08 sTeLIRoTUI]// APy

[oIeaS=
[O1B3S79+9PIUBJUO N =ULIA) S)]
Nsa1/719/A03 sTeLneotul]d,/:dny

100U Sun] 10§ | AsEYJ uoSnue BIUIOOLA JUBUIQUIOOAT VN [OIBOS=10I0S 2 JA
uonoeal JTUOAIQUIAOUTIOIED —SI0)OA [BIIA OM) VN -DVANVJ=W19)/S}[NSaI
ays uonoafug I eseyd pue [-on [erydy y3noit) peroArpg dA-DVANVd so130[o1g UOLIdY, /T¥/A0F s[eLneoTuT[o//:dny
SUOTIORAI €656t SO [oIBaS=
OTWISAS 10 [B90] T siowmn) snnaderdyjounuuur VN [OIBIS 29 €SS HH T+ S D=1 S}
1o 1 opeisd piIN 111 oseyq oAnIsod—¢-gOVIN  100ued ogroads-uaSnuy y-nwmoxdnsy QUITYPIWSOXE[D) [nsa1/730/A03 s[RI ROTUT[O//:d1Y
(ured o[osnu ‘ongney
I0AQJ) OI)SAS- "PAYNUAPI JJAUIq 0} sJown) CV-ADVIN
(Burjroms AJod1] 105qns 189[0 ON “Jou )ou aAnisod—¢y /N TEOTLSTASD [21eaS=121BS Y
‘ssoupal ‘ured) [eooT-  syurod puos Arewzdo) pajordwo) -gDVIA surede onnaderoyountutur VN -OVIN=ULIdY; S} NSAL/7I0
SUONOBAI PIIA (LIIOVIN) 111 9seyd osuodsor 71D  Iodueo ogroads-usSnuy VN QUITYPIWSOXE[D) /A0S sTeIROTUI[O//: A1y
S[[oo uadnue
“3ULLINO0 SJUAAQ sjudnyed Jowny Surssardxo (1-onN) | uronux XeAnwng oIeag
pouuerd a1 JO 9,6/ YIM Pajou -1-onjA 1sureSe oY} WOIJ POALISP QUIODBA ouoIog ={[0IBOS 2P XCANWN =TI} SN
eoudsAp ‘on3nej ‘ysnoD 1Jouaq [eAIAINS ON ‘T[] ¥Seyd osuodsar 11D opndad onoyyuls owosodIT ¢zd1d ANT/VED JOION S91/719/A03 s[RI [BOIUI[d//:dNY
BUWIOUIOILD [[90 snowenbs
(ured oposnuwx s syudnjed ur pajou sem
‘on3ne] ‘I9A9J) OTWOISAS- [earaIns pasoxduir ‘sasAjeue QUIOJLA [[99 Jown)
(Surrroms jasqns paugopaid e uy jouw S[199 D TOSN aroym orouagorre [OIBOS=1[01eS 29T
‘ssoupai ‘ured) j0u sem SO jo jurod puo Arewtig jsurede osuodsoy payIpow-ousg X1ueon| -19omewndusde[og=uid); synsal
[B90]-SUOT)OBAI PIIA “(parordwoo) 17 oseyq 11D asuosnue 7g-J01  T-[eomewndusdeiog XYeAON /210/A0F " sTeInRITUT]O//: ANy
SOUIOJBA
UO0JI[AS0ILD
urnqm 9¢19dz
ongnej ‘eoudsAp [er[oyIopud VN [oIBOS=121BdS 297 [ 9(JZ=WI3};S
‘uonednsuod ‘erxaouy (payeurunidy) [ aseyd ay sydnusig VAA 2[nod[ouw [[ews VN BOQUOZRIISY 3INS91/719/A03 s[RI [BOIUI[d//:d1Y
$399J3 IPIS judwdopaadq jo (s)393ae], AdA], (s)saweN 1YI0 (s)10suodg NurprdAH
andKroyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
B JNIRIRENIETS)
(panunuod) L d)qel

Copyright © 2014 by the International Association for the Study of Lung Cancer

S26


http://clinicaltrials.gov/ct2/results?term=ZD6126&Search=Search
http://clinicaltrials.gov/ct2/results?term=ZD6126&Search=Search
http://clinicaltrials.gov/ct2/results?term=Belagenpumatucel-L&Search=Search
http://clinicaltrials.gov/ct2/results?term=Belagenpumatucel-L&Search=Search
http://clinicaltrials.gov/ct2/results?term=Belagenpumatucel-L&Search=Search
http://clinicaltrials.gov/ct2/results?term=Stimuvax&Search=Search
http://clinicaltrials.gov/ct2/results?term=Stimuvax&Search=Search
http://clinicaltrials.gov/ct2/results?term=Stimuvax&Search=Search
http://clinicaltrials.gov/ct2/results?term=MAGE-A3&Search=Search
http://clinicaltrials.gov/ct2/results?term=MAGE-A3&Search=Search
http://clinicaltrials.gov/ct2/results?term=MAGE-A3&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK+249553&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK+249553&Search=Search
http://clinicaltrials.gov/ct2/results?term=GSK+249553&Search=Search
http://clinicaltrials.gov/ct2/results?term=PANVAC-VF&Search=Search
http://clinicaltrials.gov/ct2/results?term=PANVAC-VF&Search=Search
http://clinicaltrials.gov/ct2/results?term=PANVAC-VF&Search=Search
http://clinicaltrials.gov/ct2/results?term=Montanide+&Search=Search
http://clinicaltrials.gov/ct2/results?term=Montanide+&Search=Search
http://clinicaltrials.gov/ct2/results?term=Montanide+&Search=Search
http://clinicaltrials.gov/ct2/results?term=TG+4010+&Search=Search
http://clinicaltrials.gov/ct2/results?term=TG+4010+&Search=Search
http://clinicaltrials.gov/ct2/results?term=TG+4010+&Search=Search

Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panunuo)))
BayLIEp Y0€E-S Y21BaS=d1BSW Y0 EE
Surpnjout ‘saniorxoy dINIA Jo Joyqryut VN -S=ULIRYSHNSAI/TID
[eunsajuionses) 11/1 9seyd 6-dININ T-dININ o1x030}£oU0N VN 150uoryS /A oFsjeLnyeoturfo//:dny
VN [=YURI29IUIOOBAHIIOUBI+IP
au100BA ndad+sey=u121,9006 1000.LON
(po3ordwoo) [ aseyd sey- PRI 100ued 9pnded sey DN /MOYS/719/A0T s[eLneITuId//:dNy
apndad ¢gd
Furpoous sniaoudpe
¢cd jueinu JUBUIQUIOIAI B (M STT-NONI [OIBOS=UJIBIS29GTT
Surssaxdxa pasnpsuel; S[[29 VN sononderay -NDNI=ULIY;SHNSI/ZI0
(OTDS) 11 oseyd S[[5 Jouwmn], onupuap snogojony oa-ssdpy uagonuy /AOT [l eITUId//:dny
1199 onupuap pasind [oIeaS=
¢¢d jueinu opndad ¢gd jueinua apndad ¢gd jueinjy [0IBaS P[99+ 91LIpudp-+pasind
Surssardxo ' yIm pasind s[oo VN +opndod+¢ gd-ruBnN =10}/ s)
(poyerdwoo) [ aseyqd S[[90 Jown], onLIpuAp snoJojoiny VN DN [NS21/719/A03 s[eLneoIuIo//:dNny
¢/CIOVIN 16-VSI
pue ‘¢gd ‘nou spluejuow ut 101¢-dd Y21BaS=1218aSRW 01T
/T4aH ‘VED PAYIS[AWS ‘QULo0rA VN ~dJ=W19)S)Nsa1/7)0
(porordwioo) y oseyq  Surssaxdxo siowny, VNQ 2doydo-nmy VN ounwwidyg /A03 s[RI ROIUI[O//:d1Y
odondo odoyde sueiquowr [oIBog=1oIe
QueIquIOw DANH ® sorwuru aurooea adAjorpr-nue ag2paurdoeA+adAlopmue+0) 11
(D710S o8ejs-pajuury) DAWH veyy adKorpr orart Apoquue [+APOqIUE-+[EUO[DOUON=ULLIA} ;S
(pa3e1dwod HTHSN) II oseyd Furssaxdxa s[jo) ue jsurede Qo [BUOJOOUOIA! DOMS/OOLY/IDN  }NS21/710/A03 s[etneotur[o//:dny
S[10d QurdORA XeA-T [OIBOS=T[IRIS29XBA
(popuadsns DTDSN Isurede DTDOSN snoJojoine VN -=WI9)/S)NSAL/ 70
u09q sey Apms) 1/ 9seyd asuodsar 11D  payipouw-[Audydonruiq VN sa130[0uyo9], X VAV /A0 s[eLnBOTUI[O//:dNy
S[[2 QUISOBA IOWIM) 9[0yM (XVAD) £T1890D [21BIS=Y21BIS R 6
Jown ysurese snogojone payrpow VN C%XVADETY%+ECTI8DI=WI;S
(poyeuruure)) 1 oseyd osuodsar 11D -ouad JSO-IND VN sAsauan) 119D 3[NS01/Z10/A03 sTeLneoTuId,//: Ay
S[[ed QUIORA D-0S9] [0IBOS=1[0ILIS29UIIOBA +0)
DTDOSN Isurede QuIdORA VN Aomuay] -059 =W}/ S)NSAL/7)0
(parordwioo) 1 aseyd osuodsar 11D Ie[n[[oo o1ud30[[y VN Jo Ayis1oAtun) /A0S sTeIROIUI[O//: A1y
Jonqiyut
(sjem JINIA @1ewAX0IpAY 0OrEEDV 10Z4d [o1ed
9AT}OR OU) JJAUq OU PIMOYS 1 pue ‘orpndaduou VN /S[eonnaoRILIRYJ S=Y0IBIS (£ EHV =N SIN
‘parojdwod [J aseyq ‘€16 ‘€ ‘T SdININ ‘ornogjour [[ewS 1e)SBWOULI] uoIno3y S91/719/A03 s[RI [BOIUI[d//:d1Y
vAD oy VN [O1BIS=T]DI1BIGPIUIIORA
IOSN 10§ paserduwios ] aseyq Jo odonda oyroads aurooea adAjorpr-nue +adKyorpr-nue+ | ¢g+Apoqn
VD ssaxdxa © SOTwIIw jey) [HE Apoqnue s[eannaoeuLIRyJ UB-[BUO[IOUOJA+IBA BID=ULID};S
(parordwoo-1e10210709) [T dSBYJ Je1) s1own], QYOI JUBUIQUIOOSY  [BUO[OOUOW JBABI)) ey, 1[NSa1/Z19/A03 s[eLneoruId//:dny
sopndad
STOSN I pasorduwion P2JBIOOSSE S} pUB
Aprus A)IqIsesy [1 seyq 9643 uraj01d y00ys
T jeoyIunoRnX 96-DddSH [OoIBaS=1]0Ie3S 996
(pareuruio) S[[29 Aq apewr aurdoRA uadsayp -DddSH=W19;,S1[NS31/710
10 poyo[dwoo) T aseyq Jowny sno3ojony Jowny sno3ojony oeydoouQ soruasnuy /A03 sTeIn[ROIUI[O//: A1y
$199JJ APIS juamdopass( jo (s)yasae], adA], (s)aureN 1YIQ (s)10suodg NurpadAg
RIGINTUTINS | Iseyd JudLIN) ELINE] QA0 ) ey,
dwWEN JLIPUID
(panunuod) L 3|qeL

S27

Copyright © 2014 by the International Association for the Study of Lung Cancer


http://clinicaltrials.gov/ct2/results?term=HSPPC-96&Search=Search
http://clinicaltrials.gov/ct2/results?term=HSPPC-96&Search=Search
http://clinicaltrials.gov/ct2/results?term=HSPPC-96&Search=Search
http://clinicaltrials.gov/ct2/results?term=CeaVac+Monoclonal+antibody+3H1+anti-idiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=CeaVac+Monoclonal+antibody+3H1+anti-idiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=CeaVac+Monoclonal+antibody+3H1+anti-idiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=CeaVac+Monoclonal+antibody+3H1+anti-idiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=AG3340&Search=Search
http://clinicaltrials.gov/ct2/results?term=AG3340&Search=Search
http://clinicaltrials.gov/ct2/results?term=AG3340&Search=Search
http://clinicaltrials.gov/ct2/results?term=1650-G+Vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=1650-G+Vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=1650-G+Vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=CG8123+%28GVAX%29&Search=Search
http://clinicaltrials.gov/ct2/results?term=CG8123+%28GVAX%29&Search=Search
http://clinicaltrials.gov/ct2/results?term=CG8123+%28GVAX%29&Search=Search
http://clinicaltrials.gov/ct2/results?term=L-Vax&Search=Search
http://clinicaltrials.gov/ct2/results?term=L-Vax&Search=Search
http://clinicaltrials.gov/ct2/results?term=L-Vax&Search=Search
http://clinicaltrials.gov/ct2/results?term=Monoclonal+antibody+11D10+antiidiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=Monoclonal+antibody+11D10+antiidiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=Monoclonal+antibody+11D10+antiidiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=Monoclonal+antibody+11D10+antiidiotype+vaccine&Search=Search
http://clinicaltrials.gov/ct2/results?term=EP-2101&Search=Search
http://clinicaltrials.gov/ct2/results?term=EP-2101&Search=Search
http://clinicaltrials.gov/ct2/results?term=EP-2101&Search=Search
http://clinicaltrials.gov/ct2/results?term=Mutant+p53+peptide+pulsed+dendritic+cell&Search=Search
http://clinicaltrials.gov/ct2/results?term=Mutant+p53+peptide+pulsed+dendritic+cell&Search=Search
http://clinicaltrials.gov/ct2/results?term=Mutant+p53+peptide+pulsed+dendritic+cell&Search=Search
http://clinicaltrials.gov/ct2/results?term=Mutant+p53+peptide+pulsed+dendritic+cell&Search=Search
http://clinicaltrials.gov/ct2/results?term=INGN-225&Search=Search
http://clinicaltrials.gov/ct2/results?term=INGN-225&Search=Search
http://clinicaltrials.gov/ct2/results?term=INGN-225&Search=Search
http://clinicaltrials.gov/ct2/show/NCT00019006?term=Ras+peptide+cancer+vaccine&rank=1
http://clinicaltrials.gov/ct2/show/NCT00019006?term=Ras+peptide+cancer+vaccine&rank=1
http://clinicaltrials.gov/ct2/show/NCT00019006?term=Ras+peptide+cancer+vaccine&rank=1
http://clinicaltrials.gov/ct2/results?term=S-3304&Search=Search
http://clinicaltrials.gov/ct2/results?term=S-3304&Search=Search
http://clinicaltrials.gov/ct2/results?term=S-3304&Search=Search

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(ponunuo))

111 9seyd

SOWIAZUD
JOAT] PIJBAQJ[D “IOAQ]

“190ued 3unj 10§ Judwdo[oAdp
JIopun J0u AJuaLmy)

DTSN 10§ pajojdwoo [aseyd
‘BUIOI[QY)OSAW 10] [ 9seyq

1 9seyqd

(o1qereae sojepdn ou) | yq

(payodwoo-siowny prjos [[e)
(pa1o1dwoo) | oseyqd

1 9seyd

1 9seud

11 aseyd

uLIsn[)

crd

s1own)
Surssaxdxa auas | m

S[199
Jowny sno3ojony

s1own} dAnIsod
-uaSnue Z1-gOVIN

S[[00

OTOSN Isurese
asuodsar 11D

S[[0o
Jowny snogojony

110 X50
opnos[onuosIjo VN
asuasnuy uasImsn) peliclyhlive)
6£1€D
9p1109[ONUOqLIAX0OP 9SUQSEUAD)
-03110 osuesnuy uosowIqQO ElieTy)

VN I9jus)
QUIOIBA 100UB)) SULINOY

ourooea opndogd  opndad Sojeue [- A\ UBO[S [ELIOWAA

VN

Jowmny snogojoyne pajodjsuer)

woly VNA A (S-DWIN) SIse[qoIqy y3mqspig
Pojodjsuel) s)se[qoIql] UBWNY O1UAZO[[BIDS JO AyIsIoAluN)
urojoxd
S€TsT Surssaxdxy VN
STUTAOUAPY SETSIPY
pue YN 1UBUIqQUIOdY pue SEZST/X VAL uonesodio)) exuo)
VN

(16-VSI apruejuoly
Ul POYIS[NWD) SUIOOLA
ourooea opndeq  opndad Z1-4OVIN DN
uroyoxd
uoisnj 3[-96d3
urajo1d 3o0ys jeay

9)2I93s pue ssoxdxa

v
VTH-8196d53-001PV 1)

0} pajeindruew ‘s[[oo VN 100UR)) IAISIAJAS
DTOSN pajelped] VN “TWEIA JO AVISIOATUN
uonepuno, rny
“q ueof pue runy ‘q
QUIDORA VN QuABA\ Y ]/SIIIAIDS
Jowmn) snogojoyny QurdoRA 2[qqrId I[eSH QOUPIAOIJ
S[19o
S1LIPUdp snogojoyne 127100
payIpow duag VN
[T7IDD snIlAouspy VN ION
(WOOIIL)

(§-VAT pue ‘1-INVOI
‘1-L€) s9[nosowr
K103R[NWNS0D JO pRLY) VN

oIeas
=[0IBIGPUISINSN)=ULID}{ SHN
S91/7)9/A03 sTeLneOTUI[0//:d1Y
[0IBOS=1[0IeS29+UOST
QWIQO=ULI0} ] £9,S}[NSAL: 7)0:A0T
‘sermestur]o::/dy /Asoyesor/ oy

SOPTI0A[ONUOSI[O dSUISHIUY

[OIBOS=YJ1BaS29UIOD
eA+opndad4Soreue+67o,lowmny+
SUIMBTY%+ [ LM =W SNSaT
/7¥0/A08 s[eLeoIuI[o//:dny
[oIeas
={0IBISPPIIYSURIIH6T%S
“DAINETY%+SISB[qOIqy+uBuny
S10UA30[[B -TWAS =ULIdY;SHNSAT
/7¥0/A08 s[eLeoIuI[o//:dny

[oIBaS=1]01
BISH+SETSTATYX VAI=WINS
1INS91/719/A03 " STRII[BOIUI[//: A1y
[OIBIS=10I83S
@+aurdoeatopndad+ g

-HOVIN=ULId);SINSAL/7I0
/A0S s[eLI eI/ :dny

OIBOS=121BOS79 [ V+V TH
-8196d3-00 1 PV=t13); SNSax
/g¥o/r08 sTeLn eI,/ dny

[OIBIS=1>
18IS 29IUIIOBAHI[qQIY =11}, S
3[NSa1/Z10/A03 sTeLeoTuI o,/ Ay

[OIBOS=10IBOS29 [ 7 TDD=ULIA};S
Nsa1/7)0/A03 sTeLneoTUIo//:d)y

B pue ygd Supootd  WODIMLAA9)VED YoIBag=Yo1
siourmy J0JO9A SNIIA BIUTOOBA -BIUIOORA J0 X0od BOS2967% 987 % +VHD=1I0};S
(poyeuru1o)) [ oseyd Suissardxo-yg)  /Xod [MO0J JUBUIQUIODDY  [MO] JUBUIQUIOIDY DN 3INS91/Z19/A03 s[RI [BOIUI[O//:dNY
$J93J3q IPIS judwdopaadq jo (s)3931e], AdA], (s)aweN 1Y0 (s)10suodg NurprRdAH
andKyoyoag Jseyd Jud.LIn) QuwieN dpe.], ey,
JweN ILIUID
(panunuod) L 3|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S28



Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))
BIWIAUE
‘SsouIZzZIp ‘dyoepedy
‘eaudsAp 9osdn

onsuny

oIBaS=121BaS 79510
“XAD=W13)/S)NS31/710

[eunsajuronses ‘ongneq (parordwoo) [ aseyq [-ur puodsoquoay |, qVOJN UBwINg SHO-XAD REVAIR: | /AOT s[eIn eIl dny
(A.L1g) 1onnsuod [=Yuel
sowkzud (siuedron.ed Apoqnue dyroadsiq 2201 TLIN=UWI,965S €900 LON
JOAI] PABAS[D T1OAS] Sunmisar jou) | yd €a0 /Nvodg €a0 /Nvodd OITLIN DV 1PWOIIAN /MOYS/Z19/A08 s[RI eITUId//:dNY
[oI8aS=10I8
Sreydsoyd JANOSY OUQIOG-IIIN S+ 7% qewnz1odouoS=uLdy; s
UOI}0BAI UOISNJU] (parordwoo) | aseyq -[-ourso3uIyg QVOIN paziuewny /qewnziodouog /qed 3[NSa1/Z19/A0F s[eLneoTuId//: A1y
(Ay1suop [erourw
2U0Q SOSBAIOUT OS[E urojoxd
uoIsuaadAy pue urqo[3owaey uoisny 04-D3[ V¢ 110-90V [OIBOS=Y18aS 291 10
‘ongye} ‘ssoulzzip (pojeuruLId) SAIPNYS saseaIou]) ad4&y 10)dooar utanoe VN Quag[e) pue -4 V=U112)/SI[NS1/710
‘ersoyisared ‘oyoepeoy Jown) prjos [[e) ] 9seyd JSTUOFeIUL UIATOY aiqnos uewny AJng 1doorarelog UO0I3[090Y /A0Z s[RIl dny
on3nej [oIedg
puE ‘erxoyoed s[eannaoeuLIeyJ =(O1BOS W] [ STV =ULI} SN
(parordwoo) 1 aseyd ‘BIWUAUE JBAT) O], Apoquue 9-T[-NuUy SISATV 1prvy $91/719/A03 s[eLneOTUI[9//:d1y
QInje[NOSeA
Jowmn) uo |
u12301dooA|3-z¢g D¢
uorsuayadAy ‘erwoue ynm paxarduioo SZNS6LD91O-TINN oIeaS=
‘e1oadore ‘oyoepeay suuesjApneydsoyd UIORATB], Ss[eannaseULIRyJ [018S 29 QRWIXMIABG=ULI};,S)|
‘ongney ‘easneN I ud QUBIQUIDJN  QVOIN [DST] oudwIy) qewIXnjAeg sundarod NSa1/719/A03 sTeLneotur]d,/:dpy
8001-0D Y21BaS=Y2189§72800
J-401 VN ~DD=WLIRYSHNSAL/TI0
(eworjoyjosaw) [ aseyqd Surzijennou-ueg qQVOIN $DS3] uewny qewnwiIjosaIj QWAZUID) /A0 seLneOIuI[o//:dNny
SIIOSe JueuSI[EW 10
odoing ur paroiddy- Apoquue ¢q) pue
) INvOdg 01 Surpuiq Yo18aS=Y
(pajeuruuI2) s1owny prjos ur Apoquiue [euo[oouour qeAOwIOY 0IBG29qRWIOXEN)E) =TI}/ SI]
SUIIWOA “BISNBN] ‘TOAd] satpnys | aseyd) [1] aseyq €AD/NVD4T PLIQAY QuLINW-1eY qewoXBWNIR)) BULIRYJ UOLIL nsa1/719/A03 " s[eLnedIuIo//:dNy
(syuowiBery Apoqnue ‘sajedn(uod Snip—Apoquue ‘s)a31e) [9r0u) FuLvouiSud Apoquue onnaderay |,
uossardxa YNy
IOAQJ oseuDy Jey-o JsureSe TE1S SISI oIeas
‘BIUAYISE ‘AIIOIXO0) 100Ued 3uUn| 10j opnoaonuogijo VN =(0IBIS T E [ S+SIS[=WIN;S)]
or3o103etdY PIIA SQIPMNYS ou AQJuaIIND) I-Jed asuasnuy VN S[eOTINOOAUIIRYJ SIS|  NSA1/Z10/A0T s[einedtur]d//:dyy
£0ST SISI Ya1eas
100Ued 3un| 10 apnoaonuogijo VN =(0IBIS P €S T+SIS[=WI; )]
SQIPMYS ou AQJuAIIND) sel-H asuasnuy VN s[eonnooeuIBYJ SIS|  NSA1/Z10/A0F s[einedtur]d//:dyy
Bosneu ‘ongdnej
1049 ‘eruadoydwiA] SOSISITAT oIeog
‘ayoepedy opnoajonuogijo VN A1 ng =UOIBISHEOE 8 [CAT=UHRNSI
‘uonjeduojoid I 1d (parordwoo) 1 aseyd UIAIAINS SY00[g osuesnuUy VN 29 S[EONNAOBUWLIRYJ SIS]  NSAI/Z)0/A0T S[eLn[eatul]d,/:dpy
$393J3q IPIS judwrdopaadq jo (s)393ae], AdA], [OELITINEEL iTe) (s)1osuodg NurpRdAH
andKyoyoag aseyd Jud.Lin) JwieN dpeay, [eriy,
dWEN JLIPUID
(panunuod) L 3jqeL

S29

Copyright © 2014 by the International Association for the Study of Lung Cancer



Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

(panuijuo))

papuadsns 10 pajeuruId) 10)1qIyur [OIBaS=d18IS 9/ 6T
‘[en1ooe paja[dwod IayIe sasepndodouruue asepndadourue L6LT-IHD sonnaderay [, “IHD=WI9)/SINSAL/ 730
dARY SAIPMIS [V ‘TI/I 9Seyd Jo Arurey TN a[nodo[owW [[ews JB)SOpAso], BUWIONYD) /A0T sTeInRITUI]D//:dny
jutodyoayo
7D Jo uonesoiqe £q E=YUBIDG/L]
aSewep YN 03 S[[90 IN=WI8Y, ST88Y L TOLON/MOYS
‘TI/1 9seyd Toyquyur [ggA  dAnesou ¢od soznisuog SLLT-MIN AN /T¥/A08 s[RI eITUId//:dNY
9I-HA EOELEN
wsIoquId *DTOSN 111 23e1s S1031qTYUT une)sopud VN sreannoaoeureyd =([0IBIS PUIBISOPUI=ULI);SI[N
Kreuownd ‘eruownoug ur Apmys 1 aseyd Al /11 9Seyd sisouagorduy UBWNY JUBUIQUIOINY Iejsopuy Q100WIg S91/719/A03 s[RI eOTuI9//: A1y
sIsoudgLIown) pue
UOT)ZI[BIIOUIUT
Ien[[oo,,
$199J9p Sumquyur ‘QwAzuo
yaq ‘erwaprdizodAy OSBIOWO[d) Y}
QWIAZUD TOAI] Jre[naI-umop QUEINIOBOY
PasIeI ‘Yser unys Aeur urour)anos| QueINYOY urpnjoup oIBaS=101
pue arepy duoe "UMOUUN UOTIOR SOUIRU PURIQ [BIADS BOS29100UBD+UTOUT)ATIOS[=WIA);S
‘unys ay) Jo ssaukiq (po1o[dwiod) [T Yyd  JO WISTUBYOIW J0BXH prounay urour;anosy ION 1INS91/719/A03 s[RI [BOIUI[//: A1y
(szowmny Auew
ul passaIdxa1ono) 98T1L
BIWAUE ‘BLINJRUWIAY [-1d 9SeIJsuen-g SVGIEY 9 IBOS=10IBaS 299871
ordoasororu ‘ongrye; quoryen|34Aq onnaderayowayd OPLIO[YO0IPAH 1=WLI3} S)[NSAL/ZI0/A03
‘Funiuoa ‘easneN (payordwod) 111 yq pareAnoy PBAIOB-[[2D 12OURD) opIwejsojue)) L ‘serneatur)d/:dny
uonuaadid 190ued
Suny 10y payorduwon 11 aseyq dvdd
JO uoneAnoR angoeue SOTEIT OIBOS=1[01
uorsuoodAY [erroyre Surpnjour (urppAoeisord) -1 DV (Pareyur) SIABJUA BOS R YADNVD+Hso1do[[=w10);,s
Surysny ‘oyoepeoy Areuownd 105 pasoidde vqq s3003@ opdnnn 7154 1810 jsoxdoyp uoIOy JINS21/Z19/A0F ST BITUI[O//:dNYy
syuade onnadeIat) SNOUEB[AISIA
SISAT [[90
Sursnes Kemyped
uorssoarddnsorowr pue sey PRILATIOR [IM VN ¢=ueIy
‘ongney ‘asou Auuni S[[29 Ul A[OAT}O9]0S uIsAjoay yoajorg UISAJ09Y =121, €6680L 10LON
“QUOBPRAY IOAJJ ‘S[[TYD) 11 9seyq sojeordoy SNITAOQI OTIA[0OUQ) VN SonAJ00uQ /MOYS/710/A03 ST ROTUI[O//:dNY
(0T0-XIN) 100
SNIIA J90UBOT)UE -SIIIA A3[[BA BOJUS OIBIS=T0IBISP+] (()-SNIIA
(Tenaooe Juoyaduioo VN +AQTBA +BIOUIS =TI} S} NS
pa1o[dwod)(DDS) 11 oseyd uoneordoy SIUIIABUIOON ] VN DN /739/A03 s[eLneoTuId,//:dNy
sosnaIA onnaderoy
g unejsune
IAylewouowr
Jua3e 01X030340
ay) 03 pajesnfuod
-Kpoqnue H9NTC-SOV [2183S=121BaSWHIINTT
[euo[oOUOW esn[uoo 3nip VN S[EOIINOORULIBYJ -SDHVY =119}/ S)[NSI/7I0
1 aseyd $-UNOAN-IUY  -ApPOQqIIUe [EUO[OOUOIA] VN se[[Isy /A0T Tl eITUI]d//:dny
$199JJ7 9PIS judwdopaad( jo (s)393ae], adAy, (s)oweN 1O (s)aosuodg yurpdAH
RIGINTUTINS | Iseyd JudLIN) ELINE] QA0 ) ey,

JweN ILIUID

(panunuod) L a|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S30



Molecularly Targeted Therapies

Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

(panuijuo))

Surpuiq (Z-HNV)

OTEIS=10IBIS 29090

z-unarodoi3ue Apog-XA0D -X AD=WI3};$}NSAL/ZI0
eunurdjoxd ‘ondneq (paro1dwoo) 1 aseyq EINGRET TN ouasorduenuy 090-XAD 19zyd /A0Z s[eLnedIuI[o//:dny
[ 9sea[onuoqL [OIBOS=T[0ILS 6 |
VN Jo onearoued S90UQI0SsOIg -[gO=WI0)( S} NSAL/ZI0
I oseyd UOONISIP SISNE)) UBWNY JO JUBLIBA 6£1-190 QouassAUING) /A0Z s[RI eoTuT /Ay
ouquur - Snap Aoyewrwegul-nue woadrxode)
7-X0D) 9AIO9[OS [eproIa)suou 10DL 90L-SD S[EOIINOOBWLIBY ] qxoonde=u1o)/ sy nsal
(pa3e1dwoo) |1 aseyd J[nog[ow [[ewS OPIWEBUOJ[NSAUAZUI] Y qrxooardy eIegeI], /30/A03 s BOTUI[O//:dNY
sd£jod 103 [BUSSUQ
SIILIYITY [0IBOS =101
Ionqryur 10J BIQQ[d)) 10 XdIqa[d)) BOG29I00ULBI4-FUN[4qIX0I[O)=ULID
11 oseyd 7-9seua3AX00[0kD) prouesoodrq qIX099[2) 10Z4d 1¢,S)NS21/7)0/A0S s[eLn eaTuI[o//:dny
166C£€0 Ad o1eaS={o1eag
loyqryut VN 29100UBDABUN[+[ 66T € E0++( d=W10
11 9seyd 10MQIUUL 9/ AAD d[nosjoul [rews VN xAuQ/10zyd 1(S)NS31/710/A0T S eI eI, /:dnyy
A-(avdd)
103da0a1 pajeAnoE YrySSY /L10L SO

-10)e19]1]01d VN [0IBOS=1[0IBS29oUOZEIN) B H=UIID
uonuajal pmy{ 1 oseyq QWIOSIX0IO] 1s1u03e AYVdd quozeynjeJq 0AMUES YOI 1(,S)NSA1/70/A0F S[eLI[RITUI[O//:dNy

BOULIEIP ‘SOWAZUD S9T8yL-SING
IOAI] PJBAJ[ Soreue auojrypodo €6¥€SL-SING qqinbg 018§ =121835292)e[0J0d =10
‘easneu ‘ongneq (poyeuruiay) [ aseyd Jo 91e3nluod 9)e[0] Jyejojodyg SIOKQN-[0ISLIg 14,S1NS21/710/A0F S[eL[BOTUI[O//:dNY

(ourqejrowrad

Jo Ajianoe oy
Suroueyuo) [oIeaS=19
JIO}IQIYUI 9SBIONPAI IDON ‘sfeonnodeunteyq — JeoS§2pIooued+Iuny+ourders | =uo)
(pa3ordwoo) |1 aseyd aprod[onuoqry ourder], UOIA {S3NSA1/719/A03 STeLI[ROTUI[d//:d)Y
JONQIYUI SOTWRUAD [OIBOS=0IBOS 2910
9[nqnjoIdIW 68¢Ld JURO4+3UN[4+)R[ASOWHUTNQLIF=ULID
seruado)Ao ‘ondneq (po3ordwoo) |1 aseyd QUEBXE)-UON dje[Asowr uInqLIg ouj 1esIg 1,S)[NSA1/70/A0T S[eLI[RITUIO//:dNy

(HL)
(ponunuoosIp saseuny pajeol I031qIYUI [0180S=10IeoS ] | 69+ Z Y =WIo
juowdo[aad() | aseyq -ursoAwodor], 9[nod[owW [[BWS 8169 AZV BOQUIZBIISY 1(,S)[NSA1/7)0/A0T S[eLI[RITUIO//:dNy
ysovrdz
IstuoSeiue (Yv1d) VN YOIBIS=U2IBIS R Y SOy Z=W1d
11 aseyd AVIA  10ydesoy v urayopurg uBuOqIZ BOQUIZBNISY 1(,S3[NSA1/7)0/A0T S[eLI[RITUIO//:dNy
BUWIOPS ‘Ongnyej
“eoyLrerp ‘Aypedomou Tonqryut (V) YOIBOS=UDIBIS® [ LTTISO0
Tesoyduod oseupy| UoIsaype - =W} SINSAL/ZI0
‘Basneu ‘uyoepeoH (pa1o1dwoo) | oseyq VA €90 9]qISIOAY 1L229500-4d 1zyd /A0T s eoIUI[o//:dny
(64TL)  606L DAD/ILITISE-Ad YOIBIS=YoIeaS 99,9716 €
K9B21JJ0 JO Yor[ 0} 6 103d2oa1 OY1[-]0) VN - =W} SINSAL/ZI0
sisdog np pajeuIuLId) [ aseyd 64 1L JO 1s1U0SR O1RYIUAS VN 1zy4 /A0F s eTuI[o//:dny
$393J31 IPIS judwdopard( jo (s)393ae], adL, (s)owreN 1YO (s)J1osuodg YurRdAH
adSyoyoag aseyd Jud.Lmn) duieN dpeiL [ery,
£ LINRIREYIETS)
(panunuod) 1 3|qeL

S31

Copyright © 2014 by the International Association for the Study of Lung Cancer



Journal of Thoracic Oncology® e Volume 10, Number 1, Supplement 1, January 2015

Morgensztern et al.

oW WA LA\ S[BLD 190URD) Sun [[9)-[[BWUS—UON OIRISBIIA 10 PIOUBAPY A[[BO0]
10J [9XB)900(J QUIT-PUOAS YHAN SWUSIE Ul 0qaoe[d SNSIoA 1deo1aqIgy(-AlZ) “TV.LIA ‘7 101de0a1 10108] ()moi3 [BI[OYIOPUS JB[NOSBA ‘TYADTA 103d00a1 10308] YIMOIT [RI[OY)OPUD TB[NoseA “YIDHA IuoSe Sundnisip Je[noses ‘YA
‘ouourioy unenuns-proIAy) ‘HSL €-V4T PUe ‘[-INVOI ‘1-Ld SO[No9jow uewny AI10je[nusod Jo pern ‘OO ‘puesi| Suronpur-sisoydode pajefar- NI “TIVYL ‘eyde sisoroou towny SN L $1031qIyuI oseuny auisolk) ‘3L ‘dnoiny
£30100UQ 1S9MINOS ‘DOMS asedsed JO J0JBATIOR PIALIIP-BLIPUOYD0JIW PUOIS ‘DVIAS ‘Iedued Juny [[eo-[fews )OS ‘dnoin A3oj0ouQ Adeidy] uoneipey ‘OOLY ‘Aderdyy paseq-winune(d uo uorssargord aseasip 10)je 100ued
Sun [[90-[eWIS-UOU A 95BIS JO JUSWIBAI) SUI[-PUOIIS 10J [9xL1200p snjd 0qaoe[d snsioa [oxe1ao0p snjd qewnuonwey “THATY 101dedar 1010e) Yimoid [erpyids YogI Sojowoy susS0ouo [BIIA BILSNNS| QULINW JeI-A YV ol
unsejdoquioy) [ented ‘1 1 4 ‘103dooa1 pajeanoe siojerafijoid swosixorod Yvdd ‘oseury-¢ joysoutjApneydsoyd Y ¢[d €0 10J9B] Y1mo13 paALIdp 1a1a3ed ‘0 Y IDAJ :103do0a1 10308] 3moIS paaLiap 191arerd “gIDAd 1 yeosp pawwersord
‘1-dd ‘eserowk[od (2s0qu-JAV)AI0d dTUVd [BAIAINS [[BIAO ‘SO ‘10oued Fun [[9o-[[ews—uou ) TOSN opndedin S1y-A[D-usy YON ‘urokweder jo 1o31e) uerewuew O LW VN Jo3udssowr ‘YN YW :oseurdjordofjeiowr XLjeur
JININ <Apoqnue [euo[oouow ‘gyoJA oseury dd-oseury JvIN NN Aderoyjounurr 1ooued Sunj [[90 [[ews-uou jueanfpe se ¢-gOVIN ‘LIADVIA nsu] 100ue) [euoneN ‘DN ‘UONORL Uonodld Ie[notuaA 1Jo] JHAT 159}
uonouny I9AI[ ‘1.4 ‘uaSnue uonouny 9)£003na ‘v ‘urejoxd opurds ursouny gSy ‘Sojowoy ouaSoouo [BIIA BWOIILS dUIQ) { UBWLINONZ-APIRH 1Y-A ‘LT gD urnqojSounwur ‘7HST] (103dodar | 1030e) y3moIs ai[-urnsur Y1101
£101d0031 [-10)08] YIMOIS UINSUL Y [-{D] ‘9[NI[OW UOISIYPE TR[N[[30INUI ‘YD ‘surjord sisordode Jo 1031qryur ‘S 1010B] SISOI0SU Jowmn) UBwny SNLY 9[Nqo[3 18] 1w uewny ‘DN H 10108 s[qronpur-erxodAy J1H :103dooar
10308) pmois akoojedoy Y AOH ‘urjordodi] Ayisuop-ySiy “JQH (ose[A100eap duolsiy ‘QYH ‘oseldjsuer) [Awein3-ewes ] OO OseUn| ouIsolA) paje[al-swy ‘I 14 (103desar 1030e) Imois 1se[qoiqy YD ‘uonensmuIupy sniq
pue pooq ‘Y] :12oued unjy [[90-[[ewS AFe)S-0AISUAXD ‘) TDS-SH Aouady sourdipajy ueadoinyg ‘YHNH 103desar 1030e) yimoid [europrde ‘Y g0q ‘dnoin A30j0ouQ 2aneredoo)) urdiseq ‘DODH 103dooa1 ypesp Yg ‘p-uesnue
9Ko0ydwA]-1, 91X030140 ‘- LD ‘@KdoydwA] [ 01x0103K) “TLD SAD-B1v-A[D-usy-s£) opndad 511940 “DYOND ‘UonensIuIWpy 3ni pue poo euly) ‘yd.JD uaSnue oluoAIquIdouldied ‘YD) OSBUI dUIUOIY)/QULIdS Quagoouo
-oj01d Jey-g Avid ‘oseiojsuenourwe deiedse ‘| Sy (Aderoy) YgH-ued pajoSie) 10oue)) 10J YoIeasay PIduBAPY YHHOWV :oselojsuenoulure duiuele ‘I-Ty ‘oseuny| ewoydwA| onsejdeue )Ty ‘ouddoouo-ojoid 19V “19V
‘PaISI] Os[e 21k JudSe Uk 0} 10Ja1 0} PISN SI2QUINU 10 (S)auwreu pa3daode 1910 pue (S)dWeu dper) ‘QUIRU JLIAUIT ) ‘D[qe[TRAR U AN "PAIsI] 1k sjudned 12oued Suny Surjjosua spunodwod asoyy Ajuo
I0AIMOY “papnoul osfe dre Juswdo[aadp [ aseyd ul [[us spunodwo)) Judde ayy Jo Judwdo[aaap Jo aseyd [[BI9A0 a3 WO SIAIIP 11 JT AJuo pay1oads usaq sey 1ooued Junj ur Judwdo[aaap Jo aseyd sy, ‘uwnjod suo Jnq ISe[ Y} Ul pAsI|
0S[e ul [eLy) 3y} Jo aseyd Jy [, "9[qe[IeAR 104 10U 1k BIBp AJIOIX0) dINJRUI YOIy 10J Juawdo]oAap ul Aj1es K194 spunodwod 10§ ue|q J9] Uadq SBY UWN[0d AJIOIX0) 9Y ], PII0U dIB SANIIIX0]) 109JJd SSB[D,, UdIS AJuowod jsow 1o o1dK1oy01d
Ay A[uo Inq ‘OA1sudya1duwiod 9q 0 papuIuI JOU ST SAIOIX0] JO ISI] SIY T, “PAISI] 21 SANIOIX0) Py10dar A[uowtuod oy} ‘uwnjod Jsef Ay} uf . sjuade dnnadeIdy) SNOSUR[[AISIW,, I9pUN PasI] A1k 3y [, 'K105210 oy1oads © ojul [[B] J0U Op Jey)
S3np are 9[qe) 9y} JO PUd dY) B OS[Y "[qe) Y} JO PUS dY) & PIISI] I SILI0TNLI MU IS ], "SasnIIA onnaderay) pue ‘Furiesuidus Apoqnue onnadersy) ‘Sapnos[onuogIjo ISUISHUR ‘SONAWIW JYIAS ‘SAIPOqIUE AI10Je[NpOoWwounwwI Jo
1SISUOD pue d)epdn JUaLMO SIY) UI pauTeUTRU UAq dARY orepdn snoradid oy) ur pappe saLI05a1ed Mau AL Y[, "D TOSN Yim siuaned jo judwesn oy 10y paroidde ore 1039180 9say) Jo Yora woly (s)3nIp aouls (S1031qIyul YTy pue
UADTA YADT) s2110891.9 221y) 3811y 2} 10§ 1daoxd Afjeonaqeyde pajsiy are sa11032)ed Y], IsIy paysi] Sureq judwdoraaap jo aseyd 3saref ayy ur asoy) yym quawdo[daAap [edrur[do Jo aseyd 112y JO I1opI0 dY) Ul PA)SI] 2. AU} ‘SSB[O
[OB3 19pU[) "UONIB JO WISIUBYdaW Iy} Aq padnoid are spunoduwoos oy ‘sojepdn snoraaid oy Ul sy “Snje)s JUSLIND J19Y) 0) SB I9peal Ay} d1epdn 01 papnjour 1eak 1sed oY) Ul panUNUOdSIP Uddq sey Judwdo[aaap asoym s3ni d[qel 3yl
JO UOISIOA SIY) WOIJ 190UBd Jun| Ul paNUNUOISIP U93q Sey Juddo[oAdp asoym SINIp Y} JO SWOS  Pa)SI[-IP,, OS[B IARY dA\ ‘S[eLI} [edIUl]d SuIoSuo oY) JO SNJe)S JUSLIND dY) U0 1opedl oY) jepdn pue punoduwiod [oea 10j 2}Isqam A0S
*S[RLI[BOIUI[O ) 0) JOPBAI Ay e) [[1M NuljradAy o) uo Surdr) *A1089)ed oed Yaim uipadAYy & payde)ie oAy om ‘SIY) JBII[I0B] O], 'SOAJOAD UOTJBULIOJUT [} SB QA[OAD 0} 31 MO[[B PUB JIWRUAP [00) 9OUIJAI SIY) e 0) pAydwene aAey
9M ‘UOISIOA ST} U] ‘PIPN[OUL dIe FUNLIM JO W SY) 18 S[BLI) [BOTUI]D PAISIUS dARY Jey) spunoduwod AJuQ "pa[Iejdp SI 1ooued Funy 1oJ Judwdo[oAap [eo1ul]d Ul SSnIp pajadie) JO snye)s JUaLIND dy) “9[qe) Ay Jo arepdn [enuue yixIs sy uf

