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1960 roa: Ph-xpomocoma

A Minute Chromosome in Human
Chronic Granulocytic Leukemia

P.C. Nowell, D.A. Hungerford

University of Pennsylvania,
Philadelphia

A Minute Chromosome in |luman
Chionie Gramulocyiic Leukemia

In seven cases thus far investipated
lfive mules, two femabes), 2 menule
thromonome Bas been oberved replacing
one of the four smillest aulmomes in the
cheomimame  complement of cell of
ihronse  granulocyte  leukemin  cultuied
from penpheral blood, Moo abnommality
was observed in the celly of four coex of
i il H:,.nul.x:.:if leiibemin in mlelis or
of sin casey of atule leubomaa an children
There have beer severnd necepd reports of
chromosame abmormmaliticy 18 & nemher ol
cows of humam leukemia |incleding two
of the seven cuses repoeiod bere: Mowell
PR qurlil:lrurlj_ I Nold Chmeer Tru
15, K5 (1960)), but no series has appearcd
i which there was 4 comnteal change
typical of a particular type of leubema

Celli of the five mew Cingy wéie ab-
aned from peripheral blosd {and hone
Mmarraw in one instance ), prows in celieg
fof 4-TF howrs. and |'!.‘||-,,{'.u,'|.‘| figr cylae
lopical exumimation by a recontly de-
veboped ar-drying techmique | Moorhead,
of al, Expl. Cell Research, in press).
The patents vaned from ARy Pl
usirealed cases 10 exiensively dreated

Howell & Hungerford,

easey af several years duration in terminal
myeloblustic crivit. All wven individuals
ibowed 3 smilar minuse chromosome,
nrd nong showed any ather frequent or
regular chiomosome change. In modt ol
the cases, cellh willy narmial chfomoname
were gleg oherved, Thee, the minnle
noi & parl of the mormal chiomdiome
conslitutson of such individuals,

The findinge suppedt o casal relation:
ship belween the chromeame absarmalily
obscrved and chrosss granulocytic leu-
Lemia,

Priim €. NowgLL
Sehool af Medicine,
Univernty of f'r.lun.'.r'.u.'.'m
Davim A, HUNGERTDRD
Hitivite for Concer Rewarck

1960  Science 132,149]



1973: translocation of chromosomal

material

Rowley JD: A new
consistent chromosomal
abnormality in chronic
myelogenousleukemia
identified by
quinacrinefluorescence
and Giemsastaining.
Nature, 243, 290-293,

E /T

...suggesting that there may be a
; hitherto undetected translocation
Q 3 between the long arm of 22and the
long arm of 9, producing the 9qg+
chromosome...
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(Kal-IECTBO amnarHoctnkmn) U (3dPeKTUBHOCTb TEpPanun)

1960 - oTkpbinn PunagenbsGUnCcKyo Xpomocomy
(Nowell P., Hungerford D.)

1973 - Ph-xpomocoma - pe3ynbTaT TpaHcaoKaumm t(9;22)
(Rowley JD)

1983 - reH abl BoBneyeH B TpaHcnoKaumio t(9;22)
(Bartram CR, de Klein A)

1984 - nsyyeHa obnactb BCR 22 xpomocombl
(Groffen J, Stephenson J, Heisterkamp N)

1990 - bcr-abl - oHKOreHHas TMPO3MHKMHA3A
(Lugo TG, Pendergast AM)

1990 - HayKuma XMJ1y mbiwen reHom p210 bcer-abl ns Ph

(Daley G, Van Etten R)

1995/7 - STI571 (MMaTUHNB) MHTMBUTOP TUPO3UHKMHA3LI ber-abl
(David Baltimore, Owen N. Witte, Alex Matter, Nicholas B. Lydon, Brian J. Druker

2004 — pe3ncteHoCTb K UMaTMHMDBY NpeoaosieHa Npu NOMoLWM Aa3aTUHMOA
(Shah NP, Tran C, Lee FY, Chen P, Norris D, Sawyers CL.



Ycnex nedeHna XM/

O)npaemasa nNpPoOAOKUTENIbHOCTb MXWU3HM BHOBb AMAarHOCTUPOBAHHbIX
6onbHbIX XMJ1 B XxpoHu4eckon da3e U y 340POBbIX /H0AEN NMPAKTUYECKU

CpaBHA/MACb
(Thielen N. et al. 2016, Hehlmann R, et al. 2017)

OnbIT MHOTOYUCNEHHDbIX KNMHUYECKUX nccaeaoBaHni no nevyeHno XM/l
OTpa*KeH B peKkomeHgauma no agnarHoctuke n nedeHnto XMJ1 European
LeukemiaNet (ELN)

(Baccarani M, et al. 2006, 2006, 2013, Hochhaus A.et al. 2020)

Kputepun Bbibop npenapatos UTK ana nedyenna XMJ1: addeKTUBHOCTD,

nepeHoCUMOCTb, PaHHAA U OTAAd/NIEHHAA TOKCNYHOCTb, CTOUMOCTb
(Hochhaus A.et al. 2020)

