(n=7), n3 xotopbix 8% (n=1) umenu I10, 17% (n=2) nmenn
OXY0 n 33% (n=4) ¥Menn YaCTUYHBIA OTBET, KaK Y4
orBeT. Y 3 manueHToB (25%) Obl/1a OTMeYeHa CTAOMIN3aIs
3abomeBanus 1 y 2 manueHtoB (17%) HabmOmanoch mpo-
rpeccupoBaHye 3aboneBanns. MennaHa (InamnasoH) BpeMe-
HI 10 oTBeTa cocraBmia 3 (1-8) mecsueB u MenuaHa (gua-
IMa30H) IINTETbHOCTY OTBeTa cocTaBmia 7 (2-13) mecsiies.
11 (92%) maumeHTOB MMeNM KaK MMHUMYM 1 He)elaTenb-
Hoe sBneHne. Y 5 (42%) manyeHToB HaOMIOIanach aHeMUs
(y 2 (17%) - 3 cremnenn)), y 6 (50%) — TpomMbOLMTOIEHNS
(2 mamyenTa uMenu 4 crenens), y 4 (33%) — HeliTponeHns
(y 2 (17%) - 3-4 crenenn), y 1 (8%) passmmach guapes 1
crereHy, u ¥ 3 (25%) manueHToB OGbIIM OTMeUeHbI HH(EK-
LUV BepXHMX [IbIXaTeIbHBIX IyTell. 33% manyueHToB (n=4)
MMeJI HeXKeaTenbHble siBjieHus >3 crernenn. [To IRd 6 ma-
LMEeHTOB VIMe/NM MHOXKeCTBEHHbIE JIMHWUM TEPaNuy, B TOM
qyCrIe TeHAMNIOMUJ-COilep)Kaline, 1 6 Tal[MeHTOB ObUIN
JIeHaIMEOMIUAI-HAUBHBIMM ¥ IIOZIYYMIN TOMBKO 1 JIMHMIO
tepanuu nepen IRd. Pasnmmuns B yactoTte 061iero otsera
MeX[y HalMeHTaMU C MHOXKeCTBEHHBIMM IIpeflIecTBYIO-
UMY TUHUAMHI Tepanuu (d4acToTa obiero orBeta=33%,
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n=2) U HalMeHTaMy, IOAYYMBIIMMM 1 JIMHUIO Tepanmu
nepen pexxumoM IRd (dacrora obiero orseta=87%, n=>5),
He OpuM cratmctmdeckn sHaummbiMK (p=0,079). Onnako
gacrora [10 1 OXYO 6bu1a 3HAYNTEIBHO BBIIIE B TPYIIIIE,
kortopas monydana IRd, kak Tepanuto Bropoit muanu (0%
nportus 50%, p=0,046).

3aKnyeHue

Tepanms, ocHOBaHHas Ha MKcasoMibe, TT0Kasara XOPOIIyio
a¢dexTMBHOCTH (dacToTa 061ero orBeTa 58%) U IIpUeMIIe-
MYIO0 TOKCMYHOCTb. [TalienTsl, He Io/Ty4aBIIne paHee 1eHa-
TUTOMUJL M MIMEBLINE TONBbKO 1 IpeIIecTBYIONYIO IMHNIO
Tepamnyu, MMEIOT CTAaTUCTIIECKM 3HAYMMO Ooree BBICOKYIO
gactory 11O n OYXO. Ha ocHOBe 3TOr0, MOXXHO IIPEeIIO-
JIOXMNTD, YTO MCIONMb30BaHMe pexkuMa IRd B kadecTse Te-
pamyy BTOPOIT TMHNMU MOXeT YIY4LINTb ITyOMHY OTBETa
HaryeHToB ¢ MM, BK/II0Yas pe3uCTEeHTHBIE POPMBL.

