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Introduction

Allogeneic hematopoietic stem cell transplantation (al-
loHSCT) has become an important treatment method for
many hematopoietic malignancies. Relapse of the underly-
ing disease after alloHSCT remains the most common cause
of transplantation failure. It has been shown in many studies
that the patients with hematopoietic mixed chimerism (MC)
were at higher risk of relapse after alloHSCT. MC was rec-
ognized as an important predictor of relapse and can serve
as an index for preventive immunotherapy administration
which may cause improvement of treatment outcomes in the
high-risk patients after alloHSCT. In the majority of studies,
the chimerism analysis had a sensitivity of 1 to 5% and de-
pended on the method of its registration. Moreover, there are
no exact threshold chimerism values for individual relapse
prediction. The aim of this study was to evaluate hematopoi-
etic chimerism in patients after alloHSCT and to determine
the threshold chimerism levels which may predict relapse.

Patients and Methods

We have studied chimerism levels in 51 patients with ma-
lignant diseases, following 54 HSCT (three patients received
2nd HSCT). The patients with various oncohematological
diseases (acute lymphoblastic leukemia, acute myeloid leu-
kemia, myelodysplastic syndrome, non-Hodgkin lympho-
ma) underwent allogeneic HSCT at the age of 0,6-29 (a me-
dian of 10 years old) between May 2009 - May 2015. The
chimerism evaluation was performed by polymerase chain
reaction of short tandem repeats (STR-PCR) with commer-
cial AmpFISTR® SGM Plus® PCR Amplification Kit (Applied
Biosystems), and capillary electrophoresis (sensitivity 1
to 5%). The samples were taken at the days +30, +45, +60,
+80, +100, +140, +180, +245, +365, and bi-annually at later
terms. At the chimerism levels of 97-100%, the result was
confirmed by a more sensitive method (+0,01%) using re-
al-time PCR detection of insertion/deletion polymorphisms
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(InDel-PCR). The samples collected at the time of docu-
mented relapse and afterwards were excluded from the main
analysis.

Results

We determined background levels of recipient DNA in the
samples after alloHSCT in 40 patients with successful en-
graftment, stable chimerism values, or decreasing MC in ab-
sence of relapse. The appropriate range of donor chimerism
(DC) was 99,0 to 100% on D+30 and 99,7 to 100% at later
terms (90th percentile). The DC of 99,7% was established as
the threshold value which may be predictive for a relapse.
The detectable chimerism levels following alloHSCT could
be classified as follows: Mixed chimerism (MC) of >99% on
day +30 and very low MC levels at later terms 99,7-100%,
n=36; 3 relapses (group A); MC of >99% on day +30, and MC
on subsequent days 99,7-100%, with episodes of DC<99,7%,
n=9, 6 relapses (group B); MC 0f<99% on day +30, and
decreasing MC on later terms reaching DC of >99,7% on
day+45 to day+100, n=3, relapse-free (group B); MC on day
+30<99%, then decreased MC on subsequent days, how-
ever, not reaching 99,7%, followed by increase in recipient
cells, n=1, relapsed (group B); MC<99% on the day +30, fol-
lowed by increased MC and graft rejection, n=1, relapse-free
(high-level minimal residual disease); no engraftment, n=2,
1 relapse. Two patients were not included into analysis, since
they had no available markers for InDel-PCR, they exhibited
100% of DC by STR-PCR. According to the individual chi-
merism dynamics, we have classified the patients as follows:
group A - patients with DC >99,7% including those with
decreasing MC who reached DC level >99,7% and group B -
patients with DC<99,7%, including those with decreasing
MC not reached DC level 99,7%. There were 39 alloHSCT
patients in group A. Only 3 patients (7,7%) relapsed on the
days +195, +255 and +1184. In two cases (relapsed after 200
days) we couldn't predict an impending relapse, due to long
time between last DC testing and relapses (>68 days). The
patient who relapsed on day +195 received a highly intensive
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immunosuppression because of treatment complications.
Group B consisted of 10 alloHSCTs, with relapse in 7 cas-
es (70%). The time period between relapse and MC increase
(DC<99,7%) was 1 to 41 days (a median of 28 days). In two
relapse-free children, a reconstitution of DC to >99,7% was
observed at later terms, unlike relapsed patients who exhib-
ited increase in recipient cells. The third patient (without re-
lapse) died from the therapy complications at the DC level of
92,9%. There were significant higher probability of relapse in
group B (with DC level<99,7%), as compared to the group A
patients with DC >99,7% (p=0,0001). The two-year EFS was
16,9% for group B and 93,6% for group A (p=0,00001).

