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OT PEJAKTOPA

6 wmrons 2008 rtoma cocrosmack 5-s1 Poccuiickas KoHGepeHIHS ¢
MEXITyHapOAHBIM y4acTHeM «VIMMYHOIIOTHS TeMOII033a», MporpaMma KOTOPOH
pa3MeleHa B KOHIIE JKypHala, a C JOKJIaZaMHd MOXXHO O3HAKOMHUTBCS Ha caire
www.imhaemo.ru. TIpencenarenem KoH(pEpEeHLIUH yKe BO BTOPOW pa3 sBISUICS
BEyIIMH OHKOMMMYHOJIOT W TpH3HaHHBIA juaep u skcrept BO3 B obmactu
nmmynosoruu CITN/la nmpodeccop George Janossy (London, UK). ITo okongannu
koH(pepeHIIMM Ha 3aceldaHuu peaxosuieruu npodeccop G Janossy mpemIoxKuI
MOCBATHTh OYEPEAHOW HOMEp JKypHaia HpoOiieMe MHUHUMAIBHOW pe3uiyaibHON
0oJie3HM B OHKOTE€MAaTOJOIMH MO MaTepHaiaM TpeX JOKIIAJIOB, MOCBSLIEHHBIX
octpoMmy nuMdoOIacTHOMy JeHKo3y Yy IeTei, MHOXXECTBEHHOM MHEJIOMe U
XPOHUUYECKOMY JTUM(DOJIEHKO3Y.

YunThIBask aKTyaJlbHOCTB Npo0ieMsl, nosieienue B 2006—2007 rr. HOBBIX
OUTOMETPHUYECKUX IMPOTOKOJIOB CTAaHAAPTH3AUN MHUHHMAJIbHON pe3umyalbHON
00JIe3HH, a TAaK)Ke POJIb ATHX HCCIEAOBAaHHWU B BHIOOpE JIe4eOHOW TaKTHKH, MBI
IIOCBSITWJIM 3TOM TEME IaHHBIM HOMED KypHaJa.

OcoOyto  OnaromapHocTh  BbIpaxkato npodeccopy G. Janossy 3a
TjaTtenpHoe penaktuposanue crareil JI.IO. I'pusmoBoii u coast. u E.E. 3yeBoii u
coaBT. Bce 3ameuanust U UCTIpaBIeHUS] BHECEHBI B aHTJIMHCKUI U PYCCKUI TEKCTHI
crarei.

[TpexncraBneHHble MaTepraibl OyIyT MOJIE3HBI KK JUIsi OHKOT€MaToJI0rOB,
TaK ¥ JJIs1 IMMYHOJIOTOB, H3yYalOIINX reMo0IacTO3blI.

I'maBHBIN pemakTop xypHama «MmmyHonorus remomnossa/Haematopoiesis
Immunology» npodeccop H.H. Tynuibin



FROM THE RUSSIAN EDITOR

The 5™ Russian Hamatopoiesis Immunology conference with
international participation was held on the 6™ of June, 2008. You may find the
conference programme at the end of this issue and the presented reports at
www.imhaemo.ru. Professor George Janossy (London. UK), a prominent cancer
immunologist, recognized leader and WHO expert in AIDS immunology, was in
the chair of the conference for the second time.

At the meeting of the editorial board after the conference Professor
G. Janossy proposed to devote the next issue of the journal to the problem of
minimal residual disease in haematology malignancies and discuss it on the basis
of three reports on acute childhood lymphoblastic leukaemia, multiple myeloma
and chronic lymphoblastic leukaemia.

Taking into account the importance of this problem, the advent of new
cytometric protocols for minimal residual disease standardization in 2006-2007
and the role of these tests in making clinical decisions we have focused on minimal
residual disease in this issue of our journal. I should like to thank particularly
Professor G. Janossy for his very careful editing of L.Yu. Grivtsova et al.” and
E.E. Zueva et al.’s presentations. All his remarks have been taken into
consideration and all recommended corrections have been made both in the
English and Russian versions.

Hope that the presented reports will be useful both for oncohaematologists
and immunologists specializing in haematology malignancies.

Professor N. N. Tupitsyn
Editor-in-Chief
Haematopoiesis Immunology
Russia
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CIIMCOK COKPAIIIEHUI

AT’ — aHTHTEH

Ayto-, aio-TKM — ayTonoruyHast Wiy ajIoreHHasi TPaHCIUIaHTaLMs KJIETOK
KOCTHOTO MO3T'a WII MOOHMJIM30BAHHBIX CTBOJIOBBIX KJICTOK NepHpepuuecKOil KpOBH
B-XJIJI — B-Ki1eTOYHBIN XpOHHUYCSCKHI TUM(OIICHKO3
UI' — umMyHOTII00YIMH

NDA — ummyHOpEpMEHTHBII aHATN3

NDT — nMmyHODEHOTHITHPOBaHHE

JIAI' — nakratneruaporeHasa

MK — MOHOKIIOHAJIBHBIN KOMIIOHEHT

MKA — MOHOKJIOHAJIbHBIE AHTUTENA

MM — MHOK€eCTBEHHAs1 MUEIIOMa

MHK — MOHOHYKJI€apHBIE KIETKH

MOB — MuUHUMaJIbHAS OCTATOYHAST OOJIC3HB

MPB — MuHuMainbHast pe3uayaibHas 00Ie3Hb

Pb — pesunyanbHas 6one3Hb

PU® — peakuyist ”MMYHO(ITyOpECLICHIINH

OJIT — octpsrit muMQOOIaCTHBIN JTEHKO3

INK — rutazmatuyuecKkue KIeTKH

IIL] — nporouHasi TUTOMETPHUS

[ILIP — nonumepa3zHas LienHas peakuus

COD — cKOpOCTh OCelaHUsI SPUTPOIIUTOB

CPB — C-peakTuBHBIH OenoK
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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

CD (claster of differentiation) — kiactep JeHKoIMTapHBIX AU hepeHIMPOBOTHBIX
AHTHUTE€HOB

CRP, C-reactive protein

EIA, enzyme immunoassay

ESR, erythrocyte sedimentation rate

FC, flow cytometry

FISH, fluorescent hybridization in situ (¢paroopecueHTHas ruOpUAN3ALMS in Situ)
IG, immunoglobulin

IFR, immunofluorescence reaction

IPT, immunophenotyping

LDH, lactate dehydrogenase

MC, monoclonal component

Mab, monoclonal antibodies

MNC, mononuclear cells

MRD, minimal residual disease

RD, residual disease

PBS, phosphate buffered saline

PC, plasma cells

PCR, polymerase chain reaction
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OIIEHKA MUHUMAJIBHOWM PE3UJIY AJTBHOM BOJIE3HU

IPU OCTPBIX JINM®OBJIACTHBIX JJEMKO3AX

W3 B-IMHENHBIX PEAIIECTBEHHUKOB Y JTETEN

METO/OM TPEXIIBETHOM ITPOTOYHOM LIUTOMETPUH

JLIO. Ipusyosa’, A.B. ITond’, H.A. Kynpouiuuna', U.H. Cepebpsxosd’,
MT EOD!Cb@G(lj, HH. T ynuqul

'naGoparopus ummyHonorm;m remomnos3a LIKJIO HUM KO TI'V POHI[ wuwm.
H.H. brnoxuna PAMH

2rpynna TeMOLIMTOJIOTUN KIMHUKO-IHarnoctuieckon jaboparopun [IKJIIO HUN
KO I'Y POHII um. H.H. Bioxuna PAMH

‘oternenue xuMmuoTepanuu remobnactozos  HUM IO T'Y POHIl wum.
H.H. broxuna PAMH

PE3IOME
B mHacrosmee BpeMs = B KIMHMYECKOW NPAKTUKE [UIS OLEHKM MHHHUMAJIBHOM
pesunyanbHoi OonesHn mpu OJUJI ycrenmHo HCHONB3YyIOTCS J1Ba IIMTOMETPUYECKUX
nomxoma. IlepBelif — 3TO  MHOromapameTpoBasi TPOTOYHAS —LUTOMETPHS C
WCTIONB30BAHAEM  KOMOWHAIMH  MOHOKJIOHANIBHBIX ~ QHTUTENT U BBIIBIICHHS
abeppaHTHOr0O WMMYHO(EHOTHIIa OnacToB. BTOpoH IMTOMETPHUYECKHI METO[,
HCTIONB3YyeMbIi B ciydae nerekimi MPB npu B-mureitrom OJLL, ocHOBaH Ha MpHHITATIC
SMMMUHAIN B-Ki1eTouHsIX npemmectsenHnkos (CD19'CD10", CD19°CD34™ MHK-
KJIETKH) B OTBET Ha BBEJEHHUE KOPTUKOCTepornaoB. [Ipomopiist B—ki1eTok ¢ ykazaHHbBIM
(beHOTHIIOM, BBISIBIICHHAs CPEIHM KJIETOK KOCTHOTO MO3ra B TEYEHHWE BTOPOM Helenu
WHAYKIMOHHOW TEepaluM OTPaKaeT KIMPEHC JICHKEMUYEeCKNX KIETOK M JIaeT
BO3MOKHOCTb OLICHUTb IIOJIHOTY [IEPBUYHOIO OTBETA. [{aHHBINA OAXO, PEAI3yEMBIil C
WCIIOJIb30BaHUEM He3HauuTenbHOro KonmmdectBa MKA — (TpexiBerHas NpOTOYHAs
LUTOMETpHS1) ObUT IPHMEHEH B Halllel 1abopaTopuH.

[MoporoesiM B famHOM ciydae smisercs 0,01% CDI19'CD10" wwm
CDI19'CD34" MOHOHyKIEapHBIX KIETOK B KOCTHOM Mosre Ha 15-19-ff mum (B
3aBUCUMOCTH ~ OT TpoToKoma) Jiederus OompHBIX OJUI w3 B-miHeiHBIX
TperecTBeHHNKOB. C MCIOMB30BaHMEM JaHHOTO METONla HaMU TTOKa3aHo, 9To Ha 15-i
JIeHb WHIYKIMM peMucchy y OompimHcTBa OOnbHBIX (82,4%) B ciydasx, Korma
MoposIoriuecky MpoLeHT OJIACTHBIX KIIETOK B KOCTHOM Mo3re He mpesbiuan 5,0 %,
MPOTOYHAS IUTOMETPHS MOATBEPAMIa HAJIMYME PE3MAyabHOW OONe3HH. Y OCTalbHBIX
OOJBHBIX, I MOP(OJIOrHYECKH BBIIBICHO He Ooree 5,0 % OacTHBIX KJIETOK B KOCTHOM
Mo3re Ha 15-if JieHb XMMHOTEpaIii HHyKIMH, LIATOMETPHYECKH OCTATOYHBIX OJIACTOB HE
BoisiBiieHo (Menee 0,01 % cpemrt MHK koctHOro mo3ra).

Hcnonb30BaHue JAaHHOTO METONA C BBICOKOM JIOCTOBEPHOCTBIO O3BOJISET
BBISIBUTH TPYINTY TALMEHTOB C BHICOKKM PUCKOM Pa3BUTHS peLvBa, TpeOyronmx Oosee
WHTEHCHBHOIO JICYCHHS], ¥, YTO HE MEHEE BaKHO, MAIIMEHTOB, Y KOTOPBIX HHTEHCUBHOCTb
TIOCTICAYFOIIeH XUMHOTEPAITIN MOXKET OBITh PEIyIIMPOBaHA.

KJIIOYEBBIE CJIOBA: pern, octppii JuMQpOONacCTHBIN — JIEHKO3,
MMHUMAIbHAS —pesuiyalbHas —Oojie3Hb, mHpoTouHas mmromerpuss, CDI19'CD10—;
CD19'CD34 —MOHOHYyK/IeapHbIe KIETKH KOCTHOTO MO3Ia.
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DETECTION OF MINIMAL RESIDUAL DISEASE
IN CHILDREN WITH B-CELL PRECURSOR
ACUTE LYMPHOBLASTIC LEUKEMIA

WITH SIMPLIFIED PROTOCOLS

L.Yu. Grivisova', A.V. Papa3, ILN. Serebryakovaz, M.G. Bozhieva®, N.N. T upitsynl
'Haematopoiesis ~ Immunology — Laboratory, —Central ~ Clinical ~Laboratory
Department, Clinical Oncology Research Institute, N.N. Blokhin RCRC RAMS
’Hemocytology Group, Clinical Diagnosis Laboratory, Central Clinical Laboratory
Department, Clinical Oncology Research Institute, N.N. Blokhin RCRC RAMS
'Haematology Malignancy Chemotherapy Department, Childhood Cancer
Research Institute, N.N. Blokhin RCRC RAMS

Abstract

In the recent past two trends of flow cytometric methods have been
successfully used for the clinically relevant detection of minimal residual
leukemia: (I) the complex multiparameter analysis that utilizes combinations of
flow tests for detecting aberrant phenotypes and (II) the use of simple and
inexpensive assays during high-dose therapy for the common form of acute
lymphoblastic leukemia of B-lineage origin. This second version that can be
utilized with a small reagent panel has recently been introduced in our laboratory.

Measurement of portion of B-cell precursors (CD19") expressing CD10
and CD34 antigens in bone marrow mononuclears on days 15 and 33 of induction
chemotherapy shows the clearance of B-cell precursors in response to
corticosteroid therapy. If leukemia remains, it is possible to identify this residual
cells as >0.01% of CD19°CD10" and/or CD19°CD34" bone marrow mononuclear
cells during the period of days 15-19 of initiating treatment. We compared this
technique with morphological study to demonstrate that flow cytometry could find
some definitive residual disease in most (82.4%) of patients in whom the bone
marrow morphology was either negative or remained inconclusive (<5% of blast
cells). In other patients on day 15 with good morphological response (<5% of blast
cells) flow cytometry confirmed the clearance of leukaemic blasts.

This technique identifies patients who have a high risk of relapse
requiring more intensive treatment. Furthermore in children with no residual
disease the doses of further chemotherapy might be reduced.

Key words: children, acute lymphoblastic leukemia, minimal residual disease,
flow cytometry, CD19+CD10+, CD19+CD34+ bone marrow mononuclear cells.
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BBEJIEHHUE

OtBer Ha JieYeHWE y JeTel, CTpaJaroluX OCTPHIMH JIMM(OOIaCTHBIMU
JefiKko3aMH, 3aBHCHT OT MHOXKECTBAa (DaKTOpPOB, KaK TO: KIIMHHKO-OMOJIOTHYECKHE
cBolicTBa 3a00JieBaHMs, /1036l XMMHUOINPETIAPATOB U MX B3aHMMOJICHCTBHS, a TaKOKe OT
WHAVBUTYILHOM CIIOCOOHOCTH KaXKJI0ro TaryeHTa MeTaboIM3UpOBaTh
aHTIUIeHKeMudeckie Tperapatsl [1]. Be€ 310 HaxomuT oTpakeHHe B JICHKEMIIECKON
LUTOPEIYKIINH, OTIPENeIsIeMON KaK YPOBEHb KIIMPEHCA JISHKO3HBIX KIIETOK B Xone 1-i
(has3bl MHAYKIIMOHHONW XMMHOTEPAITNH WM, WHAa4Ye TOBOPS, YPOBEHH LMPKYIHPYIOIINX
mM$o0IIacToB mocie mepBoit Henenwn aedenHust. [Ipu atom Haymrame 6omee 5% OmacTHRIX
KJIETOK B KOCTHOMO3TOBOM ITyHKTAT€, BBIIBICHHOE MOP(OIOIHYECKH, M0 OKOHYAHHU
WHAYKIMOHHOW XWUMHOTEPAITMK aCCOLMHPYETCsl C BO3PAaCTAHMEM pHUCKa pPEeLMIHBa
3aboseBanus [2; 3], U TaKue MAIMEHTHI HY)XIAIOTCS B 0OJice MHTCHCUBHOM JICUCHHH,
BILTOTH JI0 BBICOKOJIO3HOM KOHCOMMIAIMH C TOCNIEAYIoNIeH ayTo- win amio- T KM.

VYcnemHoe nedyeHne OcTporo JMMQOOIACTHOTO JIeiiKo3a BO MHOTOM
oOycmoBneHO cTpatudukanuedi aereidt, OompHBIX OJIJI, B cOOTBEeTCTBHH C
MIPUHAJICKHOCTHIO K TOH I WHOW TPYIIIE PUCKA.

CranpmapTHOE OmpeelIcHre TPYIIBI PUCKa IPOBOIUTCS B 3aBUCIMOCTH OT
BO3pacTa pedeHKa, HHUIMATBHOTO YPOBHS JICHKOIIUTOB B Iepu(epHIecKoil KPOBH,
HMMYHO(EHOTHIIA  JIGWKO3HBIX  KJIETOK, JaHHBIX IIUTOTEHETHYECKOTO U
MOJIEKYJIIPHO-TeHETHUECKUX HCCIIEAOBAaHUH, a Takxke 3()(HEeKTHBHOCTH OTBETa Ha
KOPTUKOCTEPOUABI Ha 8-i1 IeHb TEeparuy M0 JAaHHBIM ITyHKIIMH KOCTHOTO MO3Ta U
MOP(OIIOTHYECKOTO HCCIIE0BAHUSI ITYHKTaTa KOCTHOTO Mo3ra Ha 15-i u 33-ii quu
MHIYKLWA PEMHUCCHUM.

HauGonee HaieXHBIM KpHTEpUEM TPYHIBI PUCKA OCTAaeTCsl YPOBEHb
JIEMKEMHUYECKON HUTOPECAYKIINHU, UMEHHO OH SABJIACTCA KJIIFOYEBbBIM JJIs1
COBPEMCHHBIX XUMHOTEPATICBTUICCKHIX MPOTOKOJIOB, BKJIFOYAs MPOTOKOIBI BFM.

J171s1 BBISIBICHHS TaK HA3bIBAEMOH Pe3UITyaIbHOM OO0JIE3HH, TO €CTh OCTATOYHBIX
nefikemrdeckux OmactoB, mpu OJIJI wcmonb3yrorcst MOPQOIOrHYECKHE METOMBI
oIpenieNicHHs] TIPOLICHTa OJNACTHBIX KJIETOK B TepU(epUUecKOi KpOBH Ha 7-if U B
KOCTHOM Mo3re Ha 15-i gam xummoteparmrm [4-6]. K coxanenmto, MOp¢oIornaecKkre
METO/IBI HE BCET/Ia MMO3BOJIIIOT BBIABIIITE TPYIINY MAIFIEHTOB C OYEHb XOPOIINM OTBETOM
WIM, HANpPOTHB, C IUIOXAM OTBETOM Ha XHWMHOTEpAIlMIO, TaK Kak IOpOT
YyBCTBUTENIFHOCTH 3THX METOAOB COCTABIIET TPUOIIBUTEIHHO 10°. Kpome Toro,
MOP(OJIOrHUEeCKd TPYJHO OTIMYHUTH JIEHKeMHYecKhue OJacTbl OT pereHepHpYIOIIHX
KOCTHOMOS3I'OBBIX NPEAIIECTBEHHUKOB, YTO 0Cc00€EHHO AKTYyaJIbHO IIPU MMPOBCIACHUU
uccienoBaHuy Ha 33-it eHb u B OoJiee T03AHUE CPOKH.

BoNBMMHCTBO TPOTHOCTUYECKH 3HAYMMEBIX JaHHBIX B OTHomieHuH Pb
MOJIYYEHO C MCIOJIb30BAaHUEM METOJa MOJMMEpa3Hol uenHoi peakuuu [7-9].
Opnako [II[P-muarHocTnka — METOJ, KOTOPBIA HE MOXXET OBITh HCIOJIB30BaH
ITOBCEMECTHO, U aTFTEPHATUBON B JAHHOM CITydae, SIBIAIOTCS HMMYHOJIIOTHICCKUE
METOJIBI, KaK JIETKO BOCIIPOM3BOAMMBIC, XOPOIIO CTaHJAPTH30BAHHBIE M MEHEE
nmoporocrosmire [10-12].
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Introduction

The response to the treatment in childhood acute lymphoblastic
leukemia (ALL) depends upon many factors including the clinical and
biological features of the diseases and the chemotherapy dose and interactions,
and individual capacity of patients to metabolize antileukemic agents [1]. All
these factors are reflected in leukemic cytoreduction defined as degree of
leukemia cell clearance during induction chemotherapy phase 1. In other
words, the levels of circulating lymphoblasts after the first weeks of treatment
are indicative of the therapeutic effects. The presence of 5% of blasts in bone
marrow biopsies by morphological study after induction chemotherapy
completion is known to be associated with increased risk of relapse [2; 3].
Such patients require more intensive therapy leading to high-dose
consolidation regimens including autologous or allogeneic bone marrow
transplants (BMT). Consequently, successful treatment of children with ALL
depends, to a high degree, upon the stratification of patients into different
groups in which the leukemia clearance is one of the most important factors.

The conventional risk stratification factors include the patient age, initial
leukocyte level in peripheral blood, leukemia cell phenotype, cytogenetic and
molecular genetic findings as well as the early response therapy on day 8 backed
up by the bone marrow morphology on days 15 and 33 of remission induction.

Detection of residual disease (RD) or residual leukemic blasts in ALL
is routinely based on quantification of blasts in peripheral blood on day 7 and
in bone marrow on day 15 of chemotherapy by morphological techniques [4—
6]. Unfortunately, however, the morphological tests often fail to identify
patients with very good or with very poor response to chemotherapy because
their relative lack of sensitivity at the detection threshold about 10%. Besides, it
is difficult to differentiate leukemic blasts from regenerating bone marrow
precursors, a factor which is emerging into importance around day 33 and later
time points of assessments.

Polymerase chain reaction (PCR) provides prognostically significant
findings with respect to RD [7-9] but PCR diagnosis is not available for routinely
use. It has also been documented that immunological techniques are a good
alternative as these tests are easily reproducible, well standardized and in their
simplified mode cost less [10—12].
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B ocHOBe 0oJbIIMHCTBA HMMMYHOJIOTHYECKHX TIPOTOKOJIOB BhIsBIeHUs PB,
OCYILECTBIISIEMBIX C HCIIOJIb30BAHUEM MHOTOIIBETHOH NPOTOYHOH LIUTOMETPUH,
JISKUT TOHATHE a0EeppaHTHOTO UMMYHO(EHOTHIIA, YTO MO3BOJISIET Pa3rpaHUYUTh
neiikeMuyeckre 01acTbl 1 HOpMaJIbHbIE KOCTHOMO3TOBBIE IIPE/IIECTBEHHHUKH.

AOeppaHTHBIT WMMYHO(EHOTHIT JICHKO3HOW KIICTKH OIMCAH JIOCTATOYHO
naBHo, eme B 1980-x 1. [13; 14] 11 TONMBKO CpaBHUTENHFHO HENABHO 3TOT MPHHIIUI CTAN
HCTIONB30BATHCS TS AMATHOCTHKY U MoHMTOprHTa PB mpn remo6macrozax [10-12; 15].

Kak  TtakoBoif  abeppaHTHBII  HMMYHO(QEHOTHII TIPH  OCTPOM
muMpoOIacTHOM — Jieliko3e W3  B-JIMHEWHBIX  MpEIIecCTBEHHUKOB  MOXKET
MPOSIBIITBCA KaK B THIEPAKCIpeccuu oTaenbHBIX Mojekyd (CD10, CD34, CDS5S),
TaK MW, HAlIPpOTUB, B CHMIKCHHUU OKCIPECCHUU Ha 6J'IaCTaX TaKUX AaHTUI'CHOB Kak
CD44, CD45RA, CDl1la. Yacrora mojoOHbIX abeppauuii He Bceria SBISIETCS
BBICOKOM U BapbupyeT oT 2,0 10 70,0 % [16; 17].

Bce ckasanHoe BbImie TpeOyeT mHoadOpa ONTHUMAIBHBIX KOMOWHAILMHA
AHTUTEN VISl KaXIO0To KOHKpeTHoro ciydas Pb m HeoOXomumocTu cpaBHEHHUS ¢
MIEPBUYHBIM HUMMYHO(DEHOTHUIIOM.

Kpome Toro, crmemyer ydYuTHIBaTH JBa TaKHX BaXHBIX, KaK OBl
B3aMMOWCKITIOYAOIIUX IPYT APYTra, MOMEHTA — THIIOKIETOYHOCTh KOCTHOTO MO3Ta
Ha 15-# nens neuerns OJIJI u HeoOXoAMMOCTH HA0OPa TOCTATOYHOTO KOJIMYECTBA
KJIETOK JUIS aHanu3a u3 Kaxaou mpoosl (ot 100 000 mo 500 000) mist Toro, 94To0BI
BBIIBUTH €AMHHUYHbIC JEHKEMUYECKUE KIETKH, cocTaBisirone menee 0,1% cpean
MOHOHYKJICapOB.

Takum 00pa3oM, Ha3peBaeT HEOOXOAMMOCTh MaKCHMAaJIbHO COKDPATHTh
KOJIMYECTBO MPOO (4acTo Bcero 10 1 mpoOMPKM) UITH UCTIONB30BaTh MHOTOIIBETHBIN
MIPOTOYHO-IUTOMETPUYECKUI aHaIN3.

Tak rpynna BFM-I ucnonssyer yersipexusetHyro IILl mpu nerexiuu
MPB. OcHoBHas qUarHocTHYeCKas MaHeIb IPU OCTPOM JMMQOOIACTHOM JIeiKo3e
n3 B-IMHEHHBIX NPEANIECTBEHHUKOB BBIMVISIAUT B JAHHOM CiIydae CIICIyIOLIUM
obpazom (FITC/PE/PE-cy7/APC):

1. Sytol6/CD10/CD45/CD19
2. CD20/CD10/CD34/CD19
3. CD10/CD34/CD45/CD19
4. CDI10/CD11a/CD45/CD19

Takum oOpa3oMm, abeppaHTHBII HMMMYHO(MEHOTHN BBISBIISIETCS Ha
OCHOBaHMHU YPOBHEH skcnpeccuu u koskcnpecun antureHos CD10, CD34, CD45,
CD58. B psae ciaydyaeB yuuThiBatOTCsA KieTku ¢ 3kcmpeccueit CD66c (KOR-
SA3544), a Taxke skcnpeccust antureHa CD20, nosiBieHre KOTOPOTO Ha HE3PENbIX
B-nuHelHHBIX peIIecTBEHHUKAX SBISETCS aCHHXPOHHBIM.

OnnoBpeMeHHast ouieHka He Tosnbko CD34 u CDI10, no u CD20 na B-
mumedaeix  CD19" KJIETKax-NpEeAIIECTBEHHUKAaX  J1aeT  JIONOJHUTEIbHOE
npenmymectBo B oteHke MPB mpu OJIJI u3 B-nuHeiHbIX mpenmecTBeHHUKOB. [1o
HAIlUM JIaHHBIM 4YacToTa BbIBIeHUS aHTureHa CD20 Ha mpe-mpe-B
mumdobnactax cocrasisier 15,3%.
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Most immunological protocols for RD detection involve multicolor flow
cytometry (FC) based on the concept of finding the aberrant phenotype(s) which
allow the differentiation of leukemic blasts from the normal bone marrow
precursors. These assays for aberrant leukemic cell phenotype were described as
early as in the eighties [13; 14], and their utilization in the RD diagnosis and
monitoring of patients with hematology malignancies now represent an accepted
technology [10-12; 15].

Such aberrant phenotypes in B-cell precursor ALL may present
themselves both as overexpression of individual molecules (CD10, CD34, CD58)
or a reduced expression of antigens such as CD44, CD45RA, CDlla on the
leukemic blast cells. The occurrence rate of the individual aberrations varies from
2-70.0% [16; 17].

Therefore there is a need to select optimal antigen combinations in
individual patients and to re-investigate these combinations while the patient is on
therapy. Using multiple tests can be problematic when the bone marrow is
hypocellular on day 15 of ALL treatment.

For instance, the BFM-I group detects MRD with a principal diagnostic
panel for B-cell precursor ALL using four-color immunofluorescence
(FITC/PE/PE-cy7/APC) as follows:

(I) Sytol6/CD10/CD45/CD19;
(II) CD20/CD10/CD34/CD19;
(IlT) CD10/CD34/CD45/CD19;
(IV) CD10/CD11a/CD45/CD19.

The aberrant phenotypes are therefore identified by CD10, CD34, CDA45,
CD58 expression and their coexpression levels. In some cases CD66¢” (KOR-
SA3544) cells are counted together with CD20 expression as a sighn of
asynchronous immature B-cell development.

The simultaneous identification of CD34, CD10 and CD20 on CD19" B-
cell precursors also provides additional benefits in the MRD diagnosis of B-cell
precursor ALL. By our findings, frequency of unusually high CD20 expression on
pre-pre-B lymphoblasts is seen in around 15% of patients.
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Hcnonb3oBanue MHOrouserHol mnporounoi III[ B menoM mosBossieT
OLICHMBATh U YPOBEHb LIUTOPEAYKIMH Ha 15-i1 NeHb MHAYKIMOHHONW XMMHOTEpaNuy, U
MOJIHOTY peMHCcCUM Ha 33-i U 72-i AHU XMUMHOTEpaNuy, ¥ BEEBIATE 10 95 % citydaes
Pb npu OJUT u3 B-nuHeHHbIX NpeaIIeCTBEHHUKOB Y JeTell.

Ha ocnoBanuu nannbix rpynmnsl BFM-AIEOP 4etko ompeneneHs! KpUTepuu
nerekipi Pb mpum OJUJI metomom 4-IBeTHOH MPOTOYHON —IHTO(DIYOPHUMETPHH.
CraHmapTHBIA PUCK — 3TO TPHCYTCTBHE B KOCTHOM MO3re Ha 15-H JIeHB KIIETOK C
COOTBETCTBYIOIMM HMMMyHO(peHoTHIIoM MeHee 0,1% cpemyt HyKIIapHBIX KIIETOK,
cpemamii puck — BeEBIeHHE OT 0,1 mo 1,0% ONMAacTHBIX KIIETOK C HCXOTHBIM
NMMYHO(EHOTHIIOM U TPYIIIa BEICOKOTO PHCKA — MALUEHTHI, B KOCTHOM MO3T'€ KOTOPBIX
Ha 15-i feHp nHAyKIMK BeisiBisieTcs 1,0% u Gosee omyxoseBbix osactos [18].

Hacrosimum npopbiBoM B 00J1aCTH HUTO(IIyOPUMETPUYECKON JIETEKLUH
MUHHAMAaJIbHOHM pe3uayaiibHoil Oosne3nu y nereit ¢ OJIJI siBunack cratest Coustan-
Smith et al. [19], rne BHuUMaHMe 6bUIO OOpameHo Ha TO, uto CDI19'—
KOCTHOMO3IOBBIE KIJIETKM MpPEALUIECTBEHHHUKH, »Kcnpeccupyromue CDI10 wmm
CD34, sBastoTCS BBICOKOYYBCTBUTEIBHBIMH K KOpTHKOCTepougam. To ectb,
HCTIOJBh30BaH COBEPIICHHO MHOW MOIXO0J, OCHOBaHHBIN Ha (haKkTe dMMMHUHAIMA B-
JMHEHHBIX MPEALIECTBEHHUKOB M3 KOCTHOTO MO3Ta, a HE MOWCK abeppaHTHOro
nmmyHOeHoTrma. HoBeiit moaxon k nerekunn MPB, ocHOBaHHBIN Ha KOHIETIIIUN
KIMpeHca B—IMHEHHBIX MpeAIIeCTBEHHHKOB OBLI NPHMEHEH M anpoOUpOBaH B
rocruraie St. Jude (Memduc, CIIIA) u pacupocTpaHeH B MEIUIIMHCKUX LEHTPax
Bpasunuu, I'Batemans! u ['ongypaca.

@akT MMUHAIMKA B—KJIETOK B XOI€ INEPBOM HEAEIM XUMUOTEpAIuu
MHAYKIMK ObUT MOATBEPXKJCH Ha WHBIX, HEXETH JIeHKo3bl, Oones3nsix. Kpome Toro, y
00JbHBIX ¢ T—JIMHEWHBIMU OCTPHIMH JIMM(POOJIACTHBIMHU JIEHKO3aMU M C OIYXOJISIMU
Mo3ra uepes 2 Hejle MHIYKIMOoHHOH Teparmu CD19'—KineTku, SKCpeccHpyromiue
CD10 w/mwm CD34, oTcyTCcTBOBaIM BOBCE, JIMOO UX KOJHUYecTBO He TpeBbiaino 0,01%
IIPOLIEHTA CPEeY MOHOHYKJIEApHBIX KJIeToK [19].

