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HA 15-i IJEHb UHAYKIIMOHHOM TEPAITUN

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

B Hacrosimee Bpemsl KIMHHUYECKH MOATBEPKAEHA 3HAYMMOCTb OLICHKH MHHH-
MaJIbHOM OCTaTOYHOW 00JIe3HH MPH OCTPBIX JINMQOOIACTHBIX Jielko3ax u3 B-nmuHei-
HBIX MPEALIECTBEHHUKOB Yy JeTeil Ha 15-1 neHs xumuorepanuu HHAYKIuH. OneHka
KOJIMYECTBA OCTATOYHBIX OJACTOB HA JAHHOM 3Talle MO3BOJSET BBISBUTH TPYIILY
MAIMEHTOB OJIArONPUSITHOTO MPOTHO34, Y KOTOPBIX MHTEHCHBHOCTh TEPANMN UHIYK-
LM MOYKET OBITH CHIDKEHA.

Merton BBIOOpa OETEKIMH OCTATOYHBIX JICMKO3HBIX JUM(OOIACTOB HA ITaHHOM
JTane — NPOTOYHAS UTOMETPHUSI — BBUIY KIMHUYECKOH 3HAYMMOCTH JOJDKEH OBITh
XOPOIIIO CTAHAAPTH30BaH M BOCHPOM3BOANM. OTHAKO CPei pealn3yeMbIX B KIMHU-
ke npoTokonoB [1L] mpucyTCTBYIOT pa3HOIIAacHs U €AMHOTO MUPOBOTO CTaHIapTa 10
CHX TIOp He cymiecTByeT. [[puHINIHaIbHBIMU SBISIOTCS PACXOXKACHHS B IOPOrOBOM
YPOBHE JIEWKO3HBIX OJIACTOB, ONPE/IEIISIEMBIX METO/IOM IIPOTOYHON LIUTOMETPHUH.

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

Ki1roueBble cj10Ba: ocTphlii TMM(OOIACTHBIHN JIEHK03, MUHUMaJIbHAs! 0CTAaTO4-
Hast 0ose3Hb, 15-if 1eHb MHAYKIIMOHHOW XUMHOTEPAITHH, IPOTOYHAST IUTOMETPHSL.

Beenenue

B Hacrosmee BpeMs B ymcie (HakTOpOB MPOTHO3a, IPH JICUSHUH OCTPBIX JIUM-
(obnacTHBIX JIEKO30B y jeTel Bce Oojiee 3HAYMMYIO POJib IPUOOpETaeT KoJIude-
CTBO JICHKO3HBIX OJ1acTOB B KOCTHOM Mosre — MPB, BeisiBisiemoe Ha pa3HbIX 3Ta-
nax MoJMXuMuorepanuu, Mopdonorndecku, meronamu [ u monexyssipHBIMA
merogamu (ITLP) [1-4].

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

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

IN DETECTION OF RESIDUAL BLASTS IN BONE MARROW

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

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

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

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

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

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

Introduction

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

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

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

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

YyBCTBUTEIBHOCTh CTAHIAPTHBIX MOP(OLUTOXUMUYECKUX METOJIOB B JTAHHOW
cutyaiu Henocrtaroyna, a I1I{P-auarHocTuka He MOXeT OBITh NMpPUMEHEHa JUIs
OLICHKH CTCICHH PEAYKIUH OJIACTHBIX KIETOK BO BPeMs HHIYKIIMOHHOH XUMHOTe-
paruu. Meroj BeiOOpa aetekiiur MPB Ha sTane XMMHOTEpanui HHAYKIIUHA — MHO-
rOIBETHAS IPOTOYHAS IUTOMETpHs. Ha MaHHBI MOMEHT B KIIMHUYECKOU TPAKTHUKE
HCIIOJIb3YETCSI HECKOJIbKO BAPUAHTOB MYJIbTHIIAPAMETPOBOI MPOTOYHOMN LUTOMET-
pUH OETeKIUH MHUHAMAIBHOW OCTATOYHOM OOJE3HM MPU OCTPHIX JTMM(POOIACTHBIX
neiiko3ax u3 B-nunelinbix nmpemmecteenunkos (BCP-ALL) y merei:

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

e  YerpipexmapameTpoBblit (4- usetHsiit) mporokon COG (Children Oncol-
ogy Groupe, USA, M. Borowitz et al. [8]). B Hacrosiiee Bpemsi JaHHbIH
MIPOTOKOJI MOJICPHU3MPOBAH B O-IIBETHBIH W ONTHMU3UPOBAH ISl OLCHKU
MPB Ha feHb OKOHYAHHS WHAYKIIMOHHON xuMuoTepanuu (29 neHb oT Ha-
Yaya JICYEHHs) C IENBI0 PUCK-CTATH(HUKAIINH.

