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TAHHBIA METOJ, TI03BOJIAET MCIIONMb30BaTh TOMBKO IPUKpe-
I/IEHHbIE KIeTKM-MUIIEHN, TI03TOMY BMECTO K/IeTOK TMHUN
Raji 6bpUIM Mcnonb3oBaHbl KineTky My HEK 293T, skTo-
mmdecky akcrpeccupytomue CD20 (HEK293-CD20). Co-
OpaHHbIe B TedeHNe CyTok JaHHble RTCA cBUIeTebCTBYIOT
0 ToM, 4To T-K/IeTKHM, dKCIpeccupylomye 6ecliapHIpHbIi
CAR cocrasa 2F2-no hinge-v2, npossiAoT HanOoMbILIyIO
IIUTOTOKCMYHOCTD, @ BO BPEM MePBBIX YeThIPEX JacOB pas-
Huipl Mexay CAR T-xmetTkamu He Hab/TIOAETCS, YTO COOT-
BeTCTBYeT JaHHbIM FACS-ananusa.

BbiBoAbl

Taxum o6pasom, CAR ctpykrypsl 2F2-no hinge-v2 asnser-
Cs IePCIIEeKTYBHBIM KaH/MJATOM 1A IIPOBeNeHMs 9KCIIepy -

MEHTOB i1l Viv0, TIOCKOJIBKY OH 00ecIiedrBaeT BhIPaXKeHHYIO
CD20-criernp4ecKyro IUTOTOKCUYECKYI0 aKTUBHOCTb B
COYETAaHUM C TIOTHOCTBIO Ye/I0BEYECKOI IOC/Ie[0BATe/TbHO-
CTBIO aHTUT'€H-PACIIO3HAIOLIel 00TaCTI.

ViccnemoBanue 6bu10 nopmepskano rpantom POOI Ne 19-
415-543015 p_morn_a.

KnioyeBble cnoBa

T-K/IeTKM, XMMEpPHbIe AHTUIEHHblE DPELelTOPbl, Teparist
CAR T-xnerkamn, oparymyma6.
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Introduction

The programmed-death 1 blockade with nivolumab demon-
strated high efliciency in patients with relapsed and refrac-
tory Hodgkin lymphoma (rrHL) with acceptable toxicity
profile. However, most of patients treated with immune
checkpoint inhibitor (CPIs) will eventually progress on these
therapies. Allogeneic hematopoietic stem cells transplanta-
tion (allo-HSCT) is a potentially curative option for patients
with rrHL. Therefore, allo-HSCT is a consideration for se-
lected patients with HL after treatment with CPIs. There are
concerns that CPIs before allo-HSCT may increase the inci-
dence of graft-versus-host disease, immune-related adverse
events, and nonrelapse mortality (NRM). At present, there
is no consensus regarding the optimal transplant strategy for
patients previously treated with immune checkpoint block-
ade. The aim of this study was evaluate outcomes in patients
with rrHL who received CPIs as a bridge to allo-HSCT.

Patients and methods

We retrospectively evaluated the results of allo-HSCT in 20
patients who had been transplanted after prior PD-1 block-
ade between 2017 and 2019 at the R. Gorbacheva Memorial
Research Institute of Children Oncology, Hematology and
Transplantology at the First St. Petersburg State I. Pavlov
Medical University (CIC 725). All the patients received a
reduced-intensity conditioning regimen (FluBe, fludarabine
30 mg/m? bendamustine 130 mg /m? per day for 3 days), and
post-transplant cyclophosphamide-based GvHD prophylax-
is (PTCy). Before allo-HSCT, the patients received immune
checkpoint inhibitors (CPI) as a single-agent nivolumab, or
in combination with brentuximab vedotin, or chemotherapy.
The best registered response to PD-1 therapy was a complete
response (CR) in 9 patients, partial response in 4 patients.
Five patients received transplant during the disease pro-

gression, and 2 patients were transplanted in indetermined
response, according to the LYRIC criteria. The patients re-
ceived a median of 20 (range, 6-32) cycles of a PD-1 inhibi-
tor. The median time from the last dose of anti-PD-1 therapy
to HSCT was 83 days (range, 50-350).

