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Kusumi & &, i) oMo ¥ 2 3 =B
DERBEME L7, BHTARIE, 199905
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lymphoma (FL, A B#ikd Y >~ ~<JE, SLL,
LPL, K M§THilaY < M) 454, aggressive
lymphoma [ F A¥E KAIRAEIBHIAE Y >~ /<l
diffuse large B-cell lymphoma (DLBCL), M
THAKY > ~3[l, FERFE peripheral T-cell lym-
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o3, FKa{bAMIMEY /3 anaplastic
large cell lymphoma (ALCL), (% %&FERT
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LRERERICTT, BB A 7HO0SER2IC
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AR T 2 2 Bl IR EHEBESE T therapy-
related mortality (TRM) Z#& L, GVHD FEDS
Bk o) /3 graft-versus-lymphoma effect
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Stanford X% 6, U v AREEMEEE LU
Aftaiisicn4 2 28 o HlEY total lym-
phoid irradiation (TLI) 800 cGy/10 Fr& & TF
Hilglg#ifE ~ v 71 > antithymocyte globulin
(ATG) % Wi4LiE & L 7z HLA & AR S 5 v 12 F i
A ] 16 R R Y S oL e 5 o L
#Han 7Y, Lowsky, Takahashi & A3H] v 7 B i

Wiz, TLI 80cGy % day —11~—7, day —4
~0iHEfT L, ATG®#|T& % Thymoglobulin®
1.5mg/kg/day #day — 11 ~—Tizf54 5 L
SL¥AyTHol, Fr—idm@134, FEm
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MCL 94, DLBCL 54, CLL Z7i3#1) > /{8
fEQ K54, FL 24, HL 24, PTCL 1 &2 T& -
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THhot-. EhEREERIICRT, B/ BRO
#&1E NHLASR L€ <, HL B X 0SS HlE
NBLEo, I BHIECR/PRELUII=
At 0 @1k GVHD S84E 13, #35% - #fho Y 2
yhifED ot OSOFHRIFETE, =B
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®F o 1E, NHLICH T 2 B0 RERED
% iRt R R R ORS R R L 27
RATR 3, 1990474 5 2001 FE £ TOMMICH
8 T 881 ) () i £ 4 % 2V 7= indolent lymphoma
(FL 374, MALT Y > #Sii 1 ) 384, aggressive
lymphoma (DLBCL 44 £, PTCL, unspecified
224, MIYHENK/THIE Y » o3l #1194,
ALCL 74, MCL 5%, fth) 1114, LBL 844,
2334 CTh oo, FEMhEE 31, (LR
Lo R s aMEE 3, 17% OB EIERE D!
H ), SR CRI239% Td - 7z, HLABE MR
FEERIE 1548 (66%), FEMFFHHEAIL 60
4 (26%) THH, TBIEZEL LY A »I131934
(83%), JETBI L ¥ % 12404 (17%) TH- 1,
FrERe#R2IcRT. TRMIZ984 (42%) T,
2D 68% 2 GVHDEI T H - #z, KBS A 75
DHOSEE3IZRT. HLMBHTIZT, TRMOT

®2 BV /ECHT 3B FEE NS EREEIC Y SMEHR

EE (GEFRE, SR B flEER By 4 7 RTLE L & £ >~
“Kim (2006) ¥ 233 Indolent, 38 TBI-containing, 193
Aggressive, 111 Non-TBI, 40
LBL, 84
“Law (2006) '® 31 Low grade, 2 BCNU/VP-16/CY
Intermediate, 26
High grade, 3
Aksentijevich (2006) ' 45 DLBCL Bu/Cy, 17
Cy/TBI, 22
Bu/Cy/VP-16, 6
Feyler (2007) 2 18 PTCL-NOS, 9 TBI-containing, 6
T-cell leukemia/lymphoma, 5 Non-TBI + Campath, 12
ALCL, 3
Cutaneous TCL, |
wulf (2005) 2" BT PTCL, unspecified, 7 Flud/Bu/CY o
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BRAF A REENY, BEBMHEE 88
GVHDT& b, 0S oA BEAT 2 {Ls sk i,
EEBMEE, BHERERETH>/~ NHLicH
T 5 ARy E R R R R TS B
EMRE i, T —BEOKA, GVHDF
B o5& L, BMila Y > /Bl % T 3 rituximab (R)
% radioimmunoconjugate D% Eic k- T,
TRMPHELZHE THENSH D LEELD.

