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OT'JIABJIEHUE

OT PEJAKTOPA

M.A. @penkens
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JLIO. I'pusyosa, A.B. [lona, .H.Cepebpsaxosa, H.H. Tynuyein
K nanbHeiiei ctranaapTH3aluM onpeaeeHust
OCTATOYHBIX 0JIACTHBIX KJIETOK B KOCTHOM MO3re JeTei

¢ B-1uHeitHbIMH ocTPBIMH JIMM(PO00JIACTHBIMH JICHKO3aMH

HA 15-i JeHb MHAYKIUOHHON TEPAMMM. .......cvveeerrreeieeerneeesieeenas

Muckyccens mexxay Dario Campana (CLIA)

u Anexcanapom [lonossivm (ExaTepundypr, Poccus)................

Onou C. Poycmpon
MunnMaJbLHAas ocTaTOYHAA 00J1€3Hb

NMPU XPOHUYECKOM JTUM(POIUTAPHOM JEHKO3E.......oevervrreenannnnnen.
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OT PEJAKTOPA

B mnepsom Homepe skypHama «HmmyHomorusi remomodsa»/’Haematopoiesis
Immunology 3a 2011 rox Mel mpomomkaeM IyOIHKAIMKA CTaTeH Ha aKTyalbHBIE
TeMBbl HIMMYHOJIOTHH reMomod3a. OTKpBIBAET JKypHANl CTaThs JOKTOPa MEIULIUH-
cKUX Hayk npogeccopa M.A. @peHkenb, MOCBAIICHHAsS aKTyalbHBIM BOIPOCAM
JMATHOCTUKH MHUENOAUCIUIACTHYECKOTO CHHApPOMa. B 3T0il 001acTn co BpeMeHn
ony6nukoBanus knaccudukanun BO3 2001 roma npousonun cepbe3Hble H3MeHe-
HUS, © MBI COWIN HEOOXOJMMBIM TPEACTABHUTh COOTBETCTBYIOIIMI 0030p Ha CyI
crpororo yurarens. HecoMHeHHO, 0030p OyZeT MOJIe3eH KaK ¢ JUarHOCTHYECKOM
TOYKH 3pEHHs, TaK M C TOYKH 3PCHUS OOMCOMOTIOTHYECKON MPOOIEMBI B IIETIOM.
CuntaeM HEOOXOJMMBIM BBIPA3UTh TIIyOOKYIO OjaromapHocTh Mapune AOpaMoB-
HE — OJHOMY M3 BEIyLIHX MATOJOrOB MHpPA — 3a YECTh NPEIOCTaBUTh Hamlei pe-
JTAKITUH CBOE BUJICHUE 3TOW CIOXHEUIIeH MpoOIeMbl, SBOJIFOLIUNH B3TJIAI0B U AHAr-
HOCTHYECKHX Kputepues. Ilonp3yscek cinydaem, no3apasisieM MapuHy AGpaMoBHY
CO CIIaBHBIM FOOMJICEM — 75—JIeTHeM — KOTOPBIH OHa OTIIPa3IHOBaJa B STHBApE 3TO-
ro roja. B ee Tpy10BOi KHMKKE OJIHA 3aIIMCh — OHKOLIEHTP.

XKenaem Bam, Mapruna AOGpaMoBHA, XOPOILIEro 37J0pPOBbS U OBITH C HAMH, I10-
TOMY 9YTO B CIIO)KHBIX JHATHOCTHYIECKUAX CHTYALHsX OHKOI€MATOJIOTHHU (a OHU Ka-
XKIbIN JIeHb) HaM Oe3 Bac He 000MTHUCE.

Kak Bcerja, Ham »)ypHaJ IpoAobKaeT TEMATUKY MHUHHUMAIBHON OCTaTOYHON
Oones3HH 1pH Jeliko3ax. Tema octporo seiiko3a y nereld, CKOpOCTb KiHpeHca Oia-
cToB Ha 15-1 AeHP Tepanuy WHAYKIINH PEMHUCCHN KPUTHUECKH OCBEIICHHI B paboTe
JLIO. I'puBLIOBOI1 1 cOaBTOPOB. 31€ech MosiBisieTcst BcE 0oJble BOIPOCOB, Beab 15-
i JIeHb CTAaHOBUTCS KIFOUEBBIM KaK C TOYKHU 3PEHHS WHIMBUIYAIU3aLHH TCPAITUH,
TaK U ¢ TOYKH 3PEHHS IPOTHO3MPOBAHUS OTBETa HA MOMEHT OKOHYaHUH HHIYKIIUH,
TO €CTb — HEPEBECACHUA YaCTU 6OJ'II)HI)IX B I'pyHIIbI BEICOKOT'O pHCKa.

WurepecHenmii paszen xxypHaia — qucKyccus mMexay Dario Campana (Mewm-
¢uc, CIIIA) u TanaHTIUBBIM POCCHUICKAM ITUTOMETPUCTOM AJjiekcanzapom Iloro-
BoiM (ExarepunOypr). Bonpocs! ecth, U, BUANMO, OTBET HA HUX JIGKHUT B chepe
KOOTIEPUPOBAHHBIX HCCICIOBaHUN U (PYHIAMEHTAIbHBIX paboT.

U, nakonen, mpl mybaukyeMm nokman A. Rawstron mo AMarHOCTHKE W MOHHTO-
PUHTI'Y MUHMMaJIbHOM ocTaTto4yHoi Oone3nu npu B-XJIJI. [loknan my6aukyercs Ha
PYCCKOM SI3BIKE, M 3TO HE CIIydYaiHO, TaKk KaK B IIOCIEIHEE BpeMsl 000CTPHIICS HH-
Tepec K mpobieMe spaankanuu ocrarogHoi 6onesnn npu XJUJI. JJokmax Bo mMHO-
TOM OTBE€YACT HA 3TU BOIIPOCHI.

Buepenu 8 urons — nara nposeaenus VIl Poccuiickoit konpepenmmn «Mmmy-
HOJIOTHS TeMOII033a» ¢ MEKIYyHapoOAHBIM ydactheM. Kak Bcernma, akTMBHOE y4a-
CTHE B OpraHM3aIlMH IPUHUMACT MOYCTHBIN MpeacenaTesb KoHpepeHuu npodec-
cop George Janossy. DTa koH(pepeHIHs OyAeT MOCBAIMICHA HEe TOIBKO TeMOII033Y,
HO M BOIIPOCAM €r'0 PeryJIsliy B HOPME U IPH OIyXOJIsX.

Inasnwiti peoaxmop scyprana <HmmyHnonozuu 2emonodaza»
3acnysrcennvlii deamens nayku Poccuu, npogeccop
H.H. Tynuyvin
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FROM THE EDITOR

We continue to publish papers on urgent problems of hemopoiesis immunology
in the first Haemopoiesis Immunology issue in 2011. Presentation by Professor
M.A. Frenkel, MD, opens the issue and considers important problems of the diag-
nosis of myelodysplastic syndrome. There were much change in this filed since the
2001 WHO classification, and we thought it interesting to present this overview to
the reader. The overview will undoubtedly be useful from both the diagnostic and
general biological points of view. We are pleased to thank very much Marina
Abramovna, a world leading pathologist, for the honor to publish her insight into
this complicated problem, evolution of opinions and diagnostic crlterla Taking the
opportunity we congratulate dear Marina Abramovna on her 75" jubilee that she
celebrated in January this year. There is only one entry in her service records
Cancer Center. We wish you, dear Marina Abramovna, good health and to remain
with us because we cannot do without you in difficult oncohematological situations
(which occur every day).

As always, our journal continues discussion on minimal residual disease in leu-
kemia. L.Yu. Grivtsova et al. analyze critically the problem of acute leukemia in
children, blast clearance on day 15 of therapy, remission induction. More and more
questions are arising here because day 15 is a key time point for both therapy tai-
loring and prediction of response by the end of induction, i.e. for identification of
patients at high risk. The most interesting section of the issue is discussion between
Dario Campana (Memphis, USA) and a talented Russian cytometrist, Alexander
Popov (Ekaterinburg). There still are questions to be answered, and the answers
may probably be found through cooperative study and fundamental research.

And finally we are publishing A. Rawstron’s presentation on the diagnosis and
monitoring of minimal residual disease in B-CLL. No wonder that this report is
published in Russian because investigators are increasingly focusing on the prob-
lem of residual disease eradication in CLL. The presentation answers many ques-
tions. We are looking forward to the 8" of June ~ the opening day of the 8" Rus-
sian conference on hemopoiesis immunology with international participants. As
always, George Janussy, the Honorary Chairman of the conference, is taking an
active part in its organization. The conference will focus on hemopoiesis and its
regulation in both normal individuals and cancer patients.

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

AT — antureH,

Ayto-, aiuto-TKM — ayTonorugHas Wi ayioreHHask TPAHCIUIAHTAINS KIIETOK
KOCTHOTO MO3Ta WJIA MOOWJIN30BaHHBIX CTBOJIOBBIX KJICTOK MEpU(EPHICCKOM KPOBH,
BCB - 6eccoObITriiHAsS BBDKHBAEMOCTh

B-XJIJT — B-keTo4HbIi XpOHUYECKHUi TUMPOIeHKo3,
NI — ummyHOTIIOO0YNHH,

NDA — nMmmyHO(DEpMEHTHBIH aHAIH3,

DT — ummyHODEHOTUIIHPOBAHHE,

JIAT — nakraTaeruaporeHasa,

M/IC — MHueTOANCIUIACTHYECKHE CHHAPOMBI

MK — MOHOKJIOHAJILHBIM KOMITOHEHT,

MKA — MOHOK/IOHAJIbHEIE AHTHUTENA,

MM — MHOKECTBEHHAsI MHEJIOMa,

MHK — MOHOHYKJI€apHbIE KIETKH,

MOB — MuHuMabHast ocTaTo4yHast 00JIE3Hb,

MPFB — MuHHMabpHas pe3nayaitbHas O0Ie3Hb,

HXJI — HeXOmKKIHCKAs MG oMa

PA — pedpaxrepHas anemus

PB - pesunyansHas 0oJe3Hb,

PMK — pak MOJIOUHBI JK€TI€3bI

KM — kocTHBII MO3r

PU® — peaxiust IMMYHO(ITyOpECIICHIINH,

OJIJI — ocTpsIit mMM(pOOIIACTHBIHN JIEHKO3,

T1K — mma3zMaTudeckue KIETKH,

1P — nonnas pemuccust

111 — npoTo4Hast LUTOMETPUS,

TIP — nonumepasHas LenHas peakus,

COD — cKOpOCTh OCeIaHUS SPUTPOLIUTOB,

CPb — C-peakTuBHBI O€IOK.

TILT - tymop-nieHeTpUpyoLye TUMOOIUTHI

YP — yacTuuHas peMUcCUst
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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) — kiactep JieKoIITapHBIX A HEPEHIPOBOUHBIX AHTHTCHOB.
CRP, C-reactive protein.

EIA, enzyme immunoassay.

ESR, erythrocyte sedimentation rate.

FC, flow cytometry.

FISH, fluorescent hybridization in situ (¢aroopecuenThas rubpuansanus in situ).
IG, immunoglobulin.

IFR, immunofluorescence reaction.

IPT, immunophenotyping.

LDH, lactate dehydrogenase.

MDS, myelodysplastic syndromes

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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M.A. Openxens

3TAIBI ®OPMUPOBAHMSA KJIACCUPUKAIIMI MJIC:
HUTOI'N, TIPOBJIEMBbI

Jlabopamopus ummynonoauu 2emonodsa POHL] um. H.H. broxuna PAMH

AOcTpakT

MuenoaucriacTiyeckue CHHIPOMBI 00bEANHSIOT TETEPOreHHYIO TPYIILY OITy-
XOJICBBIX 3a00JIeBaHUII CHCTEMBI KPOBETBOPEHUS, IPU KOTOPBIX MOpaXkaeTcs I0-
JIMIIOTEHTHAsE cTBOJIOBast Kietka. [lepBas knaccudukarms M/IC Obiia npeioxkeHa
OAB-rpynmoii yuenoix B 1982 r., ycraHOBIIeHBI AeTalbHbIE MOPQOIOTHUECKHE
KPHUTEPUH ANCILIA3MH MHEINIOIIOI033a, onpe/eneHsl 5 Bapuantos M/IC:

= pebpakrepHas anemus (PA),

*  pebpakTepHas aHeMusl ¢ KonblieBbIMU cunepobiaactamu (PAKC),

*  pedypaxTepHas aHeMus ¢ H30bITKOM Gr1acTos (PAVB) mpu uncrie Gractos 519%,

=  pedpakTepHas aHeMus ¢ H30BITKOM OJacTOB, TpPaHC(HOPMHUPOBAHHAS B
OCTpBIi JIeiiK03, ¢ unciom 6ractos 2030% (PAUB-T),

" XPOHHWYECKHI MHEIOMOHOIMTAPHBIH Jeiiko3 (XMMJI).

B 2001 rogy BO3 6buta npemnoxena knaccudpukanuss MJIC u BblaeneHbl Ba-
PpHAHTHI 3200JICBAHUS:

»  MJC Heknaccupuuupyemsbli,
=  MJC, accomuupyromuiics ¢ del(59-).

VYcranornen nopor 6mactoB 10 20%, PAUB-T u XMMJI BbIBeIeHBI U3 KaTero-
pun MJIC.

B 2008 r. onmy6nurkoBaH HOBBIN BapuaHT Kiaccudukanmu BO3:

= poctymupoBad MJIC y neteH,

" B HOHATHE pePaKTEPHON UTONCHHU BKIFOUCHBI aHEMUS,

=  HeWTpomneHus,

" TPOMOOLMTOINCHUS C YHU- H MYJIbTUIMHEHHON TUCILIa3HeH.

KiroueBbie cioBa: Ab-knaccudpukammss MJC, BO3-knaccudukars, uTo-
nenusi, Mopdosnorus, uMmyHopeHoTun, nuroreneTnka MJIC.

Muenoaucmiactuaeckue cuaapombl (MJIC) 00BEANHSIOT TETEPOTEHHYO TPYIIITY
OITyXOJIEBBIX 3a00JIEBAaHUH CHCTEMBI KPOBETBOPEHHS, MPH KOTOPHIX IOpaskaeTcs
TIOJIMIIOTEHTHAsI CTBOJIOBAs KiieTka. [Ipu aTom ompenensiercst auciiiaszust v Headdex-
THBHBIN T'€MOII033 OJHOW WM 0OJiee MUENIONTHBIX JIMHHUHK C MEPeX0J0M YacTH CIIy-
4yaeB B OCTpEIH Jeiiko3. MHTepec k 3Toi mpobiieMe B HAIIeH cTpaHe U 3a pyOe:koM
copmupoaics B 1960-x rr., Korga cpeny NalueHToB, MOABEPTaBIINXCs paHee XH-
MHO- W/WIH JTy4eBOMY JICYCHHIO, BBIIBIJIACH IPYyIIa OONBHBIX C HEOOBICHUMOMN
pedpaxTepHOi aHEMHEH U YBEIMIESHHEM Yrcia 6JIacTOB.

Frenkel M.A
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DEVELOPMENT STAGES OF MDS CLASSIFICATIONS:
RESULTS AND PROBLEMS
Hemopoiesis Immunology Laboratory, N.N. Blokhin RCRC RAMS

Abstract

Myelodysplastic syndromes (MDS) are a heterogenic group of hemopoiesis
neoplastic diseases associated with affection of polypotent stem cells. In 1982 FAB
published the first MDS classification with detailed morphological criteria of mye-
lopoietic dysplasia that established 5 MDS types:

= refractory anemia (RA),

= refractory anemia with ring sideroblasts (RARS),

= refractory anemia with excess of blasts (RAEB) with 5 to 19% of blasts,

= refractory anemia with excess of blasts in transformation into acute leuke-

mia with 20 to 30% of blasts (RAEB-T),

= chronic myelomonocytic leukemia (CMML).

In 2001 WHO proposed an MDS classification including the following disease types:

= MDS unclassified,

=  MDS associated with del(5g-).

This classification established a 20% threshold for blasts and excluded RAEB-T
and CMML from the MDS category. In 2008 WHO issued a hew MDS classification
that defined childhood MDS and included anemia, neutropenia and thrombocyto-
penia in the class of refractory cytopenia with uni- and multilineage dysplasia.

Key words: FAB classification of MDS, WHO classification, cytopenia, mor-
phology, immunophenotype, MDS cytogenetics.

Myelodysplastic syndromes (MDS) are a heterogenic group of hemopoietic
neoplastic diseases associated with affection of polypotent stem cells. The disease
is characterized by dysplasia and ineffective production of one or more myeloid
cell lines with some cases progressing to acute leukemia. Investigators from this
country and abroad focused on this problem in 1960s when a cohort of patients was
identified, who presented with unexplainable refractory anemia and increased blast
counts after previous chemo- and/or radiotherapy.
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OyiHaKo 0YeHb OBICTPO 3TA KOrOpTA MOIMOJIHMIACH OOJIBHBIMH CTapIIEro BO3-
pacra, paHee He MOJIyYaBIIMMH HHKAaKOTO JICYCHHsS. 3aTeM IOSIBUINCH OIMCAHUS
AQHAJOTUYHON KIIMHUKO-TEMAaTOJIOTHUECKON KapTHHBI Y MOJIOJBIX JIFOJIEH, a Takxke
u y gereii. B 1960-70-X IT. 5TO MATONOrHYECKOE COCTOSHHE B JTHTEPATYPHBIX CO-
oOmIeHNsIX 0003HAYANH Pa3IMYHBIMH TEPMHUHAMH, B YaCTHOCTH, KaK «TUCMHEIO-
I033%», IPEATICHKO3», «BSUIOTEKYIIHH JICHKO3».

B CCCP mnepBoe cooOmeHne Ha TeMy MaJIONIPOIIEHTHOTO JIEHKO3a C/enal B
1973 r. Ha rematonoruueckom obiectse npodeccop 10.U. Jlopue, B 1974 roay
9TH IaHHbIe ObUTH Oy OIHMKOBaHEI [1].

Tepmun «Muenomuciuiactiudeckue cuaapompr» (MJIC) cram oOmenprHATHIM ¢
1982 r., korma MexxayHapojHas (paHko-amepukaHo-OputaHckas (DAB) rpymmna
HCCIICZ0OBATENICH MPEUIOKUIA TEPBYI0 KIACCU(PHUKAIIMIO 3TOH HO30J0THUYSCKON
dopmbr [2]. Juarnoctuka MJIC 1 uX BapHaHTOB MPEACTABISIA 3HAYUTEIBHbBIC
TPYIHOCTH, KOTOpbIe 00YCIIaBINBAIUCH KaKk MOP(OIOrHIecKUMH 0COOCHHOCTSIMU
OITyXOJIEBOTO CyOCTpaTa, Tak M CJIOXKHOCTSIMH B WHTEPHPETALUH ITOJYYEHHBIX
nmaHabIX. B ®AB-knaccudukanuy ObUTH yCTAaHOBJICHHI JIETalTbHBIE MOPQOIOTHYEe-
CKHE KPHUTEPHH, Crenu(pUIHbIe s AUCIUIa3HH KIETOK KPOBH W KOCTHOTO MO3Ta
SPUTPOUTHOTO, TPAHYIOMUTAPHOTO M METAKAPUOIUTAPHOTO PSIOB, a TAKKE KOJH-
YeCcTBEHHAsI XapaKTePUCTHKA OJIACTHOTO ImyJa. [IM33puTporiod3 y mamnueHToB IIpo-
SIBIISIETCS] B MAKPOLIUTAPHOW aHEeMUH, COUYETAIoIIeHcsi ¢ MOP(OIOrHIECKUMH H3Me-
HEHHSIMH 3PUTPOLUTOB. TOHKMIOIMTO30M, OBAIIOIIUTO30M, SJIIHITOIIUTO30M, CTO-
MAaTOLUTO30M M aKaHTOLIMTO30M 3PUTPOLIUTOB, a TAKXKe ¢ HannuueM Tesner JKomw,
kouter; Kebota, 60a30(pmibHON MyHKTAIMK, HOPMOIIUTO30M. B KOCTHOM MoO3re Ko-
JMYECTBO KJIETOK KPACHOTO psilia MOXKET KoJIeDaThCsl B IIMPOKHX Hpesenax — oT 5
10 90 %. I1pu 3TOM ONpEneNsoTCsl METaJIo0IACTOUHBIA XapaKkTep SpUTPOUTHOTO
pOCTKa, MaKpOHOPMOOIacThl ¢ 6a30(MIbHON MM OKCH(UIEHONH OKpacKoi IuTo-
Iu1a3Mbl. BeTpeyarotest KJIETKHM ¢ MHOTOJIONBYATHIMU WM ()parMeHTUPOBAHHBIMU
SIIpaMe, ¢ HEPAaBHOMEPHO OKPAIICHHOW IMTOIDIA3MOH, C SIEPHBIMH MOCTHKAMH.
Habmonarorest 2— u 3-sanepusie hopmer. Hammane 6onee 15% kombIeBEIX chie-
poOIacTOB B MyHKTATE SBIACTCS BAXKHBIM JHATHOCTHICCKAM MPU3HAKOM.

Jucrpanynomno33 B KpOBH M KOCTHOM MO3T€ BEIpa)KaeTCsl B CHWKCHUU 3€PHU-
CTOCTH B IIUTOILIA3ME KJIETOK, HAJMYNYM THTAHTCKUAX W/WIH TIEIBIePOUIHBIX MaTo-
JIOTHYCCKUX (OPM HEHTPO(DHIOB, HHOTIA — YBEIMUCHUH YUCIIA 03MHO(DIIOB WIN
6a30¢uIoB.

[Tpu aucruia3uu MErakapHoOIMTOB M3MEHEHHs KacaloTCsl siiep M IIMTOILIA3Mbl
KJIeTOK. B psjie ciiyuaes syjpa B MerakapHOIHMTAaX PacriojaraioTcs pa3zoOIIeHHO
TaK Ha3bIBaeMble pa3beANHEHHBIE METAKapHOIUTHI — MM OOHAPYKUBAIOTCS OJTHO-
IBYX - sIIEPHBIC KICTKH WK Menkue (MeHee 12 MK) omHOsimepHbIe deMeHThl. L{u-
TOIUTa3Ma KJIETOK COJICPKHUT MIIM MEJKYI0 3epHHUCTOCTh WM CAMHUYHEIC KPYITHBIC
TPOMOOITUTEI.

Hammune 5~30% 61macToB B KpOBH M KOCTHOM MO3T€ JTAJI0 OCHOBAHUE aBTOpPaM
OAB-rpynmnsl BeIETHTE 0cOOBIE TPOABUHYTHIE BapuaHTel MJIC.
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However after a short period of time, older untreated patients were added to
this cohort. Later a similar clinicohematological pattern was reported in young in-
dividuals and children. In 1960 70s this pathological condition was defined by a
variety of terms and in particular referred to as dysmyelopoiesis, preleukemia or
indolent leukemia. In Russia the first report on low percentage leukemia was made
by Professor Yu.l. Lorie in 1973 at a Hematologists Society session and published
in 1974 [1].

The term myelodysplastic syndrome (MDS) was commonly adopted since 1982
when an international French-American-British (FAB) group proposed the first
classification for this clinical entity [2]. The diagnosis of MDS and its subtypes
was difficult due to morphological features of the tumor substrate and problems
with interpretation of findings. The FAB classification established morphological
criteria specific of dysplasia of erythroid, granulocytic and megakaryocytic line-
ages of blood and bone marrow cells and gave a quantitative characteristic of the
blast pool. Dyserythropoiesis manifests itself as macrocytic anemia associated with
morphological changes in erythrocytes, such as poikilocytosis, ovalocytosis, ellip-
tocytosis, stomatocytosis and acanthocytosis as well as the presence of Jolly’s bod-
ies, Cabot’s rings, basophilic stippling, normocytosis. Red cell count in bone mar-
row may vary from 5 to 90%. Erythroid cells appear megaloblastoid, and macro-
normoblasts with basophilic or oxyfilic cytoplasm are found. Cells with multilobu-
lar or fragmented nuclei, with unevenly stained cytoplasm and nuclear bridges may
also be found. Two- or three-nuclear forms are present. A greater than 15% ring
sideroblast count is a significant prognostic sign.

Blood and bone marrow dysgranulopoiesis manifests itself as low granularity
of cell cytoplasm, the presence of giant and/or pelgeroid pathologic neutrophils,
sometimes as increased eosinophil and basophil counts.

Megakaryocytic dysplasia is associated with changes in cell nuclei and cyto-
plasm. In some cases megakaryocytic nuclei are dispersed, mono- or bi-nucleated
cells or smaller (less than 12 mcm) mononuclear elements may be found. Cyto-
plasm contains either small granules or single large platelets.

Basing on the presence of 5 to 30% of blasts in bone marrow the FAB classifica-
tion identified specific advanced MDS subtypes.
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B ®AB-knaccudukanuu ycranosineno 5 sapuantoB MJIC (tabm. 1):

= pebpakrepHas anemus (PA),

*  pedpakTepHas aHeMus ¢ KonblieBbIMU cuaepobaactamu (PAKC),

= pedpaxrepHas aHemus ¢ u30bITKoM OnactoB (PANB) npu wucrie 6nactos 5~19%,

=  pedpakTepHas aHeMHS ¢ U30BITKOM 0J1acTOB, TpPaHC(HOPMUPOBAHHAS B OCT-

Pphlit neiiko3, ¢ yucnom Giacros 20~30% (PAUB-T),

" XPOHHYECKHI MHEIOMOHOIMTAPHBIH Jetiko3 (XMMJI).

Pazmuarnucs nieperanble (de novo) u sroprtrsie MJIC. B 1992 r. MJIC 6buti BKITHO-
YeHb B MEeKIyHapOIHYIO Kiacchpurarmro 6onesneit aecsroro mepecmorpa (MKB X).

Hampreiimee n3yueane MJIC cBHAETENBCTBOBATIO O HEAOCTATOYHOCTH MOPdO-
JIOTHYECKOTO TIOAX0/a IS HOTPEOHOCTEH KIIMHUKH.

[TosToOMy AMAarHOCTUYECKHI CHEKTp HMCCIEeIOBAaHMM, BKIIOYAs LUTOr€HETHYe-
CKHe, KyJbTypajbHbIe, MOJEKYJSIPHbIE METOJbI, paciuupsuics. B cBs3u ¢ sTHM
knaccudukaryst MJIC neprogideckn moBepraiack NepecMoTpy U yTOUHsIIaCk.

B 2001 r. BO3 npennosxena knaccudukarmst MJIC, B koTopoii ipoBoauiiocs Oosee
JICTANIbHOE OTIpEZIe/iCHNE BapHAHTOB 3a00ieBanysl Ha Oase paHee ncnomnbzyemoil PAb-
knaccudurarm [3].

CpaBHenue o0erx KiaccurKaIyi npeacTasieHo B Tadm. 1.

Tabnuma 1
Comnocrasnenne @PAB nu BO3-2001 knaccudukarmit MJIC

OAB-knaccudukanys Krnaccudukauus BO3 2001 rona
Pedpakrepnas anemus

- C MYJIBTWIMHEHHOH nucIUIa3ueit

C KOJIBIIEBBIMU cHAEpOOIacTaMu C KOITBIIEBBIMHU CHICPOOIIACTaMU

C MYJIbTUIMHEHHON
- JUCIIIa3uen
U KOJIBLIEBBIMH CHJIEpoOIacTaMu

C U30BITKOM

¢ U30BITKOM OJ1acToB-1
OyacToB
- ¢ U30BITKOM 0JIaCTOB-2

C M30BITKOM
OmacToB u TpaHchopManuei

- MJIC veknmaccuumpyeMsIi
XMMIJI —

- C, accouupoBanublii ¢ uzonuposannoii del(5q)
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The FAB classification identifies 5 MDS subtypes including (table 1):

= refractory anemia (RA),

= refractory anemia with ring sideroblasts (RARS),

= refractory anemia with excess of blasts (RAEB) with 5~19% of blasts,

= refractory anemia with excess of blasts in transformation to acute leukemia

(RAEB-t),

= chronic myelomonocytic leukemia (CMML).

De novo and secondary MDS were distinguished. In 1992 MDS was included
into International Disease Classification, 10" revision (IDC X).

Further study of MDS discovered that morphological approach was not ade-
quate for clinical requirements. The diagnostic spectrum was therefore enlarged to
include cytogenetic, cultural, molecular tests. The MDS classification was revised
respectively.