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

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

MarepuaJjibl 1 METOAbI

B wuccrenoBaniy npoaHanu3upoBaHo 67 00pa3ioB KOCTHOMO3TOBBIX MyHKTATOB,
MOJIy4eHHbIX Ha 15-i1 AeHs xuMuoTepanuu naaykiuu y 67 nereii ¢ BCP-ALL.
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Cytomorphological criteria of early response on days 7—8 (peripheral blood) of
prednisolone preface of chemotherapy induction was one of the first factors for
prognosis and risk stratification used in AIEOP-BFM-ALL protocols until recently
for more than two decades. Reduction in blast count to 1000 cells/mcl is evidence
of good response to prednisolone and a predictor of good prognosis [6;9;10]

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

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

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

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

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

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

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

Materials and methods

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

Kaxxgprit oOpazer myHKTaTa KOCTHOTO Mo3ra Ha 15-ff IeHp XuMuoTepanuu ObLT
0XapakTepru3oBaH MOP(OIOrHIeCKd W OLEHEH HUMMYHOJOIMYECKH Ha MpeaMeT
BBISIBJIEHHUSI OCTATOUHBIX/PE3UyalIbHBIX JIEHKO3HBIX KIETOK — MUHUMAJILHOMN pe3u-
nyanpHON Gosesnn (MPB). Tloacuer KOHTPOJBHON MHETOrpaMMbI MPOU3BOIMIN
aBymst Mopdonoramu (mo 250 KiIeTOK) Ha Ma3kaX KOCTHOTO MO3ra, OKPAIICHHBIX
o metoay PomanoBckoro—I nmsa.

VIMMYHONOTHYECKOE BBISIBIICHHE OCTATOYHBIX JICHKO3HBIX TuM(pobaacTo (B-
JIMHEHHbIC MPEIIIECTBEHHUKH) B KOCTHOMO3TOBBIX MMyHKTATaX MPOBOIUIN METO-
JIOM MIPOTOYHOM IUTOMETPUH C MCIIOJIL30BAHMEM PEaKIUHU MPIMONA UMMYHO(IYO-
PECLEHIIUH, cpa3y IOCie MOdyUYeH s MaTepuaa.

B 50 ciygasx st orierket MPB wcronmb30Bami TpexXBeTHbI npotokoi [12]. B stom
cimydae nianerrs MPB nipyr HU3KO# KIIeTO9HOCTH 00pas3iioB COCTOSIIA U3 OTHOM MPOOHPKA
CO clieIyroItei KoMOuHaIme MOHOKITOHANBHBIX anTrTen CD19/CD10/CD34 (diyopo-
xpombl PerCP (PE-cy5)/PE/FITC). B ciyuasx ¢ JOCTATOYHBIM KOJIMYESCTBOM KIJICTOK
UCIIOJIB30BaIach maHenp u3 2 mpodupok: CD19/CD10/CD45 u CD19/CD34/CD45
(pryopoxpomer FITC/PE/Per-CP (PE-cy5). OneHHBaIOCh KOJIMYECTBO JIEHKO3HBIX B-
nmHelHbIX npeamectserarkos CD19'CD10" n/wm CD19'CD34" cpemy MOHOHYKIIEA-
poB, nanee B coorBercTBuM ¢ TpeboBanusmu AIEOP-BFM-ALL kommdectBo KiieTok
MPBb niepecunThIBaIOCH Ha BCE MUEIIOKAPHOLITHI HA OCHOBAaHHH JJAHHBIX MUEJIOTPaMMBL.

