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AKTuBMpYyoWwan myTtaumsa reHa 6enka BRAF BcTpevaeTcs npuMepHo y 35-60% naymneHToB C
MenaHoOMOMN KOXuU“*?. Bosbluas YacTb MyTaumin BRAF oTHoCUTCS K rpynne myTaumin V600, B
TOM Yucne ot 70% no 90% npuxogntca Ha mytauuio V60OOE n ewe ot 10% no 20% Ha
MeHee akTuBHY MyTaumo V600K, MyTaumsa V60OR sBnseTcs TpeTbei no YacToTe
MyTauuenn BRAF npu menaHoMe Koxu, cocTasnasa 1-7%>*. MyTauum BRAF, He cBA3aHHbIe C
V600 (HeV600), 06HapyXMBaIOTCA MO AaHHbLIM U3 Pa3HbIX UCTOYHUKOB B 3-16% MenaHom®.
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PucyHok 1. YacToTa BCTpe4yaeMoCTUn pasiIn4yHbIX TUMOB MyTauun B reHe BRAF y nauneHToOB
C MenaHoMmomn Koxu (agantuposaHo n3 Cheng L. et al., 20183)

UccnepoBaHua 3¢ppeKTUBHOCTU TapreTHoOM Tepanum
MHrmontTopamm BRAF/MEK y naumMeHTOB C peaKuMm
myTauuamu BRAF

Hanbonee yacto BcTpevatowmeca mytaunm BRAF V6OOE n V600K aBAAOTCA OCHOBHbLIMU
MULLIEHAMMK oNna TapreTHon Tepanun (TT) nHrnbutopamm BRAF/MEK (BRAFi/MEKI), Taknmm
Kak nabpadeHnb/TpameTnHmnb, BemypadheHnb/kobnumeTnHmnb n
3HKopadeHnb/6MHNMeTUHNG. MNMprneBeaeHHbIE AYNAEeTbl NPOAEMOHCTPUPOBAIN
3Ha4YnTeNnbHOe yBenunyeHne obuien sbi>kmsaemocTtn (OB) n BbknBaemocTun 6e3
nporpeccupoBaHus (BBIM) B uccnegosarHnsx COMBI-d/v, CoBRIM n COLUMBUS*>*’, B
pPerncTpaunoHHble nccnenoBaHnsa TT B OCHOBHOM Oblsi BKIKOYEHbI MaLUWUEHTbI C MyTauusaMun
BRAF V600 E/K>*’. TepaneBTuieckas sPekTMBHOCTb BRAFiI/MEKi y 60/IbHbIX MENaHOMOMW C
6onee pegknumun myTaumsamm BRAF He nlyyanacb B MacWTabHbIX KIIMHNYECKNX
nccnenoBaHMAX N MOXXeT BbiTb OLleHEHa TOJIbKO B €ANHUYHbIX NN CEPUAX KITMHUYECKNX
cnyyaes™®.

Menzer C. et al. 0606wmnn nuTepaTypHblie AaHHble N0 3PdPeKTUBHOCTU TT y 96 MauneHToB
C MenaHoOMON C pegKnuMn mytaumnsmu B reHe BRAF (kpome V600E/K) . Y 6onbLUMHCTBA
nauneHToB 6bla1 AnarHo3 MenaHoMbl KOXXK (89% cpean naumeHToB ¢ MyTaumamm HeV600;
81% cpeaun NayneHToB C pegkumm nogTunamm mytaumnn V600). B aHanns 6bisin BKIOYEHbI
naumeHTbl, KOTopble nosy4ann nedeHue Kak BRAFi u MEKi B pexxume MOHOTepanuu, Tak n
nx KombrHavumen.