In 2001 WHO proposed an MDS classification with a more detailed definition
of disease subtypes based on previous FAB classification [3].

Table 1 compares the two classifications.

Table 1
Comparison of FAB and 2001 WHO classifications of MDS

FAB classification 2001 WHO classification

Refractory anemia

with multilineage dysplasia

with ring sideroblasts with ring sideroblasts

with multilineage dysplasia
and ring sideroblasts

with excess of blasts with excess of blasts-1

with excess of blasts-2

with excess of blasts in transformation

MDS unclassified

CMML

MDS associated with isolated del(5q)
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U3 MpCACTABJICHHBIX AAHHBIX BUAHO, YTO B HOBOI1 KJ'IaCCI/I(l)I/IKaIII/II/I yBEJIN4IU-
JIOCH YHCJIO BApHUAHTOB, a4 OTACJIBbHBIC N3 HUX MCPCBCACHLI B IPYTUC KaTCTOPHH.

1.

B knaccudukanuu BO3 BBeneHn TepmuH pedpakrepHas nurornenus (PLI),
0co0oe BHIMaHKE YAEICHO HATMYHUIO IIPOTHOCTHYECKH HEOIaronpusaTHON
MyJIBTIINHEHHOW IWCIUTA3MHA y OONBHBIX C pepaKkTepHONW IUTONCHUEH
c/6e3 konpieBbIME cuaepobnactamu. [loaToMy pedpakTepHas HUTONCHUS
¢ mynsTHIMHEHHON muctuiasuei (PLIM/I) u pedpakrepHoOii UTOICHAS C
HaTM4IreM KoubIleBsiX cuaepobmactoB (PIIMJT — KC) Gbuti BBIICICHBI B
CaMOCTOSATENbHBIA BApUAHT.
Kareropus PAUDB pasneneHa Ha ABa mojBapuaHTa B 3aBHCHUMOCTH OT
qucia 6J1acToB:
=  PAUD -1 ¢ yuciom 61actos 5~9%,
= PAUb - 2-10~19%. Gnacrtos.
[pwu uyncie 6iactoB 6osiee 19% MUArHOCTHPYETCS OCTPHIN JICHKO3.
IMostomy Bapuant PAUB — T (mo ®Ab-knaccupukanuu) cran pacleHu-
BaThCs Kak OCTpbIH Jerko3. Kpome Toro, n3 uncna MJIC 6butn mckirode-
HBI HaOMIONEHNs ¢ yuciioM OiactoB MeHee 20%, HO ¢ HAJIMYMEM CIIELN-
¢manex 11t OHJUT xpoMocoMHBIX aHOManwid. K HIM OTHECEHBI:
= 1(8;21)(922;922), B pe3ynbTaTe KOTOPOM 0Opa3yeTcs CIWT-
Hb1i TeH AML1/ETO;
= inv(16)(p13g22) wmm t(16;16)(p13;022) ¢ ob6pazoBaHueM
cmutHoro rera CBFb/MYH11
= $(15;17)(922;q12) ¢ o6pa3oBaHHWEM CIWTHOTO TI€Ha
PML/RARa u apyrue BapuaHTBl OCTPOTO MPOMHENIOLUTAP-
HOTO JIeHKO03a.
BonpHble ¢ yTpaToil ydacTka AJIMHHOTO IJIeYa 5 XpPOMOCOMBI, KaK €IUH-
CTBEHHOI aHOMaJIMM KapHOTHIIA, C YBEIWYEHHEM 4YHCIIa TPOMOOIUTOB U
MaKpOIWTAPHOW aHeMHEH OBUTH BBHIJEICHBI B CAMOCTOSITEIILHBIN BapHaHT
M/IC(del 50) ¢ 6maronpHsATHEIM IPOTHO30M.
XMMIJI paccmarpuBaercst He B M/IC, a B IpOMEKyTOYHON KaTeTOPUH —
MHEIOAUCIUIACTHYCCKHI CHHAPOM/MuUeIonpondepaTBHOe 3a00IeBaHIe
(MAC/MIT3).
Penxuii BapumantT MJIC — HeknaccuuIMpyeMblil — XapaKTepU3yercst OT-
CYTCTBHEM aHEMHUH, HO HAJHYHEM HEHTPONCHHH /WK TPOMOOIHUTOIIE-
HHUHY B COYETAHHH C AUCIUIA3HEHl rPaHyIOIMTAPHOTO H/UIIM MEraKapHOLHU-
TapHOT'O POCTKOB.

[Mokazatenu kpou 1 KM GonbHBIX pasHeivu BaprantamMu MJIC Obun yHUUIIHN-
POBaHBI M CyMMHpPOBaHBI B TallI. 2 B cOOTBeTCTBHH ¢ Kiaccudukanumeir BO3 2001 .
[puHATO KIETOYHYIO JIMHWIO CUMTATh M3MECHEHHOHW, €CIM YHCIO JUCIUIACTHYECKHX
KJIIeTOK B Heil coctaBiser 6onee 10%. Knaccudukamms BO3 2001 r. mo3Bommia yHU-
(UIMpOBaTh JUArHOCTUYECKYIO TPAKTOBKY J1Ja0OPaTOPHBIX JAHHBIX B PA3HBIX KIMHU-
Kax ¥ [0ITOMY HallUTa IMMPOKOEe IPUMEHEHNE B Hawell crpane [4] u 3a py6eskom.
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As seen, there are more subtypes and some of them are transferred into other
classes in the new classification.

1. The WHO classification contains a new term “refractory cytopenia” (RC),
emphasizes prognostically poor multilineage dysplasia in patients with re-
fractory cytopenia with or without ring sideroblasts. Refractory cytopenia
with multilineage dysplasia (RCMD) and refractory cytopenia with ring
sideroblasts (RCMD-RS) are classified as individual subtypes.

2. The RAEB category is divided into 2 subtypes depending upon blast
count as:

= RAEB-1 with 5~9% of blasts
= RAEB-2 with 10~19% of blasts.
Blast portion greater than 19% is a basis for the diagnosis of acute leuke-
mia. Therefore the FAB RAEB-t subtype is classified as acute leukemia.
Cases with blast count less than 20%, but with chromosomal aberrations
specific of ANLL were excluded from the MDS category. The aberrations
included:
= 1(8;21)(922;922) resulting in collision gene AML1/ETO;
= inv(16)(p13g22) or t(16;16)(p13;q22) leading to collision
gene CBFB/MYHL11,;
= 1(15;17)(q22;q12) resulting in collision gene PML/RAR«
and other subtypes of acute promyelocytic leukemia.

3. Cases with deletion of a part of chromosome 5 long arm as a single karyo-
typic abnormality, with increased platelet count and macrocytic anemia are
identified as an individual subtype MDS(del5q) with a good prognosis.

4. CMML is classified as an intermediate category “myelodysplastic syn-
drome/myeloproliferative disease (MDS/MPD) rather than a MDS subtype.

5. The rare subtype MDS unclassified is characterized by no anemia, but the
presence of neutropenia and/or thrombocytopenia in combination with
granulocytic and/or megakaryocytic dysplasia.

Blood and bone marrow parameters from patients with different MDS subtypes
were unified and tabulated with respect to the 2001 WHO classification. A cell line
is thought to be pathologically changed if contains more than 10% of dysplastic
cells (table 2). The 2001 WHO classification unified the diagnostic interpretations
of laboratory findings in different centers and was commonly adopted in this coun-
try [4] and abroad.
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Ta6nuna 2

Tokazarenu kposu 1 KM 6onbabx MJIC (Knaccuduxanus BO3 2001)

Bapuant MJIC

[Tpn3Haku B KpoBH

[Ipusnaxu B KM

Pedpakrepnas anemus

AHeMus1, HET WIH
MaJio 0J1acTOB

DputpouaHas JUCIUIA3Us IPpU
yucie 0iactoB < 5%, < 15%
KonbleBbIX CupepobiacToB

Pedpaxrepnas anemus
C KOJIBI[EBBIMHU
cuiepodIacTaMu

Anemus,
HeT 011acTOB

> 5% KOJIBIIEBBIX
cUepoOIaCTOB, YPUTPOUTHAS
JUCIIIA3Hsl IPH YKcie OJia-
ctoB < 5%

Pedpakrepnas nutomne-
HUS C MYJbTHUIMHEHHON
IUcCIUIa3uen

Luronenms
(6unuTonIeHUS
WA
MAHIUTOIIEHMS)

Hucrmnazust > 10% kieTok B IByX
u 00jIee MUEIOUTHBIX JINHUAX,
< 5% 061acTOB B KOCTHOM MO3T€,
HeT najouek Ayspa, 5% xosnblie-
BEIX CHIIEpPOOIacTOB

Pedpaxrepnas muTorne-
HUS C MYJbTHUJIMHEHHON
IUcCIUIa3uen
1 KOJIBIICBBIMH
cuzepobiacTaMu

Luronenus (Ouuu-
TOIEHUS WY MTAHLIH-
TOTICHUS), HET WA
MaJio 0J1acToB,
HET najouek Ayapa,
<1x10%1 MoHOIHTOB

Hucrnaszus > 10% xierox
B JIByX U 00Jie€ MHEJIOHTHBIX
ymHASX, 15% KoJIbIEeBBIX chie-
pobmacToB, < 5% OmacToB, HeT
naiodex Ayspa

Pedpaxrepnas anemus ¢
n30bITKOM OsacToB — 1

Llpronenus,
< 5% GnacTos,
HET najouek Ayspa.
<1x10%/11 MmoHOUHTOB

YHu— unu MyJabTUIMHENHHAs IUC-
iasus, 5-9% G6acToB, HET na-
Jouek Ayapa

Pedpaxrepras
aHeMusl ¢ U30BITKOM
6acToB — 2

LuTonenwus,
5-19% 6GitacToB,
nmanxodku Ayspa =,
1x10%1 MoHOIMTOB

YHu— unu MyJIbTHUIMHEHHAs Auc-
mwiasus, 10-19% 6iactos, ma-
nouku Ayapa t.

MJIC-neknaccuduim-
pyeMmblit

IluTonenus, HeT
WU Majo 0J1acToB,
HET najiouek Ayspa

VHu— nmHelHas qucioiasus, < 5%
6macToB, HeT maoueKk Ayapa

MJC, acconuupoBaH-
HBII C U30JIMPOBAHHOU
YTpaTOd AJIMHHOTO TUIeYa
5 xpomocomsi (50-)

Anemust, 0OBIYHO
HOPMAJIHOE HIIH
TIOBBIIIICHHOC
YHUCJIO TPOMOOITH-
TOB, < 5% GacToB

HopmanbHoe niti MOBBIIIEHHOE
YHCIIO METAKAPUOLITOB C TUTIONO-
OyISIpHBIM sIpoM, < 5% Gmactos,

M30JIMPOBAHHAS [IUTOTCHETHIECKAs
anomamus del(5Q), HeT manouex

Ayapa
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Table 2

Blood and bone marrow findings in MDS patients (2001 WHO classification)

MDS subtype

Blood signs

Bone marrow signs

Refractory anemia

Anemia, few or no blasts

Erythroid dysplasia with blasts
< 5%, ring sideroblasts < 15%

Refractory anemia
with ring
sideroblasts

Anemia, no blasts

Ring sideroblasts > 15%,
erythroid dysplasia with < 5%
of blasts

Refractory cyto-
penia with multi-
lineage dysplasia

Cytopenia (bicytopenia
or pancytopenia)

Dysplasia > 10% of cells in 2
or more myeloid lineages,
blasts < 5%, no Auer rods, ring
sideroblasts < 15%

Refractory cyto-

penia with multi-

lineage dysplasia
and ring sideroblasts

Cytopenia (bicytopenia

or pancytopenia), few or

no blasts, no Auer rods,
monocytes < 1 x 10%I

Dysplasia > 10% of cells in 2
or more myeloid lineages, ring
sideroblasts > 15%, blasts
< 5%, no Auer rods

Refractory anemia
with excess of
blasts-1 (RAEB-1)

Cytopenia, blasts
< 5%, no Auer rods,
monocytes < 1 x 10%1

Uni- or multilineage dysplasia,
blasts 5 to 9%, no Auer rods

Refractory anemia
with excess of
blasts-2 (RAEB-2)

Cytopenia, blasts 5 to
19%, Auer rods +, mono-
cytes < 1 x 10%I

Uni- or multilineage dysplasia,
blasts 10 to 19%, Auer rods +

MDS, NOC

Cytopenia, few or no
blasts, no Auer rods

Uni- or multilineage dysplasia,
blasts< 5%, no Auer rods

MDS associated
with deletion of
chromosome 5 long
arm (59-)

Anemia, platelets normal
or elevated, blasts < 5%

Megakaryocytes with
hypolobular nuclei normal or
elevated, blasts < 5%, isolated
cytogenetic anomaly del(50q),

no Auer rods
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HecMmotps Ha neTanbHyr0 MOPQOIOrHUecKyr0 XapaKTEepUCTHKY MPU3HAKOB MHeE-
JIOAWCIUIA3UH, Psi TMoJokeHn# knaccudukanmn BO3 ocraBammcs criopasivu. Ilo-
9TOMY OIpPEAEICHNE 3HAUMMOCTH Pa3HBIX MOP(OIOTHYECKUX KPUTEPUEB MPOOIDKA-
7o mHTepecoBath uccienoateneil. B 2007 r. omyOnmkoBaHBI MexTyHapOmHBIC
crangapTel auarHoctikd M/IC [5]. MexnyHapo/Has Tpymna 3KCIEePTOB BBIICSIHIIA
(tabu. 3) 3 rpymITBl IPU3HAKOB:

a) «meobxomuMmbIe (prerequisite-type)» kpurepuw,

b) «ybGenurensubie (decisive)» kputepun

C) «IOMOJHUTENbHBIC KpUTEpHH (CO-Criteria)».

Hcnonb3oBaHHe YTOYHEHHBIX KPUTEPHEB MO3BOJIMIIM 3aTEM BBIJIEIUTH TPYIILY
MAIMEHTOB CO CIIOPHOM MaTOJIOTHEH reMornod3a, 0603HayaeMol Kak uanomnaTuye-
cKasi MUTOTeHus HescHoro (Heompeenennoro) 3Hauenus (idiopathic cytopenia of
uncertain (undetermined) significance — ICUS).

Jnst 9TOl HO30J70TMYECKOH (POpMBI XapaKTepHa IUTOIIEHUSI OAHOrO U Oojee
POCTKOB MHeJIONo033a B TeueHue 6omee 6 Mec.: sapurpounnoro (Hb <1r/mn), rpany-
nowutaproro (aGcomoTHoe uncno Heitpodmnos <1,5x10%1, MerakapuonurapHo-
ro (TpombormTer >100%10%1), B COYETAHMH ¢ OTCYTCTBHEM MHHUMAITBHBIX KPHTE-
pues M/IC.

[Ipu 5TOM HUTONECHHUS HE MOXET OBITh 00YCIIOBJIEHA APYTUMH reMaToJOTHye-
CKUMH WJIM HETeMaTOJOTMYECKUMHU 3a00JIeBaHHAMH. JTa KaTeropus OOJIBHBIX
JOJDKHA HAXOIMTHCS 10 BHUMATEILHBIM HAOIIOJCHHEM C IIPOBEICHUEM PEryJIsip-
HBIX UCCJICIOBAHMM TSl MOATBEPkKAeHUS WK uckimoueHuss MJIC.

K 2008 romy HakomwjiHuCh HOBBIE KIMHHKO-TA0OpaTOpHbIE JaHHbBIE, KOTOpPhIC
MO3BOJIMIIM TIEPECMOTPETh M YTOUHHTH IPEKHHE MOJOXKEHHs, pa3padoTarh clie-
aytounyto Bepcuto knaccudukanun BO3 [5]. B tabn. 4 npeacTtaBneHo cpaBHEHHE
TIEPBOTO ¥ BTOPOTO BapHAHTOB KIIaCCH(UKAIINH.

Ocoboe BHUMaHKE B HOBOH KiaccuduKkayu ObUIO yeneHo MOP(hOIOTHIECKON
U KOJIMYECTBEHHOW OLCHKE YHH—, OW— M TPEXJIMHEHHOH NHCIUIa3uH, MOCKOJBbKY
MyJNBTHINHEHHAs (OM— M TpeXJIMHEHHas) UMeeT CYIECTBEHHO XyJIlee MPOTHO-
CTHYECKOE 3Ha4YCHHE 10 CpaBHEHHUIO ¢ yHWIMHeitHOH [7]. [lpu pa3zpaboTke HOBOM
KJIacCH(UKAIMN OBUTH NPHHATHI PAI BaXKHBIX OCTYJIaTOB!

1. CymecTBeHHbIE W3MEHEHHSI KOCHYJINCHh BapuaHTa pedpaKTepHON aHeMHU
(PA). YcraHoBieH BapuaHT — pedpaKkTepHas IIUTOTICHHUS C YHUITHHEHHON
mucrutasueit (PLIY/I), B xoropslii Boumutd Hapsay ¢ PA, pedpakrtepHas
ueiitporiernst (PH) u pedpakreprast tpombormronenus (PT). Panee PH u
PT paccmarpusamuck kak MJIC-H.

2. TlonrBepikieHa 0OOCHOBaHHOCTH BKIIOYEHUs B rpymiry O0onbHbIX PANB-2
ciydaeB ¢ yucioM OiactoB 5~10%, HO mpu Hanuyuy manodek Ayspa B
MuenobacTax, IIOCKOIBKY 3TOT BapHaHT 3a00JieBaHus siBIsieTcs Ooee ar-
peccuBHbiM [8]. B TO ke Bpems, y 60abHBIX ¢ uncioMm OmactoB <20%, Ho
CO CIeHU(pUICCKIMH XPOMOCOMHBIMU aHOMAJIHSAMH, THATHOCTHPYETCs He
M/IC, a OMIJIL.
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Notwithstanding detailed morphological characterization of myelodysplasia
signs, some items of the WHO classification were equivocal. Therefore investiga-
tors continued the attempts to assess significance of various morphological criteria.
In 2007 international standards in the diagnosis of MDS [5] were published. An
international expert team identified 3 groups of signs: (A) prerequisite-type crite-
ria, (B) decisive criteria and C (co-criteria (table 3).

These more accurate criteria allowed identification of a patient group with
doubtful hemopoietic pathology referred to as idiopathic cytopenia of uncertain
(undetermined) significance (ICUS). This clinical entity was characterized by cy-
topenia of one or more myelopoietic lineages lasting for more than 6 months:
erythroid (Hb < 11 g/dl), granulocytic (absolute neutrophil count< 1.5 x 1071,
megakaryocytic (platelets < 100 x 10%I), in combination with the absence of
minimal MDS criteria. The cytopenia cannot be due to other hematological or non-
hematological diseases. This patient category should be monitored regularly to
confirm or exclude MDS.

New clinical and laboratory data were accumulated by 2008 that allowed previ-
ous concepts to be revised and defined more accurately. This work resulted in the
next WHO classification [5]. Table 3 compares the first and second variants of the
classification.

The new classification emphasizes morphological and quantitative assessment
of uni-, bi- and three-lineage dysplasia since multilineage (bi- or three-lineage)
dysplasia is associated with a significantly poorer prognosis than unilineage dys-
plasia [7]. The following innovations were made in the new classification:

1. The refractory anemia (RA) type was changed. A new subtype “refractory
cytopenia with unilineage dysplasia” (RCUD) was established that to-
gether with RA included refractory neutropenia (RN) and refractory
thrombocytopenia (RT). The RN and RT subtypes were previously in-
cluded in the MDS-U category.

2. Inclusion of cases with blast count 5~10% in combination with Auer rods
in myeloblasts into the RAEB-2 subtype was confirmed since this subtype
was thought to be more aggressive [8]. While cases with blast count less
than 20%, but with specific chromosomal abnormalities was diagnosed as
AML rather than MDS.
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3. Cpenu 6ompHbIx PAUDB BhIEneHa ocobas rpynna ¢ GuOpo30M KOCTHOTO
MO3ra U MJI0XUM IporHo3om — PAVB-®.

4. Vrtounens! npuHimnsl BeiaencHus MJIC-H. B Hero BKIIFOUEHBI MAITUCHTHI
C MaHIUTONICHNUEH U YHU—/MYIbTUIMHEHHOHN TUCIUIA3HEH.

5. BrepBele B caMOCTOSTENbHYIO HO30JIOTHYECKYIO ()OpMY OBUI BBIAEIEH
MAC y nereil.

B knaccu¢ukanuun BO3 2008 r. nana cBogHas yTOYHSIOIIAs TaOIMIA H3MEHE-
HUH KPOBH M KOCTHOTO MO3ra, CIelM(UYHBIX JUI Ka)KI0To BapHaHTa 3a0oneBa-
HUSI, a TAaKXKE OTMEYEH PAJ] TeX NPU3HAKOB, KOTOPBIE MOTYT BCTPEYaThCs MPH pas-
ueix Bapuantax MJIC (ta6i1. 5)

BonbHbIe ¢ pedpakTepHOit oqHOMMHEHHO# muTonenueit (PA, PH, PT) xapakre-
PHU3YIOTCS YHWIMHEHHOW NHCIUIa3Ued W HOPMAJBHBIM COJEp)KaHHWEM OJacToB B
KPOBU M B KOCTHOM MO3re. AHaJIOTMYHAsI KapTHHA KPOBETBOPEHHUS HAOIOAaeTCs
npu PAKC, HO a5 Hee cnenuHUYHO YBENNYEHHOE YUCIIO KOJIBIIEBBIX CHIepoOIa-
ctoB. Ciiegyer OTMETHTbh, YTO KOJBLEBBIC CHACPOOIACTHI MOTYT ONPENENAThCA U
npu npyrux Bapuantax MJC: mynbrununeitnoir nurtonenuu, PAUB, HO B 3THX
CITy4JastX OHH HE UMEIOT JUAarHOCTHYECKOTO M MPOTHOCTHYECKOTO 3HaueHus. Bapu-
anT, acconumpoBanusiii ¢ del(5q), Mopdomornueckn xapakTepu3yeTcs, Kak Mph
YHUIMHEWHOHN 3pUTPOUAHON IUCIIIa3UU.

Ocoboe BHUMaHHE B KIacCH(UKAMU YAEIECHO TUArHOCTHYECKOMY 3HAUCHHUIO
NOBBILIEHHS YPOBHs 0J1acTOB B nepudepruueckoil KpOBU MPU HOPMaJbHOM COAEp-
’KaHWM UX B KOCTHOM Mo3re. B uactHocTH, Hanu4ue 1% 61acToB B KPOBHU ABJIAETCA
ocHoBaHueM Ay auarnosa MJIC-H, a yeenundenue ux gucina no 45% — PAUB-1, a
5~19% PAWB-2. IIpu oOHapyxeHNH Majioyek Ayspa B MHEN001acTax, He3aBUCH-
MO OT yHcia 6sacToB, KoHcTaTupyercsi PAUB-2.

MJIC-H He umeeT cnenuduyeckux ANarHOCTHYECKUX MpHu3HakoB. K Hemy oT-
HOCATCSI OOJIBHBIC C TMAHIUTONCHUEH C YHINIMHCHHOW WM MYIbTIITHHEHHON ITHiC-
IUTA3MeH, a TaKXKe C IIUTONICHNEH, HeUeTKOH UcIuTa3ne n XapakTepHBIMH [IUTOTe-
HeTnyecKuMH Mapkepamu. B xmaccnguxanmun BO3 2008 rona mpemmoskeHo pac-
CMaTpHBaTh BapHAHT pe()paKTEPHON aHEMUH C KOJIBLIEBBIMU CHAEPOOIACTAMH U C
TpomGormTo3om Goree 450%10° /1 me kak PAKC, a B kateropun mMuenonpomide-
paTHBHBIX HOBOOOPA30BaHHUA, MOCKOJIBKY y GONbITHHCTBA marmeHToB (60%) ompe-
nensiercst cnenuduyeckas myrtarusa JAK-2 V617F.

OmnpeneneHHbIe TPYJHOCTH B TUATHOCTUKE COCTABIIIOT CIydaH THIIOIIacTHYE-
ckux MJIC. Onm cocrapisror okoso 10% M/IC, u ux npuxoautcs auddepeHu-
pOBaTh C aruIaCTHYECKOW aHEeMHEH, TOKCUYECKOH MHUEINoNaTuel n ayTOMMMYHHBI-
MU 3aboneBaHHAMH. OIIEHKHM CaMOCTOSITENBFHOTO ITPOTHOCTHYECKOTO 3HAYEHHMS
3TOTO BapWaHTa JJO0 HACTOSILET0 BPEMEHN HE M3BECTHO.

Xapakrepuctrka MJIC ¢ muenopudpozom (MJIC-®) 3aHnMaeT oTAeNbHOE Me-
cro B knaccupukaruu. Kak mpasuino, 3to PAUDB BapuanT, oTnnvatoniuiicss xapak-
TEpPHON KapTUHOM NPH HMCCIIEAOBAHUM TPETAaHOOMOIICHH, arpeCcCUBHBIM KIMHHYE-
CKUM TEUCHHEM U IIJIOXUM IIPOTHO30M.
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3. A specific group of cases with bone marrow fibrosis and poor prognosis
was identified within the RAEB subtype (RAEB-F).

4. Criteria for MDS-U were specified. This subtype included patients with

pancytopenia and uni- or multilineage dysplasia.
5. Childhood MDS was for the first time identified as a distinct clinical entity.

The 2008 WHO classification summarized and tabulated blood and bone mar-
row changes specific of different MDS types (table 4).

Patients with refractory unilineage cytopenia (RA, RN, RT) present with uni-
lineage dysplasia and normal blast count in blood and bone marrow. RARS has a
similar hemopoiesis pattern though has a specific feature of elevated ring sidero-
blast count. It should be mentioned that ring sideroblasts may also be found in
other MDS types, such as multilineage cytopenia, RAEB, though in this case they
are of no diagnostic or prognostic significance. Subtype associated with del(5g-)
has a morphological pattern similar to that in unilineage erythroid dysplasia.

The classification emphasizes the diagnostic significance of elevated blast
count in peripheral blood in parallel with normal blast count in bone marrow. In
particular, blast count 1% in blood is a basis for the diagnosis of MDS-U type,
while the diagnosis of RAEB-1 is made if blast count increases to 4 or 5% and
RAEB-2 is diagnosed if blast count reaches 5 to 19%. The presence of Auer rods in
myeloblasts is specific of RAEB-2.

MDS-U has no specific diagnostic features. This category includes cases with
pancytopenia with unilineage or multilineage dysplasia as well as with cytopenia,
unclear dysplasia and characteristic cytogenetic markers.

The 2008 WHO classification proposes that refractory anemia with ring sidero-
blasts and thromobocytosis more than 450 101 should be considered a mye-
loproliferative disease rather than RARS, since most of the patients (60%) present
with specific mutation Jak-2 V617F.

Hypoplastic MDS is somewhat difficult to diagnose. It accounts for approxi-
mately 10% of MDS cases and requires to be differentiated from aplastic anemia,
toxic myelopathy and autoimmune diseases. Independent prognostic significance
of this subtype is unclear.

MDS with myelofibrosis (MDS-F) is identified as an individual subtype. It is
usually a RAEB subtype with a characteristic punch biopsy pattern, aggressive
clinical course and poor prognosis.

The recent WHO classification, though basing on previous criteria, presents
some up-to-date requirements to the diagnosis of MDS and its subtypes. This clas-
sification is widely used in clinical practice, stirs up discussion and brings up fur-
ther questions.
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Ta6numa 3
Cranpaptsl nuarsoctuku MIC

A Heo0xoauMble KPUTEPUH

ITocTostHHAS UTONEHKS OJHOTO U GOJIEe POCTKOB: 3PUTPOUIHOTO
(Hb < 11r/mn), rpanynoiurapHOTo (a6COMIOTHOE YHCIIO HEUTPODH-
JIOB < 1,5X109/JI), METaKapuOIMTaAPHOTO (TPOMOOIUTHI < 100X109/JI).

OTcyTcTBHE IPYyTUX TeMAaTOJIOTHUYECKUX M HETEMATOJIOTHUECKUX 3a00sIeBaHuii,
KOTOPBIC MOTYT SIBJISTHCS IPUYMHON IIUTONCHHI/ IUCTITA3HH'.

B Cesszannbie ¢ MJIC (y0eauTesibHbI€)

[Jucmnasus He MeHee 10% KIeToK, MPUHAUISKAIUX K OHOMY M3 POCTKOB
MHEJIOI0334, BBISABJIAEMas IPU UCCICIOBAHHN Ma3KOB KOCTHOTO MO3Ta: SPUT-
POMIHOTO, TPaHYJIOMUTAPHOTO, METaKaPHUOIIUTAPHOTO WK > 15% KOMBIEBBIX
cuaepobracToB (pH OKpacke Ha JKees0).

