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Peslome

Cratnata e nuTepaTypeH 0630p 3a MACTOTO Ha TUPO3UH-KUHA3HUA UHxnbuTop (TKW) gefitinib B
X0[a Ha cucTeMHaTa Tepanusa Ha HegpebHokneTbuYHMA 6enogpober kKapunHom (HOKBK) cnopep my-
TaUMOHHUA CTATYC Ha reHa 3a peLenTopa Ha enuaepManHua pactexxeH ¢aktop (EGFR). MogpobHo ce
onuceat curHanHma bt Ha EGFR, TepanesTnyHata n nporHoctuyHata ctonHoct Ha EGFR-myTaunnte
npu HOKBK v Bpb3kaTta mexkay Te3u MmyTaLmu, 1 TepaneBTUYHKA oTroBop KbMm gefitinib, naBawym ocHo-
BaHMe 3a pa3BUTUE Ha T.HAP. reHoTUN-0a3mpaHa TepaneBTNYHa CTpaTerus.

Onncea ce CbBPEMEHHOTO MO3HaHMe 3a comaTnyHuTe EGFR-myTaumum n monekynapHute mexaHu-
3MK 3a OTroBop KbM gefitinib, yTBbpKaaBaliy KMMHUYHOTO NPUOXKEHUE HA MEAVKAMEHTA, KaTo Bb3-
MO>KeH 1300p 3a NbpBa NMHUA cucTemHa Tepanua npu HOKBK c akTnempaim EGFR-myTaumm.

OncKyTpart ce 1 3BeCcTHMUTE KbM MOMEHTa MeXaHU3MM 3a Pa3BUTME Ha BTOPUYHA PE3UCTEHTHOCT B
Xopa Ha neueHueTto ¢ gefitinib.

Knouosu gymu: Gefitinib, Tnpo3nH-knHasHmn nuxmoutopwm, HOKBK, EGFR, EGFR-myTaumu, xummnoTte-
panus, TapreTHa Tepanus, NnpraobriTa BTOPMYHA PE3NCTEHTHOCT.
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Abstract

This article is a review of the role of the tyrosine-kinase inhibitor (TKI) gefitinib in the medical
treatment of non-small cell lung cancer (NSCLC) in view of the mutation status of the receptor for the
epidermal growth factor (EGFR). Detailed overview of the EGFR signaling pathway, the prognostic and
the predictive value of the EGFR-mutations in NSCLC has been performed. The relation between these
mutations and the clinical efficacy of gefitinib is discussed as possible grounds for further research
over of the genome-based therapeutic strategy.

The defined so far mechanisms for secondary drug resistance, developing during the treatment
with gefitinib are also a matter of discussion in the present article.

Key words: Gefitinib, tyrosine-kinase inhibitors, NSCLC, EGFR, EGFR-mutations, chemotherapy,
target treatment, acquired secondary resistance.
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YBog

BbenogpobHuAT kKapuunHom (BK) e Bogewa npu-
YMHa 3a CMBPT Cpep MauMeHTU CbC 3/10KavyecT-
BeHU 6onectun (51). Manka yvacT (< 15%) moraT aa
6baaT U3NeKyBaHM U Aa NMaT MPEXMBAEMOCT Haf,
neT rogMHW NpU aBaHCMpan CTaguin No Bpeme Ha
nunarHosa (24).

BbenoapobHMAT KapUMHOM Cce pa3fena Ha ape6-
HokneTbueH ([KBK) n HeppebHoKneTbueH (HAO-
KBK) BapraHT. HegpebHOKNeTbYHUAT Ce cpella B
oKono 85% oT ciyyaunTe 1 JOMb/IHUTENTHO Ce nofa-
pa3gens Ha NIOCKOK/IeTbY€EH, aleHOKapLMHOM 1
ronamokneTbueH noatun (7). MNpe3 nocnegHute
roanHu B CALLL n gpyrv permoHun Ha cBeTa XMCTo-
NIOTVYHUAT BapUWaHT Ha afeHOKapLUHOM HagMu-
HaBa Mo YeCcToTa NJIOCKOKIeTbUHMA (20, 72).

MatoreHesaTta Ha bK e HeAcHa. Pa3nuyHun dak-
TOPW Ha OKOJIHAaTa cpefa (6bakTepuanHu u BUpYyC-
HU nHbEKUUK, 3aMbpcsBaHe U TIOTIOHOMNYLLEHE)
yyacTBaT B Mnpoueca Ha KapuuHoreHesa (38).
Bb3HukBaHeTO Ha bK ce cBbp3Ba 1 C HaTpynBaHe
Ha MHOXECTBO FeHETUUYHWN W/UNN enureHeTUYHN
npomeHu (8, 19, 61).

PeuenTtopu 3a enugepmarneH pactexkeH ¢ak-
TOp M Hegpe6GHOKNeTbueH 6enoapobeH Kap-
LUHOM

YoBelLuK1Te TYMOPU YeCTO eKcrpecupaT BUCOKN
HUBA Ha enugepmaneH pactexeH dpaktop (EGF) un
HeroBu peuentopu (EGFR), kouto Bkntousat EGFR/
HER1, c-erbB2/HER2, c-erbB3/HER3 wu c-erbB4/
HER4 (11, 39, 55, 58, 74). Bcnuku peuentopu nmat
o6l eKcTpauenynapeH nuraHa-CBbp3Baly Ao-
MeWH, KONTO NnpuTeXxaBa MACTO 3a CBbp3BaHe C
apeHo3unH-Tpudpochatasa (ATO) n nputexasa Tu-
PO3MH-KMHa3Ha aKTUBHOCT. M3KnoueHne npasu
HER3, KONTO He e CBbp3aH C TakaBa aKTMBHOCT.
Mpwn cBbp3BaHe Ha nuraHaa Ha EGF peuentopbt
ce aKTUBMPA, OCHLIECTBABA CE XOMO- WS XeTe-
poavmepusauus, KoATo, OT CBOA CTpaHa, BOAW A0
aKTMBMPAHEe Ha BbTpelHaTa TUPO3UH-KMHA3Ha
aKTMBHOCT C nocneacTBalla asTopochopunauma
Ha TUPO3MHHUTE OocTaTbuu. [ocneaHWUTe akTMBU-
paT CUrHanHUTe MbTULLA, NPeaaBally CTMMynaLmua
KbM AApOTO. Te3n CUrHanHM Kackagu BKoYBaT
Ras-Raf-MAP-kuHa3n, PI3K-Akt n STAT-mbTULa,
KOWTO B KpalHa CMeTKa OKa3BaT perynatopeH
edeKT BbpXy KNneTbyHaTa nponudepauus, gude-
peHuraumsa, ouensaBaHe 1 Murpauna (46, 47,73).

Peuentopbt EGFR e ekcnpecupaH B pasnnynuy,
3HAUYMTENHO MO-HUCKW HMBA W B rofiAMa 4acT oT
HOpPMasIHUTE YOBELIKN TbKaHW. CBpbXeKcnpecu-
ATa UK akTMBaLMATa My MOXe Aia floBefie 0 Ma-
NUrHeHo TpaHchopmupaHe (43). CBpbxekcnpe-
cus ce Habnoaaea B okono 40-80% ot HAKBK (18,
58) 1 yecTo ce cBbP3Ba C arpeCcUBHOCT Ha TYMOPa,
yBEeNMYEH MeTacTaTUYEH NOTEHLMAN, BUCOKA NPO-
nudepaTBHa aKTMBHOCT 1 Jlowwa NporHosa (46,
47,52, 73). OcBeH CBpbXEKCNpecus, € Bb3MOXHO
n myTupaHe Ha EGFR (EGFRVIII), npu koeTo Tupo-
3UH-KMHA3HaTa aKTMBHOCT Ha peLienTopa ocTaBa
NPOABIIKUTENHO CTUMYSIMPaHA; TO3M MEXaHU3bM
e ngentnéurumpaH rmasHo npu HAKBK (13, 22, 53)
1 yyacTBa B npoLeca Ha TymoporeHesa (30, 76).

Background

Lung cancer (LC) is the leading cause of death
among patients with malignancies (51). A small
percent of the patients with advanced disease at
the time of diagnosis (< 15 %) can be cured and
have survival beyond 5 years (24).