¥2601SC A1

DTIDS-Sq ut ‘opndad HYOXD VN 2IBOS=UdIBaS Y T60 [ ST+ AT=WIo
juswfjoIud pjodwod) [ aseyqd Ay saziuoJeyuy jstuodejue apndag VN Ar1ug 14,S1NS21/710/A03 s[eL[eIuI[o//:dNy
U2IBaS=121eoS29 [ SN
erwojeydsoydodAy *DTOSN Ul pajeniur | aseyd ouo3 1ossarddns sojontedouru 1SNA-10yo sonnaderay ], -[OYO=ULId};,S}NSAL/ZIO
IOAS] ‘(p1o1dwod) | aseyqd lowny [snj paseq-pidiy :dV10d uagonuy /A0Z s eaIuIo//:dny

sisoydode

Sursneos pue

uonerdjrjord

1oy} Sunsore

S[[99 [BI[oYIOpUd

JuddsaInb jou

nq SuIpIAp

AjoAnoe (OVSD) proe
BLIPUOYOO)IW snouoste[Auayd
oy 530318} (ourwre[& [2IBOS=1[01BS
ey} J0JIqIYUI [EOTU9SIE JUS[BALL -jo0e[AuoTyIRINS 2OV SD=UI)/S}NSaI
(poyeuruuiay) [ aseyd sisauagoIsuy opndadin oneyjukg -S)-N)-¥ DN /739/A0T s[eLn eI/ :dny
08¥1dzZV
(stoumny Jopqrout VN [2IBaS=121eoS 08y 1 AZ V=112
PIOS Ul PaIRUIULId}) [ 9SeyJ aseuny V[ 9[nod[ou [[BWS VN BOOUIZBIISY 1,S3[NSA1/7)0/A0T S[eLI[RITUIO//:dNy
$393}3q IPIS judwrdopaadq jo (s)393.1e], adAy, [OELITINEEY iTe) (s)1osuodg NurpdAH
andKyoyoag aseyd Jud.LIn) dwieN Ipery, [eLLL

W ILIUID

(panunuod) | 3|qeL

Copyright © 2014 by the International Association for the Study of Lung Cancer

S32



Journal of Thoracic Oncology® ¢ Volume 10, Number 1, Supplement 1, January 2015

Molecularly Targeted Therapies

been presented."” In addition, a number of different mutations
have been identified in FGFR2 and FGFR3, including a recur-
rent fusion of FGFR3 and transforming, acidic coiled-coil
containing protein 3 (TACC3), which provides much needed
insight into the oncogenic pathways operating in SCC and
makes a strong case for applying FGFR inhibitors in this dis-
ease.”0 2 Targetable alterations in lung squamous cell carci-
nomas also include members of the PI3K pathway, discoidin
domain receptor tyrosine kinase 2 (DDR2), and potentially
the nuclear factor, erythroid 2-like 2 (NFE2L2)/kelch-like
ECH-associated protein 1 Keap1)/cullin 3 (CUL3) antioxidant
response pathway. In contrast to lung adenocarcinomas, there
does not seem to be a substantial cohort of nonsmokers with
squamous cell lung cancer and the disease appears to be more
genomically homogeneous

Small-Cell Lung Cancer

With the development of targeted agents, the treatment
paradigm of NSCLC continues to evolve; however, the dis-
covery of a clinically actionable mutation in small-cell lung
cancer (SCLC) remains elusive. SCLC remains an exception-
ally aggressive malignancy with limited treatment options in
the relapsed/refractory setting. SCLC has a high mutation rate,
likely secondary to tobacco carcinogen exposure in this patient
population. This high rate of mutation makes the identification
of pathologically relevant driver mutations difficult. Genomic
sequencing has confirmed a high prevalence of difficult to
target TP53 and retinoblastoma 1 (RB1) inactivation muta-
tions. Next-generation sequencing (NGS) has been applied
to the SCLC genome in hopes of identifying new therapeutic
targets, and recent work has showcased the identification of
significantly mutated genes in SCLC cell lines. These aberra-
tions include genetic alterations affecting histone-modifying
enzymes CREB binding protein (CREBBP), E1A binding pro-
tein p300 (EP300), and LFF as well as PTEN mutations, FGFR 1
and SOX2 amplification. Recent work on SOX2 demonstrates
the prevalence of SOX2 amplification in SCLC cell lines with
expression of SOX2 strongly correlated with increased gene
copy number and clinical stage leading the authors to postulate
if SOX2 is a genuine SCLC driver mutation.?>*

EPIGENETIC THERAPY IN THE
TREATMENT OF LUNG CANCER

The contributions of epigenetic dysregulation to car-
cinogenesis through aberrant DNA methylation and altered
chromatin configuration continue to be expanded.” The can-
cer epigenome contains a variety of tumor-specific alterations
which define subgroups of disease, alter transcriptional pat-
terns, and may reflect therapeutic sensitivities.** 2

Recent genomic sequencing efforts have further under-
scored the inextricable connections between genetic and epi-
genetic mechanisms of carcinogenesis, including alternative
mechanisms leading to loss of individual tumor suppressor
gene function and cooperation of defects affecting key sig-
naling pathways. A signature example in lung cancer is the
CDKN2A locus, encoding both the p16 tumor suppressor (a
key regulator of cell-cycle progression from G1- to S-phase)
and alternate reading frame (ARF) (which can sequester

Copyright © 2014 by the International Association for the Study of Lung Cancer

mouse double minute 2 homolog (MDM?2) leading to stabili-
zation of the tumor suppressor p53). Comprehensive genomic
analysis of squamous cell lung cancers by the Cancer Genome
Atlas (TCGA) Research Network has demonstrated CDKN2A
loss of function in the large majority of cases, the most com-
mon mechanisms being homozygous deletion in 29%, site-
specific promoter hypermethylation leading to gene silencing
in 21%, and missense or truncating mutation in 18%.%

The TCGA has also demonstrated, across tumor types,
high rates of genetic alterations in key epigenetic regulators.
These include members of the mixed-lineage leukemia gene
family of histone methyltransferases, mutated in 20% and 18%
of squamous and nonsquamous lung cancers, respectively.”
Chromatin-modifying enzymes which add and remove his-
tone modifications, termed “writers” and “erasers”, affect the
state of chromatin compaction of DNA making it more or less
accessible for the transcription of genes which play various
roles in the transformation of a cancer cell (Fig. 2). Beyond
the vast changes in DNA methylation that characterize can-
cer, these enzymes contribute to an altered landscape of tran-
scriptional regulation not only in the hematologic malignancies
for which epigenetic therapy has found early success but also
in a broad range of solid tumors including lung cancers.>%
Mutations of the isocitrate dehydrogenase genes, found across
many tumor types, most notably gliomas and sarcomas but also
including a small percentage of lung cancers, result in a CpG
island methylator phenotype with therapeutic implications.?**
Multiple CpG island methylator phenotype-like states have
been described, and the molecular abnormalities responsible
for these phenotypes are beginning to be defined; to date, these
include alterations in genes affecting the metabolism of meth-
ylated cytosines and mutations in DNA methyltransferases.?%3!

Historically, identification and demonstration of re-
expression of individual tumor suppressor genes have provided
the rationale for the clinical development of DNA hypomethyl-
ating agents and histone deacetylase inhibitors in various hema-
tologic malignancies.* In fact, of course, hundreds of genes are
affected by these therapies. Many of the described “hallmarks of
cancer,” broad programs of normal cellular functions subverted
during carcinogenesis, are altered by epigenetic reprogram-
ming.** Epigenetically directed therapies have the potential to
concurrently affect multiple relevant pathways critical to can-
cer proliferation, survival, and metastatic capacity. Site-specific
hypermethylation of promoters for genes controlling stem cell
maturation has been implicated as a mechanism contributing to
replicative immortality and clonogenic potential in cancer.>**
Promoter demethylation by DNA methyltransferase inhibitors
such as azacitidine can markedly reduce replicative capacity in
cancer cell lines, associated with reversal of a program of can-
cer-specific changes in methylation.® Mutations in epigenetic
regulators such as the polycomb-repressive complex protein
polycomb ring finger oncogene BMI-1 (BMI-1) and the his-
tone methyltransferase EZH2 can enhance clonogenic potential
of cancer cells.* In addition, genetic alterations of chromatin
regulatory genes with established roles in proliferation, inhibi-
tion of apoptosis and senescence, and promotion of genomic
instability have been described.*
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FIGURE 2. Chromatin-modifying enzymes. MEK, mitogen-activated protein kinase kinase; ERK, extracellular signal-regulated
kinase; PHD, plant homeodomain; PI3K, phosphatidylinositol 3-kinase; PWWP, proline-tryptophan-tryptophan-proline.

In addition to affecting key elements of carcinogenesis,
epigenetic therapy may have a role in the treatment of acquired
resistance to mutationally targeted therapy. For example, inhi-
bition of the histone demethylase KDMS5A has been shown
to preferentially eliminate clonogenic survivors to EGFR TK
therapy in EGFR-mutant NSCLC cell lines.*’

Although epigenetic therapy regimens using DNA
hypomethylating agents or histone deacetylase inhibitors have
become standard-of-care therapies in myelodysplastic syn-
drome and peripheral T-cell lymphoma, these treatments have
only begun to be clinically investigated in lung cancer or other
solid tumors. Combinatorial epigenetic therapy consisting of
the DNA hypomethylating agent azacitidine and the histone
deacetylase inhibitor entinostat has been shown to result in rare
objective responses in lung cancer.®® Data from this initial study
suggest that combinatorial epigenetic therapy may prime lung

S34

cancers for improved responses to subsequent therapy, nota-
bly including immunotherapy. Preclinical models suggest that
multiple pathways down-regulated in tumors as a mechanism of
immune escape and evasion may be re-expressed in response to
epigenetic therapy and may augment the effectiveness of pro-
grammed death 1 (PD-1) immune checkpoint blockade.* Thus
epigenetic therapy may prime tumors to respond to immunother-
apeutic strategies by overcoming tumor mechanisms including
increased antigen presentation, up-regulation of programmed
death receptor ligand 1 (PD-L1) expression, and augmentation
of interferon and cytokine signaling within the tumor.*’

In addition to next-generation hypomethylating agents
and histone deacetylase inhibitors, there are a host of novel
epigenetic therapies targeting chromatin modifying enzymes
now being translated into clinical testing in lung cancer and
other solid tumors. EZH2 inhibitors are currently in early

Copyright © 2014 by the International Association for the Study of Lung Cancer
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phase clinical development and may be of relevance in the
treatment of lung cancers including SCLCs, in which EZH2
seems to be frequently overexpressed. A DOTI1-like his-
tone H3K79 methyltransferase inhibitor is being developed
for acute leukemias defined by alterations in mixed-lineage
leukemia, a gene family of histone methyltransferases also
commonly mutated or otherwise genetically altered in lung
cancer. Beyond targeting chromatin-modifying enzymes that
write or erase histone marks, bromodomain and extra-termi-
nal histone-binding proteins possess what may be termed a
“reading” function focused on histone acetylation; trials of
inhibitors of the protein—protein interaction have been initi-
ated in SCLC.*'* The evolving knowledge of the prevalence
and array of identifiable defects in chromatin regulators and
DNA-methylation phenotypes suggests a large number of
potential targets and strategies for epigenetic therapy beyond
those which have formed the basis of much clinical investiga-
tion of epigenetic therapies to date. Thoracic oncologists can
expect an expanding portfolio of novel epigenetically targeted
agents with potential for clinical application to lung cancer
during the next several years.

EGFR MUTATION-POSITIVE NSCLC

The approach toward lung cancer therapeutics has under-
gone a major paradigm shift in the last 10 years. The impetus
to move toward larger and more frequent biopsies and perform
upfront genotyping at the time of diagnosis came in large
part with the recognition that between 10% and 20% of U.S.
lung cancer patients had tumors carrying an EGFR mutation,
a biomarker of oncogene addiction that correlates strongly
with response to EGFR TKIs.* There are several subtypes
of EGFR mutations, but the two most frequent, L§58R and
del19, comprise 90% of the cases and are also the most tightly
associated with robust response to therapy.” In this review,
L858R and del19 mutations will be collectively referred to as
“common mutations.” We will review the current treatment
recommendations for EGFR-mutant patients and the pivotal
studies that shape the basis for the recommendations.

Advanced-Stage Disease: First Line

When EGFR mutations were first discovered, several sin-
gle-arm phase II studies were quickly performed confirming that
patients with advanced lung cancer and common EGFR muta-
tions did very well with first-line gefitinib and erlotinib therapy,
with response rates (RRs) of 60% to 75% and median progres-
sion-free survival (PFS) of approximately 9 to 10 months.*
Although these results were two-to-three fold better than what
was achieved with the current standard-of-care platinum-dou-
blet chemotherapy regimens, there was still some skepticism
about whether a randomized trial would favor an EGFR TKI or
not because EGFR-mutant patients seemed to do better on che-
motherapy than EGFR wild-type patients. However, this debate
was settled when the IPASS study was published.

Iressa Pan-Asia Study (IPASS) was a large random-
ized trial of approximately 1200 patients done in Asia, where
EGFR mutations are two to three times more common than
in western countries.® All the subjects were nonsmokers with
adenocarcinoma, both of which are clinical features that have
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been associated with increased incidence of EGFR mutations.
Patients did NOT have to have an EGFR mutation to enter
the trial, but among the subset that had tissue available for
EGFR mutation testing, approximately 60% were positive for
common EGFR mutations. The IPASS design compared first-
line gefitinib with first-line chemotherapy with carboplatin
and paclitaxel for up to six cycles with a primary end point of
PFS. The results showed that in the overall intention-to-treat
population, gefitinib had an improved PFS compared with
chemotherapy with a hazard ratio (HR) of 0.74 and a 95%
confidence interval (CI) of 0.65 to 0.85 (Table 2). However,
when examining the subset of patients with tissue available
for genotyping, it became clear that the overall positive results
for gefitinib were exclusively due to the contribution from
the EGFR-mutant cohort of patients, who had an even more
impressive PFS benefit from first-line gefitinib (HR, 0.48;
95% CI, 0.36-0.46). Conversely, the EGFR wild-type patients
showed that front-line EGFR TKI was a harmful strategy for
them with HR of 2.85 (95% CI, 2.1-4.0). In addition to a PFS
benefit, patients with EGFR mutations treated with gefitinib
had an improved quality of life compared with those treated
with chemotherapy.* Hence, practice changed significantly
with the IPASS publication in two major ways: (1) the impor-
tance of early genotyping was appreciated and giving first-
line EGFR TKIs to patients with EGFR mutations became an
accepted therapeutic strategy and (2) because the wild-type
patients did so poorly with first-line gefitinib in lieu of chemo-
therapy, it became obvious that if one did not know the muta-
tion status for a patient, then EGFR TKIs should not be given,
at least in the first-line setting.

After IPASS, several other randomized trials were
completed in rapid succession, each confirming similar ben-
efits from first-line gefitinib or erlotinib, primarily for patients
with common EGFR mutations (Table 2).”%%>* The European
Randomized Trial of Tarceva versus Chemotherapy (EURTAC)
study was especially important from this collection of studies as
it was the first such trial performed in a western population.® In
EURTAC, Spanish and Italian EGFR-mutant patients (common
mutations only) treated with first-line erlotinib had improved
PFS compared with investigator-choice chemotherapy (either
cisplatin/docetaxel or cisplatin/gemcitabine) (HR, 0.37; 95%
CI, 0.25-0.54). None of the studies examining first-line gefi-
tinib or erlotinib have demonstrated a survival advantage for the
genotype-directed therapy, presumably because EGFR mutants
have a very robust RR and PFS when EGFR TKIs are given in
the second-line or later-line setting and thus allowing them to
“catch up” to the benefit achieved with first-line therapy.

More recently, two randomized studies were completed
with the second-generation EGFR TKI afatinib as first-line
therapy for EGFR mutation—positive patients.**** In contrast
to the first-generation drugs erlotinib and gefitinib, second-
generation EGFR TKIs are “irreversibly binding” meaning
that instead of adenosine triphosphate (ATP)-competitive
binding at the receptor, the drug forms a direct chemical cova-
lent bond with the EGFR receptor. In addition, afatinib binds
all the ErbB receptors, not just EGFR. Lux-lung 3 was a global
study comparing afatinib with cisplatin/pemetrexed, and Lux-
lung 6 was performed in China only, comparing afatinib with
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TABLE 2. Summary of Randomized Trials Examining Genotype-Customized First-Line EGFR TKI Therapy

Study Treatment N Response Median HR for Median HR for
Rate PFS, mo PFS (95% CI) 0S, mo OS (95% CI)
TPASS®* Gefitinib 132 1% 9.6 0.48 (0.36-0.64) 21.6 1.00 (0.76-1.33)
Carbo/Pac 129 47% 6.3 21.96
WITOG 34057 Gefitinib 86 62% 9.2 0.49 (0.35-0.71) NR NR
Cis/doce 86 31% 6.3 NR
NEJ 0028 Gefitinib 114 74% 10.4 0.36 (0.25-0.51) 30.5 No ratio provided
Carbo/pac 114 31% 5.5 23.6 p=031
OPTIMAL® Erlotinib 83 83% 13.1 0.16 (0.10-0.26) NR NR
Carbo/gem 82 36% 4.6 NR
EURTAC*! Erlotinib 86 58% 9.7 0.37 (0.25-0.54) 19.3 1.04 (0.65-1.68)
Carbo or cis/gem 87 15% 5.2 19.5
or doce
Lux-Lung 3% Afatinib 230 69% 11.1 0.58 (0.43-0.78) 28.2 0.88 (no CI provided)
Cis/pem 115 44% 6.9 28.2
Lux-Lung 3: Afatinib arm, 203 75% 13.6 0.47 (0.34-0.65) 31.5 0.78 (0.58-1.06)
common mutations only*
Lux-Lung 3: Cis/pem arm, 104 43% 6.9 28.6
common mutations only*
Lux-Lung 3: Afatinib arm, 112 NR NR 0.28 (0.18-0.44) 333 0.54 (0.36-0.79)
exon 19 del only*
Lux-Lung 3: Cis/pem arm, 57 NR NR 21.1
exon 19 del only
Lux-Lung 6% Afatinib 242 74% 11.0 0.28 (0.20-0.39) 23.1 0.93 (no CI provided)
Cis/gem 122 31% 5.6 23.5
Lux-Lung 6: Afatinib arm, 216 NR 11.0 0-25 (0.18-0.35) 23.6 0.83 (0.62-1.09)
common mutations only“
Lux-Lung 6: Cis/gem arm, 108 NR 5.6 23.5
common mutations only*
Lux-Lung 6: Afatinib arm, 124 NR NR 0-20 (0-13 0-33) 314 0.64 (0.44-0.94)
exon 19 del only*
Lux-Lung 6: Cis/gem arm, 62 NR NR 18.4

exon 19 del only

“Only L858R and del 19 mutants were included in this study.

CI, confidence interval; EURTAC, European Randomized Trial of Tarceva Versus Chemotherapy; HR, hazard ratio; IPAS, Iressa Pan-Asia Study; NEJ, North East Japan; NR,
no mature data reported; OPTIMAL, Erlotinib versus chemotherapy as first-line treatment for patients with advanced EGFR mutation-positive non-small-cell lung cancer; PFS,
progression-free survival; OS, overall survival; WITOG, West Japan Thoracic Oncology Group.

cisplatin/gemcitabine. Similar to the prior studies, the afa-
tinib trials showed a superior PFS, RR, and quality of life for
genotype-directed treatment, particularly among the 90% of
trial participants with common EGFR mutations. As a result,
afatinb was Food and Drug Administration (FDA) approved in
2013 as first-line therapy for patients with L858R and deletion
19 EGFR mutations. At the 2014 American Society of Clinical
Oncology (ASCO) meeting, we also learned that among exon
19 deletion mutants, first-line afatinib seems to improve OS
compared with first-line chemotherapy.®® Although these
results were from a post hoc subgroup analysis, the survival
benefit was large (approximately 1 year) and was replicated
in both Lux-lung 3 and Lux-lung 6 with highly significant p
values (Table 2). The L858R patients did not have a survival
advantage with afatinib, similar to the results from other stud-
ies with gefitinib and erlotinib.

