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MonekynapHo-reHeTn4eckasa amarHoctnka HMPJI
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MonekKynspHo-reHeTu4eckas
anarHoctuka HMPJ

JleyeHne NnaumMeHToB C MeTAaCTAaTUYECKNM HEMENIKOKJIETOYHbIM pakoM serkoro (HMPJ1)
NCTOPMYECKN COCTOASIO N3 CUCTEMHON LNTOTOKCUYECKON XMmoTepanuun. Jlyywee
MOHUMaHME MOJIEKYIAPHbBIX NYTEN, KOTOpble YNPaBAsloT 3/10Ka4eCTBEHHbIMU
HoBoobpa3oBaHMaMK Npn HMPJ1, npneeno K paspaboTke nekapCTBEHHbIX NpenapaTos,
HaLeneHHbIX Ha creunpuyeckmne MolekynsapHble NyTU B 3/10Ka4YeCTBEHHbIX KJleTKax,
HaynHaa ¢ Havana 2000-x ronos..

NoeHTndrnkaums oHKOreHHoW akTueaumm onpenesieHHbIX TUPO3MHKWHAa3, B NepByto
oyepenb MyTauun peLenTopa anuaepMmanbHoro gaktopa pocta (EGFR) nnv nepectponkn
reHa KnMHasbl aHannactudyeckon numdgomsl (ALK) nnm reHa ROS1, myTtauunm B reHe BRAF,
npueena K CABUry rnapaamrmbl B MONEKYNAPHbIX MeToAaXx Jle4YeHUS NauneHTOoB.
BbigeneHne sTnx NOArpynn NauneHToB CBA3aHO C naeHTudmnkaunen bnomapkepos u
MeTO0B JleyeHus.

MNpeankTuBHbIMM BOMapkepaMu A5 MPOrHO3MPOBaHUA 3(PHEKTUBHOCTN TapreTHOMN
Tepanuu nNpu pacnpocTtpaHeHHoM HMPJ1 aBAs0TCSA cCOMaTUYeCKUE U3MEHEHNSA reHoMa,
N3BECTHble KaK «ApaBepHble akTUBMpyowme mytaumm» (puc. 1).
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PucyHok 1. MonekynapHo-reHeTu4eckme HapyLweHusa npm
pacrnpocTpaHeHHOM/MeTacTaTU4YeCKOM paKe JIerkoro

3T MyTauunM NPOUCXOOAT B OMYXOJIEBbIX KJIeTKaX, B FreHax, KogunpyoLwmnx 6enku, Ba>KHble
ONA poCTa U BbDKMBaHUSA KneTok. CyulecTBYIOT Apyrue nostopstoLlmecs Mmytauum npu
HMPJ1, KoTopble MeHee Ba>KHbl 419 NoAgAep)XaHUA OHKOreHHOro peHoTuna, n nx 4acto
Ha3bIBalOT «MyTauUMAMU-NMacca>Knpamm».

HOpaneepHble MyTaumm obbI4HO HE OBHapPYXNBAOTCA B reHOMEe 3apoblLLUeBON JIMHUN N He
nepenarTCsA Mo HaCNe[CcTBY, ABAATCA B3aMMOUCKIIIOYaOWMMN (T. €. MaJIOBEPOSTHO, YTO
KapunHoMa nmeet bosiee oaHOM OpaniBeEPHON MyTauun). ApanBepHble MyTaunm obbl4HO
ABNAOTCA TPAHCHOPMUPYIOWMMK, YTO O3HAYAET, YTO OHM MHULMNPYIOT 3BOJIIOLMIO KIETKMN
B 3JI0KQ4YeCTBEHHYI0. KpoMe Toro, 3T MyTauum 4acTo NpuaatoT TpaHCHOPMMPOBAHHON
KieTke B1MoNornyecKyto 3aBUCMMOCTb OT OHKOMeHOB, @ 3TO O3Ha4YaeT, YTO MyTMPOBABLUWIA
6enok TpebyeT curHana oT ApanBepa A9 BbDKUBAHMUS.