Bonblioe 3HayeHMe Npuobpeno cTpemseHMe K MNOBbIWEHUID Ka4vyecTBa
XU3HN 6onbHbiXx XMJI, pa3paboTKa cTpatermm crkopenwenm otmeHbl UTK
NpPU AOCTUXKEHUM HEOobXoaMMbIX YC/IOBUN U nepeBod, 6OsbHbIX CTaguto

«pemuccumn 6e3 neyeHusa» (TFR - treatment free remission)
(Hughes TP et al. 2016, Hochhaus A et al. 2017, Rea D et al.2017)



PekomeHaaumun no nevyeHuto XMJI
European LeukemiaNet 2020
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Chronic myelogenous leukemia
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Abstract

The thempeutic landscape of chronic myeloid leukemia (CML) has profoundly changed over the past 7 years. Most patients
with chrimic phase (CF) now have a nonnal life expectancy. Another goal is achisving a stable deep molecular mesponse
(DME) and discontinuing medication for treatment-free remission (TFR). The European LeokemiaMNet convensd an expen
panel o citically evaluate and update the evidence 1o achieve these goals since ils previous rcommendations, First-line
reatment is a Wyrosine Kinase inhibitor (TKL imatinib brand or generic, dasatinib, nilotinib, and bosutinib are available first-
ling). Generic imatinib is the cost-effective inital tregment in CP. Variows contraindi cations and side-effects of all TKIs
should be considersd. Patient risk status al dingnosis should be assessed with the new EUTOS long-term survival (ELTSE
score, Momtoring of msponse should be done by gquantitative polymerase chan resction whenever possible. A chmge of
treatment is recommended when inolerance connot be ameliorated or when molecular milestones are nol reached. Greater
than 10Fe BCR-ABL1 at 3 months ndicates treatment fmlure when confirmed. Allogenec transplantation continues o be a
therapeutic option particulard y for advanced phase CML. TEI teatment should be withheld during pregnancy. Treatment
discontinuation may be considered in patients with dumble DME with the goal of achieving TFR.

Hochhaus A, Baccarani M et al.
European LeukemiaNet 2020 recommendations for treating chronic myeloid leukemia.
Leukemia https://doi.org/10.1038/s41375-020-0776-2



NccnepoBaHMA HAQ MOMEHT YCTaHOB/IEHUA
aAnarHosa XM/JI

Mopdonormyeckoe nccnegoBaHue acnnpaTta KOCTHOrO Mo3ra:
6nactbl U 6azodunbl - onpegenenmne pasbl XMJ1 (XD, PA, BK)

TpenaHobuoncus ana onpegenenms cteneHn ¢ubposa
LinToreHeTnyeckoe nccnegosaHue KkoctHoro mosra (CUM no Mfmmse)
KauectBeHHaa OT NLUP - onpegeneHne Tmna TpaHCKPUNTA
KonnyectseHHaa OT MNUP He obA3aTenbHa

Mpu nonoskutenbHom KayectseHHou OT MLP/oTpmnuatensHom CLUN
Heobxoamnmo nposectu FISH

OnpegeneHne pasmepa nevyeHu n ceneseHKkn, BUoOXMMmMYeckmm aHanms,

renatuT B, NNIEKTPOKApPANOIrpamMma
(A. Hochhaus, et al. ELN 2020 )



LntoreHeTnyecknn aHanms npu XM/

CTaHAapTHbIN FISH
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*Ob6A3aTenieH Npu NepBUYHON ANArHOCTUKE *BbiCOKan 4YyBCTBUTENbHOCTb
*Hn3KanA 4yBCTBUTENIbHOCTL (40 5%)

*BO3MOXHOCTb OOHAPYXUTb
AOMO/IHUTENbHbIE XPOMOCOMHbIE aHOMANIUN
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. BcTtpeuatotca pexe: +19, +21, -7, +17

Mpwn 6nactom Kpmse —y 80% 60NbHbIX

B ¢dasze akcenepauumn -y 10% 60nbHbIX



XPOMOCOMHbIE N MOJIEKY/IIPHbIE
aHOManun npm bnractHom Kpmse XMJI:
munenongHoin (M-BC) n numdounanbin (L-BC)

XPOMOCOMHbIe aHOMa NN

lononHutenbHas
Ph xpomocoma (30%)
Tpucommsa chr 8 (40%)

N3oxpomocoma i(17q) (20%)
TpaHcnokauma t(3;21)

TpaHcnokauma t(7;11)

MyTauuu

p53 (30% npu M-BC)

pl6 NK4A ‘K19 ARF de| (50% npu L-BC)

Rb mut/del (18% npu L-BC)
ASLX (32%)

RUNX1 (13%)

R46 peakKo

BCR-ABL myTaumun n amnandukauyms

JP Radich, 2007 Hematology; ] Menezes, 2013 Blood Cancer Journal



BapunaHTbl XumepHoro oHkoreHa BCR/ABL

BCR 5

ABL 3

Ib l l l Ial af ai a4 a5 a6 a7 a8 a9 alo
I—I—I—I—H—II—I—-
ABL .< Z I

reHOMHbIe TOYKM pa3pbiBa ~200 T.n.H.
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EHOOPEAHHYECKAS XHMME3, 1999, mosm 25, Mo 3, ¢ 234-236
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HOBBIE TOYKHW PASPBIBA TPAHCIIOKAILIMNM t(9:22)
MPU XPOHUYECKOM MUEJIOJINENKO3E