VY 17 GonpHbIX mis onieHkd MPB ucnonb30BaH 4-1[BETHBIH MPOTOKOJI B COOT-
BeTcTBHU ¢ mpotokosioM AIEOP-BFM-ALL-2000 [4]. Ianens MPB npu stom
BKITIOYAJIA CIICIYIOIIHNE KOMOMHAIIH AaHTHTEI:

1. Sytol6/CD10/CD45/CD19;

2. CD20/CD10/CD34/CD19;

3. CD10/CD58/CD34/CD19.

KoMOuHamms ¢iyopoxpoMoB I KaKAOH NpOOMpKH OBLIA CIETYFOIICH:
FITC/PE/PerCP/APC (1 npobupka) u FITC/PE/PE-cy7/APC (2; 3 mpobupkwu).

B nByx ciiydasx B naHenb JONOJHUTEIBHO ObLIM BBEICHBI ITaH-MHUEIOUIHBIE
aaturensl CD13, CD33. [Ipu rumokiaeTouHsix 00pasiax Ucosiabp3oBain 1 u 3 mpo-
oupku. KomudecTBO JEHKO3HBIX B-JIHHEHHBIX MPEIIIECTBCHHUKOB OIICHUBAJIA Ha
Bce Mmuenokapuonuthl. COOp MaHHBIX Ha MPOTOYHBIX IuToMeTpax (FacsCan;
FacsCanto I1) mpoBoausicst HEMOCPEICTBEHHO MOCIIE MOCTAHOBKY peakiuu. 13 ka-
KON MpOOBI UTS JOCTOBEPHO 3HAYMMOTO aHann3a Hakarmmeaimu or 170 000 mo
2 000 000 xyeTok B 3aBHCHMOCTH OT KJIIETOYHOCTH 00pasna. AHaIN3 JaHHBIX IPO-
BOJUITH ¢ Hcnonb3oBanuem nporpamm WIinMDI 2.8 u FCS 3.0.

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

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

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

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

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

1. Sytol6.CD10/CD45/CD19;

2. CD20/CD10/CD34/CD19;

3. CD10/CD58/CD34/CD19.

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

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

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

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

Y4uTheIBas KIMHUYECKYIO 3HAYNMOCTh OLIEHKH KOJIMYECTBa JIEHKO3HBIX O1acToB
(MPB) Ha 15-if ieHb MHIYKIMOHHOM XHMHOTEPAITHU C IIEIBI0 BO3MOKHOW paHHeH
KOPPEKLUH Tepanuy, K Merony aerekuuu MPB — npoTodHoil nuToMeTpun — npeb-
SIBIIAIOTCSL. 0COOBIE TPEOOBAHMS, a MMEHHO, BBICOKas CTaHIAPTU3ALMsI M XOPOIIas
BOCIPOU3BOIMMOCTh. B HacTosiliee BpeMst y BceX MPEUIONKEHHBIX JUIsl KITMHUYECKO-
rO HUCIOJB30BAaHMSI [IUTOMETPUYECKUX IMPOTOKOJIOB MMEIOTCS U TPEUMYILECTBA U
HejocTaTtku. [Ipexae Bcero, JUIMTENbHAs AMCKYCCHsI BO3ZHMKIIA MPU OOCYXKICHUU
HauboJiee ONTUMAIBHOM BpeMeHHOM TOUKHU.

[pu ananmuze 6onee 3000 manmeHTOB JIETCKOro Bo3pacTta ¢ auarHozoMm BCP-
ALL B pamkax nportokona AIEOP-BFM-ALL 2000 65110 1iposieMOHCTPHPOBAHO,
yro 15-if neHp MHIYKIMOHHOM XMMHOTepanuy Oojiee MOJHO OTpaXkaeT OTBET 0o-
JIe3HW Ha CHCTEMHYIO TEparuio, a IMOTOMY SBISETCS 0CO00 3HAYMMBIM C TOYKH
3peHHs KOPPEKUMH HHIYKIMOHHONW XMMHOTEpAlHu, Torxa Kak 8- OeHb — 3To
TOJIBKO OTBET Gose3Hu Ha creporast [13].