Lung cancer can be divided into small-cell
lung cancer (SCLC) and non-small cell lung can-
cer (NSCLC). The non-small cell cancer accounts
for about 85% of cases and is subdivided into
squamous-cell, adenocarcinoma and large-cell
subtypes (7). In the latter years in the US and also
in other regions the incidence of the adenocar-
cinoma histologic subtype exceeds that of the
squamous cell subtype (20, 27).

The pathogenesis of LC is not clear. Different
environmental factors (bacterial and viral infec-
tions, pollution and smoking) take part in the car-
cinogenesis (38). The development of LC is also
related to the accumulation of a number of ge-
netic and/or epigenetic changes (8, 19, 61).

The epidermal growth factor receptors and
non-small cell lung cancer

Human tumors often have high expression of
epidermal growth factor (EGF) and its receptors
(EGFR), including EGFR/HER1, c-erbB2/HER2, c-
erbB3/HER3 and c-erbB4/HER4 (11, 39, 55, 58, 74).
All receptors have a common extracellular ligand-
binding domain, which has an adenosine triphos-
phatase binding site and tyrosine-kinase activity.
An exception is the HER3, which is not associated
with such activity. When bound to the EGF-ligand,
the receptors is activated and homo- or heterodi-
merization occurs, leading to the activation of the
intrinsic tyrosine-kinase activity, resulting in auto-
phosphorylation of the tyrosine residues. The lat-
ter activate signaling pathways, transmitting the
stimulus to the nucleus. These signaling cascades
include Ras-Raf-MAP-kinases, PI3K-Akt and STAT-
pathways, which finally exert regulatory effect on
the cell proliferation, differentiation, survival and
migration (46, 47,73).

The EGFR is also being expressed, but in dif-
ferent, significantly lower levels, in a number of
normal human tissues. Its overexpression or ac-
tivation may lead to malignant transformation
(43). Overexpression is found in about 40-80%
of NSCLC (18, 58) and is commonly related to ag-
gressiveness, increased metastatic potential, high
proliferative activity and poor prognosis (46, 47,
52, 73). Apart from overexpression, mutation of
EGFR (EGFRvIII) is also possible, with the recep-
tor’s tyrosine-kinase activity remaining perma-
nently stimulated; this mechanism was identified
mostly in NSCLC (13, 22, 53) and it plays a role in
the carcinogenesis (30, 76).



Gefitinib n EGFR-myTauun

Ton Kato EGFR vecto e cBbpbxeKkcnpecmpaH u
yyacTBa B TymoporeHe3aTta Ha HAOKBK, To3u pe-
LenTop 1 CUFHANHUAT My MbT MoraT Aa 6baat no-
TEHUMANHW NpuLenu 3a TapreTHo nedyexuve. Cne-
UMGUUYHNM TUPO3MH-KMHA3HWU nHXxmubutopm (TKW)
(EGFR-TKW), gefitinib n erlotinib, ca onobpeHn
33 NbpBU MbT OT AMepuKaHCKaTa JflekapCcTBeHa
komucma (FDA) KaTo MOHOTepanua npu aBaHCU-
pan unu metactatuueH HAKBK (14, 66). VI gBata
Me[IKameHTa ce CBbp3BaT C MACTOTO Ha ATD
BbB BLTPEKNETHUYHNA OOMENH U TaKa MHXMbupaT
dochopunaymaTa Ha pelenTopa.

Gefitinib  (ZD1839, Iressa®,  AstraZeneca
Pharmaceuticals) npenctaBnsasa opaneH meguka-
MEHT, KOMTO 6/I0KMpa TUPO3NH-KMHA3HaTa aKTuB-
HocT Ha EGFR u Bb3npenatctBa mHAyumpaHaTta
oT EGF nponudepauma npu KneTbyHu KynTypu.
AreHTBT UHXMOMpPA pacTexa W NpeausBUKBa pe-
rpecva Npu NPUNOXKEHNE BbPXY YOBELLIKN TYMOpP-
HU KceHorpadTn, cBpbxekcnpecupalum EGFR (75).
MpoabmKUTENHMAT NPUEM e onpefesNieH KaTo Hall-
yAauHa CcxemMa Ha JleyeHue Mopagnm Hal-gobpo
NPOABL/IKUTENTHO NOTUCKAHE Ha CUTHAMTHWA NMbT OT
EGF-peuenTopa, AOKa3aHO Npy MOAenn CbC Xu-
BOTHM (75) U CUMTAHO 3a NAEHTUYHO NPU paKkoBUTE
6onectn npu yosek (25, 37). NMbpBoHauanHo ¢asa
| KNMHUYHO NpoYyYBaHe onpefena AnapuaTa Kato
[030-TIMMUTMPALLA TOKCMYHOCT NpY AHEBEH Npu-
eM Ha 700-1000mg gefitinib (5, 25, 37, 56). OnucaH
e CbLo 1 06puB, NofobeH Ha akHe. 3a pa3nuka ot
KOHBEHLMOHaNHaTa xumnoTepanus, gefitinib He
BOAM IO MMENOCYNPeCcUs, HEBPOMNaTUA NN CUTHU-
¢dukaHTHa anoneuusa. B Tesn ¢asa | n nocnesaym
dasza Il npoyusaHus (36) ce notBbpAN 6bP30TO NO-
fobpeHre Ha CMMMNTOMMKTE, CBbP3aHWN C pakoBaTa
6051ecT, U NoCTUraHe Ha obpasHa PeHTreHoNorny-
Ha perpecua npu naunenTty ¢ HOKBK, nonyunnu
npeaLwecTealla xummoTtepanua (35).

EdektBHOCTTA Ha gefitinib e oueHeHa B ABe
paHaomMusMpaHu geonHocnenu ¢asa Il KnuHuu-
HW M3NUTBaHMA Npu nauneHTn ¢ HOKBK (21, 36).
Pesyntatute nokassaT gobpa MOHOCMMOCT KbM
nepopanHute EGFR-TKW. Gefitinib nputexasa
3HauYMMa aHTUTYMOpPHa aKTUBHOCT M nopobpsnBa
3HAUYUTENHO CBbP3AHNTE C KapLMHOMA CUMMTOMU
B onpepeneHn noagrpynu ot nauymeHtn (10-19%).
KeHunTe, HenylwauuTe, NaLMeHTUTe OT a3maTckaTta
paca 1 nauMeHTuTe C afeHoKapLUMHOM MoKa3BaT
no-fo6bp OTrOBOP CMPAMO MbXeTe, MyluayunTe,
KaBKa3KaTa paca v Apyrute XMCcToNIOrMYHU noa-
Tnnose Ha HOKB/ (14, 21, 36).

3a pa ce onpepenu ganu myTtauyuute B EGFR-re-
Ha UMmaT NpeanKTMBHa CTOMHOCT 3a OTFOBOP KbM
neyenmeto ¢ TKW, ca npoBefeHn JOMbAHUTENHN
n3cnefBaHuA, CeKBeHnpallm BCUYKNUTE My 28 ek-
30Ha. Taka ca naeHTUGULMpPaHN HAKONKO BaXXHW
aKTUBMpPALLM MyTaLuu, NPy KOUTO € OTKpKWTa Bne-
yaTnsABalla Kopesnawuma C OTTOBOpa KbM JieueHue ¢
gefitinib (40, 48). ToBa OTKpUTME € N3BECTHO KaTo
Hal-BaXXHOTO MOJIEKYNAPHO cbbuTre npu BK (42)
N CTUMYNUpa TbPCEHETO B Ta3n 0b6NacT, BOAENKM
[10 OTKpMBaHe 1 Ha gpyru myTtauuu (Tabn. 1).

Gefitinib and EGFR-mutations

As EGFR is commonly overexpressed and plays
a role in the NSCLC carcinogenesis, this receptor
and its signaling pathway can be a potential ther-
apeutic target. The selective tyrosine-kinase in-
hibitors (TKI) (EGFR-TKI) gefitinib u erlotinib were
the first to get approval by the Food and Drug Ad-
ministration (FDA) as monotherapy for advanced
or metastatic NSCLC (14, 66). Both drugs bind
to the ATP site in the intracellular domain, thus
blocking the receptor phosphorylation.