C. WM"Y v /EICHT 2131

MD Anderson#s A £ » # — (MDACC) @
Khouri & 1%, (LM ZEDSH 2 PFFFEFLIC K
TH2RKEBREZMHL - ARBHE LU =B
A& L =Y, ARBHE2]1 42 Cy/TBl/ X
BtR (841) & % \v» 12 BCNU/VP-16/cytarabine/
melphalan (BEAM) /KHR (134) %, I =4
47412 Flud/Cy/ KBtR = 2h FhZ 7. K
BROBER 7Y 2 — 12, BMNT (AFKBMO
Wi, RO 7 o OPAR (LA REEIENT B & L &

day 7) @2@E#&5 (#[EE375mg/m?, 2[EH
{2 1000mg/m?) L BH#D 265 (day 1 & &
£ 812 1000mg/m?/ [E) T& - 7z, HLA#@&Efa
Pz FIUTERBME, huf I —BREER L
fo, WIBFE LEMPRESIML LBHEWRICE
2 ehofchs, FIREBAERE I 2 W W LU kE O #)
& ELFEREL P A Y B4 EoWEYTR L, B
FERHEHEABREMNITEEN T/, ARB
filis & U =—BHDIFEOS, SEMHEFNE
disease-free survival (DFS), TH% /I9ME#I& 0L,
84% %f 84%, 84% %85%, 5% W3% T H - 7=,
R, AFBHETE - XEANKB2E, 740
AR 1 B THo71h5 I =BHiTIL A GVHD
24, 18YEGVHD 24, FH1 ZTH-1. KRt
REGHL 72 2 —BHUIZAFBH L AS0R et
LEDEMNHER SN, X5 IcBMoOS,
PFS, PDOEMIc>WTLHERA LA, 0¥
LSRR SEO Ry EEh 5,

WM — % W DFS/PFS 05 BEGVAD Wi TRM i/
st I~ IV Ji GVHD 1

BM, 159 31A4H  36% @5y 39% @5y 39% 48% 42% 21%

PBSC, 70

Others, 4

PBSC, 27 11570 44%@sy 47% @5y 29% 39%  31%  29%

BM, 4

BM, Tlilaps® 514FH (+)563% @3y (+)52% @3y  38% (1~1V) 24% 51% (+) 30%

(—) 6% @3y (—) 12% @3y (—) 75%
PBSCor BM 574 H 33% @3y 39% @3y  33%  17%  39%  28%

PBSC THH 40% 50%  30% 20%




162 Annual Review Iii¥ 2008

10
os}
08} :
o7} i

[T

Indolent (n=38)

06f
05F °
04f

[LBL (n=84)

oS

Aggressive (n=111)