Results

At the time of analysis, median follow-up was 14 months
(range, 1-26 months). All the patients showed full hemato-
logical recovery after allo-HSCT. The one-year overall sur-
vival and event-free survival were 95% and 85%, respectively,
whereas the one-year cumulative incidences of relapse and
non-relapse mortality were 10% and 5%, respectively. Two
patients with relapse after allo-HSCT were treated with do-
nor lymphocyte infusion (DLI) in combination with chemo-
therapy. At the median follow-up of 30 days, all the patients
remain alive. 4/20 patients developed grade 2 GvHD, and all
responded to steroids. 4/20 patients developed severe, grade
3-4 GvHD, and only one patient responded to steroids. The
cumulative incidence of chronic GVHD (cGVHD) was 35%,
including 3 patients with severe, steroid-refractory cGVHD.
There were no other immune-related adverse events. No cas-
es of sinusoidal obstruction syndrome were observed.

Conclusions

Our study demonstrates that HSCT after PD-1 blockade is
feasible and not associated with higher mortality. We sug-
gest that prior PD-1 blockade should not be considered a
contraindication to HSCT in patients with relapsed and re-
fractory Hodgkin lymphoma. The rate of severe acute and
chronic GVHD was relatively higher than previously report-
ed for PTCy-based prophylaxis, but was manageable in the
majority of cases. The time between anti-PD-1 therapy and
allo-HSCT and PTCy is likely to be important in the success-
ful outcome of the transplant.

CTT JOURNAL | VOLUME 8 | NUMBER 3 | SEPTEMBER 2019 37



Keywords

Hodgkin’s lymphoma, hematopoietic stem cells transplanta-
tion, allogeneic, immune checkpoint inhibitor, nivolumab,
overall survival, event-free survival, graft-versus-host dis-
ease, post-transplant cyclophosphamide.

SHORT REPORTS |

be3onacHoCTb 1 3G PEKTUBHOCTL aNNOreHHON TPAHCNIAHTALMM FeMOoN0o3TUYeCKNX
CTBOJIOBbIX KJIETOK MOC/e Tepanun HUBOIYMaboMm y NaLumMeHToB C peLuanBupyiowmum/
pedpakTepHbIM TeyeHneMm NMMPOoMbI XOIKKUHA
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BeepeHune

Tepamusa HuBOIYMabOM IPOIZEMOHCTPUPOBAIAa BBICOKYIO
3¢ (GeKTMBHOCTh Y HALMEHTOB C PELVVBUPYIOLUM U
pedpakrepubiM TedenneM muMdombl Xomkkuna (p\p JIX)
C mpuemIeMbIM MpO(dUIeM TOKCMYHOCTU. TeM He MeHee,
OOJIBIIMHCTBO ITAVIEHTOB, KOTOpbIe IIOIy4aly MHIUOUTO-
Pbl MMMYHHBIX KOHTpO/IbHBIX Todek (MKT), B KoHeuHOM
MTOTe IIPOrPeccUpyIoT Ha (HOHe 9TON Tepanuy. AJUIOreHHas
TPAHCIUIAHTAIVS T'eMOIO3TUYECKUX CTBOJIOBBIX KJIETOK
(ammo-TI'CK) sBnsgeTcs NOTEHIMANBHON BO3MOXXHOCTHIO
n3nedeHuA nmanyeHtos ¢ p\p JIX. Kpome toro, ammo-TI'CK
paccMaTpuBaeTCA Kak OIIMA JiedeHNUA IPYIIIB ITAlMeHTOB,
norydaBmmx uKT. OpgHako CymjecTBYIOT OIaceHu:A, 4TO
tepanys uKT nepey anno-TI'CK MoxeT yBenM4InTb 4acTo-
Ty PasBUTMA peakUVMiI TPAHCIUIAHTAT IPOTUB XO3AMHA
(PTIIX), HexXenaTebHbIX MMMYHHBIX peakLUil ¥ TpaHC-
ITAaHTALMIOHHOJ JIeTaTbHOCTY. Ha ceromHAIIHMIT IeHb HeT
eHOTO MHEHNs OTHOCUTETBHO ONTYMAaIbHOM TPaHCIIaH-
TAIVIOHHOJ CTpaTerny Ji/is MalYIeHTOB, paHee MOTyYaBIINX
tepanuio VIKT. Ienbio gaHHOTO MCCIefoBanys Oblla OLeH-
Ka pesy/nbTaToB y ManyeHToB ¢ p\p JIX, KoTopble Momyyann
uKT nepep amno-TT'CK.

