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Abstract　Treatmentwithepidermalgrowthfactorreceptortyrosinekinaseinhibitors (EGFRＧTKIs)
prolongsthe overallsurvivalofpatients with EGFRＧmutated advanced nonＧsmallＧcelllung cancer
(NSCLC)．EGFRＧTKIsincludingfirstＧgeneration(e．g．,gefitinibanderlotinib),secondＧgeneration(e．
g．,afatinibanddacomitinib)andthirdＧgeneration(e．g．,osimertinib)drugsareeffectiveforthetreatment
ofEGFRＧmutatedNSCLC．However,almostallpatientsexhibitdrugfailurerelatedtoresistanceincluding
primaryandacquiredresistance．SeveralmechanismsinvolvedinprimaryandacquiredresistancetoEGFRＧ
TKIshavebeenreportedrecently．PrimaryresistancetoEGFRＧTKIsinvolvespointmutationsinexon１８,
deletionsorinsertionsinexon１９,insertions,duplicationsandpointmutationsinexon２０andapoint
mutationinexon２１oftheEGFRgene．AcquiredresistancetoEGFRＧTKIscanbecharacterizedintotwo
groups:resistancetofirstＧandsecondＧgenerationEGFRＧTKIs,andresistancetothirdＧgenerationEGFRＧ
TKIs．ThethirdＧgenerationEGFRＧTKIresistancegrouppresentsacomplexmodelincludingEGFRC７９７S
mutations,erbＧb２receptortyrosinekinase２gene(ERBB２)amplification,BRAFV６００Emutations,ROS１
fusion,andMNNGHOStransforminggene(cＧMet)amplification．Personalizeddiagnosisandmonitoring
aswellasthedevelopmentofnextgenerationdrugsaredesperatelyneededforbettersurvivaloutcomesin
EGFR mutantNSCLC patients．Inthisarticle,wereviewthese mechanismsanddiscussthelatest
therapeuticstrategiestoovercomeresistancetoEGFRＧTKIs．
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１　Introduction

Lungcancerhasahigh morbidityand mortalityrate,andistheleadingprevalenceofcancerdeath
worldwide[１,２]．NewcasesinChinaaccountforaboutoneＧthirdoftheglobalcommunity,whichmakes
Chinathelargestcountrywithlungcancer [１]．Therapiddevelopmentoftargetedtherapysincethe
beginningofthe２１stcenturyhasgreatlyenhancedthetreatmentoflungcancer,especiallynonＧsmallＧcell
lungcancer(NSCLC)withdefinitemutationtargets．AlthoughEGFRＧTKIsmakeanexcitingtherapeutic
contributiontoEGFRＧmutatedNSCLC,mostpatientsdevelopresistancetoEGFRＧTKIs,irrespectiveof
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thetargetedtherapeuticdrugs used．Thus,improved understanding of mechanismsandtreatment
strategiesofdrugresistanceisessentialforthedevelopmentoftargetedtherapyoflungcancer．

２　ResistanceunderlyinginNSCLC

２．１　Primaryresistance
TKIdrugtreatmenthasachievedgreatsuccessforNSCLCpatientswithEGFR mutations．However,

theresmallnumbersofpatientswithdenovoEGFR mutationspresentwithapoorresponsetofirstＧline
treatmentwithTKIs．Primary,intrinsicordenovoresistanceisdefinedasafailuretorespondtofirstＧline
TKItreatment[３]．WespeculatethatthedifferentefficacyofTKIsmayberelatedtothemolecular
heterogeneityofEGFR mutations,includingintratumoralheterogeneityandintertumoralheterogeneity
[４]．Inourpreviousstudy,theLCMsystemArcturuswasusedtomicrodissectcapturedindividualtumor
cellsfrom１０EGFRＧmutantNSCLCpatients,andthensingleＧcellsequencingwasperformed．Intratumoral
heterogeneityofEGFRactivatingmutationsinlungadenocarcinomawasconfirmedatthesinglecelllevel．
ThisresultisconsistentwithareportbyZhangetal．ofmultiＧregiontissuesandmatchedcirculating
tumorDNA (ctDNA)sequencing [５]．Subsequently,weuseddirectsequencingandtheScorpion
amplificationrefractorymutationsystem (ScorpionsＧARMS)toanalyze１００advancedlungcancerpatients
treatedwithEGFRＧTKIs．Wefoundsignificantindividualdifferencesinmutantrelativeabundanceatthe
DNAlevelinpatientswithlungcancer,andspecificantibodystainingoftumortissuesalsoconfirmed
differencesinmutantrelativeabundanceattheproteinlevel．Bycomparingtheclinicalefficacyofpatients,
itwasfoundthattheabundanceofEGFRmutantscouldpredicttheefficacyofEGFRＧTKI,andthatlow
abundanceisonemechanismofprimaryresistance(Fig．１)[６]．