KntoueBble cnoBa

MuenomHasi 6one3Hb, pedppaxrepHas Gpopma, peLuanBbI,
nkcazomun6, 3¢ eKTUBHOCTD.
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Background

The routine method for evaluation of hematopoietic stem
cells (HSC) is flow cytometry using labeled antibodies and
vital dye. Serious disadvantages of this method include the
difficulty of standardization, the lack of automation, the high
labor costs of qualified personnel, and the relative high cost
of consumables. Frequent evaluation of HSC in peripheral
blood (PB) and apheresis products are a high clinical need
test. The development of standardized, automated meth-
ods of HSC evaluation is an actual challenge. Sysmex-XN
is a clinical hematological analyzer which has already had
all the necessary facilities for standardizing the evaluations
conducted on it. Currently, the ability to evaluate the num-
ber of HSCs on Sysmex-XN in a WPC channel in the XN-
HPC mode has been developed. The evaluation of HSC by
this method is at research stage, but in the future it can be
introduced into clinical practice in addition to the routine
method in the case of obtaining comparable data. Aim of this
study was to compare the data of the quantitative evaluation
of HSC in peripheral blood and apheresis product after mo-
bilization with G-CSF by two methods, as well as labor and
financial costs.
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Materials and methods

As a standard, the HSC counting method was used: counting
of leukocytes in the Goryaev’ chamber and flow cytometry
with markers CD45/CD34/7AAD (BD, San Jose, USA) using
BD FacsCalibur and the ISHAGE protocol. A new method
is an automated method for calculating HSC, available on
Sysmex XN analyzers (XN-HPC) in the WPC channel, based
on measuring the size, structure, and fluorescence intensity
of cells. Samples of PB and apheresis product were taken for
research from same specimens. The HSCs were collected on
a COBE Spectra separator.

Results

We report a clinical case of the patient G., 2 years 4 months,
height 85.5 cm, weight 15 kg, with the diagnosis of medul-
loblastoma. The treatment of relapse has to include high-
dose chemotherapy with autologous hematopoietic stem cell
transplantation. Harvesting HSCs of PB was performed after
stimulation of G-CSF in a dose of 10 pg/kg once for 5 days.
Apheresis was performed on the fifth day of mobilization.
The volume of perfusion was 2900.0 ml, 230.0 ml of con-
centrate was obtained. The comparative results of the studies
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are presented in the tables: (1) the quantitative evaluation of
HSC in the PB, (2) the estimation of the amount of HSC in
the apheresis concentrate, (3) the financial and labor costs
evaluation (without depreciation of equipment and utility
costs).

Conclusions

The presented clinical case demonstrates that the results of
quantitative evaluation of HSC on the Sysmex-XN analyz-
er are comparable with the results of the routine method,
while labor and financial costs are at least 3 times lower. The
speed of obtaining the result and the relatively low cost make
it possible to propose the use of quantitative evaluation of
HSC on the Sysmex-XN analyzer as an additional screening

Table 1. Evaluation of HSCs in peripheral blood

method, the results of which will subsequently be validated
by the standard method of investigation. The introduction of
a new screening method for evaluation of HSCs will lead to
optimization of the peripheral blood HSC harvesting proto-
cols and, as a consequence, to obtaining HSC transplants of
better quality. Nevertheless, to use the new method in clin-
ical practice, it is necessary to conduct comparative studies
on the evaluation of HSC in the PB and apheresis products
from a broad cohort of donors/patients.

Keywords

Hematopoietic stem cells, peripheral blood, HSC harvesting,
apheresis concentrate, flow cytometry, Sysmex-XN, quanti-
tative HSC screening.

Manual Goryaev' hemocytometric chamber and FACS Calibur
PB Leukocytes (*10°9/n) (D45+CD34+7AAD- (D45+CD34+7AAD-
4 day 4637 0.10% 46.37 cell/mkl
5day 47.20 0.14% 66.08 cell/mkI
Sysmex-XN (XN-HP()
PB Leukocytes (*10%9/n) HPC HPC
4 day 4526 0.13% 59 cell/mkl
5day 4724 0.12% 58 cell/mkI

Table 2. The evaluation of HSCs in apheresis concentrate

Apheresis concentrate Manual hemocytometric chamber and FACS Calibur | Sysmex-XN (XN-HP()
Leukocytes (NC*108/kg) 30.05 31.63
HSCs % 0.25 0.27
HSCs/*10"6/kg 1.51 8.54

