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Introduction

Ensuring high and predictable safety of stored hematopoietic
stem cells (HSC) after their thawing and performing autol-
ogous transplantation is one of the main conditions for the
further successful recovery of hemopoiesis after high-dose
chemotherapy in patients with hemoblastosis. It is believed
that the method of cryopreservation HSC has long been
worked out and leads to the expected results, therefore usu-
ally used harvested HSC dose only. However, with the use
of modern and reliable quality control, universally applied
cryopreservation methods of HSC cannot always warrant
sufficient integrity of these cells (Table 1).

It is well known that the safety of stored HSC is provided
by a cryoprotectant, which prevents the cells from osmotic
shock when they are frozen and thawed. A cryoprotectant
with dimethyl sulfoxide (DMSO) is generally introduced via
a syringe into the HSC suspension. At the same time, the fi-
nal DMSO concentration in 5-10% is reached already in the
cryopacket with the graft. However, a cryoprotectant with
concentrated DMSO (more than 50%) upon contact with
the cell, in view of its physicochemical properties, can lead to
its partial destruction before freezing. Thus, increasing safety
for HSC can be reduced by destructive effects, which may
be due to the initially high concentration of DMSO in the
cryoprotectant. To this end, we developed and tested a new
method for introducing DMSO into the HSC transplant us-
ing a specially designed apparatus, i.e., an automated DMSO
introduction system (patent pending). The principle of op-

eration of this system excludes prolonged contact of concen-
trated DMSO with HSC transplant.

Aim
The aim of our study was to compare the safety of HSCs using
an automated and manual method of DMSO introduction.

Materials and methods

Peripheral blood stem cell samples (n=25) were obtained by
apheresis from the patients with oncohematological diseas-
es. For the control series (group I), DMSO introduction into
a cryopacket with HSC graft was performed manually. In
experimental series (group II), DMSO was introduced into
the HSC transplant by a new automated method. A stand-
ard cryoprotectant (55% DMSO Dex 40) was used, the final
DMSO concentration was 7.5%. Freezing (at the same time
groups I and II) was performed in a software-assisted freezer
with a validated 6-step program. Storage was carried out in
liquid nitrogen. The cryopackets were thawed in a water bath
at +40 for 1 min. Evaluation of viable HSCs numbers and
their total colony-forming activity (CFU) was performed be-
fore and after the cryoprotection, as well as after thawing. To
get more reliable results, the defrosted samples were taken
from the cryopackets. The amounts of HSC was estimated
by flow cytometric assay (CD34+/CD45dim/7AAD pheno-
type), according to the ISHAGE protocol. The colony-form-
ing activity of HSC was evaluated by culturing them for 14
days (Methocult H4435) followed by counting total colonies
(CFU).

Table 1. Role of quality control at various stages of graft handling

STAGE Quality control (QC) Aims of the QC
Commonly Required
Harvesting HSK Yes Yes Determining the dose of HSK
DMSO0 introduction and freezing No Yes Predict probable losses
Defrosting and transplantation No Yes Determine the transplanted dose
TOTAL Not predictable Yes predictable Evaluate the duration of hematopoiesis
recovery

Table 2. Quality control results after different procedures of DMSO introduction

DMSO introduction method Recovery
HSC, % TAAD, % CFU (total), %
| Manual mode 88,2 931 97,8
Il Automated method 883 942 99,2
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Results

Similar viability indexes were revealed when testing the sam-
ples from the treatment series I and II. This fact may be due
to the same incubation effect of DMSO on HSC, related to
the duration of the analysis by flow cytometry. Thus, the ex-
posure effect of DMSO on HSC is modelled. Hence, in ab-
sence of immediate freezing of HSC after DMSO introduc-
tion, the damaging effects are associated with the destructive
physico-chemical effects of DMSO to cells, regardless of the
manner of DMSO introduction.