Because of this collection of research, the current stan-
dard approach in the Unites States is to test all patients with
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newly diagnosed advanced adenocarcinoma for EGFR muta-
tions and, if positive for a common mutation, to treat with
either afatinib or erlotinib.”’” If patients are symptomatic from
their cancer and cannot wait for the results of mutation test-
ing to return, chemotherapy should be started as EGFR TKIs
should only be given in the first-line setting to patients known
to have an EGFR mutation. There are uncommon mutations
that are still considered sensitizing to EGFR TKIs such as
L861Q, G719X, and S768I. However, it is important to note
that the exon 20 insertion/deletion mutations are typically not
sensitive to erlotinib, gefitinib, and afatinib.™

Advanced-Stage Disease: Special
Considerations for EGFR-Mutant Patients

There are several considerations in the management
of EGFR-mutant patients that are unique compared with
historical approaches for treating lung cancer: (1) When to
start EGFR TKIs if chemotherapy was given before mutation
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test result availability, (2) Should EGFR TKIs be continued
beyond progression, and (3) How to work-up EGFR muta-
tion—positive lung cancer with acquired resistance to the first
EGFR TKI. There are no definitive randomized trials that
give us direction about these issues, but clinical experience
is now large and consensus recommendations are emerging.
For patients who were unable to wait for EGFR mutation test
results before starting first-line chemotherapy, it is always
difficult to know when and how to start an EGFR TKI after
the mutation is discovered. Options range from beginning the
TKI immediately after the test results returns to not until the
patient progresses and second-line therapy is indicated. One
popular approach is to complete four to six cycles of the first-
line chemotherapy (assuming the patient is tolerating therapy
and is not progressing through it) and then switch to the EGFR
TKI, similar to a maintenance approach; however, no clinical
trials have addressed this specific situation.™®

A more common question is under what circumstances
to continue an EGFR TKI when the patient is progressing on
therapy. The discussion arises because it has been observed
that even when EGFR mutants are radiographically progress-
ing through an EGFR therapy, removal of that therapy can has-
ten a clinically significant flare in the disease in up to 25% of
cases, leading to hospitalization and/or death in approximately
1 week in the initial publication.® The disease flare is thought
to be due to a mix of clones within the tumor, some of which
are still sensitive to the EGFR TKI and remain under control
even while other clones are growing. Removal of the suppres-
sive TKI can allow many more cells to divide compared with
keeping the suppressive TKI on board.

EGFR mutants have two distinctive patterns of progres-
sion not historically distinguished in lung cancer treatment
paradigms: (1) progression in only one site while the rest of
the disease remains stable, and (2) very slow and indolent pro-
gression in multiple anatomic locations. There is mounting
evidence suggesting that if progression is only in one loca-
tion, then local treatment (surgery or radiation) followed by
continued EGFR TKI therapy can yield good outcomes.*%!
In one study using this approach, EGFR-mutant patients had
controlled disease for a median of 6 months after the locally
directed therapy before further progression was noted.® In
addition, clinical experience is accumulating supporting the
notion that patients who are having slow and indolent progres-
sion while on an EGFR TKI can achieve significant additional
time on therapy after meeting Response Evaluation Criteria
in Solid Tumors (RECIST) criteria for progression.®*%> One
single institution experience documented that 88% of EGFR
patients received ongoing EGFR TKI beyond RECIST-defined
progression and the median time until a change in therapy was
necessary from that point was 10 months.®

Once a patient is progressing sufficient to demand a
change in systemic therapy, there is an additional question of
whether one should stop the EGFR TKI and switch to chemo-
therapy or continue the EGFR TKI along with adding chemo-
therapy. Again, the observation of a clinically significant flare
in disease if the EGFR TKI is stopped has fueled interest in
this question. Prospective randomized studies are in process
which will provide further guidance, but retrospective studies
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suggest that RRs may be higher if the EGFR TKI is continued
while chemotherapy is added.*

Considering a biopsy at the time of progression on
the initial EGFR TKI is an emerging standard for EGFR
mutants.’® Initially this was a maneuver primarily done for
research purposes to gain a better understanding of the range
of molecular mechanisms of acquired resistance and to con-
sider customizing clinical trial options for patients. It then
became appreciated that a small portion of patients would
have a transformation from adenocarcinoma harboring an
EGFR mutation to SCLC with the same EGFR mutation as
an escape mechanism from their EGFR TKI.9¢¢ This transfor-
mation, although rare, facilitated broader clinical interest in
repeat biopsies because the biopsy might indicate a new thera-
peutic direction. In the current era, data are rapidly accumulat-
ing that third-generation EGFR TKIs may have high activity
among those with acquired resistance by virtue of the T790M
mutation in exon 20, the single mutation that accounts for
50% to 65% of acquired resistance (see later in the article).*”¢
This provides yet an additional and compelling clinical indica-
tion for biopsy at the time of acquired resistance.

Treatment of Acquired Resistance

Even though initial therapy with an EGFR TKI is quite
effective, acquired resistance still develops after 10 to 15
months. When the second-generation EGFR TKIs were devel-
oped, there was great hope that these would be highly effective
for patients with acquired resistance because laboratory stud-
ies showed that these compounds had a high level of activity
against T790M in vitro.® Unfortunately, in clinical trials, all
three second-generation EGFR TKIs tested (neratinib, afa-
tinib, and dacomitinib) have had disappointing results with
RRs in the single digits.”” "> The explanation behind the dis-
cordant preclinical and clinical results is thought to be that
the second-generation drugs have a high degree of wild-type
EGFR potency, therefore dose escalation is limited by rash,
diarrhea, and other side effects resulting from wild-type
EGFR inhibition. Hence, in patients, it seems difficult to
achieve drug concentrations sufficient to inhibit T790M.

The first successful clinical trial for EGFR acquired
resistance was a phase I trial examining the combination of
afatinib and cetuximab.” This trial expanded when activity
was observed to ultimately include 93 patients. The RR was
32%, significantly higher than the 7% observed with single
agent afatinib. However, the toxicity of this regimen is not
insignificant, with 18% of patients having grade 3 acneiform
rash (rash that limits activities of daily living and covers
>30% of the body surface area). Interestingly, the preclinical
evidence for this combination suggested that T790M mutants
would preferentially benefit’*; however, the clinical obser-
vation has been that response is roughly equal regardless of
T790M status.

A new class of third-generation EGFR TKIs have
recently entered clinical study.®”® These differ from the prior
generations of EGRF TKIs because although they have potent
inhibition of both activating EGFR mutations and T790M,
wild-type inhibition is close to zero, allowing dose escala-
tion to concentrations that can effectively overcome acquired
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resistance. Two compounds have had mature results presented
in abstract form thus far, CO-1686 and AZD9291. Both have
demonstrated RRs of approximately 60% among those with
biopsy-proven T790M. Mature PFS is not yet available, but
responses appear to be durable for at least 6 months in most
patients in the preliminary data. As suspected, rash and diar-
rhea are extremely uncommon during therapy with third-gen-
eration EGFR TKIs. CO-1686 causes hyperglycemia, which is
typically controlled with oral medications.

Early-Stage Disease

Whenever there is a successful strategy for treating
advanced-stage disease, such as EGFR TKIs for patients with
EGFR mutations, there is interest in moving the therapy from
late-stage disease to early-stage disease with the hope of increas-
ing cure rates. Studies are just beginning that will look at incor-
poration of EGFR TKIs into multimodality therapy for stage
IIT disease. However, two studies have been completed offer-
ing preliminary data about adjuvant erlotinib. The Surgically
resected EGFR mutant lung cancer with adjuvant erlotinib can-
cer treatment (SELECT) study was a single-arm multicenter
study of 2 years of adjuvant erlotinib for patients with common
EGFR mutations.” One hundred patients were treated (stage I
n =45, stage Il n = 27, and stage III » = 28) and the primary
end point of 2-year disease-free survival (DFS) was 89% (by
stage I: 96%, stage II: 78%, and stage IIIA: 91%), which was
significantly improved compared with the predefined historical
control 2-year DFS for EGFR mutants followed with observa-
tion alone. In addition, after a median duration of follow-up of
more than 3 years, of the 29 patients that recurred, only four
recurred while one erlotinib and 25 recurred after erlotinib was
completed, raising speculation that duration of therapy may be
important. The Surgically resected EGFR mutant lung cancer
with adjuvant erlotinib cancer treatment (RADIANT) study was
a randomized study of 2 years of adjuvant erlotinib versus pla-
cebo that enrolled a broader population of lung cancer patients
among which 16% harbored EGFR mutations.” Although the
overall study was negative, the subgroup analysis of EGFR
mutants suggested that erlotinib provided a DFS advantage
with HR of 0.61 (95% CI, 0.38-0.98), but no OS advantage in
this preliminary study. A more definitive prospective random-
ized trial including only EGFR mutants and powered to exam-
ine OS is set to begin this year.

HER-2/3-POSTIVE NSCLC

The Role of HER2 and HER3 in NSCLC

HER2 and HER3 (also known as ERBB2 and ERBB3,
respectively) are members of the HER/ERBB RTK family,
which also includes EGFR and HER4. Although these recep-
tors all mediate cell proliferation and survival through down-
stream MAPK and PI3K pathways, they vary with regard to
the ability to bind ligand and the presence of an active TK
domain. For example, HER2 has no known high-affinity ligand
and therefore uses homo- or heterodimerization for activation,
and HER3 has no TK activity and relies on heterodimerization
to induce downstream signaling. The most powerful signaling
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heterodimer is that of HER2 and HER3, which can function
as an oncogenic unit.”’

Oncogenic HER? kinase domain mutations were first
reported in NSCLC in 2004.7 Since that time, several stud-
ies have found the rate of kinase domain HER2 mutations in
NSCLC to be approximately 2% to 4%.7°-#! These mutations
are most commonly in-frame insertions in exon 20 with dupli-
cation of amino acids Y VMA at codon 775; infrequently, inser-
tions in other codons or point mutations can be found that lead
to constitutive activation of downstream pathways resulting in
cell growth and survival. More recently, extracellular domain
mutations were detected in HER2 and found to be oncogenic,
including a S310F mutation in exon 8§ detected in one of 188
lung adenocarcinomas,* a S310Y mutation in one of 63 squa-
mous cell lung cancers,®® and 1 S310F and 1 S310Y muta-
tion in 258 lung adenocarcinomas sequenced by the Cancer
Genome Atlas Network. Across these studies, the frequency of
extracellular domain mutations appears to be less than 1%.

In contrast to HER2, there have been no reports of
mutations in the HER3 gene. However, HER3 has been impli-
cated as an escape mechanism for drugs that inhibit signaling
through EGFR and HER2.%%5 Attempts at therapeutically tar-
geting both HER2 and HER3 are ongoing.

Clinical Features of Patients with
HER2-Mutated NSCLC

Patients with HER2-mutant NSCLC have distinct clini-
copathologic characteristics, similar to those whose tumors
harbor EGFR mutations. In the largest reported study of 65
patients with HER2-mutant NSCLC to date, the median age
of diagnosis was 60.4 years (range, 31-86), 69% were female,
52% were never-smokers, and all tumors were adenocarcino-
mas.®! Although HER2 mutations are relatively rare in lung
cancer, the rate of detection can be enriched by testing never-
smoker patients with adenocarcinoma or adenosquamous his-
tology without an EGFR mutation, in which case the frequency
is approximately 14%.” HER2 mutations are mutually exclu-
sive with point mutations in EGFR, KRAS, BRAF, neuroblas-
toma RAS viral (v-ras) oncogene homolog (NRAS), PIK3CA,
MEK], and AKT, as well as rearrangements in 4LK.*

Preclinical and Clinical Data for
Therapeutics Targeting HER2 and HER3

Both small molecular inhibitors and monoclonal anti-
bodies targeting HER2 are under investigation. Currently, there
are limited data for patients treated on prospective clinical tri-
als; however, preclinical studies and retrospective data from
patients treated with off-label, commercially available agents
show promise in targeting HER2 in those with HER2-mutant
NSCLC. Below are several compounds under investigation.

Trastuzumab

In contrast to breast cancer, HER2 overexpression or
amplification does not predict for benefit from trastuzumab in
lung cancer. However, the presence of a HER2 mutation may be
a predictive biomarker for response to trastuzumab in NSCLC.
In a retrospective study of 16 patients with HER2-mutant
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NSCLC, a total of 22 anti-HER2 treatments were assessed.®! Of
the patients who received trastuzumab-based regimens (trastu-
zumab combined with carboplatin, paclitaxel, carboplatin/pacli-
taxel, vinorelbine, or docetaxel), the RR was 60% (nine of 15
regimens tested) and disease control rate was 100%. One patient
received trastuzumab alone and had a partial response (PR).

Afatinib

Afatinib is an irreversible small molecular inhibitor of EGFR
and HER?2 that is approved for use in the first-line setting for
patients with EGFR-mutant NSCLC. In lung cancer cell lines
harboring a HER? insertion mutation in the TK domain, afatinib
was effective at inhibiting survival, whereas erlotinib was not.*
Interestingly, afatinib was also effective at inhibiting survival in
cell lines transformed with the HER?2 extracellular domain muta-
tion.*? The clinical activity of afatinib in HER2-mutant NSCLC
has been evaluated in the same retrospective study discussed
above.® Three patients who had progressed after receiving trastu-
zumab-based therapy were treated with afatinib, which resulted
in 100% disease control rate (one PR and two stable disease
[SD]). In the only prospective study with afatinib in this popula-
tion, five patients with NSCLC harboring a HER?2 kinase domain
mutation were treated with afatinib, followed by the option to add
weekly paclitaxel at 80 mg/m? to afatinib at progression.’” Of the
three patients evaluable for response (two patients withdrew early
due to toxicity), two had a PR to afatinib alone and one had SD
with afatinib and a PR once paclitaxel was added.

Dacomitinib

Dacomitinib is an irreversible pan-HER TKI. A phase II
study including patients with NSCLC and HER2 amplification
or mutation with any number of prior lines of therapy treated
patients with dacomitinib 45 or 30 mg with the option to esca-
late to 45mg once daily.®® Of the 16 evaluable patients in the
HER?2 cohort, there were two with a PR, both of whom had
a HER?2 mutation. Final results from this study are pending.

Neratinib

Preclinical mouse models of HER2-mutant lung can-
cer have demonstrated that HER2 inhibition plus mammalian
target of rapamycin (mTOR) inhibition results in significant
tumor shrinkage over either alone.® On the basis of this and
other preclinical data, the combination of neratinib, an irrevers-
ible pan-HER small molecule inhibitor, and temsirolimus, an
mTOR inhibitor, was studied in a phase I trial including patients
with multiple tumor types.” Six patients of the 60 on the trial
had HER2-mutant NSCLC. Among them, two had a PR (one
of whom had prior trastuzumab) and the remainder had an SD.

MM-111

MM-111 is a bispecific fully human antibody targeting
HER2 and HER3. In preclinical studies of HER2-overexpressing
cancer cells, MM111 inhibits cell proliferation, particularly
when used in combination with other HER2 inhibitors such
as trastuzumab.”' A phase I trial in multiple tumor types with
HER?2 positivity is testing MM-111 combined with various
HER?2-targeted agents and chemotherapeutics to determine the
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maximally tolerated dose, safety, and efficacy. This drug has not
yet been tested in patients with HER2-mutant NSCLC.

MEHD 7945 A

In contrast to the previously discussed compounds, MEHD
7945 A does not target HER2, but instead is a dual-action human
immunoglobulin G1 (IgG1) monoclonal antibody that targets
EGFR and HER3. In cell lines and xenograft models of tumors
resistant to the EGFR inhibitors cetuximab or erlotinib, MEHD
7945 A was able to overcome resistance and inhibit tumor
growth.”? Clinically, the safety and activity of MEHD 7945 A
were studied in a phase I trial in multiple tumor types.”® Nine
patients with NSCLC were included, of which two had SD as
their best response. The final report from this study is pending.

MM-121

Unique compared with the other drugs discussed here,
MM-121 is a monoclonal antibody that only targets HER3. It
is being developed in combination with other targeted agents
or chemotherapeutics, which is not surprising given the lack
of known alterations in HER3 in human cancers. Specifically,
MM-121 is being tested in combination with erlotinib, with
early signals of clinical benefit in patients with EGFR-mutant
NSCLC and erlotinib resistance.”

ALK-POSITIVE NSCLC

Chromosomal rearrangements of ALK are present in
3% to 7% of NSCLC. The resulting ALK fusions, such as
EMLA4-ALK, function as potent oncogenic drivers and lead
to a state of oncogene addiction. In the clinic, this phenom-
enon underlies the marked responsiveness of ALK-positive
tumors to small molecule ALK TK inhibition. Crizotinib, a
multitargeted TKI of ALK, ROS1 and cMET, was the first
ALK inhibitor tested in the clinic and helped to establish
ALK as a therapeutic target in NSCLC.'? To date, nine other
ALK inhibitors have now entered clinical development, with
promising early results in both crizotinib-naive and crizotinib-
resistant disease. In this study, we review the latest data on
crizotinib and select next-generation ALK inhibitors in TKI-
naive patients with ALK-positive NSCLC.

5.1 Crizotinib

Phase I and II studies have shown that crizotinib is highly
active in patients with advanced, ALK-positive NSCLC. In
the phase I trial (PROFILE 1001), the objective RR (ORR)
among 143 evaluable patients was 61% and median PFS
was 9.7 months.” Updated results from the phase II study of
crizotinib (PROFILE 1005) were recently reported in the U.S.
FDA label. Among 765 patients with advanced, ALK-positive
NSCLC, the ORR was 48% and median duration of response
was 11 months;*® the follow-up of these phase II patients was
too short to evaluate PFS. On the basis of RRs observed in the
phase I and II studies, along with its favorable side effect pro-
file, crizotinib was granted accelerated approval by the FDA
in August 2011 for patients with advanced, ALK-positive
NSCLC. This approval occurred almost exactly 4 years after
the first report of ALK rearrangements in NSCLC.”’
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Recently, the results of the first prospective, randomized
phase III trial comparing crizotinib with standard chemother-
apy in advanced, ALK-positive NSCLC (PROFILE 1007) were
reported.'’ In this study, 347 ALK-positive patients who had
failed one prior platinum-based chemotherapy regimen were
randomized 1:1 to receive either crizotinib as their second-line
therapy, or pemetrexed or docetaxel chemotherapy. Compared
with standard single-agent chemotherapy, treatment with
crizotinib resulted in a significantly longer PFS and a tripling
of the ORR. The median PFS with crizotinib was 7.7 months
by independent radiology review compared with 3 months
with chemotherapy. Consistent with previous single-arm stud-
ies, the RR with crizotinib was 65%, as opposed to 20% with
chemotherapy, thus confirming the significant antitumor activ-
ity of crizotinib in advanced ALK-positive NSCLC.

In this study, crizotinib was more active than either
pemetrexed or docetaxel chemotherapy in ALK-positive
NSCLC.!"! Consistent with previous studies in unselected
patients with advanced NSCLC, the efficacy of second-line
docetaxel in ALK-positive NSCLC was minimal, with a
median PFS of 2.6 months and an ORR of 6.9%.°% In contrast,
pemetrexed showed greater activity than expected based on
previous second-line studies.”” Median PFS was 4.2 months
in ALK-positive patients as compared with 3.5 months in
unselected NSCLC patients with adenocarcinoma histol-
ogy. The RR to pemetrexed was also higher in this study at
29.3% as compared with 12.8% in the general population of
lung adenocarcinomas.'® Although these findings suggest that
patients with ALK-positive NSCLC may be more responsive
than average to pemetrexed-based chemotherapy, the benefit
of pemetrexed seems to be less than that originally suggested
by small retrospective studies,'°"!2 and importantly, signifi-
cantly less than that with crizotinib.

In a prespecified interim analysis, OS was found to be
similar between the crizotinib and chemotherapy arms with a
median OS of 20.3 and 22.8 months, respectively.!! This analy-
sis was immature with a total of 96 deaths (40% of the required
events) and censoring of more than 70% of patients in either
treatment arm. In addition, the analysis was likely confounded
by the high crossover rate of patients in the chemotherapy group.
Approximately 90% of patients who were treated with chemo-
therapy and had disease progression crossed over to receive
crizotinib. This issue has similarly complicated the analysis of
OS in multiple randomized phase III studies of EGFR TKIs in
advanced EGFR-mutant NSCLC. In these studies where the
crossover rate from chemotherapy to targeted therapy ranged
from 64% to 95%, no difference in OS was demonstrated despite
substantial improvements in PFS with the targeted therapy.

Several important issues regarding the role of crizotinib
in ALK-positive NSCLC remain to be addressed. In many
countries, crizotinib is an approved therapy for patients with
advanced, ALK-positive NSCLC with no requirement for
prior treatment. As a result, crizotinib can be prescribed as
first-line therapy. Although the first-line use of EGFR TKIs
in advanced EGFR-mutant NSCLC has been established
in multiple randomized phase III studies, there is limited
data on the use of crizotinib in the first-line setting. In the
original phase I study, there were 24 patients who received
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crizotinib as their first systemic therapy.” In this small cohort,
the ORR was 64% and median PFS was 18.3 months, sug-
gesting that first-line crizotinib may be at least equivalent if
not more effective than crizotinib in the second-line setting
and beyond. A randomized phase III trial comparing crizo-
tinib with platinum/pemetrexed chemotherapy in newly diag-
nosed, advanced ALK-positive NSCLC (ClinicalTrials.gov
number, NCT01154140) has recently completed enrollment,
and results may be reported at ASCO 2014. A similar phase
IIT trial in Asia comparing first-line crizotinib with platinum/
pemetrexed chemotherapy in ALK-positive NSCLC patients
(ClinicalTrials.gov number NCT(01639001) is ongoing.

