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Background

Currently, acute graft-versus-host-disease (GVHD) remains
one of the most serious complications of allogeneic hemato-
poietic stem cell transplantation (HSCT). The release of large
amounts of cytokines causes activation of alloreactive T-cells
in the early period after transplantation is an important step
in pathogenesis of acute GVHD. The basic immunological
events leading to GVHD occur during several weeks after
hematopoietic graft transfusion. By this reason, cytokine
profiling could be used to predict development of GVHD.
The majority of studies on cytokines in allogeneic HSCT
were performed with classical GVHD prophylaxis, con-
sisting of non-specific immunosuppressive agents like cal-
cineurin inhibitors, methotrexate, mycophenolate mofetil,
anti-thymocyte globulin, etc. When using this type of proph-
ylaxis, most studies agree in that higher levels of pro-inflam-
matory cytokines are associated with development of acute
GVHD, while lower levels indicate a successful immuno-
suppression in abrogation of alloreactive response. Recently,
many transplant centers are interested in a novel approach
for the GVHD prevention based on Cyclophosphamide
post-HSCT (PTCy). Currently, there is no clarity, whether
cytokine changes after PTCy are similar to the situation with
classical GVHD prophylaxis. It is also unclear if well-known
predictive biomarkers remain valid after PTCy-based proph-
ylaxis. Trying to answer these questions, we have conducted
a pilot study to determine the dynamics of plasma cytokines
in patients undergoing HSCT with PTCy for GVHD prophy-
laxis. For this pilot study, we have selected five cytokines, IL-
17, IL-6, IL-8, IFN-y, and TNF-q, that were shown to have
predictive value for acute GVHD. We, therefore, compared
their levels in patients who developed acute GVHD versus
GVHD-free cases.
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Patients and Methods

Among 192 patients transplanted with PTCy prophylaxis at
The First State I.P. Pavlov Medical University between 2014
and 2015, we have identified 20 cases with acute GVHD and
plasma samples available. These patients were matched to
patients who did not develop acute GVHD at a 1:2 ratio. By
decreasing priority, the matching criteria were as follows: do-
nor type, graft source, intensity of the conditioning regimen,
primary diagnosis, and disease status. Thus, the study group
consisted of sixty adult patients with hematological malignan-
cies who underwent HSCT. All patients have signed informed
consent for the collection of blood samples and use of their
personal data for research purposes. 28% were grafted from
related donor, 72% - from unrelated. The patients received ei-
ther myeloablative conditioning (MAC) with oral Busulfan (16
mg/kg) and Cyclophosphamide (100 mg/kg), or reduced-in-
tensity conditioning (RIC) with oral Busulfan 8 mg/kg and
Fludarabine 180 mg/m?. All the patients received PTCy- based
GVHD prophylaxis. For recipients transplanted from 10/10-
HLA matched unrelated donors (MUD), GVHD prophylaxis
included combination of Cyclophosphamide (50mg/kg) on
day +3,+4, Tacrolimus with target concentration of 5-15 ng/
ml from day+5 through day+120, and Mycophenolate Mofetil
(MMF) at 30 mg/kg, or 45 mg/kg for 8-9/10 mismatched un-
related donors (MMUD) from day+5 through day+35. For
matched related donors (MRD) with bone marrow as graft
source, GVHD prophylaxis was a single-agent Cyclophos-
phamide (50mg/kg) on day +3, +4. For blood testing, 10
mL of EDTA-preserved venous blood were obtained from
the patients on days -7, 0, +7, +21 and +28. Plasma samples
were obtained by centrifugation at 1000 g, and then stored in
aliquotes at -80°C until the day of assays. We studied 5 plas-
ma biomarkers, i.e., IL-17A, IL-6, IL-8, TNF-a and IFN-y.
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Appropriate plasma levels were measured with ELISA tech-
nique using commercially available kits (Cytokine, St.Peters-
burg, Russia). All the assays were performed in compliance
with protocols provided by the kit manufacturer. The cy-
tokine concentrations were measured without knowledge of
individual clinical data.

