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OT PEJAKTOPA

['nmaBHast 1enp JIe4eHns] OHKOJIOTUYECKOTO OOJNBHOTO — MONHOE u3jedenue. Otpa-
YKEHHEM TIOJTHOTHI H3JICUEHHS SBIIETCS KOJMYECTBO OIMYXOJIEBBIX KIIETOK, OCTAFOIIIIX-
cs B opraHusMe OOJIBFHOTO MOCIe IPOrPaMMHOTO XHMHOTEpPANIeBTHUECKOTO JICUCHHS
WM JIeYEeHHs C IPUMEHEHUEM COBPEMEHHBIX TapreTHBIX, MMMYHOJIOTHYECKHX Tperna-
paroB. UeM MeHBIIIE B OpraHI3ME PAKOBBIX KIIETOK, TeM 3(deKTrBHEee MpOoBEICHHOES
JIeYEHHE M TeM JIyd4llle IIPOTHO3 C MEePCHEKTHBON CYIIECTBEHHOTO MPOMTICHUS SKU3HU
WY TIOJTHOTO M3yieueHus. BoT mouyeMy BayKHO HE TOJIBKO NMpaBUIIBHOE HA3HAYEHHE CO-
BPEMEHHBIX JOPOTOCTOSIINX TIPENapaToB, HO M OLeHKa A(P(HEeKTHBHOCTH MX JEHCTBHSA
Ha OCHOBE MOJIEKYJSIPHOM pemuccud. TakoBa no3unus aupexropa Poccuiickoro os-
KoJlormueckoro HayuHoro teHtpa mmeHn H.H. brnoxuna, mpesunenrta Poccuiickoit
aKaJIeMUM MEJULIMHCKUX HayK akagemuka M.U. [laBbiioBa.

Ha 7-ii xongepenimn «/IMMyHONOTHSI TeMOI0332» MMMYHOJIOTHYECKUE MOJIEKY-
JSIpHBIE PEMUCCHM PacCMaTpUBAIM TIpeICTaBUTENM 5 cTpaH, 15 ropomos Poccun, 15
HWHCTUATYTOB M KIMHUK MOCKBEI, 5 wmHcTHTYTOB M KimHUK CaHkt-IletepOypra. IIpo-
rpammMa KoHdepeHIH (0myOIMKOBaHa B KOHIIE )KypHaIa) BKITIOYasa JOKIAIbl POCCHIi-
CKMX YYeHBIX U 7 JOKJIaJ0B KpynHeHmux crermanctoB n3 CIIA u Aarmm. Kax npen-
ceqaTeNns KOH(EPEeHIMI U TJIABHBIA PElAKTOp JKypHAaJIa X0y BBIPA3UTh OJIAarofapHOCTh
BCEM YYacCTHHMKaM 3a ILIOIOTBOPHOE MpOBe/ieHHe KOH(epeHH. ToHAIBHOCTh KOH(e-
PEHIIMM 3aj1aJla WICH-KOPPECTIOHNIEHT Poccuiickoil akageMun MeIUIMHCKUX HayK, IIpo-
pekTop 1o Hayke Poccuiickoii METUIIMHCKOM akaJeMHH TOCIeUIIIOMHOTO 00pa30Ba-
Husi, nipopeccop M.B. TlommyOHast mporpammHoil niekimeit «MoeKysipHO-UMMYHO-
JIorryecKasi oreHKa 3(QEKTUBHOCTH TepaIiy — MPUOPUTETHAS 33/1a4a OHKOTeMaToJIo-
rvmy». [loverHeni npencenarens koH(pepeHm npodeccop G. Janossy (JlormoH) moxn-
YEpPKHYJI, YTO B OCHOBE OIpEJIeNIeHIs] MUHUMAJIBHOW OCTaTOYHOM OONe3HH Jiekat (yH-
JIAMEHTAIBHBIE Hay4dHble pa3paboTKH. [10IOTBOPHYIO MHCKYCCHIO IO 3TOMY IOBOIY
MPOBENT  3aMECTHTENh JUPEKTOpa | eMaToNorudeckoro HAydHOTO IIEHTpa YIIeH-
koppectnionneHT PAMH mpodeccop B.I'. CaBuenko. Tpu noknana mo 3peioKIeTOYHbIM
mmrm¢pomaM (OZIMH M3 HUX OIYOJIMKOBAH B 3TOM JKypHaine) crnenan A. Rawstron (AHr-
yst). VcaepripIBaronIyl0 HHPOPMAIMIO 10 BBIBICHUIO M KIMHHYECKOH 3HAYMMOCTH
MHHHMAJIGHOM OCTATOYHOM OOJIE3HH MPH OCTpOM JMM(OOIaCTHOM JIeHKo3e y JeTeit
npenctaBi npodeccop M. Borowitz (CIHIA). MoneKysIpHO-UMMYHOJIOTHYECKas
OLICHKAa OCTAaTOYHON OO0JIE3HM MOXKET OBITH MOJIOKEHA B OCHOBY PHCK-CTPATH(PUKAIIN
npu OMJ1 y nereit (unteprer-nekiwmst M. Loken, CIIIA). Boicouaiiimii MextyHapoI-
HBI YpOBEHb 6-9-1BETHOI IMTOMETPUUYECKON JUATHOCTH MPOJEMOHCTPHUPOBATT MOJIO-
noit yaensit m3 ExarepraOypra A.M. Tlomos.

ITo obmiemy MHeHHIO, KOH(MepeHIHs ObUTa o4eHb mose3Hoi. 1, koHewHo ke, ee yc-
TIEITHOE MPOBE/ICHHE ObLIO ObI HEBO3MOYKHBIM 0€3 TIOCTOSTHHOTO COZIEHCTBHS TMPEKTOpa
Hentpa akagemuka M.U. [laBeimoBa. Hakanyre xordepenmmm Mrxaro MIBaHOBIY BBI-
CKa3aJl OYeHb LICHHYIO MBICIB: «MONEeKyISIpHBI KOHTPOIb 3P (EKTHBHOCTH JICUeHUs
OHKOJIOTHYECKOTO OOJIBHOTO MOJKET OBITh TOJIBKO MMMYHOJIOTHYeCKHM». Paccmarpusa-
€M 3TO KaK CTPaTernIecKyI0 YCTAaHOBKY K JSHCTBHIIO HA TIOCIIEIYIOIIIIE TOIBL.

Inasuviii pedakmop srcyprana «Mmmynonocuu eemonoazay
3acnysicennvlii Oeamens nayku Poccuu, npogeccop
H.H. Tynuyvin
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FROM THE EDITOR

Complete cure is the primary objective of cancer patient treatment. Amount of
residual tumor cells in the patient’s body after chemotherapy or more recent target
immunology therapies is a reflection of response completeness. The less tumor
cells in the body, the more effective is the treatment and the better is the prognosis
with a considerably longer survival or complete cure. That is why of much impor-
tance are both correct choice of expensive therapies and assessment of response
basing on molecular remission. This is a standpoint shared by M.I. Davydov, Di-
rector of the N.N. Blokhin Russian Cancer Research Center, President of the Rus-
sian Academy of Medical Sciences.

Immunologic molecular remission was in the focus of the 7" Haemopoiesis
Immunology Conference attended by medical professionals from 5 countries, 15
Russian cities, 15 Moscow institutions and clinics, 5 St. Peterburg Institutions and
clinics. The Conference programme (see the end of this issue) included presenta-
tions by Russian scientists and 7 reports by leading experts from the USA and UK.
As the Chairman of the Conference and the Editor-in-Chief of the Journal I should
like to thank all the participants for the fruitful conduct of the conference. Profes-
sor 1.V. Poddubnaya, Deputy Rector of the Russian Medical Academy of Post-
graduate Education and Associate Member of the Russian Academy of Medical
Sciences, keynoted the conference with her programme presentation ‘Molecular
immunologic assessment of response to therapy is a top priority objective of cancer
haematology’. Professor G. Janossy (London), the Conference Honourable Chair-
man, emphasized the importance of fundamental research as the basis for residual
disease monitoring. This issue gave rise to a fruitful discussion conducted by
V.G. Savchenko, Deputy Director of the Haematology Research Center, Associate
Member of the Russian Academy of Medical Sciences. A. Rawstron (UK) made
three presentations on mature cell lymphomas (one of them may be found in this
issue). Professor M. Borowitz (USA) provided full information concerning detec-
tion and clinical significance of minimal residual disease in children with acute
lymphoblastic leukemia. Molecular immunologic assessment of residual disease
may make a basis for risk-stratification in childhood AML (Internet lecture by
M. Loken, USA). A. M. Popov, a young scientist from Yekaterinburg demon-
strated the highest international level of 6-9-colour cytometric diagnosis.

The common opinion was that the Conference was a success. Of course, it
could not be successfully conducted without the continuous assistance by
M.I. Davydov, Director of the center. On the eve of the Conference Mikhail Ivano-
vich expressed a valuable thought that molecular monitoring of response to cancer
treatment may be immunologic only. We consider this statement a strategic guide
to action for the next years.

Honored Scientist of Russia
Editor-in-Chief Haemopoiesis Immunology journal
N.N. Tupitsyn
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CIIUCOK COKPALLIEHU

AT — anTureH,

Ayrto-, anmno-TKM — ayTonorudxas win ajuloreHHas TpaHCIUIAaHTaIMs KJIETOK
KOCTHOT'O MO3Ta MJIM MOOMIM30BaHHBIX CTBOJIOBBIX KJIETOK IEpH(EepUIecKoi KpOBH,
BCB — 6eccoObiTHiHAs BEDKUBAEMOCTD

B-XJIJI — B-KIIeTOYHBIH XpOHUYECKHN JIMM(POIIEHKO3,
UI' — uMMyHOTI00Y M H,

NDA — nMmmyHOpEpMEHTHBIN aHAIH3,

NDT — nmmyHODEHOTUTIPOBAHUE,

JIAT — nakraTaeruaporeHasa,

MK — MOHOKJIOHATbHBIH KOMIIOHCHT,

MKA — MOHOKJIOHAJIBHBIE AHTHTENA,

MM — MHOXECTBEHHAsI MHUEJIOMA,

MHK — MmoHOHYKJI€apHBIE KIIETKH,

MOB — MuHHMalbHas 0CTaTOYHAsE O0JIE3Hb,

MPFB — MuHNManbsHas pe3umyaibHas O0Ie3Hb,

HXIJI — HexomKKUHCKas TuMpoMa

PB — pe3unyansHast 6071€3Hb,

PM2X — pak MOJ0OYHBII xKeJe3bl

KM — kocTHBIH MO3r

PU® — peakuust ”MMYHO(DITyOpECIIEHIINY,

OJUI — octpsrii mumMpoOIacTHBIH NeiKo3,

I1K — nna3matuyeckue KJIeTKH,

[1P — nonunas pemuccust

I1L] — npoTouHast LUTOMETPUS,

[P — nonumepasHas LenHasi peakuus,

COD — cKOpOCTh OCeaHUs HIPUTPOLIUTOB,

CPB — C-peakTHBHBIH OEIIOK.

TTIJT — TyMOp-nIeHeTpUpYIOIne TUM(POLUTEI

YP — yacTtuuHas peMuccus
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ABBREVIATIONS

Ag, antigen.

ALL, acute lymphoblastic leukemia.

Auto-/allo-BMT, autologous or allogeneic transplantation of bone marrow cells or
mobilized peripheral stem cells.

B-CLL, B-cell lymphocytic leukemia.

BSA, bovine serum albumin.

BC, breast cancer

CD (claster of differentiation) — kimactep neiikonTapHbIX U(HEPEHIMPOBOYHBIX AHTHICHOB.
CRP, C-reactive protein.

EIA, enzyme immunoassay.

ESR, erythrocyte sedimentation rate.

FC, flow cytometry.