Figure１　ProgressionＧfreesurvival(PFS)ofpatientsinthe
various abundance of EGFR mutations [６]． ARMS,
Amplification refractory mutation system; Seq, DNA
sequencing．

Ingeneral,primaryresistancecanbedivided
intofourclasses:TKIresistanceinthepresence
of drugＧsensitizing EGFR mutations, drug
resistantEGFR mutations,genomicalterations
and EGFR mutations,and EGFR wildＧtype
tumors．Theresponse sensitivity of TKIsis
impacted bytherelativeabundance of EGFR
mutations[３]．NonＧsensitiveEGFR mutations,
includingexon１９mutationsL７４７S/D７６１Y,exon
２０ de novo mutation T７９０M and exon ２１
mutationT８５４A,arecloselyrelatedtoprimary
resistance[７,８]．Genomicalterationsalongwith
EGFR mutationsincludebutarenotlimitedto
MNNG HOS transforming gene (MET )
amplification [９]and KRAS mutants [１０]．
AmongtreatmentＧnaivepatientswithanEGFR
mutation,４􀆰２％—５􀆰０％ exhibited a denovo
T７９０M mutation[１１,１２]．
２．２　Acquiredresistance

FirstＧgenerationEGFRＧTKIs(e．g．,gefitinibanderlotinib)andsecondＧgenerationEGFRＧTKIs(e．g．,
afatinibanddacomitinib)hadanexcellenttherapeuticeffecton NSCLCpatientswithEGFRexon１９
deletionsorexon２１L８５８Rmutations[１３—１５]．However,almostallcasesexperienceddiseaseprogress
orrecurrenceafter１to２yearsofEGFRＧTKItreatmentthatwasrelatedtoacquiredresistance[１３—１５]．

２．２．１　AcquiredresistanceinfirstＧandsecondＧgenerationEGFRＧTKIs
Overall,２２４consecutivepatients withlungcancer whoacquiredresistanceafterfirstＧorsecondＧ

generationEGFRＧTKItreatmentinourcenterfrom ２０１０to２０１４ wereincludedinthestudy．HighＧ
throughputsequencingtechnologywasusedtoexplorethedistributiondifferenceofT７９０M mutations,
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METamplification,ALKfusion,KRASandPIK３CA mutationsandotheracquiredresistancemutations
betweenpatientswithEGFRexon１９deletionsorexon２１L８５８Rmutations．ThetotalincidenceofT７９０M
mutationsinthisstudywas４５．１％．ExceptfortheT７９０M mutation,therewerenosignificantdifferences
inMETamplification,histologicaltransformation,KRAS/PIK３CA mutation,andALKfusionbetween
thegroups．Wefurtheranalyzed７９２casesandfoundthattheproportionofT７９０MＧresistantmutationsin
theexon１９deletionsubgroupwassignificantlyhigherthanthatintheL８５８Rmutationgroup(５４􀆰５％vs
３７􀆰３％,P＜０􀆰００１)．TheoverallsurvivalofpatientswithT７９０M mutationswas３６􀆰０months(９５％CI:
３０􀆰９—４１􀆰２ months),which was significantly higherthan that of patientsin the METＧpositive
transformation,histologicaltransformation,andKRAS/PIK３CA/ALKＧalteredgroups．Thiswasthefirst
studytorevealthedifferenceinfirstＧgenerationEGFRＧTKIefficacybetweendifferentmutantsubtypes
fromtheperspectiveofresistanceheterogeneity,whichdemonstratedthatthedistributionofresistant
mutationsisanindependentprognosticfactorforTKIresistanceinpatientswithEGFRＧsensitivemutations[１６]．