Results

Of sixty patients included into the study, twenty recipients
developed aGVHD grade I-IV, whereas forty patients were
GVHD-free. Eight of these 20 patients (40%) had grade I; 7
(35%) grade II; 5 (25%) grade III aGVHD. 6 patients (30%)
developed a systemic aGVHD. There was no difference in
cytokine concentrations between GVHD+ and GVHD-
groups. The levels of all the cytokines under study did not
show any correlations with a risk for aGVHD grades I-IV.
We have not received significant differences between the
concentrations of cytokines in the study groups at any time
point (p>0.05). Noteworthy, additional comparisons be-
tween the groups with systemic GVHD and without GVHD
have shown lower levels of several plasma cytokines in pa-
tients who did develop GVHD. A reduced mean level of IL-8
(98.74£39.47 vs 276.09+284.78 pg/ml, p=0.008 for GVHD+
and GVHD-, respectively), and IFN-y (22.69£16.35 vs
60.07+42.00 pg/ml, p=0.005 for GVHD+ and GVHD-, re-

umknodpocpamuaa

spectively) at day +28 were significant risk factors for aG-
VHD occurrence. By ROC analysis, cutoff values were de-
termined for IL-8, as (147.09 pg/ml; AUC= 0.833), and for
IFN-y (35.94 pg/ml; AUC= 0.848). Incidence of systemic
aGVHD was significantly higher in patients with cytokine
levels under the cutoff values (0% vs 35.3%, p=0.002, and
3.8% vs 38.5%, p=0,003, for IL-8 and IFN-y, respectively).

Conclusions

In summary, our pilot trial has shown that time dynamics of
cytokine levels after GVHD prophylaxis with PTCy might
be different from those under conventional immunosup-
pressive treatment. Likewise, the well known predictive
biomarkers might not work after PTCy. Further large pro-
spective trials could elucidate the differences and determine
reliable predictors for acute GVHD. Moreover, it also may
be important to introduce additional time points for blood
sampling before PTCy administration.
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BeepneHue

Octpas peakiusi «TpaHCIUTAHTAT IPOTUB X03sinHa» (0PT-
I1X) acute graft-versus-host-disease ocraerca omHum wu3
Hambosee Cepbe3HBIX OCIOKHEHWUI aJUIOTEHHOI TpaHC-
IJIAaHTAIlMM TeMOIO3TUYECKNX CTBONOBHIX KineTok (TTCK).
Cekpenmss  601bIINX KOMMYECTB I[UTOKMHOB BbI3bIBAET
aKTMBALMIO A/UTOPEAKTUBHBIX T-K/IIETOK B paHHME CPOKMU
nocne TTCK sBnsieTCcss Ba>KHBIM 3TalloM B maToreHese oPT-
ITX. OcHOBHbIE MIMMYHOJIOTMYECKME COOBITHUA, BeRyILMe K

