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[H] HERMESImesER Cx LT, A7 a4 P& v 7ziiss B HLA AS#EA S iz A5 T Th
LEPHED L. BRI/ A (TA-TMA) 4RI HEBRICHEN T 2 APHEZS DS, st (PE)
HRRIZZT A, TATMA 29 5 PE OBRERICOWT, MAFH M HLA A #A7E M a2 T o Hih i
B, SIME L7z [J5E] 2016 45 10 H A5 2021 4F 9 IS, IfifsE ) HLA AS8 45 5% i i B B Al 2 12 TA-
TMA %% L PE % JtifT L7z 22 %, #ABACHGES L7z, [RER]4Ew b Uefifid 36 k. FESEMN 21 41, Wil o
HLANT O % 4 7R 550 4 6. BhiRE 2 B H 10 6, 3EHDE IS, GVHD FFHilEy 70 A A+ 2 F )L
TV F=vuariEfn. PEIR 1560 (682%) I2BWTHRT, AxFITIE TA-TMA 383E2> S PE BiGE ToOM
MI2SRe R A - 72, PE I 3B COANEREZ RO 72 ik Td - 72 MFRAL 100 HAAF31E 50.0%, 14

AFAIE 91% Th o 72 [ilim] Mz M HLA ANl &5 g itk o TA-TMA 124 L PE 3H R D% 4T

HHWRMNEDYD 5.

F—DU— B i HLA A A s el fore, FR R AR PR A NI RE, I eS8 s

EL&IC

[7) o8 535 L 544 I A2 4l (Allogeneic hematopoietic stem
cell transplantation : allo-HSCT) (8 iA % i g lE 5y
Wiz WL Tirbh s, HLA A FF—2 5w
R mE, AR BNy 2 N =720 T
,HLA A& MfxE S ¥ —BEmic iz 0155, Fiig,
Bhithy 7 0aR A7 7 3 FEHwzmEsEE HLA 4
OB MM, FoRethor S5 5 ENIL T
JRKHWHENTVDEH, HREORHIN-IBTHEES
NTwa". A7u4 F&ie MuRMiabifk (ant-
thymocyte globulin : ATG) = H\7z, lif#& K HLA
EEICGEMBMREN (R7a4 AT aBh) <,
WO HLA N7 85 A THEL L& MM (>
V7 aBhl) &, FREEE T s g
ELTHIfEsh, HAREINZBLIIThIL TR 527,
72720, TS O A E A & s e AL &
EREHREEZRELRSTVWEWVITDH Y, KT 5
7eDIZIIZOEPHEDORT KA, oA L ) I
EETH 5.

MR/ LA E  (thrombotic microangiopathy :
TMA) (&, ket iR Atk E9% (TTP) R
PERBERE AR (HUS) ISR E S NS, /MR
EHEIMPEE MR E 2 E ol f o 2 L 2 il
IREEFR & 3 2 BB CTH 57, B RE L AR A i
BHE (transplant-associated thrombotic microangiopa-
thy : TA-TMA) I E& MBI T AET 2 TMAY
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Reduced-intensity conditioning regimen |
day 9 8 -7 -6 - 4 3 2 1 0 1 2 3 4
FLU 30 mg/m? ¥ ¥ ¥ ¥ v
MEL 70 mg/m? ool
Ara-C 2 g/m? 1 2 2 T
TBI 3 Gyl/fr ¥
ATG  1.25 mglkg ool
tacrolimus (10-12ng/ml) R
mPSL 1mg/kg/day
(2-haplo-mismatch) MMF 15mg/kg/day R
Myeloablative conditioning regimen |
day 10 9 -8 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4
FLU 30 mg/m? I
cY 60 mg/kg vy
Ara-C 2 g/m? N |
TBI 2 Gylfr A
ATG 1 mglkg ¥
tacrolimus (12-15ng/ml)
mPSL 1mglkg/day !
Conditioning regimen for graft failure |
day 6 5 4 3 2 1 0 1 2 3 4
FLU 30 mg/m? 2R 2R 2
CY 60 mglkg ‘ @
TBI 2 Gylfr +
tacrolimus (12-15ng/ml)
mPSL 1mg/kg/day -
Fig. 1 I BAGE G E MM R RTALE L 2 x ~
FLU : Fludarabine, MEL : Melphalan, Ara-C : Cytosine Arabinoside, TBI : Total Body Irradia-
tion, ATG : Anti-T cell globulin, PBSCT : Peripheral Blood Stem Cell Transplantation, MMF :
Mycophenolate Mofetil, mPSL : Methylprednisolone, CY : cyclophosphamide
HWRBELUVHE YEHWTBY, 1B MR EE AT %
POE ARV VX v Tholz. #IEBH 361, 2 b HEAL 10