Gefitinib (ZD1839, Iressa® AstraZeneca Phar-
maceuticals) is an oral drug, blocking the EGFR
tyrosine-kinase activity and preventing the EGF-
induced proliferation in cell cultures. When ad-
ministered to human xenografts with EGFR over-
expression, the agent inhibits growth and causes
regression (75). Its long-lasting use is considered
to be the best therapeutic regimen due to the
best durable suppression of the EGF-receptor
signaling pathway, shown in animal models (75),
considered to be identical in human cancers (25,
37). A phase | pilot study identified diarrhea as
dose-limiting toxicity indicator in daily intake of
700-1000mg gefitinib (5, 25, 37, 56). Acneiform
rash was also described. Unlike conventional che-
motherapy, gefitinib causes no myelosuppres-
sion, neuropathy or significant alopecia. In these
phase | and the later phase Il trials (36) the quick
resolution of cancer-related symptoms and the
radiologic regression in NSCLC patient after pre-
ceding chemotherapy was confirmed (35).

The efficacy of gefitinib was evaluated in two
Phase Il, randomized, double-blind clinical trials
in NSCLC patients (21, 36). The results show good
tolerance of the oral EGFR-TKI. In certain patient
sub-groups (10-19%), gefitinib shows significant
anti-tumor activity and considerable improve-
ment of the cancer-related symptoms. Women,
non-smokers, Asian patients and adenocarcino-
ma patients show better response, compared to
men, smokers, Caucasian patients and patients
with other histologic sub-types of NSCLC (14, 21,
36).

To determine whether the EGFR-gene muta-
tions have predictive value for response to the
therapy with TKI, additional studies, sequencing
all of it 28 exons, have been conducted. This way
a couple of important activating mutations with
impressive correlation to the response to gefi-
tinib have been identified (40, 48). This discovery
is considered to be the most important molecular
event with relation to LC (42) and it stimulates the
research in this area, resulting in the discovery of
other mutations (Table 1).
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FeHoTUNM3MpaLLY MmeToAN

[1Ba BaxkHM paKTOpa NOBNMAXa OTKPUBAHETO Ha
comaTnyHuTe EGFR-MyTauum B KNMHUYEH acnekT.
MbpBMAT € HanMuMeTo Ha TyMOpeH reHom; 6e3
CbMHeHMe MoslyyeHuTe No XMPypruyeH nbT 3am-
pa3eHu (78) n napadprHoBM TyMOpHM Npobu (16)
Ca Hal-yfauyHu 3a aHanM3 Ha MyTaUMOHHUA CTa-
TYC, TbIA KaTo TbKaHWTe Ca VPEKTHO pe3eLupaHi
OT MbPBUYHNA TYMOP 1 NPEfOCTaBAT OCTaTbYHO
MaTepuan 3a reHoTunuaupaHe. fonAma yact ot
nauveHTUTe obaye He MogfexaT Ha XUPYpPrud-
HO feyeHVe Npu NOoCTaBAHe Ha AuarHosaTta (Ha-
npepHan ctaguin Ha 6onecTTa) 3aToBa HeXUpYp-
rMYHM Npobu (brioncma unu NNeBpanHU U3NMNBK)
CbLLO noanexaTt Ha uscneaBaHe. Asano 1 CbaBT.
(4) paxe ycnasat ga nsonupat EGFR-myTaumm ot

Method for gene sequencing

Two important factors influenced the discovery
of the somatic EGFR-mutations and their clinical
relevance. The first is the tumor genome avail-
ability; the surgically-acquired frozen (78) and
paraffin-embedded (16) tumor samples are be-
yond any doubt the best suited ones for mutation
status analysis, as they have been resected direct-
ly from the primary tumor and present enough
material for gene sequencing. A large number
of patients though are not elective for surgery at
diagnosis (advanced disease) and so non-surgical
samples (biopsy or pleural effusion) are also liable
to investigation. Asano et al. (4) even succeeded
to isolate EGFR-mutations from soluble DNA, ex-
tracted from pleural fluid. The second factor is the

Ta6bnuua 1. geHTndnympany mytauum B ek3oHm 18-21 Ha EGFR-reHa (RefSeq NM_005228).*

MpomsaHa 3amecTBaHe Mpomsaxa 3amecTBaHe
B nocsiefoBaTtesIHOCTTa Ha aMWUHOKNCeNnnHn Pe¢epeHL|vm B nocnenoBaTe/IHOCTTa Ha aMUHOKWNCcennHn Pe¢epeuum|
Ek3oH 18 EK30H 20
2126A>T E709V 44,63 2308 ins GCCATA M766-A767 c Al ins 16
2126A>C E709A 27,78 2308 ins CCAGCGTGG+ A767-5768 ¢ SVA ins 16
2126A>G E709G 27,78 2310C>T silent
2125G>A E709K 78 2303G>T s768| 16,27,63,78
2155G>A 17155 63 Dup (2549-2557) $768-D770 dup 27
2155G>T G719C 16,27, 40, 41, 2308-2316 ins GCCAGCGTG ASV770-772 ins 63
44,6378 2320-2322 ins CAC H774ins 63
2155 GA G7195 27,48,63,78 2317-2222 ins AACCCC+ NP773-774 ins, H775Y 63
2156 G>C G719A 16,27, 44, 63,67 23 ot
2159C>T S720F 63,67 2320-2325 ins CCCCAC PH774-775 ins 63
Exson 19 2320-2328 ins AACCCCCAC NPH774-776 ins 63
2225T>C V742A 65 3260T p— 2
Jooel2236 2284 E746 R748 del  E749Q, 10 2308 ins (CCAGCGTGG)+ ins779 ASV+P782R 67
Del (2235-2249)/del (2236-2250)  E746-A750 del 16,27, 40, 41, 2310C2T +2315C>G
44,45, 48, 63, 2311 ins (GCGTGGACA)+ ins780 SVD+P782R 67
65,67, 78
2315C>G
Del (2235-2236)+ E746-A750 del c |, P ins 67
2369 COT T790M 6,32, 34,50
Del (2242-2248) + 2241A>C
Ek30H 21
Del (2237-2251) + 2252C>T E746-A750 del c V ins 63
- 2743T5G L833V 27
Del (2237-2251) E746-T751 del c Ains 27,41,45,67,78
- 2750A>T H835L 27
Del (2235-2236)+ E746-T751 del c lins 63,67
2758C>G L838V 27
Del (2239-2252)/
2513T>C L838P 65
Del (2235-2252)+
2520C>T AB40A 65
2254T>A +2255C>T
- 2527G>A V843l 65
Del (2235-2236)+ E746-T751del I, P ins 67
2551G>A V851l 65
Del (2242-2248) + 2241A>C
- 2572C>A L858M 41
2237-2238 AASTC+ E746-T751 del ¢ Vins 63,65
2573T>G L858R 16,27,40,41,
Del (2239-2253) 44,45, 48,63,
Del (2484-2501) E746-S752 del c D ins 27 65,67,78
Del (2237-2254) + 2255C>T E746-5752 del c Vins 45,67,78 2582T>A L861Q 27,40, 44,63, 78
Del (2239-2247) L747-E749 M 2593G>A E856L 65
Del (2239-2247) + 2248G>C L747-E749 del c P ins 44,48,63,78 2612C>T AB71V 65
Del (2240-2248) + 2239T>C L747-T750 del c P ins 63,67
*I'IpeﬂCTaBeHl/l Ca camo MyTauunTe, NPOMeHALLM e AHOBPEMEHHO HyKNneoTnaHata h aMnHO-
Del (2238-2252)/ L747-T751 del 27,63,65,67 KICENHHATA NOCHEROBATENHOCTI.
Del (2239-2253)/
Del (2240-2254)
Del (2240-2251) L747-T751 del ¢ S ins 40,41,67
Del (2239-2256) L747-5752 del 27,67
Del (2239-2256) + 2258 C>A L747-5752 del c Qins 63
Del (2238-2255) + 2237A>T L747-5752 del, E746V 48
Del (2240-2257) L747-P753 del ¢ Sins 27,40, 41, 44,
45,48, 63,65,
67,78
Del (2240-2257) L7475, R748-P753 del 16
Del (2254-2277) $752-1759 del 16,48
2273A>G E758G 65

20



pa3tBopuma [HK, ekcTpaxmpaHa oT niespasnHa
TeyHocT. Bropuat dakTop e, uncrtorata” Ha Tymop-
HWUA reHOM: B MONyYeHnTe Npoby YecTo 1ma rons-
Ma 4YacT OT HOPMaJIHM HEepPaKOBU KNETKU, KOUTO
yBenuMuyaBaT KonmyecTBOTO Ha anenute ,Ans Tmn”
M MoraT Aia pa3ceAT CUrHana Ha 61oMorMyYHO aK-
TUBHUTE N BaXKHW COMaTUYHU MyTaumn. ETo 3awo
CEH3WTMBHOCTTA Ha FreHOTUNU3MpaLLMA MeTon e
OT rofIAMO 3HaYyeHue 3a OTKPMBaAHE Ha MyTaLMW.
CoblyecTByBaT pas3MyHM MeTOAM 3a onpeaens-
He Ha cTaTyca Ha EGFR, Ho Hail-yecTo n3non3eaHu
ca PCR-6a3upaHuTte (16, 27, 40, 48, 63). 3non3ea
Ce CbLUO U TECTBT C EfHOBEPMKEH KOHPOPMaLMO-
HeH nonnumopodmrsbm (Single-strand conformation
polymorphism, SSCP). Hai-uectute myTauumu B
EGFR ca geneuus, niucepuma n MucceHc-myTauma

“purity” of the tumor genome: the samples ac-
quired often contain a large number of normal,
non-cancerous cells, which increase the number
of “wild” type alleles and which can distract the
signal of the biologically active and important so-
matic mutations. Therefore the sensitivity of the
gene-sequencing method is of great importance
for the discovery of mutations.