B wuccnenosannu E. Coustan-Smith et al. (mporokon rocrmramst St. Jude, Mem-
¢uc, 2006), riae BrepBbie OBUT MPEIOKEH YIPOIICHHbINH 3-IIBETHBIN [IUTOMETPHYE-
CKUI IIPOTOKOJ, TAK)KE NMPOJEMOHCTPUPOBAaHA Ba)KHOCTh oueHku MPDB, kak He3aBu-
cuMoro (hakTopa MporHo3a Ha MOMEHT MPOBEACHUS WHIYKIIMOHHON XUMUOTEPAITHN
(19-# menb OT Hayana JieyeHwHs1), a He K eé okoH4aHuto [12]. Bmecte ¢ Tem amepu-
kaHckuit nporokon COG npejyiaraeT yuuThIBaTh KIMPEHC JEHKO3HBIX KJIETOK KPOBU
Ha 8- 1eHb peJHN30I0HOBOM Npeda3bl KaK JOMOIHUTENBHBINA (haKTOp MPOrHO3a, a
OCHOBHOH (pakTOp MporHo3a — orienka MPB B KocTHOM Mo3re Ha MOMEHT OKOHYaHHS
Tepanuy MHAYKIHMA — 29-i JIeHb OT Havyasa npoBeeHus Tepanuu [8].

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

Takum oOpa3zom, Ha HamI B3I, 15-1 MeHp XUMHOTepaniy HHAYKIUHN JTOJDKCH
OBITh MPU3HAH HEOOXOIMMON BpeMeHHOI TOUKOW BCEX MUTOMETPHYECKHX MPOTO-
kosioB aereki MPB mipu OJUI y nereit. OnHuM U3 NPHHIMIHAIBHBIX PaCcXOXkK-
JICHUI SIBIISIETCS MOPOTOBBIM ypoBeHb KineTok MPB Ha 15-it meHp xumuorepanuu
uHAyKiwmd (1aba. 1). Mbl He 00cy)aaem ¢ 3Toit Touku 3peHus npotokon COG T.k.
OH ONTUMHU3UPOBaH s onpenenennuss MPB ¢ nenbio puck-crparudukanuu, a He
CHIDKEHUSI JJ03bI aHTPALUKIMHOB BO BpeMs (ha3bl HHIYKIIMU PEMUCCHH.

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

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

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

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

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

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

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

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

MuHuMaibHOE MakcumanbHoe

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

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

BBeneH HOBBINT HE3aBHCHMBIN NPOTHOCTHYECKHH (akTop. Tak, MarMeHTH C
MPUCYTCTBUEM B KOCTHOM mo3re Ha 15-it nens 6osee 10,0% omyxoseBbIX KIETOK
Cpemu HyKJICapHBIX KIETOK KOocTHOTO Mo3ra (11,0% GosbHBIX) COCTABISIOT MPYIITY
IUIOXOTO MPOTHO3a, BEPOSITHOCTh PEIMInBA y KOTOPbIX coctaBisieT 47,2 % u 5-
JIeTHsIS 0€CCOOBITHITHAS BEDKUBAaeEMOCTE — 46,1%.