It is generally accepted to freeze the transplant immediately
after DMSO introduction. During this short time interval,
only those cell lesions that are manifested immediately after
the initial exposure to DMSO are conserved. Therefore, the
dependence of the quality control of HSC safety after intro-
ducing the cryoprotectant by the method 2 could be more
reliably estimated after defrosting.
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Figure 1. Recovery of total HSCs, viable cells and colo-
ny-forming units in cryopreserved HSCs treated with
DMSO at different regimens

According to the results shown in the figure 1, the safety of
HSC after defrosting is significantly higher by 14% (p<0.05)
when using the automated system in comparison with man-
ual mode. Given all other equal conditions, the total losses of
HSC after defrosting with the manual method averaged 20%,
with an automated technique, 6%. At the same time, 6% in-
clude both HSC losses when DMSO is introduced, and HSC
losses during the freezing procedure. Therefore, the losses
caused by freezing can be assumed to be the same when us-
ing different methods of introducing DMSO. Therefore, in
the manual process, the losses are associated with the step
of DMSO introduction. We are thinking that the average
preservation rate of 94% is due to the method of introducing
DMSO using an automated system. The principle of opera-
tion of the automated system allows one to reduce the mo-
mentary damaging effect of the initial concentrated DMSO
solution on HSC and to ensure its smoother dilution to the
required final DMSO concentration of 7.5%. The results pre-
sented in the table and in the figure also show that DMSO
at the stage of introduction at exposure may have a greater
negative impact on HSC than the procedure for freezing the
graft.

Conclusion

The safety of HSC when using an automated system is signif-
icantly higher by 14% compared to manual mode.
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BeepeHune

O6ecrieyenne BBICOKOI ¥ IIPOTHO3UPYEMOI COXPAHHOCTU
reMonoaTnieckux crBonoBbix Kinetok (I'CK) mocre nx pas-
MOP@KMBAHWS U IPOBEEHNsI Ay TOIOTMYHON TPAHCIIAHTA-
LIV — OJJHO 3 KJTIOYEBBIX YC/IOBUIA /IS JA/IbHEIIIErO YCII -
HOT'O BOCCTaHOBJIEHMs T€MOII093a ITOCTIe BICOKOLO3HOM X1~
MMOTEpANNy Y [IALMEHTOB ¢ reMobmacrosamu. Cauraercs,
4TO MeTonyka KpuokoHcepsupoBanus I'CK maBHO orpa-
6oTaHa ¥ IPUBOIUT K OXXUIAEMbIM Pe3y/IbTaTaM, IOITOMY
OOBIYHO YYMTBIBAETCS TONMBKO 3aroroBieHHas pgosza ['CK.
OnHAKO, 1Y UCIIONB30BAHNY COBPEMEHHOTO I JOCTOBEPHO-
0 KOHTPOJIS Ka4eCTBa, II0BCEMECTHO PYMeH IeMbIe METO/bI
kpuokoncepsaunu ['CK He Beerja MOTyT rapaHTIPOBATD J10-
CTATOYHYIO COXPAHHOCTD JAaHHBIX K/IeToK (Tabm. 1).

ObuenssecTHO, uTo coxpaHHocTb I'CK mpu xpanennu obe-
CreunBaeT KpMOIPOTEKTOP, 3aMINAIOMIT KIeTKI OT OC-
MOTHYECKOT0 III0Ka IIpY UX 3aMopaxusaHuu. Kprnonporek-
top ¢ IMCO 00611enpuHsTO BBOAUTD IIPY IIOMOIIY HITTPUIIA
B TpaHcitanTar ['CK. ITpn aTOM KOHe4Has KOHIIEHTpaLusA
IOMCO B 5-10% mocTuraeTcs ye B KpMOIIaKeTe C TPAHC-
wiaHTaToM. OJHAKO KPMOIIPOTEKTOp ¢ KOHIEHTPUPOBAH-
HbM [IMCO (60rmee 50%) mpy KOHTAaKTe C K/IETKOI, BBUAY
cBOMX (HPUBMKO-XUMUUECKIX CBOICTB, MOXKET IIPUBECTH K €€
YaCTUYHOI JAEeCTPYKLUM ellle JO 3aMOpaKMBaHMA. Takum
06pasoMm, moBbIcUTh coxpaHHOCTb ['CK MOXHO cHU3UB [ie-
CTPYKTUBHOE BO3[EICTBIE, KOTOPOE MOXKET OBITh CBSI3aHO
C MICXOfHOI BbICOKOM KoHleHTpanueit JMCO B xpuorpo-
Tektope. JI71s1 9TOr0 HaMuM paspaboTaH U anpoOUPOBAH HO-
Boiit croco6 BBemenust IMCO B Tpancmmanrar I'CK mpu
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TIOMOIIY CIEIMaJbHOTO CKOHCTPYMPOBAHHOIO alapaTa —
aBTOMAaTU3MPOBaHHOI cucTeMbl BBefeHusa [JMCO (Ha cTa-
IVM TIaTeHTOBaHMs). [IpMHINIT KeiicTBYs JAHHOI CYCTEMBI
MCK/TIOYaeT IPOIO/DKUTEbHBIN KOHTAKT KOHIIEHTPUPOBAH-
Horo [IMCO c Tpancnmantatom I'CK.