There are different methods for determining
the EGFR-status, but the most commonly used are
the PCR-based ones (16, 27,40, 48, 63). The Single-
strand conformation polymorphism (SSCP) test is
being used. The most common EGFR-mutations
are deletions, insertions and missense mutations,
usually occurring in the tyrosine-kinase coding

Table 1. Identified mutations in exons 18-21 of the EGFR-gene (RefSeq NM_005228).*
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Change in the sequence Amino acid substitution Reference Change in the sequence Amino acid substitution Reference
Exon 18 Exon 20
2126A>T E709V 44,63 2308 ins GCCATA M766-A767 c Al ins 16
2126A>C E709A 27,78 2308 ins CCAGCGTGG+ A767-S768 c SVA ins 16
2126A>G E709G 27,78 2310C>T silent
2125G>A E709K 78 2303G>T S768I 16,27,63,78
2155G>A 17155 63 Dup (2549-2557) $768-D770 dup 27
2155G>T G719C 16,27,40, 41, 2308-2316 ins GCCAGCGTG ASV770-772 ins 63
44,6378 2320-2322 ins CAC H774ins 63
2155 GA G7195 27,48,63,78 2317-2222 ins AACCCC+ NP773-774 ins, H775Y 63
2156 G>C G719A 16,27, 44, 63, 67 2293 CoT
2159C>T S720F 63,67 2320-2325 ins CCCCAC PH774-775 ins 63
Exon 19 2320-2328 ins AACCCCCAC NPH774-776 ins 63
2225T>C V742A 65 2326CT R776C 9
Jooel2236 2284 E746 R748 del  E749Q, 10 2308 ins (CCAGCGTGG)+ ins779 ASV+P782R 67
Del (2235-2249)/del (2236-2250)  E746-A750 del 16,27, 40, 41, 2310C2T +2315C>G
44,45,48,63, 2311 ins (GCGTGGACA)+ ins780 SVD+P782R 67
65,67,78
2315C>G
Del (2235-2236)+ E746-A750 del c |, P ins 67
2369 C>T T790M 6,32,34,50
Del (2242-2248) + 2241A>C
- Exon 21
Del (2237-2251) + 2252C>T E746-A750 del c Vins 63
- 2743T>G 1833V 27
Del (2237-2251) E746-T751 del c Ains 27,41,45,67,78
- 2750A>T H835L 27
Del (2235-2236)+ E746-T751 del clins 63,67
2758C>G 1838V 27
Del (2239-2252)/
2513T>C L838P 65
Del (2235-2252)+
2520C>T A840A 65
2254T>A +2255C>T
- 2527G>A V843| 65
Del (2235-2236)+ E746-T751del cl, Pins 67
2551G>A V851l 65
Del (2242-2248) + 2241A>C
2572C>A L858M 41
2237-2238 AADTC+ E746-T751 del c Vins 63, 65
2573T>G L858R 16, 27,40, 41,
Del (2239-2253) 44, 45,48, 63,
Del (2484-2501) E746-5752 del c D ins 27 65,67,78
Del (2237-2254) + 2255C>T E746-5752 del cVins 45,67,78 2582T>A L861Q 27,40,44,63,78
Del (2239-2247) L747-E749 a4 2593G2A E8s6L 65
Del (2239-2247) + 2248G>C L747-E749 del c P ins 44,48,63,78 2612C5T A871V 65
Del (2240-2248) + 2239T>C L747-T750 del c P ins 63,67
*Only the mutations, changing both the nucleotide and amino-acid sequences, are
Del (2238-2252)/ L747-T751 del 27,63,65,67 presented.
Del (2239-2253)/
Del (2240-2254)
Del (2240-2251) L747-T751 del ¢ Sins 40,41, 67
Del (2239-2256) L747-5752 del 27,67
Del (2239-2256) + 2258 C>A L747-5752 del cQiins 63
Del (2238-2255) + 2237A>T L747-5752 del, E746V 48
Del (2240-2257) L747-P753 del ¢ Sins 27,40, 41, 44,
45,48, 63,65,
67,78
Del (2240-2257) L7475, R748-P753 del 16
Del (2254-2277) $752-1759 del 16, 48
2273A>G E758G 65
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N Hal-yeCTo Bb3HMKBAT B KOoAMpPaLLMA TUPO3UH-
KNHa3€eH JoMeNH (ek30HU 18-21). AMUHOKUCENN-
HUTe Ha 746-753 No3uumA ce KogmpaT OT eK30H 19,
a aMMHOKMcenuHata Ha 858 no3uuma — oT eK30H
21.ToBa ca,ropeLymTe TOUYKKN®, B KOUTO Bb3HMKBAT
Hag 80% ot myTauunTe. Bcuukn ngentnduympa-
HW MyTaLMKM Ca COMATUYHW, @ He HAaCcNeACTBEHN.

OnuncaHute no-rope EGFR-myTaumm Bb3HUK-
BaT paHO B NpoLieca Ha KapLuMHoreHesa u HAMaT
Bpb3Ka CbC CTaauA Ha 6onectTa (41). Jobpe- nnu
ymepeHoaundepeHLMpaHnTe TYyMOpY MMaT MnoBe-
ye EGFR-myTaummym oTKONKOTO HuckopndepeH-
umpaHute (67). Hakon myTauyum moraT ga ca Ha-
JINYHWU B enuTenia Ha HOPMaJIHU PecnupPaTopHU
nbTUwa (70). OHKOreHHUTE KayecTBa Ha MyTupa-
nute EGFR-reHu ce cBbp3Bat € ycuneaHe Ha 3aBu-
cumata ot ERF-peuenTopHa akTmBauma (Tyr1068)
(40). MbTMWaTa HaJoOMy KbM AAPOTO — NPOTENH-
KnHazaTa B (Akt) n curHanHuTe TpaHcaocepu u
aKTUBaTOpW Ha TpaHckpunuuaATa (STAT) - cbuo
ca aKkTuBMpaHu (33, 68, 71) 1 MaT BaxkHa aHTU-
anonTto3Ha ¢yHKumA. Mpu myTauma Ha EGFR pe-
LenTopbT ce NoTucka ot mankm PHK n nbrmwara
Akt n STAT ce 6noKnpaTt, MHAYLUMpPaiKy anonTosa.
CowmAaT edeKT ce NocTura n oT NPUSIoKEHNE Ha
EGFR-TKW Bbpxy KneTbuHu nuHuu (49, 68, 71).
Te3n gaHHW npepnonarart, ye myTaunnte B EGFR
noaabprKaT pacTeXa Ha TYMOPHUTE KNETKU U
noaabpKaT ManurHeHua cu GeHoTMn ypes ce-
NeKTUBHO akTuBUpaHe Ha Akt u STAT curHanHuTte
nbTULLA.

MyTaumn B EGFR-reHa ce oTKpusat npu okono
30-40% ot HOKBK n ce cBbp3BaT C uyBCTBUTEN-
HOCT Ha Tymopa 3a neyeHue c gefitinib (26, 57, 69).
Bpb3ka mexpy EGFR-myTaummnte n ysBennueHums
6pon kKonua Ha EGFR-reHa ca gokasaHu B npeg-
KNUHWYHY (1, 71) 1 KNUHWYHKM u3nuTtBaHua (1, 45,
69) 1 ToBa 61 mMorno Aa obacHu 3awo gefitinib e
aKTUBEH 1 Npu Tymopu ¢ amnnndurkauma Ha EGFR.
dakTopu, npepgnonarawy passutue Ha EGFR-
MyTauuu npu Heppe6GHoOKneTbuyeH Genogpo-
6eH KapLuHOM

Kato uano EGFR-myTaumute ca no-yectn npu
NauVeHTU C OPUEHTANCKN NMPOU3XOA, NPU »KEHN,
npwu Henywaun n Npu XMCTONOrMYEH MOATMN Ha
afileHoKapLuyHoM (64).