２．２．２　AcquiredresistanceinthirdＧgenerationEGFRＧTKIs
ThirdＧgenerationirreversibleEGFR TKIs,designedtotargetEGFR T７９０M mutationsand EGFR

activatingmutations,havebeendeveloped．ThemedianprogressionＧfreesurvival(PFS)ofEGFRT７９０MＧ
positivepatientstreatedbyosimertinib wasabout１０ months [１７]．EGFR TKIssuchasolmutinib
(HM６１７１３),abivertinib (AC００１０),rociletinib (COＧ１６８６),naquotinib (ASP８２７３),mavelertinib (PFＧ
０６４７７７５)andnazartinib(EGF８１６)alsoshowedexcellenttherapeuticpotential[１８—２４]．However,even
patientswithgoodresponsestothirdＧgenerationEGFRTKIswilldevelopresistanceafter６—１０months[１７]．

Fourosimertinibresistance mechanisms wereidentified bystudiesofosimertinibＧresistant T７９０M
mutationpatientsincluding:(１)thecombinationofC７９７SandT７９０M mutations,andanovelreplacement
mutationoccurringatthejunctionsiteofosimertinib,whichmutatedthecysteineatposition７９７toserine
(EGFRC７９７S),thuscausingdrugconnectionrepression[２５]．AC７９７SmutationintheEGFRtyrosine
kinaseregion wasa majorresistance mechanism ofthirdＧgenerationirreversible EGFR TKIs [２６];
(２)T７９０M mutationwithoutC７９７Smutation;(３)lackofT７９０M mutationandC７９７Smutation;and
(４)lossofT７９０M mutation[２７]．Becauseonly６ofthe１５patientshadacquiredC７９７Smutations,this
suggestsothermechanismsmightmediatetheresistancetoosimertinib[２５]．Songetal．reportedthefirst
caseofa C７９７S mutationcausedbyolmutinib (HM６１７１３),whichprevented EGFRinhibitionand
promotedresistancetothirdＧgenerationsEGFRＧTKIs[２８]．Thesestudiesemphasizetheimportanceof
repeatedtestingofbiologicalsamplestoevaluatethepotentialresistancemechanismsofpatientswith
thirdＧgenerationresistance,andtheimportanceoftheresultsfortherapeuticstrategies．

ArecentstudyreportedalargedifferencebetweenthemutationsofC７９７Sincisorintrans．Niederstet
al．reportedthatthealleliccontextoftheC７９７Smutationhadapredictiveeffectontherapeuticstrategies
[２９]．WhenC７９７SandT７９０M mutationsarelocatedindifferentEGFRalleles,themutationistermedin
trans．CellswiththesemutationsareresistanttothirdＧgenerationEGFRＧTKIs,butaresensitivetothe
combinationoffirstＧandthirdＧgenerationEGFRＧTKIs[３０]．Mutationsincisaredefinedasmutationson
thesamesideoftheEGFRallele．NeitherEGFRＧTKIsalonenorEGFRＧTKIsincombinationinhibitits
activity．Fromtheabove,thelocationoftheEGFRallelesinwhichC７９７Sislocatedhasaneffectonthe
outcome of subsequent treatments [２９]． However,in cis mutations constitute most mutation
configurations,andC７９７SandT７９０M mutationsintransareseeninlessthan２５％ofcases[３０]．

InadditiontoC７９７Smutations,thirdＧgenerationTKIsalsoleadtomanynewmutationtypes[３１]．Loss
ofT７９０M mutations,HER２amplification,cＧMETamplification,KRASG１２Skinasemutations,EGFR
L７１８Qmutations,exon１８G７２４S２９,L７１８V３０,E７０９K３１,G７９６D mutations,BRAFV６００Emutations,
PIK３CA mutations,L７９２H,G７９６R３６aswellasERBB２and METamplificationarealsoconsidered
responsiblefortheresistanceofcaseswithnonＧT７９０MorC７９７SmutationstothirdＧgenerationEGFRTKI[３２]．

