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Beedenue. Pak neckoco — naubonee wacmas npuvuHa cMepmHOCMU APU 310KA4eCMEeHHbIX H08000paszosanusx. [Ipeobaadarouum
munom seasiemcs Hemeakokaemounviii pak aeckoeo (HMKPJI), npu aevenuu Komopoco aKmueHo NpUMeHsAemcs mapeemuas mepanus
muposunkurazusimu uneuoumopamu (TKH) EGFR, a maxace kombunayus BRAF/MEK uneubumopos. [lokazanuem oas danHoil mepa-
nuu s168a5emcs 2eHOMURUPOBAHUE ONYX01e8020 MAmMepuana 0as 00Hapyicenus npeOUKMUBHbIX MApKepos, MaKux KaKk Mymayuu 6 eeHax
EGFR, KRAS, BRAF u HER2. O0uHum u3 nodxo008 K 0blcmpomy U KOMHACKCHOMY 8blA6AeHUI0 a00epauuil 6 eeHax unmepeca A645emcs
UCNOAb308AHUE MEM0008 MYAbMUMAP2emHOU 00HOHYKAeomuoHol noneauuu (MOD) u ¢ppaemenmuoeo anarusa (PA), obaadarouiux 6oi-
COKOLL 4Y8CMBUMEAbHOCbIO.

Ileav. Onpedenenue kaunuko-mopgonocuveckux xapakmepucmux y navuenmos ¢ HMKPJI ¢ naruuuem opaiieepHvix mymauuii 6 ee-
nax EGFR, KRAS, BRAF u HER2.

Mamepuaa u memoowt. Ha 6aze [ICIIGI'MY um. U.I1. [1aéroea Obin opeanu3zoean Kpuobark 6uoa02UHeCKUX MAMEPUAN08, 3AMbIX Y
nayuernmoe ¢ HMKPJI. /lns eenomunuposanus yeHmpanibHbixX yHacmKoe onyxoneuix oopasyos y 60 nayuenmos ¢ HMKPJI ucnoavzosa-
aucy memodst MOD u @A.

Pesyasmamor. Mymayuu 6 eene EGFR o06napysicerbl UCKARUHUMENLHO Y NAYUEHMO08 ¢ A0eHOKapyuHomoil aeekoeo (p=0,0008) ¢ ua-
cmomoti 31%. Jlannbie abeppayuu cmamucmuiecku 3Ha4uMo Accoyuuposansl ¢ yceHckum nosom (p=0,0002) u omcymemeuem cmamyca
kypenus (p=0,0007). Coomnowenue deaeyuu 6 19 sx3one kK moueunoi mymayuu LESER cocmasuno 2,5: 1. Pacnpocmpanennocms MuHop-
Hoix mymayuii y EGFR-nonoxcumensrvix nayuenmos docmueana 22,2%. Ilpu smom y 00H020 nayuenma 6vi10 6bi61eHO COCYUeCmeosa-
Hue munopHolx mymauuii G7198 u S7681. Ipuuunoii npuobpementoii pezucmenmuocmu k TKH EGFR 1-e0 nokonenus y nayuenma si6u-
aace deneyus 6 19 sxzone-T790M 6 eene EGFR, 6o3nukuas va gone newenus. Abeppauyuu 6 eene KRAS oonapycenvt y 10% nayuenmos
mymxucckoeo noaa ¢ HMKPJI, panee kypusuiux uau npodoaxcaroujue Kypumos. Mymayus V60OE 6 eene BRAF u uncepuyuu 6 eene HER2 e
00HapYIHCeHbL.

3akatouenue. [Ipumenenue komniekcHoeo memooutecko2o no0xo0a no3eoasem ¢ 8blCOKOU MOYHOCMbIO ONpedessimb KAUHUYECKU
sHauumvle abeppayuu 6 eene EGFR, KRAS, BRAF u HER2 y nayuenmosé ¢ HMKPJI 6 coomeéemcmeuu ¢ KAUHUYECKUMU PeKOMeHOa-
yusamu.

Karoueevie caosa: mapeemnas mepanus, Hemenaxoksemourwiil pak aeekoeo, EGFR, T790M, KRAS, BRAF, HER2

MOLECULAR GENETIC CHARACTERISTICS OF NON-SMALL CELL LUNG CANCER
USING MULTI-TARGET SINGLE-BASE ELONGATION AND FRAGMENT ANALYSIS
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Background. Lung cancer is the most frequent cause of cancer mortality. The prevailing type is non-small cell lung cancer (NSCLC),

in the treatment of which EGFR tyrosine kinase inhibitors are actively used, as well as a combination of BRAF and MEK inhibitors. The
indication for the targeted therapy is the genotyping of tumor samples for the detection of predictive markers, such as mutations in the EGFR,
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KRAS, BRAF and HER?2 genes. One approach to the rapid and complex identification of aberrations in the genes of interest is the use of
methods with high sensitivity: multi-target single-base elongation (MSE) and fragment analysis (FA).

Objective. Determination of clinicopathological characteristics of patients with NSCLC with the presence of driver mutations in the
EGFR, KRAS, BRAF and HER?2 genes.

Materials and methods. A cryobank of biological specimens taken from patients with NSCLC was organized at Pavlov First Saint
Petersburg State Medical University. For genotyping of the central sites of tumor samples from 60 patients with NSCLC were used multi-target
single-base elongation and fragment analysis.