Conclusions

Analysis of chimerism in the patients with hematopoietic
malignances requires more sensitive methods (InDel-PCR)
than the "golden standard" STR-PCR, in order to predict
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a developing clinical relapse. Those patients who have not
reached chimerism level >99,7%, or showed a reduced DC
level 0f<99,7% after alloHSCT, were at higher risk of relapse.
A more frequent chimerism monitoring is recommended for
this group of recipients.
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XuMepu3m noaie annoreHHoW TpaHCNNaHTaLUK
remMono3TMyeCKnx CTBONIOBbLIX K/TeTOK KaK NPOrHo3
pa3BUTUA peuuamnBa 'y feten
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Beepnenue

AJIOreHHas TPAHCIUIAHTALMA CTBOJIOBBIX IeMOIIO3TIYE-
ckux kinetok (amnoTI'CK) sBnsgercs Ba)KHBIM METOLIOM
JledeHNss MHOTMX OHKOI'eMaTONOTMYeCKUX 3abo/eBaHmMil.
OnmHAaKo aKTyasbHOJ IPOO/IEMOIl OCTAeTCs PasBUTHE pe-
nuauBoB nocite ano TTCK. Bo MHOrMX MccenoBaHMsAX MO-
Ka3aHo, YTO IAIVIEHTHl CO CMeIIaHHbIM XuMepusmoM (CX)
uMenyu 6oree BBICOKMII PVICK PasBUTUA pelyAuBa IOCIe
annoTI'CK. Otu pesynbraThl CBUETeIbCTBYIOT, uTo CX —
HPOTHOCTUYECKMIT (PAKTOp peLuMBa y IALMEeHTOB M MO-
XKET CTYXXUTb KpUTEpUeM I Ha3HaueHMs IIPEBEHTUBHOIN
UMMYHOTEpanuiu, 4To OyfieT CocoOCTBOBATD Y/Ty4IIeHNIO
Pe3yIbTaToOB JledeHNA TAIVIeHTOB BBICOKON TPYIIIBI PUCKa
noce a0 TICK. IIpu sTom aHanmus xumepusma B 60/b-
IIVHCTBE MCCIENOBAHMII MIMEeT 4YyBCTBUTENILHOCTD 1-5%
U 3aBJMCHUT OT MeTOfa ero ompeneneHusa. Kpome toro, Her
YeTKOT'O OIIpefie/IeHN s IOPOTOBOr0 3HAYEHN A YPOBHA XUMe-
pM3Ma JIs IPOTHO3a PeLanBa.
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Llenb

O1ueHNTb IeMONOSTUYECKIIT XMMEPU3M Yy TALMEHTOB MOocTe
anmnoTTCK, ompenennTs IOporoBoe 3HaueHMe YPOBH:A XIMe-
p13Ma, KOTOpOe MOYKET IPefiCKa3aTh pasBUTHE PELU/VBA.