[MpennoxeHHbIH  METOA  OETEKIMM  pE3HWAyalbHbIX  OMactoB ¢
ncnoip3oBanueM TpexmperHou IIL] mpoct, Jmerko Bocmpows3BOaMM, He Tpedyer
OONBIINX MAaHEJICH aHTHTE]I M MHOTOKPAaTHOTO TEHTHPOBAaHHUS NpH aHaam3e. B
OCHOBE METOJla — BBIABJICHHE (hpaKINM MOHOHYKJICAPHBIX KJICTOK, HA OCHOBAaHHH
[apaMeTPOB CBETOPACCESHHA, B IpeAelaxX KOTOPHIX BeIOMpaeTca reidt CDI19"
kinetok. Jlamee wumenHo B obmactu  CDI19'-MOHOHYKIEapHBIX — KJIETOK
ompenenstercs mpomopuus  CD34" w/wmmm  CD10"™  knetox.  OmpenencHue
pe3uayanbHOM OOJE3HM B JaHHOM CiIydae HE SBISIETCS JOPOTOCTOSIIEH
MIPOIEYPOIA, YTO TOKE HEMATOBAKHBIN (PaKT.

DTOT MEeTOJ M NPEIOKEHHBIN HOBBIH MOporoBblii ypoeHb (6oiee 0,01%
MoHoHyKIeapHeix CD19'CD10" w/mm CD34" kietok) no3BonwiM yHH(GUIMPOBATh
nerekrmto MPB mpu OJUUI 3 B-TMHEHHBIX TpeNIIeCTBEHHUKOB Yepe3 JIBE HeIeiH
MPOBEJCHNS WHAYKIMOHHOW XWMHOTepanuu. Ha OCHOBaHMHM MaHHOTO IIPOTOKOJNA
cpemm GoNbHBIX ¢ ToaTBepXKIeHHOi MPB (>0,01% CD19°CD34" wm CD19°CD10"
MOHOHYKJICAPHBIX KJIETOK) BBISIISIOT TPU IPYIIIIBI AI[EHTOB.
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All these tests of multicolor FC also allow the quantification of
cytoreduction on days 15, 33 and 72 of induction chemotherapy, leading to the
identification of up to 95% of RD cases in childhood B-cell precursor ALL.
Thus the findings of the BFM-AIEOP study defines the RD in ALL by 4-color
FC as patients in the standard risk group (presence of <0.1% aberrant cells
among nucleated cells in bone marrow), medium risk group (the presence of
0.1-1.0% aberrant blasts) and the high risk group (presence of >1.0% aberrant
blasts on day 15; ref. 18).

These assays however can be the subject of further simplification due to
the observation that the normal B-lineage precursor cell in the bone marrow are
exquisitely steroid sensitive and are absent in the marrow of patients following
induction therapy during the period of 15-19 days of treatment [19]. These authors
have found that CD19" bone marrow precursors with CD10 or CD34 expression
are amongst the cells responding to corticosteroids. A novel approach based on the
concept of clearance of B-cell precursors from bone marrow has been introduced
both in the St. Jude institution in Memphis and in an outreach to the countries such
as Brazil, Guatemala and Honduras.

This observation was also confirmed in diseases other than B-lineage
leukemia. It was also shown [19] that in patients with T-cell ALL or brain tumors
CD19" cells with CD10 and/or CD34 expression were either absent completely or
not more than 0.01% of MNC while this individuals received intensive
corticosteroid therapy.

The proposed residual blast detection technique using 3-color FC is
easily reproducible, does not require large antibody panels and multiple gating.
The technique is based on detection of MNC fraction by light scatter
parameters within which a gate of CD19+ cells is identified. Further, proportion
of CD34" and/or CD10" cells is measured in the CD19" MNC region.

This technique with a threshold of > 0.01percentage of CD19+CD10+
and/or CD34+ MNC resulted in a unified test for treated B-cell precursor ALL
cases after 2 weeks of induction chemotherapy. Among the patients with MRD
3 patient groups are identified. In a group 1 patients have 0.01%-0.1% CD19+
cells expressing CD10 or CD34 in bone marrow MNC. In group 2 patients
show 0.1-1.0% residual cells and patients with > 1.0% CDI19+ MNC
expressing CD10 and/or CD34 belong to group 3.
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He[!BaH rpynra: 6OHbele, Cpean MOHOHYKJICAPHBIX KJIETOK KOCTHOI'O
Mo3ra KoTopblX BbisBIAnoch 0,01% mo 0,1% CDI19" kmeTok ¢ skcrpeccueit
CD10 umu CD34.

Bropas rpymma:  0,1%—1,0% mo100HBIX KIIETOK.

Tperbs rpymmna: maryeHTsl, B KOCTHOM MO3Te KOTOpPBIX MpucyTcTByeT 1,0% n
6omee CD19" MOHOHyKJIEapHBIX KJIETOK, kcnpeccupyronmx CD10 wiym CD34.

C 2007 roma mauHBIH mpoTokon mo ormenke MPB y mereit ¢ octpbivMu
muM(OONacTHBIMU  JIeHiKO3aMH  TIPUMEHEH B OTICICHHH  XHMHOTEPAIUH
remo6iacto30B (pykoBogureib A.M.H. A.B.Iloma) HUM JOI' T'Y POHIl wum.
H.H. brioxusa PAMH u ocyriectBisiercst B 1a00paTopyi MMMYHOJIOTHH TeMOII03a
HUUM KO I'Y POHII um. H.H. bnoxusa PAMH u rpymnme reMoyTonoruy KIMHUKO-
Jmarnoctraeckoit tadoparopun HAW KO I'Y POHLL um. H.H. bnoxuna PAMH.

MATEPHAJIBI U METO/IbI

UccrenoBanne BemonHeHO 21 pedéHky (10 mampunkoB u 11 meBouek)
BIIEPBBIC YCTAHOBJICHHBIM JHAarHO30M OCTporo JjmmdobiaacTHOro Jeiikoza. B
rpymiry OBUTH BKITFOYEHHI AeTH, mpoxoausmue sedenne 8 HUW IO T'Y POHIL]
uM. H.H. Broxura PAMH B 2007-2008 rr. mo npotokory ALL-IC BFM 2006.

Y Bcex jmgerell AMAarHOCTHPOBaH «oOmmi» (common) mpe-mpe-B
nmmyHomnoasapuant OJIJL

CpenHuii BO3pacT 10 TPYIIIe COCTaBuII 6 JeT ¢ pa3dpocom oT 2 1o 16 JieT.

O1eHKy NMEepPBUYHOTO0 MMMYHO(EHOTHIIa OJACTHBIX KJIETOK MPOBOAMIM B
JeHb 0 XUMHOTEpaIuy 10 CTaHAapPTHOMY MPOTOKOJY, IPUHITOMY B JIaOOpaTopuu
uMmmyHoJioruu remorosza HUW KO I'Y POHLL wm. H.H. bioxuna PAMH [20] ¢
HCIOJIb30BAaHUEM TPEXLBETHOH MPOTOYHON IUTOMETPHHL.

Ilpy »>ToM nJMarHocTHyeckas NaHeNb BKJIOYala KakK  JIMHEHHO-
HepecTpuktupoBanuele aHturensl (HLA-DR, CD38, CD34, CDI10), Tak u
MapKepel OCHOBHBIX JHHUH muddepenmupoBkn — T-nureitpie (CD7,
CD3,CD5,CD4,CDS), B-muneitapie — CD19, CD20, CD22), muenouansie — CD13,
CD33, monouutapubeiii anturen CD64, mapkep NK-ximerok — CDS56, mapkep
SPUTPOUIHOTO POCTKa — riuKo(opuH A u MerakapuorurapHoro pocrka CD61.
JIONIONTHUTENBHO Ha IUTOMNpENaparax OLEHUBAIACH SKCIPECCUS] MMMYHOITI00YIH-
HOB (cylgM), mpu HEOOXOJMMOCTH OLEHUBAIM LUTOIIA3MaTHYECKYIO IKCIIPECCHIO
CD22 wu simepHyl0 — TEpMHHAIBHON J1€30KCHU-PHOOHYKIEOTHAMI-TPAHChEpasbl
(TdT).

Bo Bcex cmywasx (tabsm. 1) OmactHple KIETKM HMenu ¢eHotun B-
JIMHEHHBIX NPeJIIECTBEHHNKOB ¢ MOHOMOpP(QHOI sKcnpeccued anturena CD10 u B
6onpmmHCTBE cay4aeB (17 u3 20) ¢ BeIpaskeHHOH Mponopuueii OIacTHBIX KIETOK,
skcipeccupyromux antured CD34 Ha pa3sHoM ypoBHe (OT crnaboil 1o spKo
BEIpXEHHOW, MOHOMOP(HOM 3Kcripeccuu). Y 3 ManueHToB OnacTHBIE KICTKH HE
9KCIIPECCHPOBATN CTBOJIOBOKJIETOUHBI aHTUreH CD34 (memee 10,0% AI'+
6mactoB). [Ipumep nmMmyHO(eHOTHTIA GIIACTHBIX KIETOK MPUBEIEH Ha puc. 1.

JleTeKuio OCTaTOYHBIX JIEHKEMUYECKHX OIacTOB B KOCTHOM MO3re
BBIMOMHAIY Ha 15-i 1 33-11 THU UHITYKIIMOHHON XUMHOTEpAIHH.
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Since 2007 in our Hematology Malignancy Chemotherapy Department,
Childhood Cancer Research Insitute, N.N. Blokhin RCRC RAMS this protocol of
MRD diagnosis in children with ALL has been used. The test is currently running
in the Hematopoiesis Immunology Laboratory in comparison with the
morphological analysis performed at the Hemocytology Group, Clinical Diagnosis
Laboratory, Central Clinical Laboratory Department, Clinical Oncology Research
Institute, N.N. Blokhin RCRC RAMS.

Materials and methods

A total of 21 children (10 boys and 11 girls) with a mean age of 6 (range
2-16 years) newly diagnosed ALL enrolled in this study were treated by ALL-IC
BFM 2006 protocol at the Childhood Cancer Research Institute, N.N. Blokhin
RCRC RAMS during 2007 through 2008.

All patients had common pre-pre-B ALL immunosubtype.

The initial immunophenotyping was done at baseline by the standard
protocol of 3-colour FC adopted at the Heematopoiesis Immunology Laboratory,
CORI, N.N. Blokhin RCRC RAMS [20]. This diagnostic panel included the non-
lineage restricted antigens (HLA-DR, CD38, CD34, CD10) and the markers of
lineage differentiation for T-cells (CD7, CD3, CD5, CD4, CDS), B-cells (CD19,
CD20, CD22) as well the markers for myeloid (CD13, CD33), monocytic (CD64)
and the NK-cell lineage (CD56). The erythroid (glycophorin A) and
megakaryocyte markers (CD61) were also used. In addition, in some cases the Ig
expression (cylgM), the cytoplasmatic display of CD22 and nuclear expression of
terminal deoxyribonucleotidyl transferase (TdT) were also evaluated.

In all of our cases the leukaemic blasts have expressed CD10, albeit to a
different degree (Table 1). In 17 one of 21 cases a large portion of blasts showed
various degrees of CD34 expression (from weak to uniformly high expression). In
three patients the blasts have not expressed detectable stem-cell antigen CD34
(< 10.0% of CD34" blasts). Fig.1 demonstrates an example of blast
immunophenotype.

Detection of residual leukemic blasts in bone marrow was done on days
15 and 33 of induction chemotherapy.



Ta6nuuma 1 / Table 1
Csouble nanHble 0 0onbHbBIX / Patient characteristics

Xapakrtepucrtuka neitko3a / Leukosis characteristics
Jannbie naruenTa / Patient person Vnmyro- % GIACTHBIX , NmmyHOpEHOTHIT

(%% AT+ OnacTHBIX KJIETOK) /

MO/IBapHAaHT / KieTok / Blast I henot 9 of Aa+ blast

Immunosubtype percentage mmunophenotype (% of Ag asts)

Ne | Bospacr (ser) / Age | Tlon / Gender CD19 CDI10 CD34
1 3 M/M [pe-npe-B / common 92,8 74,5 69,9 67,2
2 4 M/M [Ipe-npe-B / common 90,4 91,6 90,5 93,6
3 9 XK/F [pe-nipe-B / common 87,4 51,8 59,2 61,4
4 15 M/M [pe-nipe-B / common 96,2 97,5 95,3 1,7
5 13 XK/F IIpe-npe-B / common 94,2 95,3 94,2 943
6 4 M/M [pe-npe-B / common 98,4 94,5 94,5 92,9
7 9 M/M IMpe-npe-B / common 77,2 74,9 86,0 8,3
8 5 XK/F [pe-nipe-B / common 93,2 96,2 97,8 96,5
9 11 XK/F [pe-nipe-B / common 93,2 54,8 41,0 5,1
10 4 XK/F IIpe-npe-B / common 97,6 79,5 46,2 79,6
11 7 K/F Ipe-npe-B / common 48,6 95,8 95,4 57,8
12 2 K/F I[Mpe-npe-B / common 79,6 77,5 254 62,0
13 3 M/M [pe-nipe-B / common 98,2 79,9 76,3 70,4
14 2 K/F IIpe-npe-B / common 67,8 25,1 53,1 8,0
15 7 M/M IIpe-npe-B / common 89,8 98,1 97,8 90,1
16 6 K/F Ipe-npe-B / common 84,6 95,8 91,9 51,2
17 3 K/F [Ipe-npe-B / common 96,0 85,8 86,2 87,6
18 5 M/M [pe-nipe-B / common 96,4 86,4 89,4 81,8
19 6 M/M IIpe-npe-B / common 90,0 96,4 94,4 91,0
20 16 K/F Ipe-npe-B / common 72,4 97,5 97,4 42,8
21 2 M/M Ipe-npe-B / common 93,4 96,2 98,3 76,2




induction chemotherapy

Tab6nuna 2 / Table 2
CormocraBiieHHe UMMYHOJOTHYECKMX M MOP(OJIOTHUECKHX ToKa3areneil koctHoro mosra neredl ¢ OJIJI va 15-it u 33-if nuum
xuMuoTepanuu uHayKimu / Comparison of bone marrow specimens harvested for residual disease detection on days 15 and 33 of

15-i1 nens / Day

33-it nenn / Day

o YpoBeHb 3HAUMMOCTH
ITokasarens / Characteristic i/ P val
Cpennee / Mean K-Bo/n Cpennee/ Mean K-po/n | Pasiuiami/tvalue
Knerounocts / Cellularity 19,8 4,23 15 17,4 2,9x10°/mKn 15 0.957
x10%/mk / mel 2,5-60,0 2,0-45,0 ’
JlumdounHbIe ATEMEHTHI / 55,8 4,85 71 40,4 3,56 19 0.029
Lymphoid elements %% 14,0-88,0 15,2-69,5 ’
59 29 1,26 0,35
0/0 > > > )
Bnacter / Blasts %% 0.0-60.8 21 0.0-5.8 19 0,11
B-xretku / B-cells (CD19") %% m3 19,06 3,35 21 8,81 2,29 19 0.001
MOHOHYK1Ieapos / of mononuclears 2,85-64,1 0,7-42,3 ’
CD19'CD10" % MoHOHYKIeapoB / 5,59 3,11 o1 1,96 1,91 19 011
of mononuclears 0,0-58,9 0,0-36,4 ’
CD19'CD34" %% 3,7 2,6 0,83 0,8
21 19 0,15
MOHOHYKJIeapoB / of mononuclears 0,0-52,2 0,0-15,3
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ITpn sToM KkocTHBIA Mo3r B komudectBe 0,5-1 mi 3abupaicsi B MpOOMPKU
Vacutainer (BD, USA) ¢ cyxum D/ITA. W3 nprciaHHOro Matepraia MpUroTOBRIISITA Ma3Ku
JUTA TIoJicueTa MuenorpamMMel. [lofcuer KOHTpONBbHOM MUENIOrpaMMBbl IIPOM3BOIMIIN ABYMS
Mopdosoramu (o 250 KiIeToK) Ha MasKax KOCTHOTO MO3ra, OKpAIIEHHBIX I10 METOIy
[Narmenreiima.

B ocrampHOM Marepmianie OCYIIECTBISUIM TIOJCYET KICTOYHOCTH 00pasma u
TIPOBOIITML  TIPSMYEO PEAKII0 UMMYHO(ITyOPECHICHIMN C FICTIONB30BAaHMEM TIPSIMBIX
KOHBIOTaTOB MOHOKJIOHAJIGHBIX AHTUTEN U TPOHHOW (pIyOpecIeHTHOM METKH. Pe3ynbTaTs
peaxmmm oneruBa Ha nprioope FACScan (BD, USA) B COOTBETCTBHM C METOIOM,
npemyioxersbM E. Coustan-Smith et al. (Blood, 2006).

Jns noctanoBkr P 13 KOCTHOMO3IOBBIX aCUPATOB BBUICSUTH (DPAKIAIO
MOHOHYKJIEAPHBIX KJIETOK Ha I'PAJIUEHTE INIOTHOCTH (pUKOJIT-Beporpadut. B psine cirydaes
MIPOBOAWIIM JIU3UC 3PUTPOLIMTOB M MOHOHYKJIEAphl redtupoBaiy Ipu nposenexHun 111
KireTku MHKYOMpPOBaIIM ¢ MOHOKJIOHAJIGHBIMU aHTHTEJIAMH, HAMPSMYIO KOHBIMPOBaHHBIMH
¢ ¢umyopoxpomamu. B mpencraBieHHONW peakupy HaMH HCIIOJB30BaHbBI CIEIyIONIHE
KOMOMHaIMKM MOHOKJIOHaNBHBIX aHtuTen (MKA) n dmyopoxpomoB: MKA k CDI19
KOHBIOTAPOBaHEI ¢  (hryopoxpoMom mmpwmuHEEXIOpopmwmn — PerCP mwm PE-cy5
(BeuBIIeTCST Ha KaHate FI3 mpm mporounoit muromerprm), MKA x CDI10
KOHBIOTAPOBAaHEI ¢ ryopoxpomoM ¢(ukosputpun — PE (verka BopmBmstercs FL-2
JIETEKTOPOM Ty 1poTouHoit uromerpun) 1 MKA k antureny CD34 ¢ ¢uryopoxpomHoOi
meTtkoit uryopectienamotrotmonar (FITC, FL-1 netekrop rnpu npoToYHON [IMTOMETPUH).
JlnarHoctrdeckas manenb Pb mpy 3Tom cocTosina u3 2-X mpoOHpoK:

(HCD19PerCP/IgG1PE/IgGIFITC
(IDCD19PerCP/CD10PE/CD34FITC

IMocne 20 MuHYT WHKYOAIMM KICTKM OTMBIBAIM JBKABI 10 S5 MHHYT
uentpugyrupoanreM mpu 1000g B PBS ¢ mobaemenwem 0,5% CBHIBOPOTOYHOrO
anp0ymuHa. [Tocie OTMBIBKH peaKiiio OLEHUBAIN HA IIPOTOYHOM LIUTOMETE.

1 BBISIBIEHMS MHMHUMAIBHOTO KOJIMYECTBA OCTATOYHBIX JICHKEMHUYECKHX
OmactoB B Kaxmod mpode Habuparmi He MeHee 100000 moHOHyKIeapoB. B reiire
MOHOHYKJICAPHBIX KJICTOK, BBIICIICHHBIX HA OCHOBAHWH XapPAaKTEPHUCTHK TMPSIMOTO U
6okoBoro ceropaccestaust (FSC/SSC) (puc. 2a), oneHnBany skcripeccuro antureda CD19,
nanee B mpenenax reiira CD19" MoHOHykneapHbIX KieTok (puc 2b) oleHHBamm
nponoprro CD10" u CD34" kitetok (pc. 2¢).

PE3YJIbTATHI

Kak u oxumaioch, B OONBIIMHCTBE CIIy4acB MpH  MOP(OIOrHICCKOM
WCCIEeIOBaHNM, BbIMONHEHHOM y 21 pebenka (1abnm. 2) ¢ OJUUI w3 B-nmHeitHbIx
TIPENICCTBCHHUKOB, Ha 15-H JIeHh MHIYKIIMOHHOW XMMHOTEpPANN KOCTHBIA MO3I OBLT
IMIOKIETOUHbIM, B cpemteM 19,8 +4,2 X 10°/mKr (ot 2,5 10 60,0 X 10°/mx) BerencTare
HWHTEHCUBHOW XUMHOTEPAIHH.

Ipw 5TOM CcpemHwmii MPOIeHT OJIACTHBIX KIIETOK KOCTHOTO Mo3ra cocTaBii 5,9%
(ot 0,0 10 60,8%). B GONBIIMHCTBE 00PA3IIOB CPEIM KICTOK KOCTHOTO MO3ra Mpeodiiaiamm
JTMMGOUIIHBIE 3JIEMEHTBI, M UX CPEIHHH NPOLEHT Ha 15-i JieHb JieyeHus COCTaBWII
55,8 +4,8% (ot 14,0 no 88,0%).
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To perform the tests 0.5—1 ml of bone marrow was collected to Vacutainer
(BD, USA) tubes with dry EDTA. Smears for myelogram were prepared. The
morphological study was performed on Pappenheim stained samples by two
experienced pathologists based on 250 cells each. The remaining material was used
in the assays for bone marrow cellularity and the immunofluorescence (IF) staining
with directly conjugated antibodies used in triple labeling combinations as
described below. The samples were evaluated on a FACScan (BD, USA) flow
cytometer using a procedure described by Coustan-Smith et al. [19].

The mononuclear fractions of the bone marrow samples were separated on
ficoll-verografin density gradient and the red blood cells were lysed. Following the
incubation with directly labeled monoclonal antibodies (Mab). The following Mab
and fluorochrome combinations were used: Mab to CD19 conjugated with
pyridinine chlorophyll PerCP or PE-cy5 was detected in FL-3 channel. Reagents to
CD10 conjugated with phycoerythrin (PE) and to CD34 conjugated with
fluorescein isothiocyanate (FITC) were detected in the FL-2 and FL-1 channels,
respectively. The RD panel included two tubes: (i) CD19PerCP/IgG1PE/IgG1FITC
and (ii) CD19PerCP/CD10PE/CD34FITC.

After incubation for 20 min the cells were washed twice for 5 min in
phosphate buffered saline (PBS) with 0.5% of serum albumin. At least 100 000
MNC were counted on the flow cytometer to detect minimal amount of residual
leukemic blasts in each sample. CD19 expression was measured in the MNC gate
identified by forward and side light scatter (FSC/SSC) (Fig. 2a), then portions of
CD10" and CD34" cells (Fig. 2c) were evaluated within the CD19" MNC gate
(Fig. 2b).

Results

As expected, the morphological assessments performed on day 15 using
the bone marrow samples of 21 children with ALL (tab.2) demonstrated bone
marrow hypocellularity (19.8 % 4.2 X 10°/mcl; range 2.5 to 60.0 X 10°/mcl) due
to the intensive chemotherapy. The average blast proportion was 5.9% (median
1.5%, range 0.0 to 60.8%) and the dominant cell types among bone marrow cells
were the cells of lymphoid appearance (55.8 + 4.8%; range 14.0 to 88.0%).
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K J'II/IM(l)Ol/I}IHI)IM 3JICMCHTaM OTHOCHUJIN KaK 3pEJIbIC J'II/IM(l)O]_Il/ITI)I, TakK U MCJIKUEC
KIETKH CO  CIVIKEHHOW CTPYKTYpOH  XpOMaThHa M BBICOKMM  SIIEPHO-
LUTOILIa3MaTHYECKUM OTHOLICHHUEM.

VY yerbipex OonmbHBIX (19,0%) M3 Beell aHanmm3upyeMoii rpymimsl K 15-y 1nHIO
WHAYKIMOHHOW XMMHOTEPAIINH aJIEKBaTHOTO OTBETA Ha JICYEHHE MOJIy4YeHO He ObUIO — B
KOCTHOM MO3re MOP(OJIOTHIECKH BBIBIISUIOCH Oomee 5,0% OnmacTHBIX KIeTok (Tadm. 3).
[lo naHHBIM POTOYHOM LIMTOMETPHUM BO BCEX 3THX CIIy4asX BBIBISUICS BbIPAXKCHHBIN
npoueHT nelikemMudeckux 6mactoB (CD19" MOHOHyKIIapHBIX KJIETOK C SKCIpeccHeii
CD10 u CD34). V 17 GonpHBIX W3 HAIleH TPYIIBI 0 JaHHBIM MOPQOJIOTHIECKOTO
HCCIIeIOBaHKsT ObUIa JOCTHTHYTa Mopdoormdeckas pemuccus (<5,0% OnactoB B
KOCTHOM MO3T€).

Kak mokazasno Haiile uccieZioBaHue, POTOYHAs LIMTOMETPHUSI B COBOKYITHOCTH C
MOp(OIOTHYECKOH — OLICHKOHM, BBHINIONHEHHass Ha 15-1  1OeHp  MHAYKIMOHHON
XAMHOTEPAITNY, OKa3ajach Ooiee UyBCTBUTEIBHONH C TOYKH 3pEHHs JICTEKIWH
MHUHUMAJIFHON pe3uIyansHOl OOJE3HH, YeM TOJBKO JaHHBIE Mopdonorun. Tak Ha
OCHOBaHWM JaHHBIX OJKkcrpeccud aHtureHa CDI19 mokazano, uro 19,1+34%
MOHOHYKJIEAPHBIX KJIETOK KOCTHOTO MO3ra cocTaBinsimi B-kierkn. 1 B GospImHCTBE
CIIy4acB JIMIIb He3HauuTenbHBIA mpomeHT CD19+ B-kierok  memMoHCTpHpoBai
skcnpeccuto antureHoB CD10 w/wmm CD34 (puc. 3 ¢, d), uto pacueHnBaioch Kak (hakT
MPb. Baxno ormerutb, uto Tonmbko y 3 (14,3%) u3 21 GONBHOrO MO JIaHHBIM
npoTouHoii uroMeTpuu PB He BeIBIeHO — < 0,01% CD19'CD10" w/uma CD19'CD34"
(puc. 3 a, b). [Ipu 5TOM y OTHOTO U3 TUX TPeX OOIBHBIX MOP(HOIOTHIECKH ONacThl He
BBIBIICHBI, @ ¥ 2 OPYTHX MPOLeHT OmacTHIX KieTok coctaBmt 0,2% u 1,5%. Ipornent
JMM(OUIHBIX SJIEMEHTOB KOCTHOIO MO3ra B JAHHBIX CITy4asX ObUI 3HAYUTEIBHBIM
(44,8%; 69,2% n 65,0%).

VY octanbHbIX 18 OONBHBIX JaHHBIE MPOTOYHON IMTOMETPUM TOATBEPIMIN
Hammure MPB. Tak na 15-i1 nenp uccnenoBanuss MUHUMabHbIe npusHaku Pb (0,01—
0,1% CDI19" MoHoHyKITeapHbIX KieTok ¢ skcnpeccueit CD10 wm CD34) BbIABIEHbI
HaMH y 4 OosbHBIX, y 6 OONbHBIX BbUIBIEHBI cpenuue yposan MPB (0,1-1,0%
CD19'CD10" wm CDI19'CD34" MHK koctHOro mosra). M y 8 GoibHBIX cpeu
MOHOHYK/IEADOB  KOCTHOrO Mo3ra BbiBIsUIock Gonmee 1,0% CDI19°CD10" wm
CD19°CD34" knerok (Bbicokuii yposers MPE). Yposar MPB mpy 3ToM He 3aBHCENH OT
KJIETOYHOCTH O00pa3lioB W OT TPOIOPIMH JMMMOUIHEIX KIeTOK B oOpasme. Tak,
HarpumMep, n3 6 marpeHToB co cpenanmuy ypoBasiMu MPB (0,1-1,0%) y 5 KocTHBII MO3T
6bUT THIOKIIETOUHbIM (0T 2,5 110 16,0 X 10° k/MKT), U B OTHOM CITydae KOCTHBIH MO3T
6bUT HOpMOKIETOHHBM (60,0 X 10° K/MKIT; a6 4).

Takum o00pa3zoMm, HECMOTpS Ha TO, YTO K 15-My IHIO WHIYKIMOHHOI
xumuoreparin y 80,9% (17/21) conbhbix ¢ OJIJT 13 B-nmHeWHBIX MpeIeCTBeHHUKOB
Obuta mocturHyta Mopgonornueckas pemuccust (< 5,0% O7acTHBIX KIIETOK B KOCTHOM
MO3re), NpOTOYHAsi LMTOMETpHs, Kak Oojiee YyBCTBUTENBHBI METOJ, BbIIBUIIA
orcyrctere MPB Tosbko B 14,3% (3/21) citydaes (< 0,01% CD19" MoHOHyK/I€apHBIX
KJIETOK KOCTHOTO Mo3ra ¢ 3kcripeccreit CD10 u CD34).
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These lymphoid-looking elements included both cells with the morphology of
mature lymphocytes and small cells with smooth chromatin structure and high nucleus—
cytoplasm ratio.

When observed by expert morphological assessment on day 15 four (19.0%) of
our patients clearly demonstrated inadequate response to chemotherapy (tab. 3) with
>5.0% of blasts in bone marrow. In these 4 cases FC confirmed the presence of ALL
blasts. At the same time on day 15, 17 patients achieved apparent morphological
remission with <5% of blasts in bone marrow.

As expected, the FC analysis performed on day 15 was more sensitive to detect
leukaemia than the morphology alone. By using CD19 B cell marker it could be shown
that about 19.1+3.4% of cells within bone marrow MNC were B-lymphoid. Clearly, only
some of these CD19" B cells expressed the CD10 and/or CD34 markers (Fig. 3); these
were regarded as signs of MRD. Importantly, only three of 21 patients had no evidence of
RD by flow cytometry with <0.01% of CD19',CD10" and/or CD19",CD34" MNC
(Fig. 3). One of these 3 patients presented with no blasts and the other two had 0.2 and
1.5% of blasts by morphology; their overall portions of lymphoid elements were high
(44.8, 69.2 and 65.0%)).

Among all the 18 patients who had MRD according to flow cytometry, 4 had
minimal RD levels (0.01 to 0.1% of CD19°CD10" and/or CD19'CD34" bone marrow
MNC); six had medium (0.1 to 1.0%) and 8 had high MRD levels (>1.0%). These values
of MRD were apparently unrelated to the low or moderate bone marrow cellularity or to
the size of the total lymphoid compartments seen in these samples. For example, among
the 6 patients with medium (0.1-1%) MRD 5 had very low bone marrow cellularity (2.5
to 16.0 X 10*mcl) and the remaining patient presented with normal cellularity
(60.0 X 10*/mcl; tab. 4).

Thus, by day 15 of chemotherapy 80.9% (17/21) of patients with B-cell
precursor ALL achieved morphological response (<5.0% percentage of blasts) but with
the more sensitive FC only 14.3% (3/21) of patients were free of MRD (<0.01% of bone
marrow MNC).



Tabnauma 3 / Table 3

[IpoTOYHO-IIUTOMETPUUECKOE OMpeneieHne pe3uayanbHoii 6onesnu npu OJIJI y mereit ¢ orcyrcTBHEM MOPQOIOTHUECKON
pemuccun (6oxee 5,0% OmacToB B KOCTHOM Mo3re) Ha 15-# neHs nHAyKIHoHHON Teparnuu / Flow cytometric detection of residual
disease in children with ALL and no morphological response on day 15 (more than 5.0% of blasts in bone marrow)

% OnacTHbIX Ki1eTok / Blasts %% CD19"CD10° %% CD19°CD34"
Ne (mopdonorns) / (morphology) MoHOHYKJI€apHBIX MoHOHYyKJIEapHBIX
Kiterok / of mononuclears kieTok / of mononuclears
3 60,8 58,9 52,2
7 8,2 2,85 1,15
8 17,5 28,7 20,4
19 16,0 20,8 0,01

Ta6nuua 4 / Table 4

Xapakrepuctuka o6pa3noB KM OonbHBIX €O cpeaHuMH ypoBHAMH PB mo maHHBIM mpoTO4HOW HUTOMETpUH. 15-H AeHb XUMHOTEpaluH,
mopdonorndeckas pemuccus / Characteristics of bone marrow specimens from patients with medium evidence of residual disease revealed by
flow cytometry. Day 15 of chemotherapy, morphological remission.