oPTIIX pa3BuBamTCA B TeUeHME HECKOIbKIX HEJe/Ib II0CIe
nepecanku. [Io aToii npuynHe u3yyeHue npoduia UUTOKU-
HOB MOIJIO OBl IPUMeHATbCA Ay nporuosuposanusa PTIIX.
BonbmmHCTBO MccmenoBanmil [uUTokMHOB npn amno- TTCK
IPOBOWIOCH C KJIACCUYECKOH INPO(MIAKTUKO! ITOro
COCTOSIHMA, COCTOALIe U3 HecHnelMpUIecKUX MMMYHO-
CYIIPECCUBHBIX areHTO, B YaCTHOCTU, MHIMOUTOPOB KaJlb-
LVHeIpYHA, MeTOTpeKcaTa, MUKOoQeHonATa ModeTia, aH-
TUTUMOLMTApHOro InobymHa u ap. IIpu ucnonb3oBaHumu
9TOTO TUIA IPOPVIAKTIKY, MHOTYE VICCTIEJOBAHN COIJIac-
HBI B TOM, YTO ITOBBILIIEHHbIE YPOBHY ITPOBOCIATNTENTbHBIX
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LIUTOKMHOB CBfA3aHbI ¢ pasButueM octpoit PTIIX, Torma
Kak Ooree HM3KME YPOBHM YKa3bIBAalOT Ha 3(QeKTUBHYIO
MMMYHOCYIIPECCHIO, TIPeJOTBPAILIAIIIYI0 a/l/IOpPeaKTUB-
Hblit 0TBeT. C HeJaBHMX ITOP MHOTME TPAHCITTAHTAIlIOHHbIE
LIEHTPbl MHTEPECYIOTCS HOBBIM MOAXOAOM IPODIIAKTH-
ku PTIIX, ocHOBaHHBIM Ha BBefeHUM Iukmodocdammuaa
nocne TTCK (ITTII¢d). B nacTosimee BpeMs HeT SCHOCTU
OTHOCHUTE/IbHO TOTO, CXO/IHBI JIN 3/I€Ch U3MEHEHN LIMTOKN-
HOBOrO (hoHa ¢ TeM, UTO HaOMIOZAETCS TPU KIACCUIECKO
npodunaktuke PTIIX. HescHo TakKe, OCTAIOTCS /U BaIUf-
HBIMM M3BECTHbIE IPOTHOCTHYECKNE MapKePbI ITOCTIe Tepa-
ruu ITTH . B mombITKe OTBETUTH Ha 3TI BOIIPOCHI MBI IIPO-
Be/IU MMIOTHOE MCCTIeloBaHMe IIMTOKMHOB II71a3Mbl KPOBH,
4TOG6BI ONpefe/UTh UX ANHAMUKY y HaiueHToB nocie TTCK
¢ npumenennem [ITHd maa npodumaktuxku PTIIX. s
3TOTO UCCTIEOBAHIS MBI BBIOpA/IM TATh HUTOKNHOB: IL-17,
IL-6, IL-8, IFN-y n TNF-a, xoTopble, 110 pAny pabor, uMenT
nporHoctudeckoe sHadeHue mnpu ocrpoit PTIIX. ITosTomy
MBI CPaBHMBA/IM X YPOBHM y TALIMEHTOB, Y KOTOPBIX pas-
Bumach oPTIIX o cpaBHeHMIo co cny4asmu 6e3 PTIIX.