Table 3. Evaluation of time expenses and financial costs
Manual Goryaev' chamber counts and FACS Calibur Sysmex-XN (XN-HP()
Procedures min Procedures min
Preparation and staining of the sample 5-10 - -
Cells counting 3-5 - -
Evaluation % (D45+(D34+7AAD- cells 5-7 Counting absolute leukocyte numbers and % HPC 2-4
Evaluation of results, preparation of conclusion 5-10 Evaluation of results, preparation of conclusion 3-5
Sum: 18-33 Sum: 59
Financial costs Rub Financial costs Rub
antibodies (CD45-FITC/CD34-PE), 1 test 540 Reagent kit 197
7-ADD, 1 test 10
Consumables (test tubes, tips, working fluids, etc.) 50 Consumables (test tubes) 6
Working time of the specialist (25 min) 142 Working time of the specialist (7 min) 40
Sum: 742 Sum: 243
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OnpeneneHne reMono3TUYECKNUX CTBOMTOBbIX KNETOK B nepudepunye-
CKOW KPOBM M NpoayKTe adepe3a Ha reMaTonorMyeckomM aHanusatope
Sysmex XN (XN-HPQ): knuHnyeckmnin cnyyail

Tarpsina C. llleroneBa, Mapusa A. TopogHoBa, Banentuna M. Kpasiosa, Bragucnas C. Ceprees, Enena B. badenko,
Mapus A. dcrpuHa, Ilomrna C. Kyra, Mipuna V. Kymarnna, Mapuna O. IlonoBa, Tarpsna B. AnppeeBa, Acmuk I. Iepopram,

JTropmuna C. 3yb6aposckas, bopuc B. Apanacpes

VIHCTUTYT e TCKOJI OHKOJIOIMY, TeMaToIornu 1 TpanciranTonoruy uM. P. M. Top6auesoii, [Tepsoiit Cankr-IleTepOyprexuii
TOCYJapCTBEHHBIN MeIMIMHCKIIT yHuBepcuTeT uM. V1. I1. ITaBnoBa

Beepenune

PyTuHHBIM MeTONOM oOIlpefieNleHMs KOMMYeCTBa IeMOII03-
TH4Yecknx crBonoBbix kiaetok (I'CK) sABmAercsa mpoTodyHas
IMTOMIYOPUMETPHA C UCTIONb30BAaHMEM MEYEeHbBIX aHTUTET
" BUTa/IbHOTO KpacuTend. K cepbesHbIM HefloCTaTKaM JIaH-
HOTO METOJa MOXKHO OTHECTM CTIOXKHOCTDb CTaHAAPTU3AIINH,
OTCYTCTBME aBTOMATM3aIMM, GOJIbIIE TPYLO3aTPaThl KBa-
TUGUIMPOBAaHHOTO ePCOHAA, @ TAKXKE OTHOCUTENbHAs JI0-
POroBM3HA PACXOJHBIX MaTepUasIoB. B cBA3M ¢ BEICOKOI HO-
TpebHOCThI0 yacToro onpepnenenus I'CK B mepudepnaeckoit
kpoBu (IIK) n mpopykrax adepesa cyiiecTByeT HeoOXORMU-
MOCTb pa3pabOTKI CTaHAAPTU3MPOBAHHBIX, aBTOMATHU3MPO-
BaHHBIX MeTO0B. Sysmex-XN AB/IAeTCA UCIONb3YIOUMCA
B KJIMHMYECKO} MPAKTMKE IeMAaTONOTMYeCKOM aHa/M3aTo-
POM, MIMEIOIIUM BCe He0OXOMMbIe BOSMOXKHOCTH JI/ISI CTaH-
JapTU3alyy IPOBOJAIINXCA Ha HeM JccreoBanmit. B Ha-
cTosilee BpeMs paspaboTaHa BO3MOXXHOCTD OIpefe/eHNs
konmuyectBa ['CK Ha Sysmex-XN B kanane WPC B pexume
XN-HPC. Onpepenenne I'CK gaHHBIM METOIOM ABJIAETCA
MCCTIeTIOBATENIbCKUM, HO B TIePCIIEKTHBE MOXKET OBITh BHe-
ApeHO B KIMHUYECKYI0 IIPAKTUKY B JIONOMHEHNE K PyTUH-
HOMY MeTOJly B CTy4ae IOTy4YeHNs COIIOCTaBUMBbIX JaHHBIX.
[lenbio paboThI 6BIIO CpaBHEHME JAHHBIX IO KOMNIECTBEH-
Homy onpepenenuio 'CK B IIK u npogykre adepesa mocre
Mo6ummsanuy ¢ nomouibio [-KC® nByms MeTomamy, a Tax-
K€ TPYJOBBIX ¥ (PMHAHCOBBIX 3aTpar.