ETHnueckn npousxop. Yectotata Ha EGFR-my-
TauuuTe Bapupa: npu KaBka3skaTta paca ca okono
5-13% (16,41, 63), AOKATO NP U3TOYHOA3UATUUTE
yecTtoTaTa e okono 30-40% (27, 34, 63). MexxpyeT-
HUYeKnTe pasnnuma morat ga 6vaaT obACHEeHU ¢
JOMVHMpawWuTe nNoaMMopdnaMm Ha efuHUYHN
Hykneotuan npu AsmatckaTa u KaBkaskarta nony-
naummn.

TioTioHoNyLwWweHe. ToBa e Han-3HAYUMUAT PUC-
KoB daKTop 3a pa3BuTMe Ha bK. HutposamumHute
N apoMaTHWTe BbIMEBOAOPOAM Ca ABaTa Kraca
BellecTBa OT OKOJIO CTOTe KapLuMHOreHa, KouTo
BOAAT A0 pa3ButMe Ha myTauuu (54). Unrapexu-
AT gum obaue He e myTareHeH ¢aktop 3a EGFR,
TbI KaTo MyTauuuTe ca No-4yecTu Mpu nayueH-
TW, KOUTO HMKOTa He ca nywunun. Jpyru puckosu
dakTopy 3a Bb3HUKBaHe Ha EGFR-myTauun npu

domain (exons18-21). The amino acids on posi-
tion 746-753 are coded by exon 19 and the amino
acid on position 858 — by exon 21. These are the
“hot spots”, in which more than 80% of mutations
occur. All identified mutations are somatic, not
inherited.

The described EGFR-mutations develop early
in the carcinogenesis and are not related to the
stage of the disease (41). The well- and moder-
ately-differentiated tumors have more EGFR-mu-
tations than the poorly-differentiated ones (67).
Some mutations can be seen in the epithelium
of the normal respiratory passages (70). The on-
cogenic properties of the mutant EGFR-genes are
related to the amplification of the ERF-dependent
receptor activation (Tyr1068) (40). The pathways
to the nucleus - protein-kinase B (Akt) and the
signal transducers and transcription activators
(STAT) - are also activated (33, 68, 71) and have
an important anti-apoptotic function. With muta-
tions the EGFR is suppressed by small RNA and
the Akt and STAT pathways are blocked, induc-
ing apoptosis. The same effect is achieved and
through the use of EGFR-TKI on cell lines (49, 68,
71). These data suggest that the EGFR mutations
support the tumor cells growth and their malig-
nant phenotype through selective activation of
the Akt and STAT signaling pathways.

EGFR-gene mutations are found in approxi-
mately 30-40% of the NSCLC cases and are re-
lated to tumor-sensitivity to gefitinib (26, 57, 69).
The relation between the EGFR-mutations and
the increased number of EGFR-gene copies has
been shown in both pre-clinical (61, 66) and clini-
cal studies (1, 45, 69), and that could explain why
gefitinib is active for the treatment of tumors with
EGFR amplification.

Factors, assuming the development of EGFR-
mutations in non-small cell lung cancer

Generally the EGFR-mutations are more com-
mon in patients of oriental descent, women, non-
smokers and in patients with adenocarcinoma
(64).

Ethnicity. The prevalence of the EGFR-muta-
tions varies: approximately 5-13% in the Cauca-
sian race (16, 41, 63) and approximately 30-40%
in the East-Asian population (27, 34, 63). The dif-
ferences between the ethnic groups can be ex-
plained with the dominant polymorphisms of the
single nucleotides in the Asian and the Caucasian
population.

Smoking. This is the most significant risk fac-
tor for the development of LC. The nitrosamines
and the aromatic hydrocarbons are two classes of
compounds from about a hundred carcinogens,
resulting in the development of mutations (54).
The tobacco smoke though is not a mutagenic
factor for EGFR, because the mutations are more
common in never-smokers. Other risk-factors
for the development of EGFR-mutations in non-



Henywauyn morat fa ca gpyrm 6enonpobHu 6o-
NecTy, NaCMBHO TIOTIOHOMYLUEHe, U3NnapeHnsa npu
roTBeHe B 3aTBOPEHM MOMeLLEHWA, BPeAHOCTU B
paboTHata cpepa u ap. (9). Heobxogumu ca po-
MbAHUTENHN U3CNeABaHUA 3a naeHTuduUmnpaHe
Ha MHOXeCTBOTO MyTareHHW ¢dakTopu C ornep
npeumnsMpaHe Ha TAXHaTa MyTareHHa CocoOHOCT.

Mon. EGFR myTaunmTe ca no-uyectun npu »eHu,
0CcobeHO OT a3naTcky npomsxoa. Tasn pasnuka ce
CBbP3Ba C TEXHMA HaYMH Ha XXMBOT — KaTo LUANo
»KeHWTe ca B No-ronsmMa cTeneH Henywauu, pabo-
TAT B AOMaKMHCTBO (rOTBEHE 1 YMCTEHE), AOKaTO
MbXXeTe MO-4YecTo Ca WHTEH3VBHMW MyLaym u ca
Mo-4ecTo CBbP3aHu C APYrv COLMANHN AENHOCTU.

Xnctonorna Ha HOKBK. EGFR-mytaumute ce
cpelyaT no-4ecto Npu afeHoKapLUMHOM ClpAMO
oCTaHanuTe XWCTONOTMYHU nopaTunoBe. AfeHo-
KapUMHOMBT OOMKHOBEHO Bb3HMKBa B Nepudep-
HUTe auxaTenHu nbtuwa (23). BbamoxHo e cne-
undryHaTa KneTbyHa cpeaa fa e no-nopativea
Ha BAAHNA, nHayumpawm EGFR-myTtaumn.
KnuHnyHo 3HavyeHune Ha EGFR-myTauunte

Hannumeto Ha aktmsBmpawm EGFR-myTaumm ce
CMATa 3a Han-gobpuAa NpeanKTUBEH Mapkep 3a
OTroBOp KbM seyeHue ¢ TKW. MHoxecTBO pe-
TPOCMEKTMBHW aHann3y Nokaseat, Ye 06eKTUBHY-
AT OTroBOp Npu neveHue ¢ gefitinib e no-sucok
npu nayueHT! ¢ MyTauumn cnpsmo Tesu C ,AMB
TMN” Ha peuenTtopa (Tabn. 2).

MbpBOTO NPOCMEKTMBHO M3MNWTBaHe e npoBse-
JeHo B AnoHuA cbC 75 nauueHTV C aBaHcMpan
HOKBK, Henonyuyasanu xumwmnotepanua. OT TaAX
25 ca ¢ EGFR-myTauuu, 16 nonyyasat neuyeHue ¢
gefitinib, a octaHanute 9 - xummnotepanus. OTHoO-
BO € pernctpupaH TepaneBT/YeH OTFOBOP KbM

smokers could be lung diseases, passive smoking,
cooking fumes in closed premises, professional
hazards, etc. (9). Additional research is necessary
for the identification of the multiple mutagenic
factors and the exact qualification of their muta-
genic potential.

Sex. The EGFR-mutations are more common in
women, especially of Asian descent. This differ-
ence is attributed to their daily routine - women
generally smoke less, perform household work
(cooking and cleaning), while men are more com-
monly heavy smokers and have different social
activities.

NSCLC histology. The EGFR-mutations are more
common in adenocarcinoma than in other his-
tologic subtypes. The adenocarcinoma usually
arises in the peripheral airways (23). The specific
cellular surrounding could be more pliable to fac-
tors, inducing EGFR-mutations.

Clinical significance of the EGFR-mutations

The presence of activating EGFR-mutations is
considered to be the best predictive marker for
response to therapy with TKI. A number of retro-
spective analyses have shown that the objective
response rate of the gefitinib therapy is higher in
patients with mutations compared to the ones
with the “wild type” receptor (Table 2).