[laumneHTbl n MeToAbl

Cpenyt 192 60/1bHBIX, TPAaHCIUIAHTYPOBAHHBIX ¢ IpoduIak-
tukoit PTIIX ¢ nomompio IITI¢ B IlepBom Canxr-Iletep-
OyPrcKOM TOCYHApCTBEHHOM MeIMIVIHCKOM YHUBEPCUTeTe
vM. VL.I1.ITaBnoBa B 2014-2015 rT., MbI BeIABUIN 20 CTy4yaeB
oPTIIX, y KOTOpBIX McCenoBam o6pasibl IIa3Mbl KPOBIL.
O1m 60bHBIE OBUIN CONOCTABMMBI C ITAIJVIEHTaM, Y KOTOPBIX
He paswachk octpas PTIIX, B cootHomenuu 1:2. B mopsaa-
K€ CHIDKEHMsI IPUOPUTETHOCTH, KpUTepum mopdopa Obiin
CTIeNYIOMVMIL: TUII IOHOpA, ICTOYHUK TPaHCIUIAHTATa, MH-
TEHCVBHOCTb KOHAMIVIOHMPYIOIIETO PEeXMMa, HMepBUYHbIN
IuarHo3 ¥ craryc 3abonmeBaHus. TakuMm o6pasom, obmjas
TPy cOCTOsIA M3 60 B3POCTIBIX MALMEHTOB C OHKOIeMaTo-
nornyeckumu 3aboneBanmsamu mocine TTCK. Bee matmeHTst
IOfIMChIBaMM MHPOPMIPOBaHHOE COIIacue Ha 3abop 00-
PasI[oB KPOBU U MCIOITb30BaHNE MX MTEPCOHATBHBIX TaHHBIX
UL Hay4HBIX Lieeil. 28% OONbHBIX MOMYYMIV TPaHCIUIaH-
TaTbl OT POACTBEHHOTO JJOHOPA, 72% OT HEPOACTBEHHBIX JI0-
HOpoB. borbHbIe momy4anyu m6o MuenoadIaTuBHBII PEXUM
koHpmuyonupoBauuss (MAK) ¢ mepopanbHbIM NpreMOM
6ycynbdana (16 mr/kr) n nmknodocdammmom (100 mr/xr),
60 KOHAULIMOHMPOBAHME CHIDKEHHOV WHTEHCHBHOCTU
(RIC) ¢ mpuMeHeHueM 6ycynbdaHa mepopanbHo (8 MI/Kr) u
¢dnynapabduna (180 Mr/M?). Bce marjyeHTbI IIPOXOAVIIN IPO-
¢unaxktuky oPTIIX ¢ mpumenenuem IITLI}. [Ina penumm-
€HTOB, TPAaHCIUITaHTMPOBaHHBIX 0T HLA-coBMecTUMBIX IO
10/10 aHTUTEeHOB HEPOACTBEHHBIX JoHOpOoB (MUD), mpo-
¢unaxtuka PTIIX Brrogana couetanue nuxnodocdammaa
(50Mr/KT) B BeHD +3,+4; TAKPOIMMYC C 1le/IeBOJI KOHI[EHTpa-
1yeit 5-15 HI/MJI B CpOKM OT JHA +5 fHA +120 1 MukodeHo-
nara mogperuna (MMF) B nose 30 Mr/kr, wiu 45 MI/KT [s
IOHOPOB, COBMECTUMBIX 110 8-9/10 anTUrenam (MMUD) -
€O iHA +5 fo aHA+35. B caydasax TpaHCIIaHTallMM KOCTHO-
ro MO3Ta OT POJICTBEHHBIX COBMECTUMBIX NOHOPOB (MRD)
npo¢unaxktuka PTIIX 6pi1a ¢ mpuMeHeHeM OJHOTO areHTa
- nuknodocdammpa (50 Mr/kr) B geHs +3 u +4. [Ia uccre-
moBaHus KpoBu, 10 M DI TA-cTabunusnpoBaHHON BEHO3-
HOJI KPOBMU IIO/Ty4a/i OT OOJBHBIX B CPOKM -7, 0, +7, +21 1
+28 cyT. O6pasIipl MI1a3MBbl MOMyYaay HeHTPUPYTUPOBAHN-
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em npu 1000 g, a 3aTeM XpaHMIM anuMKBOTHI Ipu -80°C fo
aHanusa. Mpl n3y4anu B Iu1asMe 5 GMOMapKepoB, a UMEH-
Ho IL-17A, IL-6, IL-8, TNF-a u IFN-y. YpoBHU IIUTOKMHOB
B IUTa3Me OIpeferian ¢ nomouisio VIOA, ¢ mpuMeHeHNeM
KoMMepueckux Habopos («IImurokmu», Caukt-Iletepbypr,
Poccumst). Bece aHanm3bl IpoBOAMIM B COOTBETCTBUM C IIPO-
TOKOZIaMI OT IpousBopuTensd. KoHLleHTpanuy IUTOKMHOB
usMepsinu 6e3 MHPOPMALIUY O KIIMHNYECKX JaHHBIX Haly-
€HTOB.