© 1999 r. A. B. Muciopun’, B. JI. Cypun, A. ®. Tarues
lemamoaoziuiieckilid Hayurbei oy PAMEL,
125167, Mockea, Hosozbikoscrkuti np., 4a
Tlocrynuno B pejakipo 18.03.98 r. [MpunsTo k nevarn 05,1098 r,

Mayuerno 9 HOBBIX TOUCK Pa3phiBa {(VUACTKOB CNHAHMA) reHor BOCR uw ABL B cocTaBe XHMEPHOTI(O OHKOTEHA
BCR/ABL npu vpancnokaiimm ((9;22) y OOnbHBIX XPOHHYECKHM MHEMONMCHKO30M. Briepsbic 0OHaAPYAKCHLI
COBINAAAIOUIME TOYKH PAZPLIBA Y PA3ZHLIX OONLHLIX B reHax BCR v ABL. ®parmenTts] [THK, copepxasiuue
TOUKW pasprisa BCRIABL, 6niny avmnancpuumpoBandbt npu momoiun NLIIP-oporyvaxu na ocuoBe Mmogurra-
urm merona ILLP co cnyualinbiM OTXKHUTOM NMPARMEPOR, HA3BAHHOK 00PaTHOM NpPaiMepHO DNPOrynKoii,

Kaiouesoie caoaa: ((9,22); mouwkit pa3poiad,; Xponuueckull smueaoaetinoa, ITHP-npozvara.
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KayecTBeHHbIN aHaNU3:
OT MNUP-anarHoCcTnka XxmumepHbIX OHKOreHoB

«t(12;21)

<« dell

«t(1;19)
«t(3;21)
«—1(8;21)
«~—t(11;19)

©
—
>
k=
\

«t(9;22)
«t(9;22)

AKceHosa E.B, MuctopuH A.B u coasm. 30pasooxpaHeHue u
MeOUUUHCKaa mexHuka. 2005. Ne 2(16) cmp.11

B/A p190 —
B/A p210 —



Bo3MOXKHble BapMaHTbl TPaHCKPUNLUUU
XMmepHoro oHkoreHa BCR/ABL

MOI'yT cnautben 6es HapyweHna paMmKu CHUTbiBaHUA

JK30HbI BCR JK30HbI ABL
el, e6, el12(b1), e13(b2),

e14(b3), e19(c3), €20(c4) >j h a2, a3, a7
e2, e3, e5, e7, e8, el0, ell, h
el5, el6, el7, e22 g a4, a8, a9, a10,all

e9, e2l j‘ h a5, a6

BcTpeyaloTca B SKCnepumeHre

J

b2a2, b3a2 ela?
M-bcr
ela3

m-bcr e19a2 _
b2a3, b3a3 } puber €62

MwuctopuH A.B. 1 coaBT. [ematonorna u TpaHcpysnonorus.
2007.T.52. No 2. C. 35-40.



PeaKkne BapunaHTbl TpaHCcKpmunTtoB BCR-ABL

eb6a2 BCR-ABL BCRe6 ‘ ABL €2

Onyxonb

57x26x50 mm

B Te/sie N03BOHKa L1,
MHO€eCTBEHHbIE —
onyxosiesBble o4arn B Fig.1
NOACHUYHOM OTAene,
PE3UCTEHTHOCTb K c:caccaacrcerers
NMaTUHUDY

partof b2 (¢13) BCR exon ]
without 48 bp of the 5-end 12bp insertion

start ofthe a2 ABL exon

b2-del/ins- a2 BCR-ABL

s sss 1 it o

¢ T ¢ 2 C¢C ¢ 22 CT C6GTOGTIGGGEHRARGZ2GGEOCOCOTZRS:AZEARARSARSGO CTCOCTITT CARGCOCGEGGECCoO CBRBGT R G C

q21;922;p15),4(7;13)( Fig2
q36;q13),t(9;22)(q34;
ql1) [20]

GGGGGGGGGGGG




KayecTtBeHHaa n konmnyecteseHHasa MNUP npu aHannse akcnpeccuu
reHa BCR/ABL:
pPa3HMLUA B A/IMHE GPArMeHTOB M OXBaTe SK30HOB

= KonunyecrseHHas MNLP (Real Time PCR)
KauectBeHHas MNLUP (Conventional PCR)

ela2 p190
= KonwnyecteHHasn MLUP (Real Time PCR)
m—— KayecTBeHHanA MUP (Conventional PCR)
b2a2 ] [T [T e ] e2a0
= KonunuyecrtseHHas MNLP (Real Time PCR)
= KayecTBeHHas MNLP (Conventional PCR)
e1922 [N (| [[I] [T TIETIT e ] e2so