Lenb

Llenp pabotel cocrosima B cpaBHeHun coxpannoctn I'CK
TpY MCIONb30BAaHMM aBTOMATU3MPOBAHHOTO ¥ PY4YHOTO
crioco6a Beenenus IMCO.

Martepuasnbl n meTobl

Jleitkokounientpar I'CK mepudepuyeckoit kposu (n=25),
HOJTyYeHHBIIT ITyTeM adepesa y MalMeHTOB C OHKOTeMaTo/Io-
riudeckumiu 3aboneBaHusMu. Konrponpras rpymma I - BBe-
nenne [JMCO B kpuomnakert ¢ TpancrtanTatoMm I'CK Bbimon-
HSUIM Py4HBIM criocobom. OmbiTHas rpymma II - BBefeHMe
IOIMCO B TpancmnantaT I'CK BBINOTHAMN HOBLIM aBTOMa-
TU3MPOBAHHBIM CIOCO60M. VICIONMb30BaMM CTaHAAPTHBII
kpuonporektop (55% DMSO Dex 40), koHe4Hass KOHIIEH-
tpanua IMCO - 7,5%. 3amopakuBaHue (OZHOBPEMEHHO
rpymmnst I u IT) mpoBofyIn Ha IPOrpaMMHOM 3aMOPaXKUBa-
Tejle MO Ba/M/IMPOBAHHON 6-TY CTYIEHYaTO} IporpamMme.
XpaHeHUe OCYLIECTB/IANN B SKMIKOM asoTe. Pasmopaxu-
BaHMe KPUOIIAKeTOB IIPOBOAIWIIN Ha BOJSHON OaHe mpu +40
B TedeHMe | MUH. AHanM3 KOMMYECTBA XKMB3HECIIOCOOHBIX
I'CK n mx cymMMapHOI KOTOHMeOOpasyoleil aKTUBHOCTI
(KOE) BBIMONHANCS O ¥ TIOCIe BBEJIEHNsI KPUOIPOTEKTO-
Pa, a TaKKe mocsie pasMopaxkusanus. [Tocie pasmopaxusa-
HMs [ JOCTOBEPHOCTY MPOObI OTOMPAICh U3 KPUOIIaKe-
toB. Komnuectso I'CK onennsanocs no ¢penoruny CD34+/
CD45dim/7AAD npoTo4HOIT I{UTOMETpUEIl IO TPOTOKOIY
ISHAGE. Kononneob6pasymomas aktuHocTb I'CK orenn-
Bajlach MyTeM UX KYJIbTMBMPOBAaHM:A B TedyeHMe 14 CyTok
(Methocult H4435) ¢ mocienyommm HO[CYETOM CyMMap-
ubix konounit (KOE).

Pe3ynbrath

CoracHO IpefcTaBIeHHBIM B Tab/ie 2 pe3ynibraTaM, co-
xpanHOCcTh I'CK B rpymmax I un II mocne BBemerna JMCO
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He OT/IMYaeTCsl. VIIeHTNYHBIe Pe3y/IbTaThl, BEPOSTHO, 06-
YC/IOBJIEHBl OJMHAKOBBIM MHKYOAIVIOHHBIM BO3JECTBU-
em IMCO Ha I'CK, cBA3aHHBIM C IPOJOKUTETbHOCTHIO
IpOBeleHNA aHaIM3a METONOM IPOTOYHON LUTOMETpPUIL.
Tem caMbIM MofenIUpyeTcs SKCIO3UIMOHHOE BO3ZelCTBIe
IOMCO na I'CK. M3 aroro cmegyer, 4To IIpU OTCYTCTBUU
HeMeqjieHHOro 3amopaxmpanusa I'CK mocme BBefeHmA
IMCO, mnospexpanouiie 3pQeKTsl CBSI3AHBI C AECTPYK-
TUBHBIMI (pusMKO-xuMmdeckumu cporicramu JMCO 1o
OTHOIIEHMIO K K/IeTKaM, IIpMIeM He 3aBICHMMO OT CIIocoba
BBenenus [IMCO.