However,unlikeosimertinib,themajorresistancemechanismsoftheEGFRＧTKIabivertinibinclude
erbＧb２receptortyrosinekinase２gene(ERBB２)amplification,BRAFV６００E mutations,ROS１fusion,
andMNNGHOStransforminggene(cＧMet),butnotEGFRC７９７Smutations[３３]．Thismayberelated
toabivertinibtargetingcＧMETandBCLＧ２[３４]．Weanalyzedtheheterogeneouslandscapeofresistancein
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３２patientswithEGFR T７９０MＧpositiveadvancedNSCLCandprogressionin３１patientswithprevious
EGFRTKIswhohadreceivedabivertinib．Ofthese,１４％experiencedEGFRT７９０Mloss,１３％developed
EGFRtertiary mutationsincluding C７９７Sand３４％ showed EGFR amplification．CDKN２A,MET,
PIK３CA,HER２,TP５３,Rb１andsmallＧcelllungcancertransformation werealsofoundinresistance
patients(unpublisheddata)．TheseresultssuggestedthatthirdＧgenerationEGFRＧTKIresistancegenetic
alterationsmaybemorecomplicatedthanthatofthefirstＧorsecondＧgenerationEGFRＧTKIs．Therefore,
whenthirdＧgenerationEGFRＧTKIresistanceoccurs,multiplepathwaysmightbecoＧactivatedinducing
manynewgeneticvariants,diversifyinggenesassociatedwithresistance．

３　Diagnosis,monitoringandtreatmentstrategiesforEGFRＧTKIresistance

３．１　DiagnosisandmonitoringstrategiesforEGFRＧTKIresistance
LiquidbiopsytechnologymakesitpossibletomonitormutationsandprovideearlyTKItreatments[３５]．

MonitoringT７９０Mfromplasmasamplesisbetterthantheclinicalmanifestationofdiseaseprogression
becauseofearlierdetectionismoreconducivetothereplacementtherapyofthirdＧgenerationTKIs[３５]．
Moreover,ctDNAcanbeusedformultiplegenedetectiontoidentifypotentiallytargetablemechanismsof
resistance．A７０ＧgenecellＧfreeDNA (cfDNA)nextＧgenerationsequencingtechniquewasusedbyHelman
etal．todetect７７EGFRＧmutatedNSCLCstreatedwiththirdＧgenerationTKIs,and９３％and８５％ofcases
wereobservedtoharbortheinitialEGFRactivatingorEGFRT７９０Mresistancemutations,respectively
[３５]．Profilingofprogressionsamplesshowedsignificantheterogeneity,withdifferentvarianttypes(e．
g．,mutations,amplifications,andfusions)detectedinmultiplegenes(EGFR,MET,RB１)thatmay
driveresistanceinpatients,aswellasnovelalterationssuchasNTRK１fusion [３５]．Patientswith
detectableT７９０MshowedmarkedlyshorterOScomparedwiththeT７９０Mnegativegroup(２６．９monthsvs
NA),whichindicatedthefeasibilityandimportanceofmonitoringEGFR mutationdynamicsinNSCLC
patientswithTKItreatment[３６]．Therefore,dynamicmonitoringallowsthetimelyplanningofearly
treatmentstrategies．
３．２　TreatmentstrategiesforprimaryEGFRＧTKIresistance

Basedon the mechanisms of EGFR primary resistancecaused by concomitant gene mutations,
combinationtherapyhasgainedincreasingattention．Themaincausesofprimaryresistanceincludelow
EGFRmutationabundanceandabnormalexpressionormutationofothergenes．Therefore,itisnecessary
toquantitativelydetectEGFRmutationabundanceandawiderangeofothermoleculargenesforclinical
diagnosis．FornaiveadvancedEGFRmutatedNSCLCpatientswithalowabundanceofEGFRmutations
andnonＧtargettherapydrugs,concurrentorsequentialchemotherapy mightbeaneffectivetreatment
[３７]．Forpatientswithgenomicalterationswithrecognizedtargetedtherapeuticagents,suchascＧMET,
T７９０M mutations,thecorrespondingtargetedtherapeuticagentcanbedirectlyusedfortreatment[３８]．
３．３　TreatmentstrategiesforacquiredEGFRＧTKIresistance