2016 4 10 A 25 2021 4 3 H T2, IR RIFERE
T R ERFAR SRR BT, LGS A 8 A 3 1
iR 1C TA-TMA % 584 L, PE % JitifT L 72 22
.

Fik

A FaA FEFMLEIC ATG 2 7z igs A A
TS MR TA-TMA OB 43,
ZOEWEE LTPE #iifr L7z 22 B2 L, %58
BV IRRT L 72, BAL 22 W T Fig. 1 I2/R$. PE
ORAHEE, WEOWEY &2 BEIZ, MEHAERDOY
¥, WEFERIMEROF S, LDH 1R 3 JH H T
L, Wihd 1IHH % ER L 72 iEp] % 2xh & 33 L 7-.

W BT B B S, DN R R AL R AR BE i B\ T, A B
FBERAXIHEY, * 7T V2R

WETAT Y 7 ME EZR 2 w7z,

B R

BHEHH % Table 1 [Z/R$. 22 Bilvh, FJ—IX HLA
EEFBBH I8 H, 7VTuBMABITH Y, IEEMIE
BIAY 21 Bl % 15D T 72, 20 BIASHTRLE TR EEES L ¥ A

B, W HAAN 76, 5EHBA2HTH- 7.

TMA ZIERE ORI E Table 2 12773 . F8iE H o
fEIZBHI% dayl3 T, HEBEROFIEN 7B TH - 7=
TA-TMA FRERFIZ M F 445 9% (graft-versus-host-
disease : GVHD) % 5 BICAHE L Tz, fhikkEds %
7BNCER®D, 5 BITIE N TIPRERE B 2 2 L L7z TA-
TMA ZRERD & 7 1) 2 ZEE O ILEIL 6.8ng/ml
ERRBMETH - 7245, 20 BITIEE SITIKEDOXFISA
aAN.

PE %4 % Table 3 127%¥. PE & 15 #1(68.2%)
THITH o7 MRIEROWE L 461 (571%) TH
S5, WY 3 LI ® PE ifT CHMIME Z R TE
7o, ARHERDE L e 2o 7261 Tld, LDH O T =
WRARIMERDWE LD AN ah o7z, APHEE LT,
ARG % 3PNIGRO =AW TH > 72 22RO
k&, WiMAsE 5 L7z aetk o » 5 2l 2 B ImAEFT I
X0, 2BIAPEEAEBIZIELC L7225, PE & OB
EHL L TE R 2o 7.

PE A #hPl & Exhfl % Ik L7 & 25, TA-TMA
FERED & PE BA4G E TOWIM O RAEAS, HR)HIT 4
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Table 1 Patient characteristics

413

Number of patients
Sex

Age (years)
Disease

Donor

HLA disparity in GVHD direction

Haplotype

Conditioning regimen

Disease status

Number of transplantations

Male

Median (range)
AML

ALL

MDS

NHL

Parent
Sibling
Offspring
Cousin
Nephew

Two antigen
Three antigen
Four antigen
Five antigen
Haploidentical
2-haplotype-mismatch
MAC