FISH, fluorescent hybridization in situ (haroopectieHTHAS THOPUAN3ALINS in Situ).
IG, immunoglobulin.

IFR, immunofluorescence reaction.

IPT, immunophenotyping.

LDH, lactate dehydrogenase.

MC, monoclonal component.

Mab, monoclonal antibodies.

major histocompatibility complex (MHC)

MNC, mononuclear cells.

MRD, minimal residual disease.

NHL, Non-Hodgkin’s lymphomas

PNAS (Proceedings of National Academy of Sciences of the USA)

RD, residual disease.

PBS, phosphate buffered saline.

PC, plasma cells.

PCR, polymerase chain reaction.
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Mazixn [oc. Boposuy

BBISIBJIEHUE MUHUMAJIBHOM OCTATOYHOM BOJIE3HU

Y IETEMH C OCTPBIM JINM®OBJIACTHBIM JIEHKO30M

Ipog. namonozuu u onxonoeuu, Meouyunckue uncmumymut [orconca Xonkunca,
Banmumop, CLLIA

Pe3rome

HecmoTps Ha yiydiieHne pe3yinbTaToB JICUSHHS NETEeH, CTPANAIOINX OCTPHIM
nuM(pOoOIIaCTHBIM JICHKO30M, BO MHOTHX CiIydasx 0oye3Hb penuauBupyer. M3sect-
HO MHOXECTBO OMOJIOTHUECKHX (haKTOPOB, YKa3bIBAIOIIMX HA MOBBIIICHHYIO BEPO-
ATHOCTb peuuauBa [1-7]. JlaBHO yCTaHOBIJIEHO, YTO OOJNBIIOE 3HAYEHHE UMEET d(-
¢exT nepoii nuHUKM Tepanuu [8; 9]. [lo3aHee cTano W3BECTHO, YTO OJHHUM H3 Ca-
MBIX CHJIBHBIX (DAaKTOPOB MPOTHO3a SIBISIETCS] HATMYKE HEOOIBIIOTO YKCia JeHK03-
HBIX KJIETOK, COXpaHHUBIIUXCS nocie Tepanuu [10—-18].

O6bryH0 MOB mipu OJIJI BBISBISIIOT OJHUM U3 JBYX METOZOB: MOJIEKYJISIPHBIM
MeToioM ¢ ucnosib3oBanueM [P wnu Meronom mpoTouHoi nuromeTpun. B oc-
HOBe mcrnonb3oBaHus [IIP nexxuT TOT (pakT, 9TO KISTKH MPAKTHYECKH BO BCEX
ciyqasx OJIJI uMeroT yHUKaIbHEBIE KIIOHATBHEIC peapaHKUPOBKU, KOTOPBIE MOXKHO
0CO0BIM CITOCOOOM aMIUTU(HUIIMPOBATH U ONPEACIUTH JaXke KOTJa OHU NPHCYTCT-
BYIOT B O4eHb MaJIoM KosnyecTBe [19-23]. OgHako A MOJydYeHUsl KIMHUYECKU
3HAYMMOH YyBCTBHUTEILHOCTH METOJIa HEOOXOANMO CO3/1aTh KIOHOCTICIN(HUECKHEe
peareHThsl Uil aMIUTH(DUKAUN U JeTEKTHPOBAHMS YHHUKAIBHBIX KIOHAIBHBIX II0-
cienoBarenbHOCTER. IIpruMeHeHrne NpOTOUYHOM IUTOMETPUHA OCHOBAHO HA TOM, 4YTO
JIEHKO3HBIE KIIETKH MMEIOT YHUKAIbHbIC (DEHOTHITHYECKNE XapaKTePUCTUKH («de-
HOTHITMYECKAs! TOIMHKCEY), KOTOPHIE OTIMYAIOT MX OT HOPMAJBHBIX KJIETOK; 3TH
XapaKTePUCTHKHA MOYKHO BBISIBHTH IIPH IIOMOIIH MPABIIFHO pa3padOTaHHBIX METO-
JIOB MHOTOIapaMeTpuieckoro ananmza [24—27]. Kaxaslii u3 3THX METOJIOB MMEET
CBOM NIPEUMYIIECTBA U HEJOCTATKH.

Merton [NLP crangapTu3upoBaH v OTIMYAETCS BEICOKOH BOCIPOU3BOAUMOCTHIO
[20; 23; 28; 29]. Ero 4yBCTBUTENBHOCTh BBIIIE, YEM Y HMPOTOYHOU IIUTOMETPUHU:
06bruno TILP pacrosHaer 1 KIOHAIBHYIO KIeTKy u3 10° HOpMAIbHBIX KieTok [20;
21; 30; 31]. Torma Kak YyBCTBUTEIBHOCTh NMPOTOYHON ITUTOMETPHH COCTAaBIIACT
Beero 1/10* [12; 24; 25; 27; 32; 33], 1 3TOT METOJI 3HAYUTEIHHO MEHEEe CTaHAaPTH-
3upoBaH [34; 35], mo3TOMYy HHTEpIIpeTaIis Pe3yIbTaTOB B OOJIBIION CTEIICHH 3a-
BUCHUT OT YMEHHS U OIIBITa COTPYAHUKOB JIAOOPATOPHH, BHITOTHSIOMINX aHAIIU3.

OmHaKO MOJEKYISIpHBIE METOIBI UMEIOT TOT HEJOCTAaTOK, YTO aHAJIU3 OTHOCH-
TENIHO JIOPOT M 3aHMMaeT MHOTO BPEMEHH; HEOOXOAMMO MMETh oOpasel, MOIy-
YEHHBIH 10 JIEYEHUS, CEKBEHHPOBATh KIIOHAJBbHbBIE DPEapaHXUPOBKH, IMOIYyUYUTHh
aJuieNb-crieu(pUIecKue OJMTOHYKIICOTH/IbI, HEOOXOAMMBIE Ul amIuIuduKamum
OITyXOJIecIe U UIECKOH TTOCIIeI0BATEILHOCTH.
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B cBsi3u ¢ aTiM TpynHO ompenenuts MOB Ha oYeHp paHHUX 3Tamax Teparuw,
T.K. AJ751 CHHTE3a M BaJIMJAlUK 30HA0B TpeOyercs Bpems. OQHAKO, KaK TOJIBKO 3Ta
3ajjaya peIIeHa, JOMOJHUTEIbHBIC 3aTpaThl HA aHAJIW3 00pasloOB B pPa3HbIX Bpe-
MEHHBIX TOYKaX OKaXyTcs OYeHb HU3KMMHU. C Jpyroi CTOPOHBI, IPOTOYHYIO -
TOMETPHIO MOKHO IIPOBECTH OBICTPO: Pe3yNbTaTbl OOBIYHO TOTOBBI B J€Hb IOIY-
4eHus1 00paslia, U TEPalHi0 MOXHO CKOPPEKTHPOBATh HA PAHHUX dTanax IO JaH-
HeIM aHanuza MOB. KpoMe Toro, XoTs 3TO HeXeNaTelbHO, MOKHO NPOBOAUTH
aHamn3 MODB MeTo/IoM MpPOTOYHOI LUTOMETPHH, JaKe He MMes CrelH(uUecKux
JIMarHOCTUUECKUX OCOOCHHOCTEH JIGHKO3HBIX KJIETOK, IOCKOJIBKY MHOTHE ()EHOTH-
nuyeckre abeppanyuy MOXKHO OBICTPO pacrio3HaTh, JaXke He 3Has ONpeesIeHHO,
YTO HYXXHO MCKaTh. J[J1s1 00enX METOJMK CYIIECTBYET OMAacHOCTb M3MEHEHUs YHU-
KaJbHBIX (DEHOTUIMYECKUX OCOOCHHOCTEHN JEHKO3HBIX KIETOK C TCUCHHEM BpeMe-
Hu. B cirygae [P > ekt KIoHaTBHON SBOIIOUH MOXKHO CMATYUTH 33 CUET IO-
HCKa HECKOJBKUX MapkepoB [21; 22; 36]; npu KMCMOJIB30BaHUM MPOTOYHON LUTO-
METPHH HEOOXOAMMO TIOCTPOHUTH aHANN3 TaK, YTOOBI UCKAThH JIIOObIE aHOMAJbHBIC
MOMYJISIINK, @ HE TOJIBKO Ty €AWHCTBEHHYIO MOIMYJIALHMIO, UMEIOUIyI0 (EeHOTHII,
WICHTUYHBINA BRIABICHHOMY IIPU TIOCTaHOBKE nuarHo3a [24; 25; 37; 38].

B nanHO#t cTaThe 00CYK/IAI0TCs BOBMOKHOCTH NPUMEHEHUS! [IPOTOYHOM IIUTO-
METpHH Ha TIpUMepe Hamero onbita uccneaoBannit MOB y neteit ¢ OJIJI, koTopslit
™Mbl ipoBoawid B Children oncology group.

TexHuueckne BONPOCHI

Juis amanm3a MOB mpenmoyYTHTENEHBIM THIIOM O00pa3IoB SIBIISIETCSI KOCTHBIH
mo3r. [Ipu T-OJIJI ananu3 KpoBH M KOCTHOTO MO3Ta AAeT MPUOIM3UTEIBHO OMHA-
KOBBIE pe3yibTaThl, oqHako npu B-OJUI curyanus uHast, 1 04€Hb BaKHO TIPH STOH
MaTOJIOTUM MMETh Ul aHalu3a oOpasen koctHoro mosra [39]. IloreHimanbHOR
npo0eMoi sBsieTcs pa3daBieHre KOCTHOTO MO3Ta KPOBBIO IpH 3a00pe OOJIBIIOro
KOJIMYeCTBa KOCTHOTO MO3Ta, IMO3TOMY OOBEM acmupara He JOJDKEH ObITh OONb-
mM. B suTepaType mpemiaraeTcsi UCIOJIb30BaTh 00PAa3Ilbl, BBIJCICHHBIC HA (H-
KOJUIE, WIIM JIM3UPOBAHHBIN LIENBHBII KOCTHBIN MO3T, XOTS HOCIeIHUN cr1ocod 3a-
HUMaeT MeHble BpeMeHH. OueHb BayKHO 1pH uccinenoBanun MOB nomyuurts noc-
TATOYHOE KOIHYECTBO KIETOK JUIS JOCTHKEHHS UyBCTBUTEIBHOCTH X0Ts Ob 1/10°*
(0,01%). O6b14HO MBI Men S00000—750000 coObITHIA, YTO 0OECIIEUMBATIO CYIIIC-
CTBCHHBIN 3arac i JOCTIDKEHHS YKa3aHHOW YyBCTBUTEIHHOCTH Ha TOT CIIy4YaH,
€CII BMECTE C KJIETKaMH IOTaaid KJIeTouHble o0soMku (nedpuc). Kak mpasuio,
MBI JICTEKTUPOBAIN aHOMaNbHbIe momyssinuy u3 10-20 coObITHi, TakuM 00pa3zoM
Ha MPAKTHKE MBI TOTYYaliil YyBCTBUTEIBHOCTD 3HaduTeNpHO BEIme 0,01%; TeM He
MEHEEe PETUCTPUPOBAIIN KaK MOJIOKUTEIbHBIE TOJIBKO nomysauuu > 0,01%.

Taxoxe OopIoe 3HaYCHNE UMEET BEHIOOP WHPOPMATUBHBIX KOMOWHAIIMNA aHTH-
TeJ U TEXHUKH COOTBETCTBYIOIIETO MHOTOIIAPAMETPUIECKOTO aHAIN3A.
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B namux nepssix ucciaenoBanusx npu B-munelinsix OJUI no muanu COG Mel
UCTIONIB30BAIM B OOJIBIIMHCTBE CIy4acB 4-IBETHYIO NMPOTOYHYIO IUTOMETPHUIO C
JIBYMSI IpOOMpPKaMH, 00ECHEeYHBAIOIIMMK THArHOCTHUECKYI0 MHpopmanuio [27].
Hcnonp3oBanu cienyromue KOMONHAIHH:

CD20-FITC/CD10-PE/CD45-PerCP/CD19-APC;

CD34-FITC/CD9-PE/CD45-PerCP/CD19-APC.