5~19% 0J1acTHBIX KJIETOK B KOCTHOM MO3TE.

TUNUYHEIE XPOMOCOMHBIE AHOMAITHH (TIPH OOBIYHOM IIUTOTEHETHIECKOM HC-
CJIEJOBaHUM WIH MIPU UCCIIEIOBAHUN METOIOM FISH)".

JlonoHUTeIbHbIE KPUTEPUH (U151 CJTy4aeB HATTHYHSI KPUTEPHEB A, HO OTCYT-
C | crBus KpuTepueB B uin npu THINYHBIX KIMHIYECKHX CHTYALUSIX, HATIPH-
Mep, MAaKpOLMTAPHAsI aHeMHUs1, TPeOYIoLIasi poBeaeHus reMoTpaHcdy3uii)

AHOMAITBHBIN (I)CHOTI/IH KJICTOK KOCTHOI'O MO3ra, OT4YCTJIUBO yKaSLIBaIOHII/Iﬁ Ha
MOHOKJIOHAJIbHYIO IMOIMYJIAIAI0 SPUTPOUIHBIX n/m MHUCIOUIHBIX KIIETOK,
OHpe,I[CJ'ISIGMBIﬁ MCTOOOM HpOTO‘IHOI\/‘I MUTOMCTPHH.

OTueTIMBbIC MOJICKYJISIPHBIC IPU3HAKA HATHYIHS MOHOKJIOHAIBHON KIIETOY-
HOW TOITYJISINH, OTlpeaesieMble ¢ ucnonp3oBanueM HUMARA, Mukpodnmion
HITH UCCIIEIOBAHMS TOYCUHBIX MyTaluii reHoB (Hampumep, RAS).

3HAYNTETHHO U TTOCTOSIHHO CHIDKEHHAs KOJIOHHEeoOpasyomas
(x xmacrepoobpazoBaHue) CIOCOOHOCTD KIIETOK-MPE/IICCTBEHHUKOB KOCTHOTO
Mo3ra u/uii nepupepruIecKoil KPOBH.

HUMARA — uccieioBanne nonmMopgusMa rena, Kozmgy}omero peLenTop aHAPOreHa y YeloBeKa.

* lnarno3z MJIC ycraHaBiMBaeTCs IPU HAIIMYMU 2 KHEOOXOAMMBIX (prerequisite-type criteria) kpurepu-

eB» U, 10 KpaitHen Mepe, 1 (u3 3) monomauTeNbHBIX «cBsi3aHHBIX ¢ MJIC (YOeAUTENbHBIX) KPUTCPHEB

MDS-related (decisive) criteria». [Tpu oTCyTCTBHE «yGeTUTENLHEIX» KDUTEPUEB, HO MIPH MOJI03PEHHH

Ha HaJIMYHE KIOHAIBHOTO 3a00JICBaHIs] MUCIIONIHOI IIPUPOJIBI CICLYET UCIIOIB30BATh «IOMOIHUTEIb-

Hble KpuTepun (CO-Criteria)» juist peurenus Borpoca o Hanuuuu y 6oiapH0ro MJIC mitk «cepbe3Horo
ono3penust Ha MJIC».

ITockoIbKy CYIIECTBYIOT MAlMEHTBI C OIHOBPEMECHHBIM OITYXOJICBBIM MOPaXKCHHEM KOCTHOTO MO3Ta
pa3HbIMHU 3a00JICBaHHUSIMH, CIICAYET YUUTHIBATh, 4TO AnarHo3 MJIC MOXeT ObITh YCTAaHOBIICH JaKe MPH
HAJMIAH IPYTOTO COMYTCTBYIONIETO 3200IICBAHNS, CIOCOOHOTO BBI3BATH LUTONCHHIO.

K THIHYHBIM XPOMOCOMHBIM @HOMAJIHSIM OTHOCST TC H3MCHEHHS KAPHOTHUIIA, KOTOPBIC MEPHOANICCKH
Berpeyatorest ipu MJIC (8, 7, 50-, 200- u 11p.). B Tex ciydasix, Korja aHOMaibHbIN KapHOTHIT SBISIETCS
€IIMHCTBEHHBIM JIMarHOCTHYECKIM KPUTEPHEM, 9TO COCTOSIHUE CIIE/LYET PaCIiCHHBATh KaK «CEPhe3HOEe
[O/I03pEHHE Ha MJC».

JIOMONHUTETBHBIC KPUTEPHH HE CIE/lyeT PACCMATPHBATh B KAYECTBE CTAH/IAPTOB B PyTHHHOM reMaToJIoriye-
CKOM mpakTUKe. [1pr HEBO3MOXKHOCTH BBINOJIHEHMS 3TUX HCCIIENIOBAHMIA B CIIOPHBIX CITy4asiX CJIeayeT Hallo-
J1aTh 3a GOJIBHBIM F MOHUTOPHPOBATH TTOKa3aTe/N, Ha OCHOBAHNN KOTOPBIX ycTaHaBmBaeTcst quartHo3 MJIC.
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Table 3
Standards in diagnosis of MDS

A | Prerequisite-type criteria

Refractory uni- or multilineage cytopenia: erythroid (Hb <11g/dl), granulo-
cytes (absolute neutrophil count <1.5 x10%/1), megakaryocytes (plate-
lets <100 x 10%/1).

No other hematological or non-hematological disorders able to induce cyto-
penia/dysplasia’.

B | MDS-related (decisive) criteria

Dysplasia of at least 10% of cells belonging to 1 myelopoietic lineage by bone
marrow smear: erythroid, granulocyte.

5~19% of blasts in bone marrow

Typical chromosomal anomalies (by routine cytology or FISH)®

C | Co-criteria (if criteria A are present, but criteria B are absent)

Abnormal phenotype of bone marrow cells clearly indicating the presence of
monoclonal population of erythroid and/or myeloid cells by flow cytometry

Clear molecular signs of the presence of a monoclonal cell population by
HUMARA, microchip, point mutation tests

Significantly and persistently decreased colony forming (£ cluster forming)
ability of precursor cells in bone marrow and/or peripheral blood

HUMARA, test for polymorphism of gene encoding human androgen receptor.

# The diagnosis of MDS is made if 2 prerequisite-type criteria and at least 1 (of 3)
MDS-related (decisive) criterion are present. If no decisive criteria are present, but
a myeloid clonal disorder is suspected, co-criteria should be used for a definite
diagnosis of MDS or serious suspicion of MDS.

® Since some patients have a concomitant bone marrow disorders due to different
diseases, the diagnosis of MDS may be made even in the presence of another con-
comitant disease able to induce cytopenia.

¢ Typical chromosomal abnormalities include karyotypic changes found regularly
in MDS (8, 7, 5g-, 20g-, etc.). When an abnormal karyotype is the only diagnostic
criterion, the condition should be defined as serious suspicion of MDS.

¢ Co-criteria should not be considered as routine hematological standards. If these
tests cannot be done, in a doubtful case one has to monitor the patient and parame-
ters that served a basis for the MDS diagnosis.
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Tabmnuua 4

Conocrasnenne knaccudukarn BO3 2001 u 2008 romos

Bapuant MJIC BO3 2001

Pedpaxrepras anemus (PA)

PedpakrepHas aHeMust ¢ KOJIbIIEBBIMU
cunepobnacrtamu (PAKC)

Pedpakrepnas nutoneHus ¢
MYJBTUIMHENHON
nuctnasueit (PIIM/T)
Pedpaxrepnas nuromneHus
MYJBTUIMHENHON AUCIIIA3uEd U
KOJIBIIEBBIMH CHIEPOOIacTaMu
(PLIMI-KC)

Pedpaxrepnas anemus
¢ U30BITKOM OstacToB—1
(PAUB-1)

Pedpakrepras aHeMus
¢ u30bITKOM GrmactoB—2 (PANB-2)

MuenoaucninacTUYeCKUi CUHAPOM
Heknaccupunupyemsiii (MJIC-H)

MuenoaucIiacTHIECKUi CHHIPOM,
OLMUPOBaHHBIN ¢ u3ouposanHoi del(5q)

Bapuant M/IC BO3 2008

PedpakrepHas UTOMIEHHS
¢ yHUIHHEWHOH auctrasueit (PITY/I):
pedpakrepuas anemuu (PA),
pedpakrepras ueiirpornenus (PH),
pedpaxrepnas TpomOorronenus (PT)

PedpaxrepHas aHeMUs C KOJIbIICBBIMU
cugepobnactamu (PAKC)

Pedpaxrepnas muroneHus ¢
MYJIBTHIIMHENHON
mucrutasueit (PIIM/I)

Pedpakrepras aHeMust ¢ H30BITKOM
onacros—1 (PAB-1)

Pedpaxrepras aHemust ¢ H30BITKOM
6macros—2 (PANB-2)

MuenoaucmnacTU4eCKUi CHHAPOM
Heknaccupunupyemsiii (MJIC-H)

MuenoaucniuacTU4eCKuil CHHIPOM,
ACCOLIMMPOBAHHBIN C U30IMPOBAHHON

del(5q)
MJC y nereit



HAMATOPOIESIS IMMUNOLOGY 25

Table 4

Comparison of 2001 and 2008 WHO classifications

2001 WHO MDS subtype 2008 WHO MDS subtype
Refractory cytopenia with unilineage dysplasia
(RCUD): refractory anemia (RA), refractory
neutropenia (RN), refractory thrombocytopenia

Refractory anemia (RA)

(RT)
Refractory anemia Refractory anemia with ring sideroblasts
with ring sideroblasts (RARS) (RARS)

Refractory cytopenia with multi-
lineage dysplasia (RCMD)
Refractory cytopenia with multi-
lineage dysplasia and ring
sideroblasts (RCMD-RS)

Refractory cytopenia
with multilineage dysplasia (RCMD)

Refractory anemia with excess
of blasts-1 (RAEB-1)

Refractory anemia
with excess of blasts-1 (RAEB-1)

Refractory anemia with excess
of blasts-2 (RAEB-2)

Refractory anemia
with excess of blasts-2 (RAEB-2)

Myelodysplastic syndrome, un-
classified (MDS-U)

Myelodysplastic syndrome,
unclassified (MDS-U)

Myelodysplastic syndrome asso-
ciated with deletion of chromo-
some 5 long arm (50-)

Myelodysplastic syndrome associated with
deletion of chromosome 5 long arm (5¢-)

Childhood MDS
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Ta6unuua 5
[Nokazateny neprdepriaeckoil KpOBH U KOCTHOTO MO3ra y B3pocibix 00ibHbIX MJIC
Bapuant M/IC W3meHeHus KpoBU W3MeHeHus: KOCTHOTO MO3ra
Pedpaxrepras N Vi i 1 Vuunuueitnas qucruiasusi:>10%
LUTOTICHHUS C YHHUINHEHHOM OULUTONECHUS 9
. KJIETOK MUETIOHAHOI mHun <5% OmacToB
JMCILTa3HeH Her unu mano 15% o

(PLIV]T: PA, PH, PT) Gnactos (<1%)? <15% xomblEeBBIX cHaepoOIaCcTOB

PedpakrepHas anemust >15% 5pUTPONAHBIX NPEANICCTBCHHUKOB

C KOJIBIICBBIMU Anemust SIBISIFOTCS KOJIBLIEBBIME CHJIEpPOOIacTaMu,
cuaepodIacTaMu Her 6ractos TOJIBKO IPUTPOUIHAS JUCIUIA3HSL.

(PAKC) <5% 6macTos.

Jucruiasus >10% kieTok

uronenus (1) -
>2 MUENIOU/IHBIX JIMHHI

PedpaxrepHas Her umu mano .
(metiTpoduiios u/wmm
LUTOIICHUS GracToB
V- . o 2 DPHUTPOUAHBIX MPEIUICCTBEHHUKOB 1/ Win
¢ MYIBTHIMHEHHOH ucIIazneit (<1%)
MerakapuoiuToB) <5% 61acToB B K.M.
(PLIMJI) Her nanouek Ayspa

Her nanouex Ayaspa

<1x10%n MoHOIHMTOB
+15% KoJBLEBBIX CHIIEPOOTACTOB

uronenus (u) VYHuIMHEWHasT WIH
PedpaxrepHas o
<5% 6GnactoB MYJIBTHIIMHEHHAS TUCTIIa3us
aHeMHUs C
Her nanoyek Ayspa 5-9% GnacroB
n30sITKOM Onactos-1 (PAUB-1) 9
<1x10°/n MmoHOLMTOB Her nanouex Ayapa

uronenus (1)
5-19% GnactoB
ITanoukn Ayspa + s
<1x10°%/n MoHOLHTOB

VHUNUHEHAs UITu
MYJIBTHIIMHEHHAS IUCTIIa3us
10-19% 6nacroB [Tanouku Ayaspa

Pedpaxrepnas
aQHEMHUS C
n36bITKOM 6r1actos—2 (PAIB-2)

Yerkas nucmasust <10% kinetok

MuenogucnnacTHueCcKui o .
B OJHOM MK 60JIee MUEJIOMIHBIX JIMHUH,

CHHJPOM Hutonenun

N N 2 COIPOBOXK/IAFOLIASCS LIUTOT€HETUYECKUMHU
HEKJIaCCUDHIMPYEMBbIit <1% GnacroB

(MJIC- H) AHOMaJIMSIMHU, IPUHATHIC B KAYECTBE
nmuarnoctiuyeckux npu MJIC <5% Gnacros
Anemust HopmanbHOE MM YBEINYSHHOE
HopmaisHoe miti YHCIIO MEraKapHOLUTOB C
YBEJIMYEHHOE THHOIOOYISAPHBIMY SIAPAMU

M/IC, accouuupyrommincs

i del(5 YHCIIO TPOMOOLIUTOB <5% GnacToB
¢ msomuposanEoi del(5q) Her wiu maino W30nupoBaHHast IMTOrCHETHYECKAs
GacToB aHoMauus aenernst 5(q)
(<1%) Her nanoyex Ayspa

! BuruTomnenus MoxeT MHOrAA HaOmoaaThest. CiIydan ¢ NAHIMTONECHHEH JOMKHBI KIaCCH(MHIPOBATHCS
kak MJIC-H.

2 Eenn MPOLICHT MHUEI00TaCTOB B KOCTHOM Mo3re < 5%, HO B KpoBH muenodnaactoB 2~4%, nuarHos
knaccudunupyercst kak PAUB-1. Cnywan PLIYL wiu PIIM ¢ 1% mueno6nactoB B KPOBH JIOKHBI
651Th Kiaccuuuposansl kak MJIC-H.

% Ciyuau ¢ manoukamu Ayspa IIpH TOM, YTO MHEI06IAacTOB B KpoBH < 5% i B KocTHOM Mo3re < 10%,
JIOJKHBI OBITh KIaccuuuupoBanbl kak PAB-2.
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Table 5

Peripheral blood and bone marrow parameters in adults with MDS

MDS subtype

Blood changes

Bone marrow changes

Refractory cytopenia with

Uni- or

Unilineage dysplasia:> 10% of myeloid cells

unilineage dysplasia (RCUD: | bicytopenial Blasts < 5%
RA, RN, RT) No or few blasts | Ring sideroblasts < 15%

(< 1%)
Refractory anemia Anemia > 15% of erythroid precursors
with ring sideroblasts No blasts are ring sideroblasts
(RARS) Erythroid dysplasia only

Blasts < 5%

Refractory cytopenia Cytopenia Dysplasia > 10% of cells of >2 myeloid lineages
with multilineage No or few blasts | (neutrophils and/or erythroid precursors and/or
dysplasia (RCMD) (< 1%) megakaryocytes)

No Auer rods Blasts < 5%

Monocytes No Auer rods

<1x10% + 15% of ring sideroblasts

Refractory anemia
with excess of blasts-1
(RAEB-1)

Cytopenia (and)
Blasts < 5%

No Auer rods
Monocytes
<1x109/1

Unilineage or multilineage dysplasia
Blasts 5 to 9%
No Auer rods

Refractory anemia
with excess of blasts-2

Cytopenia (and)
Blasts 5 to 19%

Unilineage or multilineage dysplasia
Blasts 10 to 19%

(RAEB-2) Auer rods+3 Auer rods+
Monocytes
<1x10%
Myelodysplastic Cytopenia Clear dysplasia < 10% of cells in 1 or more mye-

syndrome,
unclassified (MDS-U)

Blasts < 1%2

loid lineages with cytogenetic abnormalities
adopted as diagnostic in MDS
Blasts < 5%

Myelodysplastic syndrome
associated with deletion

of chromosome 5

long arm (5¢-)

Anemia
Platelets normal
or elevated

No or few blasts
(<1%)

Megakaryocytes with hypolobular nuclei normal or
elevated

Blasts < 5%

Isolated cytogenetic abnormality deletion 5(q)

No Auer rods

! Bicytopenia may be observed.

as RAEB-2.

Cases with pancytopenia should be classified as MDS-U.

2 If myeloblasts are < 5% in bone marrow, but 2 to 4% in blood, the diagnosis is RAEB-1. RCUD and
RCMD with 1% of myeloblasts in blood should be classified as MDS-U.

® Cases with Auer rods and myeloblasts < 5% in blood and < 10% in bone marrow should be diagnosed
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Taxum o6paszom, nocieanss knaccuduxanus BO3, oCHOBBIBasiCh Ha KPUTEPHSIX
MIPEABILYIINX HCCIEA0BaHUH, T00aBIsIET psiJi COBPEMEHHBIX TpeOOBaHHMN K JMar-
Hoctuke MJIC u ux BapuanToB. OHa IIUPOKO HCIIOJIB3YyETCS B COBPEMEHHOM KIIH-
HUYECKOH JeATeNbHOCTH, OOCY)KIAAeTCs M BBI3BIBAET OUYEepEIHBIE BOIIPOCHI Mepen
HCCIIeIOBATEISIMH.

OnHolt M3 00CY’KTAaeMBIX TEM SIBISIETCS BATHIHOCTH JTAHHBIX TPETIaHOOMOIICHH.
[Ipu MJIC B TpenanobnonTaTe KOCTHOTO MO3Ta OTPEIEIIIOTCS XapaKTepHbIC OTIHIHS
OT HOPMAJILHOM I'MCTOTONOrpa(UH: NPEAIIECTBEHHUKH SPHTPOIIOd3a U MEeraKapHOLH-
THI PACIIONIOXKEHBI OIIIDKe K mapatpabeKyIsipHOii 00macTy, Te B HOpME JOKaTH3yIOTCS
rpaHyJoluThL. TpenaHoOHonTaT MOXeT OBITh UCIIONB30BaH ISl YCTAHOBJICHHS KOJIH-
YecTBa 0JIaCTOB, OCOOCHHO MPH THITONEIUTIONPHOCTH H/HiH (pHOpO3e KOCTHOTO MO3Ta.
bracts! npu PAVB umeroT TeHaeHnuio 00pa3oBeIBaTh KilacTephbl WK arperarsl. Mm-
MYHOTHCTOXUMHUYECKOE HCCiIeioBanle Ha Hanmmume OiactoB CD34 moxeT nmomMoub ux
nnenTrukanuy. CreneHs GUOpo3a MOXKET OBITh BBIPQKEHA B Pa3IMUHON CTENCHH, y
15% GospHBIX OHa OTpeneNsieTcs KaKk 3HaYNTEeNbHAs, 'y HUX AnarHoctupyercs MIC
¢ ¢pudpozom (MIC-®D). DTOT BapUaAHT YCTAHABIMBACTCS MPU HATUYMK TPyboro mud-
(by3HOTO peTHKYIMHOBOTO (prOpo3a c/6e3 COMmyTCTBYIOIIEro KoJLIareHoBoro (hubposa,
aCCOLMUPYIOILETocsl ¢ TUCIUIa3UEl HE MEHEE JBYX MHUENIOMIHBIX JIMHUNA. XapakTep-
HbIM Tpr3HaKoM PAVB-@ sBisieTcss yBenWUeHHE YHCiIa METaKapHOIIUTOB C pasiiid-
HBIM CIICKTPOM KIIETOK IO pa3Mmepy (BKIOYAs MHUKPOMETaKapHOLMTBI) U BBICOKYIO
cTeneHb auciuazud. Ilockonbky OTCYTCTBYET KOHCEHCYC MccieioBaTeeil o onpene-
JICHUIO HeoOXoauMoit crerenu ¢Gubposa myst muarnoza MJIC-®, ocraeTcss HESCHBIM
npecTaBisieT i (HUOPO3 HE3aBHCHMBIH MporHocTHYecKuil napamerp. Anddepenun-
anbHbIN tarHo3 MJIC-® tpedyercst MpOBOANTH C PEaKTHBHBIMH TEMOIIOITHYECKIMHU
COCTOSHUAMH (Tak HasbiBacMble BUY-CBA3aHHBIC MUENONIATHH) U C Pa3IMYHBIMU MUe-
JonponrpepaTHBHBIME HOBOOOPa30BaHMsIMH (MAHMHUEN03 ¢ Muenohudpo3oM, paHee
pacLCHHBAEMBIi KaK OCTPBIH 3JI0KaueCTBEHHBIH MHENO(GUOPO3), MPH KOTOPBIX TAKKE
BBIIBIISIETCS (PHOPO3 KOCTHOTO MO3Ta.

Bonbmoe uncio myOanukanuii OCIeAHETO BPEMEHH CBSI3aHO C MCCIIEA0BAHUAMHA
MMMYHO(EHOTHIIA KJIETOK F'eMOI033a METOJIOM MPOTOYHOI ruromerpud. [lomyden-
HbIE JJAHHbIE XapakTepu3ytoT pazmep u ummyHodenorun CD34 OnactHOil nmomys-
MM, OCOOEHHOCTH CO3pEBaHMsl KJIETOK MHEJIOWAHON JIMHUM W TNPUMEHSIOTCS B
OaIUTBHBIX CHCTEMaX JUisl TIporHo3a 3aboneBanusi [8]. Y GONMbHIMHCTBA MAIMCHTOB
OblIa yCTaHOBJICHA KOPPEJILHS MEXIY IPOIEHTOM OJacTOB, ONpENesieMbIM Y-
THHHO MOpP(OJIOTHYecKH Ha Ma3KaX KOCTHOTO MO3ra WJIM Ha MMMYHOTHCTOXUMUYE-
CKUX mpemnaparax, ¥ npoueHroM CD34 xierok npu mporouynod muromerpuu. Mc-
kmoueHne cocraBunu ciaydaun MJIC-®. [losiBneHue naTtoaorudyeckod MOMyJsAuu
CD34 unu CD117 Ki1eToK OpHEHTHPYIOT Bpaya Ha SBOJIONHIO 3a0oeBanus [9].

Hcnonp3oBanue 4-1BeTHOT0 MUTOMIyOpUMETpa faeT MH(GOPMAIHIO 00 3pHUT-
pounHo#t aucrutazuu ¢ 98%-Hoi, rparynomurapHoit — ¢ 90%-Hol M aHOMATBFHON
muroreHeTHKoi ¢ 90%-HOW YyBCTBUTENBHOCTBIO IO CPAaBHEHHIO C CO3PEBAHHEM
SIIEMEHTOB B HOPMaJIbHOM/PEaKTHBHOM KOCTHOM Mo3re U B Kposu [10].
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One of the problems under discussion is validity of punch biopsy findings. Bone
marrow punch biopsies from MDS patients demonstrate characteristic deviations
from normal histotopography: (erythropoiesis precursors and megakaryocytes are
found nearer to the paratrabecular region where granulocytes are normally found.

Punch biopsy may be useful in blast measurement, in particular in cases with
bone marrow hypocellularity and/or fibrosis. In RAEB blasts demonstrate a ten-
dency to unite into clusters or aggregations. Immunchistochemical study for CD34
blasts may be useful in their identification. Fibrosis may vary in degree: in 15% of
cases fibrosis may reach a rather high grade, and these cases are therefore diag-
nosed as MDS with fibrosis (MDS-F). This subtype is diagnosed basing on the
presence of rough diffuse reticulofibrosis with or without collagen fibrosis in asso-
ciation with dysplasia of at least 2 myeloid lineages. The RAEB-F subtype has a
characteristic feature of elevated megakaryocyte count with cells of different size
(including micromegakaryocytes) and high level of dysplasia. Since there is no
consensus on definition of fibrosis severity for the diagnosis of MDS-F, it remains
unclear whether fibrosis is an independent factor of prognosis. MDS-F should be
differentiated from reactive hemopoietic disorders (so called HIV-associated mye-
lopathies) and from a variety of myeloproliferative neoplasias (panmyelosis with
myelofibrosis previously classified as acute malignant myelofibrosis) that are also
associated with bone marrow fibrosis.

Recently there was a vast literature on hemopoietic cell immunophenotyping by
flow cytometry. This approach provides data for characterization of size and im-
munophenotype of CD34 blast population, myeloid cell maturation and to be used
as score for disease prognosis [8]. Correlation between percent of blasts as deter-
mined by routine morphological study of bone marrow smears or by immunohisto-
chemistry and percent of CD34 cells by flow cytometry is found in most cases,
except MDS-F. The presence of CD34 or CD117 pathological populations is evi-
dence of disease evolution [9].

Four color flow cytometry provides information with a sensitivity 98% for
erythroid dysplasia, 90% for granulocyte dysplasia and 90% for abnormal cytoge-
netics as compared to maturation of elements in normal/reactive bone marrow and
blood [10].
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B ciywasx aucruiazuii mOrpaHMYHBIX MO MOPQOJIOTHYECKUM MNpPHU3HAKAM HIIN
LUTOTCHETHYECKUM aHOMAJIUSM Ppe3yJbTaThl MPOTOYHON HUTOMETPUH 3HAYHMBI
TOJBKO B TEX CIy4asX, I'/l¢ BBISIBICHBI TPH WM Oosiee abeppaHTHBIX NpH3HAKa B
CO3PEBAaHUM SPUTPOUIHOM, IPaHYIOUUTAPHON WM MOHOLMTapHOW nuHui. Ciydan
¢ HeyOemuTeNnbHBIMH MOP(OJIOTHYSCKIMH M LUTOTCHETHYECKUMHU MNpPU3HAKAMHU
NpU HAIMYMU TpeX W Oojee abeppaHTHBIX MMMYHO(DEHOTHUIINYECKUX IPH3HAKOB
JOJDKHBI OBITH IEPECMOTPEHBI Yepe3 HECKOJIBKO MECALEB Ul ONpelelieHHs Mop-
(omormueckux u nuToreHeTnIeckux kpurepues MJIC.

IIpn marorenerndeckoMm noxaxoxe kK nuaraosy MJIC B Hacrosiiee BpeMsi BCe
OoJiblllee MECTO 3aHUMAIOT IIUTOTEHETUYECKUE U MOJICKYJISIPHBIE MCCIIEIOBAHUS C
OIpeJeNIeHNeM KJIOHAJbHOCTH, HPOTHO3a M YCTAHOBJICHUSI LUTOTEHETHUECKHX,
MOP(OJIOTHUECKUX ¥ KIMHUYECKUX B3aMMOCBsi3eil. KiloHanmbHbIE HUTOTEHETHYe-
CKHe aHOMaJIMK onpeersitoTces npubnuzntensHo B 50% cinyyaes MJIC. Hannune
nzonupoanHoi del(5q)mo3Bosnsier ycraHOBUTH camocTosTebHbIil BapuanT MJIC ¢
XOPOIINUM MPOTHO30M. YTpata 17p accomumpyercs ¢ nceBao-IlensrepoBckoil aHo-
Manuel, Menkoil Bakyonm3anueil Heiitpodunos, TP53 myramueir u HeOmarompu-
STHBIM KIMHAYECKHM TeueHHeM, cXomHbM ¢ BropuuHbiM MJIC. CioxHbIe Hapy-
nreHns Kaprortuma (>3 aHoManuit), Kak TPaBUiIo, BKIIOYAT XpoMocoMy 5 u/uu 7
[-5/del(5q), -7/del(7q)] u accomuupyroTCst ¢ HEGIATOMPHUSITHBIM KIHHUYECKAM Te-
yeHHeM. Hekoropble Ipyrue LOUTOreHETHYECKHE W3MEHEHHs B3aMMOCBS3aHBI C
XapaKTePHBIMH MOP(OIOTHICCKIM aHOMANUSIMH, Tak, u3onuposannas del(20q) — ¢
HOPaXEHUEM DPUTPOUIHBIX KJIETOK M METaKapHOIMTOB, aHOMaIUS 3 XPOMOCOMBI
[inv(3)(q21026.2) umu t(3;3)(921;926)] — ¢ yBemuyeHHEM aHOMANbHBIX MeEraka-
puonutoB. llutorenernyeckue anomanu, BeisiBieHHble mpu MJIC B Buze enuHcT-
BEHHOH aHOManu, Takue kak -Y, 8 mium del(20(), He SBISFOTCS ONPECIIAIOIUMA
JIOKa3aTeIbCTBAMHU 3TOTO 3a00JIEBaHUS TIPH OTCYTCTBHU MOP(OJIOrHIECKUX KpHUTE-
pueB. [lpyriue aHoManuy NP HATWYUH pedpaKTepHOil IUTONECHUH, HO 0e3 IpH3Ha-
KOB JIMCIUIA3HU CYUTAIOTCS TOJIBKO MPEANONIOKUTENEHBIMH 1 quarHoza MJIC. B
knaccudukanuun BO3 2008 r. pekoMeHI0BaHO TIIATENFHOE HAOMIOACHUE 32 STHMHU
OOJNBHBIMHA JJIS BRISIBICHUS Mopdonornueckux npossiaennit M/IC.