RIC

others™®

CR

non CR

First

Second

Third

Fifth

22
12
34 (17-69)
11

S = oA W O U W s

—
— W DN

AML: acute myelogenous leukemia, ALL: acute lymphoid leukemia
MDS: myelodysplastic syndromes, NHL: non-Hodgkin lymphoma

GVHD: graft-versus-host disease

MAC: myeloablative conditioning regimen
RIC: reduced-intensity conditioning regimen

CR: complete remission

*Infusion of peripheral blood stem cell with fludarabine/cyclophospha-
mide/total body irradiation for cord blood graft failure

Table 2 Patient characteristics at TMA onset

Days from transplantation

Days from TMA onset to PE initiation
LDH (U/))

Platelets (x 10%/ul)

Creatinine (mg/dl)

Increase of schistocytes (>1%)
Presence of GVHD

Presence of neurological symptoms
Requiring ventilator

Tacrolimus concentration (ng/mil)
Reduced tacrolimus for TMA treatment
Dose of mPSL (mg/body/day)

Median (range)
Median (range)
)
)

(

(
Median (range
Median (range
Median (range)
Number of patients
Number of patients
Number of patients
Number of patients

Median (range)

Median (range)

3 (0-140)
4 (0-79)
1 842 (331-3,523)
5 (0.4-9.7)
1. 85 (0.24-5.17)
13
5
7
5
6.8 (1.7-12.2)
20
55 (10-500)

TMA: thrombotic microangiopathy
LDH: lactate dehydrogenase
mPSL: methylprednisolone

HIE, #Rhplce HEE, APV THEEIZR
Do lzh, RRRMICHEB L v (p=017). Z#
O, RO AR A LW S 2 NI T E d o
72 (Table4).

HEAEIZOWTUE, 100 HEAEAEH 50.0%, 1 FEE4AF

F91% TH - 72 2% (Fig.2), 4 H o5t G hEH o 20
BIASERE M ICEE L7z, 20K E LT, PE fkHE
HIZFETE L7z 2 Bloflicid, TMA 254 B CiEdzst ki
B L, 2NN, R EOELD 6 6, EGE 4
B, S GVHD 1 6, Rtk Saefsht 3 51 & ki
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Table 3 Clinical outcomes after PE in patients with TMA

Response of PE
Times of PE
Combined with hemodialysis
Complication
Heart failure

Cardiac arrest of unknown origin

Anemia of unknown origin
Reason for termination

Improvement

Ineffectiveness

Death

Withdrawal of patient consent

Original disease relapse

Number of patients 15
Median (range) 6 (1-52)
Number of patients 12

Number of patients 3
Number of patients 1
Number of patients 1

Number of patients 15
Number of patients

Number of patients

3
Number of patients 2
1
Number of patients 1

PE: Plasma exchange

Table 4 Factor for response of PE

responders (n=15) non-responders (n=7) P-value
Days from transplantation to TMA onset Median (range 13 (1-140) 11 (0-21) 0.67
Days from TMA onset to PE initiation Median (range 4 (0-15) 6 (2-79) 0.17
LDH (U/]) Median (range 1,503 (311-3,523) 2,046 (474-2,355) 0.72
Platelets (% 10%/ul) Median (range 1.5 (0.4-9.7) 1.5 (0.4-4.1) 0.85
Creatinine (mg/dl) Median (range 1.97 (0.24-4.21) 1.33 (0.43-5.17) 0.79
(a) (b)
1.0 4 1.0
———  responders
— — — non-responders
08 0.8
100-day survival : 50.0%
1-year survival : 9.1%
y o6 P=0.08
3 | 3
£ | s
I | o
0.4 1 0.4
02 - 0.2
0.0 A 0.0
T T T T T T T T T T T T
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Days of survival Days of survival

Fig. 2 (a) &RFOALFMR, (b) MEEZHRO SOBIEDO A T o8 L 72447 i

b7z-7z (Table5).

z =

TA-TMA OFIERE, WHIZ LD IELDENH B4
s i R Rl 42 R > 10~25% & s, TA-
TMA BHED ) A7 ¥ & LTid, Biffk&rE GVHD
DEE, BISEO G, Jeiiks M, HLA s