B HEKOTOPBIX CiTyyasx HCIOIb30BAHN JONOIHUTEIbHBIE HHPOPMATUBHBIE Map-
kepbl CDS8, CD38 u TdT. Ilo3nnee COG BkiroumMiia JOMOJHUTEIbHBIE MAPKEPhI
IUISL 6-IIBETHOW MPOTOYHOM IUTOMETPHH, YTO MOBBICHIIO CIENU(UYHOCTD BBISABIIE-
HUSI aHOMAJIbHBIX MOIMYJISIIUI. DTH KOMOHHAIIMY BKITIOYAIOT!
CD20-FITC/CD10-PE/CD38-PerCPCy5.5/CD58-APC/CD19-PECy7/CD45 APCHT7;
CD9-FITC/CD13+33-PE/CD34-PerCPCy5.5/CD10-APC/CD19-PECy7/CD45-APCH7.

OnTuManbHON cTpaTerreil aHain3a sBJIAETCsl UCIIONB30BaHHE TOCIIEN0BaTENb-
HOCTH MHOTOIIapaMeTpHyecKux reiiroB. CHavasna ucrons3ytot redt CD19/SSC, on-
HAaKO pe3yJbTaT BIOCIEICTBMH HEOOXOANMO YTOYHHWTB, NPUBIIEKAs JOTOIHUTEIIb-
Hble Mapkepsl, Takue kak CD45 unu CD10. B HeKoTOpBIX ciydasx MapKepsl 03BO-
JSTIOT MCKITIOYNTH HEHY)XKHBIE romymsiuu. Hampumep, ecnu cHadasia MCIONb30BaTh
mmpokuit reidT CD19, MuenobmacTsl, momasmye B 3TOT TeHT, OyAyT UMETh ciaaboe
okpammBanue 1o CD19 u nonoxurensHyto peaknuto mo CD34 u spkoe okpamiba-
aue o CD13 1 CD33 1 MoryT OBITH HCKITFOYCHHI B TIOCIENyrommx reirax. [Ipume-
pbI rpaKOB MPOTOYHOH IuTOMETpUH ¢ HomysinusiMa MODB nipezicTaBieHb! Hike.

Anamsuposats T-OJUT tpynnee, uem B-OJIJIL, u, HecCMOTpsI Ha peKOMEH AN
JUTSI CTAHTAPTHBIX TIaHe el [26], B Hamel taboparopuu 4— u 6-1BeTHbIE KOMOWHA-
LMY CTaHJAPTU30BaHbl B MeHbIneH ctenenu. bonprmucTBo T-OJIJI axcnipeccupyror
Mapkepbl Hespenoctd CD99 [40], TdT unu B HekoTopsix cinydasx CD34. B omiuune
ot B-OJUI, He3pensle T-KkI€TKM HUKOTAAa HE MPUCYTCTBYIOT B KOCTHOM Mo3re [41].
OnHako, Kak 00Cy>KIaeTcs HUXe, IPUMEHEHHE CTepon1oB B Jiedyenun nereid ¢ OJIJI
YacTo MPUBOJUT K CO3PEBAHMIO JICHKO3HBIX OnactoB, mostoMmy MOB MokeT uMeTh
Oouree 3pernblii PEHOTHIL, YeM TIPH MTOCTaHOBKE AuarHo3a [38]. B pesynsrare, y 6011b-
HbIX T-OJUJI 3TH momne3Hble MapKephl yTPAunuBaIOTCS, MMOITOMY JAa)e MPH TOM, YTO
OHHM 00JIaIaf0T OTHOCHUTENBHOI OIyXosecenu(pUIHOCTBIO, UCTIONb30BaTh MX VIS
BeisiBiIeHUst MOB He Beerna rienecoo6paszno. Onnako 6ompimuacTBo T-OJIJT 6o He
akcrpeccupyror moBepxHocTHeIE CD3 (sCD3) BooOIIe, a1b0 3KCIpeccus 3TOro
AQHTHI'CHA OYEHb CJadasi, MOATOMY sl WACHTU(PUKALNK aHOMAIbHBIX IOIMYJISALNNA
ero oowvequHsIOT ¢ apyrumu Mapkepamu T-OJUI, manpumep, CD5S n ocobeHHO ¢
murorutasmMatnaeckum CD3 (cCD3); B apyrux citydasx HaOJlfoaeTcss aHOMaslbHast
skcnpeccust CDS [42], u Torjna oH Takxke MOXeT cIykKuTbh Mapkepom MOB.

HeobxoauMo ¢ OCTOPOXXKHOCTBIO MOIXOAWTh K KOJWYECTBEHHOMY aHAIU3Y
MOB. Hecmotpst Ha TO, YTO JAOCTAaTOYHO MPOCTO MACHTH()UIIMPOBATH M IOJICUH-
TaTh COOBITHS, OTBEYAIOIINE KPUTEPUSIM aHOMAJIbHOCTH, MCIIONB3Ys MHOTOIapa-
METPHUYECKUI TeUTHHT, CYIIECTBYET MpodiaemMa, KOTopas HAMHOTO CEphEe3HEE, YEM
MIPEACTABISAETCS Ha MEPBBIN B3IV YTO HCIIOIB30BATh B KAYECTBE 3HAMEHATEI?
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B Hammx mccnenoBaHUsIX, HECMOTPS HAa MCIIOJIb30BAHKE JM3UCA LETBHOTO KOCT-
HOT'O MO3ra, Pe3yJIbTaThl PETUCTPUPOBAIN KaK MPOIEHT OT YHCJIa MOHOHYKJICAPHBIX
KIIETOK, KOTopoe omnpeaersum Ha rpaduke CD45/SSC, uckirodaromeM KIeTKH, I10-
MaBIIME B MUEJIOUIHOE OKHO. DTOT CHOCOO HPEICTABICHHUS MMEET MPEUMYIIECTBO
JydIed CXOJUMOCTH C MOJIEKYJISIPHBIMH METOJIaMH, B KOTOPBIX IPUMEHSIOT TOJIBKO
oOpaboTaHHbIe (HUKOIUTOM KIETKH (A TaKXKe C APYTUMH HCCIIETOBAHUAMH METOIOM
MPOTOYHON LIUTOMETPUH, B KOTOPBIX HCHONB3YIOT (DUKOIJLT), U MEHBIIIE MOBEPIKEH
npo0iyieMaM, CBSI3aHHBIM C TIOTEpEil IpaHyJIOLMTOB B 00pa3liax, HANpaBJIsieMbIX B
Haury jaboparoputo. Ha paHHUX 3Tamnax Tepanuu B oOpasie 0ObIYHO Majo BOCCTa-
HOBJICHHBIX I'PaHYJIOIUTOB, U 3HAYEHHUS C MCIIOJIb30BAHUEM BCEX KIIETOK IO CpaBHE-
HHUIO C MOHOHYKJI€apaMH HE CJIMIIKOM pPa3JIMYaroTCs; OJHAaKO Ha OoJiee IMO3IHUX
JTamnax Je4eHus: OOJBIIOE YNCIIO TPAHyJIOIUTOB MOXKET ITOTPEeOOBATh CYIIECTBEHHOM
KOPPEKINH PE3YIIbTATOB, TOJYIECHHBIX HAIUM METO/IOM.

Eme omHa mpobiemMa COCTOUT B TOM, YTOOBI MCKJIIOYHTH COOBITHS, MPEICTAB-
nstomue aedpuc; s 3toro Mel ucnonbdyeM JIHK-cBs3pBarommuit kpacurens. [o-
CKOJIbKY HaM HE yJaloCh HAaWTH yIOBIETBOPHUTENIBHBIN KPACHUTENb, KOTOPHIA OBI
pabotain ¢ HamMMHu 6-IIBETHHIMH KOMOWHAITMSIMA, MBI MCTIOJIB30BAIA TPETHIO TIPO-
6upky, comepxamyio SYTO16, kotopslit cBeturcs B FL1 1 BriepBble IPpUMEHSIICS
Dworzak [18]. DOta npobupka Takxe coaepxur CD19, nosToMy Mbl MOTJIU BbIpa-
*kath CD19-nonoXuTeNbHbIE KIETKH B BHUJIE TIPOIEHTA OT SIPOCOAEPKAIINX KIle-
TOK, TOTJla HalM pe3ynapTarsl aHanu3a MODB Beipaxanuch kak mnpoueHT CD19-
MOJIOXKUTEIBHBIX KIETOK M 3aT€M MBI MMOJCYUTHIBaNIN o0umi npoueHT MOB. Mbl
Takke pobasisum B mpobupky CD45, CD3 u CD71, uro0s! onpeaenuts yncio T-
KJIETOK | SIIPOCOJIEPIKAINX KPACHBIX KJIETOK, T.K. 3TH J[Ba IIapaMeTpa JaloT HEKO-
TOpOE MPEACTABICHNE O TEMOIMIIIONNH H, CIIE0BAaTEIbHO, KauecTBE 00pasia.

HWnaTepnperanus pe3yJbTaTOB NPOTOYHOI UTOMETPHH
s ananuza MOB B o0pa3nax KOCTHOro Mo3ra

[pexae yem nporoauTh aHamu3 MOB, BaKHO MOTYyYHTh XOPOIIUE paboune 3Ha-
HHS O PEHOTHITMYECKON KapTHHE B HOPMAJILHOM U pereHEepUPYIOLIEM KOCTHOM MO3Te.
B nocneanem HaOmozaeTcsl MOBBIICHHE YNCIEHHOCTH B-KIIETOUHBIX Ipe/IIecTBEeH-
HUKOB (T€MaTOTOHOB), OJJHAKO KapTHHA AKCIPECCHU aHTUTEHOB JOCTATOUHO CXOHASL.
MoO’XKHO MICHTUGUIINPOBATH pa3iIMYHBIE CTaJMH Pa3BUTH B-KIIETOK, M XOTS BO BCEX
CIydJasx CO3peBaHHe KOCTHOTO MO3Ta IPOUCXOIHUT OJMHAKOBO, POIIOPLIMHI KJIETOK Ha
Pa3HBIX CTAAUAX Pa3BUTHS MOTYT B Pa3HBIX CIIydasix ObITh pasmmaHbMu. Ha prc. 1 u 2
nokasassl 2 ciydast B-OJIJI (cuHwmii nimv 3eNIeHbli IBET), KOTOphIe HAJIOKEHBI Ha Kap-
THHY HopManeHOro KM. BumHo, 9T0 (peHOTHITHYIECKH 3TH [1Ba CITydasi, KaK Ha CaMOM
nexne 6ompmaCcTBO OJIJI, CyIecTBEHHO OTIMYAIOTCS OT HOPMAIIBHBIX NPE/IIIECTBCH-
HHUKOB B HEKOTOPBIX, XOTSI HEOOS3aTENBHO BO BCEX, JBYXIAPaMETPHUECCKHUX MPOSKIIU-
ax. Ha puc. 1 skcnpeccus CD20 B cimydae Jieliko3a JEMOHCTPUPYET TOT XKe ITMPOKHIA
CIIEKTp IKCIIPECCHH, KOTOPBIA XapaKTepH3yeT HOPMAIBHYIO MOITYJISIIHIO.
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Opnako, CD10 runepaskcnpeccuposad 1o otHomeHnoo k CD20. CD45 B pan-
HOM IpHMeEpe JaeT OTHOCUTEIBHO SIPKOE OKpAIMBAHUE, CIEJOBATENbHO, 3TO HE
OYeHb MOJIE3HBIH Mapkep [yt quddepeHranuy HOpMbl 1 aHoMani. B aTom ciydae
ONITHIMABEHBIM TS Pa3NIMdeHUsT HOPMBI M aHOMaIMK OyzeT ucronbk3oBanne CD38 B
koMmbuHarmu ¢ CD10, a eme sygme ¢ CD58, motomy uro CD58 oTHOCHTENBHO TH-
riepaKcnpeccupoBat, a CD38 rumoskcnpeccupoBaH 1Mo CpaBHEHUIO ¢ HOPMOH.