¥ [ e T 1

03
0.2F
0.1F
0.0

p=0.132

Logrank
G. Wilcoxon p=0.065

b

5 6
i

2 3 4

0] 1

=3
LBL: lymphoblastic lvmphoma
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#HiE ) Peggs & 12, MHHL49AICHT 2 2 =
BRI O R 2 ME L 27, #2418 13 Flud/Mel
140mg/m?/Alemtuzumab, GVHD F iz CSP T
St Fr—idmE3l 4 LEmE184/TH-
7o, HEBHMEICHE - R L2 EFH90% %
o, BRIFOFEBROINIEIZCR £ 7212 CRu
16%, PR 51%, A i31%, 20H¥5E K HETT 2%
ThH ot FMPRES2E, L A v Bh 5,
ZWin o RS £ coE b RiEd.8 5, B
FBhEA» S FEBEE OB B RE2.3F T
=7z, FF+—1 »/3KEE donor lymphocyte
infusion (DLI) HRHE{TORFS TOIN~IVED SR
4 GVHD FE5EMIAE (2 16%, @t GVHD (2 14% T
Hhot:, BEEIVADRCEEFES S IZEL
rREEZETA16/CH L TDLIZMfTL 2 &
Z 2, DLI#O%E%H9 % (56%) (CR8 %, PR1 #),
Y GVHD 6 & (38%), 1@ GVHD 54 THh -
7-. 24ENRM 16% (if 7%, FEMFR34%, p=
0.0206). @0 HLIZ 4 2 B i 86 @ i fs
WONRM L h LSz {Eho e, [I~IVIED

7 8 10 Il.]2
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B v/ EICHY 2 ERERNEEENHERBEOLETES

(SCHk 5 & D 2eZE)

BYEGVHD % 7013 £ 5 BB GVHD % FAE L -
B, O~1Eo 2 GVHD F /- (3 RR B 81
GVHD % 564 L 7 0 L i~ THES P A VH
Bi7idh -7 (20% % 50%, p=0.3263), 4408
56% (Mg 62%, FEM#R45%), current PFS 39%
(I 42%, JEinaE34%), Biikio) disease status
=L @ OS (FFEAFF CR £ 7212 CRu 100%, PR 51
%, AIE36% (p=0.0398), BiHOFEERO
{RIE 2 & @ current PFS 2 fililff CR % 72 1 CRu
83%, PR 34%, FI22% (p=0.0389) TH-1:,
Peggs & (&, MRFMBEATIENRMD Y A 253
{€vs@¢, ['"®F] FDG-PET/CT LA L #- LT,
Eh R AMBAE AL L ERELTVS,
CIBMTR #: 5 HL 146 %2 % 4 2 HLA#E & JF
Mg = — SO R wE s, Lo
CHeh LS, HRBMES%, (LyRERZY
ZLS5I%OHLEFEICHL,
conditioning (65%) & % v»{% nonmyeloablative
conditioning (35%) #Hl 7, EhERERI]
o, HidHEZE S £ O Karnofsky performance
status < 90% 23 TRMD ) Z 7EFTH -1z, B
WAL E DREE £ TRM, 7%, PFS, OS, %C

reduced-intensity
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ThoIE2ERTILE, AHRDOTRMZFE
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E. Radioimmunotherapy Z#tBU
IZPtE

Bififa ) o fiiic 4 3 ¥ A 5 B CD20 HifE
rituximab QKN H AL BEZINT VS, I
A T, #1CD20 radioimmunoconjugate (= ] 4
7R b ARz 5T 272, radioimmuno-
conjugate i3 JERERILE %2 LB 2 iAEE 2 R4 B
L, SB0RBIARVICHfFENITHTHS,
EI S MO/ 24 & L T radioimmuno-
conjugate % i 7415 L HIRH T w2,

ST P I =BHICE 3 PY-ibritu-
momab tiuxetan & B 55 11 GV 0 D S 55
Ens'Y fimEL P 2 ik, Zevalin 0.4mCi/
kg (day -14), Flud 30mg/m® (day -7~-5),
TBI 2Gy (day 0) T&-7. FF—IizHLA#E
DOMm&s s LIFEMBREBLTH -2, BEHFRE,
EMP ST, L2 A o Hhdfiie, AFE
K HE 36%, b2 k@324 4 L 100%, LDH &
ti36%, ~— A 74 ¥ & 7 MER WL 57%,
25% Ll o EHEM36% THo . FEAuMERE
KlwrT, £ETFREE(, 2ACEVTday
28 1o 517 5 CD3/CD33 ¥ X 1) A L80%LL E
FH+—%4 7%#EKL, day 100 EICE T S
NRM &, e o 7=, D 24 GVHD 34 13 %
{, NEDBHGVHDHAELTHTH -7, 1A
A8 5CRIZ 1A, PRIZ6A, FEIRS
HTh-ot, FHEBORMEICL 334, day
100 LUk ) GVHD + BRAEIC & T 2H T
Hot:,