Knerounocts / Cellularity | JImmpoumnnsie snementsr/ | Brmactsr % MoHoHykeapsl, / mononuclears %

Ne 10°/mx / mcl Lymphoid elements % / Blasts
CD19" CD19°CD10" | CD19"CD34"

4 Huskas* 57,6 0,6 15,1 0,39 0,33
10 2,5 65,5 0,0 8,57 0,01 0,57
16 16,0 82,6 0,0 11,9 0,54 0,0
13 60,0 58,2 0,0 34,9 0,04 0,14
2 5,0 62,0 3,2 16,5 0,12 0,05
21 QueHpb HU3Kag* 22,5 4,5 15,5 0,43 0,05

*HOI[C‘{CT KIIETOYHOCTH HE IMPOBOAWIM, B OIIMCaHUH MHUEIIOIrpaMM KOCTHBIA MO3T THITOKJICTOYHBII (6CIIBH, OYCHb 6CZ[eH KJICTOYHBIMU

anementamn) / Cellularity was not counted




Tabnuma 5 / Table 5

MophormmyHoorudeckas: oleHKa HOMHOTEL oTBeTa y aereit ¢ OJIJL, mpe-npe-B nMMyHononsapuant, Ha 33-i jeHb HHIYKIMOHHOM XMMUOTEpanuy /
Morphoimmunological evaluation of response in children with ALL, pre-pre-B immunosubtype, on day 33 of induction chemotherapy

Knerounocts / Cellularity

JlumdouHbie 21eMEHTHI /

Mounonykineapsl, / mononuclears %

Ne 10*/mx / mel Lymphoid elements % bacrer % / Blasts CD19" CD34" CD19" CD10"
1 45,0 51,0 3,6 0,04 0,0
2 25,0 458 1,4 0,09 0,03
3 30,5 62,6 5,8 36,4 15,3
4 Hopwm. / Normal cellularity * 33,2 0 0,07 0,0
5 Hwuskas / Hypocellular * 37,4 0,9 0,36 0,22
6 17,0 29,8 0,0 0,01 0,0
7 2,0 64,5 1,5 0,04 0,0
8 12,5 15,2 2,2 0,09 0,12
9 Huskas / Poor * 36,0 0 0,02 0,02
10 19,0 23,8 1,2 0,01 0,02
11 9,5 29,4 0,8 0,06 0
12 12,0 19,2 2,6 0,02 0,05
13 30,0 34,4 0,2 0,0 0,01
14 Ouenp Hu3kas / Very poor * 42,0 0 0,0 0,0
15 16,6 29,4 0,4 0,01 0,0
16 3,0 56,0 2,6 0,01 0
17 10,0 69,5 0 0 0
18 12,5 19,2 0,4 0 0
19 16,0 49,2 1,5 0,03 0,02

—I — orcyrctBue PB o nanubsiM nporouHoit nuromerpun. Ne 3 nHnykuuonHas Tepanus HeaddexrusHa. / Patients without MRD
* TlomcyeT KIETOYHOCTH HE IPOBOJWIM, B ONHMCAHUM MHEJIOrPAaMM KOCTHBIH MO3T THIOKJIETOYHBIH (OelneH, odeHb OeleH KIICTOYHBIMHU
aneMeHTaMu); ** HopMoKiIeTouHbIH KocTHBIN Mo3r / / Cellularity was not counted.
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Ha 33-ii neH» XumMuoOTepanuM HHAYKIMH HaMH OIIGHEHBI 00pa3ipl
KOCTHOMO3IOBBIX IMyHKTaToB 19 m3 21 OmMCaHHBIX paHee MAalUEeHTOB (Tali. 5).
[pakTrdeckn BO BCEX CIydasx oOpasibl KOCTHOTO MO3ra ObUTH OCIHBI KIICTOYHBIMU
anemenTam (B cpexreM 17,4 + 2,9 X 10°/mxn). TIpu 5TOM MPOLIEHT GIACTHBIX KIIETOK
B KocTHOM Mo3re BapbupoBai oT 0,0 mo 5,8% (cpemnmit mokazatens 1,26 +0,35%),
cpenuuii mpoueHT numdonmToB no rpymme cocrasii 40,4% + 3,56 (15,2-69,5).
Cpennmii mporieHT B-kietok B cpemHem 1o rpymre coctaBun 8,81% +£229 ¢
pazbpocom ot 0,7 10 42,3 cpe MOHOHYKJICAPHBIX KJIETOK.

Moposoruueckast pemuccust (MeHee 5,0% ONACTHBIX KJIETOK B KOCTHOM
MO3re) KOHCTaTHpoBaHa y OobIIHHCTBA O00NBHBIX (18 13 19-94,7%).

Y oOnHOW TANMEHTKH MPOIECHT ONAaCTHBIX KJIETOK KOCTHOTO MO3ra
Mop]oJIOruUecKr COCTaBII 5,8%, MUTOMETPUYECKH TAKKE BBIBIICHA 3HAYMTEITEHAS
nponopius CD19" MOHOHYKIeapHBIX KIETOK, skcrpeccupyrommx u CD10 u CD34.

WHTepecHO OTMETHTh, YTO MPOLECHT CIYYaeB C OTCYTCTBHEM IPHU3HAKOB
MHUHUMAITBEHOH pe3uIyabHOM OOJIe3HH O JTAHHBIM IMPOTOYHON HMUTOMETpHH Ha 33-i
JIeHb OBUT 3HAYUTEIFHO BHIIIE, YeM KOJMYECTBO TAKMX CITydaeB, BBIABICHHOE Ha 15-i
JIeHb XUMHOTepanuy MHAYKUuK. Tak, no nanHeiM I111, n3 Bcell rpynmnbl NanyeHToB K
33 gm0 mccnenopanus y 7 npusHakos MPB He Beisieno (< 0,01% CD19'CD10"
wum CD19'CD34" knerok cpemu MHK koctHOoro mosra). CpemHumii mponeHT
OJaCTHBIX KJIETOK B 3TOi rpyrme 0onbHBIX coctaBmi 0,5% (Memmana 0,2%, ot 0,0 no
2,6%), coneprkanne B-KieTok cpey MOHOHYKJI€apoB BapbupoBaio oT 2,4 o 24,0%
(cpemmee 11,02%, meanana 11,4%).

VYV ocrampHbIX 11 w3 18 OONBHBIX ¢ MOPQOIOTHUECKH ITOATBEPIKICHHON
pemuccueit Ha ocHoBaHMM JaHHbIX [II] BbBISIBIEHBI TpPHU3HAKM MUHUMAJIbHOMN
pe3unyanbHoit Oone3nu. [Ipu 3ToM y 9 U3 HUX ¢ MUHMMAJIBHBIM KOJIMYECTBOM OJIacTOB
B KOCTHOM Mo3re (He Gonee 3,6%) mponopimsa CD19" knetok ¢ axcnpeccueit CD10
w/umn CD34 He npepbimana 0,1% cpeau MOHOHYKIEapOB KOCTHOro mo3ra. B 3
ciyyasx BeisiBieHo 0,22%; 0,36% 1 0,9% CD19°CD10" w/um CD19'CD34" 6nmactos.

Jlanee MBI cOMOCTaBUII MOP(OJIOTUIECKAE W UMMYHOJIOTHYCCKUC TAHHEIC,
HoJTy4eHHble Ha 15-i 1 33-i1 1HM XUMHOTEpannuy HHIYKIMH (Tab. 2).

Tak He BBISBICHO CTATUCTHUYECKON Pa3HHUIIBI B MPOLICHTE ONIACTHBIX KIIETOK
npu aHam3e oOpasmoB Ha 15-it u 33-i gau (p=0,11). Cpenname ypoBHH THM(POUITHBIX
3JIEMEHTOB KOCTHOTO Mo3ra Ha 15-i jeHb cocraBisum 55,8 + 4,8%, a Ha 33-i neHb
Obuti JtocToBepHO Oosiee Hmkmmu (40,4 +3,5%, p=0,029). JloctoBepHo OoJee
BBICOKMM OKAa3aJICsl U MPOLEHT CDI19" MHK xierok Ha 15-if JieHb HCCieoBaHus B
cpaBaeHnu ¢ 33-Mm qaeM (19,06 £ 3,35% u 8,81 + 2,29% cootsercrBenHo, p=0,001).

Kax yxe ObUIO CKa3aHO BBIIIE, IPOHOPIHMS 00Pa3LOB ¢ MMMYHOJIOTHYECKH
ycranosienHoit PB (Gosee 0,01% CD19" MoHOHYyK/IeapHBIX KJIETOK € SKCHpeccHeit
CD10 wwnm CD34) Ha 15-11 nens Obu1a Heckonbko Bhie (18 m3 21-85,7%), uem Ha
33-i1 neHp xumuoTepany nHIYKIwH (12 m3 19-66,7%).
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The similar investigations were also performed on day 33 of
chemotherapy using the bone marrow specimens from 19 of the 21 patients
previously analysed (tab. 5). The cellularity was still low (mean
17.4 = 2.9 X 10*/mcl, range 2.0 to 45.0 X 10°/mcl) and the blast content varied
from 0.0 to 5.8% (mean 1.26 = 0.35%) with mean lymphocyte proportion of
40.4 = 3.56% (15.2 to 69.5%).

Morphological remission (<5% of blasts) in bone marrow) was diagnosed
in all but one patients (18/19, 94.7%). The single patient with 5.8% of blasts also
had a considerable proportion of CD19" MNC expressing CD10 and CD34.

Interestingly, the proportions of patients with undetectable MRD
increased by day 33 when compared to the observations made on day 15. Using
FC, 7 of the 19 cases had < 0.01% of CD19"CD10" and/or CD19°CD34" cells
among bone marrow MNC (tab. 7). The mean blast counts in this group were 0.5%
(median 0.2%, range 0.0 to 2.6%) and the percentage of B-cells among MNC
varied within 2.4 to 24.0% (mean 11.02%, median 11.4%).

Among the remaining 11 patients with >0.01% MRD nine had only 0.01-
0.1% leukaemic cells and 3 cases showed 0.22%, 0.36% and 0.9% CD19'CD10"
and/or CD19°CD34" blasts.

Some further comparisons of morphological and immunological
characteristics of patient’s bone marrow at days 15 and 33 were also made (tab.
2).There was no statistically significant difference in the blast contents on days 15
vs. 33 (p=0.11).The mean proportions of lymphoid cells on day 15 was
55.8 £ 4.8% and significantly less on day 33 (40.4 = 3.5%, p=10.029). The
proportion of B-lymphoid cells expressing CD19 was greater on day 15
(19.1%3.4%), than on day 33 of chemotherapy (8.8%+2.3%; p=0.001). As shown
above, the number of specimens with MRD was found higher on day 15 (18/21,
85.7%) than on day 33 (12/19, 66.7%) of induction chemotherapy.
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O6cyxaenue

YcrnenHoe coBpeMeHHOE JISYEHHE OCTPBIX JIMM(OOIACTHBIX JIEHKO30B y JeTei
BO MHOTOM 3aBHCHUT OT BO3MOXKHOCTH IIPOTHO3HMPOBAHWSI M paHHEH UarHOCTHKH
pasButust penamBa. OnmHuM W3 HamOoniee MH(POPMATHBHBIX ITOKa3aTesed SBIseTCS
olpesieNicHNe MWHUMAIBHOM pe3uayaibHOl OONie3HH Ha KIETOYHOM YPOBHE C
HCTIONB30BaHUEM MOP(OIIOTHYECKIX METOIOB U POTOYHOM mromeTpui [21]. Octpbrit
TMQOOIaCTHRIA JIeiik03 W3 B-TMHEHHBIX TPEAIIeCTBEHHMKOB — HAaWOOJee YacTo
Berpevarormiicss y nereil Bapuant OJUL; mo 90% cmydaeB cocrasisier mpe-tipe-B
(«commony) HMMMYHOIIOJJBApHAHT. Yacrora BBISIBJICHHS IKCIIPECCHH
cTBOJNIOBOKJIeTOUHOrO anTureHa CD34 Ha npe-nipe-B-mmdobnactax oueHb BbICOKA.

B nocnemaue roapl ObUIO BHOBB HMOJATBEPIKICHO, YTO CKOPOCTh HMEPBHYHOTO
OTBEeTa JICWKO3HBIX 0JIaCTOB Ha MPOrPaMMHOE JIEYEHHWE — 3TO OCHOBHOM, HauOosee
HaJeKHBIHM nporHoctudeckuid axrop [3—10; 22; 23]. Tak, B HallleM HCCIIEAOBAHNH, U3
Bceil rpymmbl 6onbHBIX (21 pebGeHok) ¢ ocTpbM JMMGOOIACTHRIM JieiikozoM u3 B-
JIMHEHHBIX TIPEIIIECTBEHHUKOB, 7 OOJIbHBIX ITPOAEMOHCTPUPOBAIM XOPOLIMH OTBET
(= 0,01% MPb nHa 33-ii 1eHp XUMHOTEPAINI HHAYKINH), BKII04Yas 3 OOIBHBIX C OYCHBb
xopoumM panHuM oTBeToM (< 0,01% MPB k 15 1HIO HHAYKIMOHHON XUMHOTEpAITHH).

B nocnename 10 et HanOorbIee BHUMaHKE YAESISETCS MHOTOIIapaMeTPOBOMY
MIPOTOYHOLIMTOMETPHYECKOMY aHAIM3y Kak Oojiee NpOCTOMYy W HMH(OPMAaTHBHOMY
METOY ISTEKIINH MUHUMAIIFHOH pe3uayansHoi OonesHn. HMcnoms3yeTcest 6—8 Mapkepos,
OJJHOBPEMEHHO OIpEZeIsIeMbIX Ha MEMOpaHe 3JTOKadeCTBEHHBIX KIIETOK Ul Ooree
TOYHOH HWICHTU(HUKAINN JICHKO3HBIX ONacToB. B OOJNBIIMHCTBE IMTOMETPHUYCCKHIX
MPOTOKOJIOB 32 OCHOBY MPHHST a0eppaHTHBIN KIMMYHO(DEHOTHIT JIEHKO3HOM KIIeTKH [24].

Tak, ¢ ucnons3oBaHeM 4 IBETHOM MPOTOYHOW IUTOMETPHUU ITOKA3aHO, YTO
YacToTa PELMIMBOB B rpymie nanueHToB ¢ MPh (maxe mpu oTcyTcTBHM 01acTOB 1O
JaHHbIM Mopdosorun) Obuta 3HaunTenbHO Bhime (p=0,001) mo cpaBHenuto ¢ MPb-
HETaTUBHBIMU CcltydasiMu [ 16; 24].

Mexnynaponssle rpynmsl 1o usydeHnto MPB, Takue xak BFM-AIEOP na
ocHoBaHuu AaHHbIX 1L, BBLmEmstOT Tpu rpymmsl pucka [18]. I'pymna cranmaprHOro
pHUCKa — 3TO NPHUCYTCTBUE CPENU SIAPOCOAEPHAIIMX KIETOK KOCTHOrO mMo3ra Ha 15-it
neHpb < 0,1% xierok ¢ ucxomHbiM nMmMyHogeHotrniom OJIJI, rpynma cpentero prcka
— BoiBiieHre ot 0,1 go 1,0% u rpyrmima BICOKOr0 pUCKa: MAlMEeHThI, B KOCTHOM MO3Ie
KOTOpBIX Ha 15-if meHp wHIyKimu BeiiBisiercss 1,0 U Oojee MPOIECHTOB JICHKO3HBIX
6macros [18].

Haubosee npoctbiM 1 gocTymHbM cpenu Metonos I11] quaranoctuku MPB st
OonpIIMHCTBA Jlaboparopuii siBisiercst Metos, paspadoransblid E. Coustan-Smith et al.
(2006). ABropamMH MPEIIOKEHO OIICHUBATH IPOIOPIIMI0 HE3PENBIX B-KIIEeTOYHBIX
MIPEALIECTBEHHUKOB B KOCTHOM Mo3re Ha 19-i1 neHb XMMHOTEpanvyd HWHIYKLIUMA Ha
OCHOBE YCTaHOBJICHHOTO (haKTa SIMMHMHAIMN M3 KOCTHOTO MO3ra HOPMaJbHBIX B-
KIETOYHBIX TIPEINIECTBEHHUKOB (BKMOUas KIeTkdu ¢ enormmom CDI19'CDI0" u
CD19+CD34+) B OTBET Ha BBeJieHHE KopThuKocTeponioB. OnpeaeneHre MPB B maHHbBII
MEPUOJl TIO3BOJISIET BBIIBUTH TPYIIy OONBHBIX C XOpPOIIMM paHHUM OTBETOM H
COOTBETCTBEHHO 00jIee HU3KMM PUCKOM Pa3BHUTHS peruauBa [25; 26].
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Discussion

In childhood ALL a careful cellular analysis by morphology and FC
significantly contributes to the patients’ successful management [21]. In this group
B-cell precursor ALL is the most common type with 90% of cases having the
immunological features of the common CD10" pre-pre-B cell leukaemia. In these
cases most blasts also express the CD34 stem antigen. Recently it has been re-
emphasized that the speed of the initial leukaemic blast responses to chemotherapy
is one of the most reliable prognostic factors [3—10; 25; 26]. Indeed, in our study
we have also shown that within our patient group of 21 cases 7 children were fast
responders (<0.01% MRD at day 33) including 3 children who were very fast
responders (<0.01% MRD at day 15).

Over the recent decade, multi-parametric FC was in the focus as an

informative test. In these FC tests 6—8 markers are simultaneously detected on the
blast cell membranes in order to identify leukaemic blasts accurately on the basis
of aberrant combinations of immunological phenotype. The selection of antibodies
used is most frequently depends upon the blast cells’ phenotypic features at
diagnosis [22]. These studies invariably show that the rate of relapses in patients
with MRD (even with no blasts by morphology) is significantly higher than in
MRD-negative cases [16, 22]. International collaborative studies such as the BEM—
AIEOP [18] have identified three risk groups according to MRD detection by these
FC methods. Standard risk is defined as the presence of <0.1% of nucleated cells
with ALL initial immuno-phenotype in bone marrow; medium risk is the presence
of 0.1 to 0.99% and increased risk is the presence of >1.0% leukaemic blasts on
day 15 [18].
A further recent development has been introduced by Coustan-Smith et al. (2006)
as currently the simplest, highly reproducible and most accessible FC diagnostic
technique. These authors propose to quantify B-cell immature precursors in bone
marrow after 19 days of induction chemotherapy based on the fact that the normal
B-cell precursors (including the cells with the CD19", CD10",CD34" phenotype)
are cleared from the bone marrow of patients who receive large doses of
corticosteroids. During the period of 15-22 days post-induction therapy the MRD
detection can be substantially simplified as we have also documented in our paper.
An additional advantage of this approach is that with the relatively simple FC
analysis of sequential bone marrow samples it is possible to precisely define the
speed of remission induction, a powerful prognostic factor. Patients with a good
response show a low risk of relapse confirmed by three-color FC data [25, 26].
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JlaHHbIe, HOMy4CHHBIC C HCIIONB30BAHNEM TPEXUBETHOIO LITO(IyOpHMETprYec-
KOTO NPOTOKOJIA O BhIsiBjeH 0 nporopuui CD19'CD10°CD34" MOHOHYKJ/ICAPHBIX KIICTOK,
HETKO KOPPE/IMPOBA/IN € Pe3y/IbTaTaMKi MHOIOLBETHON LIATOMETpHHecKon Jerekimn Pb u ¢
nanasMu [THP. Y GombHbIX ¢ Hamamem Gonee 0,01% CD19" MHK B KOCTHOM MO3re, Kc-
npeccupytoumx CD10 wim CD34, KOHCTATHPOBAHO HAMMUE PE3UTyabHOM 6OJ'IC3HI/I a

TSITHBHAS YaCTOTA PEIINBOB (10 JICTHSSI TIPOCIISKEHHOCTH) B 9TOH TPYIITIE COCTaBIIIA
9;10, yro nocroBepHo Bbue (p=0.003), gem B rpymme cpaBHeHus. [IprdemM OCTOBEPHO
3HAYMMBIMU POrHOCTHHYECKMMU TIPH3HAKAMH OKA3aJIMCh BCETO JIBA W3 LIEJIOTO Psijia OLICHEH-
HpIX — MPB 10 JMaHHBIM TIPOTOYHOM IMTOMETPHH W BBIIBJICHHE TpaHCIOKawM 9;22.
Bersierne pesunyarsHeIX OmactoB cpemn MHK sBisercss Oonmee TOUHBIM, YeM HX
omnperiesieHne B Ipezienax (hpaKiuu lgrkneapﬂ},m KJIETOK KOcTHOro mMosra. Heobxomimo
eLlIé pa3 OTMCTUTb, YTO TIOJOOHBIM TIPOTOKOJI  MOXKET OBITh HCII0JIb30BaH,
MIPEUMYILIECTBEHHO, Ha 15-22- MHM WHIYKIMOHHOW XHMHOTEpAIlMd W TOIBKO Y
TALMEHTOB, MOJYYAIOLIMX KOPTUKOCTEPOH/bl. B Hallem HcCieoBaHn! BTOPOH TOUKOH
Obu1 33-i fieHb MHAYKIMOHHOM XT, NepHO, KOra HeKOTOPOE KOIMYECTBO HOPMAIbHBIX
B-KIIeTOK Ha4YMHACT BOCCTAHAB/MBATBCS, U MHUHMMainbHas (paxupst CD19 CDI10" u
CD19'CD34" KiteTok MOMKET TIpeJiCTaBIATh coboii HOpMabHbe pereHepupyiolme B-
KJIETOYHbIC TPEIIIECTBeHHUKH. TakuMm obOpasom, roeops o MPB Ha 33-it neHb
XUMHOTEPAITHY HHIYKINH, MBI yIOTPEOIIsieM 3TOT TEPMUH C OCTOPO>KHOCTBIO.

Haubonee BakHBIM ¢ Hameld TOYKM 3peHMS] NPENCTABISIETCS BOIPOC O
BO3MO)KHOCTH  PEIYKLIMA WHTCHCUBHOCTM XUMHUOTEpAllMM Yy JE€Ted C  OCIPbIMH
TM(pOOTACTHRIME  JISHKO3aMA W3 B-TMHEHHBIX TPEIIIECTBEHHUKOB, OCKOJIBKY
Cepbe3HOH IPOOJIEMOM SIBIISIETCST TaK Ha3blBAEMasl <«IIEPESICUEHHOCTBY, 3HAUMTEIHHO
YXY/IIIAIOMIAsT KAueCTBO JKM3HU OOJIBHBIX (CEpbE3HBIC MHGEKIMH, KAPIHOJIOrHYECKUe
OCJIOXKHEHHMsI M BBICOKMI PHCK Pa3BUTHS BTOPHYHBIX OIMyXOJeH). 3HAUWT, BBIBICHHE
TPyl TMAIMEHTOB, KOTOPHIM MOXKET OBITH IPOBEACHa MEHee WHTCHCUBHAS Tepartvis,
SIBIISIETCS OUEHb BYKHBIM (DAKTOM C TOUKH 3peHHs nporpecca B jieueHnu jnerckux OJLT u,
YTO 0COOEHHO BKHO, C TOUKH 3PESHIUS KA4eCTBa TAIBHEHIIICH JKI3HN peOSHKA.

[o manubiM D. Campana npubnmsutensto 45% NalleHToB, Y KOTOPbIX K
okoHuaHuto 3 Hen. (19-i j1eHb) HAYKIMOHHOW  XUMHOTEPAIIH CPE/I MOHOHYKIICAPHBIX
wierok KM BhisBisuiock He 6onee 0,01% CD19" MHK c¢ skenpeccueit CD10 wm CD34,
MMEJTH XOPOLIIHi IEPBIYHBINA OTBET Ha JIEYeHNE HE3aBUCHMO OT APYTUX (PaKTOpOB MporHo3a.

B Hamrem mcciieoBaHUM MPOIOPLIKS TAKUX OOJBHBIX ObLIA 3HAUMTEILHO HIKE:
TOMBKO Y 3 GonmbHBIX w3 21 MPB 1o #aHHBIM TPOTOYHOH IMTOMETPHH HE BBISBIICHA.
Bwmecre ¢ Tem, k 33-My aHro MHIyKUHOHHOM XT MBI He BeIIBUIM npu3HakoB MPB yxe
y 7. OTH NalyeHTsl, PH OTCYTCTBHU JPYTHX HEOIaronpUATHBIX (PaKTOPOB MPOTrHO3a,
SIBISIIOTCSL BO3MOKHBIMU KaHIWIATaMK{ Ha CHIDKGHHE HHTEHCHBHOCTH DPEXHUMOB (B
YaCTHOCTH, Ha PEIyKLMIO JI03 aHTPALMKIIMHOB).

Takum 00pa3oM, MBI MOXEM TOBOPHTH, YTO MMMYHOJIOTHUECKUE KPUTEPHH
nerekiii MPB B iponiecce xummoteparmu OJIJ u3 B-TMHEHHBIX TIPEAIIIECTBEHHUKOB Kak
OTpa)KeHHE OTBETa Ha JIeYeHHe OoJiee YyBCTBHTENBHBI, HEKETM HCIIOIB30BAHNE TOJIBKO
MOp(OJIOrHUecKux MeTo/MK. crosp30BaHre IPOCTOr0 IUTOMETPUYECKOTO MPOTOKOINA
(E. Coustan-Smith et al., 2006) naer Bo3moxHOCTh UneHTH(UIMpoBaTh MPB Ha ypoBHe
omHoit kietkn Ha 10 000 moHoHyKIIEapoB KM. TIpu sTom Hanmmuve umi orcyrcreue MPb
1 YPOBHH OJIACTHBIX KJIETOK IO IAHHBIM IIPOTOYHOM [IMTOMETPUH B X0JI€ 2 TIEPBBIX HEJIEIb
HMHIYKIMOHHOW XMMHOTEPAIHH MO3BOJIIFOT 00Jiee TOYHO CTPaTU(UIMPOBATh OOBHBIX Ha
TPYIIBI PUCKA, a, CJIENI0BaTeNbHO, OoJiee afeKBaTHO NHIMBHIYTM3UPOBATE IIPOBOAMMYIO
ITXT. Kpome Toro, Tpex1iseTHas POTOYHAS [IUTOMETPHS MOXKET ObITh HCIIOJIb30BaHa JUIst
nerekii MPB Ha paHHMX CTaMsIX XMMHUOTEpAIIMK M OCYIIECTBIIEHA JAAKE B YCIOBUAX
PYTHHHOH LIUTOMETpHYECKOl arHocThk. Onaako MoHuTopuHr MPB B Gonee mo3Hue
CPOKH 1 B 00JIee CIIOKHBIX IMArHOCTUMECKUX CHTYAISIX TpeOYeT UCTIONB30BaHHSI MHOTOLIBETHOM
MPOTOYHOM ILMTOMETPUM M KOMIUIEKCHOTO AHAIM3a [UBl PasPaHMuCHUS] HOPMATBHBIX
PETCHEPUPYIOLINX TPE/IIIECTBEHHUKOB M JICHKEMUUECKUX OJIACTOB, XapaKTEpH3YIOIIMXCS
ACHHXPOHHOCTBIO KCIIPecCHy MeMOpaHHBIX Al” 1 abeppaHTHBIM IMMYHO(EHOTHIIOM.
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Furthermore, the simpler method of CD19'CD10°'CD34" MNC detection was
shown to correlate strongly with results of MRD detection by multi-color flow cytometry as
well as the molecular genetic PCR data. Moreover, patients with >0.01% of MNC
expressing CD19°,CD10" and/or CD19%,CD34" in the bone marrow, i.e. the individuals with
detectable MRD had a cumulative frequency of relapse of 29% during the 10 years of
follow-up, a value that is significantly higher (p 0.003) than seen in the group without
MRD. In these studies only two parameters, the MRD by FC and the translocation 9;22,
were found to be the important significant prognostic factors.

In our study it was documented that the evaluation of residual blasts within MNC
with the simple MRD-method has been more accurate than evaluation of residual blasts
among all nucleated cells or any other routine morphological features investigated in bone
marrow. It is important to emphasize that the utility of the simple MRD detection method
has been firmly established for the 15-22 days post-induction period in patients whose
therapeutic regimens include corticosteroids [19]. In our study the later time-point for
investigation was day 33 post-induction, a period when some minimal normal B cell
regeneration may start and a small proportion of CD19'CD10" and CD19°CD34" cells
might already be regenerating normal B-cell precursors. Consequently, when speaking of
MRD on induction therapy at day 33 we use this term (MRD) with caution.

One of the intriguing questions is the possibility of reducing the intensity of
induction chemotherapy in some children with B-lineage precursor ALL as the “over-
treatment” may represent problems leading to a poorer quality of life in that group of
patients. Signs of increased immunodeficiency leading to more infections, signs of toxicity
resulting in abandoning the therapy as well as cardiac and neurological developmental
problems together with a higher rate of secondary tumors are all implicated in therapies of
increasing power. Selecting candidate patients for less heavy chemotherapy is therefore of
some importance. About 45% of patients with <0.01% of CD19'CDI0" and/or
CD19'CD34" MNC by day 19 of induction chemotherapy appear to be good early
responders [19]. In our study at day 15 the proportion of such patients was relatively low
only 3 of 21 patients. Nevertheless, by day 33 post-induction the number of these patients
with the favorable absence of MRD has increased to 7 children. These patients may be
candidates for less heavy chemotherapy regimens, in particular with reduced anthracyclines,
provided that other factors indicating poor prognosis are also absent. Therefore we conclude
that the flow cytometric detection of MRD in childhood B-lineage precursor ALL is a
readily convenient technology that is more accurate and informative than the morphological
methods. The simplified novel approach contributes to the precious identification of
different risk groups of patients during induction chemotherapy. The simplified method is
particularly valuable to use during the early stages of induction therapy when it can be
regularly applied even in routine flow-cytometric laboratories. Nevertheless at later stages of
therapy-monitoring in the difficult cases the “full version” of FC technology with multi-
parameter analysis might also be required to assist the diagnosis of successive events — in
order to distinguish the regenerating B-cell precursors from the asynchronously aberrant
phenotypic features seen in leukaemia.
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JIAATHOCTHUKA MHOKECTBEHHOW MHEJIOMbI
N MOHUTOPHUHI D®®EKTUBHOCTHU TEPAIIMN
E.E. 3yesa, E.b. Pycanoea, A.B. Kypmosa
Jlabopamopust KnuHUYeCKolu UMMYHOLO2UYU U MOJIEKYIAPHOU ouazHocmuxu, Llenmp
nabopamopnou  Juaenocmuxu CIH6 IT'MY um. axao. HII. Ilasnosa, Canxm-
Ilemepbype, Poccus

PE3IOME

MHOXECTBEHHAs! MHUENIOMa SIBIISIETCS CaMbIM PaclpOCTPAaHEHHBIM BHAOM
MOHOKJIOHAJIbHBIX TaMMamaTHi, AJIsl JUarHOCTUKM WM MOHHUTOPHHTa KOTOPOH
NPUMEHSIOT pa3IMdHble METOAWYECKHE TMOJIXOJbl, a TJIABHBIM TapaHTOM
MPaBUIILHOTO JIMarHo3a SIBJISIETCS COOTBETCTBHUE MOJMYYaeMbIX JaHHBIX OPYT APYTY.
PaccMoTpeHBl BO3MOXHOCTH COBPEMEHHBIX METOJIOB HMMYHO(UKCaluu U
MIPOTOYHOMN ITUTOMETPHUM AJIS JUATHOCTUKH U MOHHMTOpHHra MM. OTpunaTtensHbie
pe3ynbTaThl IMMYyHO(MUKcanuu 1 BoisiBieHne MeHee 10% TpaHchOpMHUPOBaHHBIX
IUIa3MaTHYECKUX KIIETOK CPeId BCEX IUIa3MaTHYeCKMX C MOMOIIBIO MPOTOYHON
LUTOMETPHUH SIBJISIIOTCS TIOJIOKUTEILHBIMH IPOTHOCTHYECKUME TIOKA3aTEISIMU JUIST
OOJNBHBIX MHOMKECTBCHHOW MmuenoMoil. CTpaTermw Tepanmuyd HOJDKHBI OBITh
HalpaBJIeHbl Ha JOCTH)XEHHE OTPUIATENBHBIX PE3yJbTaTOB MMMYHO(UKCAIUH U
JIOCTIDKEHHE TIOpOoroBoro ypoBHA MeHee 10% OTHOCHTENBHOTO KOJIMYECTBA
MHEJIOMHBIX KJIETOK. OmnucaH HUMMYHO(DEHOTHIHYECKHH NPOQMIb MHETOMHBIX
(TpaHchOpMHUPOBAHHBIX TUIA3MATUYECKUX) KIETOK M CIIOCO0 WX HISHTU(DHUKAIIUU B
KOCTHOM MO3re Mpu oleHKe 3GQPEKTUBHOCTH TEpanuu M JUIs JAWATHOCTHKU
MHUHHUMAJILHOM OCTaTOYHOI 00JIe3HH.

KJIIOUEBBIE CJIOBA: MHOXecTBEHHass MHUeNIOMa, UMMYHO(EHOTH-
TUpPOBaHKNE, UMMYHO(QHKCAIHSI, MOHUTOPUHT, MUHIMaJIbHAsE OCTaTOYHAsl 00JIE3Hb.