Ha puc. 2 rpadux CD45/CD10 nozBosnsier 3hp(HEeKTUBHO Pa3iInYUTh HOPMY U
AHOMAJIMIO; 3TO THUMHWYHO U1 OonpimHCTBa cirydaeB OJIJL. B atom ciydae Takxke
Habmomaercs rumepakcnpeccuss CD10. Kpome Toro, 31ech OTHOCHTEIBHO TOMO-
reHHo skcmpeccupoBanbl CD34 u CD9. DTuM naHHBIA cllydail OTJIMYaeTcsi OT
HOPMBI, KOTJla 3TH J[Ba MapKepa OOBIYHO JEMOHCTPUPYIOT BapHaOEeIbHOCTh 3KC-
IIpeccuu, ModToMy npucyrcTBue Ha rpaduke CD34/CD9 ciokHO# KapTHUHBI yKa-
3BIBACT HA HOPMY.

Jnst anaymmza MOB BakHO MMeTh IpeNcTaBIeHHEe O HOpMaslbHOM AnddepeHnu-
POBKE, TakKe IOJIe3HO 3HATh MCXOnHbIH (eHotnn. Ha puc. 3 mpencrasieH npumep
MOB B ciygae B-OJIJI. Cravana ncrions3oBaiu reiit CD19/SSC, 3atem mst yroune-
Hus pesynbrara — reiir CD19/CD45, Ha rpaduke npucyTcTBYIOT ToNbKO B-kinetku. B
3TOM CiTy4ae MpUCYTCTBYeT Hebombinoe KommdectBo MOB (okomo 0,6%) (TokaszaHsl
cuHUM 1BeToM). HopmaibHbIe 3pernbie B-KineTkn moka3aHsl 3eIeHbIM IIBETOM, a (heHO-
THUII JIEHKO3a JI0 JICYCHHsI — OPAHKEBBIM IBETOM. B manHOM ciydae ¢enorrnm MOB
SBHO aHOMAJIbHBIN (CpaBHUTE C HOPMAIBFHBIMHU KJIETKAMH Ha puC. 1) M OYeHb MMOX0XK Ha
HCXOIHBIN (hCHOTHIT.

OpnHako, BO MHOTHX CIIy4asxX, KOT/1a AJIsl JIEYSHUS] HCIOIb3YIOT CTEPOUABI, IPO-
UCXOJHT CO3pEeBaHUE JICHKO3HBIX OnacToB, mostomy MOB umeer denorun, cyie-
CTBEHHO OTJIMYAIOIINIICS OT UCXOAHOTO (10 JIEYESHUsT). DTO MPOSIBISIETCS OCOOCHHO
YEeTKO B KOHIIE MHIYKIHMOHHOH Tepanuu. Takoil ciydall MpeacTaBleH Ha puc. 4.
Habmomaercs 3HaunTensHOe co3peBanne kiaetok MODB (cuawmit 11BeT) ¢ mpuoOpe-
teruem CD45 u CD20, 4to maeT KapTHHY, O0Jiee TOX0XKYI0 Ha HOPMaJbHEIE reMa-
ToroHsl. K cyacTpio, MCHONB30BaHME APYTHX MAapKepoB ITO3BOJSIET PAaCHO3HATh
MOB. Dxcnpeccus CD58 n CD38 He MeHseTCs CyIIECTBEHHO IO CPaBHEHHIO C
PEe3yIBTaTOM JI0 JICYCHUS U SBHO OTIMYAETCS OT HOPMBL, B TO ke Bpemst CD34 ne-
MOHCTPHUpPYET JIMIIb HEe3HAUYUTENIFHOE CHHKEHHE MHTECHCUBHOCTH, U COXPaHSETCS
abeppaHTHasi KCHPECCHs] MHUEJIOWIHBIX aHTUICHOB, KOTOpas HalJoAaiach IMpu
MOCTaHOBKE JMarHo3a.

Ha puc. 4 noxaszan npumep MOB npu T-OJUJI. [ng redtupoBaHus UCHIONb30BaH
antured CD7. Hopmanbueie T-xnerkun u EK-xnetkn (CD3-orpunarensuasie, CD7-
TIOJIOXKHTETbHBIE) TTOKA3aHbI 3eJIeHBIM 1BeTOM, KieTkn MObB — cuauM. B aTom ciry-
Yae JIeHKO3HBIE OJIacThl HECKOJIBKO crabee okpameHsl o CD45 u HeckoibKo sipue
o CD7 no cpaBHEHHIO ¢ HOPMAIBHBIMHU KJIETKAMH, YTO HAOJIOAAeTCsi HE BO BCEX
ciyqasix. OnHako, CD3 THIIMYHO THIIOAKCIIPECCHPOBaH B OOJBIIMHCTBE ciIydaeB 1-
OJIJL, mosromy MOB moxHO nerko pacrio3HaTh mo rpaduxy CDS5/CD3, wmu oco-
6exHo 1o rpaduky muromazMatdecknit CD3/mosepxHocTHBIN CD3.
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B sTx o0macTsax MOTYT IpHUCYTCTBOBaTh HeKoTophle EK-kieTkn, omHako mis
MIOBBIIICHUS YyBCTBUTEIBHOCTH AeTekTupoBanns MOB, monesno moGaBuTh map-
kepsl EK, B Tom gucne CD56 u CD16, T.K. oHE peako npucyTcTByioT npu T-OJLJT
M MOTYT HCIIONIB30BAaThCs Ul MCKIIOUeHus Hebombmioro unciaa EK-kierox mpu
MHOTOIIapaMeTpUUecKOM TredTuHre. M, HaKoHeIN, B JaHHOM CIIy4ae COXPaHAETCS
runepakcnpecus CD99, uto aenaer uaentuduranuo MOB OTHOCHTEIBHO IPO-
croif. OJTHaKO, KaK yKa3aHO BBIIIE, MOXKET HAOM0aThCs co3peBanue kieTtok MOb
¢ motepeit CD99, mostomy otcytrctBue CD99 He uckmovaer Hannuue MOD.

Kaununueckoe 3Hauenne BuiaBjaenns MOB

VYcranosneno, uto MObB sBisercs CHIBHBIM (DaKTOPOM ITPOTHO3a pPELHMINBA
3a0oneBanus [10; 12; 13; 16—18; 31; 43-51]. B Hammx ucciaeIoBaHUSAX UCXO 3a-
GosreBanns y 6ombpHBIX B-OJIJI OB cTaTHCTHYECKH 3HAYMMO MEHEe OarornpusT-
HbIM, 1Ipu Haymmund MODB B KOHIle MHIYKIMH, a B CIy4asx ¢ 0ojee BBHICOKUMH
ypoBHsiMu MOB pesynbrar ObuT XysKe, 4eM y OOJNIBHBIX C HU3KMMH YpOBHsMH. B
YaCTHOCTH, W3 HabmromaBmmxcs y Hac npubmusutensHo 2000 6ompHEIX [13]

5-JeTHs BEDKMBAEMOCTh 0e3 coObITuii coctasmna 88+1% npu MOB < 0,01%,
5945% npu MOB ot 0,01% no 0,1%, 49+6% npu MObB ot 0,1% no 1% u 30+8%
npu MOB > 1% (p < 0,001). 3ToT dpakTop cOXpaHsI CBOIO NIPOrHOCTHUECKYIO 3Ha-
YIMOCTh TPH aHanu3e 3((exTa JeUeHns B TPYIIAaX HU3KOTO M BHICOKOTO PUCKa, a
TaKKe y OOJBHBIX C OJNATONPHATHBIMU NPOTHOCTHYECKUMH XapaKTEPHCTHKAMU.
WHTEpecHO OTMETHUTH, UTO HE BCE OOIBHBIX, Y KOTOPBIX BeIABIsLIOCH MOB, nMenn
panHuit peruaus: MODB B KoHIle MHAYKIUY UMeT OAMHAKOBYIO MpecKa3aTeIbHyIO
LIEHHOCTh KaK JUIsl paHHeTo, Tak M JyIs OoJiee mo3aHero (> 3 neT) peuuauBoB. On-
Hako MOB, oOHapykeHHOe B KOCTHOM MO3T€, IPECKa3bIBAET PELUANB B KOCTHOM
mosre, Ho He B LIHC. IIpu nmpoBeneHn MHOTO(aKTOPHOTO aHaJIM3a C BKIIOYEHUEM
Takux (axkTopos, kak rpynna pucka NCI, Hamuyue O6IaronpusTHBIX HUTOTEHETH-
YECKUX XapaKTepUCTUK, HTMINE 3P PeKTa JIeUeHHs 10 JaHHBIM MOp]oIornyecKo-
ro aHaiamuza KoctHoro mosra, MOB okazasock Hanbosee MOIIHBIM IPOTHOCTHYE-
CKAM (haKTOPOM C OTHOIICHHEM PHCKOB 4,3. DTH pe3yNbTaThl COTIACYIOTCS C pe-
3yJbTaTaMH APYTHX HCCIENOBaHWM, BKIMOYaomux aHann3 MODB B koHIE MHIYK-
IIUOHHOW TepaIruy METOI0M IpoTouHoi nutometpuu [10; 17; 18; 44; 52] umu mMo-
neKysapHeIMA MeTonami [11; 16; 31; 43; 45; 48].

Korna uamepsitb MOB?

YcranosneHo, uto MOB coxpaHsieT mporHocTH4ecKyo 3HaduMocTh pu OJIJI
MPAaKTUYECKH B JI000C BpeMs, Jake Ha MO3IHUX dTanax Tepamnuu [46], XoTs B 00-
meM cirydae Oojiee MH(GOPMATHBHBIM SIBIISIETCS aHAJIM3 Ha PAaHHUX CPOKax Jieye-
Hus. /{714 3TOTo CyIECTBYIOT 1BE€ IPUYHHBIL.
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Bo-nepBbIX, ueM OoJblIe CPOK TEpamuH, TEM MEHBIIE MPOIEHT OONBHBIX C
MOB, 1o3TOMy MOKHO yIyCTHTB CIy4au ¢ OOJBIION BEPOSTHOCTHIO PELIUINBA.