Results. EGFR mutations were found exclusively in patients with lung adenocarcinoma (p=0,0008) with a frequency of 31%.
These aberrations are significantly associated with female gender (p=0,0002) and the absence of smoking status (p=0,0007). The
ratio of exon 19 deletion to L858R was 2,5:1. The prevalence of minor mutations in EGFR-positive patients was 22,2%. Thus, the
coexistence of minor mutations G719S and S7681 was revealed in one tumor sample. The cause of acquired resistance to the first-
generation EGFR TKI in a patient with exon 19 deletion was determined — T790M in the EGFR gene. KRAS mutations were found
in 10% of male patients with NSCLC who was a current or former smoker. V60OE in the BRAF gene and insertions in the HER2 gene

were not detected.

Conclusion. An integrated methodological approach allows to accurately determine clinically significant aberrations in the EGFR,
KRAS, BRAF and HER?2 genes in NSCLC patients according to the recommendations.
Key words: targeted therapy, NSCLC, EGFR, T790M, KRAS, BRAF, HER?2

BBEJIEHUE

Pak serkoro — camoe pacmpoCTpaHEHHOE Cpeau
3JI0KAYECTBEHHBIX HOBOOOPA30BaHUII C TOYKU 3PEHUS
Kak 3ab01eBaeMOCTU, TaK U cMepTHOCTH [1]. TTpu sTom
85% Bcex cilyyaeB COCTaBJISIET HEMEJIKOKJICTOYHBIN pak
nmerkoro (HMKPJI) [2]. OTkppiTHe OpaiiBepHBIX MyTa-
U B KJTIOUEBBIX T€HAX, YIACTBYIOIIMX B BBIXKMBAHUU U
npojudepalnu KJIeToK, U pa3paboTka TUPO3UHKHUHA3-
HeIX nHTHONTOpOoB (TKHM), MUIIIEeHBIO KOTOPBIX CITy>KaT
MaTOTCHHBIC TPOAYKTHI a0CpPPaHTHBIX T'€HOB, MPUBEIU
K pa3paboTKe HOBBIX METOJOB JICYCHUS ITAllUEHTOB C
metactatnueckum HMKPIT [3]. Tak Ha3biBaemasi «rap-
TeTHasl Tepanus» I103BOJIMJIA 3HAYUTEIBHO YBEIUIUTH
BBDKMBAEMOCTh 0€3 IMPOTrpecCUpoBaHUsI, YacTOTy O0b-
€KTUBHOI'O OTBETa, a TAKXKe IMOBBICUTh KaueCTBO >KU3HU
nauuenTa [4]. CorjlacHO MPakKTUYECKUM PEKOMEHIAII -
am RUSSCO, onpeneneHue CEHCUTUBHBIX MyTalMii B
reHe EGFR, V60OE B rene BRAF, a Takke TpaHCIOKaLIMA
B reHax ALK v ROS] y mallMeHTOB ¢ MeTacTaTU4eCKUM
HMKPIJI aBnsercst 00s13aTe/IbHBIM U CITY>KUT TTOKa3aHU-
eM s HazHaueHust TKU, celeKTMBHBIX 10 OTHOIIIEHHIO
K JaHHBIM abeppanusamM [5].

IlepBoit TOUKOI MPUIIOXKEHUS [JIsI TAPTeTHOM Tepa-
nuu nipu HMKPJI nmocnyxun penentop snuaepMaib-
Horo (akrtopa pocta (EGFR). AKTHUBUpYIOLLIME U UyB-
CTBUTEJIbHBIC MyTalluM B 3K30HaXx 18—21 rena EGFR,
KOIWPYIOIINX KWHA3HBIM JTOMEH TAHHOTO peleITopa,
sBrstioTcss npenuktopamu otBeta Ha TKM EGFR [6].
BenymMu 4yBCTBUTENbHBIMU K Tepanmuu adeppaliu-
SIMU SIBJISIIOTCS TouyeuHas MyTauus L858R u menenum B
19 2K30HE, KOTOpPbIE COCTABISIOT COOTBETCTBEHHO 40 1
45% cnyuaeB mytauuii B reHe EGFR [7]. I1pu atom 1o-
cJIeMHMEe B HAUOOJIBIIECH CTEIIEHN aCCOIIMMPOBAHBI C BbI-
COKOI 4acTOTOI 0OBEKTUBHOTO OTBETA 1 BEKMBAEMOCTH
0e3 mporpeccupoBaHusi. MeHee pacnpocTpaHEHHbIE,
MUHOpHbBIe, MyTauuu (okosio 10%), Takne kak L861Q,
G719X, S7681 u uncepuuu B 19 sx3oHe reHa EGFR, Tak-
K€ acCOUMUPOBaHbI ¢ YyyBcTBUTEIbHOCTHIO K TKHW [8].
HecMoTpst Ha BBICOKYIO YacTOTYy OOBEKTMBHBIX OTBETOB
npu Tepanuu TKH, omyxojib 4yacTo CTaHOBUTCSI pe3u-

CTEHTHON K Tepanuu. KitoueBbIM MeXaHU3MOM MpPUOO-
petenHoit pe3ucrteHTHOCTM K TKM EGFR 1-ro n 2-ro
TIOKOJICHMSI SIBJITeTCsl ToueuHast Mytamuss T790M B Tom
K€ TeHe, KOTopasl COCTaBJIsIeT MPUOJU3UTETbHO MOJOBU-
Hy ciaydyaeB [9]. OcuMepTuHUO, Mpenapat 3-ro MoxoJje-
HUsI, TTI03BOJISICT TIPEOI0JIETh BO3HUKAIOIIEE TTPOTPECCH-
poBaHue 3a001€eBaHuUs.