W3 BrimeckazaHHOro sicHO, uto auarao3 M/IC u ero BapuaHTOB TpeOyeT KOM-
IUIEKCHOTO HWCCJIEIOBAHMUS KJIETOK Temorod3a. Clienyer y4ecTh, 4TO IUTONEHHS U
OOJIBIIMHCTBO JUCIIACTUYECKHUX TPU3HAKOB HE SBJISIOTCS MATOTHOMOHHYHBIMH TSI
M/IC 1 MOTyT BCTpe4aThCst IPH Pa3IMYHBIX HO30JOTHYECKUX (hOpMax, B TOM UHCIIE
nipu Bio— 1 donatnedunmTHON aHeMUsIX, IPY MHTOKCHKAIIMH TSDKEJIBIMU METaJIaMH,
NPH aJIKOTOJILHOM MOPaXCHUH TICUCHH, PA3INYHBIX BUPYCHBIX HMH(eKkuusx (nHpek-
LIMOHHBIII MOHOHYKJI€03, MH(EKINOHHBIN muMdoruTos, renatutsl A, B, C, nurome-
TaJIOBUPYC), apOKCH3MAIBFHOW HOYHON TreMOTNIOOWHYPHH, HACJICACTBEHHOH (opme
oomesnn [lemprepa, CITU/IE, a Takke BCIEACTBHIE IIUTOCTATHYECKOM TepaInu.

Jncnos3 oOHapyKHBaeTCsl TAKOKE MPH OCTPBIX MUETOWAHBIX JIEHKO3aX, IPOMe-
XKYTOYHOH TPYIIIE MHETOAUCILIACTHYCCKIX/MUEIONPOIudepaTHBHBIX HOBOOOpa30-
Banuii (MJIC/MITH).
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In case of morphologically or cytologically marginal dysplasia flow cytometry
is valid only in cases with three or more aberrant features in maturation of
erythroid, granulocytic or monocytic lineages. Cases with uncertain morphological
and cytogenetic features in parallel with three or more aberrant immunophenotypic
findings should be retested several months later to determine morphological and
cytogenetic criteria of MDS.

The pathogenetic approach to MDS diagnosis is increasingly using cytogenetic
and molecular tests to determine clonality, prognosis and cytogenetic, morphological
and clinical relationships. Clonal cytogenetic abnormalities are found in approxi-
mately 50% of MDS cases. The presence of isolated del(5q) is evidence of a specific
MDS subtype with good prognosis. Loss of 17p is associated with pseudoPelger
anomaly, small neutrophil vacuolization, TP53 mutation and poor clinical course
similar to secondary MDS. Complex karyotypic abnormalities (> 3 anomalies) as a
rule involve chromosome 5 and/or 7[-5/del(5q), -7/del(7q)] and are associated with
poor clinical course. Some other cytogenetic changes are related to characteristic
morphological abnormalities: for instance, isolated del(20q) is related to erythroid
and megakaryocyte disorders, chromosome 3 anomaly [inv(3)(q21126.6) or
1(3;3)(q21,926)] is associated with increase in abnormal megakaryocyte count. Single
cytogenetic abnormalities such as Y, 8 or del(20qg) cannot be considered determinant
evidence of MDS if morphological signs are lacking. Other anomalies in combina-
tion with refractory cytopenia, but without dysplasia are thought suggestive of MDS
diagnosis. The 2008 WHO classification recommends to monitor such patients regu-
larly to detect morphological signs of MDS.

As seen from the above said, complex study of hemopoietic cells is needed to
make the diagnosis of MDS and its subtypes. It should be noted that cytopenia and
most dysplastic signs are not pathognomic for MDS and may be found in a variety
of clinical entities including B;, and folate-deficient anemias, heavy metal intoxi-
cation, alcohol liver disorder, virus infection (infectious mononucleosis, infectious
lymphocytosis, hepatitis A, B, C, cytomegalovirus), paroxysmal nocturnal hemo-
globinuria, hereditary Pelger Disease, AIDS, and cytostatic therapy sequels.

Dyspoiesis is also found in patients with acute myeloid leukemia, intermediate
group myelodysplastic/myeloproliferative neoplasia (MDS/MPN).
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[TosToMy paboThl o yrouHeHHto kputepreB auarHoctukn MJIC n ux Bapuan-
TOB M YCTaHOBJICHUIO MX KIMHMYECKOH 3HAYMMOCTH MPOJIOKAIOTCS U JIO HACTOS-
mero BpeMeHH. Tak, repMaHCKOW TpyNIoi Ha OoJbIIOM uYucie HaOmoaeHui, 60-
nee 2,5 TBICSAY MAIMeHTOB, OBLTO TPOBEICHO M3YYeHUE OONBITMHCTBA MOP(OIIOTH-
YEeCKHX KPUTEPHEB ANCMHEIION033a.

JIMarHoCTHYECKN Ba)KHBIMH OKa3aJIMCh CIIEAYIONINE MPU3HAKA: 4acTOTa THIIO-
TpaHyJSAPHBIX (OpPM, ICEBIO-TIENBIEPOUIHBIX (HOPM, MHUKPOMETAKAPHOLUTOB MU
OTHOAJEPHBIX METaKapHUOUUTOB. DTH 4 mapameTpa B COUYECTAHWU YHCIOM OJacTOB
KPOBH M KOCTHOTO MO3Ta TMO3BOJISIFOT YETKO OXapakTepu3oBaTh BapuanTsl MJIC B
cooTBeTcTBUH ¢ Kinaccudukanueir BO3 2008 r. y 6ompinnacTBa 601bHBIX [13].

Ha TIlepBoit EBpomeiickoii paboueit konpepenrmu LeukemiaNet 8 2009 roxy,
MOCBSIIEHHOW CTaHIApTU3AlUK mapaMeTpoB uuTodaroopumerpuu npu MJC [14],
ObUTH yCTaHOBJICHB MHUHUMAJIbHBIE JTUarHOCTUYECKHEe KOMOWHAIMU aHTHUTEN JUIS
ompejeneHusi abeppaHTHOrO MMMYHO(EHOTHNA M Juciuia3ud. [laHHbIE HUTOR-
JIIOOPUMETPHHN 00pa3IoB ¢ abeppaHTHBIM (PEHOTHIIOM KOPPETUPOBAIH C MOP(OII0-
rHYecKUMH napamerpamu BapuaHToB MJIC 1 ZOMONHIIN MPOTHOCTHYECKUE CHC-
tembl. OtHaKo paboyast rpyIa B 3aKIIOYEHHE C/IENIANIA BBIBOJ O HEOOXOIUMOCTH B
OynmymieM BanMIAalMK MapKepoB M CTaHAAPTU3AIMU IAHHBIX MYJIBTHIIEHTPOBBIX
uccnegoBanuii. OCcoOBINf HHTEPEC CETOTHS MPEICTABIISIOT EPCIEKTHBHBIE pabOTHI
0 ONpPEAETICHUI0 0COOCHHOCTEH MMMYHO(EHOTHITa Hanboiee CI0XKHBIX B JHArHO-
cruueckoM oTHotreHud Bapuantos MJIC (PLIY I u PLIMJI) [15].
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Therefore research in more accurate specification of criteria for the diagnosis of
MDS and its subtypes, and in their clinical significance is continued. For instance,
a German team analyzed more than 2.5 thousand cases to study most of dysmye-
lopoietic criteria. The following signs appeared of diagnostic value: fraction of
hypogranular forms, pseudopelgeroid forms, micromegakaryocytes and mononu-
clear megakaryocytes. These 4 parameters in combination with blast count in blood
and bone marrow allow clear characterization of MDS subtypes in accordance with
2008 WHO classification in most patients [13].

The First European LeukemiaNet working conference (2009) on standardiza-
tion of flow cytometry in MDS [14] established minimal diagnostic antibody com-
binations to define aberrant immunophenotypes and dysplasia. Flow cytometry
data from specimens with aberrant phenotype correlated with morphological pa-
rameters of MDS subtypes and were added to prognostic systems. However, the
working group made the conclusion on the importance of validation of markers and
standardization of data from multicenter studies in future. Of much interest today is
a prospective validation study of immunophenotypic features of most diagnosti-
cally difficult MDS subtypes, such as RCUD and RCMD [15].
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JLIO. I'pusyosa, A.B. [lona, U.H. Cepebpaxosa, H.H. Tynuyvin
K JJAJIbHEMINEA CTAHJAPTU3ALIMA
OIIPEJEJIEHUSI OCTATOUYHBIX BJIACTHBIX KJIETOK
B KOCTHOM MO3I'E JIETEH C B-IMHEWHBIMHA
OCTPBIMH JIUM®OBJIACTHBIMU JIEMKO3AMUA

HA 15-i IEHb UHAYKIIMOHHOM TEPAITUN

POHI] um. H.H. Broxuna PAMH, Mockea

B Hacrosiee Bpemsl KIMHHUYECKH MOATBEPKAEHA 3HAYMMOCTb OLICHKH MHHH-
MaJIbHOM OCTaTOYHOW 00JIe3HH MPHU OCTPBIX JINMQOOIACTHBIX JielKo3ax u3 B-nmuHei-
HBIX MPEALIECTBEHHUKOB Yy JeTeil Ha 15-1 neHs xumuorepanuu HHAYKIUK. OneHka
KOJIMYECTBA OCTATOYHBIX OJACTOB HA JAHHOM 3Talle MO3BOJSET BBISBUTH TPYIILY
MAIMEHTOB OJIArONPUSITHOTO MPOTHO34, Y KOTOPBIX MHTEHCHUBHOCTh TEPANMN UHIYK-
LM MOYKET OBITH CHIDKEHA.

Merton BBIOOpa OETEKIMH OCTATOYHBIX JICMKO3HBIX JUM(OOIACTOB HA ITaHHOM
JTane — NPOTOYHAS UTOMETPHUSI — BBUIY KIMHUYECKOH 3HAYMMOCTH JOJDKEH OBITh
XOPpOIIIO CTAHAAPTH30BaH M BOCHPOM3BOANM. OTHAKO CPef pealn3yeMbIX B KIMHU-
ke npoTokonoB [1L] mpucyTCTBYIOT pa3HOIIACHs U €IMHOTO MUPOBOTO CTaHIapTa 10
CHX IIOp HE CYIIECTBYeT. [[pMHINTIHAILHBIME SIBIISIOTCSI PACXOK/ICHHUS B IOPOrOBOM
YPOBHE JIEWKO3HBIX OJIACTOB, ONPE/IENIIEMBIX METO/IOM IIPOTOYHON LIUTOMETPHUH.

B nanHOI cTaThe MBI NPOAHATU3UPOBAIN CYILECTBYIOUIHE IIUTOMETPUUYECKHE
moxo/bl K aerekuuu kiaerok MOB B comocTtaBiaeHun ¢ MOpQoIornieckuMu J1aH-
HBIMHU Ha OCHOBaHMH COOCTBEHHBIX U JIUTEPATyPHBIX JaHHBIX.

Ki1roueBble cj10Ba: ocTphlii TMM(OOIACTHBIHN JIEHK03, MUHUMaJIbHAs! 0CTAaTO4-
Hast 0ose3Hb, 15-if 1eHb MHAYKIMOHHOW XUMHOTEPAITHH, IPOTOYHASI IATOMETPHSL.

Beenenue

B Hacrosmee BpeMs B ymcie (HakTOpOB MPOTHO3a, IPH JICUSHUH OCTPBIX JIUM-
(obnacTHBIX JIEKO30B y jeTel Bce Oojiee 3HAYMMYIO POJib IPUOOpETaeT KoJIude-
CTBO JICHKO3HBIX 0J1acTOB B KOCTHOM Mosre — MPB, BrisiBissiemMoe Ha pasHbIX 3Ta-
nax MoJMXuMuorepanuu, Mopdonorndecku, meronamu 1] u monexyssipHBIMA
merogamu (ITLP) [1-4].

Onenxa MPB B pa3Hble cpoku nmpecienyer pasnuussle neinu. Konngectso neii-
KO3HBIX OJIACTOB B KPOBM M KOCTHOM MO3I€ Ha dTalle XMUMHOTEPAIUH MHAYKIHUN
OTpa)kaeT IIEPBUYHBINA OTBET Ha TEPAIHIO, B YACTHOCTH, YyBCTBUTEIHHOCTh OMYXO0-
JIM K KOPTHKOCTEPOHIaM.

Onenka MPB Ha sTare Tepanuy KOHCONMAAMK U OoJiee MO3JHUX CPOKax I0-
3BOJIICT CTPATU(HUIUPOBATH OOJBHBIX U BBIIBUTH IAI[IEHTOB TPYIIIBI BBICOKOTO
PHCKa, Hy’KAAIOMNXCS B BBICOKOJO3HONW XUMHUOTEPAIINU M aIJIOT€HHOM TpaHCILIaH-
Tauu KOCTHOTO Mo3ra [5-8].
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TO FURTHER STANDARDIZATION

IN DETECTION OF RESIDUAL BLASTS IN BONE MARROW

OF CHILDREN WITH B-CELL ACUTE LYMPHOBLASTIC LEUKEMIA
ON DAY 15 OF INDUCTION THERAPY

N.N. Blokhin Russian Cancer Research Center RAMS, Moscow

Currently, clinical assessment confirmed the importance of a minimal residual
disease in acute lymphoblastic leukemia of B-linear precursors of the children at
the 15 th day of induction chemotherapy. Estimate of the number of residual blasts
at this stage reveals a group of patients a favorable prognosis, in which the
intensity of induction therapy can be reduced.

Selection method of detection of residual leukemic lymphoblasts at this stage -
flow cytometry - in view of clinical significance should be well standardized and
reproducible. However, among implemented in clinical protocols, PC-ke present
controversy and a single global standard so far does not exist. Are fundamental
differences in the threshold of leukemic blasts, determined by flow cytometry.

In this paper we have analyzed existing approaches for cytometric detection of
MRD cells in comparison with morphological data-governmental on the basis of
our own and literature data.

Key words: acute lymphoblastic leukemia, minimal residual disease, 15-day
induction chemotherapy, flow cytometry.

Introduction

The level of leukemic blasts in bone marrow — MRD as measured by morpho-
logical study, FC or molecular assays (PCR) at different time points of polychemo-
therapy is currently becoming an increasingly important factor of prognosis in
childhood acute lymphoblastic leukemia [14].

The MRD is measured with different purposes at different time points. Leuke-
mic blast count in blood and bone marrow during induction chemotherapy is a re-
flection of first response to treatment, in particular, of tumor sensitivity to corticos-
teroids.

MRD assessment during consolidation and at a later time is made to stratify pa-
tients and to identify a high-risk group of candidates for high-dose chemotherapy
and allogeneic bone marrow grafting [5-8].
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Huromopdonornyeckue KpUTEPHN OLICHKH PaHHEro OTBeTa Ha /—8-i auu (me-
pudepudeckas KpoBb) MPEIHU30JIOHOBOM mpedasbl MHAYKIHOHHOW XUMHOTEpa-
UM, OJJMH U3 MEPBBIX MaPaMETPOB MPOTHO3a M PHUCK-CTPATH()UKAIMU, HCIOIB30-
BaBINWIiCA 10 HenaBHEro BpeMeHH B mpoTokonax AIEOP-BFM-ALL B teucHue
6onee 2 mecsrmneruii. Penykims 6mactoB qo 1000 KiIeTOK/MKIT — XOPOIIHA OTBET
Ha TIPETHA30JI0H — rpyIa Gosee GmaronpusTHOro mporuosa [6; 9; 10].

B npotokonst AIEOP-BFM-ALL 2008 6511 BBeieH HOBBIN TapaMeTp — OLEHKA
KOJINYECTBa JIEHKO3HBIX OJaCTOB B KOCTHOM MO3re Ha 15-if neHb MHIYKIIMOHHOM
XUMHOTEPAINH, OKa3aBIIniics Hanbosee CTaGHIbHBIM (OCTOBEPHBIM) TPOTHOCTH-
yeckuM (akrtopoM. B Hacrosiiiee Bpemsi moporossiM ypoBHeM siBisiercst 0,1% seid-
KO3HBIX OJIACTOB Cpeu MUETOKapHoIUTOB [11].

YyBCTBUTEIBHOCTh CTAHIAPTHBIX MOP(OLUTOXUMUYECKUX METOJIOB B JTAHHOW
cutyaiu Henocrtaroyna, a I1I{P-auarHocTuka He MOXeT OBITh NMpPUMEHEHa JUIs
OLICHKH CTCICHH PEAYKINH OJIACTHBIX KIETOK BO BPeMs HHIYKIIMOHHOH XUMHOTe-
paruu. Meron BeiOOpa netekiiun MPB Ha sTane XMMHOTEpanuu HHAYKIIUHA — MHO-
rOIBETHAs IPOTOYHAS IIUTOMETpHs. Ha NaHHBI MOMEHT B KIIMHUYECKOW TPAKTHUKE
HCIIOJIb3YETCSI HECKOJIbKO BAPUAHTOB MYJIbTHIIAPAMETPOBOI MPOTOYHON LUTOMET-
pUH IETeKIHHA MHUHAMAIBHOW OCTATOYHOM OOJE3HM MPU OCTPHIX JMM(POOIACTHBIX
neiiko3ax u3 B-nunelinbix mpemmecteenunkos (BCP-ALL) y merei:

e  VIpoleHHbIH TpexnapaMeTpOBbIi MPOTOKOI, MpeaokeHHbIi E. Coustan-
Smith et al. (2006) ocHoBaH Ha MOJHON >IMMHUHAIMM HOPMAaJbHBIX B-
JIMHEHHBIX MPEIIECTBEHHUKOB B KOCTHOM Mo3re Ha 19-if jeHp XuMHuoTe-
panuu uHAYKIUH [12].

e  YerpipexmapameTpoBblit (4- usetHsiit) mporokon COG (Children Oncol-
ogy Groupe, USA, M. Borowitz et al. [8]). B Hacrosiiee Bpemsi JaHHbIH
MIPOTOKOJI MOJICPHU3MPOBAH B O-IIBETHBIH W ONTHMU3UPOBAH JJISI OLCHKU
MPB Ha feHb OKOHYAHHS MHAYKIIMOHHON xuMuoTepanuu (29 neHp oT Ha-
Yaya JICYEHHs) C MENBI0 PUCK-CTATH(UKAIIHH.

e  UYernipexusernbiit npotokon AIEOP-BFM-ALL (J. Basso et al. [11] ),
TIPUMEHSEMBIN U OIEHKHN KIMpeHca JISHKO3HBIX OjacToB Ha 15-i meHs
XUMHOTepanuu UHAyKuuu y gereit ¢ BCP-ALL. MmenHo 3TOT momxon
peanmsyercsl B HacTosIIee Bpems B poTokonax BFM mist Bo3mosxHO# pe-
JYKIMH 103 aHTPAUMKIMHOB TPH MTOJHOM JTMMUHALIUK OJIaCTOB.

B Hacrosimeii ctathbe MBI ONBITAINCH TPOAHAIM3UPOBATh cymiecTBytomue [11]
MOJIXOBI K JCTEKIIMM MAHUMAIBHOU pe3uayanpHoit mpu BCP-ALL y nereit Ha 15-
W JIeHb MHAYKIIMOHHONW XUMUOTEPAIMU C UCTIOJIb30BAHUEM JINTEPATYPHBIX U COO-
CTBEHHBIX JIAHHBIX.

MarepuaJjibl 1 METOAbI

B wuccrenoBaniy npoaHann3upoBaHo 67 00pa3ioB KOCTHOMO3TOBBIX MyHKTATOB,
MOJIy4eHHbIX Ha 15-i1 AeHs xuMuoTepanuu uaayknuu y 67 mnereii ¢ BCP-ALL.
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Cytomorphological criteria of early response on days 7—8 (peripheral blood) of
prednisolone preface of chemotherapy induction was one of the first factors for
prognosis and risk stratification used in AIEOP-BFM-ALL protocols until recently
for more than two decades. Reduction in blast count to 1000 cells/mcl is evidence
of good response to prednisolone and a predictor of good prognosis [6;9;10]

The 2008 AIEOP-BFM-ALL protocols included a new parameter, i.e. leukemic
blast count in bone marrow on day 15 of induction chemotherapy that appeared a
most stable (robust) prognostic factor. A current threshold is 0.1% of leukemic
blasts per myelokaryocytes [11].

Sensitivity of standard morphocytochemical tests is not sufficient and PCR
cannot be used to assess blast reduction during induction chemotherapy. Multicolor
FC is the method of choice for MRD detection during induction chemotherapy.

There are several types of multiparametric FC detection of MRD in children
with B-cell acute lymphoblastic leukemia (BCP-ALL):

e A simplified three-parameter protocol proposed by E. Coustan-Smith et
al. (2006) is based on complete elimination of normal pre-B-cells in bone
marrow on day 19 of induction chemotherapy [12].

e A four-parameter (four-color) protocol COG (Children Oncology Group,
USA, M. Borowitz et al. [8]). This protocol is currently updated to a 6-color
version and optimized for MRD measurement on the day of induction che-
motherapy cessation (day 29 from treatment start) for risk stratification.

e A four-color protocol AIEOP-BFM-ALL (J. Busso et al.) [11] is used to
measure leukemic blast clearance on day 15 of induction chemotherapy in
children with BCP-ALL. It is this approach that is currently used in BFM
protocols for the purpose to reduce if possible anthracycline doses in case
of complete blast elimination.

We have attempted in this paper to analyze current FC approaches to MRD de-
tection in children with BCP-ALL on day 15 of induction chemotherapy basing on
literature findings and our own experience.

Materials and methods

We have analyzed 67 bone marrow specimens obtained on day 15 of induction
chemotherapy from 67 children with BCP-ALL.
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Cpennuii Bo3pacT manueHToB cocraBui 5,6 roga (ot 6 mecsiues go 18 ner). Je-
Teit mmaame 1 roxa 6pu10 YeTBepo. Y 64 GONBHBIX HA MOMEHT IEPBUYHON THATHO-
ctuku omnpeaeneH npe-npe-B (BIl) ummyHomnoasapuanT octporo numdo0iacTHoro
neiiko3a U y 3 nereit Obu1 quarnocTuposad npo-B (Bl) ummynomoasapuant OJLL.
Mopddomnormaecku 01acThl paclieHEHBI B OOIBIIMHCTBE cIydaeB Kak L2,

Kaxxgprit oOpazer myHKTaTa KOCTHOTO Mo3ra Ha 15-ff IeHp XuMuoTepanuu ObLT
0XapakTepru3oBaH MOP(OIOrHIECKd W OLEHEH HUMMYHOJOIMYEeCKH Ha MpeaMeT
BBISIBJIEHHsI OCTATOYHBIX/PE3UIyalIbHBIX JIEHKO3HBIX KIETOK — MUHUMAJILHOMN pe3u-
nyanpHON Gosesnn (MPB). Tloacuer KOHTPOJIBHON MHETOrpaMMbI MPOU3BOIMIA
aBymst Mopdooramu (mo 250 Ki1eTOK) Ha Ma3kaX KOCTHOTO MO3ra, OKPAIICHHBIX
o metoay PomanoBckoro—I nm3a.

VIMMYHONOTHYECKOE BBISIBIICHHE OCTATOYHBIX JICHKO3HBIX JTuM(pobaacTo (B-
JIMHEHHbIE MPEIIIECTBEHHUKH) B KOCTHOMO3TOBBIX IMyHKTATaX MPOBOIUIN METO-
JIOM MIPOTOYHOMN [UTOMETPUH C HCIIOJIL30BAHMEM PEaKIUHU MPIMONA UMMYHO(IYO-
PECLEHIIUH, cpa3y IOCIie MOdy4YeHHs MaTepuaa.

B 50 ciygasx st orierket MPB Mcronb30Bami TpexiBeTHbI npotokoi [12]. B stom
cimydae rianer’s MPB nipyr HU3K0# KIIETOYHOCTH 00pas3iioB COCTOSIIA U3 OTHOM MPOOHPKA
CO crieIyroIei KoMOuHaImeil MOHOKITOHABHBIX anTrTen CD19/CD10/CD34 (diyopo-
xpombr PerCP (PE-cy5)/PE/FITC). B ciydasx ¢ JOCTATOYHBIM KOJIMYESCTBOM KIJICTOK
UCIIOJIb30BaIach maHenp w3 2 mpodupok: CD19/CD10/CD45 u CD19/CD34/CD45
(¢pryopoxpomsr FITC/PE/Per-CP (PE-cy5). OrneHHBaIOCh KOJIMYECTBO JIEHKO3HBIX B-
nmHelHbIX npeamectserarkos CD19'CD10" n/wm CD19'CD34" cpemy MOHOHYKIIEA-
poB, nanee B coorBercTBuM ¢ TpeboBanusmu AIEOP-BFM-ALL kommdectBo KiieTok
MPBb niepecunThIBaIOCH Ha BCE MUEIIOKAPHOLITHI HA OCHOBAaHHH JJAHHBIX MUEJIOTPaMMBL.

VY 17 GonpHbIX mis onieHkd MPB ucnonb30BaH 4-1[BETHBIH MPOTOKOI B COOT-
BeTcTBHU ¢ npotokosioM AIEOP-BFM-ALL-2000 [4]. Ilanens MPB npu stom
BKITIOYAJIA CIICTYIOIIAE KOMOMHAIINH AaHTHTEI:

1. Sytol6/CD10/CD45/CD19;

2. CD20/CD10/CD34/CD19;

3. CD10/CD58/CD34/CD19.

KomOuHamms QimyopoxpoMoB I KaKAOH NpOOMpKH OBLIA CIETYFOIICH:
FITC/PE/PerCP/APC (1 npobupka) u FITC/PE/PE-cy7/APC (2; 3 mpobupkmu).

B nByx ciiydasx B naHenb JONOJHUTEIBHO ObLIM BBEICHBI ITaH-MHUEIOUIHBIE
aaturensl CD13, CD33. [Ipu rumokiaeTouHsix 00pasiax Ucosiabp3oBain 1 u 3 mpo-
oupku. KomudecTBO JEHKO3HBIX B-JIHHEHHBIX MPEIIIECTBCHHUKOB OIICHUBAJIA Ha
Bce Mmuenokapuonuthl. COOp MaHHBIX Ha MPOTOYHBIX IuToMeTpax (FacsCan;
FacsCanto I1) mpoBoausicst HEMOCPEICTBEHHO MOCIIE MOCTAHOBKY peakiuu. 13 ka-
JKIOH MpOOBI UTS JOCTOBEPHO 3HAYMMOTO aHanu3a Hakarmmeaimu or 170 000 mo
2 000 000 xyeTok B 3aBHCHMOCTH OT KJIIETOYHOCTH 00pasna. AHaIN3 JaHHBIX IPO-
BOJUITH ¢ Hcnonb3oBanuem nporpamm WIinMDI 2.8 u FCS 3.0.

CraTUCTUYECKHIA aHATM3 BEJICSI C MCIOJIb30BaHueM mporpammbl SPSS 12.0 st
Windows ¢ orieHKo# CpelHUX BEUYHH M TAOIHI[ COTIPSIKEHHOCTH TTPU3HAKOB.
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Mean patient age was 5.6 years (range from 6 month to 18 years). There were
4 infants under 1 year of age. At first presentation 64 patients had pre-pre-B (BII)
and 3 children had pre-B (BI) immunological subtypes of ALL. By morphological
study blast level was L2 in most patients.