Bo-BTOpBIX, edeHre Hanboee Y(QHEKTUBHO TPU MHTSHCH(HKAI TEPAUH Ha OT-
HOCHTENNBHO paHHKX 3Tanax [53]. [IoporoBsiit ypoBeHS A1l HPOTHOCTHYECKON 3HAUYMMOCTH
MOXKeT OBITh Pa3NIIHBIM Ha pa3HBIX dTarax Teparvi. | pyrma BFM, ucrons3yromast Mo-
JeKyIsIpHBIe MeToas! BeusBiicHrsT MOB, pasaernser O0NpHBIX ieTeil Ha TpY TPYIIIBI prcKa
110 aHAbM aHamiza MOB Ha 33 u 78 jeu Teparmn: GonbHeX ¢ MOB Hike 107 (otpria-
TeJbHBIN pe3y/bTaT) Ha 33 IeHb OTHOCAT K TPYIIIe CTAaHAAPTHOTO PUCKA, IIPH YPOBHE BBI-
e 10~ Ha 78 1eHb GONBHBIC OTHOCSTCA K IPYIIE BBICOKOTO PHCKA, BCE APYTHE CIyYal
COOTBETCTBYIOT MPOMEXKYTOUHOM rpymie pucka [16]. CrneayeT oTMETUTb, YTO B pa3HbIX
BPEMEHHBIX TOUYKaX MOPOTH MOJIOKUTEILHOTO pe3yibTaTa anamza MOD pazmuuatores. B
HareM wccnenoBarny 6onbpHEIe ¢ MOB Beite 0,1% Ha 29 1eHp OTHOCSATCS K TPYIIIIE BBI-
COKOTO PHCKa M UM Ha3HA4arOT MHTEHCHBHYIO Tepanuto, ipu ypoBHe MOD Bbiue 1% Ha
43 neHb PUCK OIpENensercss KaKk OYeHb BBICOKHI M CTaHIAPTHYIO TEPallMi0 OTMEHSIOT;
AHAJIOTWYHYIO CTPATETHIO MCTIONB3YIOT TipH aHammse Ha 42 nens B Hopital st. Judes, te
TIPAMEHSIOT TIPOTOYHYIO ITOMETpHIO [54]. B mocieaee BpeMst B 1a00paTopusix, prMe-
HSIOIIFX TIPOTOYHYIO IUTOMETpHIO 11t MoHuToprHTa MOD, Gnaromapst mpoctote MetToza
CTaJTi TIPOBOJTUTH aHATIM3 HA eI1le 0oJiee paHHKX dTarnax Jiedenrs. Anamas KM npoBomm
Ha 15 wm 19 qam Teparmu [10; 44], a B HatieM HCCIeIOBaHUH aHATTM3UPOBAIM KPOBD Ha 8
JieHb. B cBsi3u ¢ TeM, uTo y 60sbHBIX ¢ MOB Ha0r01aeTCst TSHACHIHS K 00JIee BRICOKHAM
YPOBHSIM B Hayajle Tepalvy, U B 3TO BpeMsl pereHepaius B-KiieTok He NMpencTaBiser
OOJIBIIYIO TIPOOJIEMY, OTHOCHTENIFHO OoJiee HHM3Kasi YyBCTBHTENIBHOCTD IPOTOYHOM IU-
TOMETPUH TI0 CPAaBHEHHIO C MOJIEKYJISIPHBIMH METOJIAMH HE SIBJIETCS CYLIECTBEHHBIM
TIPENSTCTBIEM, M TAKMM 00pasoM, B 3TOHM CUTyallyl BIOJIHE 3()EKTHBHEI Oosee «IIpsi-
MOJIMHEWHBICY» aHATUTUYCCKHE MOAXOAp! [55-57]. B ommume ot aHamm3oB Ha Oolee
TIO3[HUX JTarax TeparuH, MEepCreKTHBa Il OOJbHBIX ¢ HuM3KMMHU ypoBHsSMEH MOB B
3TOT MEPHUOJ] HE TIPE/ICTABILIETCS HEeOIaronpysTHON M OCHOBHOM 3aaueii anammsa MOB
SIBIISIETCS BBISIBIICHUE OONBHBIX ¢ XopommM 3¢dexrom. B necnenosannu rpymst BMF B
kareropuu 6osbHBIX ¢ MOB < 0,1% Ha 15 nens penmams otMeden B 7,5% cirydaes [10],
B uccienoBannn Hopital St. Judes B kareropun MOB < 0,01% na 19 neHp perpaus ot-
MeueH Y 4,8% OompHBIX [44]; B ucenenoBanmsix COG cpemu 6ompapx ¢ MOB < 0,01%
Ha 8 jeHb peryauB pa3suics y 10%, onHako ecii npoaHaIM3UpOBaTh TOIBKO HOATPYI-
My CTaHIAPTHOTO PHCKA C ONAroNpHATHHIMH I'€HETHUIECKHMH IOKA3aTENsIMH, YPOBEHb
permmBrpoBaHys CHIDKAeTest 10 3% [13] . [l GONbHBIX ¢ O4eHb BEICOKUMH YPOBHSIMH
MOEB Ha paHHEX 3Tamnax Tepali BepOSTHOCTh PEIWANBA TaKKe BBHICOKA, OmHaKo [10;
13] npu ToM uTO, CKOpee BCero, y 3Tux 00ibHbIX ypoBHH MODB OynyT BBICOKMMH U B
OoJstee MO3AHME TEPHUOABI JIEUEHHUS, 10 JaHHBIM HAIIETO MCCIENOBAHWS B MOITPYIIIE
6onpHBIX ¢ MOB B kpoBu Bbime 1% Ha 8 nens, Ho Hike 0,01 % B KM Ha 29 nenb 5-
netHsist BCB cocraBmna Beero 7944 % o cpasrenmto ¢ 90+1 % (p < 0,001) B moarpymme
OOJIBHBIX C OTPHIATENFHBIM pe3ynbTatoM anamm3a KM B konne unaykmy 1 MOB me-
Hee 1% 1o TaHHBIM aHaMM3a KPOBU Ha § JIEHB.
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B Oynmymmx mccnenoBaHUsSX U ONMpeneNieHns TPynn pucka mo yposHio MOB
MBI [UIaHUPYEM HCTIONIB30BaTh JaHHBIC aHAIN3a KPOBU Ha § I€Hb U KOCTHOTO MO3ra
Ha 29 JeHb, BMECTE CO CTaHIapTHBIM BO3PACTOM M YPOBHEM JICHKOLIUTOB, a TaKXKe
LUTOTCHETHYECKUMH TaHHBIMU. BONBHBIE C XOPOIIMMM IUTOTCHETHYECKUMH J1aH-
HBIMH, OJNAronpusITHBIM BO3PACTOM M XOPOIIMM YPOBHEM JICHKOLIUTOB, Y KOTOPBIX
He BbistBiicHo MOB Ha 8 u 29 mHu, OyayT OTHOCHUTBCS K TPYIIIIE HU3KOTO PUCKA, U
MOJTy4aT MUHUMAIILHYIO TEpaIio; B TO ke Bpems OonbHbIe ¢ ypoBHeM MOB Bbie
0,01% Ha 29 neHp BOWAYT B TPYIITy OYCHb BBICOKOTO pucka. OCTabHBIX OOJBHBIX
pa3zenaT Ha J(Be IPYIIBI pa3HOTO PUCKA B 3aBUCHMOCTH OT BO3pacTa, YPOBHS JeH-
KOILIUTOB, LIUTOT€HETUUECKUX XapaKTepucTuk U ypoBHeM MODB Ha 8 nenb. Taxkum
00pa3oM, MHTEHCHUBHAs Tepanus OyAeT Ha3Ha4aThCs TOIBKO TeM OOJIbHBIM, KOTOPbIE
OorbIle BCETO B HEHl HYXKIAIOTCA, a IETH C BHICOKOI BEPOSITHOCTHIO BBI3[JOPOBICHHS
He OYIyT MOIydaTh JIeUeHHe, 00Iee TOKCHIHOE, 9eM UM HEOOXO0InMO.

BruiBoabI

Omnpeneneane MOB mpu OJIJI uMeeT KIMHHYECKOE 3HAUYEHUE WU JOCTATOYHO
IIPOCTO BBIMOJIHACTCS METOJIOM MPOTOYHOM nuToMeTpun. OIHAKO JIsl KOPPEKTHON
MHTEPIIPETAllMK PE3yNbTaToOB TpeOyeTcss Xopollee 3HaHHE (EHOTUIIMYECKUX
CBOWCTB HOPMAaJIbHBIX KJIETOK, a TAaK)Ke M3MEHEHHH (peHOTHIA JEHKO3HBIX KIIETOK,
KOTOpBIE MOTYT HaONIOAAThCs IOCIIe Tepanui. TeM He MeHee, €ClU 3TH YCIIOBHS
COOJTIO/IEHBI, HCIIOJIE30BaHNE OTHOCUTEIBHO MPOCTOH MAaHENN aHTUTENI U OTHOCH-
TENBHO «IPSIMOJIMHEWHBIX» METOAOB aHAJIN3a MO3BOJIAET MOIYYUTh OYEHb BaXHYIO
MH(OOPMALIHIO JUIS JISIEHHSI OOJIBHBIX.

Buipasicaro 6onvuyto npusnamenbHoCms MOUM cOmMpYOHUKAM no [lemckoti oH-
KOJIO2UYeCKOU epynne, Komopbvle pabomanu co MHOU Npu nposedeHul 6cex uccie-
odosanuti MOB. Ocobenno xouy nobnazooapume 0-pa bBpenma Byoa, nomozasuiezo
6 nposedenuu ananuzos MOB memoodom npomounou yumomempuu, 60abuloe Yuc-
JI0 KIUHUYeCKUX ucciedosameneil, nposoOsuUX pasiuiHble KIUHU4ecKue ucciedo-
eanusi, u ocobenno 0-poe Cmusena Xaneepa, Inuzabem Paey, Munvon Jloy u
Bunvama Ksppoana, nawezo cmamucmuka 0-pa Menaxu /esudaca; u 0-pog Ye-
pun Bumiman u /pro Kapponn, omeeuasuiux 3a 6ce cenemuyecKkue uccied08anus,
Komopble makoice NOMO2aU HaM 8 KIAcCupurayuuL.
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Abstract

Flow cytometry is a principal assay in MRD detection in patients with pre-B-cell
acute lymphoblastic leukemia (pre-B-ALL). E.Coustan-Smith et al. proposed a sim-
plified three-color assay using CD19/CD10/CD34 antibody combination for MRD
detection. We compared results of the simplified vs. standard (4- to 9-color) flow
cytometry in 134 bone marrow specimens from 55 children with pre-B-ALL taken at
different stages of therapy.

The comparison discovered that qualitative MRD detection by the simplified as-
say was incorrect in 8.0%, 17.6% and 75.8% of patients on days 15, 36 and 85 of
therapy, respectively. Besides, calculation of tumor cells per common risk stratifica-
tion threshold levels in some true positive specimens was also incorrect.

Therefore, the simplified assay in MRD evaluation to stratify patients by risk
groups would produce incorrect information in 16.0%, 27.4% and 81.8% of speci-
mens taken on days 15, 36 and 85 of therapy respectively.

Key words: minimal residual disease, acute lymphoblastic leukemia, flow cytometry.

There was a considerable progress in the treatment of pre-B-cell acute lym-
phoblastic leukemia (pre-B-ALL) in children over recent decades [1]. However
approximately a quarter of the patients develop disease recurrence due to residual
tumor cells undetectable by standard cytology [2].

These cells are referred to as minimal residual disease (MRD). Flow cytometry
is a principal tool to detect MRD.

Prognostic significance of MRD levels detected by flow cytometry was con-
firmed by a variety of treatment protocols [3—7].

For a long time four-color flow cytometry has been the most common technique
for MRD detection [3—11]. Four-color analysis is therefore the most standardized
[10; 11]. However, recently high-resolution flow cytometry has been increasingly
used that can simultaneously analyze expression of 5 to 9 antigens [8;10].
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MRD detection by flow cytometry in children with pre-B-ALL is associated
with certain difficulties, mainly due to the presence of normal B-cell precursors
having a phenotype similar to blasts by expression of many markers
(CD19+CD10+CD34+/-CD45dim) [3; 12; 13; 16; 17]. Bone marrow is thought to
be free from normal B-cell precursors during induction chemotherapy [3; 14].
Fluorescence in the blast region in point diagrams may also result from non-
specific antibody binding [3; §; 18].

E.Coustan-Smith et al. proposed a simplified three-color assay using
CD19/CD10/CD34 antibodies to detect MRD in the middle of induction therapy
[14]. This technique is much less costly and more feasible in routine clinical practice
[14]. The approach is based on the assumption that bone marrow is free from normal
pre-B-cells on day 19 of induction therapy by the TOTAL protocol, and all CD19-
positive cells also expressing CD10 and/or CD34 are therefore thought to be tumor
cells [14]. The same methodology was used to detect MRD on day 15 of therapy by
the ALL-IC protocol [15].