Mpn HMPJ1, Kak n npu Apyrux 3710Kka4eCcTBEHHbIX HOBOOOpa30BaHUAX, CONOCTaB/IeHME
KOHKPEeTHOro TapreTHOro rnpenapaTa C BbIABJIEHHOW MyTaunen-gpanBepom an1s
OTAENbHOIro NaumMeHTa NPpUBENOo K 3HAaYNTESIbHOMY MOBLILLEHUIO TEpaneBTUYEeCKONn

3P PEKTUBHOCTN, HaCTO B COYETAHUN CO CHUXKEHNEM TOKCUYHOCTU. BbiiBNeHne MyTauuin B
3TUX reHax CTaHOBUTCSA CTaHAAPTHOM YaCTblo AMAarHOCTMYECKOro nccnengosaHua HMPJI, n
noJsly4eHHas nHpopMauna Heobxogmma npu BbIbOpe Mexay XuMnoTepanmen B OTCyTCTBME
MyTauuu U TapreTHOW Tepanuen.

MpumepHo B 50 NpoueHTax onyxonen nerkoro obHapy>KeHbl reHeTu4Yeckme MmyTaumm, 4To
MNPVBOAMT K UCMOJIb30BaHUIO TapreTHOro npenapaTa B Ka4ecTBe Tepanuu nepson nHumn',

Y naumeHTOB C pacnpocTpaHeHHbIM HMPJ1 cnenyeT oueHnBaTh OMyXoJib Ha npegmeT
HaNN4Yns OpanBepHbIX MyTaunin’. PekomeHgauumn Konneaxa aMepukaHCcKMx naTosioros



(CAP), MexxayHapogHon accoumaumm no nayvyeHuto paka nerkmx (IASLC) n Accoymnauunm
MONIEKYNAPHbIX NaTonoros (AMP) peKoOMeHAYT aHan3 rnepBUYHON OMyXosin Un
MeTacTa30B Ha ApaBepHble MyTauun B reHe, KoAVpYOWeM peuenTop snmaepmMabHoro
dakTopa pocTa (EGFR), kmMHa3y aHannacTtnyeckon numepomsl (ALK) ona scex naumeHTos,
OMNyXO0Jib KOTOPbIX COOAEPXUT 3J1IEMEHT aeHOKapPLMHOMbI, HE3aBUCMMO OT KJIMHNYECKUX
XapaKTepUCTUK nauneHTa.

MeToabl onpegeneHus MyTauumn

MeToabl CKPUHWHIA naynmeHToB ¢ HMPJ1 Ha apanBepHble MyTauuy NMoCTOAHHO
pa3BMBAOTCH, N HE CyLleCcTBYeT eMHOW CTaHOapPTHOM NaaTgopMbl 419 TECTUPOBAHUA.
BO3MOXXHOCTU, KOTOpbIE AeNatoT NAaTPoOpPMy KIMHUYECKU NOoNe3Hon, — 3To BeicTpoe
BpeMs BbiNOsHEHUA paboT (ABe Hegenn uan MmeHble). Ana HefaBHO ANAarHOCTUPOBAHHbIX
naymMeHToB C HenJockokieTo4YHbIM HMPJ1 pekomeHayeTca TectuposaHue Ha EGFR
(MeTogom nonnmepasHon uenHon peakyun [MLUP], kKoTopbln 3aHMMaeT MeHee 2 Hefelb);
ALK nmmyHoructoxnmmyeckmnm (UMX) nnm conyopecueHTHbIM in-situ TectnposaHuem (FISH)
n ROS1 (FISH). CekBeHupoBaHue cneaytouiero nokoneHns (NGS) moxxeT 6bITb BbIMOJIHEHO
BMECTO 3TUX TeCTOB WM NapasiyiesibHO C 3TUMKU TecTaMun. MonekynapHoe TeCTupoBaHue
MO>XeT ObITb BbIMOJIHEHO Ha OTAEJIbHbIX NaUMeHTax C NJIOCKOKAeTOYHbIM HMPJ1 —
Hanpumep, y Tex, KTo MaJlo Kypua nnn HUKoraa He kypwun. Ul X-tectuposaHue
BbINOJIHAETCSA AN 3anporpaMMnUpoBaHHOro nuraHga cmeptm 1 (PD-L1) ansa Bcex
MayMeHTOB C HEMJIOCKOKJIETOYHbIM NUJIN NJIOCKOKIETOYHbIM HEMESIKOKIETOYHBIM PaKOM
JNlerkoro.