KonnyecTtBeHHbIN aHANU3:
[1LIP B peanbHOM BpemeHU
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CTabuNbHOCTb KOHTPObHbIX Naasmug BCR/ABL+ABL
(OHKoCcKpuH™ , OO0 «leHoTexHonoz2ua» (Mocksa, Poccua)

27.03.2008
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AKceHoBa E.B., MucropuH A.B. U coaBT. KnnHnyeckasa oHkorematonorua, 2010, Ne2,
cTp.160-165




BocnpounsBoanmas 4yBCTBUTENIbHOCTb TECT-CUCTEMbI A/151 KOTMYECTBEHHOIO
aHanu3a skcnpeccumn BCR/ABL
(OHKocKpuH™ , OO0 «leHoTexHonoz2ua» (Mocksa, Poccusa)

Delta Rn vs Cycle

150 ‘

Mnhasmmnaa BCR/ABL+ABL 10
kKonuii/1 ul

96 noBTOpPOB

N A D S

(npnbop AB 7500)

- v CT Mean = 33,95

Delta Rn
Y

- i CTSD = 0,63
I i CV %=1,86

AN
A,
5

(PekomeHpaumm EAC:

y
Vi

e e I bl
g -,
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-

i CV % < 5%)

£

41516 1T 42192027 2223252007 20285090 52 S0 M 56565756 S0 40T 4245 LS LELTER B0 1’86 % < 5 %

Cycle Number
Selectad Detector: All
Wells): A1-H12
Document: 30.02.10_ba_10_cop_mki (Absolute Quantification)

AKceHoBa E.B., MuctopuH A.B. N coaBT. KnnHunveckaa oHkorematonorua, 2010, Ne2,
cTp.160-165



KoanyecTBeHHbIN aHANN3: MOJIEKYNAPHbIN
MOHUTOPUHT XMJI

npoueHT Ph-No3UTUBHbLIX KNEToK

100% 0 100 0.2 o]
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60% T £ o
o E 1 4
50% T 13 g § 50 . >
40% 1300, e £ 404 {25
30% > 3.85 £ 3
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30% T g E + 3
15% OTp. OTP. 3 a 20
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YcnewHoe nevyeHune Peunamns

Yenoiwesa E.10., TypkuHa A.I., MuctopuH A.B. u coaem. Tepanesemuyeckuli apxus, 2007, 79(4): 49-53

Ig cHuxeHms otHocuTenbHO HBY




ConoctaBneHue skcnpeccun BCR-ABL m
UUTOreHeTn4yeckoro oteeta npu XM/JI

JKcnpeccua
BCR-ABL, IS

<1% - N0 - 91,4%

YLO - 6,6%
MUO - 2%

1%-10% e 5LI0 - 82,4%

E.B.AkceHosa, A.B. MucropuH u coasm. KnuHu4yecKkasa oHKozemamonozaud, 2010, Ne2, cmp.151-159



ConocTtaBneHue yutoreHetnyeckoro (LLO) m
MOIEKY/IAPHOrO OTBETOB

MOJeKynsApHbIA oTBEeT, %

120
100 -
80 - W 10<IS
0 1<IS<10
60 - 0 0.1<IS<1
@ 0<IS<0.1
40 - O IS=0
20 A
5,56
0 : : | 556

OTCYTCTBME MWUHUMasnbHbIN MarsbIn YacCTUYHbIN Mnuo

LUTOreHeTM4Ye CKUM OTBeT

‘pynna nayuneHToB ¢ nonHbiMm LLO HeoaHopoaHa
no ypoBHIO 3Kcnpeccun BCR-ABL

E.B.AkceHosa, A.B. MucropuH u coasm. KnuHu4yecKkasa oHKozcemamonozausd, 2010, Ne2, cmp.151-159



BepoAaTHocTb coxpaHeHus MNMUO y 6onbHbix XP XMJT
C pa3HbiM ypoBHeM 3Kcnpeccmnn BCR-ABL

< HelueH3ypUpoBaHHLIe - LIeH3YpWpOBaHHLIE

10t e lmtemm
09 eI

¢ : EI[
08t é i e
07 | é P

0.6 | reeees
05 |
04}

03}

BepoATHoOCTh coxpadeduna MU0

027

0.1 p<0,0001 n p=0,0011

0,07

— 15=0,1 n=31
---01<18=1 =15
....... 1S=1 n=13

-0,1 — : : : : : : : :
0 -+ 10 15 20 25 30 35 40 45
Bpema oT momeHTa puKcaumm ypoeHA BCR-ABL npw MUO, mec.

E.B.AKkceHosa, A.B. MucropuH u coaem. KnuHu4yeckasa oHkocemamosoausd, 2010, Ne2, cmp.151-159



MexxayHapoaHasa LLkana (IS) BCR-ABL

BCR-ABL/ABL
BCR-ABL/BCR
BCR-ABL/GUS

(npyrne koHTponbHbIe rerbI?)