Mg nogoopa TKM EGFR HeoOxoanMo TakKe Bbl-
SIBJIEHWE MYyTallMi, aCCOLIMMPOBAHHBIX C MEPBUYHOU
PE3UCTEHTHOCTRIO K Tepalnil. AKTUBUPYIOIINE adbeppa-
1mu B reHe KRAS aBis1oTcsl HanOoiee Y4aCTbIMUA HaXOI-
kamu 1ipy HMKPJI 1 MoryT ciayXuTh npeauKTopaMu
OTCYTCTBHSI TepalleBTUUEeCKOTro 3ddeKkTa IpH Ha3Ha-
yenuu TKM EGFR [10]. Takxe nmoka3aHa pe3UCTEHT-
HocTb K Tepanuun TKU ALK y ALK-nonoxuTrenbHbIX
naueHToB ¢ KRAS-nmonoxurenbHbeiM craTtycom [11].
OpHako Hanmmuue MyTranuii TeHa KRAS He BiauseT Ha
3(bGEeKTUBHOCTL MpoBoauMoOi xumuorepanuu [7]. C
JIIpyroii CTOpoHbI, HalInuue abeppaiuuii reHa KRAS ac-
COLIMMPOBAHO C OTBETOM Ha TepaIlluio IpernapaTaMu 13
TPYIIITBEI MHTUOUTOPOB KOHTPOJIBHBIX TOUEK MMMYHUTE-
Ta [12].

Myranun B reHe HER2, B yactHocT nHCepuuu B 20
5K30HE, U B reHe BRAF accouMUpOBaHbl C YyCTOWYUBO-
cteio K TKM EGFR [13]. OnHako ToueuyHast abeppariust
V600E B rene BRAF yxa3pIBaeT Ha XOPOILIUI TeparneBTH-
YeCKUI OTBET IpHU MpHMeHeHnW KomOumHanum BRAF/
MEK uHru6urtopos [5]. Onyxonu ¢ MyTalUsIMU B TeHaX
HER2 v BRAF qyBCTBUTEIBHBI K CTAHAAPTHOMN XUMUOTE-
parmuu [14].

OCHOBHOI KJIIMHUYECKOW TMpOOJeMOil  SBISIETCS
orpejesieHue cTaTtyca HECKOJbKMX KJIMHUYECKU 3Ha-
YUMBbIX T€HOB B pa3JIMuHbIX TUIlax MaTtepuaia HMKPJI,
KOTOPBII 00J1agacT BEICOKOI T¢HETHMUECKOUM TeTepOTeH-
HOCTb10. TakuM 00pa3oM, HEOOXOIUMO MCMOJb30BaHUE
YYBCTBUTEJIBHBIX MOJIEKYISIPHO-T€HETUYECKHUX METO/IOB,
KOTOpPBIE MOTYT OIHOBPEMEHHO BBISBIISATH pPa3TUIHBIC
TUIIBI MyTaLIUA.

Hamu paspaboraH meToa MyJbTUTApreTHON Of-
HOHYKJIeoTuaHO# 3aoHrauuu (MOD), KOTOpwIii ITO-
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3BOJISIET JETeKTUpoBaTh no 10
1eJieBbIX abeppalluii B OJHOM
npobe U OgHOBpPEMEHHO o00Ja-
IaeT BBICOKOM YyBCTBUTEIBHO-
CThIO BBISBJICHUSI MYTaHTHOU

Pesekiust TKaHH / OpraHa Xupyprom |

v

DotorpadupoBaHne TKaHU /
oprasa Jio cobopa 006pa3ioB

JHK. OcobGeHHOCTBbIO MeTOAa

TKaHU IJId XpaHEHUSA

TTomeleHue

00pasLoB

ABJISIETCSA BO3MOXKHOCTBH CO31a- ¢
| COop 00pa31oB TKaHU /ISl XpPaHEHUS |

HUS MaHeJaen IS OTpeaeIeHUS

B KPUOIMPOOUPKHU,

TOYCYHbIX MYTaHI/Iﬁ , CBA3aHHBbIX

C OTBETOM Ha Tepanuio U Mpo-

| Kpaii onyxonu |

®dotorpadupoBaHue TEPMOC C KUAKUM
TKaHM / opraHa ; A30TOM,
Ha MUJTUMETPOBOI B MPOGUPKU

Oymare

THO30M 3a0ojieBaHUSI. O,Z[HaKO

| LleHTp omyxou ||

¢ (hopmaniiHOM

NaHHBIA METOJ HE OITUMaJeH

N1 0OOHapyXXeHUsT OOJIbIIOTO

| HopManbHasi TKaHb |

yuclia OeJdeluruidi U MHCEpUUA B

IeJeBhIX TeHaX, B YaCTHOCTHU B
rede EGFR. J1ns neTeKuu gaH-
HOTO TUIla abeppalMii BO3MOX-

DotorpadupoBaHmne TKaHU /
opraHa mocJjie cbopa o6pas3LoB
TKaHU [UTSI XPAaHEHUST

HO IIpUMeHeHne (hparMeHTHOTO
aHaaM3a, Takxe o0Jagarollero
BBICOKOI 4YyBCTBUTEIbHOCTBIO.
Takum oOpaszoMm, HeoOXoIuM
KOMIUIEKCHBI METOAMYSCKUI MOAXOA MPU ACTCKIIUHU
pasznuuHbiXx MyTauuii npu HMKPJI.

Llenbo uccaenoBaHusl ObUIO Oompeae/ieHUue KJIMHU-
KO-MOPGhOJIOTUYECKUX OCOOEHHOCTEN y MAallUeHTOB C
HMKPJI ¢ HanuyueM akKTUBUPYIOIIUX MyTallMii B TeHaX
EGFR, KRAS, BRAF v HER2 c nomonibsio Mmetonos MOD
u OA.