However, most protocols require MRD detection also at the end of induction
and at one or more time points during consolidation/intensification therapies [3—
6]. It is not yet clear whether it is feasible to use the simplified assay to detect
MRD at every time point required by therapeutic protocols.

The purpose of this study was to evaluate feasibility of simplified three-color flow
cytometry assay to detect MRD at different stages of therapy in children with ALL.

Materials and methods

The study was conducted at the Laboratory Unit, Childhood Oncology and Hema-
tology Department, RCCH No.1, Ekaterinburg, during January 2008 through Novem-
ber 2009. A total of 134 bone marrow specimens from 55 patients with pre-B-ALL
receiving therapy by protocols ALL-MB 2002 [18], ALL-MB 2008 [18] and MLL-
Baby [19] were studied. The diagnosis of ALL immunologic types was made by com-
mon criteria [20]. Eleven patients had type BI, 43 had BII and 1 had BIIl ALL.

We analyzed 50 specimens taken on day 15 of induction therapy, 51 specimens
taken at the end of induction therapy (day 36) and 33 specimens taken on day 85 of
therapy. MRD detection on days 15 and 36 was made in all patients. On day 85
MRD detection was made only in patients at standard or intermediate risk. Com-
parison was made in specimens stained with 6 to 8 monoclonal antibodies in com-
binations always including CD19, CD10 and CD34. Flow cytometry was per-
formed using FACS Canto II and FACS Aria (Becton & Dickinson (BD), USA)
cytometers. The flow cytometers were calibrated using Cytometer Setup and
Tracking (BD), 7-color Setup Beads (BD) and DAKO Fluorospheres (Dako, Den-
mark) calibration systems. Immunophenotyping findings were assessed using
FACS Diva 4.0-6.1 (BD) soft-ware. MRD detection was made using monoclonal
antibodies shown in table 1.
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Table 1
Monoclonal antibodies used in the study
Fluorochrome Monoclonal antibodies
FITC CD10, CDS58, CD58*, CD45, CD38, CD99, CD15
PE CD10, CD45, CDS58, CDl11a, CD34, CD38, CD133**
PerCP CD45, CD20
PerCP-Cy5.5 CD19, CD20, CD38
PE-TexasRed CD34*
PE-Cy7 CD10, CD34
APC CD19, CD10
APC-Cy7 CD20, CD45
AmCyan CD45

Note. All antibodies are supplied by BD, if not specified otherwise.
* antibodies supplied by Beckman Coulter (USA)
** antibodies supplied by Miltenyi Biotec (Germany)

Staining with primarily stained monoclonal antibodies was made according to
manufacturer’s instructions. After incubation of bone marrow cell suspension with
monoclonal antibodies the suspension was treated with lysing solution (FACS
Lysing solution, BD) and washed with phosphate saline buffer (Cell Wash, BD).

Positivity was defined by the presence of a group of 10 or more cells with leu-
kemia immunophenotype and light scatter parameters associated with lympho-
cytes/lymphoblasts [3; 10].
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The simplified assay involved detection of B-cells expressing CD10 and/or
CD34 in CD19/CD10 and CD19/CD34 point diagrams. These cells were presented
in FSC/SSC diagrams (reverse gating) in which only blasts from the lympho-
cyte/lymphoblast region were defined. MRD detection by 6 to 8 color flow cy-
tometry was done according to AIEOP-BFM guidelines [10].

First, B-cells were detected in CD19/SSC diagrams and then tumor cells were
defined on the basis of expression of all markers. After that reverse gating was
performed. Results were calculated as percent of tumor cells per all nucleated cells
in bone marrow.

Then followed qualitative and quantitative comparison of results obtained by 3-
vs. 6-8-color flow cytometry. Quantitative comparison of MRD levels was made in
relation to common threshold parameters 10%, 1%, 0.1%, 0.01% associated with
different risk groups [3—7]. MRD quantification by the simplified assay was con-
sidered incorrect if it was different from the respective result by 6-8-color flow
cytometry in relation to the threshold values.

The presence of pre-B-cells in a specimen was detected with respect to typical
normal B-cell distribution of cells in point diagrams (fig.1) [13; 16; 17].

Results

Qualitative consistency of MRD detections using simplified vs. standard assays
varied considerably depending on therapy stage (fig.2).

On day 15 of therapy 5 (10.0%) specimens were negative and 41 (82.0%) were
positive by both approaches. When 3-color assay was used 2 (4.0%) specimens
each were false-positive and false-negative. Normal pre-B-cells were not found in
any of the specimens on day 15. On day 36 of therapy 29 (56.9%) and 13 (25.5%)
specimens were true positive and true negative, respectively, by 3-color cytometry,
while 1 (1.9%) specimen was false-negative and 8 (15.7%) were false-positive
(fig.2). Normal pre-B-cells were found in 6 (11.8%) specimens of day 36.

It was normal pre-B-cells that were interpreted as tumor cells by simplified as-
say in 3 of the 8 false positive specimens on day 36. On day 85 of therapy standard
approach detected residual tumor cells in 5 (15.1%) specimens, while 3-color assay
defined normal pre-B-cells as leukemic blasts in 25 (75.8%) specimens (fig.3).
Neither assay detected MRD in 3 (9.1%) patients. All patients except the 3 men-
tioned above had normal pre-B-cells in bone marrow.

Among the 98 specimens free from normal pre-B-cells, 3 (3.1%) were false
negative and 7 (7.1%) were false positive by simplified assay (fig.3).

Among the 36 pre-B-cell-positive specimens only 8 (22.2%) were true positive,
while the remaining specimens were false positive (fig.3).

Quantitative comparison of true positive results detected incorrect MRD
evaluation by simplified approach in 4 (8.0%), 5 (9.8%) and 2 (6.0%) specimens
on days 15, 36 and 85 of therapy, respectively.
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Discrepancy of MRD evaluation results by simplified vs. 6-8-color cytometry
was therefore detected in 16.0%, 27.4% and 81.8% of specimens on ALL therapy
days 15, 36 and 85, respectively.

Examples of correct and incorrect tumor cell detection by simplified assay are
shown in fig.4.

Discussion

To use adequately the simplified assay one has to be sure that bone marrow is
free from normal pre-B-cells in the given point of observation. However, according
to our data 11.8% of patients present with B-lineage regeneration already at the end
of induction therapy (day 36). On day 85 a vast majority of patients (90.9%) have
normal pre-B-cells in bone marrow.

Comparison of MRD detections by the two assays in question demonstrated
that the simplified approach produced incorrect results in 8.0%, 17.6% and 75.8%
of cases on therapy days 15, 36 and 85, respectively.

There may be several reasons for incorrect outcomes of the simplified assay.
All tumor cells express both markers used for evaluation in less than half of pre-B-
ALL cases [22; 23].

Most often the tumor population expresses either CD10 or CD34 [22, 23],
sometimes these antigens are not expressed on all blasts [14; 22; 23]. Therefore,
application of the simplified approach in this patient category seems incorrect. Be-
sides, CD10 and CD34 expression may decrease significantly under the effect of
anticancer therapies [24—27], first of all corticosteroids [26]. In this case these an-
tigens either should not be used to detect MRD at all, or definition of all tumor
cells in point diagrams becomes difficult.

Besides, a large number of cells are required for recommended sensitivity of
the test (1x10* to 1x107°) [3x11]. Products of non-specific antibody binding may
also be detected [3; 8; 18]. Analysis of expression of 6 to 8 antigens provides clear
discrimination of tumor cells from non-specific fluorescence, while use of three
markers only makes such discrimination difficult sometimes.

And finally, normal pre-B-cells start to colonize bone marrow at the end of in-
duction therapy. These cells are similar to leukemic blasts by CD10 and CD34 ex-
pression, which leads to false positive results.

Quantification of residual tumor cells per patient stratification threshold levels
may be incorrect. The simplified MRD detection would then give incorrect infor-
mation in terms of patient stratification by risk groups for 16.0%, 27.4% and
81.8% of specimens analyzed on days 15, 36 and 85 of therapy, respectively.

The simplified assay was intended for MRD detection on induction therapy [14],
however already on day 15 it produced incorrect results in terms of the patient strati-
fication in 16% of cases. Application of this assay at the end of therapy (as also pro-
posed by the authors [14]) seems reasonable in a still lower number of patients.
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The simplified approach to MRD detection may be recommended on day 15 of
therapy, though false results are possible already in this time point. The simplified
MRD detection on day 36 produces false results more frequently, while on day 85
its use cannot be considered acceptable.
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Chronic Lymphocytic Leukemia (CLL)

CLL is a neoplasm compasad of manamarphic small B lymphocytes in the
peripheral Mood, bone marrow, spleen and lymph nodes. The CLL cells
usually co-express CDS and CDZ23
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Improving Outcomes in CLL

= Complete remission (CR):
— Mormal white cell count and other haematological parameters
— Mo ymphadenopathy, marrow involvement (30%) or symptoms
« Partial remission (PR}
— 250% decrease in lymphocyte count and ymphadenopathy
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Studies reporting MRD analysis
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General comments on published
studies using MRD analysis

+  Approximately 5 — 15 months improvement in progression free
survival for patients with MRCY=" remission; usually highly
significant

+ R rates vary greatly but within CR group the propartion achieving
MRDME® status more dependent on the method:

= CD18/5 & kappaflambda 80%

- lgH-PCR 0%
= 4-CLR Flow S0%
= RQ-ASO IgH-PCR 30%

+ MRD assessment is most relevant for chemo-immunotherapy and
transplart approaches

« Allogeneic SCT is different to cther approaches. maximum response
may be =1 year after transplant.

NE i)

The relevance of MRD for individual
patients: how long before relapse?

= Comparison of progression-free survival vs CLL
cell levels at end of therapy

— Peripheral counts normalised

— No lymphadenopathy: even distribution between
blood and marrow

— CLL doubling time 6 months
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How long does it take to relapse?
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How long does it take to relapse?
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How long does it take to relapse?
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The relevance of MRD for clinical trials
and for individual patients

« Clinical trials
— Increase sensitivity to evaluate current treatments
— More accurate quantitative classification of response
» Individual patients
— Better prediction of outcome
— Early indication of requirement for further treatment
— Guide therapy to MRDMES response
« How to do it; Flow cytometry and PCR

ML i)
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One colour flow cytometry

08_02856_BM_BLS-03091952

=

1

COMIPE-CyrS-5-A |

P

E gl 2. ot
100 19
g, PT .

N -

One-colour
(CD19):

There are 10% B-cells

DUTREACH |

Three-colour flow cytometry

08_02856_BM_BL5-03091952

lambda FE-A
|f°

e o L

477

I I LI IIIIIII_ T T RUREEE -
aen w’ w
kappa FITC-A

T

Roces

= Gate B-cells using CD1Y
and light scatter

* Assess Kappa and
Lambda on gated B-cells

The B-cells are polyclonal

iy
X1



Three-colour flow cytometry

08 02856 BM_SLS-03091952

.l-.l1 T T
W w 1w
CDI0APC-A

* Gate B-cells using CD19Y
and light scatter

* Assess CDS and CD20
on gated B-cells

There are 10% B-cells:
85% are CDS-CD20
10% are CDSCD20"

5% are CD5CD20Hwk)

DUTREACH |

Five-colour flow cytometry

08_02856_BM_BLS5-03091952
"2y
"2+
< 3
W
[
2
E =
2 ]
=
5 -r1 T I 'Il T r1l|r:r[ T r:-urn[ T :1rr|11| T
.:'.-: 0¥ ' 1w i w*
! ! kappa FITC-A

X1V

* Gate B-cells using CD19Y
and light scatter

* Assess CDS and CD20
on gated B-cells

+ Assess K/L on gated cells

DUTREACH |



Five-colour flow cytometry

08 02856 BM_SLS-03091952
e
] * Gate B-cells using CD19Y
! and light scatter
i » Assess CD5 and CD20
g on gated B-cells
=
R
+ Assess K/L on gated cells
] — confirm monoclonality
5 of CD19°CD5'CD20' ™%
5 n- TT l_k! 1}}! T 1llrllr£.:I T7T IIIHII[. L] 1rr|1;|n[‘ T
h! = kappa FITC-A ms

EACH |

Flow cytometry consensus panel

Lo IO, .
8300 Pt Putinfony S U rafts mosned DRSS L1 50 i

WA R COT e

DORIGINAL ARTICLE

International standardized approach for flow cytometric residual disease monitoring
in chronic lymphocytic levkaemia
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1)
2)
3)
4)
5)

4-CLR consensus panel

Kappa Lambda cD18

CD45 CD14 CD19
CcD20 CDa38 CD19
cbe1 CD22 CD19

CD43 CD7%b CD19

CD5
CD3
CD5
CD5
CD5

Tube (1) is sufficient if only monoclonal B-cells are present. Tubes (2)-

NHS

(2) required if polyclonal B-cells are present. Acquire 500,000

events.