On chemotherapy day 15 each bone marrow specimen was studied morpho-
logically and immunologically to detect residual leukemic cells, i. e. minimal re-
sidual disease (MRD).

Control myelogram count was made by two pathologists (250 cells each) on
Romanovsky-Giemsa stained bone marrow smears. Immunological detection of
residual leukemic lymphoblasts (B-cell precursors) in bone marrow specimens was
made by FC using direct immunofluorescence reaction immediately after sampling.

The three-color protocol [12] was used in 50 cases. Because of hypocellularity of
specimens MRD panel in these cases consisted of a single tube and had the following
monoclonal antibody combination: CD19/CD10/CD34 (fluorochromes PerCP (PE-
cy5)/PE/FITC). If the cell count was high enough we used two tubes, such as
CD19/CD10/CD45 and CD19/CD34/CD45 (fluorochromes FITC/PE/Per-CP (/PE-
cy5). Count of leukemic B-cell precursors CD19*CD10" and/or CD19*CD34* among
mononuclears was measured, then the MRD count was recalculated per the total of
myelokaryocytes basing on the myelogram in accordance with AIEOP-BFM-ALL
requirements.

A 4-color protocol was used in 17 patients in accordance with the AIEOP-
BFM-ALL-2000 protocol [4]. The MRD panel in these cases consisted of the fol-
lowing antibody combinations:

1. Sytol6.CD10/CD45/CD19;

2. CD20/CD10/CD34/CD19;

3. CD10/CD58/CD34/CD19.

The following fluorochrome combinations were used for each tube:
FITC/PE/PerCP/APC (1 tube) and FITC/PE/PE-cy7/APC (2 or 3 tubes). Pan-
myeloid antigens CD13, CD33 were added in two cases.

Tubes 1 and 3 were used for hypocellular specimens. The count of leukemic B-
cell precursors was calculated per all myelokaryocytes.

Data collection in flow cytometers (FacsCan; FacsCanto Il) was made immedi-
ately after reaction setting. Depending on specimen cellularity 170000 to
2 000 000 cells were harvested from each specimen to make a statistically signifi-
cant testing. Analysis of data was made using WinMDI 2.8 and FCS 3.0 programs.

Statistical analysis of difference was done using SPSS 12.0 for Windows with
calculations of means and contingency tables.
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Pe3yJ’[BTaTBI Hu 06cym)1e}me

Y4uTheIBas KIMHUYECKYIO 3HAYNMOCTh OLIEHKH KOJIMYECTBa JIEHKO3HBIX O1acToB
(MPB) Ha 15-if ieHb MHIYKIMOHHOM XHMHOTEPAITHU C IIETBI0 BO3MOKHOW paHHeH
KOPPEKLUH Tepanuy, K Merony aerekuuu MPB — npoTodHoil nuToMeTpun — npeb-
SIBIIAIOTCSL. 0COOBIE TPEOOBAHMS, a MMEHHO, BBICOKas CTaHIAPTU3ALMsI M XOPOIIas
BOCIPOU3BOIMMOCTh. B HacTosiliee BpeMst y BceX MPEUIONKEHHBIX JUIsl KITMHUYECKO-
rO HCIOJB30BAaHMSI [IUTOMETPUYECKUX IMPOTOKOJIOB MUMEIOTCS M TPEUMYILECTBA U
HejocTaTtku. [Ipexxae Bcero, JUIMTENbHAs AMCKYCCHsI BO3ZHHMKIIA MPU OOCYXKICHUU
HauboJiee ONTUMAIBHOM BpeMeHHOM TOUKH.

[pu ananmuze 6onee 3000 nmanmeHTOB JETCKOro Bo3pacTta ¢ auarHozoMm BCP-
ALL B pamkax nportokona AIEOP-BFM-ALL 2000 65110 1IposieMOHCTPHPOBAHO,
yro 15-if neHp MHIYKIMOHHOM XMMHOTepanuy 0ojiee MOJHO OTpaXkaeT OTBET 0o-
JIe3HW Ha CHCTEMHYIO TEpamuio, a MOTOMY SBISETCS 0CO00 3HAYMMBIM C TOYKH
3peHHs KOPPEKUMH HHIYKIHMOHHONW XMMHOTEpAlMd, Torxa Kak 8- OeHb — 3To
TOJIBKO OTBET Gose3Hu Ha creporast [13].

B wuccnenosannu E. Coustan-Smith et al. (mporokon rocrmramst St. Jude, Mem-
¢uc, 2006), riae BoepBbie OBUT MPEIOKEH YIPOIICHHbINH 3-IIBETHBIN [IUTOMETPHYE-
CKUI IIPOTOKOJ, TAK)KE NMPOJEMOHCTPUPOBAaHA Ba)KHOCTh oueHku MPDB, kak He3aBu-
cuMoro (hakTopa MporHo3a Ha MOMEHT MPOBEACHUS WHIYKIIMOHHON XUMUOTEPAITHN
(19-# menb OT Hayana JieyeHwHs1), a He K eé okoH4aHuto [12]. Bmecte ¢ Tem amepu-
kaHckuit nporokon COG npejyiaraeT yuuThIBaTh KIMPEHC JEHKO3HBIX KJIETOK KPOBU
Ha 8- 1eHb IPeJHN30I0HOBOM Npeda3bl KaK JOMOIHUTENBHBINA (haKTOp MPOrHO3a, a
OCHOBHOH (pakTOp MporHo3a — orienka MPB B KocTHOM Mo3re Ha MOMEHT OKOHYaHHS
Tepanuy UHAYKIHMA — 29-i JIeHb OT Havyasa npoBeeHus Tepanuu [8].

OnHako, KaKk yke CKa3aHO BBIIIE, [IeJIb AETEKINH OCTaTOYHBIX OJIacTOB B X0
NPOBE/ICHUS] XUMUOTepanui HHAYKIUK (15—19-it mHM) — peayKuust 103 aHTpaLMK-
JIMHOB, C IENbI0 CHIDKEHHS OCIOKHEHHH XMMHOTEPANNU U YIydIICHHUS KadecTBa
JanbHENIIeH )KN3HU AMEHTOB, a He cTpaTu(HUKanys O0IbHBIX Ha IPYIIIBI PHCKA.

Takxum 00pa3zom, Ha HamI B3I, 15-1 IeHh XUMHUOTepaniy HHAYKIUHN JTOJDKCH
OBITH MPU3HAH HEOOXOIMMON BpeMeHHOI TOUKOW BCEX MUTOMETPHYECKHX MPOTO-
kosioB aerekip MPB mpu OJUI y nereit. OnHuM U3 NPHHIMIHAIBHBIX PacXOXkK-
JICHUN SIBISIETCS MOPOTOBBIM ypoBeHb KineTok MPB Ha 15-it meHp xumuorepanuu
uHAyKIwmH (Taba. 1). Mbl He 00cy)aaem ¢ 3Toit Touku 3peHus npotokon COG T.k.
OH ONTHUMHU3UPOBaH sl onpenenennuss MPB ¢ nenbio puck-crparudukanuu, a He
CHIDKEHUSI JJ03bI aHTPALMKINHOB BO BpeMsI (ha3bl HHIYKIIMH PEMUCCHH.

JlaHHBIE PACXOKAEHWSA NPHCYTCTBYIOT AaX€ B pPaMKax OJHOTO IIPOTOKOJIA
AIEOP-BFM-ALL. Tak mo 2008 roma moporoBbIM CYHTAIOCh MeHee 17 JeHKo3-
HBIX OJaCTOB/MKII, TO €CTh, C YYETOM CPEIHEH KJIETOYHOCTH OOPa3lOB KOCTHOTO
mo3sra Ha 15 genb (12,6X103/MKJ'I no HammM JganHaeiM) meree 0,01% Ha Muenoka-
puonutel [13]. DTOT Mapamerp paccMatpuBaics, Kak (paKTop, MO3BOJISIOIINHA BbI-
SIBUTH NTAIINEHTOB I'PYIIBI MUHIMAJIHOTO PHCKA.
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Results and discussion

Since count of leukemic blasts (MRD) on day 15 of chemotherapy induction is
of much clinical value in view of potential therapy correction, methods of MRD
detection, e. g. FC, should meet special requirements, such as high level of stan-
dardization and good reproducibility. All current cytometry protocols for clinical
use have both advantages and shortcomings. First of all, choice of most appropriate
time points for the detection aroused much discussion.

Analysis of more than 3 000 childhood BCP-ALL cases within the AIEOP-
BFM-ALL 2000 protocol demonstrated that day 15 of induction chemotherapy was
the most appropriate time point in terms of disease response to systemic therapy
and therefore therapy correction, in contrast to day 8 reflecting disease respond to
steroid [13].

E. Coustan-Smith et al. (St. Jude Hospital, Memphis, 2006), authors of the sim-
plified 3-color cytometry approach, also demonstrated significance of MRD meas-
urement as an independent prognostic factor during (day 19 from start) rather than
the end of induction chemotherapy.

While the American COG protocol suggests measurement of leukemic blood
cell clearance on day 8 of prednisolone prephase as an additional factor of progno-
sis and MRD measurement in bone marrow at the end of induction, i. e. on day 29
from therapy start) as the main factor of prognosis [8].

However, the purpose of residual blast count during induction chemotherapy
(days 15-19) is to reduce anthracycline dosage, to minimize chemotherapy adverse
effects and to improve quality of life rather than risk stratification. In our opinion,
day 15 of chemotherapy induction is therefore the most appropriate time point to
be approved for all MRD cytometry protocols in children with ALL.

Threshold of MRD cells on chemotherapy day 15 is the main issue of contro-
versy (table 1). We do not consider COG protocol from this point of view since it
is optimized for the purpose of risk stratification rather than anthracycline dose
reduction during remission induction.

Some controversy may be found within the same protocol AIEOP-BFM-ALL.
For instance, before 2008 a less than 17 leukemic blasts/mcl threshold level was
accepted, i. e. less than 0.01% per myelokaryocytes taking into account mean cel-
lularity of bone marrow specimens on day 15 (12.6 x10*/mcl according to our data)
[13]. This parameter was thought to help to distinguish minimal risk patients.
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TabOnmma 1
Cospemennsie I11] mpoTokousl geTeKnnu octaTouHbIx 61actoB npu BCP-ALL

MuHuMaibHOE MakcumanbHoe

Henn Toporoseiii KOJIMYECTBO KOJIMYECTBO
IIporokomn NETeKLHU MaTepHa YpOBEHb
MPE cretox MPB npobupok g 1 npobupox s 1
nanueHTa naryeHra
KocTabrit 0,01%
St. Jude (D. Campana) 19 MOBT Ha moHOHYK- 1 2
JieapHbIe KICTKH
AIEOP- BFM-ALL o — 0,01%
2000 (R. Ratei, 15 Ha muerno- 2 4
J. Basso) mosr KapUOIUTEI
. 0,1%
AIEOP- BFM- ALL 15 KoctHbrit Ha ruieito- 2 4
2008 (J. Basso) MO3r
KapUOLIUTBI

B npotokone AIEOP-BFM-ALL 2008 [11], rae 15-ii nens 0603HauYeH Kak 00si-
3arenbHbli 11t ouenkn MPB, BBoauTes npyras rpanauums. Cpenu 6osbsHbIX BCP-
ALL Beigensercs rpynma maiueHToB (okono 40% OOJBHBIX) ¢ YpOBHEM MeEHee
0,1% omyxomneBEIX KJIETOK B IlepecyeTe Ha sSApOcojiepiKallinue KIETKH KOCTHOTO
MO3ra, KOTOPBIM MOJKET OBITh NpOBEAEHA KOPPEKUMS WHIYKIMOHHOH Tepanuu
(cHmKeHre 0361 AHTPAIMKIIMHOB).

BBeneH HOBBIN HE3aBHCHUMBIN MPOTHOCTHYECKHH (akTop. Tak, MarMeHTH C
MPUCYTCTBUEM B KOCTHOM mo3re Ha 15-it nens 6osee 10,0% omyxoseBbIX KIETOK
Cpemu HyKJICapHBIX KIETOK KOocTHOTO Mo3ra (11,0% GosbHBIX) COCTABISIOT MPYIITY
IUIOXOTO MPOTHO3a, BEPOSITHOCTh PEIMInBa y KOTOpbIX coctaBisieT 47,2 % u 5-
JIeTHSIS 0€CCOOBITHITHAS BEDKUBAaeMOCTE — 46,1%.

BwMmecre ¢ Tem, pu pa3aeabHOM aHAIHM3€ NallMeHTOB IPYIIIBI TPOMEXKYTOYHOTIO
pucka y 6oapHbIx BCP-ALL ¢ conepxanuem ot 1,0 o 10,0% knerok MPB, Bepo-
STHOCTh Pa3BUTHUS PELMIMBA TAKKE B 2 pa3a BBILIE [10 CPABHEHHUIO C OOJIBHBIMH, y
KOTOPBIX B KOCTHOM MO3re Ha 15-if 1eHp XMMHOTepanuy UHIAYKLMH BBISBICHO OT
0,1 no 1,0 % neiiko3ubix 6mactos (23,4% nporus 12,8%).

Yposens 6onee 10% OmacTHBIX KIETOK MOXKET OBITH BEIsBieH 1 Oe3 111 cran-
JapTHBIMA MOP(OLUTOXUMHYCCKHMH METOJAMH, JUII KOTOPBIX MMOPOTOBBIM HpH-
3HaH ypoBeHb B 5,0% OnMacTHBIX KJIETOK, TeM OoJiee, YTO aBTOpaMH MPOJEMOHCT-
pHUpOBaHa JOCTOBEpHas Koppensuus Mexy nanHbivu [11 n Mmopdonuroxumun.

B Hatiem nccnenoBanuu komdecTBo Kiietok MPB Taxke 10CTOBEpHO KOppPEMpoBaio
C YMCIIOM OJTACTHBIX KIIETOK TI0 AaHHbmM Mopdororwu (R =0,838, p <0,0001, n =67).

I'pynna MPB-ueratusabix (Menee 0,01% knerok MPB) cocrasuia 8,9% (6
u3 67), uto Hmwke gaHHbBIX mpoTokona AIEOP-BFM-ALL 2008 (22,9%) u Ttak-
JKe 3HAUUTENbHO HIKe MaHHBIX Coustan-Smith et al. (2006) — 44,4%. Bo Bcex
MPBb-HeratuBHbIX citydasx Mopdosnoruyecku BoisiBieHO He Oosee 2,0% Oxact-
HBIX KIJICTOK.
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Table 1
Modern PC protocols detection of residual blasts in the BCP-ALL
Minimal Maximal
Day of number of Number
Protocol MRD Material MRD threshold of
d - tubes per
etection - tubes per
patient :
patient
0,
St. Jude (D. Campana) 19 Bone 0.01% per 1 2
marrow mononuclears
AIEOP-BFM-ALL 2000 15 Bone 0.01% per mye- 2 4
(R. Ratei, J. Basso) marrow lokaryocytes
AIEOP-BFM-ALL 2008 Bone 0.1% per myelo-
15 2 4
(J. Basso) marrow karyocytes

Protocol AIEOP-BFM-ALL 2008 [11], in which day 15 is mandatory for MRD
detection, offers another grading. A group (approximately 40%) of patients with less
than 0.1% of tumor cells per nucleated cells in bone marrow is identified among
BCP-ALL cases, who are candidates for therapy (anthracycline) dose correction.

A new independent prognostic factor is introduced. Patients with more than
10.0% of tumor cells among mucleated cells in bone marrow on day 15 (11.0% of
patients) are a poor prognosis group with a recurrence risk 47.2% and 5-year event-
free survival 46.1%. However, if BCP-ALL patients from the intermediate risk
group with MRD levels ranging from 1.0 to 10.0% are considered separately, they
demonstrate a recurrence rate 2-fold as great as that in patients with MRD 0.1 to
1.0% of leukemic blasts on day 15 (23.4% vs. 12.8%).

The level of 10% of blasts may be detected without FC by standard morphocy-
tochemical assays with a threshold of 5.0% of blasts more so because results of the
latter were demonstrated to correlate in a significant manner with FC and morpho-
cytometry findings.

In our study MRD counts also correlated significantly with those obtained by
morphological study (R = 0.838; p <0.0001, n = 67).

The MRD-negative group (less than 0.01% of MRD cells) was less than 8.9%
(6/67) which was less than in the AIEOP-BFM-ALL 2008 protocol (22.9%) and
much less than 44.4% in E. Coustan-Smith et al. (2006). All MRD-negative cases
had not more than 2.0% of blasts.
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ITo HammM maHHBIM, ¢ ydeToMm KputepueB npotokona AIEOP-BFM-ALL 2008,
39% 6osbHbIX (23 13 59 ciiyyaes) ABISIFOTCS BO3MOXHBIMU KaHIUIATAMU K PEAYKIIHN
103 antpauukinHoB — mexee 0,1% wierok MPB B koctHOM mo3re. Hu y opHOro u3
9TuX 23 MAlMEeHTOB MO JaHHBIM Mopdosoruu He BbisiBieHO Oonee 5,0% OnactHbIX
kierok. 10,0% u Oonee neiiko3usix OnactoB mo jganubiM [11] BeisiBneHo y 6 u3 59
MPB-niosutiBHbIX TarenToB (10,1%), B 1ByX u3 9Tux 6 CiIydacB MOP(OIOTHUESCKH
BeIsiBJIEHO MeHee 2,0% GuacroB. B mportokone rocomramst St. Jude [12] ucrosnb3osan
npyroii kpurepuid — 0,01% seiiko3HBIX 0JaCTOB — HA MOHOHYKJICAPHBIC KIICTKHA KOCT-
HOT'O MO3r3, T.€. B IaHHOM Cllydae 4yyBcTBUTENIbHOCTh MeToia [ 111 yBenuuena. [lanHbIit
TIOPOTOBBI YPOBEHb JIOCTATOYHO XOPOLIO OOOCHOBAaH aBTOpaMH, IMOCKOJBKY IOJI-
TBEPIKJICHO, YTO HOpPMaJibHbIE B-nMHEHHbIE TPEANIeCTBEHHUKN SIUMUHUPYIOTCS U3
KOCTHOTO MO3Ta B X0JI¢ 2 HeJIelb MPOBEICHIS HHAYKIIMOHHOW XUMHOTEPAITIH, a pere-
Hepalys HOPMATBHBIX B-TMM(OUIHBIX MPEIIIeCTBEHHUKOB HAYMHACTCS TOJIBKO K 30-
My JIHIO OT MOMEHTa Hauaja Teparuu. MiMenHo rpymmna nampentos (44,4%) ¢ coxep-
xanueM meree 0,01% Jiefiko3HbIX OJIACTOB Ha JTale MHIYKIMH PEMUCCHU PacCMaTpU-
BAaeTCsl aBTOPAaMHU JAHHOTO MPOTOKOJIA KaK KAHIUIATHI K PEAYKIMH UHTCHCUBHOCTH
HHAYKIMOHHOM Tepari. C yderoMm mozxoza rocrmramst St. Jude tomsko 8,9% mamm-
€HTOB U3 Halllell IPYIIbI MOIJIM ObITh BKJIFOYEHBI B IPYIIY KaHAWIATOB K PENyKLIUH
XUMUOTEpPAIMY UHIYKLIUH. J[aHHBII IOPOrOBBIN YPOBEHD NIPOJEMOHCTPUPOBAI U KIIU-
HUYECKYIO 3HAYUMOCTh, TIpH BbisiBiieHnH Oonee 0,01% MPB—kiietok BeposiTHOCTh pas-
BuTHA perauBa coctapisuia 23,8% npotus 4,8% mis rpymmser MPB. MHTEepecHo oT-
METHTh, 4T B mipoTokojie AIEOP-BFM-ALL 2008 [11] mogo6Hast yacToTa peruIMBoB
(23,4%) oT™MeuaeTcs ISl TPYIIIBI MAIMEHTOB, Y KOTOPBIX KOJIMYECTBO JIEHKO3HBIX Oia-
croB o qanaeM I1] cocrapnsier 1,0% u Gosnee Ha sLAPOCOAEPIKAIIHE KIIETKA KOCTHOTO
Mo3ra. Bo3HuKaeT BOMpoc, IMEET JIK NPUHIUITHAILHOE 3HaYeHHe OlleHKa KiieTok MPB
B MpeJiesiax MOHOHYKJICAPHBIX KJIETOK KOCTHOTO MO3ra HIIM B MpEJeiaX BCEX MHENO-
KapHOLIUTOB. MbI TPOAHATM3UPOBATH MOP(OIOTHYECKHI COCTAB KOCTHOMO3IOBBIX
MYHKTATOB 15-T0 JIHS XUMHOTEpAITHH HHIYKIHH (Tabit. 2).

Ta6nuna 2
XapakTepucTuKa 00pa3ioB KOCTHOTO MO3ra. 15 neHb XMMHUOTepanuu HHAYKIUU
Yucno
ITokazarens Cpennee Menunana Pasbpoc oGpasios
KIIETOYHOCTD 12,5414 9,0 2,5-60,0 55

%% MOHOHYKJIEapHBIX
KI1eTOK (MOpdoorHs)
%% GnacToB

63,4+2,3 66,0  15,0-98,0 67

5,02+1,2 1,6 0,0-60,8 67

(MopdosorHs)
%% CD19" nykieapHbIX KJI€TOK 13,9+15 99  0,32-66,8 67
%% MPB kietox™ 41415 0,18 0,0-82,7 67

*yurer Hanbonbimmi nporientT CD10'CD19" wm CD34"CD19" muenokaprommros KM
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In our series 39% of patients (23/59) with less than 0.1% of MRD cells in bone
marrow were candidates for anthracycline dose reduction by AIEOP-BFM-ALL
2008 criteria. By morphology none of these 23 patients had more than 5% of
blasts. Six of 59 (10.1%) MRD-positive cases had 10.0% of leukemic blasts by FC,
with 2 of the 6 having morphologically less than 2.0% of blasts. The St. Jude Hos-
pital (Memphis, USA) protocol [12] uses another criterion, i. e. 0.01% of leukemic
blasts in bone marrow mononuclears: that is FC sensitivity is higher in this case.
The threshold level is rather well substantiated by the authors since normal B-cell
precursors are eliminated from bone marrow after 2 weeks of induction chemo-
therapy, while regeneration of normal B-cell precursors starts by day 30 from ther-
apy start. It is the patient group (44.4%) with less than 0.01% of leukemic blasts
during remission induction that is considered by the authors as candidates for ther-
apy intensity reduction. If the St. Jude criteria were used, then only 8.9% of pa-
tients from our group could be considered candidates for chemotherapy dose re-
duction. This threshold value was also demonstrated to be clinically significant:
risk of disease recurrence for patients with MRD more than 0.01% was 23.08% vs.
4.8% for the MRD-negative group. Of interest, that in the AIEOP-BFM-ALL 2008
[11] a similar recurrence rate (23.4%) was associated with a level of 0.1% of leu-
kemic blasts per nucleated cells of bone marrow by FC. A question then arises,
whether MRD should be measured as a fraction of bone marrow mononuclears or
all myelokaryocytes? We have analyzed morphological composition of bone mar-
row specimens on day 15 of induction chemotherapy (table 2).

Table 2
Characteristics of bone marrow specimens; day 15 of induction chemotherapy
. No. of
Parameter Mean Median Range specimens
Cellularity 12.5+1.4 9.0 2,5-60,0 55
%% of mononuclear cells
(morphology) 63.442.3 66.0 15,0-98,0 67
%% of blasts (morphology) 5.02+1.2 1.6 0,0-60,8 67
%% of CD19+ nucleated cells | 13.9+1.5 9.9 0,32-66,8 67
%% of MRD cells* 4.1+15 0.18 0,0-82,7 67

*The greatest percentage of CD10"CD19" or CD34"CD19" bone marrow myelo-
karyocytes was reported
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B cpenneM ¢pakims MOHOHYKIICapHBIX KIETOK cocTaBisuia 63,4% cpenn mue-
nokapuouuToB (puc. 1; cM. BiIeiiky). OKa3anock, 4To Uil OOJIBIIMHCTBA HAllUCH-
TOB IepecyeT yucia KieTok MPB ¢ MOHOHyKIeapoB Ha BCe SIpOCOASpIKAILHe
KJIeTKH cuTyaruu He namensieT (38 u3 40). KapaunanbHo (¢ TOYKH 3peHHs MpOTO-
koma AIEOP-BFM-ALL 2008) cutyarts mOMeHsUIach JUIsS JBYX ITAIl[HCHTOB W3
rpymmsl mwioxoro mporaosa (10,0% u Gonee knerok MPB). Tlpu mepecyere ¢ Mo-
HOHOHYKJICApOB Ha BCE SAAPOCOJCPIKAIINE KICTKHA 3TH OOJNbHbBIE TOMATH B IPYIITY
npomesxyTouroro nporuosa (1,0 —10,0% MPB) kietok. C TOUKH 3peHHst IPOTOKO-
na St. Jude (Memduc) takxe 2 manmenta u3 rpymmnst MPb-mosutusHbix (0,01% u
6onee knerok MPB) mepenutu B rpynmy MPB neratuBubix. Cremyer eie pa3 ot-
Metutsh, yto 11 metoauka nporokona St. Jude siisiercst Gosiee 4yBCTBUTEIBHON —
1 xnerxa Ha 20 000—30 000 HykJI€apHBIX KIETOK KOCTHOTO MO3ra.

Kak mokasanu Hamu JaHHbBIE, MPOMOPLHUS KICTOK TPAaHyJIOLHUTAPHOTO psiga Ha
15-it nenp xummorepanuu uHAyKIMH npu BCP-ALL cocraBnser B cpemHem
36,5% + 2,1% (meauana 34,0%, paszopoc ot 2,0 mo 85%). To ecTh, pu COMOCTAB-
JeHuy JaHHbIX 1o MPB ¢ mMuenoxapuonuTaMu B 3HaMEHaTeNle U ¢ MOHOHYyKJIeapa-
MH B 3HAMEHATeEJIe CIIeyeT BBOJUTh COOTBETCTBYIOIIYIO MOMpaBKy. Ha mpakrtuke,
Ha Halll B3MVIsLA, LienecooOpasHo onpexaenate MPB B nepecuere nponeHTa JeidKkos-
HBIX KJETOK Ha MHEJIOKapHOLMUTHI ¢ 00s3aTeNbHBIM ONpENeNICHHEM HPOIOPLHU
KJIETOK B-nuuuu B npenenax Muenokapuonutos (mo Syto-16).

Kpome pacxoxxaeHHil B IOpOrOBOM YpOBHE HE CTaHAAPTH30BaHA M MaHEIb MO-
HOKJIOHAJIbHBIX AHTUTEJN, UCHOJB3YEMBIX A AeTekiuu MPB.

B OONBIIMHCTBE CiIy4aeB OCTPHIX JUM(OOIACTHBIX JICHKO30B U3 B-IHHEHHBIX
HpeNIeCTBEHHUKOB UMMYHO(EHOTHIT 0JIACTOB MOXKET OBITh OXapaKTEPU30BaH KaK
CD19°CD10%(95% ciy4aeB 1o HaIIAM TaHHEIM), M B GOJBIIMHCTBE CIIyJacs Oa-
CThI IEMOHCTPHPYIOT 3KCIPECCHIO CTBOJIOBOKIEeTOUHOTO aHTHreHa CD34. Tlowst-
HO, YTO HOpPMallbHbIC B-JIMHEHHBIE NPEIIICCTBEHHUKH KOCTHOTO MO3ra HMEIT
cxonubii perorun CD19"CD10"CD34". Oxnako, Kak yke cka3zaHo paHee, Ha 15-i
JeHb XMMHOTEpPANUK WHAYKIUA HOPMAaJbHBIX B-THHEHHBIX MPEaIIeCTBEHHUKOB B
KOCTHOM Mo3re HeT. Takum 00pa3oM, YIPOIICHHbIH ATOMETPHICCKHNA MPOTOKOI
rocrurans St. Jude (Memduc, CILIA), pekoOMEHIYIOUIMH BBISBIATh OCTATOYHBIC
0JaCTBl B XOJ€ MHAYKIMOHHON XHMHOTEPAIIMU C MCIIOJBb30BAaHHEM TPEXLBETHOM
nurometpun, komouHanuu anturen CD19/CD10/CD34 siBnsiercst 10CTATOYHO OI-
TUMAJIBHBIM. 3HAYHTENGHBIMUA HPEUMYILECTBAMH AHHOTO IMPOTOKOJA SBIAIOTCS
MPOCTOTA BBINOJHEHUS, @, CIEJOBATENbHO, BEICOKAs BOCIPOU3BOAUMOCTD, HHU3KAs
CTOMMOCTB HCCIIEAOBAHMS M JOCTYIHOCTB Ul OOJBIIMHCTBA KIMHHK, YTO HEJb3s
cOpaceiBaTh CO c4eTOB. Kpome TOro mMeroanka mo3BoJsieT OOOHTHCH OIHOM Mpo-
OMpPKOM, YTO Ba)KHO, TaK KaK OOJBIIMHCTBO OOPa3IOB KOCTHOrO Mo3ra Ha 15-it
JCHb I/IH}:[yKHPIOHHoﬁ XUMHUOTEPAITUU ABJIAIOTCA T'HIIOKJICTOYHBIMU, U Ha6op HEO0-
XO/IMMOTO KOJHMYECTBa KIIETOK JUIs JOCTOBEPHOTO aHalM3a IMPH HCIIOJb30BaHUU
JBYX U OoJiee MpoOUpOK 3aTpyTHEH.
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On the average mononuclear fraction was 63.4% of myelokaryocytes (fig. 1).