Next-Generation ALK Inhibitors:
Alectinib and Ceritinib

Alectinib (RO5424802) is a highly potent and selective
TKI targeting ALK, but not ROS1 or cMET.!®* Alectinib was
first evaluated in a phase I/Il study in Japan and enrolled a
total of 70 Japanese patients with advanced, ALK-positive
NSCLC who were crizotinib naive.'™ In contrast to the
PROFILE 1001/5/7 studies which used ALK fluorescence
in situ hybridization (FISH) only, patients were identified as
ALK-positive using ALK immunohistochemistry (IHC), fol-
lowed by ALK FISH for confirmation. In the phase II portion
of the study, the ORR with alectinib dosed at 300 mg twice-
daily was remarkably high at 94%. With a median follow-up
of only 7.6 months, median PFS is not yet known, but durable
responses exceeding 12 months have been reported.

Similarly, the next-generation ALK inhibitor ceritinib
(LDK378) has also demonstrated high RRs in crizotinib-naive
ALK-positive NSCLC. In preclinical studies, ceritinib is also
more potent and selective than crizotinib, targeting ALK and
ROS1 but not cMET.!” In a global phase I study, ceritinib
was highly active in patients with advanced, ALK-positive
NSCLC.'% Among 34 patients who had not received an ALK
inhibitor and who received ceritinib at doses of 400mg or
higher, the ORR was 62%, and median PFS was 10.4 months.
Of note, in contrast to the phase I study of alectinib, this study
included both Asian and white patients. In addition, the ceri-
tinib study required only ALK FISH testing to demonstrate
ALK rearrangement, as opposed to both ALK THC and ALK
FISH. Thus, these two factors, ethnicity and diagnostic testing,
could explain the differences in efficacy seen between alec-
tinib and ceritinib in the TKI-naive ALK-positive population.

ROS1-, RET-, AND NTRK1-POSITIVE NSCLC
Biology

Gene fusions result from large-scale inter- or intrarear-
rangements or chromosomal deletions that join pieces of two
disparate genes and result in chimeric messenger RNA tran-
scripts and proteins. The gene fusions described here contain
sequences from the 5' region of an unrelated partner gene and
the 3' region of genes encoding RTKs: ROS1, RET, and neu-
rotrophic tyrosine kinase, receptor, type 1 (NTRK1). These
gene fusions always have an intact kinase domain encoded
by the 3' gene region, but contain varying 5' sequences from
other genes. These partner genes typically provide two critical
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components: a promoter that allows sufficient transcription
of the novel gene and sequences that encode oligomerization
domains. ROS1, RET, and transforming tyrosine kinase pro-
tein (TRKA) (encoded by the NTRK1 gene) are not highly
expressed in most lung adenocarcinomas, but their upstream
partner joins a promoter that drives sufficient expression in the
tumor cell.'®11% The typical mode of activation for these RTKs
cannot occur because they lack the extracellular domains har-
boring the ligand-binding domain; however, the oligomeriza-
tion domain, for example coiled-coil domains encoded by
the partners kinesin family member 5B (KIF5B), coiled-coil
domain containing 6 (CCDC6), ezrin (EZR), tropomyosin 3
(TPM3), and myosin phosphatase Rho interacting protein
(MPRIP) facilitate dimerization of the fusion protein.””!!!112
It is currently unknown whether different fusion partners,
which can target the fusion proteins to different cellular com-
partments, induce differential tumor behavior, including drug
sensitivity.''3 Activation of the kinase domain initiates a down-
stream signaling cascade that ultimately activates MAPK and
AKT signaling, which leads to cellular proliferation among

other tumorigenic properties.!'>!"*!> This dominant signaling
role makes targeted inhibition of these oncogenes an attractive
therapeutic strategy (Fig. 3).

Incidence

Multiple studies have investigated the incidence of the
oncogenic fusions using a variety of techniques, including
FISH, THC, NGS of RNA and DNA, and polymerase chain
reaction; however, an approved companion diagnostic is not
yet available for these oncogenes.!*!!LIZIAI6I Typically,
these oncogene fusions do not overlap with other dominant
oncogenes, but unbiased studies have demonstrated overlap
of ROS1 fusions and EGFR, KRAS, and BRAF mutations,
similar to dual oncogenes observed in ALK-positive cases.!'”
122 The incidence of ROS1, RET, and NTRK1 gene fusions
seems to be in the range of 1% to 3% although the reported
incidence is higher in studies using enriched cohorts (i.e.,
negative for other oncogenes).!%%!11-112114116-118 Although asso-
ciations have been drawn with age, sex, and smoking history,
there is no reliable clinical selection for oncogenic fusions and
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thus these factors should not be used as criteria for selection
of patients to undergo testing.'!!:112114.116.123.124 Although these
gene fusions are widely associated with adenocarcinoma his-
tology, this is not an ideal selection criteria as squamous cell
and other histologies have been associated with ROS1, RET,
and NTRK1 fusions.!08/16.117.125.126

ROS1, RET, and NTRK in Other Disease Types

Although these oncogenic fusions occur infrequently
in lung cancer, interest in these targets is bolstered by their
occurrence in other malignancies. ROS1 has been detected
in gastric cancer, colorectal cancer, Spitzoid neoplasms, and
numerous others.!'3!1%127128 RET fusions have long been iden-
tified in papillary thyroid cancer but have also been identi-
fied in chronic myelomonocytic leukemia (CMML) and
others.'? 1 An oncogenic NTRK1 fusion was first detected
in a colorectal cancer specimen, later found to be prevalent
in papillary thyroid cancers, and now identified in multiple
other tumor types.'?8!12%831"13 Many TRKA inhibitors have
activity against two homologous RTKs, transforming tyrosine
kinase protein B (TRKB) (NTKR2), and transforming tyro-
sine kinase protein C (TRKC) (NTRK3). These genes are also
involved in gene fusions across multiple cancer types, perhaps
broadening the appeal of these pan-TRK inhibitors. 3+ 137

INHIBITORS OF ROS1, RET, AND TRK.

ROS1

Crizotinib (Pfizer) has been approved for use in ALK-
positive NSCLC. ROS1 has high homology to ALK and
many ALK inhibitors also display ROS1 inhibition.'® An
expanded phase I trial is the first trial to report clinical out-
comes of ROSI-positive NSCLC patients treated with crizo-
tinib (NCT00585195). The most recent update of 35 patients
demonstrated an ORR of 60% and a 6-month PFS rate of
76%, very similar to studies of the same drug in ALK-positive
NSCLC patients.”>!3® Foretinib (XL-880, GlaxoSmithKline)
is a multikinase inhibitor with activity against ROS1, as well
as RET, MET, AXL receptor tyrosine kinase (AXL), and other
kinases, that has a planned ROS1 cohort in an upcoming clini-
cal trial (NCT01068587).13? Ceritinib (LDK378, Novartis) is a
potent second-generation ALK inhibitor that displays weaker
ROS1 inhibition'®; however, this drug is not currently in clini-
cal trials enrolling ROS1-positive NSCLC patients. AP26113
(Ariad) is currently in clinical trials for ALK-positive NSCLC
and also has activity against ROS1 but is currently not yet
enrolling ROS1-positive NSCLC patients (NCT01449461).
PF-06463922 (Pfizer) is a next-generation ALK/ROS]1 inhibi-
tor that is currently enrolling crizotinib-naive or TKI-resistant
ROSI patients (NCT01970865).'4°

RET

Multiple RET inhibitors are undergoing clinical trials
in RET-positive NSCLC patients, and many of these drugs are
multikinase inhibitors. A clinical trial of cabozantinib (XL184,
Exelixis), a RET inhibitor (in addition to MET and vascular
endothelial growth factor receptor 2 [VEGFR2]) is currently
accruing RET-positive NSCLC patients (NCT01639508).

S42

Early results from this trial demonstrated confirmed PRs in
two patients and prolonged SD (31 weeks) in a third patient
demonstrating early clinical activity of this RET inhibitor in
RET gene fusion positive patients.'*! A phase II clinical trial
of vandetanib (AstraZeneca), a dual RET and EGFR inhibi-
tor, in RET-positive NSCLC is currently accruing patients
(NCTO01823068). A patient treated off-protocol with vandetanib
300mg once-daily showed a clinical response.'*> An additional
patient treated with off-protocol vandetanib showed prolonged
SD of 6 months on drug.'** Lenvantinib (E7080, Eisai) is multi-
kinase inhibitor (VEGFRI1-3, fibroblast growth factor receptors
1-3 [FGFR1-3], stem cell factor receptor [SCFR], and platelet
derived growth factor receptor [PDGFR]) with activity against
RET and is currently enrolling patients in a phase II clinical
trial NCT01877083).!* Clinical trials of ponatinib (AP24534,
Ariad), a multikinase inhibitor with RET activity, in RET-
positive NSCLC are planned (NCT01935336).!43146 Sunitinib
(Pfizer) is another multikinase inhibitor currently in a phase 11
clinical trial of never smokers with lung adenocarcinoma and
has a secondary end point to evaluate benefit in patient with
RET gene fusions (NCT01829217).

TRK

LOXO-101 (Loxo) is a selective pan-TRK inhibitor
(TRKA, TRKB, and TRKC) that is planned to shortly enter
first in man phase I clinical trials. RXDX-101 (Ignyta) is a pan-
TRK inhibitor that also has ALK/ROS1 activity with reported
central nervous system penetration and is currently in phase
I clinical trials. TSR-011 (Tesaro) is an ALK inhibitor with
approximately 10 selectivity over the TRK family of RTKs
and is currently in a phase I clinical trial (NCT0204848).'"
PLX7486 (Plexxikon), a pan-TRK inhibitor with additional
activity against Fms, is currently in clinical trials as a single
agent and in combination with chemotherapy in patients with
solid tumors (NCT01804530). This study will also evaluate
cancer-related pain as TRKA signaling can modulate pain:
Mutations in the NTRK1 gene are the cause of the autosomal
recessive syndrome of congenital insensitivity to pain with
anhydrosis.'*® A major focus of next-generation ALK inhibi-
tors has been to improve CNS penetration to more effectively
treat the brain metastases that occur frequently in patients dem-
onstrating disease progression on crizotinib'*’; however, CNS
penetration may not be a desired effect of pan-TRK inhibitors.
Inhibition of TRKB has been linked to ataxia and other serious
neurologic side effects, mimicking the phenotype of the mutant
stargazer (stg) mice, which demonstrate ataxia and lack brain-
derived neurotrophic factor, the TRKB cognate ligand.!>!!

Resistance

Resistance mechanisms to cognate inhibitors of ROSI
are similar to mechanisms of drug resistance observed for
tumors bearing ALK fusions or EGFR mutations. The first
described mechanism of resistance was a patient with a ROS1
kinase domain mutation.'*> This mutation, G2032R, is analo-
gous to the ALK G1202R and adjacent to the D1203N and
S1206Y mutation located at the solvent front; all these muta-
tions induce resistance to crizotinib.!>'>* Preclinical data
suggests that foretinib and PF-06463922 can inhibit ROS1
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G2032R and that AP26113 can overcome the predicted ROS1
gatekeeper mutation, L2026M.'¥-140:15¢ Resistance mecha-
nisms to RET inhibitors have yet to be described in NSCLC
patients; however, ponatinib has demonstrated activity against
oncogenic RET carrying substitutions at the predicted gate-
keeper residue, V804.!%14 TRKA harbors a bulky tyrosine
residue at the conserved gatekeeper position perhaps making
this position a less likely site of mutation to decrease inhibitor
binding. Bypass signaling has also recently been described in
a ROS1-positive cell line model of drug resistance. The lung
adenocarcinoma cell line with SLC34A2-ROS1, HCC78,
with in vitro induced resistance to a ROS1 kinase inhibitor,
switched oncogene dependence away from ROS1 to EGFR.!Y
This mechanism of resistant suggests the need for combina-
tion strategies to prevent or overcome resistance.

BRAF-MUTANT NSCLC

BRAF, an oncogene encoding a RAS-regulated kinase
that promotes cell growth, has generated recent interest in oncol-
ogy.!%81% The majority of BRAF mutations promote kinase acti-
vation, enhancing the ability of kinase to directly phosphorylate
MEK.'? The BRAF exon 15 mutation in which glutamine is
substituted for a valine at residue 600 (V600E) destabilizes
the inactive kinase conformation, leading to continual down-
stream phosphorylation in the MAPK signaling cascade. BRAF
mutations are found in approximately 50% of melanomas, and
treatment for metastatic melanoma using selectively targeted
BRAF V600E inhibitors has elicited high RRs.'** Yet, colorectal
cancers harboring the same BRAF mutation rarely respond to
BRAF inhibitor monotherapy.'®' Clinical investigation targeting
specific BRAF mutations in NSCLC is ongoing.

Prevalence of BRAF Mutations in NSCLC

In 2002, two studies identified BRAF mutations in 1.6%
to 3% of NSCLC.'*!6 Based on these findings and improved
genotyping techniques, a 2011 U.S. study examined tissue
from 697 patients with lung adenocarcinoma of which BRAF
mutations in codons V600, D594, and G469 occurred in 3%
of NSCLC cases.'® An analysis looking at the gene more
broadly conducted in Italy in 2011 identified BRAF mutations
in 4.9% of patient cases.'® In contrast to melanoma where
90% of BRAF mutations are V60OE, approximately half of
the BRAF mutations in the general NSCLC population are
non-V600E.!% A comprehensive genomic study for squamous
cell lung cancer identified BRAF mutations in 4% of cases, all
of which were non-V600E.>” The V60OE mutation has been
associated with a more destructive tumor, with a poor prog-
nosis (significantly shorter DFS and OS).'** V600OE mutations
have been reported as significantly more common in females
than males (8.6% versus 0.9%) and were less strongly associ-
ated with cigarette smoking.'** BRAF mutations in an Asian
population were detected at a lower frequency (1.3%).1%

Clinical Data with BRAF Inhibitors

Vemurafenib, a V600E BRAF inhibitor used in mela-
noma, has been associated with antitumor activity in NSCLC.'*
Dabrafenib has been more rigorously evaluated. In an interim
analysis of a single-arm trial, the overall RR for single agent
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dabrafenib was 54%, and it was generally well tolerated.'®® As
a result, the FDA granted breakthrough status to dabrafenib
for V60OE mutation—positive NSCLC in January 2014. During
a clinical trial of the Src family TKI dasatinib for advanced
NSCLC, a profound antitumor effect was seen in one patient,
and that patient was subsequently found to have a kinase-
inactivating non-V600E BRAF mutation, Y¥?**BRAF.'* When
studying dasatinib in NSCLC cell lines with an endogenous
inactivating BRAF mutation, the cell lines experienced senes-
cence, which was reversed with transfection of active BRAF.'®

Selected Ongoing Trials with BRAF Inhibitors

Currently, a phase II, nonrandomized, open-label study
of dabrafenib as a monotherapy and in combination with tra-
metinib, a mitogen-activated protein kinase inhibitor, is recruit-
ing stage IV NSCLC participants with BRAF V600E mutations
(NCTO01336634). A study evaluating dasatinib in subjects with
advanced cancers harboring a DDR2 mutation or an inactivat-
ing BRAF mutation is currently enrolling (NCT01514864). A
phase II, open-label, second-line study of GSK1120212, which
is closed to enrollment, compared trametinib with docetaxel in
stage IV NSCLC with a mutation in KRAS, NRAS, BRAEF, or
MEKI1 gene (Clinicaltrials.gov No.: NCT01362296).

KRAS-MUTANT NSCLC

Biology and Nomenclature

In lung cancer, KRAS (chromosome 12pl12.1) is the
principal member of the Ras family (which also includes
HRAS [11p15.5] and NRAS [1p13.1]) involved in tumori-
genesis. The HRAS and KRAS genes were initially identified
from studies of two cancer-causing viruses, the Harvey sar-
coma virus and the Kirsten sarcoma virus. These viruses were
originally discovered in rats by Jennifer Harvey and Werner
Kirsten, hence the name Rat sarcoma (Ras).'”” NRAS is so
named for its initial identification in human neuroblastoma
cells. All RAS proteins undergo complex, multi-step post-
translational modification including farnesylation, geranyl-
geranylation, and palmitoylation.

KRAS activation begins with stimulation of various
upstream receptors, most EGFR in lung cancer. Adaptor pro-
teins interact with the intracellular domain of EGFR and recruit
guanine nucleotide exchange factors that interact with RAS to
promote the exchange of guanosine diphosphate (GDP) for
guanosine triphosphate (GTP). With binding of GTP, activated
KRAS phosphorylates downstream signaling cascade pro-
teins until GTP is converted to GDP through a GTPase activ-
ity intrinsic to the Ras family enzymes. The end effect is that
KRAS kinase and signaling capacity is higher when the enzyme
is bound to GTP instead of GDP. Key downstream effectors
include the RAF/ MEK/extracellular signal-regulated kinase
(ERK) cascade (controlling cellular proliferation), PI3K/AKT/
mTOR cascade (controlling survival), and pathways affecting
tumor invasion and vesicle trafficking (Fig. 4).

Role in Tumorigenesis
KRAS acquires tumorigenic properties when mutations
arise that decrease its intrinsic GTPase activity. The resulting
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RAS proteins are locked in the GTP-bound conformation inde-
pendent of upstream signals. This causes marked up-regulation
of RAS kinase activity and downstream growth and mitotic
signaling. Overall, RAS mutations occur in approximately
30% of all human cancers, with KRAS mutations the most
common and best characterized.'”’ KRAS mutations result in
single amino acid substitutions primarily at residues G12, G13,
or Q61. In addition to lung cancer, KRAS mutations occur in
70% to 90% of pancreas cancer, 30% to 40% of colorectal can-
cer, 30% of biliary tract cancer, 20% of melanoma, 15% of
endometrial cancer, and 15% of ovarian cancer.!”

In lung cancer, KRAS mutations occur commonly at
codon 12 (within exon 2) (>80%), occasionally at codon 13,
and rarely at codon 61. Approximately 80% of codon 12 muta-
tions are guanine/thymidine (purine for pyrimidine) nucleo-
tide transversions,'”? which are considered the characteristic
mutation related to tobacco smoke exposure. KRAS muta-
tions in lung tumors from never smokers are typically gua-
nine/adenine (G/A) (purine for purine) transversions. The two
most common mutations in NSCLC, G12C (approximately
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40% of cases), and G12V (approximately 20%), arise from
guanine/thymidine transversions.'” Other principal mutations
include G12D (17%), G12A (7%), and G128 (5%).'

Clinical Significance

KRAS mutations occur in approximately 20% to 30% of
NSCLC."7%1"7 KRAS mutations occur predominantly in ade-
nocarcinoma histology, have been reported rarely in squamous
cell carcinoma, but have not been observed in SCLC.'7%17
In contrast to EGFR mutations and ALK and ROS1 fusions
mutations, KRAS mutations are associated with smoking.'s
Among lifetime nonsmokers with lung cancer, KRAS muta-
tions occur only in 2% to 6% of cases.!”>!¥! KRAS mutations
are mutually exclusive of EGFR, ALK, and ROS1 aberrations.

The prognostic role of KRAS mutations is not clear. In a
meta-analysis of 24 studies incorporating various disease stages,
treatments, and KRAS mutation detection methods, KRAS
mutations were associated with worse survival (HR, 1.35; 95%
CI, 1.16-1.56)."82 However, in a pooled analysis of 1543 patients
with resected early-stage NSCLC (of whom 300 had KRAS
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mutations), there was no difference in OS between KRAS-
mutant and KRAS wild-type cases.!” No significant benefit from
adjuvant chemotherapy was noted for wild-type cases or codon
12 mutations; among the 24 codon 13 mutation cases, adjuvant
chemotherapy was deleterious (HR, 5.78; 95% CI, 2.06—16.2).

In advanced NSCLC, KRAS mutations predict resis-
tance to EGFR TKIs.!*! However, the mutual exclusivity
of KRAS and EGFR mutations and the strong association
between EGFR mutations and sensitivity to EGFR TKIs limit
the clinical utility of KRAS mutations as a selection bio-
marker in current clinical practice. In contrast to colorectal
cancer, in NSCLC, KRAS mutations are not clearly associ-
ated with resistance to the anti-EGFR monoclonal antibody
cetuximab.'®?

Treatment of KRAS-Mutant NSCLC

At the present time, there are no targeted therapies clini-
cally available for NSCLC patients with KRAS mutations.
High affinity binding to the GTP substrate has hindered the
development of therapeutic agents that inhibit KRAS directly.
In late 2013, initial reports of KRAS G12C inhibitors that
bind to an allosteric site specific to the mutant molecule were
published,"®*!35 but such drugs are likely years away from clin-
ical use.

Therapeutic strategies against KRAS-mutant cancers
that have been investigated clinically include inhibition of
post-translational modification, inhibition of effector path-
ways, and synthetic lethality.

Post-translational Modification

To date, this strategy has had little clinical efficacy.
Farnesyl transferase inhibitors have failed to inhibit KRAS
due to alternative prenylation by geranylgeranyl transferase.'®
Combined farnesyl transferase inhibitors and geranylgeranyl
transferase inhibitor therapy has been associated with exces-
sive toxicity.'®

Effector Pathway Inhibition

Several clinical trials have evaluated MEK inhibition
alone or in combination with other therapies for KRAS-
mutant lung cancer. In a phase II clinical trial of docetaxel
+ the MEK inhibitor selumetinib (AZD6244; AstraZeneca)
for previously treated advanced KRAS-mutant NSCLC, selu-
metinib was associated with improved PFS (5.3 versus 2.1
months; 80% CI, 0.42-0.79; p = 0.14) and a trend toward
improved OS (9.4 versus 5.2 months; 80% CI, 0.56-1.4; p =
0.21)." Another phase II trial randomizing patients to selu-
metinib alone or in combination with erlotinib has completed
enrollment (NCT01229150). Other MEK inhibitors under
study specifically in KRAS-mutant NSCLC include MEK 162
(Novartis) combined with erlotinib (NCT01859026) and
trametinib (GSK1120212; GlaxoSmithKline) monotherapy
(NCT01362296).