PasnunuHble npaiimepbl/npobbl

TaqMan
LightCycler
Corbett
Apyrue

TpaHcKpunta BCR-ABL

KoHBepcuoHHbIN pakTop/
PedepeHc 06pa3ubl

Het TpaHcKpunTta
BCR-ABL

A

y

MexxayHapoaHasa WKana

[IRIS 6a3anbHo]

10%
1%

[IRIS BMO; cHu:keHue Ha 3 log]
0.01%

0.001%

Hughes et al. Blood. 2006;108:28-37



BapmaHTbl 60NbLLUMX MONEKYNAPHBLIX OTBETOB
cornacHo pekomeHaaumnam ELN 2020

MMR MR* MR*? MR’
Minimum sum of reference gene 10.000 ABL1* 10.000 ABL1 32.000 ABL1 100.000 ABLI
transcripts 24.000 GUSB®* 24.000 GUSB 77.000 GUSB 240.000 GUSB
BCR-ABLI transcript level on the IS® <0.1% <0.01% <0.0032% <0.001%

“Minimal sensitivity for accurate quantification.

International Scale., IS.

Hochhaus A, Baccarani M et al. ELN 2020



OnpepeneHune oteeToB Ha Tepanuto UTK
B nepson AnHUM XMJI1:
PekomeHaaunm ESMO 2012

OnNTUMaNbHbLIN HactopoXeHHocTb | Heyaaua

3 mec. Ph+ <95% unu Ph+ >95% mnau
BCR/ABL < 10% BCR/ABL >10%
6 mec. Ph+ <35% unu Ph+ 35%-65% Ph+>65% nnu
BCR/ABL <10% BCR-ABL >10%
12 mec. Ph+ 0% nnu Ph+ >1% wunu
BCR/ABL <1% BCR/ABL >1%
B ntoboe Bpems Motepa BMO MoTtepa MO,
MNoTepsa NMUO,
MyTaunm

Baccarani M, et al/ Annals of Oncology 23 (Supplement 7): vii72-vii77, 2012



= UPDATE

LeukemiaNet" 2013

European

European LeukemiaNet Recommendations for

the Management of Chronic Myeloid Leukemia (CML)
Baccarani et al, Blood 2013;122:872-884

Response definitions for any TKI first line,
and 2nd line in case of intolerance, all patients (CP, AP, and BC)

Optimal response Warning Failure

Baseline High risk
— Major route CCA/Ph+
| 3 mos. BCR-ABL" <10%* BCR-ABL" >10%* No CHR*
\@1' <35% (PCyR) Ph+ 36-95% Ph+ >95%
6 mos. BCR-ABL" <1%* BCR-ABL"® 1-10%* BCR-ABL"® >10%*
Ph+ 0% (CCyR) Ph+ 1-35% Ph+ >35%
12 mos. | BCR-ABL" <0.1%* (MMR) BCR-ABL'S 0.1-1%* BCR-ABL' >1%*
Ph+ >0%
Then, MMR or better CCA/Ph- (-7, or 7q9-) Loss of CHR
and at Loss of CGyR
. Loss of MMR, confirmed™**
ECRUTE Mutations
CCA/Ph+

*and/or  **in 2 consecutive tests, of which one =1% |S: BCR-ABL on International Scale



NGO Cancer

PekomeHaaumm NCCN 2014

National

Comprehensive NCCN Guidelines Version 1.2014
Chronic Myelogenous Leukemia

MCCHN Guidelines |ndex
CML Table of Contents

3-mo
evaluation?

response™(PCyR
on bone marrow
cytogenetics

BCR-ABL1

transcripts
>10% by QPCR
(1S)d or <PCyR"
on bone marrow
cytogenetics

or dasatinib™

s+ Evaluate
patient
compliance
and drug-drug
interactions

» Mutational
analysisP

Primary
treatment
with imatinib

Primary
treatment
with nilotinib
or dasatinib

:

Network” Discussion
3-MONTH FOLLOW-UP THERAPY?
BCR-ABL
transcripts
<10%, |:|s)d or Continue same dose®
partial cytogene¥c|™ of imatinibJ or nilotinib! | ——— Monitor with QPCR every 3 mo? * See CML-A

Clinical trial

or
I! the L bt} !t
Epange therapy to alternate TKI"™mA.r80 See 6-Month

gl . Evaluation
Increase dose of imatinib to a maximum of 800 mg, | =, -.
as toleratedi (if not candidate for alternate TKI) 9| (CcML3)
and Evaluate for HSCTP depending on response to
TKI therapy (See CML-7)
Clinical trial
or
Continue same dose of nilotinib or dasatinib —— | See 6-Month

or Evaluati
Change therap;ttu alternate TKI (otherthan _____ [éﬁ Ez}mn

imatinib)hm.a.f:

and

Evaluate for HSCTP depending on response to
TKI therapy (See CML-7)

http://www.nccn.org/professionals/physician gls/pdf/cml.pdf



http://www.nccn.org/professionals/physician_gls/pdf/cml.pdf

Kputepmn onTMManbHOro OTBETa,
HAaCTOPOXEHHOCTU N Heyaauu Tepannuu
cornacHo pekomeHaaumam ELN 2020

Optimal  Warning Failure
Baseline NA High-risk ACA, high-risk ELTS score NA
3 months  <10% >10% >10% 1f confirmed within 1-3 months
6 months  <1% >1-10% >10%
12 months <0.1%  >0.1-1% >1%
Any time  <0.1%  >0.1-1%, >1%, resistance mutations, high-risk ACA

loss of <0.1% (MMR)?