[laumMeHTbl 1 MeTOAMNKN

MBpl nccnefosanm yposeHb xuMepusma nocie 54 annoTTCK
y 51 manyenTa (3 manyenta noixyunnu sropyto amroTT'CK)
B Bospacte 0,6-29 (MemmaHa 10) jIeT cO 3710Ka4eCTBEHHBI-
mu 3abomeBaHusiMU (OCTPBIM MMQOOIACTHBIM JIEITKO30M,
OCTPBIM MUETOUTHBIM e/ IKO30M, MUETOAMUCIIACTIYECKIM
CUHIPOMOM I HEXOPKCKMHCKuMY mumdomamn) ¢ mast 2009
o mait 2015. AHanu3 XxuMepusMa IpOBOAUICS IPU MOMO-
my monuMepasHoit uernHoi peakumu STR (short tandem
repeats) mapkepos (STR-TIIIP) n xammamapHOTO 371eKTpo-
¢opesa (c ayBcTBUTENBHOCTBIO 1-5%) KOMMepYecKM Habo-
pom AmpFISTR® SGM Plus® PCR Amplification Kit (Applied
Biosystems)Ha +30, +45, +60, +80, +100, +140,+180, +245,

@ cttjournal.com



| ABSTRACTS

+365 nHM M 3aTeM Kaxkjple 6 MecaAues. Ecnm yposeHb xu-
MepuaMa 6611 97-100%, pesynbraT HOATBEpXKAAncsa 6Goree
vyBcTBuUTenbHBIM (0,01%) TP B peanbHOM Bpemenu InDel
(insertion/deletion) momumopdusmos (InDel-ITIIP). O6-
Ppasibl HA MOMEHT PelyiuBa 1 I10C/Ie He YYUTbIBaNInCh. Pe-
3y/bTATHL: B pe3ynbraTe aHa/nM3a JAHHBIX ITALMEHTOB C IIPU-
>KUBJICH/EM TPAHCIUIAHTATa, CTAOMIBHO BBICOKUM YPOBHEM
xuMmepusMa uay yMmenpmatoomumca CX u He pasBMBLINX
peruaus nocine amtoTI'CK (n=40) 6bu1 ompeneneH ypo-
BeHb «<HOPMAaJIbHOTO» Kormebauus xumepuama. OH COCTaBUI
99,0-100% na +30 pmenb u 99,7-100% B nocnenyooLe JHI
(90-i1 mporeHTNIb). 3HaUeHMe ypOBHA XuMepusma 99,7%
rocre +30 fHs ObIIO IPUHATO 3a IOPOTOBBII YPOBEHD I
onpepeneHns pucka passurtud peuyausa. [Tocre amnoTTCK
OIIpefie/IANN pasINyHble YPOBHU XMMEPU3Ma, a MIMEHHO: 1)
cvenranubiil xuMepusM (CX) Ha +30 menp >99% u odeHb
Huskuit yposenb CX B nocnenyromue guu 99,7-100%, n=36,
3 peunpusa (rpymma A); CX Ha +30 geHb >99% 1 ypoBeHb
CX B mocnenyromye guu 99,7-100% c snmsopmamy Iafe-
Hus [1X<99,7%, n=9, 6 peuyuausos (rpynma B); CX Ha +30
IneHb<99% u ymenbmaromumiics CX B mocienymwoue gHY,
pocTurimit >99,7% Ha +45-+100 gHy, n=3, 63 peLuANBOB
(rpymma A); CX Ha +30 1eHp<99% 1 ymeHbiarommiics CX
B IIOC/IeAlyIolMe THY, HO He mocTurimii 99,7% u 3arem Ha-
pacTaroruit % KI€TOK peLunueHTa, n=1, peunaus (rpymmna
B); CX Ha +30 1eHb<99%, fa/IbHENIINI YBeIMINBAIOIIIICS
CX 1 OTTOpIKEHEe TPAHCIUTAHTaTa, N=1, 6e3 peunansa (BbI-
COKWI1 yPOBEHb MVHUMA/IBHOI OCTATOYHOI 0OJIe3HN); HET
nprokuBaeHus, n=2, 1 penuaus. [IBa (3,7%) manyueHTa He
ObUIV BKIIOUEHBI B aHA/IN3, TaK KaK He 6510 MHPOPMATHB-
HbIX MapkepoB InDel, y nux 6501 100% IX metomom STR-
ITLIP. B saBucumoctn ot guHamuku J[IX mocne +30 mHSA MbI
BBIJIS/IVUIM 2 TPYIIIBI TALIMEHTOB: TPyNIa A — IaLMeHTbI C
IX >99,7%, B ToM uncrne ¢ ymenbmatwommmca CX, foctur-
mue foHopcKoro xuMepnsMma ([IX) >99,7% wu rpymnma B -
nanyenTsl ¢ J1X<99,7%, B TOM 4mcie ¢ yMEHbIIAOIMMCH
CX, ne pocrurmme X >99,7%. B rpynmy A Bouio 39 an-
n0TT'CK, tompko 3 (7,7%) manmeHTa pasBWIM PELVAUB Ha
+195, +255 1 +1184 guu. B gByx cmyvasax (peumm/[Bbl mocmne