MHoOXeCTBEHHasi MHeEJIOMa IpecTaBisieT coOol 3a0osieBaHNEe CHCTEMBI
KpPOBH, OMOJIOTMYECKON OCHOBOM KOTOPOTO SIBISIETCS HAKOIUIEHHWE TPAHC(HOPMH-
POBaHHBIX IUIA3MATHYECKUX KICTOK M TNPOAYHHPYEMOTO MMH IATOJIOTHYECKOTO
O0enka. OCHOBHBIC KIMHUYECKHE CHMIITOMBI MHOXXECTBEHHOH muenombl (MM) —
KOCTHBIE 0OJIM, YCTaloCTh, OOYCIIOBICHHAs aHEMHEH, peluIuBUpYIOIe HHpEK-
LM ¥ HapylIeHue QyHKIUH TOYeK.

MHOXeCTBEHHasi MUENIOMa SIBJISIETCS CaMbIM PaclpOCTPaHEHHBIM BHIOM
MOHOKJIOHAJIBHBIX TaMMarnaTHii, 3a00JeBaeMOCTh KOTOPOH HEYKJIOHHO pacTeT: B
1965 roay Ha pomo MM mpuxomunock A0 0,03% Bcex 370KaueCTBEHHBIX
omyxousel, a B 2006 — yxe 1-2%, B Tom uncae 2% Bcex CMEPTENIBHBIX UCXOA0B
Ipu OHKOJOTWYeckux 3abosieBaHusx [9]. Ilo AaHHBIM EBPONEWCKOI Tremarolo-
FMYECKOW accouuanmuu K HacrosmeMmy Bpemenu MM cocraBiser 10%
remobmacto3oB [21]. B Cankr-IlerepOypre exeromHo peructpupyioT okoio 100
HOBBIX cirydaeB 3aboineanus MM [1]. Ha teppuropun P® cmeptHOCTE 0T MM
coctapiisger 6osee 10 000 genoBek B rox [1].
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THE DIAGNOSIS AND MONITORING OF RESPONSE
IN PATIENTS WITH MULTIPLE MYELOMA (MM)
Ye.E. Zueval, E.B. Rusanova, A.V. Kurtova
Laboratory of Clinical Immunology and Molecular Diagnosis, Center for
Laboratory Diagnosis, 1.P. Pavlov St-Petersburg State Medical University,
St-Petersburg, Russia

Abstract

Multiple myeloma (MM) is the most common monoclonal gammapathy
with a variety of tests used in the diagnosis and monitoring of response to therapy.
There is a need for a consistency of findings for the diagnosis to be correct. This
paper considers capacities of immunofixation and flow cytometry in the diagnosis
and response monitoring in patients with MM. Negative immunofixation test and
<10% of transformed plasma cells among all plasma cells by flow cytometry are
favorable prognostic factors in MM. Treatment strategies should be aimed to
achieve negative immunofixation result and a threshold of <10% of myeloma cell
relative content. The paper also describes immunophenotype profile of
myelomatous (transformed plasma) cells and a method for their identification in
bone marrow to assess response to therapy and identify minimal residual disease.

Key words: multiple myeloma, immunophenotyping, immunofixation,
monitoring, minimal residual disease.

Multiple myeloma (MM) is a blood system disorder caused by the
accumulation of transformed plasma cells (PC) of monoclonal origin and the
pathological protein produced by these cells. The main clinical symptoms include
bone pain, fatigue due to anemia, recurrent infections and renal impairment. MM is
the most common monoclonal gammapathy with a continuously rising prevalence:
MM accounted for 0.03% of all malignancies in 1965 to reach a 1-2% prevalence
accounting for 2% of all cancer death in 2006 [9]. According to the European
Hematology Association report, MM currently represents 10% of all hematological
malignancies [21]. In St-Petersburg annually about 100 cases of MM are diagnosed
and in the Russian Federation >10 000 deaths are reported every year due to MM [1].

The laboratory diagnosis in MM is based on a classical diagnostic triad.
This includes (I) the presence of monoclonal protein in serum and/or urine, (II) the
presence of 10% of PC in the bone marrow, and III the presence of osteolytic
lesions in flat bones.
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JlaboparopHasi MarHoCTHKa OIKMPAaeTCsi Ha KJIACCUYECKYH JHarHoc-
TUYECKYI0 Tpuany MM:

1) HayMYMe MOHOKJIOHAJILHOTO O€JKa B CHIBOPOTKE KPOBH M/MJIM MOYE;
2) Haim4uue B KOCTHOM Mo3re Oonee 10% mia3MaTHYecKnX KIETOK;
3) HagMYMe OCTEOIIMTUYECKUX ITOPAKEHHUH IJIOCKMX KOCTEH.

loBopss o maboparopHoit nmuarHoctTike MM CeromHSIIHEro JHS,
HEOOXOZMMO OTMETHUTD, YTO B OOJIBIIMHCTBE CIIy4aeB UCIIOJIB3YIOTCS:

— ompeeicHre KOHIIEHTpanuy o01ero Oenka u 0eIKOBBIX (paKInii;

— OIIpeETICHNEe KOHIEHTPAIMM CHIBOPOTOYHBIX HMMMYHOTJIOOYJIMHOB

ocHOBHBIX KiaccoB (IgA, IgM u IgG).

NmvmyHonuarnoctuka MM, kak U Jpyrux OHKOI€MAaTOJIOITMYECKUX
3a00JIeBaHMH, BKJIIOYAET BBISBICHUE OITyXO0JIb-aCCOLMMPOBAHHBIX MOJIEKYII:

1) Ha MOBEPXHOCTHOW MeMOpaHe KJIETKH;
2) BHYTpPH KIJICTKH;
3) B OMOJOTHYECKUX JKUAIKOCTSX.
Crioco0bl BBISIBIICHHS TMarHOCTUYECKH 3HAUNMBIX MOJICKYJI BKITFOUAIOT:
1) HmmyHO(DEHOTHIIHPOBAHNUE, PEaTH30BaHHOE METOIAMHU:

a) HMMYHOLMTOXMMHH, PE3yJIbTAaThl KOTOPOH MOTYT OBITH YUTEHBI C
IMOMOIb CBETOBOM, JIFOMHHECIICHTHOW W/WIIM JIEKTPOHHOM
MHUKPOCKOIINHY;

0) WMMYHOTHCTOXHMUH;

B) MHOTOI[BETHOW MPOTOYHOUN IIUTOMETPHUH.

2) BrisBIeHHE PACTBOPHUMBIX MOJIEKYJ C IMOMOUIBIO PA3IMYHBIX BAPHAHTOB

U®DA, nmmyHOpHKCaMK, HEPETOMETPUH U T.1.

Kiunuueckass naboparopHas —/JMarHoCTHKa OHKOI€MaToJIOTMYECKUX
3a00JIeBaHNH B COBPEMEHHOW KIMHUKE IOJDKHA COOTBETCTBOBATH HECKOJIBKHM
KpHUTEpusIM, 00beTMHEeHHBIMH a00peBuatypoii SMART:

— HoJNy4YaeMble  pe3yJibTaTbl  JOJDKHBI ~ OBITh  crenuUYHB  JUIs

KOHKpeTHOTo 3aboneBanus (S — specific);

— NIPEACTaBIECHBl B KOJMYECTBCHHOM BBIPQKEHWH B CTAHIAPTHBIX LIS

Ka)KI0TO MMOKa3aTess equHunax n3Mepenuns (M — measurable);

— JOCTHXKUMBI, T.€. MOJYyY€Hbl BPadOM, KypPHPYIOIIUM KOHKPETHOTO

6onpHOTO (A — attainable);

— COIIOCTaBHUMBI C JaHHBIMH AHAJIOTMYHbIX I/ICCHe[lOBaHI/Iﬁ u

napaMeTpamMy BHYTPHJIa00paTOPHOIO U BHEITHEr0 KOHTpouisi kadecTBa (R

— relevant) ¥, KOHEYHO,

— pe3ynbTaThl JIOJDKHBI OBITh TIOJyYEHBI 3a CTPOTO ONpeIesICHHBIN

neprox Bpemenu (T — time-bounded) (puc. 1).

CerozHs IMarHoOCTHKa OHKOTEMAaTOJIOTHUECKHUX 3a00J1eBaHui 00BbEUHSET
KJIMHUYECKHE M WHCTpyMEHTalbHblE, Mopdonorndeckne, MMMyHO(EHOTHITHIEC-
KH€ U MOJICKYJIAPHbIEC IaHHBIC, T.€. IPH PA3INYHBIX CIOco0ax mosrydeHus: (hakToB
TJIaBHBIM TapaHTOM HPaBHIBHOTO AWArHO3a SIBISIETCS] COOTBETCTBUE THX AAHHBIX

ApYT ApyTY.
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Currently the MM laboratory diagnosis mostly involves:

— the measurements of total protein and protein fractions together with;

— the measurement of the main classes of serum immunoglobulins

(Ig) such as IgA, IgM and IgG.

Like in other hematological malignancies, the immunodiagnosis in MM
also includes the detection of tumor-associated molecules:

— on cell surface membranes,

— inside the cells and in biological fluids.

A variety of techniques are used to detect the diagnostically significant
molecules. These include the cellular analysis referred to as immunophenotyping
(IPT) that involves (I) immunocytochemistry by means of light, luminescent and/or
electronic microscopy; (II) immunohistochemistry; as well as (III) multicolor flow
cytometry. The other area is the detection of soluble molecules by enzyme
immunoassay (EIA), immunofixation, nephelometry and by other analytic
techniques.

The clinical diagnosis of haematological malignancies should meet
several criteria that are referred to as SMART, i.e. the findings should be (s)
Specific for the disease, (m) Measurable, i.e. presented in a quantitative manner in
standard measuring units, (a) Attainable by the treating physician, and (r) Relevant,
i.e. consistent with similar tests and meet internal and external quality standards,
and, finally (t) Time-bound, i.e. obtained within a strictly limited period of time (fig. 1).

In order to achieve this, the diagnosis in hematological malignancies is
based on a combination of clinical, instrumental, morphological, IPT and
molecular tests. Clearly, the correct diagnosis may be guaranteed only by the
consistency of all these findings.
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Tak, mpu TOMO3PEHHM HAa MHOMECTBEHHYIO MHEJIOMY crierupuyabiM (S)
MPU3HAKOM SIBIISIETCS] TIPOIYKIIMSI MOHOKJIOHAJBHOTO Oelika TpaHC(OPMUPOBAHHBIMU
IUIA3MaTHYECKUMH KJIETKaMH, KoiandecTBO (M) KOTOPOro MOXeT OBITh ONpEIeNeHO
(A) c cobmoneHneM TpeOOBaHMH BHYTPWIIA0OPATOPHOTO W BHEIIHErO KOHTPOJIS
kauectBa (R) B Teuenme cyrok (T). Bepudukamms guarHosa BrIrOYaer
KOJIIIYECTBEHHOE OmpeieNieHre [3-2-MUKpOTIo0yIiHa, COOTHOIICHNS K— U A— JIETKHX
LIeTIeil B CBIBOPOTKE W/MIIM MOYE, BBIIBIICHHE MHUEJIOMHBIX KIIETOK B COCTaBE KOCTHOTO
MO3ra  METOIOM TMPOTOYHOW  LUTOMETPHUHM W, B  HEKOTOPBIX  CIIydasx,
cOaJTaHCHPOBaHHBIX ~ TeHeTmueckwx  TpaHcmokamuii.  Konmenmmss ~ SMART
71a00paTOPHOM JUAarHOCTUKH TIO3BOJISIET A/IEKBATHO OLICHUTH COCTOSHHE OOJIBHOTO U
NPUITH K pa3BepHYTOH (GOPMYITMPOBKE HArHo3a.

JluarHoctuka MM BKIIOYAET  HECKOJBKO  B3aWMOOTIOHSIFOITUX
HarpaBJIeHUH, KOTOpble ObUIM OOCYXKIEHBI U IPEIUIOKEHbI K IPUMEHEHUIO B BHIE
MPaKTHYECKUX PEKOMEHIALNH MK TyHapOAHOH IpymoH o quarsoctrke MM (2003)
u nonoiHeHs! B 2005 . (tabmn. 1) [21; 19].

Cy0GcTpaToM MHENOMBI SIBISIIOTCS TPaHC(OPMUPOBAHHbIE IUIa3MaTHYECKUe
KJIETKH, TTOJABJIIONINE HOPMAIBHBIN TeMOII03 U TPOIYIHPYIOIINE MaTOJIOTHICCKHIA
(MOHOKJIOHANBHEI) Oeok. HopMarbHBIE TTa3MaTHIECKHE KIIETKH, MPEICTABISIOLIIE
co0oif KOHEUHyl0 cTamuro auddepeHIupoBkH B-mimMdormroB, o0ecneunBaoT
MPOAYKIMIO HOPMATBHBIX (HEM30THUIMYECKNX) HMMYHOITIOOYJIMHOB —pa3JIMIHBIX
KJIacCOB. MHENIOMHBIE KJISTKH MOSIBIIOTCS B Pe3yIbTaTe MOHOKIOHATIGHOM HpoIH(eparin
TpaHC(OPMUPOBAHHBIX OITYXOJIEBBIX IUIA3MATHIECKUX KIIETOK U, KaK CIIE/ICTBUE, CIIOCOOHBI K
MPOAYKLMK TOJIBKO OJIHOTO, MOHOKJIOHANBHOTO Oenka. MM BXomuT B Irpyriny Oolie3Hei,
COMPOBOKIAOIIFXCS] MOHOKIIOHATILHOM Cekpertied (Tadu. 2) [5].

BerIcokast pacnpoCTpaHEHHOCTh MOHOKJIOHAJIBHBIX FaMMAaIlaTUid, 1 MHOXKECT-
BEHHOM MMEJIOMBI B YaCTHOCTH, CPE/I JIFOJIEH Cpe/THeH U cTapIel BO3pacTHBIX TPYIIIT
U TIOSIBIICHUE HOBBIX BHIIOB JICKAPCTBCHHOW TEpAITUH, MEXaHH3M JCHCTBHS KOTOPBIX
HarpaBJjIeH Ha IT0/JaBJICHIE aKTHBHOCTH IIPOTEOCOM, a TAKKe PacIPOCTPaHEHHE HOBBIX
aHaJIOTOB TAIMIOMU/IA, IPHBOIHT K BOCTPEOOBAaHHOCTH KAaueCTBEHHO 00JIee BEICOKOTO
YpOBHS JUATHOCTUKH M MOHHTOpUHTra MM, B 0COOCHHOCTH BEepU(HKAINSI PEMUCCHH
3aboneBanws [4; 7].

Ha ceromusmamii eHp CYIIECTBYIOT HECKOJIBKO TPAJWIMOHHBIX METOIOB
BepBIIeHHT MK B pa3nuuHbIX OHONOTMYECKHX Marepranax. MeTomoM CKpPHHHHTA
BbIABJICHUA MOHOKJIOHAJIBHBIX I/IMMyHOFJ'IO6yJ'II/lHOB B KOHILICHTpaluu, HpeBbIHJaIOLL[eﬁ
0,5 /11, ABNISIETCS KITACCHUYECKHIA 3IEKTPOGOPE3 CHIBOPOTKU — OOIICTIPU3HAHHBINA METO/T
JIUHAMHUYECKOro HabroaeHus Hakorutennst MK (puc. 2).

Ha ceromusmmuii neHb MO PEeKOMEHIALMH MEXKIIYHapOIHOH TpYHIIbI IO
MHEJIOME OCHOBHEIM MeTOIoM mieHTu(ukarmu MK mpu JuarHocTHKe 1 MOHUTOPHHTE
OoompHBIX MM  siBisiercss  mmmyHOQukcamus [8]. MmMyHO(UMKcarms Mo3BOJSIET
BeuBILITh MK B Takoil Hm3Kkoi KoHIeHTparmu kak 0,1 r/m, Tak kak OCHOBaHAa Ha
KOMOHMHALINH 31EKTPO(POPETUIECKOTO pa3NeNieHHs] OCNKOB C JIETEKTHPOBAHMEM HX C
TTOMOIIBIO CHEIM()UYECKUX aHTUTEN K HHIMBUTYATEHBIM OSITKaM.
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For instance, when the diagnosis of MM is suspected, the identification of
the monoclonal protein by the transformed PC the specific (s) factor whose content
can be measured (m). Such a measurement is attainable in the routine laboratories
(a) where it meets the internal and external standards (r) while such a test can be
performed and evaluated within 24 hours (t). Then, the certification of the
diagnosis, and an additional assessment of the expected disease severity and
prognosis, involves measurement of beta-2-microglobulin, / light chain ratio in
serum and/or urine as well as the detection of myelomatous cells in bone marrow
by flow cytometry and sometimes of genetic translocations. Thus the SMART
concept of laboratory diagnosis ensures adequate assessment of the condition of
patients including a comprehensive formulation of the diagnosis. These
complementary tests of MM diagnosis have been discussed and formulated as
guidelines by the International Group for the Diagnosis of MM (2003) and
supplemented in 2005 (tabl. 1) [21; 19] and in this paper we summarize the
relevant points for the national diagnostic service in our country.

In MM the transformed PC produce pathological (monoclonal) protein
and also inhibit normal hemopoiesis, especially the differentiation of the normal B-
lymphocyte lineages. As a final result of normal B-lymphocyte differentiation, the
generated polyclonal normal PC produce heterogeneous (non-isotypic) Ig
belonging to various classes. This process is inhibited, to a variable degree, by the
malignant myelomatous cells — a monoclonal proliferation of transformed
neoplastic PC, that produce only a single monoclonal protein. There is a group of
disorders characterized by monoclonal secretion and MM is the most prominent
pathological entity in this group (tabl. 2) [5].

The high occurrence of monoclonal gammapathies, in particular MM,
among patients of middle and advanced age together with the arrival of novel
therapies require a fresh look and higher standards in MM diagnosis and
monitoring. These assays now need to verify disease remission achieved by the
new therapies. These are based on inhibition of proteosome activity and wider use
of new thalidomide analogues [4; 7].

There are currently several conventional methods of monoclonal
component (MC) detection in various biological materials. Classical serum
electrophoresis is still a common monitoring technique for MC accumulation and also a
screening test in cases when the monoclonal Ig concentrations are > 0.5 g/l (fig. 2).

According to the International Myeloma Group’s guidance,
immunofixation is a somewhat more sensitive principal method to identify MC in
the MM diagnosis and monitoring [18]. Immunofixation involves a combination of
the first step of protein electrophoretic separation followed by the identification of
individual proteins by specific antibodies allowing the detection of MC at as low as
a 0.1 g/l concentration.
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MATEPHAJIBI 1 METO/IbI

IammenTtnl. VccenoBanue npoBeneHo B mepuon ¢ ceHtsiops 2006 . mo
ntoHs 2008 1. BriroueHs! panHble 110 260 GOJIBHBIM C MpeBapUTEIbHBIM JHArHO30M
MM, c menuano# Bo3pacta 60 romga (30-82), koTopble HaOMIONANUCH B KIMHUKAX
Cankrt-TlerepObypra u Jlemunrpanckoir obmactu — PocHUMI'WT, CIIGIMY
nm.akan. MLIT. [TaBnoBa, ropoxckas OompHMIa NelS, roponckas OompHmIla Nel7,
roponckast OompHuma Ne3l, JleHmHrpanckass oONacTHas KIMHHYECKas OOJBHHMIA,
JlopoxkHast KiMHMYecKas OonpHuIAa. Bee mammeHTs! mamy  WH(GOPMHpOBaHHOE
COITIacHE Ha yJacTHe B UCCIICIOBAHUU.

CrenpanbHble BUIBI HCCIENOBAHWS — HMMMYHO(MKCALMs, OIpeleeHIe
KOHIIGHTPALlM OCHOBHBIX KJIACCOB MMMYHOIJIOOYJIMHOB, NMMYHO(EHOTHIIMPOBaHHUE
KJIETOK KOCTHOTO MO3ra BBIIOJIHEHbl Ha 0Oasze s1aboparopu  KIIMHHYECKOW
UMMYHOJIOTHM M MoJjieKyisippord  muarsoctuku 11T CIIGIMY  wum. akan.
W.IT .JlaBnoBa. KomruiekcHoe oOcienoBaHKME INAIMEHTOB BKIOYAIO OIpEEICHUE
0eNKOBBIX (hpakuuidi ChIBOPOTKH, MMMyHOIoOynuHbI IgA, IgM, IgG u npoBenenue
NMMYHO(UKCaMM ChIBOPOTKH KpoBH. OrmpeneneHne ONKOBBIX (pakuumii ObUIO
OCYIIECTBJIEHO Ha 0a3e maboparopuu KinHIIeckoi onoxmmim Lenrpa JlaboparopHoit
Huarnoctukn CIIOIMY wum. akax. W.IL [MaBnoma. KomruectBeHHOE OmpenencHue
KOHIICHTPALIUA CBIBOPOTOYHBIX MMMYHOTJIOOYTHMHOB KiaccoB IgA, IgM, IgG Opum
ompeieIeHbl METOJIOM TYPOHIMMETPHH C MCTIONB30BaHIEM HaOOpOB KOMMaHuu Buran
Huarnoctukce, Cankr-IlerepOypr u Ha ammapare Immage ¢ ucrons3oBaHeM HaOOpOB
npowmsBozctBa Beckman Coulter (BC). Dnekrpodopes 0enkoBbix (hpakiiuii CBIBOPOTKA
KpOBU TpoBeZieH B asekrpodopernueckoil kamepe (Cormay) mpH HampsHKeHUH
100 BonsT B Tewenue 30 MuUHYT TIpu KoMHaTHOM Temmeparype (18-22°C) ¢
WCTIOJIb30BaHUEM arapo3HbIX renieid u OydepHoro pactopa pH = 8,6 mpousBoxcrsa
BC. Jlns nomydeHUs NMPOTEMHOTPaMMbl M B KayeCTBE KOHTPOJSI COCTOSTEIbHOCTH
anekTpodope3a ucmonb3oBaH (ukcupyronmii  O6emok — Specific  Protein  of
Electrophoresis (SPE). VmmyHonpenunuranus pasJeneHHbIX OENKOB IpoBelieHa
creruduyeckumu antrcbiBoporkamu (BC) k TsokensM (¢, ¥ u () U sierkuM (k 1 A)
LersM  MMMYHOIJIOOYJIMHOB Ui BBISABICHUS W ONpPENENCHHsT  COCTaBa
MOHOKJIOHAJILBHOr0 KOMIoHeHTa. OTMbIBKa BCEX HENPELMITMTHPOBABLINX OEJIKOB
ocylecTBieHa ¢ wucnons3oBaHueM 0,9% pacTBopa XJopuia HaTpusi B TEUEHHE
5 MUHYT TIpM KOMHAaTHOW Temneparype. OKpallMBaHHE NpPEHUIUTATOB IIPOBENEHO
0,1% pacTBOpOoM OpOMQEHOIIOBOTO CHHETO B TEYCHHE 3 MUHYT. JleHCHTOMETpHS
aneKTpodoperpamMm BEITIOJIHEHA Ha ieHcuToMerpe Paragon Appraise (BC).

AcnupaTbl KOCTHOTO MO3ra OBDIH MOTYYeHBI Yy TareHToB ¢ MM 1o Hadana
teparmu. [nsg MOT Obum ucmonp30BaH MENBHBI KOCTHBIM Mo3r. Kietkn (e
menee 2 X 10°) 6bum uHKy6HpOBanb! Tpy +4 °C B TeueHue 30 MUHYT B TEMHOTE C
MoHokJIOHANbHBIME  aHTuTenaMu  CD45-FITC, CD14-PE, IgGl1-FITC, IgG2-PE,
CD38-FITC, CD138-PE, CD19-PerCP (Bce - Becton Dickinson, Biosciences, San Jose,
CA, USA, (BD)) B pasnuunbIx coueranusx, Hanpumep: CD45-FITC/CDI14-PE;
1gG1/1gG2; CD38-FITC/CD138-PE/CD19-PerCP; CD38-FITC/CD38-PE/CD117PerCP.
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Materials and methods

Patients. During September 2006 to July 2008 we performed a study of
260 patients with a preliminary diagnosis of MM in a patient group with a median
age of 60 (30-82) years. These patients were managed at St-Petersburg and
Leningrad regional clinics (Russian Research Institute of Hematology and
Transfusiology, I.P. Pavlov State Medical University (SPbSMU), Municipal
Hospital No.15, Municipal Hospital No.17, Municipal Hospital No.31, Leningrad
Regional Clinical Hospital, and Road Clinical Hospital. Informed consent to
participate in the study was obtained from all the patients.

Special tests such as immunofixation, concentration measurement of main
Ig classes, bone marrow cell IPT were made at the Laboratory of Clinical
Immunology and Molecular Diagnostics, Center for Laboratory Diagnostics,
I.P. Pavlov SPbSMU. Patient assessment included identification of serum protein
fractions, IgA, IgM and IgG measurement and serum immunofixation. Protein
fraction identification was performed at the Laboratory of Clinical Biochemistry,
Center for Laboratory Diagnostics, 1.P. Pavlov SPbSMU. Measurement of serum
IgA, IgM and IgG was performed by turbidimetry using Vital Diagnostics (St-
Petersburg) test kits and an Immage instrument with Beckman Coulter (BC) kits.
Serum protein fraction electrophoresis was performed in an electrophoretic
chamber (Cormay) at 100 V for 30 min at room temperature (18-22 °C) using
agarose gel and buffer solution pH 8.6 supplied by BC. Specific protein of
electrophoresis (SPE) was used to produce proteinograms and to check
electrophoresis relevance. Immunoprecipitation of separated proteins was made
using specific antisera (BC) to heavy (a, v, 1) and light (x, 1) Ig chains to detect
and identify MC content. All non-precipitated proteins were washed with 0.9%
sodium chloride solution for 5 min at room temperature. Precipitate staining was
done with 0.1% bromphenol blue solution for 3 min. Electrophoregram
densitometry was made on a Paragon Appraise (BC) densitometer.

Bone marrow aspiration specimens were harvested from MM patients
before treatment. Whole bone marrow was used for the IPT analysis. The cells (at
least 2 X 10°) were incubated at +4 °C for 30 min with monoclonal antibodies
CD45-FITC, CD14-PE, CD38-FITC, CD138-PE, CD19-PerCP and CD117-PerCP
(all Becton Dickinson, Biosciences, San Jose, CA, USA (BD) in the combination
staining of Tube 1 (2 colors: CD45-FITC/CD14-PE) and Tube 2 (3 colors: CD38-
FITC/CD138-PE/CD19-PerCP), Tube 3 (3 colors: CD38-FITC/CD138-PE/CD117-
PerCP). In addition, Tube 4 (2 colors: IgG1-FITC/IgG2-PE) was used for isotype
controls in order to set up the negative control values to evaluate the histograms obtained.
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[MoaroroBka 1npo0 ObLIa OCYIIECTBICHA IO METOAMKE OKpalldBaHUeE-
JIM3UC-OTMBIBKA. {1 JM3MPOBAaHUS SPUTPOLMUTOB OBbLI HCIIOJIB30BaH paboumii
pactBop FACSLyse (BD). OrwmbiBka neHTpudyrupoBanueM (5 MUHYT IIpH
300 X g) OblIa npoBe/ieHa IBaXAbI ¢ Ucioib3oBanueM pearenta FACSFlow (BD).
AHam3 aHTUTEHHOW OJKCrpeccHd ObUT NPOBEASH Ha IPOTOYHOM LUTOMETpe
PartecPAS ¢ wucnonb3oBanneM mporpammHoro obecredenus FloMax (Partec,
Denmark) u Ha motounom rutomerpe FC500 (BC). dimoopectieHius Obuia ydTeHa
npu 512-547 um, 571-591 um u 6onee 610 um ans FITC, PE u PerCP kananos
¢dmoopecuennun Ha nepsoM (log FL1) u Bropom (log FL2) u tperbem (log FL3)
¢doroymHoxuTensix. KommeHcanust — HamoxeHust — (uIOOpecUeHIMH  Obuia
OCYyIIECTBJIIEHA CpEACTBaMHM IIpOrpaMMHOro obecnedenus. Jns — kaxmoro
COUYCTaHUs MapKepoB mpoaHamm3upoBano He MmeHee 50 000 coOwiTmit. OOmmid
00BEM HCCIIEOBAHMS CyMMHUPOBaH B Tabm.3.

PE3YJIbTATBI

PesynbTaThl UCCIEN0BAHNS CBIBOPOTKU

[To pesynbraraMm MMMyHO(HKCAIMM ObUIO BBLIEIEHO JBa BO3MOXKHBIX
BapuaHTa OTBETa — OTPHUIATENBHBIA M TIOJOXKUTENbHBIN. OTpULIATENbHBIN
pe3ynapTaT MOApa3yMeBaeT OTCYTCTBHE MOHOKJIOHAJIBHON IOJIOCHI M Hajludue
TONIbKO Ju((Py3HOTO OKpAaIIMBAaHUS TEICBOM IUIACTUHBL  [10J0KHUTEIBHBIN
pe3yabpTar, T.C. BBIBJICHUE IMATOJOTHMYCCKOTO MOHOKIIOHATBHOTO O€JIKa, MOXKET
OBITH IIPEJICTABIICH:

a) MOHOKIIOHAJBHOM TPONYKIHMEH — BBIABICHUE OJHOW MOJOCHI
MOHOKJIOHAJILHOTO O€ellKa;
0) ONUrOKJIOHANBHOM  MPOAYKIMEH,  KOTOpas  XapaKTepu3yeTcs

HaIreM OoJiee OHOI MOI0CH MOHOKJIOHAJEHOTO Oenka (puc. 3).
OmnpezneneHne KOHLEHTPALMH OCHOBHBIX KJIACCOB HMMYHOITIOOYJIHHOB
CBIBOPOTKH  SIBISIETCS CKPMHHHIOBBIM HCCIEJOBAaHHEM, a HMMYHO(QHKCAIUsI
O€JIKOB CBIBOPOTKM W/WJIM MOYHM — YTOYHSIOLIMM METOJOM BepU(HKALUH
MPOILYKIIMY MOHOKIIOHAJIBHOTO OejiKa (MMMYHOTJIOOYJIMHA W/WJIM JIETKOH LeTn).
Hcxonst w3 3TOrO, BCE MAIMEHTHI OBLIM pa3ieieHbl HAa TPU TIPYIIbl B
3aBUCHMOCTH OT KOHIICHTPAIMU CHIBOPOTOYHBIX HIMMYHOTJIOOYJIMHOB!

IlepByio rpynmy cocTaBmINM HAalMEHTHI, KOHIEHTpPAIXs OJHOTO U3
nMMyHornoOynuHoB (xiacca IgA, IgM wmm IgG) KOTOpBIX IpeBbIIana
BEPXHIOIO TPaHUILy OMOJIOTHIECKOTO pe)epEeHTHOTO MHTEpBaia I KaKIOTro
nmmyHornobymmHa coorBercTBeHo (IgA 0,82—4,53 r/n, IgM — 0,46-3,04 1/,
IgG - 7,51-15,6 t/m) , n=122;

Bropas rpynma BKIIOYHMJIA ITAllMEHTOB, Y KOTOPBIX KOHIIEHTPAITHS
MMMYHOTJIOOYJIMHOB CBIBOPOTKH HAXOAWJIKCH B TIpeAeax HOPMBI, n=65;

Tperbl0  Trpymmy  COCTaBWJIM  MAalMEHThl  CO  CHIIKEHHOM
KOHIICHTPAIIUEH BCEX TPEX MCCIICAYEMbIX HMMYHOTIO0YIHHOB, N=73 (Tab. 4).
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Specimen preparation was made by the ‘staining-lysis-washing’
technique. FACSLyse (BD) working solution was used for erythrocyte lysis. The
stained cells were washed twice (5 min at 300 X g) using FACSFlow (BD). During
these studies the antigen expression was measured by flow cytometry. Two
instruments were used and these performed similarly during the investigations.
These were the PartecPAS flow cytometer with FloMax software (Partec,
Denmark) and a FC500 flow cytometer (BC). On both instruments fluorescence
was counted at the respective 512-547 nm, 571-591 nm and >610nm
wavelengths for the FITC (green), PE (orange) and PerCP (red) fluorescence
channels at the first (log), second (log) and third (log) multipliers. Compensation
for fluorescence overlapping was made by means of the software. At least 50 000
events were analyzed for every marker combination (tabl. 3).

Results

Serum study. Immunofixation can provide two, negative or positive,
outcomes. A test is considered negative if there are no detectable monoclonal
bands and only diffuse staining of gel plate can be seen. A positive test, i.e. the
presence of pathological monoclonal protein, is reported in the cases of (I) ob
observing; (II) monoclonal production (one monoclonal protein band), or;
oligoclonal production (with more than one monoclonal protein bands) (fig. 3).