MATEPUAJI U METOJIbI

1. Coop MaTepuajia u co3aanne OM0OaHKA.

JIst BBIMTOJTHEHMST TIOCTaBJIEHHOM 1ieiM Ha 0ase
TICIT6I'MY um. M.I1. [TaBnoBa ObLT opraHM30BaH OMO-
0aHK B COOTBETCTBMU C MOJEJbI0 OMOOAHKMPOBAHUS
MenuuuHckoro yHuBepcutera benocroka (Ilosbima),
craHaapTaMu KommaHuu Indivumed u MexmayHapomaHO-
ro KoHcopuuyma ouodankupoanus (Wordwild biobank
consortium).

Dmanvt 6uobankuposanus:

1) Coop oanuvix nayuenma

Brina paspaborana popma «COOp JaHHBIX MaLlMEH-
Ta», IpeaHa3HayeHHas s nauueHToB ¢ HMKPII. Le-
JIBI0 AHKETHI SIBJISIIICS COOP MCUYEPITHIBAIOIINX JAHHBIX
0 370pOBbE IMAllMEHTa, CTaTyce KypeHHs, CeMeliHOM
aHaMHe3e, MeToAaX MPeaoTePallMOHHON TUAaTHOCTUKH,
WHTPAOTICPALIMOHHBIX JaHHBIX U OTYETOB ITaToOMOpdo-
JIOTOB.

2) Coop obpasuyose mranei

OO0pa3ubl TKaHe mocjie pe3eKIUuu OINyXoau odpa-
0aTbIBaJIM B COOTBETCTBUM CO CTaHIAPTU3UPOBAHHOM
MpOoIeAypOoii, KOTopas o0ecCIleurMBaeT BBICOKOE Kade-
CTBO Ouosornueckoro marepuaia (puc. 1). Cpasy nocie
pPE3eKIIMM OIyX0Ju oO0paslibl TMOABEpraau MpeaBapu-
TeJIbHOH MOAroToBKe ImaToMopdosoramu. O6pasisl mo-
Mellaay B KpUonpooupku (KUAKHUIA a30T) U TPOOUPKHU C
4% 3abybepeHHBIM hopMaaHOM: LIeHTp omyxon (Tc),
kpait omyxonu (Tp) M okpyxarloiiasg HeM3MEHEHHas
TKaHb (Ti). Kaxmerit aTar coopa 00pas3iioB JOKYMEHTH -

MonexynsapHan meauumHa

Puc. 1. Pabouuii npouecc o6pabomiu 06pasyoe mxanu
Fig. 1. Workflow of processing tissue samples

poBaiu ororpaduyecKu A0 U IOC/Ie ITOMELIeHUsT 00-
pa3moB B KUIKHUI a30T ¥ (DOPMaIUH U BHOCHJIN B OTYET
«COop JaHHBIX TMauueHTa». OO0pa3lbl TKaHel, (pUKcH-
poBaHHbIe B (hOpMajvHe, MOIBEPraju MOCIeaYIOIIei
TMOATOTOBKE C IIEJIbI0 TTIOMEIICHUS UX B ITapaMHOBEIC
onoku. Kaxnblii oOpasell, B3SITbIi M3 OMyXOJu, ObLT
IMOJBEPIHYT IMaTOMOPMOJOTMUYECKOMY MCCIICIOBAHUIO.

Ta6nuua 1
KIMHMKO-3111eMH0JI0THYEeCKHE TaHHbIe
NMalMeHTOB, BK/IIOYEHHBIX B HCCJIeIOBaHNE
Table 1

Clinico-epidemiological features
of the patients included in the study

Ion:
MYXCKOM 39(65)
JKEHCKUIA 21 (35)
Bospacr, roasl:
<60 25(42)
>60 35 (58)
Craryc KypeHust:
paHblile Kypy/KypUT 37(62)
HUKOTJa He KypuJl 23 (38)
Tucronornueckuit Tum HMPJI:
ajieHOKapIMHOMa 29(48)
TUIOCKOKJIETOYHAsI KapIlIMHOMa 30 (50)
KPYITHOKJIETOYHAsl KapLIMHOMa 1(2)
Cranust o cuctreMe TNM (7-4 penakiius):
1A 6
1B 9
1A 6
11B 3
1A 0
I11B
v 10
14
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Kaxnoii mpobe ObUT MPUCBOEH YHUKAJIbHBIA INTPUX-
KOJI, Bce 00pa3libl MalMeHTa CKaHUPOBAJIU Tepe I0-
MellleHUWeM B KpuoXpaHuuuile. PacriojioxkeHue mpoo
B KPUOXPAaHWINIIE, a TAKXKe WHIUBUAYaIbHbIE (DOPMBI
MalMeHTOB ObUIM 3aHECEHBI B 2JICKTPOHHYIO 0a3y JaH-
Hbix Freezer Pro.

2. TeneTn4ecKoe UCCJIeIOBAHNE OMYXOJIH

Ilo onmucaHHOMY MPOTOKOJY OBbLTM COOpaHbI MaTe-
puanbl 60 mamuenToB ¢ HMKPJI. Tenetnueckomy 00-
CJICIIOBAHUIO TTOABEPTaIach IICHTpaIbHAsI YaCTh OITYXOJIN
(Tc). Bce manimeHThl, BKJIIOUEHHbIE B pa0OTYy, MOAMUCAIN
JI0OpPOBOJIbHOE MH(MOPMUpOBaHHOE cornacue. KinmHuko-
SMUIECMHUOJIOTUYECKIE TaHHBIC MAIlMeHTOB TIPEACTaBIIC-
HbI B Ta0j. 1. Bcem nmanmeHTaM, BKIIOYEHHBIM B MCCJIe-
JIOBaHWE, TPOBEACHO T'€HOTUIIMPOBAHUE OITyXOJEBOIO
MaTepuayia Ha Hajnmuue myrtanuii B reHax EGFR, KRAS,
BRAFw HER2.