OO61IenpNHATO HEeMeIEHHO 3aMOPaKMBaTh TPAHCIUIAHTAT
cpasy nocine BeefieHnA JMCO. B aToT KopoTKnit BpeMeH-
HOJI IPOMEXYTOK OYIyT 3aKOHCEPBUPOBAHBI TONBKO Te
HOBPEX/EHNA K/IeTOK, KOTOpble IPOABUINCH Cpa3y Hocye
nepsuyHoro BozfeiicteuAa JMCO. IToatomy 3aBUCMMOCTD
KOHTpo/A KadecTBa coxpaHHoctu I'CK mocnme BBefieHus
KPMOIPOTEKTOPA IO METOMLY 2 MOXKeT OBITh OlleHeHa € 607Tb-
1€l TOCTOBEPHOCTBIO MOCTe pasMopakuBanusA. KoHTponb
KauecTBa II0CjIe pa3sMOpPasKMBaHMA OTpaXkeH Ha puc. 1.

CoIlacCHO TpefCTaB/IeHHBIM Ha PUCYHKe pe3y/braTaM,
coxpanHocTh I'CK mocrme pasMopakmBaHMA JOCTOBEPHO
Bbine Ha 14% (p<0.05) mpu MCHONB30BAaHMY aBTOMATH3U-
POBAHHOII CUCTEMBI B CPAaBHEHNI C PYYHBIM CIIOCOOOM.

ITpu mpounx paBHBIX YCIOBUAX UCCIEOBAHNUSA, CyMMapHbIe
norepu I'CK mocne pasmopakupaHMA IpU PYYHOM CIIO-
cobe coctaBumu B cpegHeM 20%, Ipy aBTOMAaTU3MPOBAH-
HOM - 6%. Onnu BxmovaroT norepu I'CK npu BBemeHyM
IOMCO, a taxke yrpary I'CK B mporjecce 3saMOpakiBaHUA.
ITosToMy moTepy, BbI3BaHHbIE 3aMOPa’KMBAHMEM, MOXKHO
IPUHATb KaK OMHAKOBble IPM JCIONb30BAHUMU Pa3HBIX
crioco6oB BBeerns JMCO. CregoBatenbHo, IpU PyIHOM
criocobe motepu cBsi3aHsbI ¢ 3TanoM BBexernst JMCO. Mbt
HoJIaraeM, 4TO CpelHssA COXPAaHHOCTb B 94% 06ycrmoBIeHa
crioco6oMm BBefiennst IMCO ¢ ucronb3soBaHueM aBTOMATH-
3MPOBAHHOI CMCTeMBbl. IIpuHINT pabOThI aBTOMATU3UPO-
BAHHOII CHICTEMBI TTO3BO/IA€T CHU3UTDH OJJTHOMOMEHTHOE I10-
BpeXXfaollee BAMAHNE JICXOJHOTO KOHIIEHTPMPOBaHHOTO
pactBopa IMCO Ha I'CK u obecrieunts ero 60see rmiaBHoe

Tabnuua 1. Ponb KOHTpONS KauecTBa Ha pa3NMUyYHbIX 3Tanax paboTbl C TpaHCNNAHTATOM

JTAN KouTponb kauecrBa 3apaun KoHTpoONg
06wenpuuaTo HeobxopuMbiit
3arotoBka [CK Jla Jla Onpepenutb po3y MK
Beepenne AMCO u 3amopaxnBanue Het [la CnporHo3upoBaTh BepOSTHbIE NOTEPY
Pa3mopauBaHue u TpaHcnnantaums | Het JIE OnpenenuTb TpaHCNIAHTUPOBaHHYK o3y [CK
nTor He npepckasyemo | [la OueHUTb CPOK BOCCTAHOBMEHMS KDOBETBOPEHUS
npefAckasyemo

Tabnuua 2. KoHTponb KauecrBa remono3TMYeCKUX CTBOIOBBIX KNETOK HenocpeacTBeHHo nouie seepenns JMCO