auneHTbl 1 MeToAbl

MBpl peTpOCHEeKTUBHO OLieHMNIN pesynpTarsl amno-TICK y
20 mauyMeHToB, KOTOpPble OBUIM TPaHCIIAHTMPOBAHBI MO-
cne mnpepmectsytomeit Tepanuu uKT B mepmop Mexpay
2017 n 2019 rr. B8 HVMN pmeTckoit OHKOMOrMY, TeMaTOIOT I
u tpaHciiantonornu uM. P. Top6auesoit Ilepsoro CaHkT-
[TeTep6yprcKoro rocyfapCTBEHHOIO MEAMIIHCKOIO YHU-
Bepcurera uMm. V. V. Ilanosa (CIC 725). Bce manyeHTs
MOMTyYaIy PeXUM KOHAVIVMOHMPOBAHUA CO CHVDKEHHON
MHTeHCUBHOCTBIO ((rrynapabun 30 mr/m?, 6enfamycts 130
mr/M? B fieHb B TedeHne 3 pgueit (FluBe)) u npodumaxruxy
PTIIX Ha OCHOBe MOCTTPAHCIUIAHTALMOHHOTO UMKIO(POC-
¢damupga (ITTL). ITauyeHTsl HOMyYaaM HUBOMYyMab Iepen
aw1o-TI'CK B MOHOpeXXyMe WIX B COYeTaHUU C OPEHTYK-
cuMaboM, BEeOTMHOM WM XuMmuoTepamnuert. Hanmydmmm
orBeToM Ha Tepanuio uKT 61 monusiit orBer (II0) y 9
[IallMeHTOB, YacT4HbIN oTBeT (HO) y 4 manumenros, y 5 ma-
1yentoB amno-TTCK 6blra BBIIONHEHA B IIPOrpeccupoBa-
H1Y 3a60/1eBaHMs U 2 TTAlIMEHTa Ha MOMEHT TPacIUIaHTaL[ UYL
VIMeNIN HeoIlpefie/IeHHbII OTBET B COOTBETCTBMIU C KpuUTe-
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pusmu LYRIC. ITanuenTsl monydamu B cpefHeM 20 (6-32)
nuknos Tepanvy uKT. CpenHee BpeMs MeX/y ITOCTIETHUM
BBenenyeM Huonymaba u amno-TT'CK coctansiio 83 nus
(mmamason 50-350).

Pesynbratb

Ha MOMeHT aHanm3a MenMaHa HAOMIONEHMSA cOCTaBmIa 14
MecsleB (mmamason 1-26 Mmecsna). Y BcexX MAIMEHTOB OT-
MeJajioch BOCCTAHOBJIEHMe TeMoroa3a mnocie amio-TTCK.
Obmast n 6ecrporpeccrBHAsE BBDKUBAEMOCTb B TEYEHIE
1 roma coctaBumm 95% m 85% COOTBETCTBEHHO, TOTHA KaK
KyMY/ATMBHAs YacTOTa BO3HMKHOBEHUA penyiuBa U
TPaHCIJIAaHTALIMOHHAsA JIeTaTbHOCTh cocTaBumyu 10% n 5%
COOTBETCTBEHHO. [[Ba ManMeHTa C penyiuBaMI ITOCTIe AJIIO-
TICK monmyunnu wHOY3MI0O JOHOPCKMX MMMQOINTOB
(MJT) B couetannu ¢ xumumorepanueit. I1pu cpergnem cpo-
Ke HabmoneHns 30 THel Bce MalMEeHThl OCTalOTCA KUBBL Y
4 n3 20 manuenToB pasBunach octpas PTIIX (oPTIIX) 2-it
CTeTIeHY, BCe MAIMEeHTHl OTBETW/IN Ha TEPANNIO ITIIOKOKOP-
tukocrepougamu (I'KC). Y 4 u3 20 maryeHTOB pa3BuIach
Tsokenasg oPTIIX 3-4 cremenu, M3 HMUX TOMBKO 1 IarjmeHT
OTBETW/I Ha TePalNIo IIOKOKOPTHKOCTepongamu. Kymyrs-
TUBHAA 4aCTOTa BO3HMKHOBeHuA xpoHndeckoir PTIIX (xp-
PTIIX) cocraBuia 35%, BK/IIOYas 3 MALMIEHTOB C TSAXKEION
dbopmoit, pesucrentroit k teparmuu ['KC. HexxenmarenpbHbIx
MMMYHHBIX peakumii He oTMedanoch. ClaydaeB CMHApoOMa
CUHYCOMATBHON 0OCTPYKIMHM He HAab/TIOfaIoCh.