Brinerenrie HYKJIEMHOBBIX KMCJIOT IIPOBOIMIIN C TT0-
MOIIBI0 KoMMepueckoii cucteMbl QIAamp® DNA Mini
Kit (Qiagen, [epmaHus) B COOTBETCTBUU CO CITeln(prKa-
usMu npousBoauTensi. Kadectso u koaunuectso JHK
OLICHMBAJIM ¢ TIOMOIIBIO crekTpodoromeTpa BioDrop
UV/VIS (SERVA, Iepmanus).

Mynvmumapeemnas 00HOHYKA€OMUOHASI  IN0H2AUUS
(MOD). laHHblii MeTOH MpUMEHEH s ONpeAcaeHUs
24 coMaTUYeCKHUX TOYEUHBIX MYTalluii, BKIIOYCHHBIX B
npaktnyeckre pekomeHganun NCCN Guidelines® 1o
BeaeHuto nmauueHToB ¢ HMKPJI. C 3Toii 11e/b0 ObLIU
co3laHbl 3 reHeTUYeCKMe MaHeau, OXBaThIBaloIIUe K-
HUYECKM 3HaunMble MyTauuu B 18, 20 1 21 sk30Hax reHa
EGFR; B 12, 13 xomoHax 2 9k30Ha U B 61 KomoHe 3 5K30Ha
reHa KRAS', B 15 ak3oHe reHa BRAF (tabu. 2).

OnucaHue MeTona, YCIOBUI peakIMU 1 UCIIOIb3Y-
eMBIX TIpaiiMepoB IUISI ONpEIeACHUS MyTalldii B TeHax
EGFR u KRAS moapoOHO W3JI0XEHbI B Mpeablaylieit
paborte [15]. ITpaitmMepsl M1 3Tarna CTyreH4YaTON MOIK-

Tl'eneTnyeckue nane M AJ1s1 1eTEKUMH KIMHUYECKH
3HaYMMbIX a0eppaumii B renax EGFR, KRAS v BRAF

Genetic panel testing for detection clinically significant

EGFR, BRAF and KRAS mutations

Ien EGFR
g ©2155G>T (G719C) ¢34GST (GI2C)  pm
o C2155G>A (GT198) ¢.34G>A (G12S)
¢.2156G>C (G719A) ¢.34G>C (G12R)
¢.35G>C (G12A)
25k30H  €35G>A (G12D) 3 sxson
2 C.23690T (T790M)  TreHa ¢.35G>T (GI2V) ey
3K30H KRAS ~ ¢37G>T (G13C) kRS

¢.37G>A (G13S)
¢.37G>C (GBR)
¢.38G>C (G13A) 20

¢.38G>A (G13D) 9K30H
reHa

EGFR

21 ¢.2573T>G (L858R)
9K30H ¢€.2582T>A (L861Q)

mepasHoil uenHoi peakuuu (ITLP) u omgHOHYyKII€OTHA-
HOU 3JIOHrallMM HEeMapKUpPOBAHHOTO MpaiiMepa ¢ 1e/Iblo
JETEeKUNM ToyeuyHbiXx abeppaunii S7681 B rene EGFR u
V60OE B rene BRAF 6uutn pa3paboTaHbl C MCIIOJIH30Ba-
HUeM OHJaH-mporpaMMbl «primer-BLAST» (National
Center for Biotechnology Information).

Dpaemenmuniit anaruz (PA). Meron HCIIOIB30BaH
g ooHapyxeHus yyBcTBUuTebHbIX K TKU EGFR ne-
JIeuuii U nHcepuuii B 19 3K30He, a TakKXKe PEe3UCTEHT-
HBIX K JAHHBIX MHTUOUTOpaM MHcepLuii B 20 3K30HE
reHoB EGFR n HER2. Tak Kak JaHHBIA METOI ITO3BO-
JISIeT JETeKTUPOBATh TOJbKO pa3Mep Jeelnil U MHCep-
LU, I ONpeaeIEeHUSI U3MEHEHHOM TTOCIEN0BATEIN B
MYTaHTHO aJUIeJIM MCTI0JIb30BaHO CEKBEHUPOBAHME T10
CoaHrepy.

PE3VJIBTATBI 1 OBCY2KJIEHUE

Bricokas reHetnueckasi rereporeHHocTh HMKPJI
co3laeT TPYAHOCTU HE TOJBKO B TMOAXOMaX K JICUEHUIO
MalUeHTOB, HO U B CIIOCO0AX AETEKILMU abeppaliuii.
ITonck HOBBIX aOepPAHTHBIX TCHOB, BOBJICYCHHBIX B Ia-
ToreHe3 3a0o0JieBaHUsI, M pa3paboTKa IpernapaTroB, Ha-
MpaBJeHHbIX Ha MPOAYKT AAHHBIX T€HOB, OPOCAET BbI-
30B JIAOOPATOPHBIM MeTOIaM TreHOoTUnupoBaHus. OHU
JIOJKHBI OBITH HE TOJTbKO UYYBCTBUTEILHBI M CTICITU (DI~
HBI, HO TaK;Ke MOTYT OBITh afalTUPOBAHEI IIJIsI BKITIOUE-
HUS B MTaHEJU U1 IMarHOCTUKM HOBBIX MyTanuii. Tak,
3a MOCJeAHME 2 TOa B IPAKTUICCKHUE PEKOMEHIAIINN
NCCN Guidelines® mo HMKPJI 6bu1n mo6aBieHbI
MUHOpHBbIE MyTaluu reHa EGFR, accoumnupoBaHHbBIE C
otBeToM Ha Tepanuio TKM EGFR, a takxxe myranns
V600E rena BRAF. B npoBeleHHOI paHee paboTe Ha-
1€l UccliefoBaTeIbCKOM IPyMIoii ObLIO MOKa3aHo, YTO
MOD He ycTynaeT 110 YyBCTBUTEJIILHOCTU U CIIeU Y-
Hoctu TP B peaibHOM BpeMeHHU, OAHAKO OO0JiamaeT
OYeHb BaXKHBIM ILJIIOCOM: OTKPBITOCTBIO M BO3MOXHO-
CThIO OBICTPO A00ABIATH HOBBIE abeppalliu B IMarHo-

CTMYCCKHEC TTaHEeIN.