Cnocob BBepenuns IMCO CoxpaHHOCTb
[CK, % TAAD, % KOE (cymm), %
| PyuHon cnocob 88,2 931 97,8
Il ABTOMaTN3UpOBaHHbIii CNOCO6 883 94,2 99,2
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PucyHok 1. Bbixos remono3TUYecKux KJIeTOK nocie
PYYHOrO UK aBTOMaTU3npoBaHHoro seepeHns JMCO n
KPUOKOHCePBUPOBAHUS N0 pa3fINyHbIM KPUTEPUAM

pasbaBreHne 0 HEOOXOAVMOI KOHEUHOI KOHIIEHTPALMU
IMCO B 7,5%. Pe3ynbratsl, IpeAcTaBIeHHbIe B Tab/MIe U
Ha PUCYHKe, TaKKe IoKasbiBaloT, 4To JMCO Ha aTare ero
BBEJIEHNS TP SKCIIO3NULINI MOYXKET OKa3bIBaTh OOIblilee He-
raTuBHoe BosjeiicTeue Ha I'CK, ueM npouenypa samopaxu-
BaHMs TPAHCIUIAHTATA.

3aKnyeHue

CoxpanHocts 'CK npm mcnonb3oBaHMM aBTOMATU3UPO-
BaHHOII crctembl BBefenns [JMCO pocroBepro (Ha 14%)
BBILIIE€ B CPABHEHUY C PYYHBIM CIIOCOOOM.

KnioyeBble cnoBa

[eMomoaTuyeckme CTBOIOBBIE KIETKMU, KpMOKOHCEpBaLyiA,
,E[I/IMMTI/I}ICYHb(bOKCI/I,EL, ayTO/IOIrMYHasA TpaHCIUIAaHTaMA.
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Introduction

Standard therapy cures 70-90% of patients with Hodgkin’s
lymphoma (HL). Autologous hematopoietic stem cell trans-
plantation (auto-HSCT) is an effective treatment option in
chemosensitive relapsed or refractory disease. Despite long-
term experience the data on the role of auto-HSCT in chil-
dren are limited.

Materials and methods

Between 1993-2017, sixty-six HL patients at the median age
of 16 (4-18) received auto-HSCT. Nodular sclerosis was di-
agnosed in 59 patients (89%), mixed cellularity type, in 6
(9%), lymphocyte depletion form, in 1 (2%). Clinical stage
IV was assessed in 29 patients (44%), stage III, in 18 (27%),
stage II, in 17 (26%), stage I, in 2 cases (3%); B symptoms
were documented in 43 cases (65%). Relapsing course of the
disease was revealed in 45 children and teenagers (68%), and
refractory disease was confirmed in 21cases (32%). First-line
therapy was carried out according to GPOH-HD protocol in
37 patients (56%); BEACOPP was applied in 21 cases (32%);
ABVD, in 8 cases (12%). Second-line therapy included IEP/
ABVD in GPOH-HD group, and DHAP or ICE in BEA-
COPP or ABVD groups. Early HL relapses (<12 months)
were diagnosed in 26 children and teenagers (58%), and late
relapse was stated in 19 patients (42%). Median number of
therapy lines prior to auto-HSCT was 2 (1 to 6). Complete
remission at the moment of auto-HSCT was achieved in 25

patients (38%), partial remission, in 25 (38%), stabilization,
in 6 (9%), and progression of the disease was observed in 10
(15%). The conditioning regimens included BEAM (n=24,
36%), BeEAM (n=22, 33%), CBV (n=13, 20%), others (n=7,
11%).

Results

Long-term overall survival (OS) was 48%, and progression
free survival was 41%. The OS values in cases of chemosen-
sitive disease were 64%, and in chemoresistant disease, 33%,
(p=0.005). BeEAM and BEAM conditioning regimens have
shown comparable effectiveness (OS, 62% and 51%, respec-
tively, p=0.6). Transplant-related mortality was 4.5%. Lethal
complications were associated with infections in 2 patients
and high-dose chemotherapy toxicity in 1 patient (lung fi-
brosis).

Conclusion

Auto-HSCT cures approximately half of children and teen-
agers with relapsed or refractory HL. Chemosensitivity of the
disease is an essential factor for the success of auto-HSCT.
BEAM and BeEAM conditioning regimens are equally effec-
tive in children.
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