200 fHs1) MBI He CMOIVIN IIpeficKa3aTh BO3BpAT 3a0071eBaHNA
13-33 JUIMTEILHOTO Mep1ofia MeX/Y IOC/IeHell TOYKOII uc-
C/IelOBAHMS XMIMepU3Ma U BMAarHOCTHKON peryauBa (bomee
68 mueit). IlanyeHTKa, pasBUBIIAs PeuANB Ha +195 meHb
IIO7Iy4asa BbBICOKOMHTEHCUBHYI0 JMMMYHOCYIPECCUBHYIO
Tepanuio IO MOBORY OCHOKHeHui nedenns. B rpynmy B
Bouwto 10 amnoTI'CK, B 7 (70%) cny4asx pasBUICA pelu-
IMB. BpeMsa MeXly pasBUTHEM pelMIMBA U yBelUdeHMeM
CX (1X<99,7%) cocraBuno 1-41 menb (Memmana 28 mHeir).
Y nBOMX JeTell, He PasBUBLINX PELVIVB, IPU NOBTOPHOM
MCCIeqoBaHmy Habm0ganoch Boccranosnenne X >99,7% B
OT/IMYME OT MAIVIEHTOB C PelUUBOM, Y KOTOPBIX B Jja/lb-
HeJIleM BBIAB/ANIOCh HAPACTAaHME ayTONOTMYHBIX K/IETOK.
TpeTbst manmeHTKa (6€3 penyanBa) yMepia OT OCTIOXXHEHMIT
tepanvy mpu [1X 92,9%. B rpymme B (mamnyueHToB ¢ ypoBHEM
11X<99,7%) BepOATHOCTb PasBUTUA PELUANMBA 3HAUMTEND-
HO Bblle, 4eM B rpynme A (c 1X>99,7%) (p=0,0001), 2-x
neTHsIs 6e3pennAnBHAS BBDKIBAEMOCTD COCTaBMIa 16,9% u
93,6%, coorBetcTBeHHO (p=0,00001).

3aKnyeHne

ITaumeHTh! ¢ OHKOTEMaTONOTMYECKON IATONOTHEN /I UC-
cnemoBaHnA xuMmepusma nocne ammoITCK Tpebyror mc-
monmb3oBaHMA 6onee 4yBCTBUTENbHBIX MeTofioB (InDel-
ITIIP), yem «xmaccuyeckui» STR-IIIP mst cBoeBpeMeHHOI
BBbIJIe/IeHNA TPYNIBl pucKa penyjusa. IlanymeHTh mocre
anoTTCK He gocrurmve ypoBHs xuMepusma 6omee 99,7%
WM CHU3uBIIME ypoBeHb [1X<99,7% HaxopATca B Tpymie
PUCKa pa3BUTKA peunayBa. Y JaHHON I'PYIIbl pelIIeH-
TOB peKOMeHJyeTCst 60Jiee YaCThIil KOHTPO/Ib XMMepPU3Ma.

Kniouesble ¢10Ba
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