３．３．１　Treatmentstrategiesbasedonclinicalassessment
TheclinicalcategorizationofEGFRＧTKIresistanceisadvantageouswhendeterminingstrategiesfor

treatmentandto predictsurvivalbenefitin advanced NSCLC．Based on radiologicaland clinical
examinationresults,weclassifiedtumorprogressionafterEGFRＧTKIfailureintothreemodestooptimal
treatmentprotocolsandimprovepatients􀆳survival:gradualprogression,localprogression,anddramatic
progression[３９]．Gomezetal．reportedthatlocalconsolidatedtherapywithorwithoutmaintenance
therapysignificantlyimprovedprogressionfreesurvivalcomparedwithmaintenancetherapyalone[４０]．
However,whetherlocaltherapycombinedwithEGFRＧTKIisbetterthanlocaltherapyaloneorEGFRＧ
TKImonoＧtherapyrequiresmoreevidence．Gandaraetal．dividedprogressivedisease (PD)intothree
subtypes:systemicPD,oligoＧPDand CNS (centralnervoussystem)sanctuaryPDinpatients with
acquiredresistancetoEGFRＧTKIsbasedonthesitesofprogression [４１]．Thecategorizationofclinical
modesprovidesasimple,practical,andfeasiblebasisfortreatmentstrategies,andimportantguidancefor
reＧbiopsytimeandlocationforresistancemolecularmechanismsresearch．
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３．３．２　TreatmentstrategiesbasedonEGFRＧrelatedacquiredresistancemechanisms
３．３．２．１　TreatmentstrategiestargetingT７９０M mutations
Exon２０T７９０M mutationsofEGFRarethemostcommonEGFRＧTKIresistancemechanism,andare

presentin５０％—６０％ ofpatientswithNSCLCafterEGFRＧTKItreatmentandinabout５％ ofNSCLC
patientswithouttreatment [４２,４３]．Moreover,thePFSofpatients withcombined EGFR L８５８R
mutationsor１９exondeletionswithT７９０M mutationsbeforeEGFRＧTKItreatmentwasinferiortothatof
patientswithonlyL８５８R mutationsor１９exondeletions,butwassuperiortothatofEGFR wildＧtype
patients．ThissuggeststhattheprimaryT７９０M mutationisanindependentpredictorandriskfactorfor
theprognosisoffirstＧandsecondＧgenerationEGFRＧTKIefficacy[４２,４３]．

OsimertinibwasthefirstEGFRＧTKIapprovedbytheFDA,EMAandNMPAforthetreatmentof
EGFRT７９０MＧpositivepatients．AURAstudiesreportedanobjectiveresponserate(ORR)of６１％—７１％
andamedianprogressionＧfreesurvival(PFS)ofabout１０monthsinEGFRT７９０MＧpositivepatientswith
osimertinibtreatment[４４]．OsimertinibalsoshowedrobustefficacyinthefirstＧlinetreatmentofpatients
withadvanced EGFR mutationＧpositive NSCLC [４５]．OtherthirdＧgeneration EGFRＧTKIssuch as
olmutinib(HM６１７１３),abivertinib(AC００１０),rociletinib,ASP８２７３andEGF８１６havebecomepotential
optionsforT７９０M mutations[１８,３３,４６]．

３．３．２．２　TreatmentstrategiestargetingC７９７Smutations
TheproportionofC７９７Spositivityisabout２１％indrugresistantEGFRＧT７９０MＧpositivenonＧsmallcell

lungcancerpatientstreatedwithosimertinib．InvitroexperimentsshowedthatT７９０M/C７９７Smutationin
transweresensitivetocombinationfirstＧandthirdＧgenerationEGFRＧTKIsandthisstrategywasconfirmed
inEGFRＧmutantlungcancerpatientsrecently[３０,４７]．However,becauseoftheheterogeneityofthe
tumor,notallpatientswith T７９０M/C７９７S mutationsintransshow benefitfromthistreatment．In
addition,osimertinibcombinedwitherlotinibwasineffectiveforT７９０M/C７９７Smutationsincis,resulting
inapoortherapeuticeffectinpatientswithconcurrentT７９０M/C７９７S mutationsintransandincis
(T７９０MandC７９７SarelocatedinthesameEGFRallele)[４７,４８]．