BbiBogbl

Harma pa6oTa eMoncTpupyert, uto aimno-TT'CK nmocre mpep-
mectBytomeit Teparmyu uKT Bo3sMo)kHa 1 He cBsA3aHa ¢ 60-
7iee BBICOKOII CMEPTHOCTBI0. MBI IIpe/IioiaraeM, 4yTo mpef-
IIeCTBYyIoMast 6/10Kajia MMMYHHBIX KOHTPOJIBHBIX TOUEK He
JO/KHA PaccMaTpUBaThbCs KaK IPOTMBOIOKA3aHME K BbI-
nonHennto anno-TI'CK y maunentos p\p JIX. Kymynarus-
Hasl 4acToTa BO3HMKHOBeHusA TspKenbix oPTIIX n xpPTIIX
Obllla OTHOCUTENIBHO BBIIIE, YeM COOOIIANOCh paHee M
npodunaktuky Ha ocHose IITII, HO B GONbIIMHCTBE CITY-
yaeB 6bUIa yrpasiseMoit. Bpems mexnpy tepammeit nKT u
amno-TTCK, a Taxoke mpodmnaxkruka PTIIX Ha ocHOBe 1u-
knodocdamusa, BeposATHO, OyyT UMETb BaXKHOE 3HAYCHME
I7151 YCIEMIHOTO MCXOMa TPaHCIUIAHTALIMM.
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Introduction

Relapse, graft-versus-host disease (GvHD) and associated
non-relapse mortality are the main obstacles to successful
HSCT in children with leukemia. aff T cell depletion was
developed to prevent GvHD and improve immune reconsti-
tution.

Patients and methods

A total of 89 children with AL (38AML, 51ALL, 36 female,
53 male, median age 8,7y) underwent allo-HSCT from hap-
loidentical donor between 15.06.2012 and 19.07.2017. All
the patients (pts) were in complete remission (CR1=43,
CR2=34, CR>2=12). 64 pts received treosulfan-based condi-
tioning, 25 — TBI-based (all ALL). Either melphalan (n=41),
or thiophosphamide (n=31), or etoposide (n=16) were add-
ed as a second agent. Fludarabine was used in all pts. Two
types of GVHD prophylaxis were used: Typel (n=18): hATG
50 mg/kg and post-HSCT tacro/mtx, type2 (n=71): thymo-
globulin (rATG) 5 mg/kg, rituximab 200 mg/m* with either
bortezomib on days +2, +5 (n=62), or tacrolimus (n=6), or
without them (n=3). aBT-cell depletion with CliniMACS was
used in all cases. The median dose of CD34+ cells was 8x10°/
kg, apT cells dose was 16x10°/kg. Median time of follow-up
for survivors was 3 years (range, 1.3 to 6.3).

Results

Five patients (5.6%) died before engraftment due to septic
event. Primary engraftment was achieved in all evaluable pts
(100%) with full donor chimerism, the median time to neu-
trophil and platelet recovery was 12 and 15 days. Among the
whole cohort, the CI of GvHD grades II-IV and III-IV was
17.9% (95% CI:12-28) and 3.4% (95% CI:1-10), respectively.
The CI for cGVHD was 19% (95% CI: 12.5-29). CI for aG-
vHD was significantly lower in a group with type 2 of GVHD
prophylaxis: 11.2% (95% CIL:6-22) vs 44% (95% Cl:26-74),
p=0.002. rATG was also effective in prevention of cGvHD:
CI at 2 year after HSCT was 15% vs 33%, p=0.08. 3-year
PTRM was 12.3% (95%CI: 7-21) and CI of relapse was 19.8%
(95%CI: 13-31) without different between rATG and hATG.
Three-year pEFS was 68% (95%CI:59-78), in AML pts 83%

(95%CI:69-96), versus 57% (95%Cl:43-70) in ALL, p=0.007,
without difference between rATG and hATG. Among ALL
pts, who received TBI-containing regimen, pEFS was 68%
(95%CI:50-86), as compared to 46% (95%CIL:27-65) among
those conditioned without TBI, p=0.044 and pOS was 74%
(95%CI:62-86). In the group with available immune recon-
stitution data (n=68) afT cell recovery at day +30 was as-
sociated with a trend to decreased incidence of relapse, CI
of relapse was 29% (95% Cl:15-54) in those with afp-T cell
count below median vs 15 % (95% CI:6-38) in those with af-
cell count above median, p=0.25 and decreased TRM: 16%
(95% CI:6.5-39) among af3 T "low* vs pTRM 0% among o3
T”high” (p=0.036). pEFS among af T” high” was 85% (+/-
10) vs 55% (+/-14) among aff T”low*, p=0,019, pOS 89% (+/-
10) vs 59% (+/-20) respectively. Recovery of the NK and jd-T
cell was not associated with improved survival.

Conclusions

We confirm that the depletion of afT cells from haploiden-
tical graft in combination with intensive conditioning regi-
men provides a high chance of long-term survival in a cohort
of children with high-risk AL in remission, especially for
AML pts. Our analysis suggests that early af T cell recovery
is associated with a relatively low non-relapse mortality and
relapse rate.
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