TapreTHas Tepanusa MeJIaHOMbI C pegKUMUA MyTaLuUaAMHU
BRAF V600

Mo naHHbIM Menzer C. et al.' U3 58 nauneHToB C peakuMn MmyTaumnsmu BRAF V600
(V600R/D/M/G/L, V600 _K601 (_E/delinsE), V600 _S602delinsDT) obwunii oTBeT bbla1 NONyyeH
y 45% naumneHToB. MNpn NnpumeHeHnn BRAFi B MoOHopexume n kombuHaunm BRAFiI/MEKi
yacTtoTa obuwero oteeTa (HOO) B cpegHeM cocTaBnsna 27% v 56%; 4acToTa KOHTPOAA Hafg
3aboneBaHuem (HK3) — 55% un 83%; meamnaHa Bb>KMBaeMoCcTn 6e3 nporpeccmpoBaHus
(MBBIM) — 3,7 n 8 mecsaues; meanaHa obwen Bobxknsaemoctn (MOB) — 7,3 n 17,3 mecsaua
COOTBETCTBEHHO. bbis1 NpoBefeH aHann3 No oTAesIbHbIM noaTunam myTtaumm V600. Mpwu
nevyeHnn menaHombl y 44 naumeHToB ¢ MyTaumen V60OR (TpeTba NoO pacnpoCTpaHEHHOCTH
MyTauunsa B reHe BRAF nocne V600E/K) 6binm nony4veHbl obHagexmnsaroLme pesybTaThl
npu ncnosib3oBaHum kombmHaumm BRAFi/MEKi: YOO — 55%, YK3 — 83%, mBbINM — 8
Mecsaues, MOB — 22,9 mecsaua. lNpun NnpuMeHeHNN y nayneHToB C 3TOW e MyTaumnen BRAFiI
B peXXume MOHOoTepanuu pesynbTaThl 6bin cywiecTBeHHO xXyxe: YOO — 27%, YK3 — 60%,
MBBIN — 3,8 mecsiua, MOB — 7,3 mecsua. Hanbonbliasa appeKTUBHOCTb MOHOTEpanuu
BRAFi n Tepanun kombuHaunenn BRAFi/MEKi 6bi1a nony4yeHa y 5 nauneHToB € MyTauunen
V600D: YOO — 100% n 67%, YK3 — 100% onsa obonx BapmaHToB fieyeHus, MBBIM — 14,3
Mecsiua 419 MOHOTEepanum N He onpeaeneHa npu nevyeHnmn kombmHaumen, MOB — 19,8 n
17,3 mecsLla COOTBETCTBEHHO. Y NauneHTOB ¢ Hanbonee peaAKMMM NOATUNAMU MyTaLuUin
(V600G/L n V600 _S602delinsDT) ansa nevyeHns npumeHann Tonbko BRAFI, n pesynbTaT
fleyeHVs y BCex Tpex nauumeHToB Obl1 OLeHEeH Kak nporpeccuposaHue. Manoe KomM4ecTBo
nauMeHTOB B NOC/aeAHEM CJly4ae He NO3BOJISeT AenaTh BbiBOAbI O LenecoobpasHocTH
npumeHeHna TT BRAFI npu yKa3aHHbIX MyTauunsx.

B uesnom gnsa Bcex pegkux noatmnos MyTauunm V600 achbdpekTnBHOCTb Bbina Bbille npu
ncnonb3oBaHnn KombuHaumm BRAFI/MEKi no cpaBHeHUto ¢ MOHOTepanunen BRAFi.
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Kon-go 400, HK3, %

nayneHToe
Bce pepkve MyTauum Bcero 58 45 72 6,0 12,3
ve00
BRAFi 22 27 55 37 73
BRAFi+
MEKi 36 56 83 8,0 17,3
V600R Bcero 44 46 75 3,1 11,6
BRAFi 15 27 60 38 73
BRAFi+
MEKi 29 55 83 8,0 229
Ve0oD Becero 5 80 100 17,4 17,4
BRAFi 2 100 100 14,3 19,8
BRAFi+ He
MEKi 3 67 100 onpeneneHo 17,3
V600_K601 Bcero 4 25 25 15 31
(_E/delinsE)
BRAFi 2 0 0 1,5 2,2
BRAFi+
MEKi 2 50 50 13 4,7
BRAFi+
Ve0OM
MEKi 2 50 100 6,5 16,1
V600G BRAFi 1 nporpeccupoBaHue BBMN 1,9 0B 5,2
VéeooL BRAFi 1 NporpeccUpoBaHne BEM 2,5 0B 2,5
V600_S602delinsDT BRAFI 1 nporpeccuposaHme BBMN 1,4 0B 10,7

Tabnnua 1. 9hheKTUBHOCTbL TapreTHon Tepanun BRAFI/MEKi y nauneHToB ¢ MenaHOMOM
KOXW C peKMMU Tunamm MyTauuin BRAF V600*

TapreTHasa Tepanua MeJiaHOMblI ¢ MyTauuaMu BRAF
HeV600

B aHann3 Menzer C. et al." Tak)xe 6bIIM BKOYEHbI JaHHble 38 NauMeHToB C MyTaLumamu,
HeV600 (B Tom 4yncne L597P/Q/R/S, K601E, G469R/S/A, A598V, 1596 1597insTAC,