Recalculation of MRD cells from mononuclears to all nucleated cells appeared
not to change the situation for majority of cases (38 of 40). The situation changed
critically (from the point of view of the AIEOP-BFM-ALL 2008) for 2 patient
from the poor prognosis group (10.0% or more MRD cells). After recalculation
from mononuclears to all nucleated cells these patients were assigned to the inter-
mediate prognosis category (1.0 to 10.0% of MRD cells). From the St. Jude’s point
of view 2 patients from the MRD-positive group (0.01% or more MRD cells)
passed to the MRD-negative group too.

It should be mentioned once more that FC methodology of St. Jude with 1 cell
per 20 000—30 000 nucleated cells of bone marrow is more sensitive.

In our series granulocyte fraction on day 15 of induction chemotherapy in pa-
tients with BCP-ALL was 36.5% +(12.1% (median 34.0%, range from 2.0 to 85%).
this means that when comparing MRD assessment with myelokaryocytes vs.
mononuclears in the denominator one should use a certain correction. In our opin-
ion, it is practical to determine MRD as percentage of leukemic cells per myelo-
karyocytes with mandatory measurement of B-cell fraction among myelokaryo-
cytes (using Syto-16).

In line with the threshold, the panel of monoclonal antibodies used to detect
MRD is also lacking in standardization.

In most BCP-ALL cases blast immunophenotype may be characterized as
CD19'CD10" (95% in our series), and in majority of the cases blasts demonstrated
expression of stem-cell antigen CD34. It is understood that normal B-cell precur-
sors have a similar phenotype CD19"CD10"CD34*. However, as stated above,
there are no normal B-cell precursors in bone marrow on day 15 of induction che-
motherapy. Therefore, the simplified St. Jude’s protocol recommending to use 3-
color cytometry with CD19/CD10/CD34 antibody combination is optimal for de-
tection of residual blasts during induction chemotherapy.

This protocol has the advantage of being simple and as a consequence highly
reproducible, low costly and accessible for most clinics and this consideration can-
not be neglected. It is of much importance that this approach allows one-tube as-
sessment since most bone marrow specimens are hypocellular on day 15 of induc-
tion chemotherapy and it is difficult to harvest sufficient cell amounts for reliable
analysis using 2 or more tubes.
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B netictButensHOCTH, nanHas koMOuHanusa anturen CD19\CD10 CD19\CD34
MPUCYTCTBYET BO BCEX LUTOMETPUYECKHUX IPOTOKOJAX, OHAKO, B JOMOJHEHUE K
HUM OLICHMBAETCS IENbIH PsZi MOJEKYJ, aCCOIMUPOBAHHBIX C JEWKO3HbIMU B-
mumpobracramu (Tadm. 3).

Ta6nunma 3
KomOuHamm MOHOKJIOHAJBHBIX aHTUTEN, MCMONIB3yeMbIX NpH faetekuun MPB y
nereii ¢ B-mua OJIJ1

[Iporokon [Tanens MPb
Tocriurans S. Jude
(E. Coustan-Smith et al. 2006) CD19/CD10 u/umu CD19/CD34

1.CD58/CD10/CD19/CD34

AIEOP- BFM- ALL 2008 2.CD20/CD10/CD19/CD34

(J. Basso et al.) 3.CD10/CD34/CD19/CD45
4.CD10/CD11a/CD19/CD45
4-11B.
1.CD20/CD10/CD45/CD19

COG ( M. Borowitz et al.) é;i534/CD9/CD45/CD19

1. CD20/CD10/CD38/CD58/CD19/CD45
2.CDY9/CD13+CD33/CD34/CD10/CD19/CD45

Juis ycraHOBieHHs aOeppaHTHOTO MMMYHO(EHOTHIIA JICHKO3HBIX OJaCTOB MpH
BCP-ALL wucnone3yrorcs antutena k moiekyie CD20 u ompenenenue nas-
muenonaubx anturesoB CD13"CD33. Onnako gactoTa Berpedaemoctd CD20" oct-
phIX TUMQOOIACTHBIX JIEHKO30B U3 B-IIMHEHHBIX MPEAIIECTBEHHUKOB OY€Hb HU3KAast
— 7,0% mo HammM masHBIM U, npuOmmsurensHo, B 40,0% ciyuaes B-nmmeiiHBIC
M(pOOTACTHI KOIKCIIPECCUPYIOT OJIMH WITH 00a MaH-MUEIOHIHBIX aHTUreHa. Bos-
MOKHO, MCIIOJIb30BaHUE ITUX MAPKEPOB IierecoodpasHo B penkux ciaydasx CD34-
neraruBHbiXx BCP ALL y nereii unu B ciyuasix nerekuun MPbB Ha 15-# neHp uHayK-
LKA PEMUCCUH TIPH PELUINBE, KOT/a JICWKO3HbIE OJIACTHI yTPAuUBAIOT, K MPUMEpY,
IKCIPECCHIO CTBOJIOBOKIIeTOUHOrO anTurena CD34.

BonsmuacTBo Monekysn (CD58, CD11la, CD9, CD38), BBeacHHBIX B MaHETH
JIOTIOJTHUTEIBHO, 3TO MAPKEPhI, TO3BOJISIOIINE PA3TPAHUYUTE JTCUKO3HbIC TUM(OO-
JIACTHI OT PErCHEPHUPYIONINX B-THHEHHBIX MpeaIIecTBCHHUKOB. U eciu pedb uaer
0 15-M nHE Tepanuu UHAYKIUU PEMHUCCHH, TaK JIK 3TO HE00X0AUMO?

JleranpHOE COMOCTABICHHE 3-mMapaMeTporo MmpoTokoia rocmutais St.Jude
(E. Coustan-Smith et al., 2006) u nporokona AIEOP-BFM-ALL 2008 mposexe-
HO B pabote A.M. ITonoBa u coaBropoB [14]. KauecTBeHHO naHHbBIE 000UX METO-
J0B coBranu B 96% ciyuaes, Toraa Kak MpH aHAJIN3€ C MOMOIBIO YIPOIIEHHOTO
MPOTOKOJIA ABTOPAMHK BBISIBIICHO 2 JIO)KHOTOJIOKHUTEIBHBIX M 2 JIOKHOOTpPHUIIA-
TEJBHBIX CITy4Yasl.
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In reality, the antibody combination CD19/CD10, CD19/CD34 is included in
all cytometry protocols, though a number of other leukemic B-lymphoblast-
associated molecules is additionally assessed (table 3).

Table 3
Monoclonal antibody combinations used to detect MRD in children with B-cell ALL

Protocol MRD panel

St. Jude Hospital CD19/CD10 and/or CD19/CD34

(E. Coustan-Smith et al. 2006)

1. CD58/CD10/CD19/CD34
AIEOP-BFM-ALL 2008 2.CD20/CD10/CD19/CD34
(J. Basso et al.) 3. CD10/CD34/CD19/CD45
4. CD10/CD11a/CD19/CD45

4-color

1.CD20/CD10/CD45/CD19
2.CD34/CD9/CD45/CD19

6-color

1. CD20/CD10/CD38/CD58/CD19/CD45
2.CD9/CD13+CD33/CD34/CD10/CD19/CD45

COG (M. Borowitz et al.)

Antobodies to CD20 and pan-myeloid antigens CD13*CD33 are used to iden-
tify abberant immunophenotype. However, frequency of CD20" acute B-cell lym-
phoblastic leukemia is very low: 7.0% in our series and B-cell lymphaoblasts coex-
press one or both pan-myeloid antigens in about 40.0%. It is reasonable to use
these markers in rare cases of CD34-negative BCP ALL in children or for MRD
detection on day 15 of remission induction in cases with recurrence when leukemic
blasts lose, for example, expression of stem-cell antigen CD34.

Most molecules (CD58, CD11a, CD9, CD38) included additionally into the
panels allow differentiation between leukemic lymphoblasts and regenerating B-
cell precursors. Then, if we speak about day 15 of remission induction therapy, is it
really needed?

A.M. Popov et al. [14] provided a detailed comparison of the St. Jude 3-color
(E. Coustin-Smith et al., 2006) and AIEOP-BFM-ALL 2008 protocols. Qualitative
data of these protocols coincided in 96% of cases, while analysis using the simpli-
fied approach found 2 false-positive and 2 false-negative cases.
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OnHAaKO HAISIIHOW apryMEHTAIMH JaHHOTO (pakTa B cTaTbe He MPUBOAMUTCA (CM.
quckyccrio Mexay A.M. [onoeim 1 D. Campana B iaHHOM HOMepe KypHaia). B
HAaIeM HccieoBaHun Ha 15- nenp uaaykimonHoi XT WHIYKIMA BBEACHHE B IPO-
TOKOJI JJOTIOJHHUTEIBHBIX MapKEPOB HE a0 3HAYMMBIX PACXOXKIICHHH B KOJMUYECTBE
knerok MPDB, nipu aHanmse ¢ MCMOJIb30BaHUEM JIBYX, YKA3aHHBIX BBILLIE, IIPOTOKOJIOB.
Takum 06pa3oM, MOKHO TOBOPHTb, 4TO Kak MHHEMYM B 96% ciydaes (¢ yuerom maH-
HbIX A.M. [TomoBa) ocTpbix MM(OOTACTHBIX JIEHKO30B M3 B-ITHHEHHBIAX mperecT-
BEHHHUKOB Jy1st ieTekuun MPB MoskeT ObITh MCIIONIb30BaH TPEXLBETHBIH, YIPOIIEHHBIN
[UTOMETPUYCCKHI TIPOTOKOJ, KIMHAYECKH anmpoOupoBaHHbIA B rocmurane St Jude.
OpHUM U3 CYIIECTBEHHBIX MOMEHTOB TipH aHanmu3e MPB Ha 15-ii ieHs MHTyKIIMOHHON
XT siBnsieTcs TUIIOKJIETOYHOCTh 00PA3LoB H, MPUCYTCTBUE 3HAYUTEIHHOTO KOJIMYECTBA
nebpuca (KIeTOYHBIX 00JIOMKOB, SPUTPOIIMTOB | T.1.). M30exarsh mpobiemsl pa3oas-
nieHust oOpasia 1e0prcoM MO3BOJISIET UCIIONIb30BAHMUE SIIEPHBIX KPACUTENESH TaKHX Kak,
Hanpumep, Syto 16. B nporokoine rocrmtais St. Jude u nporokone AIEOP-BFM-ALL
2008 wucronb30BaHke SICPHBIX KpacHTENel He MpeyIaraeTcs, XOTs paHHue 4-1[BETHbIC
nporokoisl AIEOP-BFM-ALL 2000 [13] maumbii ¢akt yuntsBamm. Vcrmons3oBanuie
SIIEPHBIX KPacHTENeH 1 aHTUTCHOB KJIETOK KPacHOTO Psifia OTOBAPUBAETCS B IIPOTOKOIIE
COG [15]. B Hamem uccnenoBanuu aebpuc B cpeaHeM coctasui 14,8%, omHako pas-
Opoc ObUT 3HAUMTENBHBIM, U B 7 U3 16, nmpoaHanm3upoBaHHbIX Ha 15-i neHp o0pasios,
nebpuc tipessiman 10,0%, a B 4 (25%) ciydasx — 6omee 25% (25,0-60,0%; prc. 1). Ta-
KUM 00pa3oM, XOTs Hcroib3oBaHue SYt016 He sipisieTcs: 00s13aTeNbHBIM [PH LIUTOMET-
pudeckoii oneHke Kietok MPB, Mbl cunTaem 1ienecooOpasHbIM BBEJICHHE SIIEPHBIX Kpa-
cHTelIed B IMarHocTuuecKyto raxesb MPB, Tak Kak MpUOIM3UTENBHO B YETBEPTH CITy4acB
JIaHHBIE MOTYT OBITh NCKa)KEHBI M3-3a IPUCYTCTBHS 3HAYUTENBLHOTO KOJIMYECTBa Jie0prca.

3akaouenue

Hawnbornee 3Ha9MMBIM 1151 KITMHAKY B IDTaHE IATOMETPUYCYECKON ICTEKIIMIH KJle-
Tok MPB sBnsiercst 15-#1 neHp XuMmoTepanuy MHOYKOWH, TO3BOJLIIOIINA BBIIBUTH
TPYITy MAIHUEHTOB ONArompHsTHOTO MPOTHO33, Y KOTOPBIX BO3MOXKHA PEAYKIMS WH-
TEHCHBHOCTH XHMHOTEpANK MepBoi JnHuu (aHTpanmkianasl). Ha stom stame s
nerekimn MPB Gosee yem B 96% citydacB MOXKET OBITH HCIIOJIB30BaH TPEX-
MapaMeTPOBbI LIUTOMETPUYECKUNA TOAXOJI, MOCKOJIbKY HOPMalbHbIX B-JIMHEMHbIX
TPE/IILIECTBEHHNKOB B KOCTHOM MO3I'€ B 3TO BPEMSI HET, U BBE/ICHUE JOIOIHHUTEIIBHBIX
MapKepoB CYLIECTBEHHO HE BIMsIET Ha pe3yJibTar. C y4eToM KayecTBa MpoaHaIu3Hupo-
BaHHBIX 00pa3uoB Ha 15-if IeHb XMMHOTEpAMK MHAYKIMH 11eJIeCO00pa3HO HUCIIONb30-
BaHHME He OoJiee NBYX NHUATHOCTHYECKHX TPOOHPOK M BBEICHHE B TMAHENb SICPHBIX
Kkpacureneid. [IoporoBsiM ypoBHEM TPYIIIEI OJIATOMPHUSTHOTO MPOTHO3a B COOTBETCT-
Bum ¢ naraeiMa AIEOP-BFM-ALL 2008 cremyet cuutats 0,1% xnerok MPB Ha mue-
nokapuormTel. OtHOocuTenbHO poru 11 B maeHTHUKAIMN MAMEHTOB TPYIITHI TIJI0-
XOT0 MPOTHO3a BOMPOC OCTAETCS OTKPBITHIM, TOCKOIbKY 10,0% Jseiiko3HbIX 611acTOB Ha
15 nenb MOryT OBITH pactio3HaHbl MOP(OJIOTHIECKH.
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However the authors failed to provide argumentation for this finding (see dis-
cussion between A.M. Popov and D. Campana in this journal issue). In our series
addition of extra markers for study on day 15 of induction chemotherapy had no
significant effect on MRD findings as obtained using the two above-mentioned
protocols. So, the 3-color simplified cytometric assay clinically validated at
St. Jude Hospital (Memphis, USA) may be used at least in 96% of cases (basing on
A.M. Popov’s data) of BCL-ALL. Hypocellularity and a considerable amount of
debris (cell fragments, erythrocytes, etc.) are important issues in MRD assessment
on day 15 of induction chemotherapy. Nuclear dyes such as Syto 16 help to solve
the problem of specimen dilution. Either St. Jude or AIEOP-BFM-ALL 2008 do
not use nuclear dyes, though earlier 4-color protocols (AIEP-BFM-ALL 200 [13]
did use them. The COG protocol also mentions the use of nuclear dyes and red cell
antigens [15]. In our series debris was 14.8%, though the range was broad, and in 7
of 16 specimens analyzed on day 15 debris was more than 10.0% and in 4 (25%)
cases it was more than 25% (25.0-60.0%, fig. 1). Although use of Syto 16 is not
mandatory for cytometric MRD measurement, we believe it reasonable to include
nuclear dyes in the MRD diagnostic panel because results may be distorted due to
significant amount of debris in about one forth of cases.

Conclusion

Day 15 of induction chemotherapy is of most importance for cytometric MRD
measurement, since it allows identification of good prognosis patients who are
candidates for reduction of first line chemotherapy (anthracyclines) intensity. The
3-color cytometric assay may be used to detect MRD at this time point because
bone marrow lacks normal B-cell precursors at that time and addition of other
markers has no effect on the result. Basing on quality of specimens analyzed on
day 15 of induction chemotherapy, it seems reasonable to use not more than two
tubes and to add nuclear dyes to the panel. The level of 0.1% of MRD cells per
myelokaryocytes is a reasonable threshold for good prognosis patients in accor-
dance with AIEOP-BFM-ALL 2008. The role of FC in identification of poor prog-
nosis group is disputable since 10.0% of leukemic blasts are detectable morpho-
logically on day 15.
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JUCKYCCHUSA MEXKIY DARIO CAMPANA (CHIA)

" AJIEKCAHJIPOM NONMOBBIM (EKATEPUHBYPT', POCCHS)

no noeody cmamvu A.M.Ilonosa u coaem., NOceAUWeHHOU CPABHEHUIO YNPOUEHHO2O0
3-y6emHo2o0 Memooa u MHO20YGEMHOL YUMOMEmpUlL O ONpeOeieHUs MUHUMATbHOU
ocmamoyHoll Oone3Hu 8 X00e mepanuu UHOYKYUU PeMUCCuu npu Jetiko3ax us
B-nuneinvix npedwecmeennuxog y Odemei (cm. acypran «Hmmynono2us 2emono-
aza»/”’Haematopoiesis Immunology’ NeAel,2, 2010 200).

Dario Campana

bl nyary mo noBoay CTaTbu Ilonosa ¢ COaBTOpaMHu. Kak YKa3aHoO B HaIllel CTaThbe,
prOHIeHHLIfI noaxoJ MOXXHO IMPUMEHATH TOJIBKO B NEPUOJ I/IHI[yKHPIOHHOﬁ TCpa-
vy, T.€. Ha 15-i1 1eHp B X HcciienoBannii. B MOCIEAYIOIINE IIEPHOIBI ITOBBIIIIACTCS
BCPOATHOCTD JIOKHO-TIOJIOKUTCIbHBIX PE3YJIbTATOB, U B 3TU IEPUO/IbI ,I[aHHLII)'I TECT
MNPUMCHATL HEJIb34. XOTS JI0KHO-TIIOJIOKUTEIBHBIN PE3yabTAT MOKHO NOJYYUTh Aa-
e Ha 15-i eHb, JT0KHO-OTPHUIIaTeTIbHBIE Pe3YNbTaThl HE JOJDKHBI IPHUCYTCTBOBATb.
Onnako B nccienoBannu [lomosa MOJIy4€HO 2 JIO)KHO-OTPHULIATEIBHBIX PE3YJIbTATA,
YTO TPYAHO MOAMACTCS IIOHUMaHUIO.

Aunexcanap Ilonos
Huxomnait Hukomnaesuy, 3apaBcTBYTE.
KaMmana B cBOEW cTaThe MHCAN, YTO €r0 YMNPOIUICHHBIA MMOIXOJ MPUMCHHM HE
TOJIKO BO BpEMs MHAYKIIUH, HO U B TOYKE OKOHYAHHUSA WHIYKIIHOHHOW TEpPAaITUH.
IToaToMy MBI 3TH B TOUKH U B3sUtH. JleHb 85 MBI B3sIM MPOCTO MOTOMY, YTO ITO
TpeThst Touka MoHuTOpuHra MOB B Hamiem mnportokoiie (aHamorudnas AHi 78 B
BFM). Tam npyrux pe3ysibTaToB v He OXuaanoch. C MHIYKIHEH BCE HECKOJIBKO
ciokHee. B 3aBHCHMOCTH OT WHTCHCHBHOCTH TEPAllMd HA MOMCHT OKOHYAHHS
WHAYKIIMOHHOW TEpamuy pereHeparysi MOXXEeT HauyWHAThCs B OONBIIEM WIIH
MEHBIIIEM TIPOLEHTEe CIy4aeB. Tak KaKk B HameM IIPOTOKOJE HHTEHCHBHOCTH
Tepanuy 10 CpaBHEHHIO, HanpuMmep, ¢ BFM, cHikeHa, Takux mamueHTOB OOIBIIIE.
Yro KacaeTcsi JIOKHOHETAaTHBHBIX pPE3yJbTaTOB, TO OCHOBHBIX IPHYHH JIBE.
KaMmana #3 CBOEro W3bICKaHHs OJIArOMOJIYYHO WCKIIOYHM/I IAlMCHTOB, HE
9KCIPECCUPOBABIINX TOTAIBLHO XOTS OBI OJIMH U3 JIBYX MCIIOJh30BAHHBIX MAPKEPOB
(CD10 wuu CD34). Msr1 xe atoro He aenanu. [Ipu 3ToM, Takue MAIUEHTHI €CTh.
KoHeuHo, MCXOMHO HEJOTHYHO KCIIONB30BAaTh Y HUX TAKOHM MOAXOJ, HO MBI BElb
MIPOBEPSUTH PUMEHUMOCTh €r0 He K KaKOW-TO TPYIIIe MAIFieHTOB, a KO BCEM BO
BCEX HCIOJB3YyEeMBIX TOYKAaX Tepamud. Ele OIHUM CYIIECTBEHHBIM MOMEHTOM
SIBIIICTCSI CHIDKCHHE JKCIIPECCHU 00OMX ITHX aHTHTCHOB yke K 15my maro. OHa
ObIBaeT OYCHHb CYIIECTBEHHOW. Il OIyXoneBBle KIETKH OISITh K€ CTAaHOBATCS
TPYAHOOTAECTMUMBIME OT HOpMabHBIX. Ho, ectecTBeHHO, Ha 15-if IeHD JOKHBIX
pe3yIbTaToOB MEHbIIEe. [[pHauHEBI eCTh elie, HO 3TH JIBE — OCHOBHEIE.

C ysaoicenuem,

Cawa.
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DISCUSSION BETWEEN DARIO CAMPANA (USA)

AND ALEXANRER POPOV EKATERIBURG, RUSSIA)

subject: comparison of multiparameter flow cytometry with simplified metod in
detection of mrd on day 15th of induction therapy in bcp all in children (article of
A.M.Popov in “HAEMATOPOIESIS IMMUNOLOGY, 2010, NeMe1,2)

Dario Campana for N.N. Tupitsyn (Aug. 31, 2010)

As we stated in our paper, the simplified test can only be used during remission
induction therapy, ie. on day 15 in their study. False-positive results are expected at
later time points and the assay should not be used at all at those later time points.
Although some false-positive may occur even on day 15, false-negative should not
occur. However, there were 2 false negative in the study of Popov, which is
difficult to understand.

Alexander.Popov for N.N. Tupitsyn

D. Campana wrote in his paper that his simplified test could be used both during
and at the end of induction therapy. That is why we used both of these time points.
Day 85 was used only because this was the third time point of MRD monitoring in
our protocol (similar to day 78 in BFM). We did not expect other results in that
point. The situation with induction is somewhat less clear. Regeneration may occur
in a larger or smaller proportion of cases at the end of induction therapy depending
upon therapy intensity. Since therapy intensity in our protocol is lower than that,
for example, in BFM, the proportion of such patients is greater. As concerns false-
negative results there are two reasons for that. D.Campana excluded patients
without total expression of at least one of two markers (CD10 or CD34), while we
did not. Note, that such patients do exist. Of course it is not a priori logical to use
this approach in this patient category, but we tested its applicability in all patients
in all time points of therapy rather than in a selected patient group. Another
important aspect is a decrease in expression of both of these antigens by day 15
which may be considerable. And tumor cells become hardly distinguishable from
normal cells. But of course the number of false results is lower. There are other
reasons too, but the mentioned two ones seem most important.

Yours sincerely,
Alexander Popov
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Dario Campana

Hoporoit Hukonai,

Bbuaronapro Bac u Takxke J[-pa ITonoBa 3a orBet. [10sICHIO, 4TO MBI ITMCAIH B CBOEH
cratbe: Ctp. 102. Taxke MOXKHO MPUMEHSATh YIPOILICHHbBI POTOYHO-IIUTOMETPH-
geckuii ananm3 B IIEPMO/] BJIVIKE k KoHIy WHAYKIIMOHHOW Tepamuu 0e3 Kako-
ro-1r00 CHIKEHHSI IIPOTHOCTHYECKON 3HaYMMOCTH. OTHAKO MCIIONB30BAHHE STOTO
NOAX0Ja B JPYrMe BPEMEHHbIC TIEPHOJIbI BO BpeMs JICUCHHsI MJIH TI0CIIE €r0 OKOH-
YaHUsl HEU30EKHO IMPHUBEAET K JIOKHOIOJIOKHUTENBbHBIM pe3yibraraM. B nmpyrux
BPEMEHHBIX TOYKax TpeOyercsi mpoBelneHne 0oJiee CIOKHBIX METOAUK MPOTOYHOU
LUTOMETPUH U MOJIEKYJSIpHBIX MeTojoB BbisiBieHHs MOB. Crp. 101. [leiictBu-
tenbHO 3kcnpeccus CD10 u CD34 orcyrcTBoBana Bcero y 6 u3 386 0ombHBIX, 00-
CIICJIOBaHHBIX TPH IIOCTAHOBKE nauarHo3a. OYEBHIHO, YTO B 3THUX CIyYasx
HEJIb3S] cumtats, uto orcyrctBue CD19" kietok ¢ xoskcmpeccueit CD10 w/wmu
CD34 B nepuon WHAYKIIMOHHOW TEpaIHH SBISIETCS IMOKazaTeneM 3()()eKTHBHOCTH
nedenus. Ckopee st oneHKH 3()QEeKTUBHOCTH JICUEHHs y TaKUX OOJIEHBIX HY)KHO
MIPUMEHSTH IPYTHE METOIBL.

C nHaunyuwumu nodsceranuamu,
Lapuo

Aunexcanap Ionos

Hukonait Hukonaesud, 31paBcTByiTE.

Kornia Mbl nivicanu 3Ty CTaThio, HU B KOEM CiIydae He ObLIO JKEJIaHUs OCTIApHBATh BbI-
Bojbl JI.Kammana, a UMEHHO TO, YTO 3TOT MOJXOJ] BEChMa MPUMEHUAM B CEPEIUHE HH-
IYKIMOHHOM Tepary y OOJBIIMHCTBA MAaleHTOB. HacKOIBKO S CTaThi0 TIOMHIO, 00
9TOM HaITCAHO BO BBe/IeHWH. Hara ke mels Oblia B IPYroM — MOCMOTPETh, HACKOITh-
Ko naHHblii noaxox npumennM y BCEX nauuentoB Bo BCEX Toukax MOHMTOpHHIa
MOB, motoMy 4TO ceperiHa MHAYKIWHN — JHIIb OfHAa W3 HUX. Ha Mo#t B3rimsan 3to
OYEHBb Ba)XHO MPEXIE BCErO U TOTO, YTOOBI MPETOCTEPEUb JIIOACH, KOTOphIE COOH-
parorcs MoHHTOpHpoBaTh MObB Takmm metomom. YectHo Bam ckaxy, MeHs OdeHb
YacTO CHPAIIMBAIOT JIFOAH W3 MAJCHBKHX J1a00paTopuil, a HENb3s JH I0Jb30BATHCS
YIPOIICHHBIMUA TPEXIBETHBIMH MOAXOAaMHK 11t onpezesicHnss MOB, Tak kKak Takyro
3aja4y HaYaILHAKH UM CTaBAT, a JICHET HU Ha PearcHThl, HM Ha IMTOMETPHI HeT. [1o-
9TOMY 51 HUKOT/Ia HE ITyOJIMKOBAJ 3TH PE3yJIbTaThl HA aHTJIMHCKOM. 32 pyOekoM, Koria
TaKOW MOHHUTOPHHT MPONKUCAH B MPOTOKOJIC, HUKOMY W B TOJIOBY HE MPHUJIET SKCIICPU-
MEHTUPOBATh, KaK U B JJa0OpaTopusix ¢ OOJBIIMM OIBITOM B Haiel crpane. Ot ceds
MOT'Yy TOOABHTB, YTO Y HAC TAIMIEHTOB, OITyXOJICBhIC KIIETKH KOTOPBIX HE 3KCIPECCHPO-
Bay 00a MCCIIETOBaHHBIX Mapkepa ObuIo 0Koio 4%, TO €CTh CYIIECTBEHHO OOJIBIIE,
yeM y Kammana. [Toc erme 6bumm manueHTsl, y kotopbix CD34 neprudHO He ObLIO, a
CD10 skcnpeccuposaricsi rereporento. Tawke y Hekotopbix CD34-HerarBHbBIX ma-
LMEHTOB CHUJIBHO CHIDKAIIACh BO BpeMsi Teparmu dkcnpeccus CD10, 4To Takxke ocIok-
Hsu10 onpenenenne MOB, pexxzie BCero KoMM4ecTBEHHO.
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Dario Campana to N.N. Tupitsyn (13.09.10)

Dear Nikolai!