Pe3ynbrathbl

/3 60 60MbHBIX , BKIIOUYEHHBIX B JCCIefoBaHme, y 20 pe-
unmenToB passunack oPTIIX pasnuunoit crenenn (I-1V),
torga kak y 40 6onpHbix PTIIX He oTMevanach. Bocemp 13
atux 20 mamenTos (40%) numenn PTIIX I crenenn; 7 (35%) —
II crenenns; 5 (25%) — I crenenn. Y 6 manueHToB (30%) pas-
Buach cuctemHas oPTIIX. Hamu He BBIABICHO pasnmmymit
B KOHLIEHTPAIVAX IUTOKMHOB Mexy rpymmamu ¢ PTIIX n
6e3 Hee. YpOBHU BCeX MCCIEIOBAHHBIX [[UTOKMHOB HE KOP-
penmupoBanu ¢ puckoM pasputus PTIIX I-IV crenenn. Mst
He BBLABIJ/IV TOCTOBEPHBIX PA3/INYNIL 10 IINTOKMHAM B 9TUX
TpynIax B mo6ble cpoky Habmogenus (p>0.05). VHTepec-
HO, YTO JONMOJTHUTENbHbIE CPaBHEHNA MEX[y IPYNIaMU C
cuctemuoit PTIIX u 6e3 PTIIX mokasamyu cHMOKeHUe YPOB-
Hell HeKOTOPBIX IMTOKVHOB B I/Ia3Me y manyeHTos ¢ PTIIX.
Tak, cHyDKeHMe cpenHero ypoBH:A y 6onpHbIX ¢ PTIIX mo-
kazano miasa IL-8 (coorBercTBeHHO, 98,74+39,47 mpoTNB
276,09+284,78 nir/mi1, p=0,008), u IFN-y (22,69+16,35 npo-
B 60,07+£42,00 ir/mi, p=0.005) B feHb +28, 4TO ABUIOCH
CYleCTBEHHBIM (aKTOpOM prcKa paspurus octpoit PTIIX.
C nmomompio ROC-anamis3a ObUIM OIIpefielieHbl I'paHu4-
uete oporu (cut-off values) mrs IL-8 (147,09 mr/mm; AUC=
0,833) u pna IFN-y (35,94 nr/mm; AUC= 0.848). YacroTa
BO3HMKHOBeHUsA cucteMHoit oPTIIX 6blma 3HaYMTENTbHO
BBIIIle Y MAIVIEHTOB C YPOBHAMM IIUTOKMHOB HIDKE TpaHNY-
HbIX noporos (0% npotus 35,3%, p=0.002, u 3,8% npoTus
38,5%, p=0,003, cooTBeTcTBeHHO, IL-8 1 IFN-vy).

BbiBogbl

B memom, Hallle IWIOTHOE MCC/IEfOBaHME IIOKA3aao, 4TO
BpeMeHHasi [VHAMUKA YPOBHeEN LUTOKMHOB IOCTIE MpO-
¢dumaktukn oPTIIX ¢ mpumeneHmem nuxmodocdamuma
(ITTHUd) MoxeT OTIMYATBCSA OT TAKOBOW IIPU OOBIYHON
MMMYHOCYIIPeCCHBHOI Tepammu. Takke IOKasaHO, 4TO
XOpOILO VM3BECTHbIE IPOTHOCTUYECKUE MapKepbl MOIYT He
paborare nocie IITL}. TanpHerimne NIpOCIEKTUBHbIE UC-
CTIeIOBAHSI MOTYT HPOSCHUTD 3TU PA3INYNS U OIIPENEeNUTD
HafleXXHble IMPOTHOCTHMYecKMe INpusHaky octpoit PTIIX.
Kpome T0r0, MOXKeT 6BITh Ba>KHBIM BBEfIeHNE JOIIOTHUTE/Ib-
HBIX BPEMEHHBIX TOYEK [/ B3SATUA KPOBM Iepef Ha3Hade-
HueMm npodwiaktuku [ITId.
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