e CTUMYNALMA NOA, BJIMAHUEM YPaATHbIX KPUCTANJIOB CUHTE3a
NpoBOCNaNIUTEJIbHbIX MeAUATOPOB (LMKJIOOKCUTEHA3HbIE N JINMOKCUIeHa3Hble
MeTabonnTbl apaxnoHOBOM KUCNOThI, poconunasa A2, Wi-1, NN1-8, PHO, LNJ1-6,
aHa(PUNATOKCUHbI, KWHUHbI U Ap.) haroumTamm, CAHOBMAJSIbHBIMU KeTKaMn «
APYrMMM KOMMNOHEeHTaMn cycTaBa.
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PI/IcyHOK 2. MeTon CeKBeHMUPOBaHNA HOBOIO NMOKOJIEHNA

e Annenb-cneuunduyeckoe TecTupoBaHue. Annenb-creumpunyeckoe TecTupoBaHne
aHanm3npyeT OHK ¢ nomowbo nonmMmepasHo-uenHon peakuun (MUP) Ha npegmeT
3apaHee U3BeCTHOW MyTauun 1N B 3HAYUTESIbHON CTerneHn 3aMeHseT npsamoe
CEKBEHMpPOBaHNE. DTO MYJIbTUMJIEKCHbIN TECT, KOTOPbIN, Kak npasuso, beicTpee n
helleBsie, YeM CEKBEHNPOBAHME KaXK40ro reHa no otaesibHoctu. OQHakKo MOXeT
NOEHTUPUNLNPOBATL TOJILKO N3BECTHbIE MYyTaLUWN N HE MOXXET UCMOJIb30BaTbCA A4
BbIABJIEHNA HOBbIX FEHETUYECKUX asibTepaunn.

e XKXmpkocTHasa bmoncusa. MonekynspHas guarHoCcTMKa TpagnUNOHHO BbINOJIHANACH
Ha connagHon onyxonn. XXnakoctHasa bnoncus npenocTassiseT BO3MOXHOCTb
reHOTUNNPOBAHNA MEHEee NHBA3MBHbLIM N MeHee A0POorocTosawmnm cnocobom n gaet
BO3MOXXHOCTb OTCJ/IeXXUBaTb MONEKYypHble 0COBEeHHOCTN B npoLecce feyeHnsa nim
MPOrHO3MPOBaTh PELMANB MNOC/e aAbloBaHTHON Tepanun®®, B HacTosLLee BpeMs
cywiecTByeT ABa o406peHHbIX YNpaBaeHneM rno CaHNTAapHOMY HaA30py 3@ Ka4eCTBOM
nuLLeBbIX NPOAYKTOB U MeankaMeHToB CLUA (FDA) TeCTa umpkynupytoLwemn
onyxoneson AHK (ctDNA) ana nauneHToOB C pakoM nierkoro, oba onsa apanBepHbIX
MyTauun B reHe EGFR. OrpaHnyeHmne cocTouUT B TOM, YTO YYBCTBUTENIbHOCTb
coctasnseT oT 60 o 80 npoueHTos” . Hanpumep, B 04HOM UCCNen0BaHUN Y 58
nauneHTtoB ¢ EGFR-MyTunpoBaHHbIM HMPJ1, KoTopblie npnobpenn yCcTOM4YMBOCTb K
MHrMbuTopy TUpPo3nHkMHa3bl EGFR, oueHnBanocb Hanu4me mytaunm T790M B
nnasme. YyBCTBUTENbHOCTb XUAKOCTHOM Broncmnm K T790M cocTtasuna 70
npoueHToB’. BTOpoe orpaHnyeHune XnaKocTHon bruoncum — 6onee BbICOKas