4-CLR analysis: lots of plots and
statistics

DUTREACH |




6/8 CLR analysis: simple!

LR Pha e T

B 1T e 1]

FE

Fosiae o Wt
-y 0y 16
. W 1T
Benn L [T
..... o T

The Unique IgH Gene Sequence

Bone Marrow

Vgl Vg2 VS1 D1 D2 D97 [gl 2 Iyé

g g bbbl

+F - looping of
complimentary muclectides
anto =5 signal joint

+ N - 3" insertion of 1-20
miclectides by TdT

- Exomuclease trimming of
unpaired rmaclectides

Wz Delpx

mpc
INHS|

il
.w,-tr.'!n'l"l'l! I"\ M M

Folyclonal

50% CLL I
HMDS



RQ-ASO IgH-PCR approach
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RQ-ASO IgH-PCR approach

RQ-ASO IgH-PCR approach

Quantitate copy number using standard curve,
calibrated against a single-copy housekeeping gene (albumin)




Different techniques for MRD analysis

CD19

CDA19/CDS & light chaln restriction

Cb3p

NHS

MRD Flow cytomatry

|||
1I|F|||I‘ ‘ |“|I|~

Consensus lnH FCR

B#—* 0

W L.

iy -
i -
Hr'l_.l,lt -

T

o

HMDS
DUTREACH |

RQ-AS0O IgH-PCR

MRD depletion = improved outcome

CDACD5 & light chain restriction
Reobertson Bfood 1992; 80 29

M

i s £

T
b - |

MRD Flow cytometry

m Moreton JCO 2005; 23:2071

XX

Consensus IgH-PCR
Miligan Blood 2005, 105387

e D A0 loworsisd

Frotalud sty of pogreace
& B 5

-'I e yeas
RO-ASO IgH-FCR
Morena Blood 2008; 1074563 {MDS
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The problem with clonality for MRD

Mormal CD19+
o i
CLL cells B cells Consensus |gH-PCR an
G-1% - 5% D 1-5 -
u.u"l‘xh B 5‘5. n - 1-5 B
NHS Hos

Clonality and CD5 assessment in
comparison to MRD analysis

« 784 cases after treatment from Barcelonal, Kiel and
Leeds

— CD18/5/Mk
— MRD assessment (4CLR flow, ASC-FCR)

+ Median 0.5% CLL, range <0.01 - 23.7%

. <0.01% 213 (27%)
- 0.01-0.1% 100 {13%)
s 0.1-1% 111 (14%)
« 1-10% 118 (15%)
. 108 243 (31%)

= Acquire 30,000 events
« Require at least 50 events in relevant “gate”

XXI



Clonality and residual disease
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Clonality and residual disease
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Value of clonality testing

= CONE+5+ =70% slg-

- CD19/5/K/L informative §. 100 ; =
and ~quantitative if g 10;
— K:L <D.02 or =100 = I
— CD19+ >90% CD5+ .
- |
o

0.0 1 l v

Nosmal Bhnormal CLL

Clonality assessment is inaccurate and may be misleading
but can reduce the number of full MRD assays needed

CIRIC

The problem with qualitative
approaches

« Either PCR or Flow cytometry

= Limit of detection (LOD) is 0.01% when normal
B-cells are absent

« Variable LOD when normal B-cells are present

« Normal B-cells are always present in the bone
marrow of a responding patient at day 100

MRD"e2 by one technique
=100 times more disease
than MRD#es by another technique

XXII



Approaches to MRD analysis

MED Flow RO ASO-PCE
Applicable patients =05% 85 - 059%
Sensitivity 0.01% 0.001%
Quantitative range 0.1 -0.01% 0.01%
’ . o P Tritially hagh

Cost & complexity Moderate Follow-up low

rf&atment_ Preferable Essential
material required
Turn-round time hours waeks

NHS

Guidelines for the diagnosis and treatment of chronic lymphocytic
leukemia: a report from the International Workshop on Chronic
Lymphocytic Leukemia updating the National Cancer Institute Working

Group 1996 guidelines

= "“Either 4-color flow cytoretry (MRD flow) or allele-
specific oligonucleotide PCR is reliably sensitive”

. “ﬁatients will be defined as having a clinical remission in
the absence of MRD when they have blood or marrow
with less than one CLL cell per 10 000 leukocytes”

= "Future clinical trials that aim toward achieving long-

DUTREACH |

lasting CRs should include at least one test to assess
MRD because the lack of leukemia persistence using
these sensitive tests seems to have a strong, positive
prognostic impact.”

NHS e,



Can we use MRD to improve treatment ?

= Adjust treatment according to MRD levels

— Qverall measure of efficacy but within
individuals just a measure of chemosensitivity

— No need to tailor treatment because secondary
MDS/AML is rare

- Meed a randomised controlled clinical trial

INHS e,

FCR as front-line treatment improves
progression-free and overall survival

14 Overall Survival:

a5 FCR: 87.2 months

M CR FC: 82.5 months

(N=790, HR 0.664,
p<0.012)

o

3

FC 0S 3 yrs post
randomization:
FCR: 12.8% died
FC: 17.5% died

Cum Survival
: s
r

¢

1

E=)

g

T T T T T T T T T T T T
B £ 13 18 M MW M 42 8 S &0 6
0% Months

2

Hallek at al. 8:5H 2009; abstract 535 OUTREACH )
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GCLLSG CLL8 MRD analysis:
MRD and number of cycles of therapy

1007 «p < 0.0001
" R-FC
80 1m Fc * *
=
w | &
=
2
w® 407
o
20 -
0 o
1] T
Baseline 3cycles 6cycles 2 months
post-treatment
n = 208 229 108 118 112 103 146 134
NHS Bottcher ef al. , ASH 2008 DOUTREACH |

GCLLSG CLL8 MRD analysis:
Levels in peripheral blood 2 months

post-therapy
1.0 4 s <10+
i FC: (7148)
FCR: (22/90)
0.8 SRR
m 0.6
I_L -
0 0.4 .
s =102 [, »= 104, <102
] FC: (20/24) H FC: (27/72)
0z FCR: (13/14) FCR: (11/31)
i : -
0.0 . —— FCR
_ 0o 12 24 3 48
m Bétteher ef al. , ASH 2008 Months REACH
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Minimal Residual Disease is a Predictor for
Progression-free and Overall Survival in
Chronic Lymphocytic Leukemia that is
Independent of the Type and Line of Therapy

Marwan Kwok, Andy C. Rawstron,
Abraham Varghese & Peter Hillmen

Leeds Teaching Hospitals NHS Trust

Leeds, UK
m Kwok et al. ASH 2004; absiract 540, aﬂnﬂn;qu;su
Objectives

* Assess the impact of attaining an MRD negative

remission on survival {MRD flow cytometry = <1 CLL
in 10,000 leucocytes)

* Perform multivariate analysis comparing the
importance of MRD against:

- Age
— Cytopenias at pre-treatment
— Line of therapy
— Type of therapy
— iwCLL response
NHS -
g
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Multivariate analysis of MRD in CLL:
Patient Characteristics

Patients 137
Age
Median 62
Range 38-83
Sex
% male i7
Prior Rx
% 59
Follow-up
Median J1yrs
Range 0.2-12.7

Alemtuzumab¥

{n=29)

(n=7)

ﬁUtﬂlﬂgﬂUSmhm Chlorambucil
SCT (n=

(n=17)
Fludarabine

FC/FCR/IFCM
(n=64)

HMDS
DUTREACH |

NHS
Progression-free Survival
Parameter {Ll::r:-‘;:lzrllr?:;P Mu:tci:ﬂ;m Hazard Ratlo
Value P Value o
Age pre-Rx 0122
Hemoglobin pre-Rx 0,435
Leukocytes pre-Rx 0.235
Flatelets pre-Rx 0.002 0.432 0.82 (0.50-1.34)
Prior treatment (Y/N) 0.004 0.014 1.84 (1.14-3.29)
Prior fludarabine (Y/N) 061
Type of treatment 0.017 0.209 0.88 (0.75-1.06)
IwCLL Response =0.001 0.023 1.45 (1.05-2.00)
MRD Response <0.001 =0.001 5.32 (2.70-10.5)

NHS

XXVII
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Overall Survival

Parameter [l:gﬂﬂf::::] MU:‘::\:;]ME HEI[I,;EI'; 271“9
P Value P Value
Age pre-Rx 0.001 0.002 2.20 (1.32-3.84)
Hemeoglobin pre-Rx 0.028 0.921 1.03 (0.60-1.78)
Leukocytes pre-Rx 0.092
Platelets pre-Rx 0.028 0.465 0.81 (0.46-1.43)
Prior freatment (Y/N) =0.001 0.035 2.28 (1.06-4.94)
Prior fludarabine (YIN) 0.042 0.078 1.85 (0.93-3.66)
Type of treatment 0.214
iwCLL Response 0.015 0.624 1.10 (0.75-1.62)
MRD Response 0.002 0.012 2.40 (1.21-4.78)
NHS e,

MRD Negativity & Prior Treatment

Progression-free Survival
1.4

MRD neg, Mo prior Rx
[n=24)

Lk

=
L. |

hmnn neg, Prior Rx
*"% (n=34)

Frobability

-
L)

1
Fomemesssad

MRD pos, No prior Rx

: (n=34)

EMRD pos, Prior Rx
(n=45)

0123456?3910111213
Years

NHS e,
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MRD Negativity & Prior Treatment

Progression-free Survival Qverall Survival
14 1.0 ___MRD neg, No prior Rx
MRD neg, Mo prior Rx | (n=24)
e i [n=24) os
Z o] i Zoe MRD pos, No prior Rx
= L —
9 - hMRI:I neg, Prior Rx E oo {n=34)
g **3 (n=34) £ P
: Eo] i §MROneg Prior Rx
Poss ss s s s Y .
MRD pos, No prior Rx T (n=34)
02 — i
) L ac °4] % MRD pos, Prier Rx
‘MRD pos, Prior Rx (n=43)
oo{ P=0.001 "I (n=45) oo P<0.001

0123456?3!10111213

Years

NHS

01234356789 10111213
Tears

DUTREACH |

MRD Negativity in Elderly (Age=65)

Progression-free Survival

Overall Survival

1.0 '_l 1.07
el MRD neg (n=18) O8]
e —t
E“'ﬂ' El‘r.ﬁ" MRD neg [n=18)
n - ]
z : .
(=] H
& 041 ; & 041 - K
MRD gos (n=35) M_F“: pos (n=35)
02 ; 02 I
Pectioad P=0.018
0.0 . 0.0
01 2345 67 8 9 10 0 12346 67 8 9 10
Years
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Implications

+ MRD is one of the most important independent
predictors of long-term survival in CLL
- DCLLEG CLLE FC vs, FCR
- HMEMN database
= Patients achieving MRD negativity with front line
treatment
— B856% S-year PFS
— 96% J-year OS5
« MRD negativity should be the goal of therapy in
appropriate patients
= Frontline treatment
— How to achieve it7?