ToovercometheT７９０M/C７９７Smutationincis,somefourthＧgenerationEGFRＧTKIs,suchasEAI０４５
andbrigatinib[４９],havebeenscreened．Whencombinedwithcetuximab,theyhadagoodtherapeutic
effectagainstthetriplemutationofEGFRL８５８R/T７９０M/C７９７S．However,thestudyprovidelimited
informationbecausetheyusedmousemodelsandwhethertheT７９０M/C７９７Smutationisincisorintrans
isunclear[５０]．Recently,wereportedacaseofosimertinibresistance．Whencombinedwithcetuximab,
osimertinibblockedEGFRdimerizationandachievedinitialtreatmentbenefit．Theefficacyofbrigatinib
wasmarkedlyenhancedbycombinationwithantiＧEGFRantibodyassociatedwithadecreaseincellsurface
andtotalEGFRexpression [４９]．Recently,invitrostudiesindicatedthattrastuzumabemtansinein
combinationwithosimertinibdelayedandovercameresistancetoosimertinibinNSCLCEGFRmutatedcell
lines[５１—５３]．However,thereisstillaneedtoexplorefeasibletreatmentcombinationsforT７９０M/
C７９７SmutationsbeforetheapprovaloffourthＧgenerationEGFRＧTKIs．

３．３．３　TreatmentstrategiesbasedonnonＧEGFRrelatedacquiredresistancemechanisms
InadditiontoT７９０M/C７９７SmutationsandEGFRamplificationorlossoftheEGFRmutant,thereare

othernonＧEGFR mechanismsinvolvedintheresistanceinnearlyhalfofNSCLCpatients,i．e．cＧMet
amplification,HerＧ２amplification,RASmutations,PIK３CA mutationsandBRAFmutations．Forthese
patients,targetingbypasssignalingpathwayscombinedwithEGFRＧTKIsmightovercometheacquiredresistance．

３．３．３．１　TreatmentstrategiestargetingcＧMETamplification
cＧMETamplificationaccountsfor５％—２７％ ofthefirstＧgenerationEGFRＧTKIresistancemechanism

andisalsodetectedinpatientswithprimaryresistanceandthirdＧgenerationEGFRＧTKIＧtreatedacquired
resistance[５４—５６]．TheresistancemechanismsofthecＧMETsignalingpathwayiscomplex,includingcＧ
METamplificationresistance,proteinoverexpression,MET genomicaberrations,andexon１４shear
mutations[５５]．Therefore,forpatientswithfailedEGFRＧTKItreatment,METgeneamplification,cＧ
METproteinexpressionand METhotspotmutationshouldbedetected．InadditiontoinhibitingALK
genemutations,crizotinibhasaninhibitoryeffectonthecＧMETpathway,andthereforemightbea
potentialchoiceforthetreatmentofMET mutations．Aretrospectivestudyshowedthatpatientswith
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EGFRＧTKIresistanceand MET overexpression whoreceivedcrizotinibplusEGFRＧTKIorcrizotinib
monotherapyhadanoverallORRandDCRof５０．０％and８５．７％,respectively．ThemedianPFS(mPFS)
andmOSofpatientsreceivingcrizotinibplusEGFRＧTKIwere１２．６monthsand２４．０months,respectively
[５７]．Capmatinib(INC２８０)andtepotinibarenovelcＧMETtargetinginhibitors．AphaseIb/IIstudyby
ourteamshowedthatpreliminaryclinicalactivityofcapmatinibindicatedanORRof２７％．

３．３．３．２　TreatmentstrategiestargetingHER２mutations
ForHER２amplification,trastuzumabisapotentialtreatmentchoice．Trastuzumabemtansinewasused

totreatEGFRＧmutantNSCLC with HER２ mutationsinthePC９/HER２c１xenograftmodel[５１]．De
Langenetal．reportedthesafetyandefficacyoftrastuzumabandpaclitaxeltreatmentin２４patientswith
EGFRmutationwhohadHER２expression(IHC１＋)afterEGFRＧTKItreatment．TheORRwas４６％,
６７％inpatientswithHER２IHC３＋,and１００％inpatientswithHER２copynumber１０＋．Themedian
sizeoftumorswasdecreasedby４２％andthemediandurationofresponsewas５．６months[５８]．

３．３．３．３　TreatmentstrategiestargetingtheRASsignalingpathway
PreclinicalstudiesofosimertinibbyEberleinetal．reportedthatinpatientswithacquiredresistance,the

copynumberofWT NRASandKRAS mutations,includingthenovelNRAS mutation (E６３K),was
stronglydependentontheRASsignalingpathway．Inadditiontotreatmentwithosimertinib,MEK
inhibition(treatedwithselumetinib)alsoinhibitedtumorsintransgenicmice [５９]．However,further
clinicalevidenceisrequired．
３．４　Treatmentstrategiesforpathologicaltypetransformation