MeTopbl

B kauecTBe cTaHfapTa MCIIONb30BAICA MeTOJ IIOfCYeTa
I'CK: mopcder nefikouutoB B Kamepe [opsieBa m mporou-
Has nurodryopuMerpus ¢ Mapkepamu CD45/CD34/7AAD
(BD; San Jose, USA) na anmapare BD FacsCalibur no mpoto-
kony ISHAGE. Viccnenyemblit MeTOf, — aBTOMAaTU3UPOBaH-
Hplit MeTop, nopcdera I'CK, mocTynHbIil Ha aHanM3aToOpax
Sysmex XN (XN-HPC) B xanane WPC, ocHOBaHHBIII Ha
U3MepeHNN pasMepa, CTPYKTYPBI U MHTEHCUBHOCTH (rryo-
pecuennuu xiaetok. IIpo6sr ITIK u npogykra adepesa 3abu-
PaINCh ISl MCCTeTOBAHMIT U3 OFHMX 00pa31ioB. 3arOTOBKA
I'CK nposopmnace Ha cenapatope COBE Spectra.
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Pe3ynbrath

IIpencraBnsaerca KMMHMYECKNI cnydait mauyenTkn I, 2 T. 4
Mec., pocT 85,5 cM., Bec 15 KT, ¢ ;UarH030M MefynnobmacTto-
Ma. s nedeHus peuyuiuBa IJIAHMPYETCA BBICOKOIO3HAA
xuMmoTepanun c ayrorpancnnanTanueit [CK. 3aroroska
I'CKIIK mposopunack nocne crumynanuu I-KCP B fose 10
MKT/KT OJHOKPAaTHO B TedeHMe 5-Tu jgHeil. Ha naToiil neHnp
BpIIIONIHEH adepes. O6veM nepdysun coctasun 2900.0 m,
nonydyeHo 230.0 Ma KoHIleHTpaTa. PesynbraTsl nccnegopa-
HMII ITpeiCTaB/IeHb! B Tabmuiax: (1) KonudecTBeHHOE OITpe-
menenne I'CK B IIK, (2) onenka konmndecta I'CK B adepes-
HOM KOHIIEHTpaTe, (3) oljeHKa (pMHAHCOBBIX M TPYA03aTpaT
(6e3 yuera amopTusanuy 060pyOBaHUA M KOMMYHA/IbHbIX
3arpart).

BbiBoabl

IIpencraBneHHbI KIMHUYECKUI CIydall JeMOHCTpUPYeET,
YTO pe3ynbTaThl KonmdecTBeHHoro omnpepenenus I'CK nHa
a”anusaTope Sysmex-XN COIOCTaBUMMbI C pe3y/lbTaTaMu
PYTUHHOTO METOJa, B TO BpeMsI KaK TPYAOBbIe U (PUHAHCO-
Bbl€ 3aTpaThl 110 MeHbIIEN Mepe B 3 pas3a HipKe. boicTpora
MIO/TyYeHUs Pe3y/IbTaTa I OTHOCUTEIbHO HU3KasA CTOUMOCTD
MO3BOMAET TPEHJIOKUTb WCIIONb30BaHME KOMNMYECTBEH-
Horo ompepenenus I'CK Ha anammsarope Sysmex-XN B
KauecTBe MOIOTHUTE/IbHOTO CKPMHMHIOBOTO METOHa, pe-
3y/IBTATBl KOTOPOTO B [ajIbHeiiieM OyfyT BaIMANpPOBATD-
Cs CTaHJAPTHBIM METO[IOM MCClefloBaHN:A. BHenpeHne Ho-
BOT'0 CKpMHMHIroBoro mMeroga onpenenennsa ['CK npusener
K ONTMMU3ALNY A/ITOPUTMOB NpOBefieHNs adepesa u, Kak
CefiCTBUE, OoTyYeHuto Tpanciantaros ['CK ny4mero ka-
JyecTBa. TeM He MeHee, [/I UCIIONIb30BAHMA HOBOIO METOZA
B KJIMHIYECKOI! IIPAKTHKe HeOOXOAMMO IpOBefeHe CPaB-
HUTE/IbHBIX MCCIEIOBAHMII 110 KOMYECTBEHHOMY OIpefie-
nennto I'CK B IIK u mpopyxkrax adepesa OT MIMPOKOIT KO-
TOPTBI JOHOPOB/IAIIMIEHTOB.