Concentration measurement of main serum Ig classes is a screening test,
while serum and/or urine protein immunofixation is a verification test for
production of monoclonal protein (Ig and/or light chain). Based on these criteria
the patients studied were divided into three groups depending on serum Ig
concentration:

(I) Group 1 included patients with one of Ig (IgA, IgM or IgG)
present at a concentration greater than the upper limit of
biological reference range for every individual Ig (IgA
0.824.53 g/1; IgM 0.463.04 g/I; 1gG 7.5115.6 g/l), n=122;

(II) Group 2 consisted of patients with serum Ig concentrations
within normal limits, n=65;

(IIT) Group 3 combined patients with decreased concentrations of all
three Ig in question, n=73 (tabl. 4).
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Cpenu 122 ciydaeB uccieJOBaHUS CHIBOPOTKH OOJIBHBIX C MOBBIIICHHBIM
YPOBHEM MMMYHOTJIOOYJIMHA KaK MHHUMYM OJHOTO Kiacca, B 109 ciyyasx (89%)
pe3yapTaThl MMMYHO(HKCAIIMU OICHEHBI Kak mooxuTenpHble. Cpemu 65
00pa3IoB CHIBOPOTKH OOJIEHBIX C HOPMAaJbHBEIM YPOBHEM HMMYHOTJIOOYJIHHOB
OCHOBHBIX KIIACCOB PE3YJIbTaThl MMMYHO(MDUKCAIIMH OKA3aJIUCh TTOJIOKUTEIEHBIMU B
48 caydasx (73,8%). Cpenn 73 00pas3noB CHIBOPOTKH OOJBHBIX CO CHMDKEHHBIM
YPOBHEM MMMYHOTJIOOYJIMHOB OCHOBHBIX KJIACCOB B 39 cirydasx OBLIM IOJTyYeHBI
TIOJIOKUTEbHBIE Pe3yIbTaThl UMMyHOuKcamu (53,4%) (puc. 4).

Bo Bcex rpymmax NOJOXWUTENBHBIA pe3yJabTaT HMMYHO(MDUKCAIH
COOTBETCTBOBAJ BBIABICHHIO MOHOKIOHANbHOW mpoxykuuss MK. Hckmodenne
COCTAaBWJIM TpU TMallMeHTa TIEepBOW TPYIIBl, Yy KOTOPHIX Obla BbIABIECHA
OJIUTOKJIOHAJIbHAS IIPOAYKIIMS ITATOJIOTHYECKOTo Oelka.

B menom mno pesynbraraM MMMYHO(HKCAIIMM BBISIBICHO BOCEMb
MMMYHOJIOTHYECKUX  BapHaHTOB MOHOKIIOHAJBHOTO  KoMIoHeHTa. CambIM
pacnpocTpaHeHHBIM TUoM Okasancs MK ummyHonormueckoro Bapwanta 1gG/x
nerkas nenb — 48% (puc. 5).

[lo pexoMeHpauusM MEXAYHApPOAHOW TIPYMIbI 110 MOHUTOpUHTY MM
METOJ] IMMYHO(MHUKCAIINA IPUHAT KaK 00s3aTeIbHBIN 111 BepU(PUKALIUN pEeMICCUT
u orcyrctBusg MOB [4]. MadpopMaTHBHOCT NMMYHO(DHUKCAITNH TIPH MOHUTOPHHTE
MM Obla WCTIONB30BaHA W B paMKax HACTOAIIETO HccenoBaHus. B kadecTse
IpUMepa MBI TPUBEAEM pPE3yIbTaThl IBYX IOCIEJOBATEIBHBIX HCCIIEIOBAHUN
CBIBOPOTKH KpPOBH TMAIIMEHTKH, KOTOPOW OBUI YCTAHOBICH KIMHHYECKHH U
I/IMMyHOJ'IOFl/I'-IecKI/lﬁ JUAardio3 MHOXKXCCTBCHHas1s MHUCJIOMA, B CBA3M C 4Y€M OHa
nojayyajga XUMHOTEpANUK IO  CTaHAApTHOM cxeme. [Jlnsg  yTouHeHus
3¢ (GEKTUBHOCTH MPOBEACHHONW XUMHOTEpANMK OBUIO BBIMOJIHEHO IOBTOPHOE
uccienoBanue (puc. 6).

Pe3ynbTaThl HIMMYHOGDCHOTHITMPOBAHUS KIIETOK KOCTHOTO MO3Ta

NmmyHOQeHOTHITHPOBAaHHE — TPAHC(OPMHUPOBAHHBIX  IUIA3MATHYECKUX
KIETOK TIPH MHOXXECTBEHHOW MHEIOME M OPYTrUX BHIAX MOHOKIOHAIBHBIX
raMManaTHid SBISIETCS HOBBIM HAIPaBIICHHEM B JWATHOCTUKE MapampOTeHHEMHN
[7; 18; 21]. K ocHOBHBIM TOKa3aHWSAM MJisi TPOBEIACHHS IIeJICHAIPaBIECHHOTO
BBISBIIGHUSI M OIEHKH HMMYHO()EHOTHIHYECKOTO MPOQIIS IUIa3MaTHYECKHX
KJIETOK OTHOCSTCS:

— muddepeHIManbHbIi  THArHO3 IHAarHO3 MHOXXECTBCHHOW MHEIOMBI,

MOHOKJIOHAQJIbHBIX TaMMallaTMi HEsICHOro 3HA4YeHUs MU PCAKTUBHBIX

COCTOSIHUI;

— BBISBJICHHE MAapKepOB, 3HAYUMBIX IIPH OINPEACICHHU IPOTHO3a

TeueHuss MM U 0TBeTa Ha XHMHUOTEPAITHIO;

— BoisiBieHre MOB y 6ompHBIX MM nociie Tepanuu.

EctecTBeHHO, 4TO A KOKAOTO HAPABJICHUS UMMYHO(DEHOTHITUPOBAHUS
METOJIOM TIPOTOYHOW ITUTOMETPHH IPEIIONIaraeTcsi MCIIOIBb30BAaHUE PAa3IHIHBIX
MTOIXOOB JIJIS TIOTyYeHHSI JUAarHOCTHYECKH 3HAYMMBIX pe3ynbTaToB (Tadi. 5) [18].
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Immunofixation test was positive in 109 (89%) of 122 cases with
increased concentration of at least one Ig, in 48 (73.8%) of 65 serum samples
with normal Ig concentrations and in 39 (53.4%) of 73 cases with decreased Ig
concentrations (fig. 4).

In all cases positive immunofixation test corresponded to the
monoclonal production by MC, except three cases from Group 1 who presented
with oligoclonal production of pathological protein.

As a whole, we identified by immunofixation 8 immunological types
of the monoclonal component. IgG/ light chain was the most common MC
immunological type (48%) (fig. 5).

According to the International Group for MM monitoring guidelines,
immunofixation is a mandatory test to verify the remission status and the
virtual absence of minimal residual disease (MRD) in patients who are on
therapy [4]. In our study the informative value of immunofixation in MM
monitoring was fully utilized. As an example about this role of the method we
show the results of two consequent tests performed on serum samples taken
from the same patient.

This patient had the clinical and immunological diagnosis of MM as
shown in the first test. After having received standard chemotherapy, the
second test verified the patient’s response to chemotherapy (fig. 6).
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[Tpu ananmze oOpa3lOB KOCTHOrO Mo3ra nandeHtroB MM Ha orarme
Bepl/l(l)l/IKaLIl/II/I JAuardtosa, T.€. 10 Hadajla TeEpaluun 6])1.]'10 BBISIBJICHO, 4YTO
TpaHC(OPMHUPOBAHHbIE IIA3MATHUECKHE KJIETKH B OOJBIIMHCTBE CIIy4aeB MOTYT
ObITh MAECHTU(HULIUPOBAHBl Ha THCTOrpaMMe MOP(POJOTMYECKHX XapaKTEePHCTHK
KIeTok (mpsiMoro u  yrioBoro cBeropaccesHus FSC/SSC) mo  ocoObm
XapaKTEePUCTUKAM CBETOPACCESHUS, OTIMYAIONINM MX OT OCHOBHBIX CyOIOMyIISIAN
SITPOCOEPIKALIIX KIETOK KOCTHOTO Mo3ra (puc. 7).

Vposens skcnpeccun CD45 Ha MOBEPXHOCTH ILIA3MAaTHYECKHX KIIETOK
COOTBETCTBYET TPAHYJIOIMTAM H MOKET OBITh paCIIeHEH KaK CD45%™ (puc. 8).

OcHoBHBIM 3TanioM DT kocTHOTO MO3ra 00IpHBIX MM SBISiCTCS aHAIIN3
skcnpeccun CD38, CD138 u CD19 (puc. 9).

B nepByto ouepenp Obuia mpoBeneHa orenka rucrorpammbl CD138/SSC,
Tak kak uMeHHo CD138 (cunaexan-1) sBisercs npuHIMNUanbHeIM MapkepoM [1K.
Tem He MeHee, TOJIBKO BBIBIEHUE OJHOBpeMeHHOU skcmpeccun CD38 u CD138
no3BouisieT HalekHO oTaesuTh 1K oT B-KieTOYHBIX NpeAlIecTBEHHHKOB W OT
JIpyrux JedikonmroB. s mocnenyromero ananm3a ObUIO CO3/aHO JIOTHYECKOE
orpaHndeHue (TeiT), oOBeauHSIONmEee CD138" kmerkun ¢ OTIpe/IeTICHHBIMHU
XapaKTepUCTHKaMU cBeTopaccessHusa. [losutuBHas skcmpeccus CD38  ciyxur
MOATBEPKACHUEM NPUHAIIECKHOCTH HUCCIIELyeMOH MOMyJISIUA K IIa3MaTHIECKUM
KJIETKaM. BpIIBICHHE MOMyJsAUM KJIETOK C W3MEHEHHBIMU XapaKTEpHUCTUKaMHU
cBeTopaccesHus M cyMMapHeIM denotuniom CD45°CD38°CD138" mossonser
BepuduIMpoBaTh NprcyTcTBre TpaHchopmupoBanHbix [1K B uccienyemom odpasie.

Wnrepniperaumss  paHHbix  okcrnpeccun  CD19  npu  Bepudukanmu
MUCIIOMHBIX KJIETOK HEPCIKO BbI3bIBACT HCKOTOPLIC 3aTPYyAHCHUA. HeCMOTpSI Ha
To, 4yTO oTcyTrcTBHe 3kcmpeccud CD19 mnpuHATO CuuTaTh CTaHIAPTOM Ui
BBIABJICHUS TpaHchopMmupoBaHHbIX 1K, HEOOXOAMMO YUHTHIBATB, YTO 3KCIIPECCHS
CD19 npu MM wmoxer coxpaHsTbes npumepHO B 15% ciydaeB. bonee Toro,
HacTosIlleMy BpeMeHHM MokazaHa oskcopeccus CD19 y 3HauuTensHOM yactu
6onpHEIX MM B CeBepo-3anagaom peruone PO [4].

3aKIIIOUYUTENBHBIM 3TAllOM aHAJIN3a JaHHBIX MMMYHO()EHOTHITMPOBAHUS
OBIIIO KOJIMYECTBEHHOE OIEJeNIeHNe COAeP)KaHusI TpaHC(HOPMHUPOBAHHBIX KIICTOK
cpenu MOHOHyKJeapoB. llomyueHHbIE aaHHBIE MOTYT OBITH B JalbHEHIIEM
UCIIOIBb30BaHbI ISl OLEHKU 3G ()EKTHBHOCTH MIPOBOJMMOIO JEUEHHMs, TaK KaK MPU
uccnegoBann MOD skcrpeccuio yKa3aHHBIX MapKepOB OLIEHHUBAIOT AJIS COOBITHH,
ONPEJIETICHHBIX TI0 TEHTY MOHOHYKJI€apoB [4].

IMpn ananmze TpaHCHOPMUPOBAHHBIX KIETOK CJEIYeT Y4YHUTBHIBAThH
BO3MOXKHOCTb BBISIBJICHHS HEOJHOPOJHOTO YPOBHSI 3KCIPECCHM HCCIEIyeMbIX
MapKepoB. ['eTeporeHHOCTh IKCIPECCHN MOXKET XapaKTepPU30BaTh TOIBKO OJMH U3
MapKepoB, TOT/a KaK IO OCTaJbHBIM OyJeT BBISABICHA T'OMOTCHHAsl 3KCIPECCHs
(puc. 10). MHTepnpeTanys NMOIyYEHHBIX JAHHBIX B TAKUX CIIydasx HPEICTABISIET
3HAQUUTEIBbHYI0O TPYAHOCTb, OAHAKO, TPU  ONPEACICHUH  TO3UTUBHOCTH
OKpAIIMBAHUS CIEAYET OMUPATHCS Ha PE3YNIbTaThl HETATUBHOTO KOHTPOJIS.
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Bone Marrow Cell Immunophenotyping

Analysis of bone marrow from MM patients at the stage of diagnosis
verification, I.e. before therapy start, demonstrated that transformed PC can in
most cases be identified in cell morphology histograms (forward and side light
scatter — FSC/SSC) by characteristic features of light scatter differentiating these
cells from main subpopulations of nucleated bone marrow cells (fig. 7).

CD45 expression level tested in Tube 1 on the surface of PC-s
corresponded to granulocytes (CD45%™ shown in fig. 8). The analysis of CD38,
CD138 and CD19 antigens (Tube 2) represented the crucial informative assay for
the MM analysis in the bone marrow by IPT (fig. 9).

We first analyzed the histograms of the CD138 staining in combination
with the morphological feature of the side scatter (CD138/SSC) because it is
CD138 (syndecane-1) is the PC principal marker and the positive CD38 expression
is a confirmation of the study population belonging to PC. However, only the
simultaneous detection of CD38 and CD138 can reliably differentiate PC from B-
cells, immature B-cell precursors and other leukocytes.

A logical limitation (gate) was introduced in further analysis to combine
CD138" cells with certain light scatter characteristics. Identification of a cell
population with altered light scatter characteristics and a combined phenotype
CD38'CD138" and negative or dimly positive CD45 expression is a verification of
the presence of transformed PC in the specimen.

It is sometimes difficult to interpret CD19 expression data when
performing MC verification tests. Although the absence of CD19 expression is
considered a standard test for identification of transformed PC, it should be taken
into consideration that CD19 expression may be preserved in 15% of MM cases.
The CDI19 expression was indeed detected in a considerable portion of MM
patients from North-Western Regions of the RF [4].

The final stage of IPT data analysis consisted of measurement of
transformed cell portion among the mononuclear cells. Such findings may be
further used to assess response to treatment because expression of the mentioned
markers in MRD assessment is evaluated for events identified by the mononuclear
gate [4]. It should be taken into account in analysis of transformed cells that the
markers in question may have heterogencous levels of expression. It may also
happen that only a single marker has heterogeneous expression while expression of
the others is homogeneous (Fig. 10). Interpretation of findings in such cases can be
difficult: the decision needs to be based on a careful comparison of the positive
staining with the negative controls seen in Tube 4 of the isotype controls.
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[Tpu ananmze oOpa3lOB KOCTHOrO Mo3ra nandeHtroB MM Ha orarme
BepI/l(l)l/IKaLII/II/I JAuardtosa, T.€. 10 Hadajla TeEpaluun 6])1.]'10 BBISIBJICHO, 4YTO
TpaHC(OPMHUPOBAHHbIE IIA3MATHUECKHE KJIETKH B OOJBIIMHCTBE CIIy4aeB MOTYT
ObITh MAECHTU(HULIUPOBAHBl Ha THCTOrpaMMe MOP(POJOTMYECKHX XapaKTEePHCTHK
KIeToK (mpsiMoro u yrioBoro cetopaccesaus FSC/SSC) mo ocoObiM xapakTte-
pPHCTHKaM CBETOPACCESHUs, OTJIMYAIOIMM HMX OT OCHOBHBIX CyONOMyIISIUH
SITPOCOIEPIKAIIIX KIETOK KOCTHOTO Mo3ra (puc. 7).

Vposers skcnpeccun CD45 Ha MOBEPXHOCTH ILIA3MAaTHYECKHX KIIETOK
COOTBETCTBYET TPAHYJIOIMTAM H MOKET OBITh PaCIIeHEH KaK CD45%™ (puc. 8).

OcnoBabIM 3TanioM MOT koctHOTO Mo3ra 6016HBIX MM siBIIsIeTCS aHANN3
skcnpeccun CD38, CD138 u CD19 (puc. 9).

B nepByto ouepenp Obuia mpoBeneHa orenka rucrorpammbl CD138/SSC,
Tak kak uMeHHo CD138 (cunaexan-1) sBisercs npuHIMNUanbHeIM MapkepoM [1K.
Tem He MeHee, TOJIBKO BBIBIEHUE OJHOBpeMeHHOU skcmpeccun CD38 u CD138
no3BouisieT HalekHO oTaesuTh 1K oT B-KieTOYHBIX NpeAlIecTBEHHHKOB W OT
JIpyrux JedikonmroB. s mocnenyromero ananm3a ObUIO CO3/aHO JIOTHYECKOE
orpaHndeHue (TeiT), oOBeauHSIONmEee CD138" kmerkun ¢ OTIpe/IeTICHHBIMHU
XapaKTepUCTHKaMU cBeTopaccessHusa. [losutuBHas skcmpeccus CD38  ciyxur
MOATBEPKACHUEM NPUHAIIECKHOCTH HUCCIIELyeMOH MOMyJISIUA K IIa3MaTHIECKUM
KJIETKaM. BpIIBICHHE MOMyJsAUM KJIETOK C W3MEHEHHBIMU XapaKTEpHUCTUKaMHU
cBeTopaccesHus M cyMMapHeIM denotuniom CD45°CD38°CD138" mossonser
BepuduIMpoBaTh NprcyTcTBre TpaHchopmupoBanHbix [1K B uccienyemom odpasie.

Wnrepniperaumss  paHHbix  okcrnpeccun  CD19  npu  Bepudukanmu
MUCIIOMHBIX KJIETOK HEPCIKO BbI3bIBACT HCKOTOPLIC 3aTPYyAHCHUA. HeCMOTpSI Ha
To, 4yTO oTcyTrcTBHe 3kcmpeccud CD19 mnpuHATO CuuTaTh CTaHIAPTOM Ui
BBIABJICHUS TpaHchopMmupoBaHHbIX 1K, HEOOXOAMMO YUHTHIBATB, YTO 3KCIIPECCHS
CD19 npu MM wmoxer coxpaHsTbes npumepHO B 15% ciydaeB. bonee Toro,
HacTosIlleMy BpeMeHHM MokazaHa oskcopeccus CD19 y 3HauuTensHOM yactu
6onpHEIX MM B CeBepo-3anagaom peruone PO [4].

3aKIIIOUYUTENBHBIM 3TAllOM aHAJIN3a JaHHBIX MMMYHO()EHOTHITMPOBAHUS
OBIIIO KOJIMYECTBEHHOE OIEJeNIeHNe COAeP)KaHusI TpaHC(HOPMHUPOBAHHBIX KIICTOK
cpenu MOHOHyKJeapoB. llomyueHHbIE aaHHBIE MOTYT OBITH B JalbHEHIIEM
UCIIOIBb30BaHbI ISl OLEHKU 3G ()EKTHBHOCTH MIPOBOJMMOIO JEUEHHMs, TaK KaK MPU
uccnegoBann MOD skcrpeccuio yKa3aHHBIX MapKepOB OLIEHHUBAIOT AJIS COOBITHH,
ONPEJIETICHHBIX TI0 TEHTY MOHOHYKJI€apoB [4].

[Tpu ananm3e TpaHCHOPMHPOBAHHBIX KIETOK CJIEAYyeT Y4YHTHIBATh BO3-
MOXXHOCTh  BBISIBJIGHUSI HEOJIHOPOJHOTO YPOBHS OKCIPECCHH HCCIEIyeMbIX
MapKepoB. ['eTeporeHHOCTb IKCIIPECCHN MOXKET XapaKTEePU30BaTh TOIBKO OJMH U3
MapKepoB, TOT/a KakK IO OCTaJbHBIM OyJeT BBISABICHA T'OMOTCHHAs 3KCIPECCHs
(puc. 10). MHTepnpeTanys MOIyYEHHBIX JAHHBIX B TaKUX CIIydYasx HPENCTABISAET
3HAYUTEIBbHYIO TPYJHOCTh, OJHAKO, NPH ONpPENEICHUH MO3UTHBHOCTH OKpAallH-
BaHMS CJIEIYET OMMPATHCS Ha PE3yJIbTAThl HErATHBHOTO KOHTPOJIS.
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Analysis of bone marrow from MM patients at the stage of diagnosis
verification, lie. before therapy start, demonstrated that transformed PC can in
most cases be identified in cell morphology histograms (forward and side light
scatter — FSC/SSC) by characteristic features of light scatter differentiating these
cells from main subpopulations of nucleated bone marrow cells (fig. 7).

CD45 expression level tested in Tube 1 on the surface of PC-s
corresponded to granulocytes (CD45%™ shown in fig. 8). The analysis of CD38,
CD138 and CD19 antigens (Tube 2) represented the crucial informative assay for
the MM analysis in the bone marrow by IPT (fig. 9).

We first analyzed the histograms of the CD138 staining in combination
with the morphological feature of the side scatter (CD138/SSC) because it is
CD138 (syndecane-1) is the PC principal marker and the positive CD38 expression
is a confirmation of the study population belonging to PC. However, only the
simultaneous detection of CD38 and CD138 can reliably differentiate PC from B-
cells, immature B-cell precursors and other leukocytes.

A logical limitation (gate) was introduced in further analysis to combine
CD138" cells with certain light scatter characteristics. Identification of a cell
population with altered light scatter characteristics and a combined phenotype
CD38'CD138" and negative or dimly positive CD45 expression is a verification of
the presence of transformed PC in the specimen.

It is sometimes difficult to interpret CD19 expression data when
performing MC verification tests. Although the absence of CD19 expression is
considered a standard test for identification of transformed PC, it should be taken
into consideration that CD19 expression may be preserved in 15% of MM cases.
The CDI19 expression was indeed detected in a considerable portion of MM
patients from North-Western Regions of the RF [4].

The final stage of IPT data analysis consisted of measurement of
transformed cell portion among the mononuclear cells. Such findings may be
further used to assess response to treatment because expression of the mentioned
markers in MRD assessment is evaluated for events identified by the mononuclear
gate [4]. It should be taken into account in analysis of transformed cells that the
markers in question may have heterogencous levels of expression. It may also
happen that only a single marker has heterogeneous expression while expression of
the others is homogeneous (Fig. 10). Interpretation of findings in such cases can be
difficult: the decision needs to be based on a careful comparison of the positive
staining with the negative controls seen in Tube 4 of the isotype controls.
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OmucaHHble B J@HHOW pabOTe KOMOHMHAIIMKA MOHOKJIOHATBHBIX — AHTHTEN
MPaKTUYECKN BCErZia MOTYT OBbIThb NPHUMEHEHBI JUIi AMarHocTuku MM 0 npoBeneHus
Tepanuu, OHAKO, €€ UCTOIb30BaHKE JIs AMarHOCTUKU MODB B HEKOTOPBIX CITy4asx MOMKET
ObITh 3arpygHeHo. CBs3AHO 93TO, TPEKIE BCEro, C TeM, YTO B PEIKUX CITydasX
TpaHcopMupoBaHHbIe KiIeTkn Tpu MM moryr ciabo skcmpeccupoBath CD45, a
HopManbHBIe [1K ObrTe io3uTrBHEI 110 CD19. [Tpyn 3HAYNTETFHOM KOJMYECTBE OITyXOJICBBIX
KJIETOK B KOCTHOM MO3I€ HCIIOJNIE30BAHKE TPEICTABIICHHON BBIIIE CTPATETHH JIOTHYECKNX
orpaHudeHNH (TEHTUPOBAHMS) TIO3BOISIET BEPH(UIMPOBATH M OLCHUTh MMMYHO(EHOTHIT
TpaHCHOPMUPOBAHHBIX KIIETOK, ONMPAsCh HAa BO3MOXKHOCTb KOMIUICKCHOHM —OLIGHKH
TIapaMeTPOB CBETOPACCESHHUS M SKCTIPECCHH YKa3aHHBIX MapkepoB. IIpn muarnoctrke MOb
TOCJIe TIPOBECHUS COOTBETCTBYIOILETO JIGUEHHS! Y4eT TPaHC(OPMUPOBAHHBIX KJIETOK U
HopMasTbHBIX TIK mpoBOIAT cpemyt MOHOHYKIIEapOB, UTO 3aTpy/AHSET HICHTHU(DHKALMIO
MAJIOKJICTOYHOM IMOIYJLMK  IUIA3MATUYECKUX KIIETOK. /[ KOPPEKTHOIO BbIIEIEHUS
HOPMAJIBHBIX U TpaHcdopmupoBaHHbIX [TK HeoOxomumo aHamsuposars He Meree S00 000
COOBITHI 1 TIPUMEHSTH B COCTABE COYETAHMI MOHOKJIOHAIBHBIX aHTHTEN JOTOIHHUTEIBHO
Mmapkep CD56, npruem Jydiie B komOuHamm ¢ CD45 (manpumep, CD45/CD138/CD56,
CD38/CD56/CD138, CD45/CD56/CD19). C moMomIpl0 COCTAaBICHHOM TaHETd AHTHTEI
MO>XHO He TOJIKO BbIIBUTH caMH 11K, kak noka3aHo Ha j1eBoi ructorpamme puc. 11, Ho u, ¢
ucrions3oBaHMeM  MapkepoB  CD56  w CD117, pasnmemmte  cOXpaHHBIE |
TpaschopmuposanHbie [TK.

Hcnonb3oBaHye AaHHBIX UMMYHOGMUKCAIMY 1 UMMYHO(EHOTUIIUPOBAHUS
[utd ainarHocTuku MM u onieHkH 3¢ (EKTUBHOCTH TEPAUH

CoueranHoe HCTIONBb30BaHNUE JTAaHHBIX UMMYHO]UKCAUU u
UMMYHO(ECHOTUIIMPOBAHUS Uil AWarHocTukn MM u oneHku 3((GeKTHBHOCTH
Teparru NpeacTaBjICHO HECKOJIbKUMU KIIMHUYECKUMU IIPUMEPAMU.

BonbHoit C-H, 91 roga. B cBa3u ¢ nogo3penneM Ha MM Ha uccnenoBaHue
HarpasJieHbl lepueprudecKast KpoBb, CyTOYHAs MOYa U aclUpaT KOCTHOTO MO3ra.
[Tpu ananu3e GENTKOB CHIBOPOTKH yPOBEHb HMMYHOTJIOOYJIMHOB OCHOBHBIX KJIACCOB
B Ipenenax OWOIOTHYeCKHX pedepeHTHBIX HHTepBaioB. [lpm aHammze OeNKoOB
MOYH BBISBJIEHBI CBOOOJHBLIE JIETKHME IENMU B KOHLEHTpanuu: k — 66,15, 1 —
0,0042 mMKr/mi cooTBeTCTBEHHO (OMOornueckuii peepeHTHBIH HHTEPBAT K—LEeNn
— 0-1,85 mr/m, A-tiertr — 0-5,0 mr/mn) (puc. 12).

ITpn ananmm3e KIETOK KOCTHOTO MO3ra MO JaHHBIM MHEJIOTPaMMBI BBIIBIICHO
9% Tmma3MaTUYecKuX KIETOK, 6% MoHoImTOoB. Ilpy aHammM3e KIETOYHOTO COCTaBa
KOCTHOTO MO3Ta METOJIOM IIPOTOYHOM IUTOMETPHH BBISIBIEHBI KIETKH HU3KOIO YPOBHS
TPaHYJLIPHOCTH €  ApPKAM  ypoBHeM oskcrpeccmn  CD45 (CD45™e™) e,
COOTBETCTBYIOIIME XapaKTepUCTUKaM JIUMQourToB. CyONOMyIsILOHHBIA  COCTaB
mumdommTos  mpeAcTasied T— u  B—xmerkamu (CD3'CD19 =54,8%; CD3~
CD19"=19,3%). Knerku-npeurecTBeHHuK) (ro3uTuBHEIE 10 CD34) BHIABIEHBI B
MMHHMaTbHOM  KomudectBe  (CD45'CD34 =0,39%). Ilnasmaruueckue — KIETKH
skcnpeccupoBa CD19 u CD117 (puc. 13).
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Monoclonal antibody combinations used in our study may be regularly
utilized in MM diagnosis before treatment. Nevertheless, the use of the reagent
combinations we applied for the diagnosis of MRD may sometimes be
problematic. The transformed cells in MM may in rare cases show dim CD45
expression, while normal PC may have positive CD19 status. In cases with a
considerable tumor cell burden in bone marrow the use of the gating strategy
described above allows the verification of the transformed PC cells by IPT based
on the combination of the intensity of antibody staining and light scatter
characteristics. Still, the identification of transformed PC-s and the regenerating
normal PC in the treated patients during the diagnosis of MRD remains difficult. In
this situation it is likely that the range of antibody reagents used may need to be
extended. The additional use of the CD56 marker, for example, is one such
possibility. When wused in combinations with CD45 (e.g. in tests of
CD45/CD138/CD56, CD38/CD56/CD138 and CD45/CD56/CD19) this antibody
panels appears to allow both identification of PC (see left histogram in Fig.11) and
the diagnostic differentiation between the normal (non-malignant) and transformed PC-s.

Immunofixation and immunophenotyping findings in the MM diagnosis
and evaluation of response to treatment

Below are examples of combined use of immunofixation and IPT findings
in the MM diagnosis and evaluation of response to treatment.

In Patient S., a 91-year old male, the specimens for analysis included
peripheral blood, 24-h urine and bone marrow aspiration samples. By serum protein
analysis, levels of main Ig classes were within biological reference ranges. Urine protein test
detected free light chains at concentrations: k 66.15, 4 0.0042 mcg/ml, respectively (biological
reference ranges 0-1.85 mg/dl for  chain and 0-5.0 mg/dl for A chain) (fig. 12). The bone
marrow analysis identified 9% of PC and 6% of monocytes. Analysis of bone marrow
cellularity by flow cytometry found low granularity cells with CD45%™ expression,
a feature that corresponds to the characteristics of lymphocytes. Lymphocytes in
the bone marrow consisted of T- and B-cell subpopulations (CD3'CD19 =54.8%,
CD3 CD19'=19.3%) and the CD34-positive precursor cells were present at a
minimal level (CD457CD34 0.39%). PC demonstrated CD19 expression (fig. 13).
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Junarno3 MM naimentke E-Boit 60 siet ObuT Bepr(UIIMPOBAH MO KIACCHYECKUM
KJIMHUKO-JIa0OpaTopHbIM ~ KputepusiM. It MMMYHOJIOTMYECKOTO  HCCIISZIOBAHUSI
HarpasJieHa Teprdepuyeckas KpoBb M KOCTHBIH MO3I' TIOCJIE ILECTH KypCOB IIpernapara
Benkeiin st oumeHku 3¢dexkTMBHOCTH TepanuH. bBhUIO TOKa3aHO, YTO YpPOBEHb
HMMMYHOITIOOYJIMHOB OCHOBHBIX KJIACCOB CBHIBOPOTKE OBUT B IpEfiesiax OMOJIOTHYECKOro
pedepeHTHOr0 HWHTEepBaNa, IO JAHHBIM MHEJIOIPAMMbI IUIA3MATUYCCKUE KICTKH HE
BosiBIICHBL. [l0  pe3ynbrataM  UMMYHO(HUKCAIMA — MOHOKJIOHATBHAS  MPOJYKIIUSI
TIATOJIOTMYECKOro Oeika He BhIBJICHA. 110 TAHHBIM MPOTOYHON IIUTOMETPUH B COCTABE
KOCTHOTO MO3ra B MHHHMMAJILHOM KOJIMYECTBE BBISIBJICHBI ILIA3MATHYECKUE KIICTKH,
MPAKTHYECKN TOJIHOCTHIO TPE/ICTABICHHBIE COXPaHHBIMU IUIA3MATHYECKUMH KIIETKAMH
(puc. 14). Takim 0Opa3oM, BepUPHUITMPOBAHA KITMHUKO-MMMYHOJIOTUUECKAst PEMHUCCHSL.

OBCYXKJIEHUE

Cranzapt 1a0OpaTopHOro O00CNIC/IOBaHMs MAIMEHTOB C TOJO3PCHHEM Ha
MOHOKJIOHAJIGHYIO TaMMaIiaTHIO OCHOBaH Ha PEKOMEHIAIMSX MEKITyHapOIHOM rPYIIIBI IO
mueriome [19]:  ompeneneHue KOHIIGHTpalMM WMMYyHODIOOyymHOB A; M; G;
MPOTCHHOTpaMMa — OEJTKOBBIC (PPaKIIK, OOIIHI OCNOK, KOJIMYSCTBEHHOE ONPE/ICIICHIS
CBOGOJHBIX JIETKKMX Iielied k— W A-Tvna. TeM He MeHee, MMEHHO KOHIICHTpAIs
MMMYHOIJIOOYJIMHOB ~ SIBJIITCS  JAMATHOCTHYECKH 3HAYAMBIM W Oonee  BCEro
WHQOPMATHBHBIM TecToM. [IpHMeHEeHHe KIIAaCCHYECKOro 3JeKTpodope3a MOBCEMECTHO
pactpocTpaHeHo B oOnacti quarHocTikn MM M MO3BOMSIST BBIBIAITE M-THK Y
OonpimHCTBA TarmeHToB ¢ MM [1]. OmHako, cpemy MAalMeHToB, OCTKOBBIC (BpaKimiu
KOTOPBIX HaXOJATCA B IIpeziesiax OMoorudeckux pedepeHTHBIX HHTEPBAIOB WK B CIIydae
TUIOraMMariio0yIMHEMIH, IMMyHO(MHKCALI MO>KeT BeIBIISITE MK [6].