For patients aiming at TFR, the optimal response (at any time) is BCR-ABL1 <0.01% (MR?).
A change of treatment may be considered if MMR 1s not reached by 36—48 months.

NA not applicable, ACA additional chromosome abnormalities in Ph+ cells, ELTS EUTOS long term
survival score.

“Loss of MMR (BCR-ABLI > 0.1%) indicates failure after TFR

Hochhaus A, Baccarani M et al. ELN 2020



PekomeHaaunm NCCN 2020

Printed by Andrey Misyurin on 3122020 &12:38 AM. For personal use only. Mot aporoved for distribution. Copyright © 2020 National Comprehansive Cancer Metwork, Inc., Al Rights Resarved.

Mational . . . -
. NCCHN Guidelines Index
comprehensive NCCN Guidelines Version 3.2020 Toble of Confents

NCCN ﬁﬂ"ﬂﬂr . Chronic Myeloid Leukemia Discussion
etwork

EARLY TREATMENT RESPONSE MILESTONES®®

BCR-ABL1 (1S) =15 months
>10%'
>1%—10%
=1%
COLOR |CONCERN CLINICAL CONSIDERATIONS SECOND-LINE TREATMENT
TKl-resistant disease * Evaluate patient compliance and drug Switch to alternate TKI {CML-5}
interactions and evaluate for allogeneic HCT
* Consider mutational analysis
YELLOW | Possible TKl resistance |+ Evaluate patient compliance and drug Switch to alternate TKI {CML-5} )
interactions or Continue same TKI (other than imatinib) (CML-F}
+ Consider mutational analysis or Increase imatinib dose to a max of 800 mg

* Consider bone marmow cytogenetic analysis | and
to assess for MCyR at 3 mo or CCyR at 12 mo | Consider evaluation for allogeneic HCT

TKl-sensitive disease + Monitor response (CML-C) and side effects Continue same TKI (CML-F)k

http://www.nccn.org/professionals/physician gls/pdf/cml.pdf
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3HayeHMe myTaumoHHoro ctatyca BCR/ABL
XMJ1: pekomeHaaumnn ESMO 2012

N3BecTHO cBbiwe 100 pa3nnyHbIX TOYEYHbIX MyTaLMK B
KMHa3Hom gomeHe BCR/ABL, cBAA3aHHbIX C pa3BUTUEM
PE3UCTEHTHOCTM K UMATUHNOY

MyTaumnmn, HeuyscTBUTEIbHbIE K UTK 2:

V299L, T315A n F317L/V/I/C pe3nucTeHTHbl K Aa3aTUHUOY
Y253H, E255K/V 1 F359V/C/| pe3ancTteHTHbl K HUIOTUHNOY

T315l pe3ncTteHTHa KaK K HUNOTUHUOY, TaK U K Aa3aTUHUDY

Baccarani M, et al/ Annals of Oncology 23 (Supplement 7): vii72-vii77, 2012



Bbibop UTK-2 B 3aBMcMMOCTM OT BMAa myTaumnin BCR/ABL

e T315I (14%) — UTK(1,2) HeadpPpeKTUBHDbI
(annoTICK, UTK-3)

 Y253H (8%) - pe3ncTeHTHOCTb K HUIOTUHNDY
E255K/V  (26%)
F3591/V/C (11%)

e F317L/V/I/C (6%) - pe3nCTeHTHOCTb K Aa3aTUHNOY
T315A (1%)
\V299L (1%)

Soverini S., et al. The Oncologist, 2011



Bbibop Tepanmnmn UTK-2 npu myTtaumnsax
reHa BCR/ABL

4yuncno 60nbHbIX N=262, MyTauni BbIABNEHO 278

MmyTaumnm

n=

%

Bbi6bop Tepanuu

NTK HeadpekTmBHbI (annoTlCK,
KIMHUYECKMe uccneaoBaHus)

E255K 16 5,7
E255V 11 3,9 Pe3ncTteHTHbl K HUNoTUHUGY
F350V 18 6,5 g
F359C 7 2,5
Y253H 18 6,5
F317L 22 7.9 Pe3nCcTeHTHbI K [la3aTUHU6Y
F317 e
3 1,0

Misyurin AV, Misyurina EN et al. Blood. 2011. V. 118.N 21. P. 4420




OcobeHHOCTM Npoduna myTaumm

PaccmoTpeHbl pe3ynbTaTbl onpeaenenHna mytaumn (2074 aHanms) y
1885 60n1bHbIX XMJ1 € NnprU3HaKamm pe3ncTeHTHOCTU K Tepanun UTK 3a
nepuopg ¢ 2006 no 2016 rr. 8 113 kKnnHuMKax us 81 ropogos Poccun. Y
1257 6onbHbix XMJ1 ypoBeHb 3kcnpeccun BCR-ABL 6onbwe 1%.
MyTauun KnHasHoro gomeHa BCR-ABL obHapykeHbl y 400 yenoBek
(30,8%), Toraa Kak 857 nauneHTa He MUMenn myTtauun. Bcero HanaeHo
467 mytaumin (70 BMAOB MyTaUWN, BKAKOYAA Aeneumu, B TOM YUCAE

aeneunto 7 aK3oHa).