MDACC#%:6 & [ OHEIZ > THENH -

Y ABRFE-4, B oMo o s FARE 0 163

7' B#MifaY o AEBETRICKL, day-14
iz Zevalin 0.2~0.3 mCi/kgx £ & L - kT,
MDACC % fiE# 4 & bafT L Tvs % Flud/Cy/ KER
ICk3I-BHSERSNL BEERIZ, 58
FRES56, CR 14, PR5SE, (L¥EREFKEI
HThoT, FURBBERICTT, £8T£R
%4, FHECIE28 (FEREBEOMEL A, B
fE+GVHD 14) Thot:,

Zofth, MALT Y > /ilfi#*s DLBCL~D BT
FRO-BEE LUMCLOBE Iz 2 D
RAI2LT, FAYOIL—ThoBMEINT
Wwa 12

XE FDA T2 *Y-ibritumomab tiuxetan (Y-
Zevalin® ) & k& Yositumomab ( '¥'1-
Bexxar® ) 53 TICRBEINLTEN, HETY
YY-ibritumomab tiuxetan ¢ & 2L A H A T
3, BHEIZEWTH, radioimmunoconjugale
RIALEE L-ERBACAEBMOLEELf
ThHE % W RiE 3 5 PR 3B DRl - HMEE Bk
HHEEND,

LIV

FERIxF Y AlELURS X Al
w5 S Mo O@ME L Vv (2
R L7, Y oAMIC T S R A O T
iz, BAENBKHESKEEE HHTED,
I E X OV IHE T = B U O W &5 A5k
Sz A7 vs, Selection bias Z M PEER L, R
BROEBLYA 7 eWeicT2HNT,
PIMRGHE S % I EHR (LSRR DR 5 & 1 L
ARG, OEN AR O 2 E
KRB EBENZ LA FENS, 2DHIC
i3, (LR Py 2 WM & 1 2 MBI HHIE,
B ) Al ¥ A= b EOEEHSAF KT
H5, £, BRzEY 3 —HoOBKRBPEE
BEMABNMCcE G 2RATHEBO LG Y ~
AcHT S L ~BEERREO L 91, §HEO
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ESAGBE ) o CHIERIZ R T D AR RN B #ila )
7\l (mucosa-associated lymphoid tissue (MALT) 'J
> \M) 1, 1983 fF1Z Isaacson STk DM S /-
MKT, TORIZEWEENA REAL 455 LU WHO 4
BT ByLrERBEELTaEEIN"Y, MALT Y
SRR, REARTE B PEEEE AR IR B MR 2%
T BEOEHEBEORELEZRTEVIFUND
549, RfHMISIZRETSEE) > MK THD, W
") RBOR 8% ELDHBLEDITENY, F0£
<IEMALT U >l TaH A2, £/ RMAREICHEE
T5N 1 MOph T, REAL #8iZ/id WHO 28T
MALT U >/l &S g2 hi- B, fomBfmio
MELZEARTRNFATERETT I ENMESNTLSSY,

IRFHIMER IS¢ B M) 2 73R, K BELERES L,
ISR, W, EE»SHETLIHOT, Zhs00
Th, HELREMROBLIZY > RENEHSH
Ao MEDLEHMDIZDWT, Knowles 5t 108 # 90
# (83%), White S i 80 b 49 7] (61%) B
THoltMiELTED, RBEDEMD ZRTBHEH
FNEWADMY, HigAERE LTI, MO MAESIR
MEHMERICADS I EMELS, FOM, RIEICHEA
FHEBERLCREAR TRESHEBEOERMNE SN DY,
A CIRMR OM A TG & L TS N5 2 &8 005
REREROBLEIL<OMEY—E 2 E 2 OGRS
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Fig. 1 Overall survival and progression-free survival in all patients with primary
ocular adnexal MALT lymphoma. Adapted from Tanimoto et al. with modifica-

tions'".