B pabore R.Lakshminarayanan et al. mamm@eHTSI ¢  TEPBHYHO
BepurmpoaHHoi MM ObUTM pasneneHsl Ha TPH TPYHIBI B 3aBHCHMOCTH OT YPOBHS
raMMarioOyJTMHOB: OOJNBHBIC CO CHIDKEHHBIM YpPOBHEM (PPaKIMK TaMMariioOyJIMHOB
(rumoramMmarnoOyiHeMusi), OONBHBIE C COXPAaHHBIM yPOBHEM OENKOB  (hpaxumn
raMmarjioOyliMHOB ¥ OONbHBIE C  TIOBBIIICHHBIM YPOBHEM OCJIKOB  (DpaKiyu
ramMmaryio0yiHoB (runeprammarsioOymiHemst) [13]. YV 10% oGcrnenoBaHHbIX aBTOpaMH
6o0sbHBIX MM ObU1a BBISIBJICHA THUIOTaMMArioOyJIMHEMUSL, CTOJIBKO K€ TPHXOAUTCS Ha
JIOJIFO TIAIIMEHTOB C HOPMAJIBHOW MPOTEMHOrpamMMoil OenkoB. Henb3st He COmIacuIcs ¢
MHEHHEM aBTOpOB, COIIACHO KOTOPOMY TALMEHTHI C HOPMAIBHOW MPOTEHMHOIPAMMOt
TIPEICTABIISIIOT OYEHB CIIOKHYIO TSl IMArHOCTUKY ¥ MOHUTOPUHIA IPYITY: Y TIALMEHTOB C
YBEJIMYEHHBIM YPOBHEM [3-1-1100yiHa, a 0Co0eHHO [B-2-II00y/MHA MOXET ObITh
MOHOKJIOHAJIGHBIA ~ OENOK, MACKHpPYIOIIMICS 3a JTMMH monocami. [lpm  rmo-
ramMmaryioOyJTMHEMHUHU ¥ TIPH HOPMAJIBHBIX Pe3yJIbTaTax MpOTEUHOrpamMMbl 0obHBIX MM
peKOMeHIoBaHO —TipoBenieHne umMyHO(dukcarmu  [6].  H. Steingrimsdottir et al.
COMOCTABMJIM  METO/Ibl  KJIACCHHYECKOro  3JieKTpodope3a W MMMYHO(DHKCAWH VIS
JIMArHOCTHKK 65 00pa3ioB chBOpoTk ¢ MM u 10 00pasiioB ¢ JHarHO30M
MakporyoOymmHemin Banbaencrpema [23]. MK Obut Haiinen B 28% u 46% 00pa3ios,
HCTIONB3YS KIIACCHYECKUIA eKTpodope3 U MMMYHO(DHKCAIINIO cOOTBETCTBEHHO [7]. MK
Timia IgA Obut BeIIBICH B 33,4% ciyvaes, IgG — B 57% u IgM — B 8,5% [7], uto
COTOCTABUMO C HAIIIMMH IAHHBIMH.
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Patient E., a 60-year old female, had the MM diagnosis verified by
classical clinical and laboratory criteria. Immunological tests were performed on
peripheral blood and bone marrow specimens to assess response after 6 cycles of
inhibitor of proteosome activity’ therapy. Levels of main Ig classes were within
biological reference range, there were no PC-s by myelogram. Immunofixation
found no monoclonal pathological protein production. Flow cytometry discovered
minimal levels of PC (mainly as intact cells) in bone marrow (fig. 14).Absence of
monoclonal component and percentage of malignant PC low than 10% from the
total amount of PC can be considered as a verified immunological remission.

Discussion

Standard laboratory study in suspects for monoclonal gammapathy is
based on International Myeloma Group guidelines [19]: measurement of IgA, IgM,
IgG; proteinogram including protein fractions, total protein, measurement of « and
A light chains. However, Ig concentration is a test of the most diagnostic and
informative value. Classical electrophoresis is a common test in MM diagnosis and
identifies the M-peak in most MM cases [1]. However, immunofixation can
identify MC in patients with protein fractions within biological reference ranges or
in patients with hypogammaglobulinemia [6].

In the study of R. Lakshminarayanan et al. patients with the primary
diagnosis of MM were divided into three groups with respect to gammaglobulin
levels:  decreased (hypogammaglobulinemia), normal and increased
(hypergammaglobulinemia) gammaglobulin fractions [13]. 10% of MM patients
had hypogammaglobulinemia, the same fraction of patients had normal
proteinograms. We agree with the authors that patients with normal proteinogram
are a very problematic group as to the diagnosis and monitoring: patients with
increased beta-1-globulin, and more so with increased beta-2-globulin may have
monoclonal protein masking under the respective bands. Immunofixation is
recommended in MM cases with hypogammaglobulinemia and normal
proteinogram [6]. HIif Steingrimsdottir et al. compared findings of classical
electrophoresis and immunofixation in the diagnosis of 65 sera from MM patients
and 10 sera from cases with Waldenstrom macroglobulinemia [23]. MC was found
in 28 and 46% of specimens respectively by classical electrophoresis and
immunofixation [7]. MC IgA was identified in 33.4%, IgG in 57% and IgM in
8.5% of cases [7], which is similar to our findings.
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BHenpeHue HOBBIX  BBICOKOTEXHOJIOIMYHBIX MCCHICIOBAHUNA B PYTUHHYIO
MPaKTHKY JIaDOpaTOpUX BO MHOTOM MEHSIET Hallle OTHOIIEHHE K OCHOBHBIM IOJIOYKEHHUSIM
coOCTBEHHO auarHocTikn MM 1 MuHMMaiIbHOM octarodHoit 6omesHn (MOB). Mimenno
TI09TOMY HAMH PacCMOTPEHBI BO3MOXKHOCTH NMMYHO(MHKCALMK M IPOTOYHOW [IUTOMETPHH
[10] nna muarsoctrku 1 MoHuToprHra MM. Kputepuii nomHoit pemuccuu npy MM —
MCYE3HOBEHHME MAapaIpoTeHHa B CBIBOPOTKE M MOYE M MeHee 5% IIa3MaTHYECKHX KIIETOK B
KOCTHOM Mo3re. OmHaKo YyBCTBHUTENFHOCTH 3IeKTpodope3a W MOPHOIOTHIECCKOTO
MCCIEZIOBAHNS KOCTHOTO MO3Ta, B OOJBIIMHCTBE CITy4aeB JIOCTAaTOYHAS IPH IMarHOCTHKE
3a00JICBAHKS, OKa3bIBACTCS CIIMIIKOM HH3KOM Ui oreHku d(dexruBroctn XT u
JarHocTuk MOB (Ta6m. 6) [6;11; 15; 22; 24 ¢ w3m.].

CornacHo nannbiM Blade et al. [S] and Lahuerta et al. [9], perpocniekTuBHO
OLICHUBILIMM TAIIEHTOB, KOTOPBIE N0 Pe3yJIbTaTaM dJieKTpodopesa ObUIH paclieHeHbl, Kak
JIOCTHTTIIME TIOJTHOM PEMHCCHH, a IO pe3yJIbrataM UMMYHO(MKCAIMH — KaK JOCTHITIINE
YaCTUYHON PEMHCCHH, O0JIa/ialil TAKUMH )K€ XapaKTePHCTHKaMU BBDKMBAEMOCTH, KaK M
OOJIBHBIE C YacTUYHOW peMHccHeil. ABTOpPBI TNPHUXOMIT K BBIBOAY O TOM, YTO
OTpHULIATENIbHBIE  PE3YJbTaThl MMMYyHO(HMKCALMM SBIITIOTCS HE3aBHUCHMBIM  (pakTopom
TIOJIOXKHUTENIBHOTO TIPOTHO3a. TakuM 00pa3zoM, (opMmupyercss HOBast TpEeXCTyHeHdJaTast
KJIACCU(MKAIMS OTBETAa TIPH BENCHUHM OONBHBIX MHOMKECTBEHHOM MHEIIOMOMW: ITOJHBINA
OTBET, TPU KOTOPOM PE3YJbTaThl IeKTpohope3a ¥ NMMyHO(DHKCAIIN OTPHLIATENBHEIE;
JF000H BapHaHT HEMOIHOTO OTBETA M OTCYTCTBHE OTBeTa [8].

Pemuccusi  MHOMKECTBEHHOM ~— MMENOMBI  TIOATBEPIKIAETCS  METOAAMHU
KJIACCUYECKOTO 3MIeKTpodopesa, KOHLIEHTpalel NMMYHOITIOOYJIMHOB U MMMYyHO(HKCa-
mpeld. OTpULATeNIbHBIC PE3YJIBTaThl MMMYHO(MMKCAIMM SIBJISTFOTCS  TIOJIOXKUTEIBHBIM
MPOrHOCTHYECKHM TTOKa3aTesIeM MPOrHO3a JyIsi OOIbHBIX MHOYKECTBEHHOM MueoMoi. Kak
BBIBO/ZI, MOXHO CKa3aTb, 4YTO CTpAar€rud Teparuu AOJLKHBI 6])lTb HalpaBJICHbI Ha
JIOCTIDKEHHE OTPHIIATENBHBIX PEe3yJbTaToB MMMyHO(HKcalm. B Hacrosmueii padore
METOA HWMMYHO(UHKCAlMM ONpeleiieH Kak HEOOXOIMMBIA Ul JMarHOCTHKUA |
MoHUTOprHTa MM, B TO BpeMsl KaK KJIACCHYECKHH eKTpodopes, He TOATBEPKIAFOIIIN
kioHasbHOCTh MK, TOCTOMHO 3aHMMAeT IO3MIMI0 HEOOXOMMOTO CKPUHMHIOBOIO 3Tara
npu guarHoctike MM. OOpasipl, B KOTOPHIX BBIBJICH TOBBIIICHHBI YPOBEHB
UMMYHOITIOOYJIMHOB, a IOJMKIOHAJIBHOCT, HE IIOKasaHa HpH  snekrpodopese,
PEKOMEHIOBAHBl K TPOBEACHUIO MMMyHO(MKCAalMy. BpliBieHHe IapamnpoTerHa B
CBHIBOPOTKE WM MOYE JIODKHO ObITh IIPONOJDKEHO OINpEIENEeHHEeM €ro THIla.
VmmyHO(MKcalwst sIBISIETCS: METOIOM BbIOOpa THIIMPOBAHMS IApalipoOTEeHHa, Tak Kak
sBIseTcsl OBICTPBIM M TPOCTBIM [Pl MHTEpHpETalMd METoioM. B 3akimodeHnn
HEoOXO/IMMO TMOJBECTH TIEPBbIE UTOTM MPUMEHEHHUsI METOIa MIMMYHO(UKCAIIMN B paMKax
JIAHHOTO TPOEKTa Ha TEPPUTOPUH HAIEH CTPaHbl: METOA MMMYHO(DHKCALMH MO3BOJISET
BeusBIATE MK B KoHueHTparmm Menee 0,1 T//1 M mpH pasiMuHBIX KOHLEHTPALSX
CHIBOPOTOYHBIX ~MMMYHOIVIOOYJIMHOB. IlonydeHHble B XOzle IIpOEKTa JAHHBIE
CBUJICTEIILCTBYIOT O HEIOCTATOYHOM MH(OPMATUBHOCTH KOHLIEHTPALIMHM CHIBOPOTOUYHBIX
MMMYHOITIOOYJTMHOB U ANEKTpoope3a, KOTOpBIE MOTYT «HE PacKphITE» CyOcTpar
3aboneBanns Tpu auarHoctike MM U, 0coOEHHO, MpH BepH(HKANK MUHAMAJIEHON
OCTAaTOYHOM OOJIE3HH MOCIIE POBEACHHS TEPAITHIL
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Implementation of high-technology tests in routine clinical practice
changes our attitude to principal components of MM and MRD diagnosis. That is
why we investigated potentials of immunofixation and flow cytometry [10] in MM
diagnosis and monitoring. As known, complete response in MM is defined as
disappearance of paraprotein from serum and urine and <5% of PC in bone
marrow. However, sensitivity of electrophoresis and bone marrow morphological
study (generally sufficient for the diagnosis) may be too low to assess response to
chemotherapy and to assess MRD (Table 6) [6; 11; 15; 22; 24].

Blade et al. [5] and Lahuerta et al. [9] performed a retrospective study of
patients with complete response by electrophoresis and partial response by
immunofixation to find that survival in this group was the same as in cases with
partial response. The authors concluded that negative immunofixation test was an
independent factor of positive prognosis. Thus, a new response classification in
MM may be composed to monitor patient condition including complete response
with negative electrophoresis and immunofixation tests, any type of incomplete
response and no response [8].

MM response is confirmed by classical electrophoresis, Ig concentration
and immunofixation. Negative immunofixation tests are a favorable prognostic
factor in MM. It may be concluded that therapy strategy should aim at achieving
negative immunofixation result. In our study immunofixation was assessed as a
necessary test for MM diagnosis and monitoring of MM course, while classical
electrophoresis that fails to confirm MC clonality may be used as a necessary test
in MM diagnosis. The samples with high immunoglobulins levels and unproved
polyclonality by electrophoresis are recommended for immunofixation. Serum and
urine paraprotein detection should be followed by identification of the paraprotein
type. Immunofixation is a method of choice for paraprotein typing because it is
rapid and easy to interpret. In conclusion it is important to resume the first results
of using the immunofixation method in our contry in the network of our project
The immunofixation method helps to detect the monoclonal components in the
concentration less then 0.1 g/l and at various serum Ig concentrations. The data of
our project testifies the lack of informative value of serum Ig concentration and
electrophoresis during in the diagnostics of MM. These is especially true during
the verification of MRD after treatment.
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DT koctHOro Mosra mpu auarHoctike MM BOCTpeOOBaHO B PYTHHHOMN
OHKOIe€MAaTOJIOTYECKON MPaKTHKE M OCHOBAHO Ha Pa3MYMsX (peHOTHIA HOPMAIBHBIX U
TpaHCc(OPMUPOBAHHBIX ILIA3MATHYECKHX KIIETOK (Tabi1. 7).

Cymmupys 5Ty HMH(OpPMAIIMIO, MOXKHO CKas3aTb, YTO OCHOBHBIMH HMMYHO-
(eHOTHIIYECKIMI 0COOEHHOCTSIMU co3peBanust [TK B HopMe SBISFOTCSE:

— IMOCTETeHHAs yTpara SKCIpeccrr B-accolmmpoBaHHBIX MApKEPOB;

— cHKeHue dKkcnpeccrn CD45;

—yewreane dkcnpeccmt CD38 wm CDI138, Te.  wuMMmyHO(eHOTHII

IUIa3MATHYECKUX KIIETOK MOYKET ObITh ormcan kak CD454™ D38 CD138"

CD19CD20°CD56'CD117 wm CD45CD38'CD138".

Hcrnonp30Banye MyJIbTHIIAPAMETPUUECKON NIPOTOYHOM LIUTOMETPUH IIO3BOJISIET
BBUIBUTH TPaHC(OPMUPOBAHHBIE KIETKH, ONPENENHUTh MX (DEHOTHI M OTHOCHTEILHOE
COJIepKaHUE CPEIH SIPOCOIEPIKAIIIMX KIIETOK HU3KOW M IPOMEXKYTOYHON TPaHyIISIPHOCTH
koctHoro mo3ra. [Ipu UPT koctHOro mosra nampieHToB MM 110 Hauasa Teparnyii METO0M
MHOT'OI[BETHO! IIPOTOYHOM IIMTOMETPUH 0CO00€ BHUMAHHKE CJICIyeT 00paIlarh Ha;

— HeoOxomuMocTh yuera He Menee 50000 (Ha camoMm jene, JKeJarelbHO

HaOMpaTh CTOJIKO COOBITHH, YTOOBI BBIIBISEMBIC IUIA3MATHUECKUE KIICTKH

(opMHUpOBa/IM  OTUETIMBBI ~ KJIACTep C  MUHMMAJIBHO  BO3MOXKHBIM

K03(h(HUIMEHTOM BapHaIN);

— BO3MOKHOCTb T€TEPOT€HHOH SKCIPECCHH HCCIIEyEeMbIX MapKEPOB;

— HEOoOXOUMOCTb  KOJIMYECTBEHHOTO ydeTa OTHOCHTENBHOIO —CONEpYKaHMs

TpaHC(OPMUPOBAHHBIX KJIETOK CPEI MOHOHYKJIEAPOB.

Ha cerommsiiamii 1eHh HHGOPMATHBHOCTH OTICTBHBIX MApKEPOB MOKET OBITH
KpaTKo CyMMHPOBaHa CJIeyOIM 00pa3oM: cM. TaliL. 8.

o maHHBIM OOJBIIMHCTBA aBTOPOB HaymMure dkcnpeccuu CD45; CD56; CD117
Ha TpaHC(OPMUPOBAHHBIX IUIA3MATUYECKHX KIIETKAX ACCOLMHUPOBAHO C OJIarOMpHsSTHBIM
MPOTHO30M, a TonHas noteps 3kcmpeccrn CD45 u CD56 accormmmpoBana ¢ OBICTpoOi
TIporpeccueii 3a001eBaHust X TUIOXHM ITPOTHO30M.

JlparHocTrKka MHOXXECTBEHHOW MHENIOMBI HE MOMKET OBITh OCYILECTBIEHA Ha
OCHOBaHHMHM TOJIGKO OJJHOTO METOJMYECKOTO IO/IXOJd, WCCIEIOBAHUS TOJIBKO OIHOTO
OMOJIOTMYECKOr0 MaTepraia. VIMEeHHO T03TOMY MapauieNbHO C HICCIIETOBAaHNEM KIIETOK
KOCTHOTO Mo3ra meroroM VDT ocyIIecTBISIOT HCCleloBaHIe CHIBOPOTKH KPOBU (WITH
MOYM) METOJOM HWMMYHO(HKCAIMM Ui BBIIBICHWS MOHOKIOHAIBHOIO XapakTepa
nponykupy Oernka. Takum oOpasoM, peamzamisi BOSMOMKHOCTEH HMMMYHOJIOTHYECKON
J1a00paTOPHH TIO3BOJISIFOT TIONYYaTh JaHHbIE, HEOOXOAMMBIE JUIsl BEPU(PUKALIMN THArHO3a
MHOKECTBEHHOH MMEJIOMbI U JOCTHXKCHUA KJ'II/IHI/IKO-HMM}’HOJ'IOFH‘IGCKOﬁ pemuccun B
COOTBETCTBHH C COBPEMEHHBIMHU TPEOOBAHUSIMU KITMHUKH.
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Bone marrow IPT in MM diagnosis should be performed in routine
haematological malignancy practice and be based on phenotypic differences between
normal and transformed PC (tab. 7).

In summary, in order to properly evaluate the aberrant features of the
malignant PC populations in MM we need to outline the characteristics of the normal
PC-s during their maturation from B lymphocytes. These characteristics include:

— gradual loss of B-associated marker expression (e.g. the loss of CD19);

— the decrease in CD45 expression to very low levels (can be CD45%™ or

even CD45"¢);

— a dramatic increase in both CD38 and CD138 expression.

Thus the normal PC-s are clearly identifiable, and in this process additional
reagents that are not described in this paper can also contribute to the analysis. Thus
the normal PC-s are: CD45"™(CD38"*""CD138"'CD19 CD20 CD56 CD117°
and/or CD45 CD38'CD138".

Multiparametric flow cytometry is a modern and appropriate tool to identify
transformed and normal PC according to their distinct phenotypic signatures; this
method is also helpful in definition of relative content of PCs among nucleated cells
with low or intermediate granularity in bone marrow.When performing bone marrow
IPT by multicolor flow cytometry in MM patients before treatment one should take
into consideration:

— necessity to count at least 50 000 events (in fact it is recommended to

count as many events as allow PC to form a clear-cut cluster with minimal

variability);

— possibility of heterogeneous expression of markers in question;

— necessity of quantitative measurement of relative content of transformed

cells among mononuclear cells.

Informative value of individual markers is summarized in tab. 8 (adapted
from [18]). Most authors agree that expression of CD45, CD56 and CD117 on
transformed PC is associated with favorable prognosis while complete loss of CD45
and CD56 expression is indicative of rapid disease progression and poor prognosis.

The diagnosis of MM cannot be based on a single methodology or a single
biological material. That is why study of serum and urine by immunofixation to
confirm monoclonal protein production should be made in parallel with bone marrow
IPT. So, capacity of immunological laboratory tests ensures findings needed to verify
MM diagnosis and clinical and immunological response to treatment in accordance
with current guidelines.
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OINPEJEJEHUE MUHUMAJIbHOM PE3UTY AJTbHOM BOJIE3HA
IPA B-KJIETOYHOM XPOHUYECKOM JIUM®POJEHKO3E
11O CTAHIAPTU30BAHHOMY
EBPOINEMCKO-AMEPUKAHCKOMY ITPOTOKOJTY 2007 r.
Of1mue MoI0KeHNs U HLTIOCTPALMsl HA KOHKPETHOM NpuMepe
H.A. Kynpovuuuna, JLIO. Ipusyosa, H.H. Tynuywin
'Y POHI] umenu H.H. Broxuna PAMH, Mockea

PE3IOME

CoBpeMeHHbIe cxXeMbl JedeHuss B-kmetounoro XJIJI ¢ mcnosip3oBaHuEM
aneMTy3yMala MO3BOJIAIOT YBEIWYUTh YHUCIO IOJHBIX OTBETOB HA TEpPaNuio U
JIOOUTBCS dpaIUKALI MUHUMAJIbHOW pe3U/IyalIbHON OO0JI€3HH, YTO COITPOBOKIACTCS
YIy4lI€HUEM MoKasaTejield BbDKHMBAEMOCTU 6OJ'II)H]JIX. B npouecce MpoOBEACHUA
COBPEMEHHBIX JIEYEOHBIX IPOTOKOJIOB OIpPE/IENICHNE MUHHUMAIIBHOW pPe3uIyalibHON
Oore3HU sBISIETCSl 00s3aTeNbHBIM IpU olieHKe dddexTnBHOCTH Tepamuu. B 2007
TO/ly CO3/laH CTaHAapTH30BaHHBINA €BPOIEHCKO-aMEPUKAHCKUIA IIPOTOKOJI OIpesere-
HHUS MUHUMAaJbHOHN pesunyanbHoW Oonesnn npu B-XJII (A. Rawstron et al.) 4-
LBETHBIM TPOTOYHO-IIATOMETPHUYECKUM METOAOM. B cTaThe ONMHUCHIBAIOTCS AeTann
WCIIONB30BaHMS TPOTOKOJIA Ha MpHMepe OONBHBIX B-KJIETOYHBIM XPOHHYECKHM
TIM(OTIEHKO30M, JEYEHHBIX aJleMTy3yMa0OM. ABTOpBI, UMEIOIIHE OOJBIION OIBIT
m3yuennst B-XJIJI, nmemaioT 3akiroueHHE O IIEIEeCOOO0Pa3HOCTH HCIOIb30BaHUS
MPEUIOKEHHOT0 MOAX0/1a HE TOJIBKO AJISI YCTAHOBJIEHHS PE3ULyalIbHOW OONIE3HH, HO
u st nuarnoctuxku B-XJTJT.

KJIIOUYEBBIE CJIOBA: B-XJIJI, MunuMainbHas pe3ujayainbHasi 00JIe3Hb,
MPOTOYHAS [IUTOMETPHS, aJleMTy3yMa0.

BBEJEHUE

INocnennee pecsiTineTrie 03HAMEHOBAIOCH CO3/IAHMEM U IIMPOKMM BHEPEHHEM B
npakTHKy Jiedennst B-XJ1JT HoBbIX Xumuo- ((uty/apa) 1 IMMyHOTEpAIIEBTUHECKHX TIPETTapaToB
Ha OCHOBE MOHOKJIOHATGHBIX aHTUTeN. VX 3hpeKTHBHOCTS B MOHOPEKMMAX MM B PaziIIHBIX
COYCTAHMSX TOATBEP)KICHA MHOKECTBOM — IIPOTOKOJIOB — KJIMHMYECKHX — WCTIBITAHHIL.
YCTaHORJICHO, B YACTHOCTH, YBEJIMYCHHIC YacTOTHI TOJHBIX OTBETOB (TIOJHBIX PEMHCCHIA) B
coorerctBur ¢ Kpurepusimu NCI (National Cancer Institute) mpu B-XJUT 1o 50-70%
(Bosch F. et al., 2002; H. Schultz et al.,2002; J.C. Byrd et al.,2003; C.M. Wendtner etal., 2004,
C. Thieblemont et al., 2004). [ToyHbIA OTBET KOHCTATHUPYETCS TPU OTCYTCTBHH Y OOJIBHOIO
00IMX CHMITOMOB, JInMoareHonatny (JMMgariyeckre y3ibl MeHee 1cM), HOPMaITBHBIX
pa3Mepax ~ TIEYeHHM W CEJE3CHKH,  YPOBESIX — remomiobmra > 11 ©omt  u
TpomMboImToB > 100 000/vr’. [loarBeprKeHreM TOJHOIO OTBETA SIBJIAETCS HOPMATM3ALIMS
KOJIMYECTBA LIMPKYJIMPYIOLMX B-TMM(OLIMTOB KPOBU MpH YPOBHSIX JIGHKOLIMTOB HE MeHee
1,5 X 10°/1. OGs3atebHBIM 7151 YCTAHOBJICHHS TOIHOMO OTBETa Ha Teparniio B-XJUT B
cootBerctBre ¢ Kputeprsivi NCI sBisiercs: HeciieIoBaHHe KOCTHOMORIOBOTO ITyHKTata. OH
JIOJDKEH OBITh HOPMOKJIETOYHBIM C ypoBHsIMM JmM(ormtoB MeHee 30% u OTCYTCTBHEM
smmcon- Heix Homyneld (Eihhorst B. et al., 2007).
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MINIMAL DISEASE MONITORING IN PATIENTS WITH B-CELL
CHRONIC LYMPHOCYTIC LEUKEMIA ACCORDING TO 2007
STANDARDIZED EUROPEAN-AMERICAN PROTOCOL

(General notes and illustration as a case report)

N.A. Kupryshina, L.Yu. Grivtsova, N.N. Tupitsyn

N.N. Blokhin RCRC RAMS, Moscow

Abstract

Current treatment regimens in B-cell chronic lymphocytic leukemia using
alemtuzumab are associated with improved complete response rates and eradication
of minimal residual disease, and, as a result, with prolonged survival. Monitoring of
minimal residual disease is a compulsory procedure for evaluation of response in
current treatment protocols. A standardized European—American protocol for
minimal residual disease monitoring by 4-color flow cytometry in B-cell chronic
lymphocytic leukemia was developed in 2007 (A.Rawston et al.). This paper
describes details of the protocol utilization in patients with B-cell chronic
lymphocytic leukemia treated with alemtuzumab. Having a large experience in B-cell
chronic lymphocytic leukemia the authors concluded that the above-mentioned
protocol was useful not only in minimal residual disease monitoring but also in the
diagnosis of B-cell chronic lymphocytic leukemia.

Key words: B-CLL, minimal residual disease, flow cytometry,
alemtuzumab.

Introduction

The last decade was marked by the advent and wide clinical use of novel
chemo- (fludara) and immunotherapies on the basis of monoclonal antibodies (Mab)
in the treatment of patients with B-cell chronic lymphocytic leukemia (B-CLL).
These agents demonstrated efficacy both as monotherapy and in combination in many
clinical trials. In particular, the therapy was associated with an increase in complete
response rates according to National Cancer Institute (NCI) guidelines up to 50-70%
(Bosch F. et al., 2002; Schultz H. et al., 2002; Byrd J.C. et al., 2003; Wendtner C.M. et
al., 2004; Thieblemont C. et al., 2004). Complete response is defined as the absence of
general symptoms, the absence of lymphadenopathy (lymph nodes less than 1 cm),
normal size of the liver and spleen, normal hemoglobin (more than 11 g/dl) and platelet
levels (more than 100 000/mm?). Complete response is confirmed, if circulating B-
lymphocyte count is normal and leukocytes are not less than 1.5 X 10%1. According to
the NCI criteria bone marrow biopsy study is a mandatory procedure to establish
complete response in patients with B-CLL. Bone marrow should be normocellular,
with lymphocytes less than 30% and no lymphoid nodules (Einhorst B. et al., 2007).
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B Hacrosimee Bpemsi yOSOMTENBHO — JIOKa3aHO, 4YTO  WCIOJIb30BaHHE
MopdoIornueckux 1 “tMMyHOMOpdoornueckux Kputepues, puHsThix NCI, He sBiseTcst
JIOCTaTOYHBIM JUIsl yCTaHOBJIEHNS TIOJHOTHI peMuccn y OonbHbIX B-XJ1JT.

CoBpeMeHHbIE METO/BI ITIPOTOYHOM IMTO(IIyOPHMMETPHH M TOJIMMEpasHON
uernHoi peakuyu (I1LP), ocHoBaHHBIE Ha XapaKTEPHBIX OCOOEHHOCTSIX NMMYHO(MEHOTHIIA
wietok B-XJUJI u yHUKaTBPHOCTH MX WMMYHOIJIOOYJIMHOBOTO PELENTOpa, TMO3BOJLIOT
BBISIBUTH 1 JMEHKO3HYI0  KICTKy  Cpemd 1000-100 000  nefKOIMTOB.
BBICOKOUYBCTBUTENBHEIMIA METOZIAMH  YCTAHOBJICHO, YTO COBPEMEHHAS! XWUMHO- W/HIIH
MMMYHOTEpAIMsl MOXKET IPUBOJUTH K IOJHOM OSIMMUHALMM JIEMKO3HBIX KIETOK Y
3HAYMUTEILHOW YacTH OOJIbHBIX, TO €CTh K JdpaavKaliy 3a00JieBaHus. ITO TIO3BOJIMIIO
copMyITHpOBaTh KOHLIEIIIMIO MHUHUMAIBHOW PE3UIyalIbHOM (OCTAaTOuHOM) OOMe3HH
(MPB) npu B-XJUJI. Hanmuume necsitbIX WM cOTBIX JoJiei mpoueHTa kierok B-XJUI B
KPOBH MJIM KOCTHOM MO3T€ CBUJIETENIBCTBYET O HaMMuuK y GoipHOoro MPb-nosutuBHOM
MONTHOM peMucchd. [IpakTHdeckw IONHOE OTCYTCTBHE ASTHX KieTok (MeHee 0,01%)
xapakTtepHo 11 MPb-neratusHOl nonHO# pemuccun. Jloctikenre MPB-neratnBHOro
craryca IO3BOJSIST YITY9IIINTh BbDKHBaeMOCTh OonbHBIX (A. C.Rawstron et al., 2001;
D. Provan etal., 1996).

Iocne meyeHwst aneMTy3ymabOM YCTOMYMBBIE, IPONOIDKUTEIBHBIE PEMUCCHI
HaOJTIOAIOTCS TONBKO Y OONBHBIX, Y KOTOPBIX NOCTUTHYT MPB-HeraTnBHBIA MONTHBINA
OTBET, B TO BpeMs KaK y MHarueHToB ¢ MPB-O3WTHBHBIM MONHBIM OTBETOM OOIIas
MPOJOJDKUTENBHOCTD JKU3HH HE OTJINYAIACH OT TAKOBOH Y OOJIBHBIX C YaCTHYHBIM OTBETOM
(P. Moreton et al., 2005).

Taxum oOpazom, Hanmure W orcyrcrBue MPB y Gonbrbix B-XJIUT B xozne
Teparnuy aieMTy3yMaOoM SIBJISIETCs IVIaBHBIM IOKa3atesieM d(P(EeKTHBHOCTH JICUEHUS U BO
MHOT'OM OIIPEJIENSET €r0 MPOIOIDKUTENBHOCT.