ArecentreportfoundthatapatientwithNSCLCtransformedtoSCLCwithEGFRT７９０M mutations
afterundergoingfirstＧgenerationEGFRＧTKItreatmentalthoughosimertinibmaintainedaclinicalresponse
for６months[６０]．ThisstudydemonstratedthatitisimportanttodetectEGFR T７９０M mutationsin
NSCLCpatientstransformedforotherpathologicaltypes[６０]．However,thispatientalsodevelopeda
C７９７Smutation,resultinginacquiredresistancetoosimertinib[６０]．

４　Challengesandperspectives

TheheterogeneityanddiversityofdrugresistanceafterEGFRＧTKItreatmentisasignificantclinical
problem [３５,６１]．Therefore,toovercomethemutationsinEGFRＧTKIresistance,somenewresearch
directionsareurgentlyneeded．

Inadditiontothedevelopmentofnewtargets,reＧsensitivetotargetmayalsobeapotentialstrategy．
T７９０M/C７９７SmutationsintranscanbetreatedwithacombinationoffirstＧandthirdＧgenerationEGFRＧ
TKIs．However,afterC７９７Sissuppressed,ahighfrequencyofT７９０M mutationsandEGFRexon１９
deletionsmayappear,forminganew drugＧresistantcancer,which needsnew treatmentstrategies．
AlthoughEGFR L７１８Visanovelmutationthatisresistanttoosimertinib,itissensitivetosecondＧ
generationafatinib,whichsuggeststhatthedifferentgenerationsofEGFRＧTKIarenotcompletely
sequential．ThismeansthatfirstＧandsecondＧgenerationTKIsmaystillbeeffectiveafterresistanceto
thirdＧgenerationEGFRＧTKIs[６２]．

WhethernovelmutationscoＧoccurwithgeneticalterationsorpostＧtreatmentacquiredalterationsis
importantfortreatmentstrategies．TheEGFRmutationswereoftenaccompaniedbyTP５３,RTK,RASＧ
MAPK,PI３K,WNT/βＧcatenin,CDK４/６andothergeneticalterations[６３]．OurinitialBENEFITalso
showedsimilarresults[１２]．Thesecombinedmutationsmightmaketreatmentevenmoredifficult,and
mightberelatedtoTKItreatmentresistance．AlthoughthenextgenerationofEGFRＧTKIshasbeneficial
efficacyandsafetyforC７９７Smutations,itslongＧtermperspectiveshouldbetreatnewlyＧacquiredmutations．

Althoughnewmutationsthatoccuraftertreatmentcontinuetobediscovered,whytumorsevolvenew
mutationsconstantlyisstillunknown．Moreover,themechanismofthirdＧgenerationEGFRＧTKIresistance
iscomplicatedandheterogeneous,andmanymutationformsarestillunknown;therefore,itisdifficultto
performtargetedclinicaltherapy [６４]．Thus,futurestudiesshouldinvestigatethefundamentaldriver
genesofEGFRmutations．Byblockingthesedrivergenes,theoccurrenceofnewmutantformsinducedby
EGFRＧTKIsmaybereducedandthetimetodrugresistancemightbedelayed．TPX２,AurorakinaseA
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andPKCδarepotentialdrivergenesfortheevolutionofresistancetoEGFRＧTKIinlungcancer[６５,６６]．
Weshouldnotonlystudygeneticmutationsthathavealreadyappeared,butalsopreventtheoccurrenceof
newmutations．Developingnewdrugsfromthisperspectiveisanimportantcurrentdirection．

ThenextgenerationofEGFRＧTKIsisconstantlybeingdeveloped,butprimaryandacquiredresistanceis
stillunavoidable．Currently,therapeuticstrategiesarebasedonthemechanismofEGFRＧTKImutations．
However,becauseoftheheterogeneityoftumorsandlimitationsofthedetectionmethodsused,wemay
notbeabletoidentifyalltheEGFR mutanttypesofNSCLC．ConqueringEGFR mutationsrequiresthe
provisionofnextＧgenerationTKIsthroughprecisionmedicineandresearchtounderstandthecoredriver
genesofconstantmutations．ThesestudiesshouldbeapriorityforthetreatmentofEGFRＧTKIresistant
NSCLCpatientsinthefuture．
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