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

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

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

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

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

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

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

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

The MRD-negative group (less than 0.01% of MRD cells) was less than 8.9%
(6/67) which was less than in the AIEOP-BFM-ALL 2008 protocol (22.9%) and
much less than 44.4% in E. Coustan-Smith et al. (2006). All MRD-negative cases
had not more than 2.0% of blasts.
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ITo HammM maHHBIM, ¢ ydeToMm KputepueB npotokona AIEOP-BFM-ALL 2008,
39% 6osbHbIX (23 13 59 ciiyyaes) ABISIFOTCS BO3MOXHBIMU KaHIUIATAMU K PEAYKIIHN
103 aHTpanukimHoB — MeHee 0,1% wierok MPB B koctHOM Mosre. Hu y ofHOro m3
9TuX 23 MAlMEeHTOB MO JaHHBIM Mopdosoruu He BbisiBieHO Oonee 5,0% OnactHbIX
kierok. 10,0% u Oonee neiiko3usix OnactoB mo jganubiM [11] BeisiBneHo y 6 u3 59
MPB-niosutBHbIX TarenToB (10,1%), B n1ByX u3 9Tux 6 CiIydacB MOP(OIOTHUESCKH
BeIsiBJIEHO MeHee 2,0% GuacroB. B mportokone rocomramst St. Jude [12] ucrosnb3osan
npyroii kpurepuid — 0,01% seiiko3HbIX 0JaCTOB — HA MOHOHYKJICAPHBIC KIICTKHA KOCT-
HOT'O MO3r3, T.€. B IaHHOM Cllydae 4yyBcTBUTENIbHOCTh MeToia [11] yBennuena. [lanHbIit
MIOPOTOBBI YPOBEHb JIOCTATOYHO XOPOLIO OOOCHOBAaH aBTOpaMH, IMOCKOJBKY IOJI-
TBEPIKJICHO, YTO HOpPMaJIbHbIE B-nMHEHHbIE TPEANIeCTBEHHUKN SIUMUHUPYIOTCS U3
KOCTHOT'O MO3Ta B XO7i¢ 2 HeJIeNb NPOBEICHIS HHIYKIIMOHHON XHMHOTEpaIiH, a pere-
Hepawysi HOPMaJIbHBIX B-TMM(MOHIHBIX TPEAIIECTBEHHUKOB HAYNHACTCS TONBKO K 30-
My JIHIO OT MOMEHTa Hauaja Teparuu. MiMenHo rpymmna nampentos (44,4%) ¢ coxep-
xanueM meree 0,01% Jiefiko3HbIX OJIACTOB Ha JTale MHIYKIMH PEMUCCHU PacCMaTpU-
BAaeTCsl aBTOpaMH JTAHHOTO MPOTOKOJIA KaK KaHIWAATBI K PEXyKUHH MHTCHCHBHOCTH
HHAYKIMOHHOM Tepari. C yderoMm mozxoza rocrmramst St. Jude tomsko 8,9% mamm-
€HTOB U3 Halllell IPYIIbI MOIJIM ObITh BKJIFOYEHBI B IPYIIY KaHAWIATOB K PENyKLIUH
XUMUOTEpPAIMY UHIYKLIUH. J[aHHBII IOPOrOBBIN YPOBEHD NIPOJEMOHCTPUPOBAI U KIIU-
HUYECKYIO 3HAYUMOCTh, TIpH BbisiBiieHnH Oonee 0,01% MPB—kiietok BeposiTHOCTh pas-
BuTHA perauBa coctapisuia 23,8% npotus 4,8% mis rpymmser MPB. MHTEepecHo oT-
METHTh, 4T B mipoTokojie AIEOP-BFM-ALL 2008 [11] mogo6Hast yacToTa peruIMBoB
(23,4%) oT™meuaeTtcs sl TPYIIITBI MAIMEHTOB, Y KOTOPBIX KOJIMYECTBO JICHKO3HBIX Oa-
croB 1o nanHbM 111 cocramsier 1,0% u Ooliee Ha sIpOCOEPIKAILNE KIICTKH KOCTHOTO
Mo3ra. BozHukaeT Bompoc, MMeeT JIi IPUHLUITHAILHOE 3HAYCHUE OLiCHKa KileTok MPB
B Ipe/ieNiax MOHOHYKIICAPHBIX KJIETOK KOCTHOTO MO3ra WM B MpE/eiaX BCEX MHENO-
KapHOLIMTOB. MBI NPOaHAIM3UPOBAIM MOP(OJIOTHIECKHII COCTaB KOCTHOMO3IOBBIX
MYHKTATOB 15-T0 JIHS XUMHOTEpAITHH HHIYKIHH (Tabit. 2).

Ta6nuna 2
XapakTepucTHuKa 00pa3ioB KOCTHOTO Mo3ra. 15 neHb XMMHUoTepanuu HHIYKIUN
Yucno
ITokazarens Cpennee Menunana Pasbpoc oGpasios
KIIETOYHOCTD 12,5414 9,0 2,5-60,0 55

%% MOHOHYKJIEapHBIX
KI1eTOK (MOpdoorHs)
%% GnacToB

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

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

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

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

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

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

Kak mokasanu Hamu JaHHbBIE, MPOMOPLHUS KICTOK TPAaHyJIOLHUTAPHOTO psiga Ha
15-it nenp xummorepanuu uHAyKIMH npu BCP-ALL cocraBnser B cpemHem
36,5% + 2,1% (meauana 34,0%, paszopoc ot 2,0 mo 85%). To ecTh, mpu COMOCTAB-
JeHuy JaHHbIX 1o MPB ¢ mMuenoxapuonuTaMu B 3HaMEHaTeNle U ¢ MOHOHYyKJIeapa-
MH B 3HAMEHATeEJIe CIIeyeT BBOIUTh COOTBETCTBYIOIIYIO MOMpaBKy. Ha mpakrtuke,
Ha Halll B3MVIsL, LienecooOpaszHo onpexaenate MPB B mepecuere nponeHTa Jeidkos-
HBIX KJETOK Ha MHEJIOKapHOLMUTHI C 00S3aTeNbHBIM ONpENeNICHHEM HPOIOPLHU
KJIETOK B-nuunu B npeaenax muenokapuonutos (mo Syto-16).