B, 70y )s2xRyral) WA EA5H S
NTWB9Y g M HLA A#ESRROBIG & 7% 5
IEFITIE, SROORTFEEBE TSI DL 0720,
TA-TMA OFFEHEE D BV, 2D L) IR D Eb
579, TA-TMA (ZxF U CBUERE V. S M7= i3I
L7, TA-TMA % 34E L7258, IO —212 %4
NI ANy =a—1) YIEROBED D\ IEH A
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Table 5 Main causes of death

Total number of patient deaths 20
Original disease (n=06)

relapse 6
Infection related (n=4)

Sepsis

Pneumonia

Brain abscess

T

EBV-associated lymphoproliferative disease
Transplant-related toxicity (n=29)

Acute GVHD

Idiopathic pneumonia syndrome

TMA-related multiple organ failure
Cardiac arrest of unknown origin

—_ s W

Anemia of unknown origin

TN bH, UL ) GVHD HER X N5 T hgtkEas
HhH. FBIZ, ANV =a—") YHER]ZPIEL CHI
BREATOA FICEET L ERTRPEML & v
I HED H S, MkEE N HLA A# A TIIAFICE
7% GVHD 23E L9 <, ¥ 7 1) A ZAD =T
BEIATH) BEDRD 5. SHOMEIZE VT, TA-TMA
FIERFD & 7 1 1) A ZPEEOHRYMEIX 6.8ng/ml TH Y,
FIERF T TRREDOICT Yy br— s Tz, B
DIEFI T, FIED S PEHEATE TIZY 7 1Y) A A3
BEhTwdboon, izl flosTHY), GVHD
DFIE) A7 BEVWD ZIZF 7 a) A ABEEIXH H R
JEMEFIE S D 2R VIRITH o 72

¥ u) AAREHIHETIETE WP E, TA-
TMA AL S 2 551G 2 v 2 EEDS
»HY, 4T PEICEH L THE L7, PE OZ5)=1
22 b 15 61 (682%) T o 72. TA-TMA IZx$ 5
PE OF®HEIZOWT, Oran S, B D PE EAIZ &
DK 60% THRITHo72 LM LY, Kennedy 5 i,
GVHD &8t D4 EAHS PE O BUSTEIC B L, A %X
ZART 27%, GVHD FEEBERET 75% L ity LT 5™,
I 5O PE OFMMEZ R LRIV E RO
72200, PEOBFHMEEIEVEER 7.

PE OFEELEE L LT, ML 7 7 — 7 VIEGens
ety STV 2K L A 47 - T b A X >
k& 27.3% TRRDIZE V) i b A SN 505, RS
T, MM il 1.5 % 10°/ul & ARVIRIECTRIIE L
TWAIZHEDL ST, WA XY M 1B TS
bNT=DOARTH o7z F72, PE HICH 72 2 RGIIE %
RO holz. FOMIZ, OALE 3PNRD 2D,
WIN S TH o 7o RGN B W T PE Z &4
MifTC&72L %25, B, LARICELT, Higsf
#E1M4E (fresh frozen plasma : FFP) ORAFHICE E 1L
BHEHREETF D) 7 AT X AEBBAM I Z T, TA-TMA
BT AT 52 L0 5, ROEMOREEN
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AURME S N7z, MHHENT $ 72 XM R BT 2 OF 0 L
72BN 12 B (545%) T o775, BR#ESB X UKD
ERAHME LT - ERBMICHHTRETH- 72
2d L.

PE i ADAMTSI3 %K Z 3 % TTP 2BV TIdAR)
WAL EN TS, LaL, TA-TMA IZBW T
HMEEZRLIZE LTHZOFIEHL TlE R,
RO IR A 280E - (veno-occlusive disease : VOD) @
FEIZFFP BRI TH B L W) HiEH»AH '™, VOD
& TA-TMA IBMHZOMAF P BEEITER T2 &L v )
W EAH B EH S, PEICL B FFP O KRE#&K G5
TA-TMA ICRWHIRZ b - O3RN H 5 L £ 2 5.