BEPOATHOCTb MOJIyHYEHUS JIOXKHOOTPULATENIbHbIX pe3ysibTaTOB N0 CPAaBHEHUIO C
TpaanunoHHOM Brnoncmen, yuntoiBas Hebonblloe n nepeMeHHoe kKonmvecTso OHK,
KOTOpOEe OMnyXoJin MOryT BblAesIATb B KPOBOTOK (puc. 3).
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PucyHok 3. MeToa XnagkoctHom buoncun ong onpeneneHnsa reHeTUYeCKUX HapyLweHun

MyTauuu, onpepensaembie npu HMPJI

Mpw HMPJ1 BbifenatoT pa3Hoobpa3Hblie reHeTUYEeCKME HapyLLUEHUS, KOTOPbIE UMEIOT
onpenesieHHblIe MONEeKYNApHble 0COBEeHHOCTHN, BKAKOYaa NUraHapeuenTopHoe
B3amMonencTeme, (popMmpoBaHMe CUrHaAbHOro Kackaga v ap. (puc. 4).
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PuUcyHoOK 4. BapnaHTbl reHeTu4yeckux HapyweHuimn npu HMPJI

MyTtauusa B reHe EGFR. MyTauuun B EGFR HabntogatoTca npuMmepHo B 15% HMPJ1 n vawwe
BCTPEYalTCsa Yy HEKYpALWMX. B asmaTckux nonynaumax 4actota mytaumm EGFR
3Ha4YMTesNIbHO Bbille, 00 62 npoueHTos'" Mpu pacnpocTpaHeHHoM HMPJ1 Hanu4ne MmyTauum
EGFR paeT 6onee 6naronpmaTHbIN NPOrHO3 1 NpeAcka3biBaeT YyBCTBUTENbHOCTb K
MHrnbmnTopam TMpo3snHkuHasbl (TKI) EGFR, TaknuM Kak 3pnoTuHmnb, redmntuHmnb, apatnHmb 1
ocumepTuHMG. Mcnonb3osaHue TKI EGFR ocHoBaHO Ha obHapy>XeHnun 3TuxX MyTauuini B
6ruonTaTe onyxoau NMbo B MaTepuane XuaKocTHom buoncun®?. YTeepxaeHHble
YnpaBneHnemM no KOHTPOJIIO 3a npoaykTamum n nekapcrteamm CLUA (FDA) TeCTbl — 3TO TecCT
Ha myTauuto Cobas EGFR ans obwmnx ak TUBNPYOLWNX MyTaunun nnm TeCcT Ha MyTauuto
Cobas EGFR v2 gna myTtauun T790M; nobon pesynbtaT myTaunm EGFR, BbINMOSHEHHbIN
cepTUdULMPOBaHHON NabopaTopuen, NpuemMnem Oas NPUHATUS KINHUYECKUX peLleHnin®.

TpaHcnokauuma B reHe ALK. TpaHcnokauumy € ydactmemM TUPO3UHKMHA3bI
aHannactu4yeckon numMepomsbl (ALK) npucyTcTByOT NnpuMmepHo B 4% HMPJ1 B CLLUA n vawe
BCTPEYAlOTCA Y HEKYpALWKMX 1 Bosiee MonoAbIX NauneHToB. TpaHcnokaumm ALK
onpenensaT ¢ nomouwbto FISH, UTX nnm 60abWIMHCTBa NaHeNen CEKBEHMPOBaHUS
cnepytouwero nokosieHns (NGS).



Mpn HMPJ1 Ha no3gHUX cTagnax Haan4dme TpaHcnokauum ALK nporHosvpyet
4yBCTBUTENbHOCTb K TKI ALK (Hanpumep, Kpu3oTuHMG, LuepnTuHMG, anekTnHmb), n nevyeHune
3TUMUM NpenapaTaMn 3Ha4YUTEeNbHO NPOANEBaET BbKMBAeMOCTb 6e3 nporpeccnpoBaHms
(BBM)*'.