Kpome pacxoxaeHHil B IOpOrOBOM YpOBHE HE CTaHAAPTH30BaHA M MaHEIb MO-
HOKJIOHAJIbHBIX AHTUTEN, UCHOB3YEMBIX A AeTekiuu MPB.

B OONBIIMHCTBE CiIy4aeB OCTPHIX JUM(OOIACTHBIX JICHKO30B U3 B-IHHEHHBIX
HpeNIeCTBEHHUKOB UMMYHO(EHOTHIT 0JIACTOB MOXKET OBITh OXapaKTEPU30BaH KaK
CD19°CD10%(95% ciy4aeB 1o HaIIAM TaHHEIM), M B GOJBIIMHCTBE CIIyJacs Oa-
CThI IEMOHCTPHPYIOT 3KCIPECCHIO CTBOJIOBOKIEeTOUHOTO aHTHreHa CD34. Tlowst-
HO, YTO HOpPMallbHbIC B-JIMHEHHBIE NPEIIICCTBEHHUKH KOCTHOTO MO3ra HMEIT
cxonubii perorun CD19"CD10"CD34". Oxnako, Kak yke cka3zaHo paHee, Ha 15-i
JeHb XMMHOTEpPANUK WHAYKIUA HOPMAaJbHBIX B-THHEHHBIX MPEaIIeCTBEHHUKOB B
KOCTHOM Mo3re HeT. Takum 00pa3oM, YIPOIICHHbIH ATOMETPHICCKHNA MPOTOKOI
rocrurans St. Jude (Memduc, CIIA), pekOMEHIYIOUIMH BBISBIATH OCTATOYHBIC
0JaCTBl B XOJ€ MHAYKIMOHHON XHMHUOTEPAIIMU C WCIIOJBb30BAHHEM TPEXLBETHOM
nurometpun, komouHanuu anturen CD19/CD10/CD34 siBnsiercst 10CTATOYHO OI-
TUMAJIBHBIM. 3HAYHTENGHBIMUA HPEUMYILECTBAMH AHHOTO IMPOTOKOJA SBIAIOTCS
NPOCTOTA BBIIOJHEHUS, @, CIEJOBATENbHO, BEICOKAs BOCIPOU3BOANMOCTD, HHU3KAs
CTOMMOCTB HCCIIEAOBAHMS M JOCTYIHOCTB Ul OOJBIIMHCTBA KIMHHK, YTO HEJb3s
cOpaceiBaTh CO c4eTOB. Kpome TOro mMeroanka mo3BoJsieT OOOHTHCH OIHOM Mpo-
OMpPKOM, YTO Ba)KHO, TaK KaK OOJBIIMHCTBO OOPa3IOB KOCTHOrO Mo3ra Ha 15-it
JCHb I/IH}:[yKHPIOHHoﬁ XUMHUOTEPAITUU ABJIAIOTCA T'HIIOKJICTOYHBIMU, U Ha6op HEO0-
XO/IMMOTO KOJHMYECTBa KIIETOK JUIsl JOCTOBEPHOTO aHalM3a IMPH HCIIOJIb30BaHUU
JBYX U OoJiee MpoOUpOK 3aTpy THEH.
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On the average mononuclear fraction was 63.4% of myelokaryocytes (fig. 1).

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

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

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

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

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

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

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

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

1.CD58/CD10/CD19/CD34

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

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

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

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

Juis ycraHOBieHHs aOeppaHTHOTO MMMYHO(EHOTHIIA JICHKO3HBIX OJaCTOB MpH
BCP-ALL wucnone3yrorcs antutena k moiekyie CD20 u ompenenenue nas-
muenonaubx anturesoB CD13"CD33. Onnako gactoTa Berpedaemoctd CD20" oct-
phIX TUMQOOIACTHBIX JIEHKO30B U3 B-IIMHEHHBIX MPEAIIECTBEHHUKOB OY€Hb HU3KAast
— 7,0% mo HammM masHBIM U, npuOmmsurensHo, B 40,0% ciyuaes B-nmmeiiHBIC
M(pOOTACTHI KOIKCIIPECCUPYIOT OJIMH WITH 00a MaH-MUEIOHIHBIX aHTUreHa. Bos-
MOKHO, MCIIOJIb30BaHUE ITUX MAPKEPOB IierecoodpasHo B penkux ciaydasx CD34-
neraruBHbiXx BCP ALL y nereii unu B ciyuasix nerekuun MPbB Ha 15-# neHp uHayK-
LKA PEMUCCUH TIPH PElUINBE, KOT/a JICWKO3HBIE OJIACTHI yTPAuUBAIOT, K MIPUMEpY,
IKCIPECCHIO CTBOJIOBOKIIeTOUHOrO anTurena CD34.