TuxoHoBa B.B. 1 coaBT. PE3UCTEHTHOCTb XPOHMYECKOTO MUENONENKO3a K MHTMBUTOpaM TUPO3UHKKHA3: 10 neT nsyyeHma npodunsa
MmyTauuii reHa BCR-ABL B Poccum (2006-2016 rr.).KnmHnyeckaa oHKkoremaTtosorua. 2018;11(3):227-33



Pe3nCTeHTHOCTb K Tepanum,
aCcCoUMUpPOBaAHHAA C MyTaunUaAMU

70,0
60,0
50,0 486

40,0

30,0 29,3

20,0

Lons pesnucTeHTHOCTH,
ACCOUMMPOBAHHOWM C MyTaumsimu, %

10,0
0,0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

lon

Ob6uee KonnyecTso ycTonumaoctu K UTK, accoummpoBaHHoOM ¢ MyTaumnamm, Bapbmposasno ot 50 go
22,58%, c Te4ueHMemM BpeMEHN MOKHO OTMETUTb CHUMKEHME A0/ MYTALMOHHOW YCTOMYNBOCTU OT
36,6% (cpeaHee 3HayeHuMe 3a nepuop 2006-2008 rr) ao 24,95% (cpeaHee 3HaYeHMe 3a Nepuog,
2013-2016 rr), co 3HAYUTENbHbIM CHUMXKeHUeM A0 23,12% B 2014 r. CpeaHee KONMYECTBO 3a BECb
nepuogp, coctasuno 31,8% (puc.1). CHuxKeHmne 4acToTbl BOSHUKHOBEHMA MyTaLMin COrnacyeTca co
Bce 60/s1ee YacTbiM ncnonb3oBaHuem UTK2 B Tepanmmn u Tem, YTo NeMKEMUYECKUIA KIOH NpU
npumeHeHnn UTK2 ncuesaet bbicTpee, 1 B pe3ynbTaTe He ycneBaeT npuobpectn bonbluoe
KO/nM4yecTBo myTtauum [13].

TuxoHoBa B.B. 1 coaBT. PE3UCTEHTHOCTb XPOHMYECKOTO MMUENOENKO3a K MHTMBUTOpaM TMPO3UHKKHA3: 10 neT nsyyeHma npodunsa
MmyTauuii reHa BCR-ABL B Poccum (2006-2016 rr.).KnmHnyeckaa oHkoremaTonorua. 2018;11(3):227-33



Obuw,as 4yacToTa BCTPE4YaEMOCTN MyTaLUK
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?|yl</ICOlVlLLHbiCBJM(‘HbI AMUHOKUCNOTHbIE 3aMeHbl
Camble pacnpoCcTpaHeHHbIE:
* G250E (13,4%), Y253H (6,9%) — myTaumn B P-netne, nepeBoaaT 6en0K B aKTUBHYIO KOHPopMauuto
* H396R (6,9%) — myTauua B A-netne, nepeBoaunT 6e10K B aKTUBHYIO KOHPOopMaUuto
* F359V (6,9%) — myTaumAa KaTaMTUYECKOro AOMEHa, NPMBOAUT K aHOMaNbHO BbICOKOM TUPO3MHKMHAZHOM

aKTMBHOCTM benka

e T3151(13,4%), F317L (12,6%) - myTaunm B TO4YKax HENOCpeaCTBEHHOIO CBA3bIBaHWA C UMAaTUHUOOM

TuxoHoBa B.B. 1 coaBT. PE3UCTEHTHOCTb XPOHMYECKOTO MUENOJIEINKO3a K MHIMBUTOPaM TMPO3NHKKHA3: 10 net nsyyeHuns npodpuna
myTaumn reHa BCR-ABL B Poccum (2006-2016 rr.).KnnHuyeckas oHkorematonorua. 2018;11(3):227-33



PacnpepenenHne mytaumn no degepanbHbliM OKpyram

Cubupcknii @O I <3,48%
Npusomkckuin @O I 35, 19%

fOxbii @O I 34, 18%
UenTpansheit @O I 32,20%
Mockea [N 26, 77%

TuxoHoBa B.B. 1 coaBT. PE3UCTEHTHOCTb XPOHMYECKOTO MUENOENKo3a K MHIMBUTopamM TUPO3UHKKHA3: 10 neT nsyyeHma npoduna mytaumii
reHa BCR-ABL B Poccuun (2006-2016 rr.).KanHmnyeckas oHkorematonoruns. 2018;11(3):227-33



Pacnpeaenenmne mytaumim no peaepasibHbiM OKpyram

YacToTa BCTpeYaeMoCcT MyTaLui
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MockBa