The first retrospective trial was conducted in
Japan and included 75 patients with advanced
NSCLC on chemotherapy. Of them 25 patients
had EGFR-mutations, 16 patients were treated
with gefitinib and the remaining 9 patients were
on chemotherapy. Once again therapeutic re-

Ta6nuua 2. EGFR-myTauum, KnuHyeH oTroBop npu neveHne ¢ TKM n obla npexxnsaemocr.

MyTtauuu/otroBop | O6ekTnBeH otroBop*

Bpeme go nporpecna*

CpefHa npeXmnBAemMocT (Meceuu; MyTupan

npu neyeHne (myTupan cpewyy (meceun; myTupan cpewy cpewy “ans TMn")

¢ EGFR-TKU (%) “nuB TMN") “auB Tmn")
Lynch® 8/9 (89)
Paez*® 5/5(100) — — —
Huang? 7/9 (78) — — —
Cappuzzo'™ 8/12(67) 53% cpeuy 5% 9.9 cpeuyy 2.6 (p = 0.02) 20.8 cpeuyy 8.4 (p = 0.09)
Eberhard'® 8/26 (31) 53% cpeLy 18% 8 cpeuyy 5 (p < 0.001) He e nocturHata cpeuy 10 (p < 0.001)
Mitsudomi* 24/26 (92) 83% cpeuy 10% — CurHuérKaHTHO no-abara (p = 0.005)
Taron* 16/22 (73) 94% cpewty 13% — He e nocturHata cpeuy 9.9 (p < 0.001)
Shih® 20/23 (87) 69% cpeLy 9% 9 cpeuyy 2.2 (p =0.001) 13.9 cpely 4.8 (p =0.013)
Takano® 32/35(91) 82% cpewyy 11% 12.6 cpewy 1.7 (p < 0.001) 20.4 cpeuyy 6.9 (p < 0.001)
*06eKTMBEH OTroBOp (Mb/IHA MM YaCTUYHA PEMUCHA).
— HAMa [JaHHW.

Table 2. EGFR-mutations, clinical response to the therapy with TKI and general survival rate.

Mutations/response
to treatment with

Objective response
rate* (mutated

Time to progression®
(months; mutated

Mean survival
(months; mutated vs.“wild type”)

EGFR-TKI (%) vs“wild type”) vs"wild type”)
Lynch® 8/9 (89)
Paez*® 5/5(100) — — —
Huang? 7/9 (78) — — —
Cappuzzo™ 8/12(67) 53% vs. 5% 9.9vs.2.6 (p=0.02) 20.8 vs. 8.4 (p=0.09)
Eberhard'® 8/26 (31) 53% vs. 18% 8vs.5(p <0.001) Not achieved vs. 10 (p < 0.001)
Mitsudomi* 24/26 (92) 83% vs. 10% — Significantly longer(p = 0.005)
Taron* 16/22 (73) 94% vs. 13% — Not achieved vs. 9.9 (p < 0.001)
Shih®s 20/23 (87) 69% vs. 9% 9vs.2.2 (p=0.001) 13.9vs.4.8 (p=0.013)
Takano® 32/35(91) 82% vs. 11% 12.6vs. 1.7 (p < 0.001) 204 vs.6.9 (p <0.001)

*Objective response rate (complete or partial remission).
— no data.
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gefitinib npu 75% oT nayuneHTuTe (28). B nocnea-
CTBMe e nNpoBefeHo 1 Apyro dasa Il npocnekTus-
HO KNMHWYHO NpOyYBaHe, MpY KOeTo ce CbobLua-
BaT Nofo6HW pe3ynTaTy (3).

YyBCTBUTENHOCTTAa KbM JNleyeHne ¢ gefitinib
3aBUCK OT TUMa Ha MyTaLUATa, KaKTo U OT Hanu-
yreTo Ha Apyru TakmBa. lNauneHTn c geneunox-
Ha MyTaumA B eK30H 19 OTroBapAT B Mo-rossmMa
CTeneH Ha JleYeHMETO CMPAMO Te3n C MyTauuma
TN L858R B ek30H 21 (29, 44). Bb3HMKBaHETO Ha
[OMb/IHUTENTHA MyTauma B ek30H 22 (K884E) Boan
[10 UyBCTBUTENIHOCT KbM NeueHue ¢ gefitinib, Ho
Kopenvpa C pe3ncTeHTHOCT KbM erlotinib (12).
CmaATa ce, ye Hannumeto Ha EGFR-myTauuun npeg-
nosnara no-gobpa nporHo3a npu nayueHtn ¢ HA-
KBK — BpemeTo [0 nporpecus n obujata npexu-
BAEMOCT ca no-ronemu (Tabn. 2) (10, 44, 45, 65,
69). MNpe3 2006r. ca Ny6nnKyBaHW pe3yntaTute ot
npoyusaHeTo ISEL (IRESSA Survival Evaluation in
Lung Cancer), koeTo e paHgommsmpaHo dasa Il
M3N1TBaHe 1 CpaBHsABa epuKacHOCTTa Ha gefitinib
cnpamo nnauebo npu 1 692 nauyuneHTn, pedpak-
TEPHW Ha NPOBEXAaHa XUMMOTepanna 3a aBaH-
cvpan HOKBK. Bbnpekn ye B ToBa M3nuTBaHe He
ce HabnogaBa CTaTUCTUYECKU 3HAYMMa pa3fivKka
B MPEXMBAEMOCTTa B ABETE rpyny, B NpeaBapTen-
HWA aHanM3 e AEMOHCTPUpPaHa JOCTOBEPHa Nof3a
MO OTHOLLEHVE Ha MPEXMBAEMOCTTA NPU NaLneH-
TU Henylayn Uiy TakmBa C a3naTCKu Npousxon
(65). PaznukaTa B 06€KTMBHMA OTFOBOP B rpyrnara
c gefitinib npu Hanuume nnu otcbcTBMe Ha EGFR-
MyTauua e Bnevetnagawa (71.2% cpewy 1.1%).
Te3n pe3yntaT NokasBaT, Ye ako € Bb3MOXHO,
EGFR-MyTauMOHHMAT cTaTyc Tpabsa ga 6bae on-
peaensH npeau n3bop Ha JleyeHne Ha NauueHTu
c 6enoppobeH ageHoKapLuuHoM (26).

Pesyntatute ot ISEL nornuHo BogAaT Ao npose-
nexpaHe Ha npoyusaHeTo IPASS (IRESSA Pan-Asia
Study), KoeTo e paHAOMM3NPaHO, ABOMHOCAAMNO
LUIMpPOKOMALLabHO n3NuTBaHe, BKouBawo 1 217
nauueHTa. B Hero gefitinib e cpaBHeH cbc cTaH-
JapTHaTa 3a MOMEHTa LUUTOTOKCMYHa TepanusA
c pybneta carboplatin/paclitaxel, npunoxeH Ha
nbpBa MMHUA Npu naumentn ¢ HAKBK (45). Bknto-
yeHute B IPASS mHomBMaM ca C XUCTONOTUYHO
[lOKa3aH aBaHCUpan afeHOKapLMHOM, O6uBLIN
nywaun uam Hukora Henywwnw. MNpeasaputen-
HO MnaHyBaHWAT NOArPYrNoB aHann3 Nokassa, ye
npexmneaemocTta 6e3 nporpecra e JOCTOBEPHO
no-abara npu fiekyBaHu c gefitinib B cpaBHeHune
C Te3u, NonyYunu XmmmoTtepanus, 1 ToBa € Ba-
NIMAHO 3a NauMeHTU, B YNUTO TYMOPU Ca AoKa3a-
HW akTuBuMpawm EGFR-myTaumm (HR 0.48, 95%; Cl
0.36-0.64, p < 0.0001); npexunBaemocTTa 6e3 npo-
rpecmsa e LOCTOBEPHO NO-AbJira NPu NaLMeHTN Ha
NeyeHne C XMMMoTepanua, ako B TEXHUTE TyMOpH
He ca oTKpuTu akTmeupawm EGFR-myTaumm (HR
2.85, 95 %; Cl 2.05-3.98 n p < 0.0001).

Kato nocnepgctene ot ISEL e nposegeHo
n npoyuBaHeto INTEREST (Iressa in NSCLC
Trial Evaluating Response and Survival versus
Taxotere) — paHpomusnpaHo ¢asa lll n3nuTeaHe,
BKNtoUYBaWo 1 466 naymeHTa C NIOKasHO aBaHCU-

sponse to gefitinib was found in 75% of patients
(28). Another Phase Il prospective clinical trial was
later conducted and similar results from it were
reported (3).