Table 1 Univariate analysis of initial management affecting overall survival and progression free survival,
Adapted from Tanimoto et al. with modifications .

probability (%)
theraps 10-year viitle 10-year lue
overall survival L progression free survival Py
Initial management

radiation 923 0.284 722 0.053
chemotherapy 771 41.6
chemotherapy with radiation 100.0 50.0
observation 93.5 46.1
radiation containing 93.3 0.091 70,7 0,016
no radiation containing 89.6 45.1
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Fig. 2 Overall survival and freedom from requiring treatment in patients who
were managed with no initial therapy. Adapted from Tanimoto et al. with modifi-

cations ™,
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Fig. 3 Overall survival according to their initial treatment: immediate initial therapy
cohort versus no initial therapy cohort. Adapted from Tanimoto et al. with modifica-

tions ',
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RohsHBEDD S, BHMRHEEZROD-HOR 34 4

Table 2 Result of interphase fluorescence in situ hybridiza-
tion (FISH) analysis.
Adapted from Tanimoto et al. with modifications ™.

No. of patients (%)

t(11;18) 0(0%)

1(14;18) 1(3%)
trisomy 3* 21 (62%)

trisomy 7 2(6%)

trisomy 12 0(0%)
trisomy 18** 16 (47%)
trisomy 3 and trisomy 18 8 (24%)

MALT 1 gene amplification 1(3%)
normal 6 (18%)

* There were eleven patients with trisomy 3 alone, eight
with trisomy 3 and trisomy 18, one with 1(14;18) (q32;q21),
and one with MALT 1 gene amplification.

“* There were eight patients with trisomy 18 alone and
eight with trisomy 18 and trisomy 3.
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Impact of T Cell Chimerism on Clinical OQutcome in 117
Patients Who Underwent Allogeneic Stem Cell
Transplantation with a Busulfan-Containing
Reduced-Intensity Conditioning Regimen
Bungo Saito, Takahiro Fukuda, Hiroki Yokoyama, Saiko Kurosawa, Toshihiro Takahashi,

Shigeo Fuji, Noriko Takahashi, Kinuko Tajima, Sung-Won Kim, Shin-ichiro Mori,
Ryuji Tanosaki, Yoichi Takaue, Yuji Heike