A possible benefit of BRAF inhibition in KRAS-
mutant NSCLC was suggested in the Biomarker-integrated
Approaches of Targeted Therapy for Lung Cancer Elimination
trial. In that study, 11 of 14 (79%) patients with KRAS/BRAF
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mutations had disease control at 8 weeks with sorafenib.'®®
However, in preclinical models, BRAF inhibitors appear inef-
fective against RAS-mutant cells, paradoxically potentiating
RAF/MeK/ERK signaling.'® This phenomenon, which has
been attributed to v-raf murine sarcoma viral oncogene homo-
log C (CRAF) activation, is evident clinically in the develop-
ment of KRAS-mutant cutaneous squamous cell carcinomas in
melanoma patients treated with BRAF inhibitors.!%!!

A number of recent and ongoing clinical trials have
focused on the PI3K/AKT/mTOR signaling cascade.
Specific agents under investigation in KRAS-mutant NSCLC
include the mTOR inhibitor ridaforolimus (IPI-504; Infinity
Pharmaceuticals, Cambridge, MA) (NCTO00818675), the
mTOR inhibitor everolimus in combination with the HSP90
inhibitor retaspimycin (NCT01427946), everolimus in com-
bination with trametinib (NCT00955773), and the dual PI3K-
mTOR inhibitor BEZ235 (Novartis) in combination with
MEK162 (Novartis) (NCT01337765, NCT01363232).

The ras homolog family member A (RHOA)-focal adhe-
sion kinase (FAK) axis has emerged as a critical mediator of
RAS signal transduction. In transgenic and orthotopic mouse
models of KRAS-mutant lung adenocarcinoma, FAK inhibi-
tion resulted in inhibition of tumor growth and prolongation of
survival,'” leading to an ongoing multicenter phase I trial of
the FAK inhibitor defactenib (VS-6063; Verastem, Needham,
MA) in previously treated advanced KRAS-mutant NSCLC
(NCT01951690).

In a randomized phase II clinical of erlotinib =+ the
¢-MET inhibitor tivantinib (ARQ-197; ArQule, Woburn, MA),
an exploratory analysis revealed that the small cohort with
KRAS mutations achieved a PFS HR of 0.18 (95% CI, 0.05—
0.70).' This benefit was hypothesized to be related to a puta-
tive feedback loop through which EGFR acts as a downstream
mediator of KRAS signaling, interactions between hepatocyte
growth factor (HGF) (the MET ligand) and KRAS, or non—
MET-mediated pathways. A subsequent randomized phase
IT clinical trial of erlotinib-positive ARQ-197 versus single-
agent chemotherapy in previously treated advanced KRAS-
mutant NSCLC (NCT0139578) has completed accrual.

Synthetic Lethality

With synthetic lethality, KRAS-mutant cancer cells are
selectively killed by means of inhibition of a second protein. In
KRAS-mutant cell lines, RNAi-based synthetic lethal screens
have identified several potential targets. A number of these,
including cyclin-dependent kinase 4 (CDK4), STK33, TBK1,
and Polo-like kinase 1 (PLK1), encode protein kinases and
may therefore be amenable to small molecule inhibition.'**

NSCLC WITH PI3K PATHWAY ALTERATIONS

PI3K signaling plays important roles in metabolism,
growth, survival, and motility. The class IA PI3Ks are most
clearly associated with human cancer and are activated by
growth factor stimulation through RTKs. Class IA PI3Ks are
composed of a regulatory subunit and catalytic subunit. The
regulatory subunit, p85, is encoded by PIK3R 1, PIK3R2, and
PIK3R3, whereas the catalytic subunit has three isoforms such
as pl10a, p110p, and p110d encoded by PIK3CA, PIK3CB,
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and PIK3D, respectively. Binding of p85 to phosphotyrosine
residues on RTKSs releases the inhibition of p110 by p85 and
causes localization of PI3K to the plasma membrane, where
it can phosphorylate phosphatidylinositol 4,5-bisphosphate
to produce phosphatidylinositol 3,4,5 trisphosphate (PIP3),
which in turn propagates intracellular signaling by means of
AKT and pyruvate dehydrogenase lipoamide kinase isozyme 1
(PDK1) and other PIP3-dependent signaling pathways. PTEN
dephosphorylates PIP3 to phosphatidylinositol 4,5-bispho-
sphate and thus inhibiting PI3K-dependent signaling and
acting as a tumor suppressor. PI3K can also be activated by
RAS or by G-protein—coupled receptors which bind directly
to the catalytic subunit. PI3K—AKT signaling regulates mul-
tiple downstream pathways including the bcl2 family mem-
bers, forkhead transcription factors, MDM2/p53, mTORC1/2,
and nuclear factor kappa-light-chain-enhancer of activated B
cells (NFKB) pathways, to promote cell survival and inhibit
apoptosis.!?>17

Genetic Alterations in PI3K Pathway

Genetic alterations of elements in the PI3K pathway
have been described in lung cancer and other tumor types.
PIK3CA encodes the gene for the p110a isoform of the cata-
lytic subunit of PI3K. Both copy-number gains and mutations
in PIK3CA have been identified in lung cancer. PIK3CA
copy-number gains occur in approximately 20% of lung can-
cers, with higher frequency in squamous cell carcinomas. %2
Somatic mutations in PIK3CA have also been described and
promote the activation of the PI3K signaling pathway.>!
Mutations in PIK3CA are clustered in two hotspot regions in
exons 9 and 20 encoding the helical and kinase domains of
the protein, respectively. These mutations lead to increased
lipid kinase activity and constitutive PI3K—AKT signaling.?’!
The mechanism of action is different based on mutation type;
for example, the helical domain mutants E5S45K and E542K
interfere with the inhibitory interaction between the regulatory
subunit p85 and the catalytic unit p110a, whereas the kinase
domain mutant HI047R is located near the activation loop and
leads to constitutive signaling through the kinase.'”> PIK3CA
mutations have been reported in 1% to 5% of NSCLC cell lines
and tumors."*8?? Kawano et al.** found PIK3CA mutations in
6.5% of lung squamous cell carcinomas and less often in lung
adenocarcinomas (1.5%). PIK3CA mutations often do not
exist in isolation, and coexistence with other mutations, such
as KRAS, NRAS, BRAF, and EGFR, is common.?”2% A study
among patients with lung adenocarcinoma in the United States
reported 70% of cases with PIK3CA mutation had a coexisting
driver mutation, with the most frequent partner being KRAS.2

The tumor suppressor gene PTEN encodes a lipid phos-
phatase that negatively regulates the PI3K/AKT pathway,
and loss of PTEN leads to constitutive PI3K—AKT signal-
ing. Somatic PTEN deletions and mutations, and inactivation
of PTEN by epigenetic mechanisms such as methylation or
microRNA silencing, are seen in multiple cancers.”®® PTEN
mutations occur in approximately 5% of lung cancers and are
significantly associated with squamous cell rather than adeno-
carcinoma histology (10.2% versus 1.7%).>” Reduction or
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loss of PTEN expression has been reported in up to 70% of
NSCLC, both adenocarcinoma and squamous cell.?*®

Other mutations in elements of the PI3K pathway have
also been reported. For example, a somatic mutation in AKT,
E17K, constitutively activates the protein kinase.?” The AKT1
E17K mutation was found in 5.5% (two of 36) squamous cell
lung cancers, but not (zero of 53) in lung adenocarcinoma.*'
PIK3R1 mutations causing truncations or in-frame deletions
have also been reported and are thought to relieve the inhibi-
tory effect of p85 on p110, thereby activating PI3K signaling.

Drug Development

There are multiple PI3K inhibitors in development,
with specificity ranging from pan-PI3K inhibitors to isoform-
selective PI3K inhibitors and dual PI3K/MTOR inhibitors.
As a class, common adverse events have been hyperglycemia
(which is thought to be due to the role PI3K plays in the insu-
lin signaling pathway), maculopapular rash, and gastrointesti-
nal issues such as nausea, vomiting, dyspepsia, diarrhea, and
stomatitis. In addition to the phase I studies of PI3K inhibitors
that enrolled all tumor types, there are many ongoing trials
with a focus on lung cancer, both as monotherapy and in com-
bination with other agents. There have been multiple phase
I/Ib studies combining various PI3K inhibitors with MEK
inhibitors which have enrolled expansion cohorts of patients
with KRAS-mutated lung cancer; efficacy results from these
trials are awaited. In nonmolecularly selected lung cancer
populations, currently ongoing trials include GDC0941 in
combination with carboplatin, paclitaxel, with or without bev-
acizumab, and BKM 120 in combination with docetaxel or car-
boplatin/pemetrexed. BKM120 is also being tested singly and
in combination with EGFR inhibitors in molecularly selected
cohorts. GDCO0032 is also being tested in combination with
chemotherapy agents including docetaxel and paclitaxel.

Preclinical data have suggested that cancers harboring
activating mutations in PIK3CA may be among the most sen-
sitive to single-agent PI3K pathway inhibitors.!”> In general,
the clinically observed activity of PI3K inhibitors as mono-
therapy has been modest, and it is not entirely clear how well
molecular alterations in PI3K pathway correlate with antitu-
mor effect.?!! In one institution’s cumulative phase I experi-
ence, patients with PI3K mutations who were enrolled in
phase I trials with PI3K/AKT/MTOR inhibitors had a higher
PR rate than wild-type PI3K patients on their best phase I
therapy.””® However, the RRs reported (18% for PI3K-mutated
patients versus 8% for wild-type, with H1047R mutations
faring best with a 38% PR rate),?* still leave much room for
improvement and are not comparable with the RRs achieved
with the landmark-targeted therapies used for EGFR or ALK
inhibition. The frequent coexistence of other driver mutations
may mean that single-agent PI3K inhibition may not be suffi-
cient if the coexisting driver is not effectively targeted as well.
In addition, signaling feedback loops may be activated that
promote growth by means of alternative pathways; for exam-
ple, mTORCI inhibition leads to the activation of PI3K path-
way through a feedback loop, limiting single-agent mMTORC1
efficacy.!” Finally, it remains unclear whether the drugs in
development thus far are achieving an adequate therapeutic
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window; observed pathway inhibition in various trials has
ranged from 30% to 90%, and it is possible that at the dosing
levels achieved there may not be sufficient pathway inhibition
to have an antitumor effect.?'!

MET-POSITIVE NSCLC

The MET/HGF pathway has been identified as a poten-
tial therapeutic target in multiple solid tumors, including
NSCLC.22214The MET gene on chromosome 7g21-31 encodes
the HGF receptor (HGFR), which is a single-chain heterodimer
consisting of a 50-kDa extracellular a-chain and a 140-kDa
transmembrane [3-chain. Binding of the HGF ligand leads to
dimerization of the receptor and phosphorylation of the intra-
cellular TK domain.?" This results in activation of downstream
signaling pathways, such as PI3K—AKT and RAS-MAP-
kinase, which are involved in cell survival and apoptosis, cell
proliferation and differentiation, cytoskeletal function, angio-
genesis, and other cellular functions.?!*?'” There is also crosstalk
between MET and other RTKs, including EGFR/ERBB family
of receptors, which can result in HGF-independent activation
of the MET pathway.?'*?'32!® ] jgand-mediated MET is tightly
controlled through recruitment of Casitas B-lineage Lymphoma
(CBL) (E3 ubiquitin ligase), which binds to the regulatory site
of the juxtamembrane domain of HGFR and leads to ubiqui-
nation of HGFR into clathrin-coated vesicles, with ultimate
degradation.?”

Aberrant signaling of the MET pathway can occur
through overexpression of HGF or HGFR, decreased degra-
dation of HGFR, MET amplification, or MET mutations.?'>2!3
In NSCLC, the most common mechanism for aberrant MET
signaling is overexpression of HGF and HGFR. HGFR over-
expression is associated with poor prognosis and has been
reported to occur in up to 61% of NSCLC,**??! including 25%
to 67% of patients with adenocarcinoma of the lung.*?® The
prevalence of de novo MET amplification is low (£5%)11 to 15
but is also associated with poor prognosis.??! Importantly, MET
amplification has been identified as a mechanism for acquired
resistance to EGFR TK inhibition in a subset (5%-20%) of
patients with activating EGFR mutations through ERBB3-
dependent activation of the PI3K pathway.®2222% [t is also
seen that amplification can be de novo without resistance. Both
somatic and germline MET mutations have been identified in
multiple solid tumors.?'? In NSCLC, mutations in the extracel-
lular semaphorin domain (exon 2) and intracellular juxtamem-
brane domain (exon 14-15, including exon skipping), which
can affect ligand binding and receptor downregulation, respec-
tively, have been described.??%242% In a recently reported series
that included 106 patients with NSCLC who underwent MET
mutational analysis, approximately 4% were found to be MET-
mutation positive (exon 14-15).22

Both in vitro and in vivo preclinical models have estab-
lished the utility of MET pathway inhibitors to suppress HGF-
dependent and HGF-independent MET phosphorylation and
activation of downstream pathways, resulting in inhibition of
both tumor growth and metastasis.?'? Dual inhibition of EGFR
and MET in in vivo tumor xenograft models has been shown
to be additive and potentially synergistic in NSCLC, includ-
ing in tumors with acquired resistance to EGFR TKIs.??7%
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Recently we have also shown that MET can synergize with its
family member Recepteur d’Origine Nantais (RON).>? MET
targeting strategies have included inhibitors of the HGF-HGFR
binding, including HGF antagonists, HGFR inhibitors, and
decoy MET, as well as small molecule inhibitors of the intra-
cellular TK domain.?'*2' The preclinical experience has led to
clinical testing of both single-agent and combination strategies
to inhibit the MET pathway in NSCLC.

Monoclonal Antibodies
Targeting HGF and HGFR

AMG 102 (rilotumumab) and AV 299 (ficlatuzumab)
are monoclonal antibodies targeting HGFE. Rilotumumab is a
fully humanized monoclonal antibody that has been shown to
improve the activity of chemotherapy in preclinical and clinical
testing in tumors that overexpress MET.2%2! In phase I testing
as a single agent, rilotumumab was well tolerated with most
common treatment-related adverse events including fatigue
(13%), constipation (8%), and nausea (8%).*> A phase I/II trial
is currently ongoing evaluating rilotumumab with erlotinib
in previously treated patients with NSCLC (NCT01233687).
Ficlatuzumab is a human anti-HGF IgGl monoclonal anti-
body.?** In phase I testing, ficlatuzumab was well tolerated with
no additional safety signals identified when combined with an
EGFR TKI.?** In a randomized phase II trial comparing gefi-
tinib with gefitinib plus ficlatuzumab in never or former light
smokers with previously untreated adenocarcinoma of the lung,
there was no significant difference in RR (40% versus 43%) or
PFS (4.7 versus 5.6 months) between the two groups (gefitinib
versus gefitinib + ficlatuzumab, respectively).?** Interestingly,
in subgroup analysis, patients with activating mutations in the
EGEFR gene and low MET expression appeared to gain the most
benefit from the combination (overall RR 70% versus 44% and
median PFS 11.0 versus 5.5 months).?

MetMab (Onartuzumab) and LY-2875358 are monoclo-
nal antibodies directed against the MET receptor. MetMab is
a humanized, monovalent monoclonal antibody that inhibits
HGF/MET binding without inducing MET dimerization.?3¢’
In contrast, LY-2875358 is a bivalent MET receptor antibody
that can inhibit both HGF-mediated signaling by binding to
the MET receptor and HGF-independent activation of the
MET pathway by inducing internalization and degradation of
MET.?® LY-2875358 has confirmed antitumor activity in in
vivo and in vitro models.?*?* A phase I trial as a single agent
and in combination with erlotinib has been reported with no
dose-limiting toxicities, serious, or grade III adverse events.?*!
Currently, LY-2875358 is being evaluated in two phase 11 trials,
including a randomized phase II with erlotinib versus erlotinib
alone in patients with advanced-stage EGFR-mutated NSCLC
(NCTO01897480), as well as a single-agent or combined with
erlotinib in patients with MET diagnostic positive NSCLC
that has progressed on erlotinib.

Onartuzumab has been evaluated in a randomized phase
II trial in patients with recurrent NSCLC in combination with
erlotinib versus erlotinib alone.?*> There was no significant dif-
ference in the primary PFS end point in the intention-to-treat
population (HR, 1.09; p = 0.69). However, in the prespecified
MET-positive population (defined by a score of 2 to 3+ by IHC
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[=50% of cells with strong or moderate or higher staining using
CONFIRM SP44 anti-MET monoclonal antibody]) the combi-
nation arm was associated with improved PFS (HR, 0.53; p =
0.04) and OS (HR, 0.37; p = 0.002).2*? A phase III trial evalu-
ating this combination versus erlotinib alone in MET-positive
patients with advanced-stage NSCLC who have received prior
chemotherapy is ongoing (MetLung; NCT01456325).

MET TKis

Targeting the MET TK has the potential to inhibit both
HGF-dependent and HGF-independent signaling through the
MET pathway. There are a number of MET TKIs currently
undergoing testing in early-phase clinical trials.?"* Although
crizotinib is FDA-approved for ALK-translocated NSCLC,
it also has in vitro activity against MET. In a case report, a
patient with advanced-stage MET-amplified (MET/CEP7
ratio >5.0) and ALK-negative NSCLC was reported achieved
a rapid and durable response after treatment with crizotinib.?*

Cabozantinib (XL184) is an ATP-competitive inhibitor
of MET, VEGFR, and RET with documented phase II activity
in an unselected pretreated cohort of 60 patients with advanced
NSCLC (overall RR 10%; disease control rate 40%).2* The com-
bination of cabozantinib with erlotinib was also shown to be active
in a phase IB trial of patients with previously treated NSCLC, the
majority of who had received prior erlotinib.?* In this trial, two of
53 patients had confirmed MET gene copy-number gain and both
achieved tumor shrinkage with the combination.

On the basis of a promising randomized phase II trial, the
phase Il MARQUIEE trial was initiated to test the combination
of tivantinib (ARQ 197), a non—ATP-competitive TKI of MET,
with erlotinib in previously treated patients with advanced
NSCLC. This trial was stopped at the interim analysis because
the primary OS end point was not met. Recent in vitro stud-
ies demonstrated that tivantinib is a cytotoxic drug affecting
microtubule dynamics with activity in cell lines independent
of MET activity. It is feasible that tivantinib is a weak MET
inhibitor and has differential activity in different tumors.>*¢->%

FGFR-POSITIVE NSCLC

Dysregulation of FGFR family signaling has been
described in a broad range of cancers, including lung, breast,
prostate, myeloma, sarcoma, bladder, and endometrial can-
cers, among others.?**?** Amplification, translocation, and
point mutations involving FGFR family members have all
been described across the various tumor types, and each of
these genetic alterations occurs in lung cancer.

The FGF/FGFR family consists of 18 FGF ligands which
bind to four homologous FGFR RTKs (FGFR 1, 2, 3, and 4).
A typical FGFR is composed of an extracellular domain with
three 1G-like domains, a transmembrane domain, and a split
TK domain. Binding of FGF ligand to FGFRs induces recep-
tor dimerization, which leads to transphosphorylation of a
tyrosine in the activation loop of the TK domain. Activation
leads to downstream signaling via the PI3K/AKT and RAS/
MAPK pathways which are central to growth, survival migra-
tion, and angiogenesis. 22
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Amplification

Amplification at 8p12 was observed in multiple stud-
ies of squamous cell lung cancer,'®!#2%5 and FGFR1 has been
identified as a potential candidate gene in this region. Weiss
et al.'”® identified focal amplifications in FGFR1 correspond-
ing to the 8p12 amplification in a study of 155 primary squa-
mous cell lung cancer specimens, which they validated in an
independent set of 153 squamous cell lung cancers. Similarly,
Dutt et al.'® reported FGFR1 amplification in approximately
20% of squamous cell lung cancers and rarely in adenocarci-
noma (3%). Inhibition of FGFR1 in amplified cell lines and
in mouse models with FGFR1-amplified engrafted tumors
showed growth inhibition and induced apoptosis.

It remains unclear whether FGFR1 amplification is a
prognostic marker in lung cancer. Weiss et al. reported that
FGFR1 amplification (copy number >9 by FISH) had a trend
toward worse survival compared with patients who lacked
FGFR1 amplification (copy number = 2 by FISH). Multiple
studies have investigated the potential prognostic role of
FGFR1 among patients with squamous cell lung cancer;
some have reported no effect of FGFRI1 amplification on
survival,”%%7 whereas others have reported inferior survival
with FGFR1 amplification,'®**%* and one reported potential
improved survival.*® Comparison across studies is limited by
the heterogeneity in definitions of amplification, and there is
not yet a defined standard in the field.