The sensitivity to the treatment with gefitinib
depends on the type of mutation, as well as on
the presence of additional mutations. Patients
with deletion in exon 19 respond to greater ex-
tent compared to the ones with L858R mutation
in exon 21 (29, 44). The incidence of additional
mutation in exon 22 (K884E) leads to sensitivity
to treatment with gefitinib, but correlates with
resistance to erlotinib (12). The presence of EGFR-
mutations is considered to predispose to better
prognosis in NSCLC patients — they have longer
time to progression and overall survival (Table 2)
(10, 44, 45, 65, 69).

In 2006 the results from the ISEL (IRESSA Sur-
vival Evaluation in Lung Cancer) study, a Phase
[l randomized study, comparing the efficacy of
gefitinib to placebo in 1 692 patients, refractory
to chemotherapy for advanced NSCLC, were pub-
lished. Although this study did not demonstrate
statistically significant difference in the survival
rate between the two groups, the preliminary
analysis showed reliable survival benefit for non-
smokers and patients of Asian descent (65). The
difference in the objective response rate in the
gefitinib treated group according to the presence
or lack of EGFR-mutation is impressive (71.2% vs.
1.1%). These results show that, if possible, the EG-
FR-mutation status must be determined before
the choice of therapy of the patients with lung
adenocarcinoma has been made (26).

A logical sequel of the results from the ISEL
study was the IPASS (IRESSA Pan-Asia Study) — a
randomized, double-blind large-scale study, in-
cluding 1 217 patients. In it gefitinib was com-
pared to the standard up-to-date double cytotox-
ic first-line therapy with carboplatin/paclitaxel in
patients with NSCLC (45). The IPASS-patients were
subjects with histologically proven advanced ad-
enocarcinoma, ex-smokers or never-smokers. The
pre-defined subgroup analysis showed that free
from progression survival was reliably longer in
gefitinib-treated patients compared to chemo-
therapy patients, which was valid for patients, in
whose tumors activating EGFR-mutations were
found (HR 0.48, 95%; Cl 0.36-0.64, p < 0.0001);
the progression free survival was reliably longer
in chemotherapy patients, if no activating EGFR-
mutations were found in their tumors (HR 2.85, 95
%; Cl 2.05-3.98 and p < 0.0001).

As a consequence of ISEL, the INTEREST (Iressa
in NSCLC Trial Evaluating Response and Survival
versus Taxotere) study was conducted - a Phase
[l randomized study in 1 466 patients with locally
advanced or metastatic NSCLC, randomized in 2



pan unn metactatuyeH HOKBK, paHaomusnpaxm
B [ABe rpynu, cpaBHABawwm gefitinib n docetaxel.
BbonHuTe ca npeTpeTupaHu C MnaTUHa-CbAbP-
Xala xymuotepanus. MbpBUYHa Len Ha M3nuT-
BaHeTo e fioKa3BaHe, ve gefitinib e He no-manko
edektuBeH ot docetaxel no oTHoLWeEHUe Ha 06-
LWaTa NPenuBAeMOCT M Ta3u Len e NocTUrHata.
Pe3syntatute gokasgart, ye gefitinib e nogxopaw
n360p Npu NPEeTPeTMpPaHM MaLUMEHTU C aBaHCU-
pan HOKBK (31).

Bb3 ocHOBa Ha onmcaHnTe No-rope AoKasaTes-
ctBa npe3 2009r. 3a NbpBU MbT TapreTHata Mo-
HoTepanua ¢ TKW gefitinib nokasa poctoBepHo
yAbJIXKaBaHe Ha NpeXxnBaeMocTTa 6e3 nporpecus
B CpaBHeHMe C KOHBEeHLUMOHanHaTta aybneTHa xu-
MUoTepanus.

Bropuuun EGFR-myTauum n npupgobuta pe-
3NCTEHTHOCT KbM NleueHume c gefitinib

JeueHueTo c gefitinib npoabnkaBa obrkHOBE-
HO OKoMo 6-8 Meceua (21, 36). Mpwn ronama yact
OT NauueHTMTe GonecTTa Nporpecrpa UM ce pas-
BMBa BTOPMYHA PE3MCTEHTHOCT KbM JIeUEeHKETO C
EGFR-TKW. 3a pa ce pa3bepe kak EGFR-myTupa-
nuAat HOKBK pa3BrBa pe3ncTeHTHOCT e BaXKHO Aa
ce obbpHe BHMMaHVe Ha HOPManHUTE CUTrHamnHu
nbTrwa. MyTrpanute Tymopu ca 3aBUCMU UK
“npuctpacteHn” kbm EGFR-curHanmsaumata ¢
Len pa3BuTre 1 ouenasaHe (33). JoceralHu npo-
yuBaHUWA Npeanonarat, Ye HAKoW (@Ko He 1 BCUY-
KN) KPUTUYHWU CUTHAaNHM MbTUWA KbM A8POTO,
BKNoUnTeNnHo  pochatnann-nHo3nMTon-3-KmnHa-
3aTa (PI3K)/Akt, STAT 1 akcTpauenynapHuTe cur-
Han-perynupaHu kmHasm 1 n 2 (ERK 1/2), ce KoH-
TponupaTt egnHcTBeHo oT EGFR. Korato Tymopute
ca n3noxeHn Ha EGFR-TKW, Te3n BbTpekneTbyHu
NbTYLA Ca U3KJIIYEHN U pakoBaTa KneTka npe-
TbpnAsa anonTo3a (33). JlekapcTBeHaTa NHXMOU-
uMA Ha peuenTopa ,M3KAKYBA” CUTHAMHUA MbT
KbM A4POTO M 3a a Ce pa3Bue Pe3nCTeHTHOCT,
pakoBaTa KneTka TpAbGBa Aa Hamepu HauMH Aa
NoaAbp»Ka Te3n MbTULLA aKTUBHMU.

3acera ca ngeHtTMdrLMpaHn fBa OCHOBHU Me-
XaHu3Ma 3a npugobrBaHe Ha BTOPMYHA Pe3nc-
TEHTHOCT. [TbpBMAT ce cBbp3Ba C Pa3BUTMETO Ha
BTOPMYHa MyTauma B eK30H 20, KoATO npepcra-
BNIABA 3aMeCcTBaHe Ha METMOHWH C TPEOHWUH Ha
790-TO MACTO OT aMUHOKNCENMHHATA NoCeaoBa-
TenHocT (T790M) (15, 32, 33, 50). Pao u cbaBT. (50)
cbobLaBarT, Ue B TYMOPUTE Ha TpW OT LWeCT nauu-
eHTa ¢ nporpecrpana 6onecT B xofja Ha fleueHune
¢ TKM e peructpupana T790M myTtauma. CmATa
ce, ye T790M npeun Ha cBbp3BaHeTO Ha TKU ¢
Oxo6a Ha cebp3BaHe ¢ ATO-KMHa3aTa 1 Boau Ao
npoab/XkUTenHa aktmeauma Ha ErbB-3/PI3K/Akt
curHanusauymsaTa (15, 17, 32, 33). NMogo6Ha e cnTy-
LaumaATa u npu BTopnyHnTe MyTtaumm B BCR-ABL 1
KIT, KouTo BOAAT [O pa3BUTME Ha Pe3UCTEHTHOCT
KbM imatinib (Gleevec) npn xpoHuyHa muenoung-
Ha NleBKeMMA 1 raCTPOVHTECTUHANEH CTPOManeH
Tymop (TNCT) (2, 62). CmATa ce, ue T790M ce pas-
BMBa CamoO B Mporpecupany Tymopu, npu ToBa
— BTOPUYHO, Npu neyveHune ¢ TKW. Bbnpekn ToBa,

groups, and comparing gefitinib and docetaxel.
The patients were pre-treated with platinum-
based chemotherapy. The primary endpoint of
the study - the assumption that gefitinib is not
inferior to docetaxel with regards to the overall
survival rate, was met. The results show that gefi-
tinib is an appropriate choice for pre-treated pa-
tients with advanced NSCLC (31).

Based on the described evidence, in 2009 for
the first time the targeted monotherapy with the
TKI gefitinib showed reliable increase of the pro-
gression free survival in comparison to the con-
ventional double chemotherapy.