TpaHcnokauua B reHe ROS1. ROS1 npeactasnseT cobon peuenTopHyo TUPO3UHKUHA3Y,
KOTOpasa OenCcTBYeT Kak OHKoreH-gpaneep B 1-2% HMPJ1 n3-3a reHeTU4eCKOWn
TpaHcnokaumm mexay ROS1 n gpyrummn reHamun, Hanbosee pacnpocTpaHeHHbIM U3
KOTopbIX fABnseTca CD74?°. Mopdonornieckne n KnHM4Yeckme npusHaku, cCB3aHHble C
TpaHcnokaumamm ROS1, BkaoYaoT NoATUN afeHOKaPLUNHOMbI, Yalle XapaKTepHbIn Ang
HUKOrga He KypuBLUMX MoJ1oAbIX NauneHToB. TpaHcnokauum ROS1 onpenensaioT
nomMowbto FISH, a Takxe HekoTopbix naHenen NGS. TuposmHknHasza ROS1 o4eHb
YyBCTBUTENIbHA K KPU3OTUHNOY N3-3a BbICOKOW CTEMEHW FTOMOJIONTNN MeXAy OOMEHaMun
TUPO3MHKMHa3bl ALK n ROS™. JleyeHune kpnsoTuHubom ogobpeHo FDA 1 pekoMeH10BaHO
nauveHTam c TpaHcsokaumen ROS1, BkaoYas Tex, KTO rnpoLwen xmMmmotepanuto, N Tex, KTo
He neyumncs paHee®,

MyTauusa B reHe BRAF. BRAF aBngeTca HMXXecTtoawmm MegnaTopoM nepenadm CUrHasios
KRAS, KOTOpbIN aKTUBUPYET NYyTb MUTOreH-aKTUBUPYEMON NMpoTenHknHasbl (MAPK).
AkTunsupytowme mytaumm BRAF Habnoganuce B 1-3% cnyd4aeB HMPJ1 1 06bI4HO CBSi3aHbI C
KypeHuem B aHaMHese’ >,

OHW MOryT BO3HUMKaATb 1160 B nonoxxeHmm V600 3k30Ha 15, kak B MenaHoMe, nmbo BHe
3TOro AoMeHa, n 0bbl4HO BbIABNAIOTCS ¢ noMoubto MLP nnm metopgos NGS. Onsa nauneHToB
¢ HMPJ1 ¢ myTaumnamn BRAF V600E, y KOTOPbIX BbIIBSIEH MPOrpecc ornyxoau Ha
XMMMoTepanun, a Takxxe Npm oTCYTCTBUM NMpeaLluecTByOWen Tepanmu, MoXXeT bbiTb
Ha3HavyeHa KoMbunHauna gabpadeHnba n TpameTnHmba, nonyymelias onobpeHune onsa
KNNHMYeCcKoro npuMmeHenmnsa. MHrmbunposaHmne BRAF ¢ noMoLL b0 OAMHOYHbBIX NepopasibHbIX
Hu3KomonekynsapHolix TKI (Hanpumep, BemypadeHnb, nabpageHnd) okazanocb MeHee
3(hbheKTMBHOM CTpaTernen sedeHmsa nporpeccupytowero HMPJ1 ¢ HanmMymem myTauum B
reHe BRAF V600, no cpaBHeHuIo ¢ kKombuHauven gabpadeHnba 1 TpameTuHnba >,

B cniydae BbIIBIEHUSA OPYTrUX OHKOreHHbIX ApanBepHbIX MyTauum npu HMPJ1 npn
OTCYTCTBUU K HUM MNpenapaToB HanpaBJIEeHHOro AeNCTBUS, 3aperncTpMpoBaHHbIX Ha
TepputTopun PO, B KIIMHNYECKOW NPaKTMKE BOSMOXKHO UCMNOJIb30BaHNE albTePHAaTUBHbIX
oMU NekapcTBeHHON Tepanun>>°. Ecim onyxonb 3KkcrnpeccupyeTt PD-L1, Ha3Ha4aloT
nMMyHoTepanuio™>°, Ecain xuMmoTepanus yxke npoBoAniack, OCTYMHbIE BAPWUAHTSI
chepylouwen IMHNU BKIOYaT TapreTHYo Tepanuio uin UMMyHoTepanuio.
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