ML i)

Update on CLL4B Study (06/2006):
Progression-free Survival

10=-=
g
& =
T - I

8-

2 s -

[-B 2l
o Blemiuzumab
= o L Observalion
1 + Censored

0 B 12 18 24 30 36 42 48 B4 B 6B
Time (months)

Median follow-up since randomization to CLL4B = 48 months

Ewvents {progressive disease)
- Alemturzumah = 3
= Qbservalion=28
Progression-free sunvival (P = 0.0035)
= Alemtuzumab = not reached

= Observation = 20.6 menths
m Schweighafer C et al. Blood 2006; 108: abstract 33—
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Overview on Published Alemtuzumab
Consolidation Studies

Growp and Lead Induction | Interval from Dose, Route Improvemant in N | Deaths
Authaor Induction to and Duration resporse after
Carrpath consolidation
CALGE (Rai '02) 4 X Fl 2 manths 30 IV tw, 5 whks 2% 36 1
CALGE (Rai '03) 4 xFlu 2 months 3050 Bw, 6 wis 10% 18 i)
Hainswaeth ‘05 FR 4 weeks or 30 0 tiw, 4 whe 1% 7 i)
B weaks
GMCLLEG Ex FIFC 10 weeks 30 I thw, 12 wks 18% 21 "]
(Wendtner '03)
Mentilo 4 FwFC 16 weeks 1050 Bw, 6 whs 44% 2] o
MDACT (O'Brien L1y B manths 10 20 B, 4 wks 3G 24 o
03y 30 50 Bw, 4 whs B5% 34 o
Dealmer, 08 3IxFC 2 manths 1050 Bw, B whks 2% 33 1]
CALGE {Lin, OT) GxFR 3 monthe 3050, Gwhs m 51 -]
Total = 288

m DUTREACH |

UKCLLO7 MRD eradication trial

Follow-up
t
— MMRIDFUS | =
Good TREATMENT PHASE
FR or SC MabCampath®
CR 6-12 weeks ,
6 I # MRDVEG
months
afler MONITORING PHASE
therapy MED Flow +
every 3 months
MMRINEG ]

INHS e,
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CLL 207

Overall Survival
* MNow treated 47 patients

« Interim analysis:- " MRD neg
— 75% MRD negative 2 year OS 90%
- (89% CR, 67% PR) i
- 16.7% MRD positive
— 83% not evaluable. %-us- MRD neg
+ Currently 47 evaluable: 2
— 4 deaths £ o |
— 1 directly related ! P=0.002
+ SAE- infective toxicities b2 MRD pos
+ Similar to two-year | 2 yr OS 70%
survival for unselected o] |
WIRL) nisgativie b123458750 RN
Years

CLARET

+ Alemtuzurnab consolidation & to 24 months following
chemotherapy is very effective
= 1324 became MRD negative (target = at least 51)
= Toxicity sigrificant but manageable to date
= Continue with trial as planned to 54 patients
= Reduce size of planned randomized Phase Ill Trial (MCRI CLLE from 288 to 116
patients)
* Randomised phase 3 trial comparing the effect on PFS
with alemtuzumab consolidation vs no consolidation

= Patients are recruited between 6- 12 months since completing most recent
therapy for CLL

= Maximum of 3 prior therapies.
118 patients over 2 year period
Trial co-ordinated by CTRLU- Leeds, Chief Investigator = Prof Peter Hllmen

NHS e,
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CONCLUSIONS

+ MRD is one of the most important independent
predictors of long-term survival in CLL
= Patients achieving MRD negativity with front line
treatment
— 86% S-year PF3
— 96% S-year OS5
+ MRD negativity should be the goal of therapy in
appropriate patients
* Lang term survival data from the consolidation trials will
demonstrate the influence of MRD negativity on survival
« Approaches to MRD detection

— Qualitative PCR or flow cytometry is unsuitable
— RQ-ASO IGH-PCR or =4CLR flow cytometry standardised

NHS 2
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Summary

«MRD analysis is a standard

- . Peter Hillmen
component of clinical trials Ao Jack
—Either Flow or PCR but must be able to Fiona Bennett

quantify 1 CLL cell in 10,000
Leucacytes (0.01%, 10E-4)

—Qualitative analyses may be

Jane Shingles
Marieth Plummer

informative but are not comparable Rr:t a"-rlt??u;::le
* MRD level (0.01%) is one of the Paul Evans

Sheila O'Connor
Stephen Richards
il Sharon Barrans
4 branam Varghese

most powerful independent
predictors of survival
—Achieving MRD-negativity in front-line
therapy is a goal for long-term survival

—Alermtuzumab consolidation tested Ben Kennedy
prospectively in CLARET Paul Moreton
LEUKAEMIA
NHS RESEARCH oﬂﬂm“ﬂsm
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BBISIBIEHUE MUHUMAJIBHOI'O OCTATOYHOI'O 3ABOJIEBAHUS
YV JETEM C OCTPBIM JIMM®OBJIACTHBIM JIEKUKO30M
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abrormal _§ abnormal
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CD10PE-& CDSS APC-A

Puc. 1. XapakrepHas ”MMyHO(EHOTHITNYECKas! KapTHHA HOPMaJIbHBIX B-KiieTouHBIX
MIPEAIECTBeHHUKOB (KpacHbBI [BeT) B cpaBHeHHH co ciydaeM B-OJUI (cuHmit
uBer). Haubonee pannme B-kinerounsie nmpeamiecTBeHHNKH He uMetoT CD20 u ne-
MOHCTPHPYIOT 6oiiee sapkoe okpammrBanue Ha CD10. ITo mepe co3peBanus MOBBIIIA-
eTcs MHTeHCHBHOCTH okpamuBanusi Ha CD20, CD19 u CD45 npu oTHOCUTENEHOM
orcyrctBun m3meHenuit CD10, u B xoHnre koHoB CD10 yTpaunBaercs. Dxcnpeccus
CD38 tunnuHo Gonee MHTEHCHBHas, a skcnpeccust CDS8 rereporennas. B nannom
ciyuae OJIJI mabmromaercs runepakcnpeccust CD10 u CDS8 npu Gosiee BbIpaXkeH-
HOHM OJIHOPOIHOCTH J3KCHPECCHU MOCIIETHEro, HO 3TOT Cydaid JIETKO OTJIMYUTH OT
HOPMBI Ha OCHOBaHMHM runo3kcnpeccun CD38.
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abnormal

abnorrnal

COOFITC-A

CO45 AFC-HT- 4

COA0 APC-4 CD34 PerCP-CyS-5-4

abriormal abrormal

i =
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g S 3
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CD34 PerCP-CyS-5-4 CD45 APC-HT-4
abnarrnal _§ abnorral
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C01 3 PE-Cy7-4 COM0 APC-&

Puc. 2. CpaBHeHHE HOPMAJIBHBIX B-KIETOYHBIX IPEANIECTBEHHHKOB (KpacHBIH
I[BET), IIPOTECTUPOBAHHBIX C Pa3HBIMH KOMOMHAIIMSIMH MapKepoB, U €Ie OHOTO
cirygast OJIJT (3enensrit nger). B Hopme CD34 n CD9 umeroT BapuaOenbHy 0 9KC-
MPECCHIO, TOITOMY Ha THIHYHOM rpaduke ¢ HOPMAJIBHBIMHU KJIETKaMH MPUCYTCT-
ByT 4 nonymsitun (rpadpux ¢ CD34/CD9); oaHako, BO3MOXKHA CYIIECTBEHHAsS
TETEPOTeHHOCTh B MPOIOPIISIX Pa3HBIX Mmomyirsiuil. bomsmmacTBO cirydaes OJIJI
JEMOHCTpUPYET OoJiee BBIPAXKEHHYI0 TOMOI'€HHOCTb, YeM JIaHHBIH ciiydail. 31ech
JICKO3HbIE KJIETKH JIeTue OTIMYUTh OT HOPMalbHBIX Mo yTpaTe CD45, X0Ts Tarke
npucyTcTByeT runepakcnpeccus CD10.
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Puc. 3. Breisineane MOB B ciyyae B-OJIJI. ['elfiTupoBanue mMpoOBEICHO TaAKUM 00-
pa3om, 4TOOkI Ha rpaduke ObUTH TpeacTaBieHbl Toabko CD19+ B-kietku. 3penbie
B-knerku nokaszansl 3eneHbIM 1BeTOM, MOB — cuanM. OpaH)XeBbIM LIBETOM Bblie-
JICHO HAJIOXKEHUE NCXOJHOTO JEHKO3HOro (PeHOTHNA 10 JICYEHHSI. 3a HCKITIOYCHUEM
HEKOTOPOTO CHIDKEHUS! MHTEHCHBHOCTH 3Kcripeccun CD34, ob6pazery MOb ouens
MMOXO0XK Ha MCXOJHBIA JIEHKO3HBIA 0Opasen. Xots uHTeHCHBHOCTH CD10 1 Bapma-
OempHOCTE 3Kcripeccnu CD20 MOX0XM HAa ATH TMOKa3aTeH Y HOPMalbHBIX B-
KJICTOYHBIX TpeAlIecTBeHHUKOB, oTcyTcTBHe CD45, rumepskcnpeccus CD5S8 u
romorenHas skcnpeccust CD34 u CD9 ykassiBaioT, uto 3T KieTkd MOB He sB-
JSIFOTCS] HOPMAJIBHBIMH.
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Puc. 4. Boissnenue MOB B ciyuae B-OJIJL. B aToM ciaydae BHIHO 3HAUNUTEIBHOE
n3MeHeHne penoruna MOB-TI0I0KUTENBHBIX JTEHKO3HBIX KIETOK (CHHHM IBET) 110
CpPaBHEHUIO ¢ UCXOIHBIMHU JIEHKO3HBIMH KJIeTKaMHu (OpaHXeBblid 1BeT). JloOaBie-
nue CD45, nebonbinoe cHmxkenre uHTeHCHBHOCTH CD10 m CD34, nmoOasnenue
CD20 — Bce 3TH MPHU3HAKH YKa3bIBAIOT HA MPOABIKEHHE B-IIpeIIIecTBCHHUKOB 10
cTaauii 6oJiee BHICOKOI 3pesIOCTH, M TOJIBKO 110 3TUM Mapkepam oTianuute MOB ot
HOPMAITbHBIX B-KIIETOYHBIX MpEIIECTBEHHUKOB ObLIO OBl TpymHO. OmHAKO 3/1€Ch
coxpaHseTcs kaptuHa 3kcnpeccun CD58/CD38, koTopas CyIIecTBEHHO OTIHYACT-
Cs OT aHAJIOTHYHOHN KapTHHBI HOPMAIBHBIX MPEIIICCTBEHHUKOB (CM. puc. 1).
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Puc. S. Berisneane MOB B cityuae T-OJIJI. MOB (cuHuit 1BeT) €rko OTIHYaeTcs
0T (OHOBBIX HOPMAJILHBIX 3peibiX T-kineTok u EK-kaeTok (3e/eHblil 1BET) MO 3KC-
npeccur CDS, 1 MUTOIUIa3MaTHYECKOr0, HO He moBepxHOocTHOrO CD3, a Takxke mo
runepakcnpeccun CD99. He Bce cmyuan MObB npu T-OJIJI Takxke jerko pacro-
3HATh, KaK 3TOT (CM. TEKCT).
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“Monoclonal B-cell Lymphocytosis: insights into the pathogenesis of CLL"
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A.M. Monoa, OBnacTHan AETCKAR KNHMHW4eckan BonsHuua Nel (ExatepuHBypr,
Poccua) «MoNUmopuHe MUHUMaNsHod oomamosHod BonesHy Mamodom
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cytomelric monitoring of minimal residual disease by treatment protocols ALL-MB
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cylometry” - - e
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