LleHTpanbHbI PO (6e3 MocKBbl)

Mpusomxkckmn O

Cnbunpckum ®0

KOXHbI PO

3apybex

ET3151 = M244V G250E F317L WF359V mY253H H396R MW E255K M MwuHOpHble

TuxoHoBa B.B. 1 coaBT. Pe3UCTEHTHOCTb XPOHMYECKOTO MUENONENKO3A K MUHTMOUTOPAM TUPO3UHKMHA3: 10 neT n3yyeHusa npoduna mytauum
reHa BCR-ABL B Poccuu (2006-2016 rr.).KnmHuyeckan oHkoremaTonorus. 2018;11(3):227-33
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Rputepuun cmeHbl Tepanuun UTK cornacHo
pekomeHgaumam ELN 2020

T3151 Ponatinib
F317L/V/T/C, T315A Nilotinib, bosutinib®, or ponatinib
V299L Nilotinib or ponatinib

Y253H, E255V/K, F359V/1/C Dasatinib, bosutinib®, or ponatinib

“There are limited data available regarding mutations associated with
clinical resistance to bosutinib in vivo. Some in vitro data suggest that
the E255K and, to a lesser extent, the E255V mutation, might be
poorly sensitive to bosutinib.

Hochhaus A, Baccarani M et al. ELN 2020



Tpn nokoneHnAa TexHoNnornm cekeeHnposaHma AHK

BepTnKanbHbIN renb-3nekTpodopes Ha CTEKIAX.
PaagnoaKTMBHAA MeTKa.
3 aHA paboTbl — 5-7 npoyteHmn (100 — 400 n.H.)

KanunnapHbin anektpodopes.
dnyopecueHTHaa MeTKa.
1 neHb paboTbl — 5-96 npouteHnin (100 — 400 n.H.)

CekBeHMpoBaHMe HOBOro nokosienms (NGS).
MeTKa He HYXHa nnm payopecueHTHas.
1 peHb paboTbl — 80 000 000 npouteHun (150 — 250 n.H.)

CornacHo pekomeHaaumam ELN 2020 NGS aHanun3 myTtaumm pekomeHg0BaH npu

HepocTaTo4YHOM oTBeTe Ha UTK!
Hochhaus A, Baccarani M et al. ELN 2020
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PervoHsbl, roe monekynapHbii MOHUTOPUHT
BbINO/NIHAETCA YaCTUYHO UJIM NOJIHOCTbIO 3a CYeT
cpencts OMC nnum permoHanbHbIX.

ANTancKnm Kpam
ApxaHrenbcKan obn.
BpaHcKana obn.
bypAaTtuna

MarectaH

NpKyTCcKas obn.
KabapanHo-bankapus
KapadaeBo-YHepkecus
Pecnybnuka Kapenusa

. Kemeposckasa o6n.
. KpacHopopckni Kp.
. KpacHoApckum Kp.
. Jlnneukan o6.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Moppaosua
Heneuknin AO
Hu»keropoackasa obn.
Omckas obn.
OpeHbyprckas ob.
OpnoBckas o6.
MeH3eHcKana obn.
[MepmcKumn Kpamn
PocToBckasa obA.
Psi3aHCcKana o61.
Camapckasn ob6.
CapaToBcKana 06.
Pecnybnmnka Caxa

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

CeBepHaa OceTtuA
CepanoBcKas 06.
TamboBckas o6:.
TaTapcTtaH

TomcKkas obn.
TiomeHcKasa obn.
XaHTbl-MaHcumnckmnm AO
YensabuHckaa obn.
YeyHA

YyBawma
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3aKkntodeHue (cornacHo CML ELN 2020)

. CnegoBaHMe COBPEMEHHbLIM pPEeKOMeHAaUUsIM MO  JNEYEHUD W
OnarHocTuke XMI no3BonseT npnbnnanTb nokasartenu
NPOAOIMKUTENBHOCTL XU3HWU OonbHbiX XMJ1 K nokasatensm B
COOTBETCTBYHOLLUMX MO BO3pacTy W nony rpynnam 3400p0BOro
HaceneHus

. BaxxHon un goctmxkmmon yenbto Tepanun XMJ1 npn cBoeBpEMEHHOM U
afeKBaTHOM MOHUTOPUHIE MUHUManNbLHOW octatodHom bornesnn MObBb
aBnsaeTca pemuccus 6es neyenus (PbBIT)

. Anno-TKM ocTtaetcsa BaxHoun onuuen nedeHnsa 6o0nbHbiX XMIT
PE3NUCTEHTHbIX K 2 cMeHam WTK wnn  ummewwmnx K HUM
HeENepeHOCUMOCTb, a Takke npu TpaHchopmauun XMJ1 B GnacTHbIN
Kpun3

. Bce NTK TepartoreHHbl 1 NnpoTuBONoOKasaHbl Npu 6epemMeHHOCTH

. OXnpaetca akTuBHOe ucnonb3oBaHne AOna nedenmsa XM
NarMnnpoBaHHON oopMbl MHTEPdEepPOHa anbda.
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