Thank you and also thanks to Dr Popov for his response. Just to clarify, here is
what we wrote in our paper: Page 102: It may also be possible to apply the simpli-
fied flow cytometric assay NEAR the end of remission induction therapy, without
any loss of prognostic significance. However, use of the assay at other
time points during or after treatment, when normal B-cell progenitors
are most likely to be present, will inevitably yield false-positive results. At these
time points, more complex flow cytometric and molecular MRD assays are re-
quired. Page 101: Indeed, only 6 of the 386 patients studied at diagnosis lacked
expression of both CD10 and CD34. Obviously, in these cases, one should NOT
regard the lack of CD19+ cells coexpressing CD10 and/or CD34 during induction
therapy as an indication of good treatment response. Rather, alternative strategies
are needed to measure treatment response in such patients.

Kindregards
Dario

Alexander Popov to N.N. Tupitsyn

Dear Nikolai Nikolaevich,

When writing our paper we did not meant at all to argue Dr Campana’s conclusion
that the simplified flow cytometry assay in question was well applicable in the
middle of remission induction therapy in most patients. As far as | remember this
was mentioned in the Introduction. But our purpose was different: we just wanted
to know whether this approach was applicable in ALL patients in ALL time points
of MRD monitoring, with the mid induction point being just one of them. | believe
that this is very important first of all to warn people from using this assay in such a
way to monitor MRD. To be honest, people from small laboratories often ask me
whether they can use the simplified three-color cytometry in MRD detection, be-
cause their superiors put this task while money for reagents and cytometers is lack-
ing. That is why | have never published these materials in English. Of course, it
never enters the minds of investigators from foreign or our large laboratories with a
great testing experience to experiment like this if they have certain protocols for
the monitoring. In addition, we had about 4% of patients free from expression of
the two markers, i.e. much more than in Dr Campana’s study. Plus cases with no
CD34 expression and heterogeneous CD10 expression at diagnosis. Some CD34-
negative cases demonstrated a considerable decrease in CD10 expression on ther-
apy which also added to difficulty in MRD assessment (more so quantification).
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A KOnmM4YecTBEHHBbIC ONIMOKK (KaK OHU OMpENelICHBI B CTaThe), Ha MOH B3I, HE
MEHee Ba)KHBI, YeM KauecTBEHHbIC. KapTHHKM C MpHMepaMH JIOKHOIIOJIOKHUTEIb-
HBIX PE3yJIbTaTOB Ha 36-1 AeHb U3-3a MOSIBJICHUS] PETEHEPALH B CTAThe IIOKA3aHbI.
[TorpoOyro moWCKaTh HariIAOHbIE KApTUHKH JIOXKHOOTPHLATENbHBIX. OMATh ke
X04y 3aMETHTh, YTO 3[IeCb MHOTOE 3aBUCHT OT MPOTOKosa. Ecim MHTEHCHBHOCTH
TEpamyy BBICOKas, HOpMalbHbIe B-IHHEIHBIE IPeAIIeCTBEHHUKN OyIyT MOSBIATh-
Csl HA MOMEHT OKOHYaHUs MHAYKUHMU KpaiiHe peako. W Haobopot. Uro kacaercs
npotokosioB BFM B pasubix Bumax (B Tom uncie u ALL-IC), To Tam Bce HecKoIb-
ko mpore. Hackonpko s 3Haw, TaM ceiiyac Oyner mpomucad MoHuTOpHHT MObB
ToybkO Ha 15-i nens ¢ moporamu B 0,1% u 10%, mostomy omnpenensate MOB cra-
HET HECJI0KHO. MOoXeT, B 3TOM Cilydae JaHHbIM noaxon u Oyner npuemiem. On-
HaKo 110 MOEMY JIMYHOMY MHEHHIO, HY)KHO 4TOOBI METOJ OBbIII MPUMEHUM Y TpaK-
THYECKH BCEX MAIMEHTOB (a Jiydllle — y BCeX). ITOro, K CONKAICHHUIO, YIPOLICH-
HBIN MTOJIX0J1 AaTh HE MOKeT. BripodyeMm, Kamnana 06 3ToM B cTaThe YECTHO MHUIIET.
Onu pa3pabaTelBIM 3TOT METOA Uil NPUMEHEHHS B JIa0OpaTOPUSIX C HU3KUMHU
(MHAHCOBBIMH BO3MOXKHOCTSIMH (TaK HAIMCAaHO B CTaThe) y OONBIIMHCTBA MAlUCH-
ToB ¢ B-munettasiMu OJIJI B koHKpeTHO# Touke Tepamuu. He 6ompme. K coxane-
HUIO, JOCTATOYHO YaCcTO ITOT0 HEJOCTATOYHO (Ha MOM B3IJIA).

C ysaoicenuem,
Cawa

Autekcanap Ilonos

Hukonait Hukonaesuy, 31paBcTByTE.

Bo BOXXeHUH — KAPTHHKH — TIPEMEPBI JIOXKHOIOJIOKHUTEIBHOTO (pUC. 1) U JI0KHO-
OTpUIATeNLHOrO (pUC. 2) pe3ysbTaToB Ha 15-ii 1eHb.

Hymaro, Takoii BapHaHT OyZET BIIOJHE NIPHEMIIEM.

C yeaoicenuem,
Cawa

Dario Campana

MsI npoaHanu3upoBaiy JaHHble Astekcanzpa ¢ Oneiir (Coustain-Smith) u caenamu
CIeyIoIe KOMMeHTapuu. B oTHomeHnu Puc. 1 (BO3MOXKHO JI0KHO-MOI0KUATETBHBII
pe3yJIbTar): MpH KCHOJB30BaHUH 6—8-IIBETHOTO METOIa HYKHO HMETh B BHJY, YTO
yrcno CD45- n CD20-kieTok MOXKET OBITh TTOBBIIEHO B PE3yJIbTaTe XUMUOTEPAITHH.
Kpowme toro, B aTom ciryuae CD58, no-BuiimMomy, He SIBIISIETCSI O4EHb XOPOILIMM Map-
kepoM. [Ipu HCIONIb30BaHUHM YIIPOILIEHHOTO METOla HEOOXOIMMO IMPOBECTH OIKreii-
THHT, 4T00BI YoeauThes, 4To KiieTkn MO3 UMEIoT IpaBrIIbHBIC XapaKTEePUCTHKH CBE-
TOpaccessHus. MBI Takke B PyTHHHOM TTOPSAKE JT0OABIISIEM CMECh aHTH-KaIlla 1 aHTH-
TMO/Ta ¢ TeM ke (PIFOOPOXPOMOM, YTOOBI yOSIUTHCS B TOM, YTO TH KIICTKU HE SIBIIS-
FOTCS TIOBEPXHOCTHBIME I+ B-mmimcorramu, criocobupME SKcnipeccupoBats CD10.
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But errors in quantification (as defined in the paper), to my mind, are not less im-
portant than qualitative false results. There are pictures of false-positive results on
day 36 due to regeneration in our paper. | shall try to find good pictures of false-
negative examples.

And again | should like to emphasize that a great deal depends upon protocol. If
therapy intensity is high, then occurrence of normal precursors at the end of remis-
sion induction is rare. And vice versa. As concerns various versions of BFM proto-
cols (including ALL-IC), things are much simpler there. As far as | know, MRD
monitoring is currently recommended only on day 15 with 0.1% and 10% thresh-
olds, therefore MRD detection will be easy. Maybe the approach in question will
be applicable in this case. However, | think that a good test should be applicable in
next to all (better all) patients. Unfortunately, the simplified assay is not fit here.
And Dr Campana writes honestly about such limitations. They developed the sim-
plified assay to be used in most patients with B-lineage ALL in a certain time point
on therapy for laboratories with poor funding (it is mentioned in their paper). Not
more. Unfortunately, it is not sufficient in many settings (to my mind).

With best wishes,
Alexander

Alexander Popov

I’ve prepared illustrations of false-positive and false-negative results using simpli-
fied method at day 15. Example of false-positive result is illustrated on figure 1,
and example of false-negative result is illustrated on figure 2.

I think this variant is quite acceptable.

Kind regards
Alexander Popov

Dario Campana

We looked at Alexander's figures with Elaine and have the following comments.
Regarding Fig.1 (possible false positive), for the 6-8 color method one should keep
in mind that CD45 and CD20 can be upregulated during chemotherapy. Moreover,
in that case, CD58 does not seem to be a particularly good marker. For the
simplified method, one would need to do some backgating to make sure that the
"MRD" cells have the right light scatter. Also, we routinely add a mixture of anti
kappa and anti-lambda conjugated to the same fluorochrome to make sure that the
cells are not surface Ig+ B lymphocytes which can express CD10.
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B otHowmeHnn puc. 2 (BO3MOXKHO JI0)KHO-OTPULIATENBHBII Pe3yJbTaT): XOPOIIo ObUIO ObI
onpenemuts dkcnpeccuro CD19 6-8-metHpM MeTomoM. Takke BaKHO 3HATh, KaKOU
(moopoxpom npumenstics it CD10: et ve ucnonszyem FITC, T.k. oH crmikom ciad.

C naunywwumu nodxceranuamu, Japuo

Aunexcanap Ionos
Kacaemo xommenrtapueB Kammana. CD10 tam 0bw10 Meueno PE. 51 Bexp mmeHHO O
TOM U TOBOPIO, YTO HET TaKOr0 MapKepa, KOTOPbIA MMes Obl aOCONIFOTHOE 3HAYSHUsI
quist monutopudra MOB. Dxkenpeccus CD45 n CD20 noBbiiaetest BO BpeMsi Tepariiiu,
CD58 He Bceria mo3BoJIsieT YETKO OIMyXOJICBbIC KICTKH BBIIENATh. Bee 3To mpasna. Ho
Beqb 1 CD10 ¢ CD34 npu Tepanmu cteponiaMi CBETATCS 3HaUUTeNBHO ciiabee. HUKTo
HE TpeyiaraeT 3TH MapKepbl MCKIIoYaTh M3 naHeiau. Ho mMeHHO moTomy, 4To HET
©IIMHOT0 BCErza NPHUTOHOr0 MapKepa, HelleJeco00pa3Ho OrpaHMYMBATh [TAHENb TOJb-
ko 10 u 34. HyxHO mcnons30Bathk u apyrre. BooOmie manieHTsl ¢ OTCYTCTBHEM 3KC-
npeccun 10 n 34 BcrpewaroTcs. A ecTh Takue, KOTOPbIE TETEPOreHHO SKIIPECCHPYIOT
OZIMH M BOOOIIIE HE KCIIpeccHpyroT Bropoi. KoHeuHo, nx mano ogeHp. Ho Hama 1ens
Bezb — 100/100. C meroamueckivu kommenTapusvu JI. Kammara st cormacen Ha 100%.
C ysaowcenuem, Cawa
Hukouait Tynuubin (KOMMeEHTapUii peakTopa)
Ha 3TOM MBI peluii npruoCTaHOBUTH JUCKYCCHUIO U TIO/IBECTH HEKOTOPBIE UTOTH.
Meron, npemiokennsiit E.Coustain-Smith... D.Campana (2006) 1 Ha3BaHHBIH Kak yrI-
pomennbii (Simplified), mam ouenr MHOrOe B mMOHMMaHuM OuoNOrUM B-TMHEHHBIX
TIPEIIECTBEHHUKOB U JAIbHEHNIIEH orleHKe 3(()eKTHBHOCTH KIIMPEHca JISHKO3HBIX OJa-
croB Ha 15-i (19-i1) AeHP WHAYKIMOHHOW TEpaIrmiy OCTPOro JUM(OOIACTHOTO JeHKo3a
u3 B-MHEHHBIX TPeIICCTBEHHUKOB y JeTeil. Bo-niepBbIX, (GakT OTCYTCTBHSI HOpMab-
HBIX B-JIMHEHHBIX MPEAIIecTBEHHUKOB B KOCTHOM MO3Ie JETei B 3TH CPOKU MHIYKLIU-
OHHOI Teparmu rioaTBepanics (A.M. TTormos). IT0 COBEPIIIEHHO MEHSET aKIICHTHI B IPO-
TOYHO-IIUTOMETPUYECKIX HCCICAOBAHUAX HA JaHHBIC CPOKW WHIYKIMOHHOW TEepartvu:
HET HeoOXOMMMOCTH HCKaTh abeppaHTHOCTh (THIO- WM THIEPIKCIPECCHIO TOTO HIN
HHOTO aHTHIeHa). BaxkeH cam (hakt oOHapy:keHHs B-THHEHHBIX MpeIIecTBeHHIKOB.
Kak Mb1 yOemamich U3 AUCKYCCHH, TPakToBKa MaHHbIX 0 CD34 u CD10 (1 mo psmy
JPYTHAX MapKepOB) JaKe KPYIMHBIMH YUCHBIMH MOXKET Pa3INdaThCs, a, 3HAYHT, BKITFO-
YaeTcs AJIEMEHT CyOBeKTHBU3MA, YTO HENPUEMJIEMO IIpU IIPOBE/ICHUN aHaJIN30B, pe-
3yJIBTAaT KOTOPBIX YUUTHIBACTCS B JICUCHUH OOJIBHBIX. BBIXOM 3/1€Ch OAMH — BKIIFOYATH
GoJIbIIIee YHMCIIO0 MAPKEPOB, MO3BOJIFOLINX Pa3rPAaHUYUTh NPEIIECTBEHHUKH H 3peJible
B-kirerkun. D. Campana ucrons3yeT il 3THX Lieleil MeMOPaHHYIO SKCIIPECCHIO JIeT-
KHUX IIernei MMMyHOrI00ymMHOB. Ha Hamr B3riisir BO3MOKHBI M JPYTHE TIOXO/IbI — II1-
torwtasMarmaeckine CD22, TdT, Cy-|L B OTCYTCTBHE MEMOpaHHBIX HMMYHOTJIOOYJIH-
HOB, cypporarHele A-nienu, VpreB u muorue npyrue. OTkpbIBaeTcst 1enast o0nacTb
uccienoanuii. Pazymeercst, Ha 15-i1 1eHbp HHIYKIIMOHHOH Teparmy KieTodHocTh KM
KpaifHe HHU3Kasl, ¥ PEATIOYTCHHE HY)KHO OTJaBaTh MHOTOL[BETHOMY aHAJIU3Y.
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Regarding fig. 2 (possible false negative) it would be good to see CD19 expression
in the 6—8 color method. Also, it would be important to know what fluorochorme is
used for CD10: we avoid FITC as it is too weak.

Kindregards, Dario

Alexander Popov

Concerning Campana’s comments. CD10 was labeled by ER there. This is exactly what |
meane: there is no marker with absolute significance in MRD monitoring. CD45 and
CD20 expression is increased during therapy, CD58 does not always allow reliable identi-
fication of tumor cells. All this is true. But CD10 and CD34 give much weaker fluores-
cence during steroid therapy. Nobody proposes to exclude these markers from the panel.
But it is not reasonable to limit the panel to 10 and 34 only, exactly because there is no
marker that could be always good. One should use other markers too. Yesterday was day
36 of therapy for an infant with ALL and an MLL change. CD10"CD34 . How would you
find tumor cells? The pair CD20/CD58 was very helpful. And we used CD38 to be sure that
these were not plasmocytes that are also CD20"CD58". Only about 25% of tumor cells ex-
pressed CD34. There is the simplified approach for you! | may make pictures, if you want.
In general, cases without CD10 or CD34 expression are not uncommon. And there are cases
that express one heterogenically and do not express the other at all. Of course these are very
rare. But our goal is 100/100. I fully agree with Campana’s methodological comments.

Kind regards Alexander Popov

From the editor (Nikolai Tupitsyn)

We have decided to stop the discussion here for the time being and to sum up chief points
of what have been said. E. Coustain-Smith... D. Campana’s (2006) method referred to as
simplified was a significant advance in understanding of B-cell precursor biology and
further assessment of efficacy of blast clearance on day 15 (19) of induction therapy in
children with acute precursor B-cell lymphoblastic leukemia. First, the fact of the absence
of normal B-cell precursors in bone marrow of children at this time point was confirmed
(A.M. Popov). This finding changes totally the objects of interest at this time point of
induction therapy: there is no need to look for aberrations (hypo- or hyperexpression of
various antigens). What matters is the very fact of finding of B-cell precursors. As seen
from the discussion, different experienced investigators may interpret differently CD34
and CD10 data (as well as data on some other markers), this means that some subjectiv-
ism is present which is unacceptable for analysis of much importance for patient man-
agement. There is only one way here — to include more markers to differentiate precursors
from mature B-cells. D.Campana uses membrane expression of immunoglobulin light
chains. We believe other approaches may also be useful, such as cytoplasmatic CD22,
TdT, cy-p in the absence of membrane immunoglobulins, surrogate A-chains, VpreB and
many others. This opens a large new field of study. Of course bone marrow cellularity is
very low on day 15 of therapy and many-colored tests should be preferred.
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Regarding fig. 2 (possible false negative) it would be good to see CD19 expression
in the 6—8 color method. Also, it would be important to know what fluorochorme is
used for CD10: we avoid FITC as it is too weak.

Kindregards, Dario

Alexander Popov

Concerning Campana’s comments. CD10 was labeled by ER there. This is exactly what |
meane: there is no marker with absolute significance in MRD monitoring. CD45 and
CD20 expression is increased during therapy, CD58 does not always allow reliable identi-
fication of tumor cells. All this is true. But CD10 and CD34 give much weaker fluores-
cence during steroid therapy. Nobody proposes to exclude these markers from the panel.
But it is not reasonable to limit the panel to 10 and 34 only, exactly because there is no
marker that could be always good. One should use other markers too. Yesterday was day
36 of therapy for an infant with ALL and an MLL change. CD10"CD34 . How would you
find tumor cells? The pair CD20/CD58 was very helpful. And we used CD38 to be sure that
these were not plasmocytes that are also CD20"CD58". Only about 25% of tumor cells ex-
pressed CD34. There is the simplified approach for you! | may make pictures, if you want.
In general, cases without CD10 or CD34 expression are not uncommon. And there are cases
that express one heterogenically and do not express the other at all. Of course these are very
rare. But our goal is 100/100. I fully agree with Campana’s methodological comments.

Kind regards Alexander Popov

From the editor (Nikolai Tupitsyn)

We have decided to stop the discussion here for the time being and to sum up chief points
of what have been said. E. Coustain-Smith... D. Campana’s (2006) method referred to as
simplified was a significant advance in understanding of B-cell precursor biology and
further assessment of efficacy of blast clearance on day 15 (19) of induction therapy in
children with acute precursor B-cell lymphoblastic leukemia. First, the fact of the absence
of normal B-cell precursors in bone marrow of children at this time point was confirmed
(A.M. Popov). This finding changes totally the objects of interest at this time point of
induction therapy: there is no need to look for aberrations (hypo- or hyperexpression of
various antigens). What matters is the very fact of finding of B-cell precursors. As seen
from the discussion, different experienced investigators may interpret differently CD34
and CD10 data (as well as data on some other markers), this means that some subjectiv-
ism is present which is unacceptable for analysis of much importance for patient man-
agement. There is only one way here — to include more markers to differentiate precursors
from mature B-cells. D.Campana uses membrane expression of immunoglobulin light
chains. We believe other approaches may also be useful, such as cytoplasmatic CD22,
TdT, cy-p in the absence of membrane immunoglobulins, surrogate A-chains, VpreB and
many others. This opens a large new field of study. Of course bone marrow cellularity is
very low on day 15 of therapy and many-colored tests should be preferred.
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OBbLune KoMMEHTapUK K
uccnegosarHuam c aHannaom MO3

= YBenuvyexue epxusaemocTy Bes nporpeccyposatiA 3abonesatng
npuMEpHO Ha 5 — 15 Mecailjes y BonbHeX ¢ peMmuctheid no MO39TF,
OBBILHO C BEICOKOH CTENEHBI0 CTRTUCTUMECKDA SHAYMMOCTH

+ Morazarernn MNP cUMsHO BapeW . HO B Npenensy rpynme ¢ [P
npoUeHT BankMeix co cTatycom MO37'F Bonblue 338UCHT OT
MeTona:

— CD19/5 & kappallambda  80%
- IgH-MuP T0%
= #ue npoT, yuromeTpur  50%
— ROQ-ASO IgH-TILP 30%.

+ Oyexka MO3 uMeeT camoe BOMbLUDE IHEYEHWE NPK
XHMUOMMMY HOTEDENWK W TPEHCINAHTALMM

+ AnnorerHan TCH OTNMYBETCA OT APYIHX METOROBE. MAKCHMaTEHBIR
adichext Mowet HaBiniofareca uepea >1 rofja rioche

TPSHCTNAHTAL MM
HMDS
m BAIFREARH 4

3HaveHne MO3 Ans KOHKPETHOro
B0onbHOro: CKONbKO BpEMEHMN A0
peunauea?

+ CpaeHeHue nokasartenei seixusaemoctu 6ea
nporpeccUpoBaHns 3abonesaHua u YPoOBHA
knetok XJ11 B koHLe Tepanuu
= YpoBeHb nepmbepuwecmx KNeToK B HOpMe

— OtcytcTBue NUMageHoNaTuM: pasHOMEpHOE
pacnpeaeneHie Mexay KpoBsIio N KOCTHBIM MO3rom

— Bpemn ygeoeHuA uuena knetok X1 6 mec.



CkonbKo BpeMeHu nponaeT

Ao peunausa?
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»  KnuHWdeckue nccnegosaHun

— MosklileHe YYBCTRUTENEHOCTH B QUESHKE NEYSHWA

= Baonee To4Han KoNMYECTBEHHER Knaccuukaums sddexta
* KoHkpeTHsle GonbHbie

— Bones ToYHBIR MPOrHO2 pezynsTata
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OaHoLUBETHaA NPOTOYHAS LUTOMETPUS
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MATnuBeTHan NPOTOYHAas LUTOMETPUA
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Mauene ANs NPOTOYHON LIUTOMETPUM,
NPUHSATaA Ha OCHOBE KOHCEHCyca

:TE!:Q— o g e T .
ORIGINAL ARTICLE
Internatinnal standardized appraach for low ¢ytommtrie oesichaal disease: monitaring

in chronic lymphacytic leukasmta
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4-LiBT NaHenb, NPUHATas
Ha OCHOBE KOHCeHCyca

1) Kappa Lambda cD19 cD5
2) CD45 CD14 cD19 CcD3
3) CD20 CD38 cD19 CD5
1) CD81 cD22 cD19 CD5
2) CD43 CD7%b cD19 cD5

Ecrm npucyTCTBYIOT TONLKD MOHOKNOHANBHWE B-UETHK, AOCTATOHNHO
onpenenesve (1), Npr Hanu4UK NoNWIToHaNEHLY; B-kneToy,
Tpebyetch onpegensdune no (2)-(5), NopcuuTeeaoT 500,000
cobbmui.
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6/8-LBT aHanu3: Bce npocTo!
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MeToa RQ-ASO IgH-PCR

MeToa RQ-ASO IgH-PCR
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Metog RQ-ASO IgH-PCR

Metog RQ-ASO IgH-PCR

Onpearanior 1neso wormil rens no cranmpriodi kpisoil, sanbpyor no
obanramiomy reiy ¢ omodi ot (aanlysmu)




Pa3Hble MmeToabl aHanuaa MO3
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lMpobnema KnoHansHOCTU
npu MmoHuTopuHre MO3

Knemo X171 HEMATEHAE opcenoycrn IgHPCR O

0% = B, 2 o

001% ? 0% m? -

0,01% — S, m_ T
HMDS

KnoHanbHOCTb U onpegenexdue CD5 B
CpasHeHWn C aHanu3aom MO3

784 cny4yaes noche neyerwd B Bapoenoke, Kine W NMnace
- CD1a/aK
= DyeHxa MO3 (4-ueT npot. ywroMeTpud, ASD-PCR]
Meawuara 0,5% XM, gwanasod <001 =23 7%

» <001% 213 (27T%1
« 001-01% 100 {13%0
= DE1% 1170 {14%)

* 1-90% 118 {15%2
=10 243 (3%

YuutmigatoT S0000 cabermwi
TpebyeTeA He MeHee 50 cobuITHi B COOTBETCTBYIOWEM refiTe

INHS| =t S HMDS
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KnoHanbHOCTL U OCTATOYHOE
3abonesaHune
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3Ha4yeHue onpeaeneHns KnoHansHoCTy

» Ananus CD19/5/K/L E - T =
WHpopMaTHEBHBLIA W ,E 10 FI
~KOnUYyecTBEHHbLIA, ecnun & T
- KL <002 wnn >100 g H
= CD1M8+ =80% CO5 o i

- CD18+6+ >70% sig- E o | == !

Hapa Ommowswe XN
O MO

OueHKa KNoOHansLHOCTW HETOYHa U MOXET BBECTU B
zabnyxgeHue, HO CHUXaeT YMCNo HeobXoAUMEIX aHanuioe

Aans onpeaenenua MO3
EIRL
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Mpobnema ka4yecTBeHHbIX NOAXOA0B

» [TUP unu npoTodHas LMTOMETPUA

* [lpu oTCYTCTBMM HOpManbHeIX B-kneTok npegen
Aetextuposanua (M) 0.01%

« [Ipy HanuymMu HopmansHeix B-knetok MO moxer
MIMEHATBCA

» HopmanbHble B-kneTkv Bceraa NnpMcyTCTBYIOT B KOCTHOM
Moare GonkHbix B pemuccui yepes 100 aHen

MO3*® no ogHoW meToguke
= oueHka 100 paz Gonewe onpegenenua MO3%0 no
APYrod meToaunke
m BT IR, ']
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MeTtoak! aHanusa MO3

TlpoTounan

HHTOMETPHA RO ASO-PCR
Tomxoaaume Donsnne >05% 85-95%
HyRoTBHTEARHOETH 0,01% 0,001%
KomriecTs. ananazon 0.1 - 0,01% 0,01%

) CHayang BRICOEHE,

Llcna M caomaoc Yaepennnie e
Marepivy omy e
s Kenarennno Omenn BaAHD
Bpenn LI HEIEH

NHS!
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Guidelines for the diagnosis and treatment of chronic lymphocytic

Euh&mlu: a ufm;n th wﬂ woiﬂiuhup urll ﬂn;onll:w i
"""E&"‘ emia updat ational Cancer Institute Waorkin

Gmp 1096 guidelines . ’

+ “4-yBeTHaA NPOTOYHAA LMTOMETPUA WNK annens-
cneyndnyeckans ogHoHykneotTnaHaa NUP wmeior
HaEXHYIO0 YYBCTBUTENLHOCTL"

"KNWHWYECKan peMuccua npu oteytetemm MO3
unpeé%};lem Kak BblIABNEHWE MeHee cAHOoW kneTku XJ1J1
Ha 1 NedkoyMTOB B KPOBW UMK KOCTHOM Mo3re"

"B Gyaywme KNMHWYeCcKMe UCCNejoBaHiA ¢ Lensio
ysenuyeHuA nepuoga NP Heobxogumo BrNOYaTE ND
KpanHelh mepe ofuH aHanua MO3, T.k. oTcyTcTRUE
nepcucTeHLMKY NeiKkosa no AaHHBIM 3TUX
YYBCTBUTENLHbLIX TECTOB NPEACTABNAETCH CHMbHBIM
NO3UTUBHLIM NPOrHOCTUYECKMM hakTopom.”

L1
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MoxxHo nu ucnonb3osars MO3 ans
NOBbLILUEHWA PE3YNbTATOB NEYEeHUNA?