CoBepILIEeHHO OUEBUIHO, UTO BaxkHOCTH onpeaeneHust MPb npu B-XJUT nukryer
HeoOXOMMOCTh ~ CTaHZAAPTU3allMM METOZOB OIPE/IENICHHS] OCTaTOYHOM OOMNe3HH |
TIOBBIILIEHHUS] X ToYHOCTH. CTaHmapThl pa3paboTaHsbl [Ulsl METOIOB, OCHOBaHHBIX Ha ITL[P
(J.J. Van Dongen et al., 2003), oqHaKO, 3TH METOIBI SIBIFOTCS IOCTATOYHO CIIOKHBIMH 1
JIOPOTOCTOSIIIMIMIL, YTO OTpaHMYMBAET MX IIMPOKOE BHEApeHHe. B 3Toif cBs3m Gonbioe
BHUMaHHE NPUBJIEKAET MPOTOYHAs LIMTOMETpHUsi, MeTo/ibl onpezaeneHuss MPb Ha ocHoBe
KOTOPOH JIONToe BpeMs He ObUIM CTaHAAPTH30BAHBI, YTO W OOYCIIOBIIMBAIO IIMPOKUIA (B
TBICSYM Pa3) UANa30H UyBCTBUTEIHHOCTH ONpPECICHHS pe3HayabHBIX K1eTok B-XJII
(A. C.Rawstron etal., 2001).

Crannapthsli nogxon k onpeneneHnto MPB npu B-XJIJI metonom npoto4Hoit
LUTOMETPHH ObLT pa3padotaH u omyonukorad B 2007 romy (A.C. Rawstron et al., 2007).
B pa3paborke CTaHIapTH30BAaHHOTO MOXOJA YYacTBOBAIM 22 aBTOpa M3 PasIMYHBIX
nHCcTUTYTOB M KJIMHUK EBporisl u CIIA. B pesynbrare ObU10 BBIPaOOTaHO KOHCEHCYCHOE
pemienre. B kadectBe cranmapra ompeneneHus MPB mpu B-XJDUI mpemnoxeno
HCTIONE30BaTh 4-I[BETHYIO TIPOTOYHYIO IUTOMETPHIO. MeETOo/ XapaKTepru3yeTcsl BEICOKON
BOCIIPOF3BOIFIMOCTEIO M 4yBCTBHTENHHOCTEIO | Kiterka B-XJIJT Ha 10 000 nefikormros.

B nacrosiiel cratbe Mbl IPUBOAMM aJITOPUTM U IETATIBHYIO METOAUKY orpeneneHus MPb
nipu B-XJIJI B cooTBETCTBIE CO CTaHAAPTHU30BaHHBIM TIoIxoA0M A Rawstron et al. (2007).
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Today there is strong evidence that the NCI morphological and
immunomorphological criteria alone are not sufficient to establish response in B-CLL.

Up-to-date flow cytofluorimetry and polymerase chain reaction (PCR)
assays based on immunophenotypic characteristics and unique immunoglobulin
receptors on B-CLL cells can recognize a single leukemic cell among 1000 to
100 000 leukocytes. As demonstrated by high-sensitivity assays, modern chemo-
and/or immunotherapies may lead to complete clearance of leukemic cells, i.e.
disease eradication, in a considerable percentage of patients. This was a basis for
the concept of minimal residual disease (MRD) in B-CLL. The presence of several
tenths or thousandths of percent of B-CLL cells in blood or bone marrow is
evidence of MRD-positive complete response. Practically complete clearance of
these cells (less than 0.01%) is characteristic of MRD-negative complete response.
MRD-negativity is associated with improved survival (Rawston A.C. et al., 2001;
Provan D. et al., 1996). Sustained durable remission after alemtuzumab therapy is
observed only in MRD-negative complete responders, while overall survival in
patients with MRD-positive complete response is similar to that in partial
responders (Moreton P. et al., 2005). The presence or absence of MRD in B-CLL
patients on alemtuzumab therapy is therefore the principal marker of treatment
efficacy and a determinant factor of treatment duration.

It is absolutely clear, that the importance of MRD monitoring in B-CLL
dictates the need to standardize and improve accuracy of residual disease
quantification methods. There are standards for PCR-based procedures (Van
Dongen J.J. et al., 2003), but these procedures are rather complicated and costly
and cannot therefore be widely used. In view of the above-said flow cytometry is
worthy of attention. Methods for MRD detection on the basis of flow cytometry
were not standardized for a long time, and range of sensitivity for B-CLL residual
cells was therefore very broad (several thousand-fold) (Rawstron A.C. et al., 2001).

A standardized approach to MRD quantification in B-CLL by flow
cytometry was developed and published in 2007 (Rawstron A.C. et al., 2007).
Twenty two authors from various European and US centers participated in this
project to develop consensus solution. Four-color flow cytometry was selected as a
standard technique for MRD quantification in B-CLL. This technique is
characterized by high reproducibility and sensitivity: 1 B-CLL cell per 10,000
leukocytes.This paper describes algorithm and detailed procedure for MRD
monitoring in B-CLL in accordance with the standardized approach by
Rawstron A.C. et al. (2007).
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Hatur onbIT CBUAETENBCTBYET O TOM, YTO CTAaHAAPTHU30BAHHBIA NPOTOKOJN M
BKJIIOUEHHbIE B Hero koMOuHanmu MKA MoryT ObITh HMCIOJIB30BaHBI HE TOJBKO IS
onpenenennst MPB, HO W sIBUTBCS cepAleBHHOM (core) MMMYHOAMArHOCTHYECKOH
naHeqn B-XJIJI, Tak Kak ITO3BOJISIOT JMAarHOCTHPOBATh 3a00JeBaHHME AaKe IpH
abeppaHTHOM NMMYHO(DEHOTHIIE JISHKO3HBIX KJIETOK — cO ciiaboii skcnpeccueit CDS,
oTcyTcTBHEM/craboii/rereporeHHoi skcnpeccueii CD23, BbIpaXeHHOW AKCIpeccHeit
CD20 u T.11.

MATEPHUAJIbI U METO/IbI

HccnenoBanne ObUIO BBHIIOIHEHO HA MaTepHaie nepudepraeckoid KpoBU Win
acnimparoB koctHoro mosra 180 GombHBIX B-XJIJI, mpoxomuBmmx oOcienoBaHue B
naboparopru ummyHooruu remonod3a I'Y POHIL um. H.H. bioxuna PAMH.

Juarno3 B-XJIJI ycraHOBIIEH BceM OOJIBHBIM B COOTBETCTBHU C KPUTEPHUSIMHU
knaccudukaip BO3 2001 r. (E.L. Jaffe et al., 2001), uccnenosarue MPBb B-XJIJT
BBITIOJTHEHO Ha (POHE Teparvy, B TOM YUCiIe ajleMTy3ymMaboMm, y 11 G0oJIbHBIX.

OOpas3up! ObUIM MOJATrOTOBJIEHBI JUIS aHAIN3a 10 CTAHIAPTHOM TEXHOJIOTHH.
Kiterkn KocTHOro Mo3ra M KpOBH BBIIEIISUIM METOJOM JIM3HUPOBAHUS SPUTPOLUTOB C
nomorsio FACSLyse ¢ mocnenytomieit ormbiBkoit B PBS-BSA.

HccnenoBanme mpoBeneHO MeTofaMu 3-IBETHOH (OOJBIIMHCTBO OOIBHBIX)
W 4-1BeTHOH MpOTOYHOH IwroMeTpur. COOp KIETOK B CIyYasx TPEXIBETHOU
OKpacku ocymiecTBisu Ha mpubope FACScan, a mpu HCIONB30BaHUM YETHIPEX
¢yopoxpomoB — Ha npudope FACSCanto, ocHaiieHHOM AByMs Jazepamu. [lpu
nccnenoBannn MPb anammuposamu e MeHee S00 000 coObITHIA.

PE3YJIbTATBI U OBCYK/IEHUE

Harum naHHble ONTBEP)KAAIOT BBICOKYIO AUArHOCTHYECKYIO IIeHHOCTh MKA,
npeIoKeHHbIX Kiaccudukanuert BO3, 2001 r 111 IMMYHOJIOTHUSCKOM TUArHOCTHKA
B-XJIJI. Xponwmdeckuit nmumdoneiiko3s (wm aumdomMa M3 MalblX JHMQOLHUTOB)
orHocurcs K nepudepudeckum CD5-nozutuBHBEIM B-kilerouHbM mdomaM, Ha
MeMOpaHe KJIETOK KOTOpBIX 3KcrpecchpoBaH aHTureH CD23. Yike 3Tu npusHaKu —
koakcnpeccuss CD5S u CD23 Ha B-kimeTkax — IMO3BOJSIOT TMPABIJIBHO TIOCTaBUTH
qarHo3 B-XJIJT 6onee uem y 90% GonpHbIx. Citabas sxcnpeccust CDS5 MokeT nmeTsh
mecto nipu B-XJIJI, omHako, orpumarensusle mo CDS ciydan oTHOCATCS K pa3psioy
kazynctukn. Hammane CD23 ma mMemOpane kietox B-XJUI sBnsiercs xapakTepHBIM
NPHU3HAKOM JAaHHOTO 3a00JIeBaHMS M IO3BOJAET MPOBECTH IU(dEepEeHIHATBHYIO
JIUATHOCTHKY ¢ JTUM(OMOI M3 KJICTOK MaHTHH (DOJUTHUKYJIOB JTHMM(pATHYSCKUX Y3JIOB.
Cnenyer ormeruth, 4to dkcmpeccus CDS um CD23 na B-kierkax He sBisieTcs
crienduyeckoit yeproit B-XJ1JI, xapakrepHbIM OTJIMYMEM OT HOPMaIbHBIX B-1imMdo-
uutoB. Ot 10 10 30% B-K1€TOK KpOBM 3KCIPECCUPYIOT 3TH AHTUIEHBI, MPUYEM
ypoBan CDS5 mim CD23-1o3uTHBHBIX B-IMM(OIMTOB MOTYT MOBBIIATECS B IIPOLIECCE
akTuBaimu. B cinydasx abeppanraoro no CDS5 mwim CD23 uMMyHO(EHOTHIIa KIIETOK
B-XJUI momesHyro wuH(pOpMamioo Ui BepUPHUKAIMK AWAarHo3a JacT aHain3
9KCHPECCUH psifa JIOHOMHUTENBHBIX B-KJIETOUHBIX AHTUICHOB Ha OIyXOJIEBBIX
KJIETKaX. DT aHTUT€HBI BKJIFOUCHBI B CTAHIAPTH30BaHHYIO MaHeb AuarHocTikd MPb
npu B-XJIJT (Rawstron A. et al., 2007).
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As demonstrated by our experience, the standardized protocol and Mab
combinations involved may both be used for MRD detection and become core
elements of B-CLL immunodiagnosis panel because they provide detection of the
disease even with aberrant leukemic cell immunophenotype, i.e. with low CD5
expression, no/low/heterogenic CD23 expression, marked CD20 expression, etc.

Material and methods

The study was performed on peripheral blood or bone marrow aspiration
specimens from 180 B-CLL patients tested at the Haematopoiesis Immunology
Laboratory, N.N. Blokhin RCRC, RAMS.

The diagnosis of B-CLL was made in all patients in compliance with
WHO 2001 classification (Jaffe E.L. et al., 2001), MRD monitoring was carried
out on therapy including alemtuzumab-based regimens in 11 cases.

Test specimens were prepared by standard procedures. Bone marrow and
blood cells were separated by red cell lysis technique using a FACSLyse with
washing in PBS-BSA to follow.

The study was performed by 3- (most cases) or 4-color flow cytometric assay.
Cells were harvested with a FACScan for 3-color staining and with a 2-laser FACSCanto
for 4-color staining. At least 500 000 events were analyzed to quantify MRD.

Results and discussion

Our data confirm the high diagnostic value of Mab proposed in the WHO
2001 classification system for B-CLL immunological diagnosis. Chronic
lymphocytic leukemia (or small lymphocytic lymphoma) belongs to peripheral
CD5-positive B-cell lymphomas with CD23 expression on cell membranes.
Already these characteristics, i.e. CD5 and CD23 coexpression on B-cells ensure
correct diagnosis of B-CLL in more than 90% of cases. Weak CDS5 expression may
be found in B-CLL but CD5-negative cases are just casuistic. The presence of
CD23 on cell membrane in B-CLL is a characteristic feature of the disease and
allows its differentiation from mantle-cell lymphoma. It should be noted that CD5
and CD23 expression on B-cells is not specific of B-CLL only or a characteristic
distinction from normal B-lymphocytes. From 10 to 30% of blood B-cells express
these antigens, with CDS5- and CD23-positive B-lymphocyte counts increasing
during activation. If B-CLL cells have an aberrant immunophenotype with respect to
CDS5 and CD23, analysis of expression of additional B-cell antigens on tumor cells
may provide useful information to verify the diagnosis. These antigens are included
in the standardized panel for MRD monitoring in B-CLL (Rawstron A. et al., 2007).
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C 2007 ropna anemry3yma0 BiimoueH FDA B iedeHs npernapaToB, KOTOPbIE MOTYT
HCTIONIB30BaThCS B KadecTBe repBoii ymHum JeueHust B-XJUT (Boyd R. et al, 2008).
VIMeHHO jutst TaHHOTO Tperiapara OIMKCaHBI JOCTATOYHO BBICOKAS YacTOTA JOCTIKECHUS
MPDb-HeratuBHBIX TOJNHBIX pEMHUCCHII M CBA3b dpagukaiuu MPB ¢ ymyumeHuem
BbDKMBaeMocTH OonbHbIX (Moreton P. et al., 2005). [Tosromy Ha mepBblii IJ1aH BBIXOIHUT
TouHOCTH OorneHKH MPB B Xxozme jeueHmst anmemMTy3ymaOOM, TaK KaK 3TO TIO3BOJIIET
IUIAHAPOBATH JANIbHEHIIIE JIe4eOHbIe MEPOIIPUATHS 1 AT HPEICTaBIICHHE O TPOrHO3e Y
oompHBIX B-XJIJ1. OcHOBHOM 3aayuell NaHHOM CTAThH SBJSIETCS He aHam3 4acToTsl MPB-
HETaTHBHBIX TIOMHBIX pemuccuii npu jedeHnn B-XJUI amemrysymabom (mit 3ToOro
TpeOyercs HaKOIUIeHHe OONBIIOr0 MaTeprana, BO3SMOXKHO, YIacTHe HECKOJIBKUX KIIMHYK),
a kpurtepuu otieHk MPB B cootBercTBHe ¢ mocieHumu myonmkarmsivu (Rawstron A. et

al., 2007), PEKOMEHIAIISMHA Ha web-caiitax: www.cllmrd.org;
http://www_ericll.org/projects/index.php, a Tawke COOCTBEHHBIM OIMBITOM HATHOCTHKH U
ouenku MPB npu B-XJ1JL

Iprn anamme Oomee 50 koMOWHAIMIT aHTHTEN B XOAe pa3pabOTKU
CTaHJapTH30BaHHOrO npotokosa (Rawstron A. et al., 2007) aBropamu Gbu10 0TOOpaHO 3
Tapsl MOHOKITOHANBHBIX aHTuTen — CD20/CD38, CD81/CD22 u CD79b/CD43, xotopsie
npu nposefiennu asammsa B reiire CD19'/CDS™ mumpormtoB (4-1BeTHAs HMMyHO-
(ryopecreHIsT) XapaKTepru3yloTCs HanOOIIbIIIeH TOYHOCTIO onpeaernenust MPB npu B-
XJUI 1 MUHUMAJIbHBIM 4YHMCJIOM JIOJKHO TIOJIOJKUTEIBHBIX pPE3yJbTartoB. B menom mms
JuarHocTHKE MPB mpeziyiokKeHoO HCTIoNb30BaTh S Mpo0, KOTOPBIC MPEICTABIICHBI B TAOIHIIE.

[pencrasneHHbIe B TaOIMIIe KOMOWHAIIN AHTHTEI M UCTIONB30BaHUE 4-1TBETHOM
MIPOTOYHON LIUTOMETPHH MO3BOJIIOT quarHoctupoBats B-XJIJI u MPB npu B-XJUT naxe
B Ciy4asX OCOOCHHOCTEH HMMMYyHO(EHOTHIA JIEHKO3HBIX KieTok. HamOonee wacto
abeppantHbiii ummyHo(peHoTunn B-XJIJT 3akmrouaercst B crmaboid sxcmpeccun CD23,
pexe — CDS, BeIpaxeHHO# 3Kkcnpeccry CD20 Ha MeMOpaHe 37T0Ka4eCTBEHHBIX KIICTOK.
Bo3mo)kHa TeTepOreHHOCTh B IIpefesiax KJIOHA JISHKO3HBIX KIIETOK, 3aKJIIOYalONIasiCs B
TOM, YTO TOJIBKO YacTh 3JIOKAUYEeCTBEHHBIX B-mMM(OIMTOB COOTBETCTBYET HMMMYHO-
¢enorrmy B-XJUUI. Bo Bcex 3THX CHTyalsiX HEOLCHHMYIO pOJIb B TIONTBEPIKICHHN
mwarao3a B-XJUJT u otGope KoMOMHAIIIT MOHOKIIOHAIIBHBIX aHTHTEN Uil n3ydeHnst MPh
urpaer ucroip3oBanue nanemn MKA, npemioxkeHHON CTaHAapTH30BaHHBIM IIPOTOKOJIOM
A. Rawstron u coagrt. (2007).

IIpowumrocTprpyeM nocnenoBarenbHble dransl onpeaenenus MPb Ha npumepe
oompHOro B-XJIJI, mosyduBIIEro JiedueHWe aneMTy3yMaOoM C TOJHBIM OTBETOM B
cootBerctBie ¢ kputepusimu NCI. Ha MoMeHT wccienoBaHus KOCTHBIM MO3I HOPMO-
KJIETO4HbIH, 77 ThIC. MHEOKApUOLIMTOB B MK (Hopma 41,6195 Thic), muMpouuTsl —
15,8% (aopma 4,3—13,7%).

Jeramm aHanm3a M TOCJIEOBATENIHFHOCTh BBIICNECHUS TEHTOB IPOMILIIOCTPH-
poBanbl Ha puc. 1 u 2. Puc. 1 nemoHcTprpyeT HeoOX0aMMOCTh BKIIFOUeHHS 1Ipod Ne 1 n 2
(cm. Tabnm) mmn reiitmpoBanms B-rmmdormToB, B mpemenax KOTOPBIX POBOAMTCS
JIATIbHENILNI aHaJIH3.

a. Ipoba 2. CD19 (ock X) mpotus SSC (ock Y), Bee Kierku (0e3 refira).
dopmupyetcst 061acts R1 Bokpyr nomymnsimu B-kierox (CD19” SSClow).
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In 2007 FDA approved alemtuzumab for first-line therapy in B-CLL (Royd R. et al.,
2008). This therapy was associated with rather high rates of MRD-negative complete response
and demonstrated relationship between MRD eradication and prolonged survival (Moreton R. et
al., 2005). Accuracy of MRD quantification on alemtuzumab therapy is of much importance
because it allows optimization of further treatment strategy and improves prediction of outcome
in B-CLL. The main purpose of this study was to establish MRD monitoring criteria in
accordance with recent publications (RawstronA. et al, 2007), web-site guidelines
(www.cllmrd.org; http:/www.ericll.org/projects/index.php) and our own experience in the MRD
diagnosis and quantification in B-CLL, rather than analysis of rates of MRD-negative complete
response to alemtuzumab therapy in B-CLL (such analysis requires accumulation of a large
material, possibly with participation of several centers).

When developing the standardized protocol the authors (Rawstron A. et al,, 2007)
analyzed more than 50 antibody combinations to select 3 Mab pairs, i.e. CD20/CD38, CD81/CD22
and CD79b/CD43 that provided the highest accuracy of MRD quantification in B-CLL with
minimal rates of false-negative results in CD19+/CD5+ gate analysis (4-color immunofuiorescence).
Asawhole, 5 tests are proposed for MRD monitoring as presented in table.

The antibody combinations shown in the table and the use of 4-color flow cytometry
ensure B-CLL diagnosis and MRD quantification even in cases with aberrant leukemic cell
immunophenotype. The most common aberrant B-CLL immunophenotype is characterized by
weak CD23 (rarer CDS) and marked CD20 expression on malignant cell membrane. The
leukemic cell clone may be heterogeneous, with only a part of malignant B-lymphocytes having
the specific B-CLL immunophenotype. In all such cases the Mab panel proposed in the
standardized protocol by Rawstron A. et al. (2007) plays a very important role in verification of
B-CLL diagnosis and selection of Mab combinations for MRD monitoring.

Consider the MRD quantification procedure in B-CLL on the example of a patient
with complete response to alemtuzumab therapy by NCI criteria. At assessment his bone marrow
was normocellular (77 000 myelokaryocytes per mcl [normal range 41600 to 195 000],
Iymphocytes 15.8% [normal range 4.3 to 13.7%)).

Figs. 1 and 2 demonstrate details of the analysis and sequence of gating. Fig. 1 shows
the need to use tubes 1 and 2 (table) for B-tlymphocyte gating to continue the analysis.

Tabnuuma / Table
Kombunnarm MKA u duyopoxpomo myist onpezenennst MPB npu B-XJIJT / MCA and
fluorochrom combinations for MRD detection in patients with B-CLL (Rawstron A. et al., 2007)

Ne ipo6b1 / of Amntrrena u gayopoxpom / Antibodies and fluorochroms
tubes FITC (FL1) PE (FL2) | PE-Cy5 (FL3) | APC (FL4)

1 slgk sigh CD19 CD5

2 CD45 CD14 CDI19 CD3

3 CD20 CD38 CDI9 CD5

4 CD8l1 CD22 CDI9 CD5

5 CD43 CD7% CDI19 CD5




HUMMYHOJIOTHUA FTEMOII0A34 68

x.

[NepBoHayanbHO 3Ta OONACTh JIOJDKHA BKIIOYATh MAaKCHMAIBHO BO3MOMKHOE
KOJIMYECTBO B-KJIETOK M MCKITIOUaTh MOHOLMTHI HA OCHOBAHHH CBETOPACCESTHIISL.
Ipoba 2. TTpsmoe u 6oxoBoe ceetopaccesaue FSC (ock X) mpots SSC (och Y).
@dopmupyercs oomacte R2  Bokpyr momymsimm  B-rmcormTos,  Mckimodas
aroINTOTHYECKHE KIIETKH, pa3pyIICHHbIE KIIETKHU (1e0OpHC) U KIIETOUHBIE Ty TUICThL
Ipoba 2. CD19 (ock X) mpotus SSC (ock Y) B refite R2

[poba 2. CD3 (ock X) npotue SSC (ock Y), 6e3 reiiroB. @opmupyercs: o0nacTs
R3 Bokpyr T-kietouroit nomyssmwu (CD3 " SSClow).

IIpo6a 2. FSC (X) mpotus SSC (Y) B refitax RI+R2+R3.

Ipo6a 2. CD19 (X) mpotus SSC (Y) B refitax R1+R2+R3. KonmmyectBo KieTok B
TeiiTe Ha 3TOH LMTOrpaMMe HILTIOCTPUPYET KOHTAMUHALIMIO BBIIEICHHOTO PErvioHa
B-iierok T-mumdormrame (B MpeICTABICHHOM CITydae 6 KJICTOK). JTO MO3BOJIIET
onpenemTh npeien aetekiy MPB B aHamizupyemMom Mateprasie (OIMCaHO HIDKE).
[poba 2. CD45 (X) npotus SSC (Y) 6e3 reiira. @opmupyem obnacts R4 Bokpyr

nefikormTos (CD45 "), ncKmouast 3pUTpOrIHbIE KIETKH U IeOPHC.

3.
n.

Ipoba 1. K—uens Ig (X) nporus CDS (Y) B refire R1+R2.
Ipoba 1. Jismmoma nens Ig (X) mpores CDS5 (Y) B retite R1+R2.
JlaHHBIIT TIpHUMEpP XOPOIIIO FILTFOCTPHPYET MOHOKIOHATBHOCTE CDS-TIO3UTHBHBIX

B-mim¢ommroB mo ssiMOaa TemsiM MeMOpaHHBIX Ig yoke Ha YpOBHE TIepBOW IPOOHI.
WimerHO ¢ 3T0# 11e1BE0 nenonb3yroTcst mpoOs! Nel 1 Ne2 — orieHKa KITOHATTEHOCTH CD5" B-
KIETOK B Ciy4ae HMX HE3HAYMTENIbHOIO KOJMYECTBA, & TAKKE CHIDKCHHE CTCHCHH
KOHTaMHHAIMKA T-KJIETKaMH (JeTaayd TeWTUPOBAHHS I CHIDKEHUSI YPOBHS KOHTAMH-
HAIMK MOYKHO TIONy4uTh Ha caiite www.cllmrd.org). B mpencrasieHHoM Hamu oOpasiie
HaOpPaHO KJICTOYHBIX COOBITHI 1 MIH, JielikoimToB — 952 966, B-kiietok HemHoro — 35 030
(3,68%), mopor merekipu — 0,00525%. WHbIMu croBamu, o0pasel] OTBEYACT BCEM
TpeboBaHmsM it oneHkn MPB B cOOTBETCTBHE €O CTaHIAPTH30BAHHBIM IPOTOKOJIOM
(A. Rawstron et al., 2007). AHarmz MPB y naHHOTO HaryeHTa mpecTaBlicH Ha puC. 2.

a.

ITpoda 3. CD20 (ock X) mporuB CDS5 (ock Y) B pernone R1+R2, nokazano
¢dopmupoBarare permona RS, pxmouatomero CDS-mo3uTHBHBIE (SKCIIpECCHs
CDS5 y narHOTO MarpenTa Hebicokas), CD20-cnabomno3uTrBHbIe B-KiteTkw.
[Ipoba 3. CD20 (X) npoteB CD38 (Y) B reiite R1+R2. ®opmupyem obmacts R6,
HCKITIOYAIONIYI0 B-rmMonaHble MpEeAIIecTBeHHMKN C  SIPKOM  9KCIIPECCHEer
CD38 (CD20"), Takke Bce B-KieTkm ¢ spkoif skcmpeccueir CD20 BHe
3aBUCUMOCTH OT ypoBHer CD38.

Ipooda 3. CD38 (X) nporus CD20 (Y) B reiitax R1+R2+R5+R6. Kommuecteo
wierok B-XJIUT B stom peruone 29 886, a oOiee KommuecTBO B-KieTok B
narHoi npobe 35 905, To ectb knerkn B-XJIJT cocrasmsitor 83,24% cpenm B-
TMGOLMTOB. YUHTHIBas 00IIee OTHOCUTENIBHOE coziepkaHne B-KieTok cpenu
neiikouToB 3,68%, nponopust kietok B-XJIJI cpenyt nefkoLMTOB KOCTHOTO
Mo3ra natweHTa pasHa 3,06%.
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g.
h.

i

Tube 2. CD19 (X axis) versus SSC (Y axis), all cells (no gating). Region R1
is formed around B-cell population (CD19" SSClow). This region should
initially include maximum B-cells and exclude monocytes basing on light
scatter parameters.

Tube 2. Forward and side scatter: FSC (X axis) versus SSC (Y axis).
Region R2 is formed around B-cell population that excludes apoptotic cells,
debris cells and cell duplets.

Tube 2. CD19 (X axis) versus SSC (Y axis) in gate R2.

Tube 2. CD3 (X axis) versus SSC (Y axis), no gates. Region R3 is formed
around T-cell population (CD3" SSClow).

Tube 2. FSC (X axis) versus SSC (Y axis) in gates R1+R2+R3.

Tube 2. CD19 (X axis) versus (SSC (Y axis) in gates R1+R2+R3. The
number of cells in the gate demonstrates contamination of B-cell region by
T-lymphocytes (6 cells in this case). This circumstance determines MRD
detection limit in the study material (see below).

Tube 2. CD45 (X axis) versus SSC (Y axis), no gates. Region R4 is formed
around leukocytes (CD45+) that excludes erythroid and debris cells.

Tube 1. Ig kappa-chain (X axis) versus CD5 (Y axis) in gate RI+R2.

Tube 1. Ig lambda-chain (X axis) versus CD5 (Y axis) in gate R1+R2.

This example is a good illustration of CDS5-positive B-lymphocyte

monoclonality with respect to membrane Ig lambda-chains already at the first test. It
is for this very purpose that tubes 1 and 2 were used, i.e. to evaluate CD5+ B-cell
clonality in case of few B-cells and decreased T-cell contamination (see
www.cllmrd.org for details of gating to decrease contamination). In the example
above there were 1 million cell events, 952 966 leukocytes, not many B-cells
(35 030/3.68%), detection threshold was 0.00525%. In other words, this example met
all requirements for MRD detection in accordance with the standardized protocol
(Rawstron A. et al., 2007). Fig. 2 shows MRD analysis procedure in the same patient.

a.

Tube 3. CD20 (X axis) versus CD5 (Y axis) in region R1+R2. Region RS is
formed that includes CD5+ cells (CD5 expression is not high in this case),
CD20-low positive B-cells.

Tube 3. CD20 (X axis) versus CD38 (Y axis) in gate R1+R2. Region R6 is
formed that excludes B-lymhoid precursors with high CD38 (CD20")
expression and all B-cells with high CD20 expression irrespective of CD38
expression level.

Tube 3. CD38 (X axis) versus CD20 (Y axis) in gates R1+R2+R5+R6.
There are 29,866 B-CLL cells in this region, the B-cell total is 35 905, i.e.
B-CLL cells are 83.24% of B-lymphocytes. Since the total relative content
of B-cells among leukocytes is 3.68%, the portion of B-CLL cells among
bone marrow leukocytes in this case is 3.06%.
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a. [IIpoda 4. CD22 (X) mporuB CDS5 (Y) B reiite R1+R2. ®opmupyem
obmacte R7, uckimouaromiyro KIeTku ¢ sipkoil akcrpeccuein CD22 (B
NIPEACTaBICHHOM o00pasle pa3iuuuii B ypoBHsX dkcnpeccun CD22
Mexay kinerkamu B-XJIJI u HOpManbHbIME B-nmumdonuramu npakTH-
YEeCKH HEeT) MO3UTHUBHBIX 10 CDS.

6. IIpoda 4. CD81 (X) mpotuB CD22 (Y) B reiite R1+R2. ®opmupyem
obmacts RS, uckimoyaronryro KIeTku ¢ sipkoit sxcrpeccueit CD81 u spkoit
skcrpeccueir CD22 (B manHOM mpobe etk B-XJIJI pa3zmenmmuchk ot
HOpMabHBIX B-muMdornToB Ha ocHOBaHMY 3Kcnpeccun CD22).

B. IIpo6a 4. CD81 (ock X) mpotuB CDS5 (och Y) B reiitax R1+R2+R7+R8.
KomnuectBo knerok B-XJIJI, orBedaromux 3TUM TpeOOBaHHMSM DPaBHO
28 070, obuiee konmuecTBo B-kieTok B gaHHO# npobe 35 905, To ecth
knetkn B-XJUJI cocraBnsitor 78,18% cpenu B-numdonuroB. Yuurtsias
o0Iee OTHOCUTEIBHOE cojiepkaHue B-kietok cpeau seiikonutos 3,68%,
nponopuust kinetok B-XJIJI cpenu nelko- LMUTOB KOCTHOI'O MO3ra
nauueHTa paBHa 2,88%.

r. IIpo6a 5. CD79 (oce X) mpotuB CD5 (ock Y) B reifrax RI+R2.
®opmupyem obmacte kiaetok R9, mosmtuBHBEIX mo CDS5 co cnaboii
skcmpeccueir CD79b.

n. Ilpo6a 5. CD43 (ocp X) mpotuB CD5 (ock Y) B reiitax RI+R2.
®opmupyem obmacte R10, mosutuHyto mo CD5 ¢ sipko#t skcmpeccuei
CD43 (uckmogarotcst coOBITHS co ciaaboit axcnpeccueit CD43).

e. IIpo6a 5. CD43 (ock X) nporus CD79b (Y). Konmmuectso kierox B-XJ1JI,
OTBEUAIOINUX 3THM TpeboBaHusiM paBHO 30 567, obiiee koauuecTBO B-
KJIEeTOK B AaHHO# mpobe 38 220, to ecth knetkn B-XJIJI cocraBmsior
80,2% cpemu B-mumdonuToB. YuuThiBas 00IIee OTHOCHTEIBEHOE
conepxanue B-xierok cpeau nerkonuros 3,68%, npomnopius KIeTok B-
XJUI cpeau neMKOIMTOB KOCTHOI'O MO3ra nalueHTa paBHa 2,95%.

Takum o0pa3om, conepkaHue pe3umyainbHbIX Kierok B-XJIJI cpemam
JMIEHKOINTOB KOCTHOTO MO3Ta Y AAHHOTO OOJBHOTO OBUIO CIEAYIOIINM: mpoda 3 —
3,06%; mpoba 4 — 2,88%; mpoda 5 — 2,95%; cpennee — 2,96%. NHpIMU crioBamu,
MPb-HeraTuBHas MONHAS PEMHCCHS Y JAHHOTO OOJIBHOTO HE JOCTHUTHYTA HU TIO
OIHOMY M3 TECTOB, BKJIIOUEHHBIX B CTAHAAPTU30BAaHHBIM MPOTOKON (A.
Rawstron et al., 2007).