Fusions

In addition to FGFR1 amplification, fusions involving
FGFR3 have recently been reported in lung cancer.?>** Fusions
involving FGFR3 have been reported in other cancers includ-
ing glioblastoma and bladder cancer.*' Kim et al.?® performed
whole exome sequencing of lung squamous cell cancers from
Korean patients and identified an in-frame fusion of FGFR3
with TACC3. Overall two of 148 Korean lung squamous cell
cancers had this fusion; probing the TCGA data set revealed
another four of 178 samples with the FGFR3-TACC3 fusion.?
Majewski et al.*' used kinome-centered RNA sequencing on
95 lung cancer samples and identified two squamous cell lung
cancers with FGFR3-TACC3 fusions. FGFR3 fusions resulted
in overexpression of fusion proteins and enhanced prolif-
eration of cells and activation of downstream MAPK-ERK
pathways.? Studies in bladder cancer and glioblastoma have
invoked various hypotheses for the transforming capacity of
FGFR3-TACC3, including constitutive activation and signaling
via downstream MAPK pathway,?* localization to the mitotic
spindle, causing chromosomal missegregation and aneu-
ploidy,?* or loss of a 3'UTR miR-99a binding site resulting in
enhanced expression of the fusion transcripts.?** Importantly,
multiple studies have shown sensitivity of FGFR3 fusion cell
lines and xenograft models to FGFR inhibitors,?>262.263

Point Mutations

Point mutations in FGFR have also been identified as
potentially oncogenic, in particular mutations in FGFR2 and
FGFR3. Analysis of whole exome data from TCGA identi-
fied five FGFR2 and six FGFR3 mutations from 178 tumor/
normal pairs.>® The observed mutations fell within both the
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extracellular and kinase domains of FGFR2 and FGFR3 and
included previously identified mutations in other tumor types
and novel mutations. Some of these mutations were transform-
ing in anchorage-independent growth assays and xenograft
assays. In particular, extracellular domain mutations W290C
and S320C in FGFR2 and S249C in FGFR3, as well as kinase
domain mutations K660E and K660N in FGFR2, significantly
increased colony formation in anchorage-independent growth
assays as compared with wild type (in contrast, FGFR2 E471Q
and T787K, and FGFR3 S435C and K717M were not trans-
forming). The transforming ability of the specific FGFR2 and
FGFR3 mutations was inhibited by multiple of the small mol-
ecule FGFR inhibitors currently in clinical development.?®

Drugs

Many FGFR inhibitors are in development and have mul-
titargeted activity and inhibit other kinases in addition to FGFR,
most notably VEGFR, PDGFR, FLT3, RET, KIT, among oth-
ers.”! Selective FGFR inhibitors are also in development and
preliminary results have been reported for some of these trials.
A phase I study of BGJ398 is enrolling patients with advanced
solid malignancies with FGFR1 or FGFR2 amplification or
FGFR3 mutation. A preliminary report in 2012 reported 26
patients having been treated, including 10 with FGFR1 amplified
breast cancer and three with FGFR 1-amplified lung squamous
cell cancer. The most frequent adverse events included diarrhea,
fatigue, nausea, and hyperphosphatemia, with dose-limiting
toxicities of grade 3 elevations in transaminases and grade 2
corneal events. Hyperphosphatemia may be a class effect due to
blockade of FGF23 signaling but seems controllable with phos-
phate binders and diuretics. One patient with lung cancer and
FGFR1 amplification (FGFR1/CEPS ratio of 2.6 by FISH) had
a confirmed PR.%® A phase I study of AZD4547, with selection
for FGFR1 and FGFR2 amplification in the later phases of the
study has completed accrual, and final results are pending. In
a preliminary report, dose-limiting toxicities included hyper-
phosphatemia, renal failure, mucositis, and increased transami-
nases. A preliminary report in 2013 reported on 21 patients with
FGFRI1- or FGFR2-amplified tumors on study. One patient
with FGFR1-amplified lung squamous cancer had a PR,?” with
another patient with FGFR1-amplified lung squamous cancer
having a prolonged period of SD. Although some are selecting
for specific FGFR family alterations, others are more inclusive
and enroll specific tumor types without molecular character-
ization required a priori. Class specific effects of the selective
FGFR inhibitors are thought to include hyperphosphatemia and
tissue calcification due to FGF23 blockade; although this is a
class-specific adverse event, increases in FGF23, phosphate,
and vitamin D levels may also serve as potential biomarkers
for effective FGFR inhibition.?®> Most of these studies are with
single agents although a few are testing in combination with
various chemotherapy regimens.

MITOTIC/CYCLIN INHIBITORS
IN LUNG CANCER
Disrupting cell division has been a cornerstone of can-
cer drug development. Mitotic inhibitors are among the most
widely developed agents in oncology and have been used in
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FIGURE 5. Mitotic/cyclin inhibitors. NHE], non-homologous
end joining; HR, homologous recombination.

lung cancer treatment for more than three decades. These agents
bind tubulin and prevent polymerization to microtubules,
hence, preventing cell division. Multiple mitotic inhibitors
have been developed and many are still standard therapies in
lung cancer treatment including paclitaxel, docetaxel, vinorel-
bine, and etoposide. These agents are routinely combined in
platinum regimens in the adjuvant, locally advanced, and meta-
static NSCLC; and platinum/etoposide remains the established
treatment for limited- and extensive-stage SCLC.

More recent advances in targeting cell cycling have come
with the development of cell cycle checkpoint inhibitors. Cell
cycle check points are important in maintaining genomic stabil-
ity and preventing cancer development in normal cells (Fig. 5).26
These checkpoints help in cellular surveillance of DNA damage
by causing cycle arrest and permitting DNA repair. However,
these checkpoints also protect cancer cells from the effects of
DNA-damaging agents such as cisplatin/carboplatin and gem-
citabine and from the effects of radiation. CDKs are key regu-
lators of sequential progression through the G1, S, G2, and M
phases of the cell cycle. Checkpoint kinase inhibitors disrupt
the ability of cancer cell to repair this damage and have recently
shown promising activity as single agents in selected patient
populations and in combination with DNA-damaging therapies
in broader tumor settings.’®*?’* Many of these novel agents are
being developed in lung cancer treatment.

LY2606368

LY2606368 is an oral small molecule selective ATP-
competitive inhibitor of the checkpoint kinase 1 (CHK1), and
to a lesser extent CHK2. CHK1 and 2 regulate DNA damage
response by inhibiting CDK1 preventing the entry into mito-
sis.?’! This leads to cell cycle arrest, DNA repair, and apoptosis
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of damaged cells.?”> LY2606368 has been shown to potentiate
DNA-damaging agents and has potent antitumor activity as a
single agent in preclinical studies.?” LY2606368 is currently
in a phase I study in patients with advanced refractory squa-
mous NSCLC, head and neck cancer, and anal cancer (N =
150; NCT01115790).

Palbociclib (PD-0332991)

Palbociclib (Pfizer) is an oral CDK4/6 inhibitor, inhibit-
ing retinoblastoma (Rb) protein phosphorylation in early G1
and disrupting cell cycle progression to S phase. Palbociclib
has recently shown remarkable activity in a randomized phase I1
trial in patients with advanced hormone-positive breast cancer.?*
One hundred sixty-five women were randomized 1:1 to 2.5mg
of letrozole orally daily + 125mg palbociclib daily for 3 weeks
followed by 1 week off. The primary end point was investigator-
assessed PFS. Palbociclib/letrozole was associated with a signif-
icant improvement in PFS compared with letrozole alone (20.2
versus 10.2 months; HR, 0.488; 95% CI, 0.32-0.75; one-sided p
= 0.0004). The most common toxicities in the palbociclib/letro-
zole arm were neutropenia, leukopenia, fatigue, and anemia.
Palbociclib is in planned investigation in CDK4/6-amplified
recurrent squamous lung cancer as part of the National Cancer
Institute—sponsored biomarker driven “Master” protocol.

LY2835219

LY2835219 (Eli Lilly) is an oral selective ATP-
competitive inhibitor of CDK4/6 which has entered into phase
I study in NSCLC (NCT02079636). Ninety-nine patients will
be enrolled across multiple cohorts including combinations
with pemetrexed (nonsquamous only), gemcitabine, ramici-
rumab, and trametinib. Development in other tumors includ-
ing breast cancer, colorectal cancer, melanoma, glioblastoma
multiforme, and mantle cell lymphoma is ongoing.

AZD1775

TP53 mutations are the most common genomic
alterations in lung cancer, occurring in an estimated 51%
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of squamous lung cancers and 34% of adenocarcinomas
(Catalogue of Somatic Mutations in Cancer [COSMIC]).
These mutations render the G1 checkpoint defective, making
these cancers more dependent on the S/G(2) cell cycle check-
point for repair and resistant to DNA-damaging agents. This
resistance can be overcome in the presence of S/G(2) inhibi-
tors.””! The WEEI kinase coordinates cell cycle progression
and DNA damage checkpoints. AZD1775 (Astra-Zeneca) is
an oral ATP-competitive inhibitor of WEEI (concentration
that inhibits 50% 5nM; EC50 80nM versus pCDK1Y15).2”
WEEI inhibition leads to unregulated CDK1 (and 2) activity,
overriding S/G2 checkpoints leading to mitotic catastrophe
and cell death in DNA damaged cells. This activity may be
most pronounced in pS3-mutated (G1-deficient) cells in com-
bination with platinum-based and gemcitabine-based regi-
mens. A phase I trial of AZD1775 + cisplatin, + carboplatin,
and +gemcitabine in more than 180 patients with refractory
solid tumors has recently been completed; and early activity
and safety have been reported in combination with carbopla-
tin/paclitaxel in patients with p5S3-mutated platinum-sensitive
recurrent ovarian cancer.”’* AZD1775 has entered into trials in
p53-mutated lung cancer: a first-line randomized phase trial of
carboplatin/pemetrexed + AZD1775 in patients with nonsqua-
mous NSCLC (NCT02087241); and a second-line random-
ized phase 1II trial of docetaxel = AZD1775 in patients with
nonsquamous and squamous histologies (NCT02087176).
Trials are also ongoing in p53-mutated platinum-sensitive and
platinum-resistant recurrent ovarian cancer.

Volasertib (PLK-1 ONO01910)

PLK1 is important for cellular recovery from G2/M
arrest due to DNA damage. Overexpression of PLK1 leads to
chromosomal instability and is seen in many tumors including
NSCLC.?”7 Volasertib is an i PLK1 inhibitor in development
in NSCLC. Recent data were presented from a study of 131
patients with recurrent nonsquamous NSCLC randomized 1:1:1
to volasertib 300 mg/m?, volasertib 300 mg/m? and pemetrexed
500mg/m?, or pemetrexed alone IV day 1 every 3 weeks.”” The
median PFSs (primary end point) for these cohorts were: 1.4,
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FIGURE 6.

PARP inhibition: Mechanism of action (reproduced from Oncology Live, 2013, permission requested). BER, base

excision repair; NAD, nicotinamide adenine dinucleotide; PARP, Poly(ADP-ribose) polymerase.
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3.3, and 5.3 months, respectively. The ORRs were 8.1%, 21.3%,
and 10.6%, respectively. Grade 3/4 toxicity was primarily lim-
ited to fatigue (all arms) and neutropenia (volasertib/peme-
trexed, 11%). Development of volasertib is ongoing in acute
myeloid leukemia and urothelial cancer.

Alisertib (MLN8237)

The aurora kinases play important roles in mitosis. Aurora
kinase A promotes mitosis through activation of CDK1, and its
overexpression has been linked to taxane resistance. Aurora
kinase B is linked to cytokinesis, and its inhibition leads to dys-
functional chromosomal alignment and segregation. Several
aurora kinase inhibitors (A and B) are in development.

Alisertib (Millennium) is an oral aurora kinase A inhibi-
tor. A phase I/II trial of alisertib in patients with refractory
SCLC, NSCLC, breast cancer, head and neck cancer, and
gastroesophageal cancer was recently presented.”” Patients
received the recommended phase II dose of 50 mg orally twice
a day for 1 week every 3 weeks. The ORR in 23 patients with
NSCLC was 4% with a median PFS of 3.1 months. However,
in the SCLC (n = 47) cohort, the ORR was 21% (including 3
patients [ORR 27%] with refractory relapsed disease) with a
PFS of 2.8 months. Grade 3/4 toxicities (all patients) included
neutropenia (38%), anemia (10%), stomatitis (8%), and throm-
bocytopenia (6%). A randomized phase II study of paclitaxel
+ alisertib in patients with relapsed SCLC (NCT02038647),
and a trial of alisertib and erlotinib in patients with EGFR-WT
NSCLC (NCT01471964) are in progress. Several other A and
B, and pan-aurora, kinase inhibitors are in early development
in solid and hematologic cancers.

POLY (ADENOSINE DIPHOSPHATE-RIBOSE)
POLYMERASE INHIBITORS IN LUNG CANCER

Poly (adenosine diphosphate [ADP]-ribose) poly-
merase (PARP) includes a family of 17 proteins that play
important roles in DNA repair.?®® In addition to its func-
tion in DNA repair, PARP proteins also play major roles in
a number of other cellular processes such as transcription,
epigenetic regulation, mitosis, and inflammation, which have
all been recognized in recent years. PARP 1 and 2 are consid-
ered to be highly relevant for DNA repair. After single-strand
DNA damage, PARP is recruited as the first step of the repair
process (Fig. 6).28! Subsequently, multiple ADP-ribose units
are added to the complex in a NAD-dependent manner. This
confers a net negative charge that induces conformational
changes and attracts a number of key repair proteins such
as DNA ligase III, X-ray cross-complementing gene 1, etc.,
which ultimately work to repair the DNA damage. In situa-
tions of catastrophic DNA damage, massive recruitment of
PARP leads to depletion of NAD, resulting in necrotic cell
death. Thus the extent of PARP activation could be the deter-
minant of successful DNA repair or cell death. Unrepaired
single-strand damage leads to double-strand DNA damage
that is repaired by the homologous recombination repair
pathway. In subjects with breast cancer, early onset (BRCA)
1 or 2 mutations, the homologous recombination pathway is
deficient and there is an overwhelming reliance on PARP for
DNA repair.?®?
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PARP Inhibition

PARP inhibition was initially studied in cancer in com-
bination with agents that induce DNA repair such as plati-
num compounds, alkylating agents, and ionizing radiation.?®?
Suppression of DNA repair with PARP inhibitors in conjunc-
tion with these agents results in enhanced anticancer activ-
ity in several preclinical models. In patients with deficient
homologous recombination pathway, PARP inhibition results
in robust anticancer activity due to the reliance of these cells
on PARP for DNA repair.”® This effect, referred to as “syn-
thetic lethality,” has formed the basis for the evaluation of
PARP inhibitors as monotherapy in breast and ovarian can-
cer patients who have BRCA 1 or 2 mutations. In lung can-
cer, BRCA mutations are rare and hence PARP inhibitors are
unlikely to be effective as monotherapy. A small subset of
lung cancer patients are known to have “functional” BRCA
deficiency and could be candidates for the monotherapy
approach even though this has not been tested in clinical tri-
als. Approximately 10% of NSCLCs harbor a mutation in
ataxia telangiectasia mutated (ATM) gene, a condition with
known deficiency in homologous recombination.”’” Another
mechanism referred to as “PARP trapping” has recently been
described to account for the anticancer effects of PARP inhibi-
tion.”8* Retention of the PARP inhibitor-DNA complex con-
fers cytotoxicity to cells and the extent of PARP trapping is
variable among the presently available PARP inhibitors, con-
tributing to potential differences in efficacy of these agents
based on this effect.

A number of novel PARP inhibitors are presently in clin-
ical development for the treatment of cancer. Iniparib, which
was initially considered to be a PARP inhibitor, had been tested
in phase III studies in breast cancer and squamous cell lung
cancer in combination with platinum-based chemotherapy.?
These studies failed to demonstrate survival benefit, and by
then, it was also clear that the mechanism of action of inparib
was not related to PARP inhibition. Recently, the use of olapa-
rib, a potent small molecule inhibitor of PARP, as maintenance
therapy in platinum-sensitive ovarian cancer was associated
with a significant improvement in PFS compared with pla-
cebo (8.4 versus 4.8 m, p <0.001).2% In another phase II study,
olaparib demonstrated an RR of approximately 40% in ovarian
cancer patients with BRCA mutation.?®” Veliparib, a small mol-
ecule PARP inhibitor, improved the pathological complete RR
for patients with breast cancer in the neo-adjuvant therapy set-
ting. From these lines of evidence, it is clear that PARP inhibi-
tors represent a novel approach for the treatment of cancer.

PARP Inhibitors under Development
in Lung Cancer

Small-cell lung cancer

Increasing evidence suggests that PARP inhibition
might be a novel strategy for the treatment of SCLC.*®
Objective responses have been reported with BMN-673, a
highly potent PARP inhibitor when given as monotherapy to
patients with SCLC that had progressed on standard chemo-
therapy. Biological rationale for the sensitivity of SCLC might
be due to the higher PARP 1 expression and other DNA repair
proteins in SCLC tumor samples. On the basis of the synergy
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between alkylating agents and PARP inhibitors, a phase II
study is presently evaluating the combination of temozolamide
in combination with veliparib, a PARP inhibitor, for patients
with relapsed/refractory SCLC (NCT01638546). The Eastern
Cooperative Oncology Group is conducting a randomized
phase II study of cisplatin and etoposide with either velipa-
rib or placebo for first-line therapy of patients with extensive
stage SCLC (EA2511) (NCT01642251). Veliparib is given at
a dose of 100 mg twice-daily on days 1 to 7 of each treatment
cycle to synchronize with the administration of cisplatin (day
1) and etoposide (days 1-3). This ongoing study will enroll a
total of 135 patients with the primary end point of comparing
median PFS between the two arms.

Non—small-cell lung cancer

Because platinum-based chemotherapy is the standard
treatment for majority of patients with NSCLC, the use of PARP
inhibitors in combination with platinum compounds has been
studied extensively in preclinical studies. A phase I study of
carboplatin, paclitaxel, and veliparib in patients with advanced
solid organ malignancies noticed good tolerability and promis-
ing activity in advanced NSCLC.* Subsequently, a randomized
phase I study of carboplatin and paclitaxel with either velipa-
rib or placebo for first-line therapy of advanced NSCLC was
conducted. Accrual to this study has been completed and the
results are awaited (NCT01560104). The same combination is
presently being tested in conjunction with radiation therapy for
patients with surgically unresectable, locally advanced NSCLC
by the Southwest Oncology Group (NCT01386385).

Olaparib, another PARP inhibitor, is also under exten-
sive evaluation in NSCLC. A European study will adminis-
ter olaparib in combination with cisplatin and radiotherapy to
patients with unresectable stage IIIl NSCLC (NCT01562210).
It is also being studied as maintenance therapy for advanced
NSCLC following combination chemotherapy in a random-
ized study (NCT01788332). More recently, a phase Ib/II study
has been initiated to evaluate the combination of olaparib with
gefitinib in patients with advanced NSCLC that harbor an
EGFR mutation (NCT01513174).

IMMUNE CHECKPOINT INHIBITORS

Lung cancer has not traditionally been viewed as an
immune responsive tumor. Immune checkpoint inhibitors have
recently demonstrated promising results in lung cancer patients.
In particular inhibitors to cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) and PD-1 and PD-L1 have shown promise
in early studies and are currently in clinical trials in both SCLC
and NSCLC. This review provides an update on immune check-
point inhibitors currently in development in lung cancer patients.

Anti-CTLA-4 Inhibitors

Ipilimumab is a fully human IgG1 antibody to CTLA4
that inhibits the binding of CTLA4 to its ligands (CD80 or B7-1
and CD86 or B7-2). Inhibition augments T-cell activation and
proliferation resulting in T-cell infiltration of tumor cells and
tumor regression.?* It is approved by FDA for the treatment of
melanoma.?’! Ipilimumab was evaluated in a randomized phase
IT trial that compared six cycles of standard chemotherapy
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(carboplatin and paclitaxel) with two different schedules of
ipilimumab in 204 patients with stage IV NSCLC.?*? In the
concurrent schedule ipilimumab was given with cycle 1 to 4 of
chemotherapy followed by two doses of placebo, in the phased
schedule placebo was given with the first two cycles of chemo-
therapy and ipilimumab was added with cycle 3 to 6. Eligible
patients were given maintenance ipilimumab or placebo every
12 weeks until progression. The primary end point was immune
relate PFS (irPFS). This end point was chosen to better capture
the unique pattern of response to immune therapy including
regression of index lesions in the face of new lesions and initial
progression followed by tumor stabilization or regression.?*2%
The phased arm demonstrated an improvement in irPFS com-
pared with chemotherapy (5.7 versus 4.6 months; HR, 0.72; p
=0.05), and OS (12.2 versus 8.3 months). The concurrent arm
did not result in an improvement in irPFS (5.5 months; HR,
0.81; p = 0.81) or OS (9.7 months). There was also a higher
World Health Organization best overall RR in the phased arm
compared with chemotherapy or concurrent (32%, 18%, and
21%, respectively). Treatment-related adverse events were
similar across treatment groups (concurrent, 41%; phased,
39%,; and control, 31%). However, grade 3/4 immune-related
adverse events were higher in the concurrent (20%) and phased
(15%) arms compared with the control (6%). Two treatment-
related deaths were reported including one in the concurrent
arm due to septic shock secondary to epidermal necrolysis, and
one death occurred in the control arm as a result of neutropenic
sepsis. In a preplanned subset analysis patients with squamous
cell carcinoma had a significantly improved irPFS (HR, 0.55;
95% CI, 0.27-1.12) and OS (HR, 0.4; 95% CI, 0.22-1.03)
when treated with the phased schedule. This was not observed
in nonsquamous NSCLC patients or for any histology treated
with the concurrent schedule. On the basis of these promising
results, a randomized phase III trial is underway comparing
standard chemotherapy with or without phased ipilimumab in
patients with squamous cell NSCLC (NCT01285609).

The same trial enrolled 103 patients with extensive-stage
SCLC and noted an improvement in ifPFS in patients treated
with the phased ipilimumab schedule compared with chemo-
therapy alone (6.4 versus 5.3 months; HR, 0.64; p = 0.03) with
anonsignificant trend toward improvement in RR (57% versus
49%) and OS (12.9 versus 9.9 months).?>> This was not seen
in the concurrent treatment arm (PFS 3.9 months, RR 30%
and OS 9.1 months). Treatment-related and immune-related
grade 3/4 adverse events were more common in ipilimumab-
containing arms (concurrent 43% and 21%; phased 50% and
17%; and control 30% and 9%). One treatment-related death
due to hepatotoxicity was seen in the concurrent-treatment
group. On the basis of these data, a randomized phase III
trial of platinum-based chemotherapy (carboplatin or cispla-
tin and etoposide for four cycles) with or without phased ipi-
limumab in patients with extensive-stage SCLC is underway
(NCTO01450761). Tremelimumab is a fully human [gG2 anti-
body. A phase II trial failed to show an improvement in PFS
when maintenance tremelimumab was compared with best
supportive care (BSC) in patients with disease control (CR/
PR or SD) after four cycles of platinum-based chemotherapy
(20.9% versus 14.3% patients progression free at 3 months).>¢
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Nine (20.5%) of the tremelimumab patients experienced a
grade 3/4 adverse effects the most common being diarrhea
and colitis (9.1%). Studies with tremelimumab in combina-
tion with anti-PD-L1 therapy and gefitinib in patients with
NSCLC are ongoing (NCT02000947; NCT02040064).