T599 V600insT, D594G n G593D). YOO y 38 nauneHToB cocTasunia 18%. MNMpu npumMmeHeHnn
BRAFi nnn MEKi B pexxume moHoTepanun n kombunHauum BRAFiI/MEKi YOO coctasuna 0%,
40% n 28%; YK3 — 47%, 40% vn 60%; mBbIN — 1,8, 3,7 n 3,3 mecauya n MOB — 7,6, 5,9 n
11,3 mecsiua COOTBETCTBEHHO.
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Kon-go Y400, YK3, %

nayuveHToB
Bce peakue MyTauum Bcero 38 18 47 2,6 7,8
HeV600
BRAFi 15 0 40 1,8 7.6
MEKi L 40 50 37 59
BRAFi+ 18 28 50 33 11,3
MEKi
L597P/Q/R/S Becero 15 20 53 33 16,3
BRAFi 5 0 60 16,3 16,2
MEKIi 1 100 100 BBM 3,7 0B=57,8
BRAFi+ g ) A4 D% He
MEKi onpegeneHo
K601E Bcero 1 9 45 2,5 8,4
BRAFi 6 0 50 1,6 7.8
MEKi 1 0 0 BBMN 0,4 0B52
BRAFi+ He
MEKi 8 23 a0 38 onpenengHo
G469R/S/A/
T170delinsAK Sk g G i : :
BRAFi 2 0 0 1,5 6,6
BRAFi+ 3 67 100 9,2 9,4
MEKI
G593D BRAFi 1 nporpeccupoBaHue BBM 0,9 0B25
D594G MEKi+MKi 1 nporpeccupoBaHue BEM 1,8 0B 4,8
A598V BRAFi_"' 1 nporpeccupoBaHue BbMN 2,2 OB 22,2
MEKi
1596_1597insTAC BRAFi+ 1 nporpeccupoBaHmne BBM 2,6 0B 28
MEKi
T599_V600insT BRAF 1 nporpeccupoBaHmne BBM 2,8 0B 5,7
BRAF TpaHcnokaums. . .
MET T9921 MEKIi 1 YACTUUHBIW OTBET HEM3BECTHO OB78
BRAF TpaHcnokaums. MEKi
Crmsitme: KIAAT549— 1 cTabunusaymn HEW3BECTHO 0B59
BRAF

Tabnnua 2. 9PPEKTUBHOCTb TapreTHon Tepanmn BRAFi/MEKi y nauneHToOB C MeniaHOMOM
KOXW C peikuMu Tunamm myTtaumin BRAF HeV600*

KnioyesBblie BbIBOAbI
Image

B kKnnMHM4Yeckom npakTuke nHopMauns o noatune mytaunm B reHe BRAF y naymeHTa
C MENIaHOMOM KOXXWN MOXXeT NoMOYb NpaBuJIbHO CMJIAHUPOBATb AajibHelllee NevYeHune.



Image

MaumeHTbl C MeNnaHOMONM C peaknmMmm Mmytaunamm B reHe BRAF oTBeYaloT Ha Tepanuio
BRAFi/MEKi, x0T n MeHee Bbipa>Xe€HHO, 4YeM NauneHTbl C MyTaunen B reHe BRAF V600OE/K.

Image

Hanbonee 4yyBCTBUTENLHBLIMU K TapreTHon Tepanun BRAFiI/MEKi oka3zanuncek pegkune
MyTauuun B reHe BRAF V60OR/D/M.

Image

Mpn NnpuMeHeHNn KOMbUHNMpPOBaAHHOW TapreTHon Tepanun YOO cpean NayneHToB
c peoknmun mytaumamm BRAF V600 cocTtaBuia 56%, HeV600 - 28%.

KnuHnyeckmne faHHble No 3pPeKTUBHOCTU TapreTHoun Tepanuu BRAFI/MEKi y nauneHTOB
C peaknMmm MmyTtaumsamm B reHe BRAF orpaHunyeHbl n TpebyoT yTOYHEHMS.