. MD}IHI:IDHHELI,HH ne4yeHnAa B 3aBMCUMOCTH OT

ypoeHa MO3

- OBwmi nokasatens agpekTMBHOCTI, HO ANA
KOHKpeTHoro GonbHOro ToNbko NoKkasaTtens
YYBCTEUTENBHOCTH K XMMUOTEPaNKWU

= Het HeoBxoaumocTi B moandukaumn nedeHns,
T.K. BTOpMUHLIe MO3/OMI scTpevaoTes pegro

— HeoBxoaumo paHgommuaupoBaHHoe
KOHTPONWpYeMoe KNWHWYeCKoe UccneaoBaHmne

2

XX

Cum Survival
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FCR & nepeoi NUHUM NevyeHus noBbillaeT
BbhKWBaeMocTk 6e3 NporpeccupoBaHusa
sabonesaxunsa u obuyyio BLIKMBAEMOCTb

Obwan
-~ CR BLDKHBACMOCTE!
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a
T

=
b i

FC: 82,5 mec
{N=790, HR 0,664,
p<0012)
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FC

I

OB 3 roaa nocne
PanpoMiEsauMK;

L=
i

T

FC:
s 17,5%

o
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0% Womhs

L1

Halok wt al. ASH 2009 abstract 535



GCLLSG CLL8: aHanua MO3
MO3 n yucno LUMKNoB Tepanuu

Bonexse (%)

NHS!

100 7 5 < 0,000

e . .
80 1

-

40

m-l

o g 0

Ao nevennA 3 uwkna 6 UWknoe 2 MEC. nocne

ne4eHMA
n= 208229 108118 112108 148 134

Bottcher ef al. , ASH 2008

GCLLSG CLL8: ananus MO3

YpoBHY B nepudepu4eckon Kpoeu
yepea 2 Mec. Nocne Tepanuu

FRRAsH
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FCR: (22480}
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067
Lo
£ 04
>=10% B 0
FC: |20724)
0z FCR: {13114) 1
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0.0 — FCR
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MunMmansHoe ocraroyHoe 3aboneBavne —
npeackasarenbHbIA thakTop AnA
BbiXuBaemocTu 6e3 nporpeccupoBaHus
3aboneBaHua 1 obwen BLKMBaEGMOCTH Npu
XPOHUYECKOM NUMpOLNTAPHOM NEenKose,
KOTOpPbLIA He 3aBUCUT OT TUNAa U NUHWUK
Tepanum
Mapeax Keok, 3ngu C. PoycTpoH,

ABpaxam Baprese u MNutep Xunnme

Basoeblie 6onkHUUBLI HC3
Nuac, BenukoGpuranua

m Kwok et ol ASH 2008; abstract 540, ,'!Hﬁs,
Llenu

» OueHKa BNUAHWA PEMUCCUM C OTPMUATENBHBIM
peaynbTatom aHanusa MO3 Ha BeixuBaemocTs (MO3
no MeToAy NpoToMHoi uMtoMeTtpun = <1 XINMN Ha
10000 nenkouuToR)

* MHorocdakTopbkIil aHanus No cpaBHUTENLHOW OLleHKe
MO3 » cnegylowmx pakropos:

— Boapacr
- UuToneHna Ao neveHus
— JTMHWA Tepanyuu

— Twin Tepanum
— MpoTvaoonyxonessii adgpdgext (iwCLL)
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MHorodakTopHi aHanus MO3
npwn XIJ1:
XapakTepucTukn BonbHbIX

Bonbheie 137

Boapacr

Megwana 62

Awanaaod 38-83 :

Men . T n=1T)
% MYHHMH i Y @nyaapabu
“Tipesu. N

nevyexne,

o 59

HaBn-e FCFCRIFCM
Menuaxa 3.1 roga (n=64)
| Owanason | 0,2-42,7

NHS! -

BepkusaemocTb Be3
nporpeccuposaHus 3abonesaHus

Oanopartop |\,
: arotakro
Hbid [Log- OTHOCHTENEHBIR
NapameTp Rank) puui;ﬂom] puck (85% CI)
P
Bospact A0 Ne4wsHHR 0122
Temornobue 40 NeyeHUR 0,435
NoRkounTe: 6 HeweHRa 0,235
TpomBoUNTE [0 MasaHIi 0,002 0.432 0,82 (0.50-1.34)
Npaawec TEY e .
(EcTalHar) 0004 0.oid 1,84 (1.140.28)
Mpaai Tepanus
a1
(Ecre/Her)
Tun novernn 0017 0208 0.88 (0.75-1.08)
Scpehart no IwCLL <0, 001 0,023 1.45 (1,05-2,00
m Bdhchest na MO3 <0,001 0,001 5,32 :2.?&-10.@
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O6Las BLIKMBAEMOCTL

OpHogak-
ot | WS | rerur
Napamerp (Log- TOPHbI OCHTENBHE!
Rank) (Koxe) puck | 85% Ci)
-2
P
BoapacT 40 nayetMa 0,001 0,002 2,20 (1,32-3,64)
Femornobem A0 neyveHR 0,028 0,91 1,03 (0,60-1,78)
MesicounTisl A0 MEWEHMR 0,092
TPomGoUWTE: 0 NESeHRR 0,028 0,465 0,81 (0,46-1,43)
Npegusc TRy 88
N o) <0,001 0,035 2,29 (1,06-4,94)
Mpegid, Tepanas
thnyaapatinsom 0,042 0,078 1,85 (0,82-3,66)
{EcmwHer ; :
Tian naverHH 0,214
Sdbchert no IWCLL 0,015 0,624 1.10(0.75-1.62)
Bdhchery no MO3 0,002 0,012 2.40(1,214,T

s s

OTpuyatensHslit cratyc MO3
1 NpeaLUecTBYIOLLan Tepanua

MO3oTp, Ges npeail. Tep.
{n=24)

"*Lum;-. peALw. Tep.
% (n=34)

L]
Fa o ow b s

MO3naon, Ges npeguLTep.
(n=34]

=+ | MO3nen, NpeaLLTER.
F<0,001 (n=45)

0123456788 1011121
Bpews (roaed

{

XXIV



OrpulatensHeid ctatyec MO3
W NpeawecTayoWan Tepanva

F 1 MO3JaTp, Gea NEpeaUL. Tep
b MO3oTp, 6o NpegLTep. (=2)]

- i (n=24) on
L]
.

3 ;
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yni®
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el
=% MO 30Tp, MPOLL TR,

b---' {r=34) '=
L]

[n=34]

- L

i T [ vy 3 ok

o m b= -

MO3non, Gey npegu tep = (n=34)
=54 ]
= s BE % MO3non, rpe g map.
: WO3m0n, rpe L Tep = (n=d8)
ae| P<0,001 "6 {r=i5) ag{ P<0,001
612345678 01011127 012345067 801011121
Bpewn (roani) Bpenn froas)

2

FRRAsH

{

OrpuuatensHbiit cratye MO3 y npecrapensix GonbHbIX
(cTapwe 65 net)

BurmBasMoCTL

Obwan
" NPOrPECCHPOBAHMA 1o
o MO3 otp (n=18)  OF
a8 E“
2
Eo4] | -
MO3 nen (n=35)
il i 03
P<0,001
an | o
012343 867 80910
Bpen (rom)




BbiBoabl

+ MO3 — oauH 13 Hanbonee BaXHbLIX HEIABUCUMBIX
npeackasatensHblx akTopos ANWTenbHOM
BLDKMBaEMoOCTH npw XN

- DCLLSG CLLB FCvs. FCR
~ Baza ganHex HMRN

« OrvpuuarensHeld ctatyc MO3 nocne nepsol NUHWK
Tepanun
~ 5-neTHAn BEMN 86%

— S-neThAR OB 86%

» OrvpuuatensHei ctatyc MO3 gomxeH BbiTh Lensio
TEpanWK B COOTBETCTBYIOWER rpynne GonbHbIX
— [Tepeas NHHAA MNEYeHUA
~ Kax pocTwus?

HoBele aaHHble B uccnegoeanmm CLL4B
(06/2006); BeixusaemocTs Be3 nporpeccupoBaHua

10-=
.- |
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CE
e
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3 L Aunesmyayand

Pl I Hatineo nesie
14 = LienIypisponasme
EEEEEEEE TR

Bpama (mec)

 Meanana Habrionewu nocne panaoMuaauns 8 CLLAB = 48 mec
l:uﬁ.rmn{npnrpuuupo.lam zatonesaMuRl
= AnsuTyaymat =3
= HalBmogende = 8
BemmpasuncTs G241 nporpaceaposanmm (P = 0,0035%
= AnBUTYIYMAD = We JOCTWHYTA

= HabBnogewine = 20,8 wac
m Schwelgholer C et al. Blood 2006: 108: abstract 33 e
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O630p onybnukosaHHbIX UCCnesoBaHN

S

KOHCONUAALWY anemTysymMatom
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aETep HHHLA 20 BEEIAHEN RS O
Hamnat AmaTENhHOCTE EoHCOnMAmLp. |
CALGH (Rad 025 4 X Flu 2wmc 30w, 2o B 23 | 38 1
Heg ]
CALGH (Rad 031 au Fu 2 wne 30 nfe, ey & Ll 18 o
8 g . L
Hainswaorth 05 Fit 4 mg, e 30 min, 2 4 1™ 37 o
Bweg g,
GMCLLSS = FIFC 10ma e ey 12 1% Fa o
(Wendines T33 He,
Moniilio 04 F i FC 16 ez 10 nhe. 2hieg B 44% | 34 o
e
MDACT (O Bitan Her 5 wec 10 niv 2hma, 4 ey el 24 o
x| ABsipr 50 mie 2ha, 4 weg B5% ) o
Delmar, 08 ¥ FC 2 e 10 mie ims, Brimg by | 33 o
CALGH (L, 0T GxFR L - 30 niv, B wegy i | &Y 8

NHS!
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Kopoms
TIP wom

P yepes
G Mec
o e

TeDEIIE
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NHS!

Bcero= 288 ?m

o

€40BaHWe NONHoro yctpaHeHuA

J—l [

MO3 UKCLLO7

MO3ow

Haﬁsﬁutmmc

Dasa nchenns

I’k MAT Kamnar®
6-12 hien
4 MO3ow

Daza MORHTOPHHTS
Hpor. [Hurom. MO3

Ka#cmie 3 Moo

BAIFREARH 4
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CLL 207

» DNony4ynnu nevenne 47
BonkHsX
*  [MpoMesyToUHLIR aHanWa;
= T5% MO3 otp
— (89% MNP, 67% 4P
= 16,7% MO3 non
— §,3% HeoyeHHEIaMue

+ DuyeHueaeMble 47 GonkHeIX,

- & cnydan cMepTH
= 1 NpAMan cBAds

+  CHA- nHerUMOHHaR
TOKCHYHOGTE

s AxanormuEo 2-neTHeR
BLIMMEEMOCTH ANF
maggoﬁpaa Hislx GonbHEIX C

NHS!

L.

LTS

OGwan

MO2 otp
2-neTHnanA OB

P=0,002
MOZnen

2-NETHAR
OB T70%

21234 6§67 8 9W0MT1E2MN
Bipeu (rogs)

BAIFREARH

{

WICLARET

+ KoHconupauua anem
XMMUOTEDEIHA Cletb

mabom yepes 6-24 mec nochne
KTHEHZ

= Orpeuamenoss cTamye WO3 y 1824 (e = e woses S
= TORWMOCTE SHIMWTENGHER, HO OLABOTEN NEOHNG
= Ww-mqmmﬂm

B it

AR RHADOEEHOIT DI 0MA THEORRHATT SCs A3 o 1|
m'ITEh.I'-H‘.I

+  PangoMManpoBaHHDe weonenosabne 3 diaakl No cpagHrTensHom

OUEHKE BIHAHUA KOHCONWAALMK anemMTy3ymaton

roHconwaauwu Ha BEMN

W OTCYTCTEBAR

mmmwmm of B 40 12 wec nocne OKoNYAHIR DDCMEgHeER

Mancannas
= 118 Bonesme 30 nepucy Sones 2 nar

= Keopmserop sconsaoasuns CTRLUAMwas, Tnasssiid secnsqosarens — Mpad. Mg

NHS!
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BbIBOAbI

+  MOS — oM+ W3 HanBonee BaKHbY HEIZBHCHMBIX
NPEACIA3aTENEHLIX (DAKTOPOR ANWTENLHOR BLOKHBAEMOCTH NP
£nn

+  OrpuyatensHeii cTatye MO3 nocne nepeci NMHKK TEPaniH
— SnatHRR BEMN 86%
= Bnetran OB 95%
*  OTpuuaTensHui cratye MO3 ponsed GalTe UENGD TERANWK B
COOTBETCTAVILLEH foyhne BonsHbix
«  [aHHsie No ArMTensHoR BuKMBSMOCTY B WCCNen OB HWEY
ROHCONUOALWMK NOIBONAT OUEHWTE BNHAHNE OTRHULETENEHOM
cTatyca MO3 Ha BLIHMBEEMOCTD
«  MeTofs onpegenesus MO3
- KavecteeHHar NP WK NpoTouHan LHTOMETRUR He 3dDerTnBHE
— CraHaspTianposaH RQ-ASO IGH-PCR wiM >4-U4aT npotouHas

LHTOMET A
NHS i)
BnarogapHocTb
Mpynna uccneaosaxnin XN NCRI
Peter Hillmen (Mpeac.)  Terry Hamblin
Samir Agrawal Ben Kennedy
Andrew Bosanguet Estalla Matutes
Adrlan Bloor Dan Milligan
Danlel Catovsky David Oscler
Kim Cocks Chris Pepper
Claire Dearden Andy Pettitt
Steve Devereux Chris Pocock
Menica Else Sue Richards
Chris Fegan Anna Schuh
George Follows Allstair Smith
John Gribben Elisabeth van der Bergh

Alex Smith Dena Cohen
C t ru Kim Cocks Gill Eddisen
Emma Lindop  Walter Gregory
ity il [ty Julla Brown

m Roche, GSK, Genzyme 3a npoBefeHHbie WCCNENoBAHUA !!H:s-,
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Pestome
= Ananwa MO3 — crangapTHbif

KOMTONEHT KITHHHYBCKHX Pﬂ.ﬁﬂ!lm
I‘lﬁﬂwm
—NpoTouHan UuromeTpHwa unu NUP ¢ Fiona Bennett
YYBCTEATENEHOCTLIG HE Hitke 1 kraTin XN Jane Shingles
va 10000 nedxoywTos (0,01%, 10E-4) Marigth Plummaer
— KauecTeeHHEA aHan s MoxeT Gums Ruth de Tute
WHPOPMATHEHLIM, HO HeaocTaToNEH Matt Cullen
* ¥Yposen MO3 (0,01%) — ofun ua Paul Evans
HaubBonee MOLWHBIX HE3ABHCHMBIX Sheila O'Connor
npeackasavensHeiX chakropos R Stephen Richards
BLIKHBAEMOCTH | sharon Barrans
= OTpuyaTenbHuA cTaTye MO3 senneTch - Vabraham "J"EI‘UhEEE
UENBI0 NBPECH NAHWA TEparniK anm L & '
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VIl POCCUNCKAA KOH®EPEHLIUA

7 CHEKDHPOMGNVACTIEN
Bth Russian Conference with International Participation
«MMMYHONOTUA rEMONO33A»

HAEMATOPOIESIS iNMUNOLOGY

FACTYIEEHHBA NPENCEJATELL npodeccop G. Janossy (Beanxolpwranug)
HONORARY CHAIRMAN Professor George Janossy (UCL, London, UK)

Mecro nposesenns - Conference Venue
Kondrepenn-aaa HHH gannnveckoii onvoaorns POHLL sim. H.H.Bxoxana PAMH
r. Mockna, Kmmmpekoo mocee, 1,23

N. N. Blokhin Russian Cancer Research Center of Russinn Academy of
Medical Sciences, Institute of Clinical Oneology, Conference Hall
23, Kashirskoe Shosse, Moscow

\ _/

- OPTAHU3ATOP R

- ¥upemaenwe Poconiickoil agaaemmm MeAnIHHCKEY WRYK
Poccniickmil onroaormHeckmii nayannsii e p
mwsrenn HoHL.Baoxmma PAMH
npu diunancosoit noddepicxe
Poecuitexozo dhonda
PyHIaMEeHMETLHLIX Uccredosanil 4

Paboune ALK KoHpepeHuMd — pYCCRMi M aHrnMACKMA, CHHXpOoHHLIA Nnepeson
Conference languages — Russian, English; synchronous translation



7 wioHm 2011, sBTopHMK June 7, 2011

3aea YMACTHHKOR, PErMCTPALMA
Arrival of participants, registration

B wiomn 2011, cpena June 8, 2011

: PazucmpalyiA yYyacmuuxos
9.00-8.30 Registration

: Omapenmue worgdepesiyug
9.30-10.00 Opening ceremony

qnex-koppecnoHaeHT PAMH npody. M.B. Moddy6kHan, npody. 3.7 Kadasudze,
Npepcepatenw  Npod. AU, Ocmaros, npod. G. Janossy (UK), npod. HH. Tynugsm
Chairpersons  Associate Member of Russian Acadermy of Medical Sciences Prof. LV. Poddubnaya.

Prof. ZG.Kadagidze, Prof. D.5. Osmanov, Profl G, Janossy (UK),

Prof. NLN. Tupitsyn

NpueeTcTEEHHOE CNOBO NPEIVOEHTa SCCoUMaLUMWA oMKkoreMaTanoros Poccun un - kopp. PAMH
npoteccopa M. B. Moddybnod :
Intraductory words. Professor V. Poddubnaya, Associate Member of RAMS, President, Russian
Oncohematologists Association

MNpuaeTcteeHHoe cnoao npodeccopa G. Janossy (Emeritus Professor, UCL. Lendon, UK)
Introductory words. Professor G. Janossy (Emeritus Professor, LCL. London, UK)

MpweeTcTEexHoe cnoeo npodreccopa 3.7 Kadaaudae (388, UEHTRPENWIDBAHHEIM KIWHWKD-
natoparopHuimM otgenom POHL smesn HH Broxuea PAMH, Mockaa, Pocoua)

Introductory words. Professor ZG. Kadagidze (Head of Centralized Clinical Laboratory
Depariment, N.N, Blokhin Cancer Research Canter, Moscow, Russia)

MNpweeTcTeeHHoE cnoso npogeccopa UL OcManoas (338, OTAENEHWEM XHMHOTEPE MW
remobnacroace POHL wwenm H.H.Bhoxnra PAMH, Mocxkea, Poccus)

Introductory words. Professor D.S. Osmanov (Head of Haematopoletic Malignancies
Chemotherapy Departmant, N M. Blokhin Cancer Research Cenfer, Moscow, Russia)

Mpodr. H.H. Tynuyew (3a8. nabopatopwen wmmyHonormm remonoasa POHLU nmesn HH
Brnoxwia PAMH, Mocka, Pocoua) s HMMyHOMOZUR 28MON033as - hyNOaMaNmankHan
KoMbepeHLUR ¢ NpaKmuYeckuM gLIX000M @ duasHoCmuKy U nevdexue

Professor N. N. Tupitsyn (Head of Haematopoiesis mmunology Lab: N.N Blokhin Cancer
Research Center, Moscow, Russia); “Haematopoiesis Immunology™ — a conference of basic
science with practical transfation into the diagnosis and freatment

¥mpexnnee 3acedakue — Morning session
10.00-13.00 WllaTonorMA KOCTHOMD Mo3ran
«Bone Marrow Oncohaematological Pathologys

npody, M. Chifosi (Verona, ltaly), npody. C.A. flyeoeckas (Poccua),
Mpeacepatenn "Pod: A.M. Koepuzuna {Poceun)

Chairpersons  professor M. Chilosi (Verona, ltaly), Professor S.A. Lugovskaya (Russia),
Professor A.M. Kovrigina (Russia)

Mpod, M.A. Operkens (BEOYUWA HEYSHEM COTRYOHNE NaBopaTopii
WMMyHonorAM resmonoaaa POHL wvedn H H. Bnoxvda PAMH, Mocsga, Pocour):
«3mansi hopmupoaanun knaceuhurayuu MOC: npobnessl, mozus

Professor M.A. Frenkel (Leading Rasearcher, Haamatopoiesis immunology

10.00-10.30



10.30-10.50

10.50-11.10

11.10-12.10

12.10-13.00

13.00-14.00

14.00-16.05

Mpencenatenn
Chalrpersons

14.00-14.40

14:40-15.10

15.10-15.30

15.30-15.50

Lab: N.N. Blokhin Cancer Research Center, Moscow, Russia), “Classification of
myelodysplastic syndrome (MDS): Results and Problems*

Mpodg. EE. 3yesa (3a8. nabopaTopran KNHHAYECKOR WMMYHONOTHA W
ManexynRpHoi guardocTew MNocygapereennoro Canxr-MNetepbyprovoro
roCyAApCTREHHOND MEAULAHCKOrD. YiueepcuTeTa um. .M Masnoea, Cakkr-
Metapbypr, PoctkA). sMMMyNonozuveckan duaznocmuka MOCs

Professar E.E. Zuyeva (Head, Lab of Clinlcal Immunelogy and Molecular
Diagnostics, |.P. Paviov State Medical Universily, St. Pelersburp, Rugsia) "MDS
Immunological Diagnosis™

Kaugupar meanumicknx Hayn A L. Wepun - (cTRpni HayHHbil coTpyaHm
OTABNEHWA XUMWOTEpaNuY remolinactosos POHL] neenn H H Bnoxiada PAMH,
Mockea, Poccun): «CoapemMeniiie NPUHLUITE! NTEYEHUR
Muenoducnaacmuyeckoso cundpomas

A.D. Shirin M.D_, Ph.D. (Senior Researcher, Heematopaietic Malignancies
Chemotherapy Department, N.N. Blokhin Cancer Research Center, Moscow,
Russia): “Contemporary Principles for the Treatment of MDS"

Prol. Marco Chilosi (Full Prolessor of Patholegy, Depanment of Pathelogy,
University of Vierona Director of the Anatomic Pathology Diagnostic Service,
Azienda Integrata Ospedale Unlversita di Verana, Varona, ltaly) “The colourful
role of monocional antibody probes in bone marrow histopathology: from
immunofiuorescence fo immunoperoxidase and back”

Anckyccun

Discussion

O6en
Lunch

[weanoe 1acedarue - Afternoon session
«AHANWI pearrx COBLITHR B OHKONOrMK W OHKOTEMaTONOrWME
wAnalysis of rare evants in oncology and oncohasmatologys

Professor G. Janossy (UK), Professor A.V. Popa (Russia), C. Alix-
Panabieres, Ph.D. (Maitre.de Conférences des Universités - Praticien Hospitalier
Laboratoire Callules Circulantes Rares Humaines - LCCRH Institul de Recharcha
en Biothérapie - IRB Universild Montpellier 1 Hopital Saint-Elel, Montpellier,

France)

Catherine Alix-Panableres. Ph.[). "EPISPOT assay; Detection of viable
disseminating tumor cells in patients with a solid tumor”

G.Janossy (Emerilus Professor, UCL, Londan, UK) «Cellular differentiation in
bone marrow, applied to MRD detection”

Kanpunat MenaanumHckng Hayk ST IO, Fpuayoea (CTAPLWMA Hay HBIA
cOTPYAMME NaGopaTopuy WMMyHomoK remonoaaa POHL weesn H H. Bnoxima
PAMH. Mockea, Pocows) sflpaymudeckue acmesmis onpedenenus
OCMamoyHLIE NeiKoIHLIX Bracmos Ha 15-0 dewk mepanull tHaYRULY
pemuccuy y Gemed ¢ ocmpieiv nusMboSnacmubiM fedrolom us B-
fiikelHbx ApediiecmaeHHLKoa»

L.Yu. Grivisova, M.D,, Ph D, (Senior Researcher, Haesmaltopoiesis
immunology Lab, N.N.Blokhin Cancer Research Canlar, Moscow, Russia),
"Practical Aspects of Residual Leukemia Blast Monitoring on day 15 of
Induction Therapy in Children with Acute B-Cell Lymphoblastic Leukemia®

Kanauaar meguiphckix vayk HA. Kynpeiiusa (CTaplivi HayHsm
COTpYOHME naGopaTopuy AMMyHCNoTWH remonoaaa POHL wwexv H.H. Bnoxnsa
PAMH, Mockea, Poccus) «Maprepsl npomorona ERIC & dudbihepenuuanstol
duaznocmuxe X1 u UHOOABHMHBLIX TUMGDOMS



15.50-16.05

16.05-16.25

16.2517.38

n
Chairpersons

16.25-16.45

16.45-16.55

16.55-17.156

17.15-17.36

N.A. Kupryshina, M.D., Ph.D. (Senior Researcher, Haematopolesis
Immunology Lab. NN Blokhin Cancer Research Center, Moscow, Russia);
"European Research Initiative in CLL {ERIC) for the Differential Diagnosis of
CLL and Indolent Lymphomas®

T.B, Nopbywoaa {acnupakT, MuctatyT Detcioi oHkonormil | reMarononi
POHL] wmedn HH. BrioxwHa PAMH, Mockea, Pocciha), aCpaenumentsHiil
ananus cyGnonyaRyuoNNG20 cocmaea nuMGoyLIMos ROCMKO20 MoO32a Yy
demed @ HOPME U MPU MEAKORMEMOYHLIX CaphkoMax. Knunuyeckoe
IHaYEHUEN

T.V. Gorbunova, M.D, (Postgraduate, Institute of Children Oncology and
Haematology. N.M.Blokhin Cancer Research Center, Moscow, Russia)
"Comparison of Bone Marrow Lymphocyte Subpopulations in Normal
Children and Pediatric Patfents with Small-Cell Sarcomas. Clinical
Relevance”

Mepepere, xode
Coffee-break

Beuepnee jacedanue - Evening session
o TpAHCNNAHTALMA CTROMNOBLIX KNETOK
iHaematopoietic Stem Cell Transplantations

Mpeangest accounauwm rematonoros Typaww npod. S. Dincer, 3aa. knnAwkon
uHeiposuras npotheccop A.C. Bproxoselkull, 338 DTASN0M XAMUSTEDANMM
HWW [atckoh oHxonomd u rematonorid POHLL npoteccop FJT. Menmuesiny,
agm, oThERERWeN TpaHcrmanTagmn HAWY Knunwseckon onsanorws POHL k.m =
K.H. Menxoaa

Prasident of Hemaltology association of Turkay Professor Suleyman Dincer,
Professor G.L. Mentkewlich (Head of Chematherapy department, Institute of
Children Oncology and Haematology, N.N. Biokhin Cancer Research Cenler,
Meoscow, Russia) | Professor A.S. Bryukhovetsyl K.N. Mefkava, M.D. Ph.D.

Professor §. Dincer (Turkey) "Transplantatian in oncohaematology in
Turkey™

KM H. K.H. Menrkoaa “CospemenHkig mexnomosul mpancnmasmaiy
CMaonoeLIX 2EMONDIMUYECKUX KNEMOK 8 OHNO2EMAMONO2UY ¥ 83p0CLIX
K.N. Melkova, M.D., Ph.D. (Head of transplantation department, Institute of
Cinical oncology, NN, Blokhin Cancer Resaarch Canter, Moscow, Russia)
"Modern technologies of haematopoletic stem cell transplantation in

oncohaematology in adulis”

Pyroeogutent kniHWeM «Hedposdtas npotheccop A.C. Bploxoeslkul
ellpuMeReHUE CIMEONDALIX SEMONTOIMUYECKUX KITAMON npu
mpaaMamuyeckoll Soneany crunNHOZD MO32as

Professor A.5. Bryukhovetskyi (Head of "Neurovita” Clinie, Moscow, Russia)
"Haematopoietic stem cell administration in Spinal Cord injury”

O.M.H. H.C. flonzononos (Begyiini HaysHbi cotpyamme HAA Qetcrol
oHKoNorWK W reparonontn POHL wsmedn H.H, Bnoxwia PAMH)
a TpancnNanmaluuR CmasnoekiX SaMOMoIMUNecKUX KTemoK & demckod
OHKONO2UL U 28Mamonozuu”

.5, Dolgopalov, M.Dv, Ph.D.. DScMed (Leading Researcher. Inafitute of
Children Oncology and Haematology, N.N. Blokhin Cancer Research Cenler,
Moscow, Russia) "Transplantation of haematopoietic stem cells in children
oncology and haematology. Vulnerability of the Central Nervous System
Follewing Allogeneic Haematopoietic Stem Cell Transplantation™

Jakpbimue soxgepenLL
Closing the Conferance
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