TaGmuita 2 Jnst m3ydeHUs] KIMHUKO-MOP-
¢oaornyeckux ocCoOeHHOCTE! y ma-
uueHtoB ¢ HMKPJI, Hecymux Kitto-

Table 2

yeBBIe IpaliBepHBbIC abeppaluu, Ha
6aze [NCIT6I'MY um. U.I1. I1aBioBa
ObL1 chopMUpOBaH KpHMOOAHK OMO-
JIOTUIECKUX MaTEPUAJIOB.

HAng  JeTeKnuW  KIMHUYECKH
3HAYMMBIX MyTauuii B reHe EGFR
(3x30HHbI 18, 20 1 21), Bo 2 u 3 2K-
3oHax reHa KRAS, V600E B rene
BRAF Oblnu co3naHbl 3 maHenu ¢
noMoiiplo MO3D. OcoOeHHOCTHIO
MOD gBigeTcs BO3MOXHOCTH MO-
IndUKAIUY TIaHeldel IIyTeM JIo-
OaBJIeHUSI HOBBIX MPEIUMKTUBHBIX
abeppaluii B «ropsiurx TOUKax», KO-
TOpBIC BKJTIOUCHBI B MPAaKTUICCKUE
pekoMmeHaanuu. st oOHapyxXeHus
CEHCUTUBHBIX K TAPTeTHOU Teparuu
JIeJieunii M MHcepuuii B 19 sK30HE

¢.1799T>A (V600E)

C.1810A (Q61K)
c.182A>T (Q61L)
C.182A>G (Q61R)
c.183A>C (Q61H)
c.183A>T (Q61H)

¢.2303G>T (S7681)

MonexynspHan mepumHa
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reHa EGFR, a TakXe pe3UCTEeHTHBIX WHCepInii B 20 3K-
30He TeHoB EGFR u HER?2 6bu1 ucniosnbzoBad PA. Yys-
CTBUTEJBHOCTb 2 METOMIOB, IO JUTEPATYPHBIM U TOJY-
YeHHBIM HaMM B MPEABIAYIIEM UCCICIOBAHNN TaHHBIM,
cocraBuia 1—2% myrantHoi JJHK B omyxojeBoM Ma-
tepuaiie [15—17]. Takke HaMU TTPOAEMOHCTPUPOBAHO,
yTo MeTon MOD mo3BoIsIeT OIpeaesaTh 10 48 Kommii/
MK mytanTHou JIHK.

B xome uccnemoBaHust abeppainuu B reHe EGFR
ObL1U BhIsABICHBL Y 9 (15%) oGcnenoBaHHbIX. MeTomoM
MOD BBIIBIICHH cienyiomne myranuu B reHe EGFR:
B 18 sk3oHe — G719S (18% cnyuaeB MyTaluii B reHe
EGFR), B 20 ax30oHe — T790M u S768I1 (110 9%), u 2 10-
yeuHble abeppauuu B 21 ak3oHe — L858R (18%). C mno-
motbio DA B 19 ak3oHe reHa EGFR Obl1 e TeKTUPOBA-
HBI 5 MASHTUYHBIX Aeneunii 15 Hykimeorunosn (46%). C
HCIIOJIb30BaHUEM CEKBEHMpPOBaHUS Mo CaHTepy oIpe-
JeJieHa TTOCIeA0BaTeIbHOCTD JAeIeIIMPOBAHHOTO yJacT-
Ka 9K30Ha B MyTaHTHOW ajtenu: c¢.2235 2249dells
(p.E746_A750delELREA). Brliio mokasaHo rmpeobJana-
HUe Aeiennii B 19 sK30He cpenr MakOpHBIX abeppalinuit
B JaHHOM T€HE: COOTHOIIIeHUEe aejeluu B 19 sk3oHe u
L858R cocraBuio 2,5:1. Cxoxue JaHHbIE TPOJEMOH-
crpupoBanbl E.H. UManuToBeiMm u coaBt. [18]. Tlpn
3TOM Jejieluu B 19 3K30He MpencTaBiasyii cOOOW uc-
KJTIOUUTEIBHO TMOCAeA0BaTebHOCTh €.2235 2249dell5
(p.E746_A750delELREA), urto sBisieTcsi HauboJiee
pacnpocTpaHeHHOU abeppauueii [17]. [Ipu aToM, Mu-
HOpHbIe MyTalluu B reHe EGFR, KOoTopble BKJIIOUYEHBI B
MpakTUYeCKUe PEKOMEHIALIMU 10 BEACHUIO MallMeHTOB
¢ HMKPJI, obin o6HapyxkeHbl B 22,2% ciydaeB. Boi-
COKasl paclpoCTPaHeHHOCTh JaHHBIX abeppaiuii BbI-
sIBJICHA HAMHU BIIEPBBIEC, YTO CTABUT BOIIPOC O MMPUIMHAX
CTOJIb YACTOM BCTPEYAeMOCTU MUHOPHBIX MyTaLnii. Om-
HaKO 3Ta IIpobiieMa McciaeqoBaHa HeJOCTATOTHO U Tpe-
OyeT JaJbHENIIero u3y4yeHusl.