KnioyeBble cnoBa

ITeMomoaTuyeckne CTBONMOBBIE KneTKM, 3aroToBka I'CK, me-
pucdepudeckas KpoBb, IPOAYKT adepesa, IPOTOYHAA LIUTO-
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Tabnuua 1. Pesynbratbl ucaiepgosanui MK

Kamepa lopsiesa n FACS Calibur

MK neikouutbl (*10°9/n) (D45+CD34+7AAD- (D45+CD34+7AAD-

4 peHb 46,37 0,10% 46,37 kn/mMKn

5 neHb 4720 0,14% 66,08 kn/mkn
Sysmex-XN (XN-HP()

MK neiikoumtbl (*10°9/n) HPC HPC

4 neHb 45,26 0,13% 59 kn/mkn

5 peHb 4724 0.12% 58 kn/mkn

Tabnuua 2. Pe3ynbratbl nccnefoBaHuint adpepe3Horo KOHLEHTpaTa

Adepe3Hblit KOHLEHTpaT Kamepa lopsiesa n FACS Calibur Sysmex-XN (XN-HP()
Jleiikouutbl (NC*107°8/kr) 30,05 31,63
MK % 0,25 027
[CK/*10"6/kr 751 8,54

Tabnuua 3. OueHka ¢puHaHCOBLIX M TpyA03aTpart
Kamepa lopsieBa u FACS Calibur Sysmex-XN (XN-HP()
Tpypo3atpatbl MMWH. Tpypo3atpatbl MMWH.
lMoprotoBka 1 oKpawuBaHme obpasua 5-10 - -
Mopcuet Knetok 3-5 - -
Ouenka % (D45+(D34+7AAD- knetok 5-7 MNopcuet abcontoTHOro Ynana neiikouuTtos 1 % HPC 2-4
OueHKa pe3yNbTaToB, NOLrOTOBKA 3aKITHOYEHNS 5-10 OueHKa pe3ynbTaToB, NOArOTOBKA 3aK/0YeHUs 3-5
NTOoro: 18-33 NToro: 5-9
(OuHaHcoBbIe 3aTpaThl py6. (OuHaHcoBbIe 3aTpaThbl py6.
Antutena (CD45-FITC/CD34-PE), 1 Tect 540 Habop pearentos 197
7-ADD, 1 Tect 10
PacxogHble MaTtepuansl (MpobUpPKM, HAKOHEYHMKM, 50 PacxogHble Matepuansi (npobupkm) 6
paboume XuaKocTn n ap.)
Pabouee Bpems Bpaya KN[ (25 muH.) 142 Pabouee Bpems Bpaya KN[ (7 MuH.) 40
NTOro: 742 NTOro: 243

Comparative analysis of late effects after treosulfan- and
busulfan-based myeloablative conditioning regimens for
allogeneic hematopoietic stem cell transplantation in children
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Introduction

Treosulfan is actively used as myeloablative and immuno-
suppressive agent in modern conditioning regimens, while
exhibiting a reduced early toxicity in the setting of allogeneic
hematopoietic stem cell transplantation (allo-HSCT). But
there are no data about long-term effects. The aim of this

study was retrospective analysis of late effects after treosul-
fan- and busulfan-based myeloablative conditioning regi-
mens in children.

Methods

We propose a comparative analysis of late effects in children,
who got allo-HSCT at BMT Department of Russian Chil-
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