[TpuBeneHHsId mpuMep 0TOOpaH HaMu He ciiydaiiHo. OH IO3BOJISIET Jaxe
Ha MaJioM npoueHTte kietok B-XJUJI nate oTBET Ha psii BOIPOCOB, BOZHUKAIOIIUX B
MIPaKTHYECKOH AesSTeIbHOCTH:

1. Kak yxe 0but0 oT™Me4€eHO, ypoBeHb 3kcnpeccun CD5 Ha kiterkax B-XJIJT
B JaHHOM ciydae SsBISIETCS HU3KMM. Bmecre ¢ TeM, pesuIyanbHble
KIETKH JIETKO BH3YAIM3HPYIOTCS MO CHIDKEHHOW skcrmpeccun CD20,
CD79b, CDS8I.
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Tube 4. CD22 (X axis) versus CD5 (Y axis) in gate RI+R2. Region R7 is
formed by excluding cells with bright CD22 expression (there is
practically no difference in CD22 expression between B-CLL and normal
B-lymphocytes in this case) and CDS5 expression.

Tube 4. CD81 (X axis) versus CD22 (Y axis) in gate RI+R2. Region R8
is formed by excluding cells with bright CD81 and bright CD22
expression (B-CLL cells are differentiated from normal B-lymphocytes by
CD22 expression).

Tube 4. CD81 (X axis) versus CD5 (Y axis) in gate RI+R2+R7+R&.
There are 28 070 B-CLL cells meeting these requirements, the B-cell total
in this specimen is 35905, ie. B-CLL cells are 78.18% of B-
lymphocytes. Since the total relative count of B-cells among leukocytes is
3.68%, the portion of B-CLL cells among bone marrow leukocytes in this
case is 2.88%.

Tube 5. CD79b (X axis) versus CDS5 (Y axis) in gates RI+R2. Region 9 is
formed that includes CD5+ cells with weak CD79b expression.

Tube 5. CD43 (X axis) versus CD5 (Y axis) in gates R1+R2. Region 10 is
formed that includes CD5+ cells with bright CD43 expression (events
with weak CD43 expression are excluded).

Tube 5. CD43 (X axis) versus CD79b (Y axis). There are 30 567 B-CLL
cells meeting these requirements, the B-cell total in this specimen is
38 220, i.e. B-CLL cells are 80.2% of B-lymphocytes. Since the total
relative count of B-cells among leukocytes is 3.68%, the portion of B-
CLL cells among bone marrow leukocytes in this case is 2.95%.

Thus, portion of B-CLL residual cells among bone marrow leukocytes

from this patients was, as follows: 3.06% in tube 3, 2.88% in tube 4, 2.95% in tube
5; average 2.96%. This means that the patient did not achieve MRD-negative
complete response in any of the standardized tests (Rawstron A. et al., 2007).

This example was not taken by chance. It allows several questions to be

answered even with a small amount of B-CLL cells:

As mentioned, CDS5 expression on B-CLL cells is low. However residual
cells are easily visualized by decreased CD20, CD79b and CD81
expression.
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2. Cnabyro skcnpeccuro CD22 B xkomOuHaru ¢ CDS olieHuTh He ymaeTcs, Tak
Kak B CHJTy OOJIBIIIOTO YMCJIa HAKOIUICHHBIX COObITHI 3Ta obnacth (CD22low)
CIMBaeTCs ¢ HeOOMBIIION 30HOH Ooree sipkux Mo CD22 knerok. OmqHAKO HMeeT
MecTo yeTkoe paszerenue no CD22 B Toit sxe npode (Ne4) npu anamze CD22
npotuB CD81. B 31oM ciyuyae derko Bsyammupyercs oomacts CD22low
CD81low, xapaktepupix s B-XJUI u oTmgarommxcst 0T HOPMAaIbHBIX B-
mrMdormtoB. CiemoBaTeNbHO, U TOYHOW HaeHTH(HKAIMH KieTok B-XJIT
TIOJIC3HBIM  SIBISIETCSL OIEHKA AHTUTEHOB B KOMOWHAIMSX, TIPEIIOKEHHBIX
CTaHIapTU30BaHHBIM MPOTOKOJIOM (A. Rawstron et al., 2007).

3. B-imHeWHbIe NpeAIIeCTBEHHUKH, HICHTU(QUIMpPYEMbIE B KOCTHOM MO3re Ha
ocHoBanun dkcnpeccut CD38 (spko) u CD20 (B ocHoBHOM cinabo) —
mutorpamma «k» Ha puc. 2. VX KOJIMYECTBO B HEKOTOPBIX CHUTYaLHsX
peresepan KOCTHOro Mo3ra MOXKET 6I)ITb BBIPpAXKCHHBIM  OTHOCHUTEJIBHO
obmrero uncna B-knetok. B nonoOHBIX ciydasix HEOOXOAMM KOHTPOJb TOTO,
YTO ATH KJIETKH momajaoT B obmacts CD45" (puc. 1x). B ciyuasx CD45-
HETaTHBHBIX B-JIMHEHHBIX NpeIeCTBEHHUKOB MX KOJIMYECTBO HEOOXOIMMO
CYMMHPOBATh C KOJIITYECTBOM JICUKOIIUTOB (CD45*) U1 TOYHOM OIIECHKH
poLeHTa B-KeTok cpeaun JeHKOLMTOB KOCTHOTO MO3Ia.

4. MBI npUBeNY MPUMEP HOPMOKJIETOYHOTO KOCTHOTO MO3ra, TaK KaK MMEHHO
BOCCTAHOBJICHHE KOCTHOTO MO3Ta IIOCIEe JIeUeHHUs (B TOM HYHMCIE, alleMTy3y-
MaboM) SIBIISIETCS KPUTEPUEM TIOJIHOTO OTBeTa corsiacHo kputeprmsim NCI. Ha
MPaKTHKE TIOC/IE TIPOBENECHHS TEpalmdu KOCTHBIA MO3T, Kak IIPaBHIIO,
TUNoKIIeTouHsIi (5—7—10 Thic/MKIT). B 3THX CiTydasx HE00X0 UM BBIOOP OTHOM
HanOos1ee HHPOPMATUBHO TPoOHI 11 aHau3a MPB (3ta mpoba oymkHa ObITh
YCTaHOBJIEHA NPH JMArHOCTHKE WM Tepes JIeueHHeM anemry3ymabom). B
TUITOKJIETOYHBIX 00pa3Iiax KOCTHOTO MO3ra C KpaifHe HU3KUM cojiepKaHueM B-
KIeTOK Ha Hall B3IVIAA, B psiIe CioydacB IiesiecooOpasHa IOCTAHOBKa
W30THITMYECKUX KOHTPOJIEH K TEM WIIM MHBIM aHTUT€HAM.

[omy4yeHHble HAMM JaHHBIE YKa3bIBAIOT HA TO, YTO CTAHIAPTHBIA €BPOIEHCKO-
amepuKaHCKui mpoTokon (A. Rawstron et al., 2007) sBisiercss BEICOKOTEXHOJIOTHIHBIM
COBPEMEHHBIM METOJOM, KOTOPBIM IO3BOJISIET C BBICOKOM TOYHOCTBIO M BOCIPOH3BO-
JIMOCTBIO OIPEIENSTh MUHIMAIBHYIO PE3UIyaTbHyI0 60me3Hb pu B-XJIJL

B zaxmroueHme crnemyer OTMETHTh, YTO JAaHHBIA MOAXOJ MOXET OBITh
HCIIOJIb30BaH HE TOJILKO [y onpeneneHust MPB, Ho u ui qparsoctuxu B-XJIL
Jlnst moBbIieHUs: TOYHOCTH JUArHOCTUK B-XJIJT uMMYyHO(DEHOTHITHPOBaHUE JICHKO3-
HBIX KJIIETOK MOXKET OBITH JOIOJIHCHO TECTaMH, PEKOMEHIOBAHHBIMH CTaHOApPTU30-
BaHHBIM Tozx010M (A. Rawstron et al., 2007) mist onpeneneHus pe3uIyaabHON 001e3HH
IIpH JaHHOM 3a00JIeBaHHUH, TO €CTh MMMYHOMarHocTuky B-XJIJI o kiietkam KpoBH U
KOCTHOTO MO3ra IIeNIECOOOPa3HO TPOBOIUTH METOJOM  4-IBETHOH MPOTOYHON
LUTOMETPUN. JTO TOJNIE3HO, TaK KaK YK€ TMPU JUArHOCTHKE II03BOJISIET OTOOPAaTh
Hanboee nH(popMaTHBHBIE KoMOnHaIm MKA 1 HCTIONB30BaTh UX UIS ONPEASTICHHS
MPB B niporiecce Ne4eHusI B TUIIOKIETOYHBIX 00pa3Iiax.
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2. Weak CD22 expression in combination with CD5 expression cannot be
assessed because this region (CD22low) fuses with a small zone of cells with
brighter CD22 expression due to a large number of events. However, analysis
of CD22 versus CD81 in the same tube (No.4) ensures clear-cut distinction
with respect to CD22. In this case there is clear-cut visualization of the
CD22low CD8llow cell region characteristic of B-CLL and different from
normal B-lymphocytes. It follows then, that analysis of antigens in
combinations proposed by the standardized protocol (Rawstron A. et al.,
2007) is a useful tool for accurate B-CLL cell identification.

3. B-cell precursors are identifiable in bone marrow by CD38 (bright) and CD20
(mainly weak) expression (fig. 2k). Their portion in relation to the B-cell total
may be rather big in some cases of bone marrow regeneration. In such cases
one has to make sure these cells are within CD45" region (fig. 1g). If CD45-
negative B-cell precursors are found, their number should be summed up with
CD45" leukocyte count to quantify accurately percentage of B-cells in bone
marrow leukocytes.

4. In our example bone marrow was normocellular because bone marrow
recovery after treatment (including alemtuzumab therapy) is a criterion of
complete response according to NCI guidelines. While in practice, bone
marrow as a rule is hypocellular (5 to 7 to 10 thousand/mcl). In such cases
one has to select the most informative sample for MRD monitoring (this
sample should be selected at diagnosis or before alemtuzumab therapy start).
It seems reasonable to use isotypic controls to some antigens for hypocellular
bone marrow samples with extremely low B-cell count.

Our findings demonstrate that the standard European-American protocol
(Rawstron A. et al., 2007) is a high-technology up-to-date tool to ensure MRD
quantification in B-CLL with high accuracy and reproducibility.

In conclusion, this approach is useful both for MRD detection and the
diagnosis of B-CLL. To improve accuracy of B-CLL diagnosis leukemic cell
immunophenotyping may be supplemented with standard tests (Rawstron A. et al.,
2007) to detect residual disease, i.e. it is reasonable to make B-CLL immunodiagnosis
by blood and bone marrow cells using 4-color flow cytometry. This approach is helpful
because already at diagnosis it ensures selection of most informative Mab combinations
to be used for MRD on-therapy monitoring by hypocellular samples.

We believe it reasonable (since we deal with bone marrow) to count
accurately CD19+CD45low B-cell precursors when quantifying B-cell portion within
MRD monitoring on alemtuzumab therapy, more so during hemopoiesis recovery and
hypoplasia cessation. In our routine MRD monitoring in B-CLL we use a test with
CD23, i.e. CD20FITC/CD23PE/CD19 PerCP/CD5SAPC besides the standardized tests
(see table 1), because even though CD23 does not differentiate normal B-cells from B-
CLL cells, CD23 expression is an obligatory criterion for the diagnosis of B-CLL.
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Ha nam B3mmin mpu asamise MPB B xoie Tepammu anemTy3ymaOoM,
MOCKOJIBKY pe4Yb HAET O KOCTHOM MO3re, s MOjcYeTa Hporopiuu B-kietok
LENeco00pa3sHO TOYHO YUYMTHIBATH KOJMYECTBO B-JIMHEHHBIX Ipe/IeCTBEHHHUKOB
CD19+CD45low, 0cOOEHHO B TIEpHOA BOCCTAHOBIICHHSI KPOBETBOPEHHSI M BHIXOZA M3
runomnasuy. Ha npaxruke B noscemHeBHoM anamze MPB npu B-XJUI momumo
TMIPEVIOKEHHBIX CTaHAAPTU30BAaHHBIM IPOTOKOJIOM TECTOB (CM. TAOI.), MBI HCIIONB3YeM
po0y, Bkmodarorryto CD23: CD20FITC/CD23PE/CD19 PerCP/CD5SAPC.

Ot1o obycmoBinero TeM, uto, x0T CD23 W He TO3BOJSET pasrpaHUINTh
HOopMalTbHBIe B-rmdornmtel ot kietok B-XJUJI, Tem He MeHee, skcmpecchsi JaHHOTO
aHTHTEHA SIBIIIETCS 00s13aTeIbHBIM TpeOOBaHMEM IS YCTaHOBIICHHA parao3a B-XJIJL

Takum oOpa3oM, B yCIIoBHsIX coBpeMeHHoO# Teparu B-XJIJT ¢ mpuMeHeHneM
HUMMYHOTEPAINIEBTUICCKUX WU XUMHNO-UMMYHOTEPAINICBTUYCCKHX ITPOTOKOJIOB Ha OCHOBE
MKA BaKHBIM SIBJISIETCS HE TOJBKO OHpeACICHUC TOYHBIX MOKa3aHUM K Ha3HA4YEHHUIO
9THX 3(QQEKTHBHBIX (M JOPOrOCTOSIIMX) IPENapaTtoB, HO M CTAHAAPTH30BAHHBIA
KOHTpOJIb pe3ynbratoB. OneHka 3(QEeKTHBHOCTH TEpanuu MOXKET OBITh JIOCTHTHYTa
TOJILKO Ha OCHOBE OIpeJIeIIeHHs] MUHUMAJIGHON Pe3nIlyalbHOM OOJIE3HH y MalueHTOB C
MOMHBIM OTBeTOM (ToHOHM pemuccueii). Omnpenenerne MPB B coorBeTcTBHH €O
CTaHIaPTH30BaHHBIM €BpPOICHCKO—aMepUKaHCKIM TIpoTokoioM (A. Rawstron et al.,
2007) smBusercst O0Os3aTeNbHBIM B XOA€ TPUMEHEHHS JIE4eOHBIX IIPOTOKOJIOB,
BKJTFOYAIOITHX ATEMTy3yMad.

BJAT'OJAPHOCTH

Bepakaem TiIyOOKyr0 OIaromapHOCTh JIOKTOPY OHMOJNOTMYECKHX —HAayK
J.b.KazanckoMy U cOTpyAHHMKam e€ro JiabopaTopud 3a  IPEIOCTaBICHHYIO
BO3MOXKHOCTh paboThI Ha pudope FACSCanto.

JIMTEPATYPA

1. Bosch F., Ferrer A., Lopez-Guillermo A. et al. For the GELCAB (Grup per
I’Estudi dels Limfomes a Catalunya 1 Balears). Fludarabine,
cyclophosphamide and mitoxantrone in the treatment of resistant or
relapsed chronic lymphocytic leukemia. Br. J. Haematol. — 2002. —V.119. —
P.976-84.

2. Boyd K., Dearden C.E. Alemtuzumab in the treatment of chronic lymphocytic
leukemia. Expert Rev Anticancer Ther. —2008. —V.8, Ne4, —P.525-33.

3. Byrd J.C., Peterson B.L., Morrison V.A. et al. Randomized phase 2 study of
fludarabine with concurrent versus sequential treatment with rituximab in
symptomatic untreated patients with B-cell chronic lymphocytic leukemia:
results from Cancer and Leukemia Group B 9712 (CALGB 9712). /Blood.
—2003.-V.101.-P. 6-14.

4. Eihhorst B., Hallek M. Revision of the guidelines for diagnosis and
therapy of chronic lymphocytic leukemia (CLL). Best practice and
research clinical haematology. — 2007. —V.20. —P.469-477.

5. Jaffe E.S., Harris N.L., Stein H., Vardiman J.W. (Eds). World Health
Organization Classification of Tumours. Tumours of Haematopoietic and
Lymphoid System. IACR Press. Lyon, 2001, p.75-108.



75 HAEMATOPOIESIS IMMUNOLOGY

In summary, up-to-date treatment for B-CLL by Mab-based immunotherapy or
chemoimmunotherapy protocols necessitates both accurate selection of candidates for these
effective (and costly) therapies and standardized control of response. Evaluation of therapy
efficacy may be made only on the basis of MRD monitoring in complete responders. MRD
detection in accordance with standardized European-American protocol (Rawstron A. et al.,
2007) is a mandatory procedure on alemtuzumab-based therapy.
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11:40-12:10. /I-p 6uon. Hayk A. M. KoBpuruna «/luarnoctrka
HIV-accomumnpoBaHHBIX JTUMGPOM»

12:10-12.30. IIpodeccop A. B. [TuBnuk «KnuHuka, 1MarHocTyka,
neuenne auMpombl XompkknHa y BUY-uHQUINPOBaHHBIX OOIBHBIX)
12:30-12:40. Kanna. men. nayk JI. JI. I'yurynoBa «Knunuko-
MOP(OMMMYHOIOrHYECKHE OCOOEHHOCTH aKTUBHOCTH CapKOUTHOM
rpaHyJIeMbDy

12:40-13:00. O6cyxneHue

13:00-13:30. O6eo
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13:30-16:30. /[nesnoe 3acedanue «JInarnHocTUKa U OIICHKA
MUHUMAJTBHON pe3uIyaIbHOIM 00JIC3HH IPU MeMOTIOTHIESCKHIX
OITYXOJISIX»

Mpencenarean: npodeccop H. H. Tynuubin, 1-p mea. nayk A. B. [lona

13:30-14:00. Kann. mea. Hayk JI. FO. I'puBnoBa «Onenka
MHUHUMAJIBHOW PE3UTyTbHONU 00JIE3HU TIPH OCTPHIX JIMM(POOIACTHBIX
neiiko3ax no nporokoiry D. Campana»
14:00-14:20. Kang. mexn. nayk O. FO. bapanosa «IIpumenenue
anemTy3ymaba npu T-knerounsix mumdpomax. OnsiT I'Y POHLL
PAMH»
14:20-14:40. Kann. men. Hayk H. A. Kynpeimmza
«Mmmynonuarnoctuka B-XJIJI ¢ yuerom onpeneneHus
MUHHMAaJIBHON pe3uayabHOM O0IEe3HI»
14:40-15:00. ITpodeccop E. E. 3yeBa «/lnaraoctuka
MHOECTBEHHOW MHEIOMbI U MOHUTOPHHT 3()(hEeKTUBHOCTH
Teparun»
15:00-15:20. Kann. men. Hayk E. H. Illonoxosa
«IuddepennuanpHas AparHocTuka TMMQOMBI U3
NpEeIIeCTBEHHUKOB raMma/ienbra T-mumdorutoB 1 NK-01acTHRIX
(remaronepmudeckux) auMmpom. Jlemorctpanus ciydas». Comoxian
npodeccopa A. B. ®unarosa
15:20-16:30. O6mas nuckyccusi. Kpyrasiii cTou.

Bonpocwi k 06cyscoenuio:
1. Onyxomn y BUY-uHGUIMPOBaHHBIX OOTBHBIX.
2. MunumanbHas pe3usyanbHas 6oie3Hb npu OJUI; uto
Ba)KHEE — CKOPOCTh UTOPEAYKIMH WIH a0eppaHTHBIN (PEHOTHII.
3. HopMmainbHblii HEOIY X0IEBBIN SKBUBAJIEHT IS KJIETOK B-
XJUL

3akpvimue kongepenyuu.



Ta6nuuma 1 / Table 1

HanpagyieHust TMarHocTHKH MHOXXECTBeHHOM Muesiombl / Multiple myeloma diagnosis fields

MeTo/pI BEISIBIICHHS
(yHKIHOHATEHOM

Crienuai-HeIe METO/bI,

Merozp! moxTBepykacHUss | Merosp! onpezieneHust oobeMa HEOOXO/IMMBIC
. . . - HE/IOCTATOYHOCTH OPraHOB,
CxpunuHr / Screening numarHosa / Diagnosis OITyXO0JI1 1 TiporHo3a / Disease . . HEKOTOPBIM MalieHTaM /
e . BBI3BAHHOM MHeENIOMO¥ / De- . .
verification measurement and prognosis - N Special tests needed in
tection of organic impairment
some cases
due to myeloma

Kimnnyeckuii anamms Acnupar KOCTHOTO MO3ra Iuroreneruxa Kimnngeckuii ananus KpoBu IIporounas nuromerpus
kposu / Blood count Nmmynodukcarms ceiBopotkn | wmu FISH / Cytogenetic study | (aremust) / Blood count KJIETOK KOCTHOIO MO3ra
CO3/ESR u Mour / Bone marrow or FISH (anemia) ITpu makpouuTo3e:
DJEKTPOIUTHI aspiration Komiuectso Kimpenc kpeatunvza / ButamuH By, / Bone
CBIBOPOTKH / Serum Serum and urine MOHOKJIOHAJTEHOTO O€JKa B Creatinine clearance marrow cell flow
electrolytes immunofixation CBIBOPOTKE M Moue / Serum Kanpuwit / Calcium cytometry
Mouesuna / Urea and urine monoclonal protein | Ans6ymun / Albumin In macrocytosis: Vitamin
Kpearunun / Creatinine measurement JIAI' / LDH B12
Kanprmit / Calcium Kanprmit / Calcium CPB/CRP ®DonmeBas kucnora /
Anp0ymuH / Albumin Anp0ymuH / Albumin ‘YpOoBEHb HEU30TUIINYECKUX Folic acid
Onekrpodopes B2-mukporio0ymms / B2- ur/
CBIBOPOTKHU U microglobulin Non-isotipic Ig level
KOHLICHTPUPOBAHHOM
Mouu / Serum and
concentrated urine
electrophoresis
VYposenb

Hemsotunraeckux 1T/
Non-isotipic Ig level




Ta6nuuma 2 / Table 2

Bonesnu, conpoBoxnaronmecs MOHOKJIOHAILHOM cexpenue / Diseases associated with monoclonal secretion

[TrazmokseTouHbIe
HOBOOOpa3zoBaHwus / Plasma
cell neoplasms

[Jpyrue HoBooOpazoBanus / Other
neoplasms

Heonyxonessle o0pa3zoBanust / Non-tumor diseases

MuenomHast 60J1e3Hb /
Multiple myeloma
Awmuonnos3 / Amyloidosis
Bouie3Hp TKenbIX nemnen /
Heavy-chain disease
Cknepomukcenema Apuara-
T'orTpoHna /

Arndt-Gottron

scleromixedema

Maxkporno0ynuHemust Banpnencrpema
/ Waldenstrom’s macroglobulinemia
B-knerounsie mumpomer XJ1JT / B-cell
lymphomas CLL

HoBooOpa3oBaHus U3 KJIETOK, HE
cexperupytomux NI (conuaasie
OITyXOJIH, MOHOIIUTapHbIE JICHKO3bI,
MUEITOTUCTIIA3UH ) /

Neoplasms from non-Ig-producing
cells (solid tumors, monocytic

leukemias, myelodisplasias)

MOHOKIIOHAIbHAS TAMMANATHs HESICHOTO TeHe3a /
Monoclonal gammapathy of undetermined significance
AyTtonMMyHHBIE 32007IeBaHHAS

Bosne3nu neyeHu M KeNYHbIX myTeit /
Autoimmune diseases of liver and bile ducts
XpoHHYECKHE BOCHAJIUTENIbHBIE 3a00sieBaHus /
Chronic inflammatory diseases
HNmmyHoneduunTs! /

Immunodeficiencies

Hapymrenus oomena Bimtodast 6one3ns ['omme /
Metabolic disorders including Gaucher’s disease
IIceBnonapanporenHemMun /

Pseudoparaproteinemias

II




O0beM nccenopanus / Study volume

Tabnauma 3 / Table 3

ITokasarens / Parameter UYucno uccnenosanmii, n / No. of investigations
CriBopoTounblil M-nporeuH / Serum M-protein 260
Muenomusiii nporerH B Moue (benc-J/[xoHca) / Urine myeloma protein (Bence— 65
Jones)

Jlerkue nerm M- u k— tuna B ceiBopotke / Serum  and  light chains 94
Jlerkue nenu A— u k— tumna B Mouye / Urine and  light chains 65
AnbbymuH / Albumin 260
B,—Mukporno6ysus / B2-microglobulin 170
VmmyHornoOynuHs! ceiBopoTkH IgA, IgM, IgG / Serum IgA, IgM, IgG 60
Kpearunus / Creatinine 260
NmmyHodukcanust 6ekoB chiBOpoTKH / Serum protein immunofixation 260
HmmyHodukcauus 6enxoB Moun / Urine protein immunofixation 65
HNMmyHOdeHOTHIIMPOBAaHUE KIIETOK KOCTHOrO Mo3ra / Bone marrow cell IPT 50

Ta6nuua 4 / Table 4

PesynbraTsl IMMyHO(UKCALMK OEIKOB CHIBOPOTKH Y 0016HEIX MM / Serum protein immunofixation results in multiple myeloma

patients

Pesynbrar ummyHopukcarmu /
Immunofixation result

KonuenTpanus uMMyHOTI00yJIMHOB OCHOBHBIX KJIaCCOB B CBIBOpOTKE / Serum immunoglobulin

Konnentpanus UI' knacca
IgA, IgM unu IgG noBbleHa,
n=122 / Increased IgA, IgM or
IgG concentration, n=122

Konnentpanus UI' ceiBopoTkH
B TIpeJenax HOpMBbL, n=65 /
Serum Ig concentration within
normal, n=65

Konnentpanus Bcex U
cHmwkeHa, n=73 / Decreased
concentration of all Ig, n=73

OtpunarensHbiii / Negative test

13

17

34

TTonoxurenbHslii / Positive test

109

48

39

III




Tabnuma 5 / Table 5

[Mokazanus k UOT npu MM u Apyrux MOHOKIIOHAJIBHBIX rammanartusx / Indications for immunophenotyping in MM and other

monoclonal gammapathies

Knuanueckue nokasanus / Clinical
indications

[MTapametpsr npotouHoii iuromerpun / Flow cytometry findings

Huddepentmansueiii nuarnos MM, MI'H3 u
PCaKTHBHBIX COCTOSHHM /

Differentiation of MM from MGUS and
reactive conditions

OTtHocutenbHOe conepkanue iasMaTrnaeckux kietok (I1K) / PC relative content

Nmvmyrodernotum I1K / PC immunophenotype

Knonanerocts [1K / PC clonality

Coneprxanue TpanchopmupoBanubix [IK cpemau Beex ITK / Transformed PC content
among all PC

Mapxepst nporaoza MM /
MM prognostic markers

Okcnpeccus Ha TpanchopmupoBanubix [IK mapkepos CD45, CD56, CD117, CD28 /
Expression of transformed PC markers CD45, CD56, CD117 and CD28

Brrsnenne MOB y 6ospHBIX MM mocne
Tepanuu /
MRD detection in MM patients after treatment

Copepxanne TpanchopmupoBanHbiX [1K cpemam Beex netikonuroB u cpean Beex 1K
(1:10™*) / Transformed PC markers content among all leucocytes and all PC (1:107)

IV




Tabnuma 6 / Table 6

Kpurepun orBera MM Ha tepanuto / Multiple myeloma response criteria

Daza 3abonesanmst / Disease phase Kpurepuy onerku / Criteria
Tomuas pemuccist (ITP) / 5% 1 MeHee IUIa3MaTHIeCKUX KIIETOK HOPMAIBbHOI MOP(OJIOrHH B IyHKTATe KOCTHOTO MO3rd, MOyYeHHOro He pakee, YeM 4epe3 | Mecst nocrie
Complete response (CR) 3aBEPIIIEHNs Kypca Teparii 1 0TCyTCTBIE MOHOKIOHabHOro VI B chiBopoTke KposH w/iwm Mode /5% of plasma cells with normal morphology in
bone marrow puncture specimen at least 1 months after therapy completion and no monoclonal immunoglobulin in serum and/or urine
Touru I'TP (m-ITP) / Almost CR 100% peykiwist M-TpoTerHa, HO BBIBIISIEMast C IOMOILIBEO BHICOKOUYBCTBUTEIbHBIX MeT0/I0B / 100% reduction in M-protein but detectable by high-
(aCR) sensitivity tests
OvueHb X0opolas YacTHYHast Bonee uem 90% cHIpkeHue MaparpoTerHa (IIaTOIOrMIecKoro HIMMYHOITIOOYIIHHA) B CHIBOPOTKE KpoBH WM Moue / > 90% paraprotein (pathological

pemmicenst / Very good partial
response

immunoglobulin) reduction in serum or urine

Yactiunast pemuccust / Partial
response

=50% penyKiwsl IIA3MaTHEecKHX KIeToK, = 50% yMeHBIIeHHe CHIBOPOTOYHOTO HMMYHOITIOOYIHHA W 75% yMeHbIIICHHe YPOBHS Oelka
Benc-/xonca/  50% reduction in plasma cells, - 50% reduction in serum immunoglobulin and/or 75% reduction in Bence-Jones protein

Yacruunsiid otser (HO)
(MPHMMATBHBIH oTBeT) / Minor
response

>25% pedyKums IIa3MATHYeCKHX KIETOK, > 25% CHIDKEHHE YPOBHS MOHOKIOHATEHOTO MMMYHOITIOOY/IMHA B CHIBOPOTKE KpOBH, > 50% Oerka
Benc-/Ixonca B Mode / > 25% reduction in plasma cells, = 25% reduction in serum monoclonal immunoglobulin, = 50% reduction in urine Bence-
Jones protein

Bonboii oreer / Major response

=75% penyximst M-ipotenHa, 5% 1 MeHee [Ia3MaTHIecKuX KIeTok / = 75% reduction in M-protein, <5% of plasma cells

Crabummsarwst iporiecca / Stable
disease

Cra0rmBars rapamMeTpoB OOJe3HH (BKIFOUAS SHCIIO U Pa3MEPBI KOCTHBIX JIECTPYKIIHIL), YMEPEHHOE CHIDKEHIE YPOBHS MOHOKIIOHATEHOTO VI B
ChIBOPOTKE KpoBH U Oenka berc-/lxoHca B Mode Ha (hoHe He MeHee 3-X LIMKIIoB xumuoteparu / Stabilization of lesions (including number and size
of bone destruction sites), moderate reduction in serum monoclonal immunoglobulin and urine Bence-Jones protein after at least 3 chemotherapy cycles

PesucrentHocTh / Resistant disease

OTCyTCTBIE YMEHBILICHIS B CHIBOPOTKE KPOBH MOHOKIOHAIHHOTO MMMYHOIOOyiHa i Oerka berc-/ronca B Mode / No reduction in serum
monoclonal immunoglobulin or urine Bence-Jones protein

TIporpeccupoBanue Gome3HI
(permmuB) / Progressive disease
(recurrence)

TosBrieHre MOHOKTIOHATIBHOIO HMMYHOIIOOYIIHHA, 25% yBE/HUYCHHE €10 YPOBHSL, MOSBJICHHAE HOBBIX OYArOB JACCIPYKIMU B KOCTSIX CKEJICTA I
Iwia3MoLToMsI / 25% increase in monoclonal immunoglobulin, appearance of new bone destruction sites or plasmacytoma

v




ViMMyHO(EHOTHIIHYECKHE COOEHHOCTH IIJIa3MaTHYECKUX KIETOK

Tabnuma 7 / Table 7

Okcnpeccus / Expression

ITnasmarnueckue kietku / Plasma cells

Hopmansubie / Normal

Muenomusle / Malignant

CrabuinHas / Stable CD45dim, CD38bright, CD138 CD38bright”, CD138+
Hecra6unsnas / Unstable CD56 CDI10, CD19, CD27, CD40, CD117, CD56, CD45
OtcytcrByer / Absent CD19, CD20, CD117 CD20, CD22

Ta6unuua 8 / Table 8

HudopMaTHBHOCTH OTAEIBHBIX MAPKEPOB MPH JUarHocTike MM ¢ OMOILBI0 MHOTOIIapaMeTPUIECKON MPOTOYHON IUTOMETPHH /
Informative value of individual markers in multiple myeloma diagnosis by multiparametric flow cytometry

Okcnpeccust / Expression, %

Mapxkeps! / HudopmatuBHOCTS /
Markers Hopmanbibie masmarrst / Muenomubie kieTk / Myelomatous Informative value
Normal plama

CD19 +(>70%) 95 Heo6xomum / compulsory

CD56 —(<15%) 75

CD117 —(0%) 30 PexomennoBan / recommended

CD20

CD28 —/cnabo(<15%) / —/weak (< 15%) 1545

CD27 ++ (100%) 40-50

CDS81 +(100%) Her nannbix / No data Tpennoxen / proposed

CD200 Cnabo +/ Weakly + Her nannbix / No data

VI
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