HononnutenbHo nauueHTsl ¢ HMKPJI 6b1m pasne-
JIEHBI Ha 2 TIOATPYIIIHI B 3aBUCUMOCTH oT ctatyca EGFR
(rpyninel EGFR* 1 EGFR”), B KOTOpBIX CpaBHUBAU Clie-
IyIollue KIMHUKO-3MUAEMUOJOTMYEeCKUE IToKa3aTelu:
MOJI, BO3PACT, CTaTyC KypeHUsI OOJbHBIX, TUCTOJIOTHYC-
CKUIi TUTI OTTyX0JH, ctafaus mo TNM (ta6a. 3).

B uccnenyemoii Beidopke y Bcex EGFR*-nanueHnTos
ObUla THUCTOJIOTMYECKM Bepu@pUUMUpPOBAHHAS aJeHO-
kapumHoMa Jierkoro (p=0,0008). V. Boolell u coaBr. [3]
MoKa3ajy, 4TO MyTalluM B NAHHOM TeHE XapaKTepHBI
MPEeUMYILIEeCTBEHHO UISl afeHOKapLUUHOMBI. bosbHbIE C
myrauueii B reHe EGFR cocraBunm 31% Bcex GONBHBIX
aJIeHOKApIIMHOMOM JIETKOTO, YTO HECKOJIbKO OOJIbIIE,
YeM I10 JaHHBIM JPYTMX OTEYeCTBEHHBIX UCCIIEI0BATE b~
ckux 1eHTpoB (20,2%) [19]. DTO 0OYCIOBIEHO IpEXKie
BCETO BO3MOXKXHOCTBIO JIETEKTUPOBATh MUHOPHEIC abep-
pauuu B reHe EGFR.

Abeppauuu B reHe EGFR nocToBepHO yallle BCTpe-
yanuch y keHmuH (p=0,0002) 1 y HeKypsSIIIUX MaueH-
ToB (p=0,0007), 94TO TaKke COOTBETCTBYET OIMYOJUKO-
BaHHBIM JaHHbIM [4]. Haubonee pacrpocTpaHeHHEbIE,
Mo JaHHBIM JIUTepaTypbl, abeppauuu L858R u nme-
Jeunu B 19 3K30He HAOIIOZATNCh UCKIIOUUTEIBHO B

MonexynsapHan meauumHa

TpyIIle HUKOTAA He KYpUBIIUX MalnMeHToK. [Ipu sTom
HaMM He TToKa3aHo accouuauuu myTamuii B rene EGFR
C BO3PacTOM MallMeHTa U HaJIMYUEeM MeTacTaTU4YeCKOi
CTaIuu.

Cpenu naumeHtoB ¢ HMKPJI, BKI10OUeHHBIX B UCCle-
noBaHue, Mmytauuu B reHe KRAS ooHapyxkeHbI B 10% ciy-
YyaeB, YTO 3HAYUTEJbHO MEHBIIE, YeM B IPYIUX padoTax
[10], roe onu coctaBuiu 25%. I1pu 5TOM Bce ajibTepaliu
ObLTM pacrosioxeHbl B 12 kogoHe reHa KRAS: y 5 mauu-
E€HTOB JIeTeKTUpoBaHa HanboJjee yactasg myrauuss G12C
(83%), ay 1 — penxast mo maHHBIM JuTepatypbl — G12S
(17%) (puc. 2) [10]. AGeppaiiyiy B JaHHOM reHe ObLIM 00-
HapyXeHbl UCKJIIOUUTEIbHO B IPYIIIe MallMEHTOB MYX-
CKOTO TI0JIa, KyPSIINX WA KypPUBIINX paHee, 9YTO TaKKe
noka3zaHo M. Del Re u coasr. [11]. B rucronornyeckom
omnyxoJjieBoM Matepuaie KRAS- moigoxuTeabHbIX Maiu-

Tabnuua 3

Kmmanko-mopdosornyeckast XxapaKTepiucTHKa
EGFR-noaoxureasusix 1 EGFR-oTpunare bHbIX NanMeHTOB
Table 3
Clinicopathological features
of the EGFR-positive and EGFR-negative patients

---.
[MTon:

KeHckuit (m=21) 8(88,9) 13(25,5 10,0002
MYXCKOI (11=39) 1(11,1)  38(74,5)
Bospacr, roast
<60 (1=25) 2(22,2) 23(45,1) 0,1994
>60 (m=35) 7(77,8) 28 (54,9)
CraTyc KypeHust
paHbIile Kypui/KypuT (m=37) 1(11,1) 36 (70,6)  0,0007
HUKOT/A He Kypui (m=23) 8(88,9) 15(29.,4)
Tucronornueckuit Tun HMPJI
ajieHoKapLuuHoma (m=29) 9(100,0) 20(39,2) 0,0008
npyroe (m=31) 0(0,0) 31 (60,8)
Cranust
TA-11IB (11=46) 6(66,7) 40 (78,4) 0,4417
1V (1=14) 3(33,3) 11(2L1,6)
B GI2C (KRAS)
B deneuus B 19 sx30He
(EGFR)
[] L858R (EGFR)
[ Heneuus s 19 sk30He
+ T790M (EGFR)
B G719S+S7681 (EGFR)
[] G719S (EGFR)
B GI12S (KRAS)
[] Myrauuun
OTCYTCTBYIOT

Puc. 2. Mymayuu 6 eenax EGFR u KRAS, évis6aennbie y nayuen-
moe ¢c HMKPJI
Fig. 2. EGFR and KRAS mutations in NSCLC patients
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a(a)
vl Dells WT

256 271 X

Puc. 3. [layuenmka c npuobpemernHoli pe3ucmeHmHOCMbIO K 2e-
umunuoy. C nomouypio A onpedenena 1-s1 mymauyus — deneyus
15 nyxaeomuoos 6 19 sxzone eena EGFR (a), a ¢ nomougpro MOD
— NPUYUHA NOSBACHUS YCMOUMUBOCMU K MAP2emHOl mepanuu —
T790M 6 eene EGFR (6)