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

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

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

Protocol MRD panel

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

(E. Coustan-Smith et al. 2006)

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

4-color

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

6-color

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

COG (M. Borowitz et al.)

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

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

A.M. Popov et al. [14] provided a detailed comparison of the St. Jude 3-color
(E. Coustin-Smith et al., 2006) and AIEOP-BFM-ALL 2008 protocols. Qualitative
data of these protocols coincided in 96% of cases, while analysis using the simpli-
fied approach found 2 false-positive and 2 false-negative cases.
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OnHAaKO HAISIIHOW apryMEHTAIMH JaHHOTO (pakTa B cTaTbe He MPUBOAMUTCA (CM.
quckyccrio Mexay A.M. [onoeim 1 D. Campana B iaHHOM HOMepe KypHaia). B
HAaIeM HccieoBaHun Ha 15-i nenp uaayKimonHoi XT WHIYKIMA BBEACHHE B IIPO-
TOKOJI JJOTIOJHHUTEIBHBIX MapKEPOB HE a0 3HAYMMBIX PACXOXKIICHHH B KOJMUYECTBE
knerok MPDB, nipu aHanmse ¢ MCMOJIb30BaHUEM JIBYX, YKA3aHHBIX BBILLIE, IIPOTOKOJIOB.
Taxum 06pa3oM, MOKHO TOBOPHTb, 4TO Kak MHHEMYM B 96% ciy4aes (c yuerom maH-
HbIX A.M. [TomoBa) ocTpbix MM(OOTACTHBIX JIEHKO30B M3 B-ITHHEHHBIAX mperecT-
BEHHHUKOB Jy1st ieTekuun MPB MoskeT ObITh MCIIONIb30BaH TPEXLBETHBIH, YIPOIIEHHBIN
[UTOMETPUYCCKHI TIPOTOKOJ, KIMHAYECKH anmpoOupoBaHHbIA B rocmurane St Jude.
OpHUM U3 CYIIECTBEHHBIX MOMEHTOB TipH aHanmu3e MPB Ha 15-ii ieHs MHTyKIIMOHHON
XT siBnsieTcs THIIOKJIETOYHOCTh 00PAa3LoB H, MPUCYTCTBUE 3HAYUTEIHHOTO KOJIMYECTBA
nebpuca (KIeTOYHBIX 00JIOMKOB, SPUTPOIIMTOB | T.1.). M30exarsh mpobiemsl pa3oas-
JieHus oOpasia 1e0prcoM MO3BOJISIET UCIIONIb30BAHMUE SIIEPHBIX KPACUTENECH TaKHX Kak,
Hanpumep, Syto 16. B nporokoine rocrmtais St. Jude u nporokone AIEOP-BFM-ALL
2008 wucronb30BaHke SICPHBIX KpacHTENeH HE MpeyIaraeTcs, XOTs paHHue 4-1[BETHbIC
npotokoisr AIEOP-BFM-ALL 2000 [13] maumbii ¢akt yuntsBamm. Vcrmons3oBanuie
SIIEPHBIX KPacHTENeH 1 aHTUTCHOB KJIETOK KPacHOTO Psifia OTOBAPUBAETCS B IIPOTOKOIIE
COG [15]. B Hamem uccnenoBanuu aebpuc B cpeateM coctasui 14,8%, omaHako pas-
Opoc ObLT 3HAUMTENBHBIM, U B 7 U3 16, nmpoaHanm3upoBaHHbIX Ha 15-i neHp o0pasios,
neopuc tipessiman 10,0%, a B 4 (25%) ciydasx — 6omee 25% (25,0-60,0%; prc. 1). Ta-
KUM 00pa3oM, XOTs Hcroib3oBaHue SYt016 He sipisieTcs: 00s13aTeNIbHBIM [IPH LIUTOMET-
pudecKoii oneHke Kietok MPB, Mbl cunTaem 1ienecooOpasHbIM BBEJICHHE SIIEPHBIX Kpa-
cHTelIed B IMarHocTUUecKyto nanesb MPB, Tak Kak MpUOIM3UTENBHO B YETBEPTH CITy4acB
JIaHHBIE MOTYT OBITh NCKa)KEHBI M3-3a IPUCYTCTBHS 3HAYUTENBLHOTO KOJIMYECTBa Jie0prca.