CnMCOK CcOoKpalleHUn

BB — BbXMBaeMoCTb 6e3 nporpeccnpoBaHuns

MBBIN — mMeaunaHa BbxMBaemocTun 6e3 nporpeccnpoBaHuns
MOB — MeaunaHa oblen BbKMBAEMOCTH

OB — obuias BbI>XXMBAaeMOCTb

TT — TapreTHada Tepanus

YK3 — yacToTa KoHTponsa 3aboneBaHus

YOO — yacTtoTa 06BbEKTUBHOIO OTBETA

BRAFi — nHrnbuntopel BRAF

MEKi — nHrubutopsl MEK

MKi — My/IbTUKMHA3HbIN NHITNBUTOP

HoMeHKNaTypa reHHbIX MyTauum

K reHHbIM MyTauunsaM OTHOCAT MyTauunn, CBA3aHHbIE C 3aMeHon, yAaleHnem, BCTaBKOW
OOHOIo NN HECKOJIbKUX HYKNEOTUOOB, a TakK)>Xe C nepeHocom, yaBoeHnem nin VIHBepCI/IeI7I
OTAEeNIbHbIX YacTeWn reHa. eHHble MyTaunn, B oTJiIn4ne OT XPOMOCOMHbBbIX NN TEHOMHbIX
MyTaLI,I/IVI, KaK npaBunnio, 3aTparmBatoT TOJIbKO He6OJ'IbLIJyI'O 4aCTb reHa.

Kak onncaTb reHHy MyTauuto, 4Tobbl He BO3SHUKJI0O NyTaHUUbl, @ ApYyrue nccnenoBaTenm
TOYHO MOTJIN NOHATb, O KAKOM U3MEHEHUUN CTPYKTYpbl Koaupytowen OHK nan
obpa3sytouwerocsa 6enka noet peyb?

YTobbl AaTb TOYHOE onpeneneHne myTaunm Ha yposHe [HK, Hy>KHO yKa3aTb, Kakue
HYK/1eOTUAbl U B KAKOM MOJIOXKEHUN Bblnn yaaneHbl, 3aMeHeHbl nan gobasneHsl. MNpu
ONMUCaHUN MyTauun Ha YPOBHe Besika HY)KHO Tak>XXe yKa3aTb yAaJIeHHble, 3aMEeHEHHbIe NN
nobaBneHHble B pe3ysibTaTe MyTaulum aMUHOKUCIIOTBI U UX pacrnosioXXeHne (MopsaaKoBbIN
HOMep) B noaunenTuaHon uenun’.



Onsa ypo6cTBa MCNOMBL3YIOT pa3/iuiyHble BApUaHTbl COKPaLL,EeHHbIX
ob6o3HaueHnin myTauun’.

Mpn coCTaB/EHUM KPaTKOM 3anNncy MyTaunn Ha YPOBHE N3MEHEHUI B CTPYKType benka
cnenyloT cneaylolnM OCHOBHbLIM Nnpasunam’:

1.
2.

Ncnonb3yeTcsa 0AHOOYKBEHHbI aMUHOKNCIOTHbLIN KOA,.

YKa3blBaeTCs NoOJIOXKEHNE N3MEHEHHOW B pe3ysbTaTe MyTaunum aMUHOKUCIOTLI B
benke (NOpAOKOBbLIN HOMEP aMUHOKUCIOThI B nosimnenTnaHoun uenu ¢ N-koHua).

Mpwn 3aMeHe 04HON aMUHOKUCIIOThl YKa3blBAaeTCA €e Ha3BaHMeE N NOJIOXKEHNE B
HeMyTaHTHOM Benke, a TakXXe aMNHOKMCI0Ta, Ha KOTOPYIO Npoun3oLLia 3aMeHa
(Hanpumep, 3anncb V600OE obo3HavaeT, 4TO B pe3ysbTaTe MyTauum nponsowina
3aMeHa aMUHOKUNCNOTbI BaauH (V) B nosioxxeHnn 600 Ha rnyTaMuHoByto Knucnoty (E)).
[Onana3oH aMUHOKWNCIOT, U3MEHEHHbLIX B pe3yJsibTaTe MyTauuun, obo3HavaeTcs
HVUXXHUM nogyepkmBaHuem (Hanpumep, 3annce G345 E347 obo3Ha4aeT, 4TO B
pe3synbTaTe MyTauum NPon3oWwIv N3MEeHEHNS C aMUHOKMUC0TaMun B NoJIOXKeHUAX 345
(rnanumnH (G)), 346 (He yka3biBaeTCHa B KpaTkon 3anucn) n 347 (rnytTaMmHoBas
kucnota (E)).

Ona obo3HavyeHNs yaaneHHON aMUHOKUCNOThI UCnob3yeTcs obo3HavyeHue del (oT
deletion — «ypnaneHue») (Hanpumep, 3anmncb K132del obo3HavaeT, 4TO B pe3dybTaTe
MyTauuu NpousoLsio ygasneHne nnsnHa (K) B nosoxxeHmm 132).