Ilpumenanue: Dell5 — deseuyus 15 nyxaeomudos;, WT — annens
JuKk020 muna; no ocu X — pasmep ppasmenma; no ocu 'y — uHmeH-
CUBHOCMb PAHOOPECUeHYUU

Fig. 3. The patient with acquired resistance to Gefitinib. The first
mutation, a 15-bp deletion in exon 19 of the EGFR gene, was
detected by fragment analysis (a), and the cause of the emergence
of resistance to targeted therapy, T790M in the EGFR gene, was
determined by the multi-target single-base elongation (b)

Note: Dell5 — deletion of 15 nucleotides; WT — wild-type allele;
on the x — axis-the size of the fragment; on the y-axis-the intensity
of fluorescence.

CHTOB alcHOKAapIIMHOMA U TUIOCKOKJIETOUHBIN paK OBLIN
MpeACTaBIeHbI B pABHOM CTEIICHMU.

ITo nutepatypHbIM TaHHBIM, MyTalluu B reHe HER?2,
B yacTHocTH MHcepuuu B 20 3K30He, U B reHe BRAF
BcTpevatorcst mpu HMKPII ¢ yacTtoToii cOOTBETCTBEH-
HO 1—5 u okoiso 2%. I[Ipuyem abeppauuu B reHe HER2
yale HaOJIOMA0TCS Y MOJOIBIX HEKYPSIINUX MTAllueHTOK
C aJeHOKapuMHOMoIi Jierkoro [14]. ¥V 3 Ttakux mauueH-
TOK, BKJIIOYEHHBIX B UCCIIEIOBAaHNE, MHCEPLIMU TaKXKe HE
yaajaoch o0Hapy:kuTh. ToueuHas myrauus VO60OE B rene
BRAF BcTpedaeTcsl TIPEUMYIIIECTBEHHO Y KYPSIINX WU
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paHbIIe KYPUBIINX ITAIIMCHTOB C aA¢HOKAPIIMTHOMOI JIeT-
Koro [7]. HecMoTpst Ha 60JIbIIOE YHCJIO KYPUJIBILIMKOB B
HameM uccienoBanuu adepparust VOOOE B rene BRAF He
Obu1a OOHapyKeHa.

[eHoTMNIMpPOBaHKE OITYyXOJIEBOIO Marepuajia UMeeT
0oJIbllIOe 3HAYEHUE TPU TUIAHUPOBAHUM Teparvu y Ia-
uueHtoB ¢ HMKPJI. Tak, y He KypuBILIeil TTallMeHTKU C
neneuueit B 19 sk3one reHa EGFR B xone MpoBOAUMON
Tepanuu TreUTUHUOOM OTMEUYEHO MNPOrpeccupoBaHuUe
3a0oJieBaHusl. boiibHOII ObLIa BBINIOJHEHA JIOO3KTOMMUS,
a TIpA TeHOTUITMPOBAHUU OMOIITAaTa, B3SITOTO M3 HOBOTO
oyara, ooHapyxeHa ToueuHas myTtauus T790M B 20 sk-
30He reHa EGFR, xoropas siBasieTcsl HauboJiee 4acToit
npuanHoil pe3ucteHTHOCTH K TKUM (pume. 3). Omyxo-
JIEBBI KJIOH C HAJIWYMEM JIEKAPCTBEHHO-YCTOWYMBOM
myTauuu T790M MokeT ObITh MPEeICyIIeCTBYIOIIMM B
TKW-HauBHBIX OIyXOJISIX, HO 4YacTo (opMupyeTcs B
xozie BozzeiicTBusl TapretHoi tepanuu [20]. B cBs3u ¢
pesyabrataMyd 00CJIeIOBaHMS TAllMeHTKE ITUTaHUPYeT-
Cs TIPOBENECHME Tepanuu IpernapatoM 3-To MOKOJEHUS
(ocuMepTUHMO), ITO3BOJISIONINM IIPEOMOICTh YCTONIM-
BOCTb OITyXOJIH.

Y npyroro 60JbHOT0, B MPOIILIOM KypUBIIETro, B OMy-
X0JIEBOM Marepuaje ¢ moMoinbio MOD ObUIM JeTEeKTU-
POBaHBI 2 COCYIIECTBYIOIIME TOYeuHble MyTauuu: G719S
B 18 sk30He u S7681 B 20 sk30He reHa EGFR. [laHHbBIe
abeppallvy Yallle BCTPEYaloTCs B COCTaBe COCYIIECTBYIO-
mux mytanuii [8]. B C. Chiu u coasT. [19], moka3aHo, 4TO
JIaHHBINA TUN MyTalUi accOLMUpPOBaH ¢ 0oJiee BHICOKOI
YacTOTOM OOBEKTUBHBIX OTBETOB U BBIKHMBAEMOCThIO 6€3
TIPOTPECCUPOBAHUS 110 CPABHEHUIO C OAMHOUYHBIMU MY-
tanmamu G719X u S7681.

KoMruiekcHbIif MEeTOAOJOTMYeCKMI TMOAXO0H IeTeK-
LY MyTauuii BKodaronmii MOB u @A, mo3soiui 06-
HapyXXuBaTh pa3HOOOpa3HbIC TUIHI abeppalrii B TeHax
EGFR n KRAS y 25% manuenToB ¢ HMKPJI. Pacmm-
peHHas maHesab reHoTunupoBaHus ouontatos HMKPJI
MO3BOJIMJIA METEKTUPOBATh MUHOPHBIC MYyTalliM B TeHE
EGFR.
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