3akaouenue

Hawnbornee 3Ha9MMBIM 1151 KITMHAKY B IDIaHE IATOMETPHUYCYECKON IETEKITMIH KJle-
Tok MPB sBnsiercst 15-#1 neHp XuMmoTepanuy MHOYKOWH, TO3BOJLIIOIINA BBIIBUTH
TPYIITy TAIUEHTOB ONArompUsTHOTO MPOTHO33, Y KOTOPBIX BO3MOXKHA PEAYKIUS HH-
TEHCHBHOCTH XHMHOTEpAIK MepBoi JinHuu (aHTpanmkianasl). Ha stom stame s
nerekimn MPB Gosee yem B 96% citydacB MOXKET OBITH HCIIOJB30BaH TPEX-
MapaMeTpOBbI LIUTOMETPUYECKUNA TOAXO]I, MOCKOJIbKY HOPMalbHbIX B-JIMHEMHbIX
TIPE/IIIECTBEHHNKOB B KOCTHOM MO3I'€ B 3TO BPEMSI HET, U BBE/ICHUE JOIIOIHHUTEIIBHBIX
MapKepoB CYLIECTBEHHO HE BIUMsIET Ha pe3yJibTar. C ydeToM KayecTBa MpoaHaIu3Hupo-
BaHHBIX 00pa3uoB Ha 15-if IleHb XMMHOTEpAMK MHIYKIMH 11eJIeCO00pa3HO HCIIONB30-
BaHHE He OoJiee BYX NHUATHOCTHYECKHX TPOOHPOK M BBEICHHE B TMAHENb SICPHBIX
Kkpacureneid. [IoporoBsiM ypoBHEM TPYIIIIEI OIATOMPHUSTHOTO MPOTHO3a B COOTBETCT-
Bum ¢ maaeiMa AIEOP-BFM-ALL 2008 cremyet cuutats 0,1% knerok MPB Ha mue-
nokapuormTel. OtHocuTenbHO poru 11 B maeHTHUKAIMN TAMEHTOB TPYIITHI TIJI0-
XOT0 MPOTHO3a BOIMPOC OCTAETCS OTKPHITHIM, TOCKOIbKY 10,0% Jseiiko3HbIX 611acTOB Ha
15 nenb MOryT OBITH pactio3HaHbl MOP(OJIOTHIECKH.
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However the authors failed to provide argumentation for this finding (see dis-
cussion between A.M. Popov and D. Campana in this journal issue). In our series
addition of extra markers for study on day 15 of induction chemotherapy had no
significant effect on MRD findings as obtained using the two above-mentioned
protocols. So, the 3-color simplified cytometric assay clinically validated at
St. Jude Hospital (Memphis, USA) may be used at least in 96% of cases (basing on
A.M. Popov’s data) of BCL-ALL. Hypocellularity and a considerable amount of
debris (cell fragments, erythrocytes, etc.) are important issues in MRD assessment
on day 15 of induction chemotherapy. Nuclear dyes such as Syto 16 help to solve
the problem of specimen dilution. Either St. Jude or AIEOP-BFM-ALL 2008 do
not use nuclear dyes, though earlier 4-color protocols (AIEP-BFM-ALL 200 [13]
did use them. The COG protocol also mentions the use of nuclear dyes and red cell
antigens [15]. In our series debris was 14.8%, though the range was broad, and in 7
of 16 specimens analyzed on day 15 debris was more than 10.0% and in 4 (25%)
cases it was more than 25% (25.0-60.0%, fig. 1). Although use of Syto 16 is not
mandatory for cytometric MRD measurement, we believe it reasonable to include
nuclear dyes in the MRD diagnostic panel because results may be distorted due to
significant amount of debris in about one forth of cases.

Conclusion

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