Anti-PD-1 Antibodies

Nivolumab (BMS-936558), a human monoclonal IgG4
antibody, was the first anti-PD-1 antibody to demonstrate
activity in NSCLC patients. PD-1 is an inhibitory T-cell recep-
tor that is engaged by it ligands PD-L1 (or B7-H1) and PD-L2
(or B7-DC) predominantly within the tumor microenviron-
ment. 2% Promising activity was seen in a dose-escalation
trial that included 129 NSCLC patients treated with nivolumab
1, 3 or 10mg/kg IV every 2 weeks in an 8-week cycle.?”” An
RR of 17.1% was noted in the NSCLC population with no sig-
nificant difference between squamous (16.7%) and nonsqua-
mous (17.6%) patients. Drug-related adverse events were seen
in 53% of patients, 6% of which were grade 3/4 including gas-
trointestinal, pulmonary (pneumonitis), hepatitis, and infusion
reactions.’® On subset analysis, no significant difference was
seen in patients who were EGFR mutation positive or wild type
or KRAS positive or wild type.**! There was a difference in RR
between different dose levels; 3% for the 1 mg/kg cohort com-
pared with 24.3% and 20.3% for the 3 and 10 mg/kg cohort,
respectively. On the basis of these data, the 3mg/kg dose
was selected for further study, including a single-arm phase
IT trial of nivolumab in squamous cell lung cancer patients
(NCT01721759) and two randomized phase III trials compar-
ing nivolumab with second-line chemotherapy (docetaxel) in
squamous and nonsquamous NSCLC patients (NCT01673867;
NCT01642004). All three trials have completed accrual and
results are anticipated. In patients enrolled in the phase I trial
with tumor samples available for assessment, PD-L1 expres-
sion by IHC was associated with a response to therapy, whereas
no responses were observed in patients with tumors that were
PD-L1 negative.” A phase III trial is ongoing comparing first-
line nivolumab to investigator-choice chemotherapy in patients
with PD-LI-positive tumors (NCT02041533). Promising
results were seen in melanoma patients when nivolumab was
combined with ipilimumab,*® and a phase I trial is currently
evaluating nivolumab alone or in combination with ipilim-
umab in select tumor types including SCLC (NCT01928394).
In addition, a phase I trial is ongoing evaluating nivolumab
in combination with first-line platinum-based chemotherapy
in NSCLC patients (NCT01454102). Initial data presented at
ASCO in 2013 indicated a fairly high rate of grade 3/4 AEs
(49%) for combination of nivolumab and chemotherapy.***

MK3475 is a humanized IgG4 anti-PD1 antibody that is
also being evaluated in NSCLC patients. Preliminary results
from a phase I trial with MK-3475 10mg/kg administered
every 2 or 3 weeks reported a 24% response in the first 38
evaluable patients using immune-related response criteria and
a 21% RR using conventional RECIST response criteria.**
This response was higher in patients with tumors that were
positive for expression of PD-L1 (67% versus 4%). Median
PFS had not been reached at the time of initial data cut off.
Treatment-related adverse events, the majority of which were

grade 1/2 were noted in 53% of patients including fatigue
(16%), rash (16%), and pruritus (16%). Grade 3 pulmonary
edema was reported in one patient and two patients experi-
enced grade 2 pneumonitis. Ongoing trials are comparing two
different schedules of MK-3475 with standard chemotherapy
(docetaxel) as second-line therapy in patients with tumors
that are positive for PD-L1 expression (NCT01905657). In
addition, MK-3475 is being combined with standard che-
motherapy and immunotherapy in an ongoing phase I trial
(NCT02039674; NCT01840579).

Anti-PD-L1 Antibodies

BMS-936559, a fully human IgG4 molecule, was the
first anti-PD-L1 antibody to demonstrate activity in NSCLC
patients. An RR of 10% was observed in 49 patients enrolled
in a phase I trial evaluating multiple different dose levels with
no significant difference between squamous and nonsquamous
NSCLC patients.** Despite initial promising results, this agent
is not being further explored in lung cancer patients at this time.

MPDL3280A is a human IgG1 monoclonal antibody to
PD-LI1. A phase I trial that included 85 NSCLC treated with
MPDL3280A reported an RR of 23%.3% Preliminary data
reported that the RR was higher in tumors that were IHC3
positive (83%), defined as 10% of tumors staining positive for
expression of PD-L1 and in former and current smokers (11
of 43) compared with never smokers (1 of 10).3% Treatment-
related adverse events occurred in 66% of patients, of which
11% were grade 3/4 including fatigue, nausea, dyspnea, and
emesis. Trials of MPDL3280A are ongoing in patients with
tumors that are positive for expression of PD-L1, are ongo-
ing including a single-arm phase II trial of MPDL3280A
(NCTO01846416; NCT02031458), and a randomized phase III
trial comparing MPDL3280A with standard chemotherapy
(docetaxel) (NCT02008227). In addition, an upcoming phase
I trial is combining MPDL3280A with or erlotinib in NSCLC
patients (NCT02013219).

MEDI-4736 is a fully human antibody specific for
PD-L1. Binding of MEDI-4736 relieves B7-Hl-mediated
suppression of T-cell activation in vitro. An ongoing phase I
dose-escalation study including patients with NSCLC is eval-
uating different dose levels of MEDI-4736 including 0.1, 0.3,
and 1 mg/kg every 2 or 3 weeks. Data reported on the first 11
patients enrolled indicated toxicities similar to other agents
in this class and responses observed in NSCLC patients.>” A
phase Ib trial is evaluating MEDI-4736 in combination with
tremelimumab in NSCLC patients (NCT02000947).

LUNG CANCER VACCINES

Cancer vaccines are based on immune system stimula-
tion through the use of tumor cell antigens. Once the immune
system is activated, it may trigger a response to cells harbor-
ing these antigens, potentially leading to elimination of the
malignancy.’®® The two broad types of vaccines being evalu-
ated in patients with NSCLC are the tumor cell-based and
the antigen-based vaccines. Because the antigens are usually
poorly immunogenic by themselves, they are combined with
potent adjuvants that stimulate the immune response to the
vaccine without intrinsic antigenic effect.’”
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Tumor cell vaccines

Belagenpumatucel-L

Belagenpumatucel-L is an allogeneic tumor cell vac-
cine made of four irradiated NSCLC cell lines (H460,
H520, SKLU1, and RH2) modified with transformed growth
factor-f32 antisense plasmid.’'° Antisense gene inhibition with
decreased cellular expression of transformed growth factor-32
increases the immunogenicity of the vaccine. In a random-
ized phase II trial, 75 patients with NSCLC stages II to IV
were randomized to one of three doses (1.25, 2.5, or 5.0x 107
cells per injection) of the vaccine administered once every 1
or 2 months for a maximum of 16 injections. The treatment
was well tolerated and the two high-dose cohorts had a sig-
nificant improvement in OS compared with low dose. In the
phase III Phase III Lucanix™ Vaccine Therapy in Advanced
Non-small Cell Lung Cancer (NSCLC) Following Front-line
Chemotherapy (STOP) trial, 532 patients with NSCLC stage
IITA to IV were randomized to belagenpumatucel or placebo
after frontline therapy.’'' The study did not meet the primary
end point with a median OS of 20.3 and 17.3 months in the
vaccine and placebo arms, respectively (HR, 0.94; p = 0.59).

Among the 490 patients with stage IIIB or IV who
were randomized within 12 weeks from completion of front-
line therapy, there was a 7.4-month improvement in OS for
the vaccine arm, which did not reach statistical significance
(20.7 versus 13.4 months; HR, 0.75; p = 0.083). In the subset
of 99 patients with stage IIIB or IV non-adenocarcinoma, the
median OS was significantly higher for the vaccine arm (19.9
versus 12.3 months; HR, 0.55; p = 0.036). Therefore, although
the study did not meet the end point, the authors suggested
that selected subset analyses support the continued develop-
ment of belagenpumatucel-L in NSCLC.

Tergenpumatucel-L

Tergenpumatucel-L consists of three allogeneic lung
tumor cell lines (derived from adenocarcinoma, squamous
cell carcinoma, and large cell carcinoma) that were engi-
neered to express the o-galactosyltransferase enzyme, which
is one of the major causes of hyperacute rejection induced
with porcine xenografts transplanted into baboons.’'? In a
phase II trial, 28 patients with advanced NSCLC received ter-
genpumatucel-L 300 million cells per injection every 2 weeks
for eight doses.’"® The treatment was well tolerated without
serious adverse events. Eight patients (29%) achieved SD for
4 or more months, with five of 16 (31%) responding to subse-
quent therapy. The median and 1-year OS were 11.3 months
and 46%, respectively. An ongoing phase III study is compar-
ing tergenpumatucel-L to docetaxel in patient with previously
treated NSCLC.

Antigen-Associated Vaccines

Melanoma-associated antigen-A3

The melanoma-associated antigen-A3 (MAGE-A3)
is an antigen with expression limited to nonmalignant cells,
except for placental trophoblasts and testicular germ cells.
MAGE-A3 is expressed in approximately 35% of patients
with NSCLC. MAGE-A3 vaccine is composed of the protein

plus the adjuvant AS15. In a phase II trial, patients with com-
pletely resected MAGE-A3—positive stage IB or II NSCLC
were randomized to the vaccine (90 patients) administered in
13 doses over 27 months or placebo (60 patients).’!* Although
the treatment was well tolerated, there were no statistically
significant differences in disease-free interval, DFS, or OS.
Nevertheless, the trend favoring the vaccine arm for dis-
ease-free interval (HR, 0.75), DFS (HR, 0.76), and OS (HR,
0.81) led to the large phase III trial MAGE-A3 as Adjuvant
non-small cell lunG cancer ImmunoTherapy (MAGRIT),
where patients with resected stage IB to IIIA NSCLC and
MAGE-A3-positive tumors were randomized to placebo or
vaccine after adjuvant chemotherapy. The press release from
GlaxoSmithKline on March 30, 2014, indicated that the trial
enrolled 2312 patients worldwide and did not meet the pri-
mary end point of extending DFS.

Mucin-1

Liposomal BLP-25 (tecemotide) is a peptide-based vac-
cine consisting of a synthetic mucin 1 (MUC-1) lipopeptide
combined with the adjuvant monophosphoryl lipid A and three
lipids forming a liposomal product. In a phase II study, 171
patients with stage IIIB or IV NSCLC and no progressive dis-
ease (PD) after first-line therapy were randomized to BSC or
vaccine with 1000 pg weekly for 8 weeks followed by adminis-
trations every 6 weeks until tumor progression.*’* The vaccine
was preceded by one dose of cyclophosphamide 300 mg/m?.
This low-dose cyclophosphamide, administered 3 days before
the immunotherapy, does not have significant antitumor activ-
ity in NSCLC and was used to increase the immune response.
The study did not meet the primary end point with median OS
increasing from 13 months in the BSC arm to 17.4 months in
the vaccine group (p = 0.66). The greatest benefit for the vac-
cine was in the subset analysis of patients with locoregional
stage I11B disease, where the post hoc analysis showed that both
median (not reached versus 13.3 months) and 2-year OS (60%
versus 36.7%) favored the experimental arm. The Stimulating
Targeted Antigen Responses To NSCLC trial was a large inter-
national, randomized, double-blind, clinical study that random-
ized patients with stage IIIl NSCLC who did not have PD after
chemoradiotherapy, compared with tecemotide or placebo.’'¢
After the primary treatment, 829 and 410 patients were ran-
domized to tecemotide and placebo, respectively. The study
did not meet the primary end point of improving OS, with the
median OS increasing from 22.3 months in the placebo to 25.6
months in the tecemotide arm (HR, 0.88; p = 0.12). Subset
analysis of patients receiving concurrent chemoradiotherapy
showed an improved median OS for the 538 patients receiv-
ing tecemotide compared with the 268 patients randomized
to placebo (30.8 versus 20.6 months; HR, 0.78; p = 0.016).
A randomized phase III trial comparing tecemotide with pla-
cebo in patients with stage III NSCLC treated with concurrent
chemoradiotherapy (Stimulating Targeted Antigen Responses
To NSCLC trial 2) started in March 2014. A phase III trial
(Tecemotide liposome vaccine trial In Asian NSCLC Patients:
Stimulating Immune REsponse [INSPIRE] with an almost
identical design is being conducted in Asia.

TG4010 is a vaccine composed of the modified vaccinia
virus Ankara containing the sequence for the MUC-1 antigen

S54 Copyright © 2014 by the International Association for the Study of Lung Cancer



Journal of Thoracic Oncology® ¢ Volume 10, Number 1, Supplement 1, January 2015

Molecularly Targeted Therapies

and interleukin-2. In a phase I trial, two schedules of cisplatin
plus vinorelbine and TG4010 were evaluated, including concur-
rent therapy upfront and TG4010 followed by the combination
at progression.’'” Because only two of the initial 21 patients in
the sequential arm achieved SD for more than 6 months, this
strategy did not meet criteria by the two-stage Simon design for
further evaluation. In the concurrent arm, 13 of 37 evaluable
patients (35%) achieved PR, with a median OS of 12.7 months
and 1-year OS of 53%. In the phase IIB trial, 148 patients with
stage IIIB with malignant pleural effusion or stage IV NSCLC
were randomized to cisplatin plus gemcitabine alone or in com-
bination with TG4010.3'® The primary end point of the study of
PFS at 6 months was met, with a significant prolongation in the
vaccine arm compared with chemotherapy alone (43.2% versus
30%, p = 0.01). The experimental arm was also associated with
increased in RR (41.9% versus 28.4%) and median OS (23.3
versus 12.5 months). A confirmatory phase IIB/III trial (TIME)
started in January 2012 and allows a chemotherapy choice
among multiple platinum-based doublets.

OPTIMAL TRIAL DESIGN IN THE
ERA OF GENOMICS

Advancements in NGS technologies have resulted in a
dramatic shift in the clinical trials paradigm such that cancer,
once defined by many pathologically defined tumor types, is
considered to be a disease of the genome consisting of copious
small molecular subsets. This has motivated tailoring therapy
with molecularly targeted agents and resulted in re-examina-
tion of clinical trials conduct in light of the rarity of certain
genetic aberrations, the desire to bring new drugs to market
more quickly, and financial resources. Here, we outline some
current issues with the design of clinical trials with respect to
the bench-to-bedside approach of drug development.

Early Drug Development

National and international efforts such as TCGA and the
International Cancer Genomics Consortium have catalogued
genetic aberrations of dozens of tumor types across thousands
of candidate genes, resulting in massive public data sets and
innumerable hypotheses for new therapeutic targets.’!3?!
When paralleled by the advancement and reduction in costs
for the associated technologies and the scientific successes of
targeted agents such as imatinib and crizotinib in phase I tri-
als, the number of phase I studies enrolling patients by molec-
ular abnormality is increasing, as is the size of their expansion
cohorts, even though there is little statistical design literature
to support this approach.'?**'?7 The expansion cohort has
gradually morphed from an opportunity to learn more about
the safety of a novel agent to one in which efficacy data are
becoming of increasing importance despite a general lacking
of any expectation of statistical design for them. Often, the
total sample size of the expansion cohort may exceed the sam-
ple size anticipated in the phase II setting, where one would
otherwise formally test a prespecified hypothesis with clearly
stated type I and type II error rates. The problem with not
incorporating a trial design in this setting is that any expan-
sion cohort may be deemed a success from being subjected
to many subset analyses by histopathology, genetic mutation,

Copyright © 2014 by the International Association for the Study of Lung Cancer

and/or outcomes. Statistically, this type of “sampling to a fore-
gone conclusion” will result in false-positive findings; as this
practice becomes more common and omics-based tests are
more likely to impact this setting, discussions about whether
these cohorts truly serve the “phase I intent” should be revis-
ited. Consideration of unambiguous rules for stopping and
study success should also be given to expansion cohorts in
light of the historically low RR on phase I trials and the goal
of minimizing exposure to ineffective or toxic drugs.

Phase Il and Phase Ill Studies

To prevent premature advancement of genomic tests
for guiding treatment decisions, one of the significant recent
advancements in the design of oncology clinical trials has
been the development of a 30-point checklist to determine
the readiness of omics-based tests for guiding patient care in
clinical trials by the National Cancer Institute.’”® The criteria
apply to any trial in which the investigational use of a labora-
tory test will impact therapy and cover a wide range of topics
from establishing standards for sample collection to acquiring
strong evidence in support of the test to feasibility, ethics, and
legal issues. It is important to note that several of the checklist
criteria also apply to studies of single biomarkers, or panels of
biomarkers, measured by conventional methods as opposed to
high-throughput methods.

Assuming that the criteria from the checklist described
above are met, the next step is determining the optimal trial
design for evaluation of a therapy in the phase II or phase 111
setting. This choice of design may vary depending on the situ-
ation, but the fundamental statistical principles for power and
type I error rate considerations still apply for each phase of
development. An enrichment design is appropriate when there
is strong evidence that a molecularly targeted agent improves
outcomes among patients diagnosed with a cancer harboring
a particular biomarker; this type of trial enrolls only those
patients who test positive for the marker of interest, and in this
setting, the biomarker is referred to as a selection marker.32%33
The efficiency of the enrichment design depends on propor-
tion of patients with the marker of interest and the level of
efficacy among patients without the marker of interest. The
results obtained from these types of trials may not necessar-
ily be generalizable to populations of patients with different
tumor types characterized by the same marker.

If there is evidence that a therapy may benefit the
marker-positive and marker-negative patients, one can use
marker status as a stratification factor in a randomized trial to
ensure that the treatment assignment is equal within marker
subsets. If the goal is to demonstrate that a new agent has a
dramatically different effect on outcome in one marker group
than in another, then it would also be appropriate to power and
test for a marker by treatment interaction—this is statistically
the only way in which one may declare a candidate marker
as “predictive.” It is not appropriate to declare a marker as
predictive simply by observing differential relative outcomes
between the two groups of patients. If this latter situation is
likely the case, then another design option may be powering
the study for an overall treatment effect as well as for tests of
efficacy within each of the marker subgroups. With this type
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of design, treatment assignment depends on marker status,
so it is critical that test results be returned within a reason-
able timeframe so that randomization may take place, and the
planned marker subgroup analyses should be specified in the
protocol a priori. In the event that the marker analysis must be
done retrospectively, for example, due to feasibility issues or
issues with assay development, one may still be able to obtain
meaningful results in favor of prediction.?*!3

At this time, randomized designs remain the standard
procedure and are being implemented to validate the clini-
cal utility of a single biomarker, but implementation of these
studies can be challenging for two reasons: first, the rarity of
some tumors can dramatically hinder study accrual and make
for longer study durations, and second, at this time, we often
proceed with designing a study under the assumption that the
molecularly targeted population is characterized by the same
response to standard of care as the entire population when
establishing a null hypothesis for the control group. The latter
may not actually be the case, and in the event that a genetic
aberration confers better outcomes than a design had planned, a
randomized study may be underpowered to detect the improve-
ment in outcome for which it was designed. To counter these
concerns, nonrandomized designs may appropriate in some
settings but come with the caveat that response or duration of
response are really the only reliable efficacy end points and
are generally more common in earlier phases of drug develop-
ment, with confirmatory experience to follow after registration
since drugs often look promising in preliminary studies and do
not always translate to improvements in clinical outcomes.**

Predictive oncology has also spurred the research com-
munity to re-evaluate the target effect sizes incorporated in
statistical designs. The bar is much higher now. The dramatic
improvement in efficacy with drugs such as crizotinib and erlo-
tinib in targeted populations has demonstrated that large effect
sizes are possible, and that the relatively resource-intense
approach of designing studies to detect small differences that
may not be clinically meaningful does not parallel the goals of
rapid discovery and efficiency of the cancer genome era.

Platform Studies

The era of genomics has also motivated the oncology
community to re-examine the way that phase II and III stud-
ies are conducted such that “platform designs” are quickly
becoming the new standard. These trials enroll thousands of
patients to a single protocol for genomic screening and treat-
ment assignment to a substudy based on the genetic character-
istics of their disease. Examples of such efforts currently under
development are the The Adjuvant Lung Cancer Enrichment
Marker Identification and Sequencing Trials (ALCHEMIST),
Southwest Oncology Group 1400 (LUNG-MAP), Molecular
Profiling based Assignment of Cancer Therapeutics (M-PACT),
and Molecular Analysis for Therapy Choice (MATCH) trials.
Although each of these differs in terms of the statistical designs
and end points used by each of the trials encapsulated by the
overarching platform, it is believed that these now serve as the
new model for trial conduct and will result in more rapid drug
discovery and more definitive trials. These studies also have the
advantage of profiling all the tumors in a standard manner in a
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single protocol, but come with some hurdles as well, such as
securing drug supply across multiple sponsors and some uncer-
tainty about the ability to accrue a sufficient number of patients
with each aberration of interest.

Summary

Some research areas that are likely to further influence
the design and conduct of clinical trials in the era of genom-
ics include studies of intratumoral heterogeneity, epigenetics,
mechanisms of resistance, and clonal evolution. Presumably
more “trials of n = 1 will surface, but it is important to recall
that “the pleural of anecdote is not data” and that, while play-
ing a role in hypothesis generation, these types of experi-
ences are not comparable with prospectively designed studies.
Moving forward, many of the fundamental principles of trial
design, such as adequately powering a study and controlling
the false-positive rate, will remain even as our design change.
With national and international collaborations that carefully
consider all aspects of the research process, transformative
clinical trials will continue to impact patient care.
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