PE O RVEC D 5 EFIZOWT, TA-TMA
FHEH ORI PE AN PR EYEE L2 L W) Hit0'd
59 AROBENI BT, HRIBIO A, TA-TMA
FAED S PE £ TOMMAR R - 72, T OMITHR)
PEZ OB A ERIIFED SN -7 PE #8 AT 5
YiEi2id, TA-TMA BIERIIC T RETH B L E R 72

SRIOMENIBWT, 1VAEEEFFED1% &, Bk
DAT A FNTOUBROBGE R 7 V7 OO
EHRTHTPHEARTH o7 TA-TMA ek L2
b, TN X ZIEAHRE, GVHD of8:, 5123k
FEMIHIBRILIC X 25D A 7 oA &, xR RE
WRAET 2 FEEDH S 0T % o 72, Al D% GeRE 6,
R & D b BB TR IEEMBI OB EHE L, %
DY) A7 HIEEITE  RIERRAIEF IR NE RDDH -
72728, TA-TMA OFFEFHE H B & 72 D15 54K
WTHolzlEZSL, ZOLH)BRRNUTTD, 154
(682%) T TA-TAM »°t# L PE Z BT &, 24
(91%) TEMTFHREEOL TS Z E 25, PEfT
DEESPTFICHLEEZ LN

TA-TMA &, MM HLA A48 o sRm b
ZHIET L TOREDO—DOTH L2, PEIZFDO—W&
% B REVED D B, Sk, MAEE T HLA A& Ao
BRI L7201, Bea RIEA S S 5% 5 HE%
HEDDLFAETH 5.

FHBHO COLBIR R SCR RN L TR 72 L
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PLASMA EXCHANGE FOR TRANSPLANTATION-ASSOCIATED THROMBOTIC
MICROANGIOPATHY IN STEM CELL TRANSPLANTATION FROM AN HLA-
MISMATCHED FAMILY DONOR

V2 Keiko Fukunaga®, Yumi Oshima"", Seijiro Kinoshita", Takanori Watanabe",

)

Junichi Kitagawa
Naomi Usuda", Senji Kasahara®, Junko Ikemoto® and Kazuhiro Ikegame®
"Department of Transfusion Medicine, Gifu Municipal Hospital

*Department of Hematology, Gifu Municipal Hospital

YDepartment of Hematology, Hyogo Medical University Hospital

“Department of Pediatrics, Gifu Municipal Hospital

*Department of Transfusion Medicine and Cell Therapy, Hyogo Medical University Hospital

Abstract:

Objective: HLA-mismatched stem cell transplantation (SCT) from a family donor using steroids for graft-versus-host
disease (GVHD) prophylaxis is useful in refractory hematological diseases, but is associated with many complications.
The purpose of this study was to investigate the efficacy of plasma exchange (PE) therapy for transplantation-
associated thrombotic microangiopathy (T A-TMA) in patients with HLA-mismatched SCT. Methods: Between Octo-
ber 2016 and September 2021, we retrospectively evaluated 22 patients who developed TA-TMA and received PE
after HLA-mismatched SCT from a family donor. Results: Median age was 36 years. Twenty-one patients were in a
state of non-remission, and 4 patients had a 2-HLA-haplotype mismatched family donor. For GVHD prophylaxis,
tacrolimus plus methylprednisolone was administered to all patients. PE was effective in 15 patients (68.2%), and dura-
tion from the onset of TA-TMA to PE initiation was slightly shorter in these cases. Three patients developed heart
failure during PE, although this was reversible. The 100-day and 1-year survival rates were 50.0% and 9.1%, respec-
tively. Conclusion: PE may be effective and safe for TA-TMA after allogeneic HLA-mismatched SCT.

Keywords:
HLA-mismatched SCT, transplantation-associated thrombotic microangiopathy, plasma exchange
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