Secondary EGFR-mutations and acquired
resistance to therapy with gefitinib

Typically the treatment with gefitinib lasts
for about 6-8 months (21, 36). In the majority of
patients the disease progresses or secondary re-
sistance to the therapy with EGFR-TKI develops.
In order to understand how the EGFR-mutated
NSCLC develops resistance, it is of great impor-
tance to pay attention to the normal signaling
pathways. The mutant tumors are dependent or
“addicted” to the EGFR-signaling for their devel-
opment and survival (33). The existing studies
suppose that some (if not all) critical signaling
pathways to the nucleus, including the phos-
phatidyl-inositol-3-kinase (PI3K)/Akt, STAT and
the extracellular signal-regulated kinases 1 and 2
(ERK 1/2) are controlled solely by the EGFR. When
the tumors are exposed to EGFR-TKI, these intra-
cellular pathways get switched off and the tumor
cell undergoes apoptosis (33). The medical recep-
tor inhibition “switches off” the signaling pathway
to the nucleus and, in order to develop resistance,
the cancer cell must find a way to keep these
pathways active.

Up to now 2 basic mechanisms for acquiring
secondary resistance have been identified. The
first one is related to the development of sec-
ondary mutation in exon 20, a substitution of
methionine with threonine at position 790 from
the amino acid sequence (T790M) (15, 32, 33, 50).
Pao et al. (50) reported that in the tumors of 3 out
of 6 patients with on-treatment with TKI disease
progression a T790M mutation was registered.
T790M is supposed to interfere with the binding
of TKI with the ATP-kinase binding pocket and
lead to long-lasting activation of the ErbB-3/PI3K/
Akt signaling (15, 17, 32, 33). The situation with
the secondary mutations in BCR-ABL and KIT, re-
sulting in the development of resistance to ima-
tinib (Gleevec) in chronic myelogenous leukemia
and gastrointestinal stromal tumor (GIST), is simi-
lar (2, 62). The T790M is supposed to develop sec-
ondarily, only in progressive tumors, treated with
TKI. Despite this, the T790M-mutation has also
been found in non-treated tumors (34), even in
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T790M-myTaumATa e 3aceueHa 1 Npu Hesekysa-
HV Tymopwu (34), nopw B repmunHatneHa [HK, n ce
CBbp3Ba C NOBULLEH PUCK OT pa3BuTne Ha HOKBK
(6). ETo 3aL0 e Bb3mMoxHO T790M pa nrpae pons un
B Mpoueca Ha benogpobHa TymoporeHesa.

BTopuaT mexaHu3bm 3a nprpaobuBaHe Ha pe-
3UCTeHTHOCT KbM gefitinib e amnnudrkaymata Ha
MET, kaTo npu noseyeto MET-amnaunduuympanm
KapLMHOMYM CUrHanuTe OT KneTbyHaTa MeMbpaHa
KbM AAPOTO ce npefasat upe3 erbB3-3aBncrma
akTuBauma Ha PI3K (33). ToBa e mMexaHU3MbBT 3a
Pe3nCTEHTHOCT Npu OKono 22% oT cnyyaute ¢
HOKBK.
3aknioueHne

OTkpmBaHeTo Ha comatuyHute EGFR-myTauum
€ peBONIOLMOHHO CbOMTNE B MOSIeKynApHaTa Me-
avumnHa (42). NewmndpupaHeTo Ha MONeKynApHN-
Te MexaHu3mu 3a oTroBop KbM gefitinib gosege
0O KNMHUYHO YTBbpXxAaBeHe Ha To3u TKW npwm
HAKBK c aktmBupawm EGFR-mytaymun. OT gpyra
CTpaHa, CTPYnBaHeTO Ha MyTauuu B cneuynduny-
HUA pernoH Ha EGFR-TMPO3nH-KMHa3HMA AOMENH
CTUMYNMpPA Pa3BUTUETO Ha ObP3M U HageXAHW
OVarHoCTMYHW TeCcTOBe, CeneKTMpalyM nauueH-
T, Nnoaxogawm 3a neuveHue ¢ gefitinib. Bpb3kata
MeXJy Te3n MyTauum 1 TepaneBTUYHNA OTFOBOP
nopgobpaAeaT NporHo3aTta 1 faBaT OCHOBaHMWeE 3a
pa3BuTMe Ha T.Hap. reHoTun-6asupaHa Tepanes-
TUYHa cTpaTerna. Heobxoaumm ca JOMbIHUTENHN
npoyyBaHusA, 3a fa ce OTKPUAT Jpyrn GyHKLmMo-
HasIH1 NOCNIeAOBATENIHOCTM B XOA4a Ha CUTHANHUA
nbT oT EGFR Kbm AgpoTo 1 aa ce gedurHmpar go-
MbJHUTENHN NPEeANKTUBHU BUOMapKepU.

BbB BCMYKM  CbBpeMEHHW PbKOBOACTBA
gefitinib ce npenopbuBa 3a HAKBK ¢ aktuBmpa-
wm EGFR-myTauum Kato MeikameHT Ha 136op 3a
MbpBa NMNHUA, NPEBb3X0XKAALLY KOHBEHLIMOHAHA-
Ta LUMTOTOKCUYHA Tepanua KakTo Mo MPOAbIIXKM-
TEJIHOCT Ha MpexmnBAemMocT 6e3 nporpecus (Hag
10 meceLa), Taka 1 C LOCTOBEPHO Mo-6naronpus-
TEH TOKCUYEH npodun.

Mpw neueHue ¢ gefitinib e Bb3MoXHO passuTHe
Ha BTOpWYHa pe3ncTeHTHOCT. [Topagn ToBa MoO-
HUTOPVPAHETO Ha MyTaLMOHHMA cTaTyc Ha EGFR
npw nporpecupana unu peuuarsnpana bonect e
oT 0cobeHa BaXKHOCT 3a NpeLyr3npaHe Ha MoneKy-
NAPHUTE MeXaHN3MM Ha NleKapCTBEHa Pe3nNCTeHT-
HOCT 1 pa3BUTME Ha HOBO NokoneHue TKU.

Hanunumneto Ha aktmsmpawm EGFR-myTaumm npu
nauuneHTn ¢ aBaHcupan HAKB, Hanara o6cbxaa-
He Ha No-paHHO NpunoxeHue Ha gefitinib B xoaa
Ha NnleuebHUA NpoLec — KaTo MefIKaMeHT Ha Mbp-
BUY 1360p.

*MybnukaumaTa ce ocblyecTBABa CbC CbAen-
cTBMeTo Ha AcTpa3eHeka bbnrapua

germinative DNA, and is related to increased risk
for the development of NSCLC (6). That's why it is
possible that T790M plays a role in the process of
lung carcinogenesis.

The second mechanism for acquiring resistance
to gefitinib is the MET amplification, with the sig-
nals from the cell membrane to the nucleus in
most MET-amplified cancers being transduced
through erbB3-dependent PI3K-activation (33).
This is the mechanism for the development of re-
sistance in about 22% of NSCLC cases.

Conclusion

The discovery of the somatic EGFR-mutations is
a revolution in molecular medicine (42). The de-
coding of the molecular mechanisms of response
to gefitinib resulted in the clinical recognition of
this TKI for the treatment of NSCLC with activating
EGFR-mutations. On the other hand, the accumu-
lation of mutations in the specific region of the
EGFR-tyrosine-kinase domain stimulates the de-
velopment of quick and reliable diagnostic tests
for the selection of patients, suitable for therapy
with gefitinib. The relation between these mu-
tations and the therapeutic response improves
the prognosis and gives grounds for the devel-
opment of the so called genotype-based thera-
peutic strategy. Additional research is necessary
for the discovery of new functional sequences of
the signaling pathway from EGFR to the nucleus
and for the establishing of additional predictive
biomarkers.

In all contemporary guidelines gefitinib is rec-
ommended for the treatment of NSCLC with
activating EGFR-mutations as a first line agent,
outmatching the conventional cytotoxic therapy
with regards to both progression free survival
(more than 10 months) and reliably more favor-
able profile of toxicity.

The development of secondary resistance in
the course of gefitinib therapy is a possibility. As
a result of this, the control of the EGFR-mutation
status in progressive or recurrent disease is of
paramount importance for the elucidation of the
molecular mechanisms of drug resistance and the
development of a new generation of TKI.

The presence of activating EGFR-mutations
in patients with advanced NSCLC requires dis-
cussion for earlier application of gefitinib in the
course of therapy - as a drug of first choice.

*The pubication is realized with the contribu-
tion of AstraZeneca Bulgaria
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