Ona obo3HavyeHns nobaBneHHON aMUHOKNUCAOTLI MCNnosb3yeTcs obo3HayeHume ins (oT
insertion — «BcTaBka») (Hanpumep, 3annucb Q36 _G37insR obo3HavaeT, 4TO B
pe3synbTaTe MyTauun Npomn3owia BCTaBka aprnHuHa (R) mMexxay aMMHOKMCIOTaMu
rayTamuH (Q) n ranymH (G) B 36 1 37 NoN0XKEHUAX).

O6o3Ha4veHue delins ncnonb3lyeTcs, ecnm Heobxo4ANMMO onmncaTb OGHOBPEMEHHOE
yOaneHne n BCTaBKy aMUHOKUCJIOT U €Cin 3TN N3MEHEHUSA 3aTparuneatoT bonee 4yem
0OHY aMUHOKMCNOTY (Hanpumep, 3anncb C67delinsWV obo3Ha4vaeT yoaneHune
unctenHa (C) B 67 NOJI0OXKEeHUN C 3aMeHON ero Ha ABe aMUHOKUCNOTbI: TpunTodaH
(W) n BanuH (V)).

Onsa onucaHnsa 6onee CNoXXHbIX MyTaLUWi MOIYT NCNOJIb30BAaTbCS AOMOJIHUTENbHbIE
0603HavyeHus.
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MyTauua B reHe BRAF

V600R

VeooD

VeooMm

V600G

V600L

V600_K601 (_E/delinsE)

V600_S602delinsDT

L597P/Q/R/S

K601E

G469R/S/A/T170delinsAK

G593D
D594G
A598V

1596_1597insTAC

T599_V600insT

BRAF TpaHcnokauus.
MET T9921

BRAF TpaHcnokauus.
Cnuanune: KIAAT549-
BRAF

Pacwwuppoeka

JamMeHa BanuHa Ha aprvHiH B nonoxeHun 600

3ameHa BanuWHa Ha acnaparMHoBYK KUCNOTY B nonoxenun 600
3amMeHa BanMHa Ha METHMOHWH B nonoxexHnu 600

3amMeHa BanMHa Ha rMULUKWH B nonoxeHun 600

3ameHa BanuHa Ha neidunH B nonoxexduu 600

Jeneynn BanuHa B nonoxeHuu 600, geneuws NM3vHa B
nonoxeHun 601 1 BCTaBKa BMECTO HUX FYTaMWHOBOW KMUCNOTbI

3ameHa Tpex aMWHOKKUCOT B nonoxenunx 600 (BanuH), 601 (He
yKkazaHa) 1 602 (cepuH) Ha acnaparMHOBYH KWCNOTY M TPEOHMH

3ameHa nedurHa B 597 NONOXEHUM HA NPOAUH MW FNYTaMUH MK
apriHUH WNK CEPUH

3ameHa NKU3nHa B NONoXeHUU 601 Ha rMyTaMWUHOBYHO KMCNOTY

reTepo3uroTHan MYyTaLMA: 3aMeHa rMuunHa B NoONOHEHWHK 469 Ha
apruHMH UNK CEpHUH UNK anaHWH + 3amMeHa TpeoHWHa B
nonoxeHun 170 Ha ABE aMUHOKUCNOTEI: aNaHWH W NU3WH

3ameHa rnMuUKMHa B NONOXeHWn 593 Ha acnaparvHOBYHY KMCNOTY
3ameHa acnaparMHoOBOW KUCAOTEI B NONGXEHWW 594 Ha rAWLKWH
3aMeHa anaHuHa B NoNoXeHu 598 Ha BanuH

BcTaBka Tpex aMUHOKMCNOT (TPEOHUH, aNaHuH W LUCTENH) MeXay
aMWHOKWCNOTaMM B NONOXEHWAX 1596 1 1597

BcraBka TpeoHuHa Mex Ay aMMHOKMCAOTaMK B NONOXeHUAX 599
(TpeoHuH) 1 600 (BanuH)

BcTaBka Tpex aMMHOKWCAOT (TPDEOHWH, anNaHUH W LIMCTEWH) MEXAY
aMUHOKHCNOTaMMK B NONOXKeHWsax 1596 n 1597

CnuaHue reHa BRAF 1 reHa KIAA1549

Tabnuua 3. PaclwundpoBKa 0603HaYEHNIN MyTaLMii, BCTPEYALWNXCSA B CTaTbe
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