Within the concept of reduced-intensity stem cell transplantation (RIST) there is a wide range of different
regimens used, and litte information is available on the clinical impact of chimerism status in patients condi-
tioned with a busulfan-contining regimen. Therefore, we retrospectively reviewed lineage-specific chimerism
and the subsequent clinical cutcome in |17 patients (median age, 55 years; range: 29-68) who underwent bu-
sulfan-containing RIST. The conditioning regimen consisted of busulfan (oral 8 mg/kg or i.v. 6.4 mg/kg) and flu-
darabine (180 mg/m?, n = é4) or cladribine (0.66 mg/kg n = 53), with or without 2-4 Gy total-body irridiation
(TBI) (n = 26) or antihuman T-lymphocyte immunoglobulin (ATG; 5-10 mg/kg: n = 31), Chimerism was eval-
uated with peripheral blood samples taken on days 30, 60, and 90 after transplantation by polymerase chain
reaction (PCR)-based amplification of polymorphic short tandem repeat regions. The median follow-up of sur-
viving patients was 1039 days (153-2535), The percent donor-chimerism was significantly higher in granulocyte
than T cell fraction throughout the entire course, and the median (mean) values were, respectively, | 00% (96%)
versus 95% (83%), 100% (98%) versus 100% (89%), and 100% (98%) versus 100% (91%) at days 30, 60, and 90
after RIST. In a multivariate analysis, having received <2 types of chemotherapy regimens before RIST was the
only factor that was significantly associated with low donor T cell chimerism (<60%) at day 30 (hazard ratio
[HR]: 6.1; 95% confidence interval [CI], 2.1-18.4; P < .01). The median percentage of donor T cell chimerism
at day 30 was 9% (0%-63%) in 5 patients who experienced graft failure, which was significantly lower than that
(97%:; 15%-100%) in the rest of the patients (P <.01). No correlation was found between the kinetics of T cell
chimerism and the occurrence of acute or chronic GYHD (aGVHD, ¢GVYHD). The stem cell source and the
addition of TBI or ATG were not associated with the degree of T cell chimerism, overall survival (OS) or
event-free survival (EFS), In a Cox proportional hazard model, low donor T cell chimerism of <60% at day
30 was associated with both poor OS (HR: 2.2; 95% ClI, |.1-4.5; P = .02) and EFS (HR: 2.0; 95% CI, I.1-3.8; P
= .02). In conclusion, we found that 43% of the patients retained mixed donor T cell chimerism (<90% donar)
at day 30, whereas 92% achieved complete chimerism in granulocyte fraction, Low donor T cell chimerism of
<60% at day 30 may predicta poor outcome, and a prospective study to examine the value of early intervention
based on chimerism data is warranted.
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT)
with a reduced-intensity conditioning (RIC) regimen
has been increasingly used in patients with hemato-
logic diseases who cannot be candidates for conven-
tonal HSCT bhecause of age, medical comorbidines,
or prior failed myeloablative SCT. Many different
RIC regimens are currently in use, but most of them
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incorporate fludarabine (Flu) as a background agent in
combination with other drugs including cyclophos-
phamide (Cy) [1], melphalan (Mel) [2], busulfan
[2,3], low-dose total body irradiadon (T'BI) [4], antth-
ymocyte globulin (ATG) [3], and alemtuzumab [5].

RIC regimens have been investigated in the hope of
reducing toxicity, whereas their engraftment potential
and antileukemia effect rely mainly on the expansion of
donor-derived cells and subsequent immune-mediated
graft-versus-leukemia (GVL) effects [6,7]. In this set-
ting, lineage-specific chimerism analysis to assess the
origin of lymphohematopoietic cells becomes particu-
larly important for identifying patients at risk for graft
failure/rejection, graft-versus-host disease (GVHD),
and relapse or progressive disease (PD) [4,8,9].
Because the posttransplantation chimerism status is
based on a fine balance between the cytotoxicity or im-
munosuppressive potential of the regimen used and the
recipient’s reserve inmunocompetence, each RIC reg-
imen should be evaluated individually for chimerism
kineucs [1,4,10-13).

Compared with a regimen that includes Flu and
Me, it has been reported that the combination of Flu
and i.v. Bu was associated with improved survival in pa-
tients transplanted in remission, which was more fre-
quently associated with mixed chimerism  [2].
However, very little information is currently available
on the clinical impact of lineage-specific chimerism
status in patients who are conditioned with a Bu-con-
taining RIC regimen. Therefore, we examined the cor-
relation between specific patterns of lineage-specific
chimerism and subsequent clinical outcomes.

PATIENTS AND METHODS

Patients and Transplantation Procedures

We retrospectively reviewed the medical records of
117 patients who had various hematologic malignan-
cies and underwent allogenic HSCT with Bu-contain-
ing RIC at our hospital from January 2000 to
December 2006, The reasons for selecting RIC
regimens included older patient age, medical comor-
bidities, and prior failed myeloablative SCT. The
patients’ characteristics are summarized in Table 1.
The median age of the patients was 52 years (range:
29-68 years), and the hematologic malignancy in-
cluded acute myelogenous leukemia (AML) (n = 23),
AML evolving from a myelodysplastic syndrome
(MDS) (n = 16), acute lymphoblastic leukemia (ALL)
(n = §), malignant lymphoma (n = 44), MDS (n =
16), chronic myelogenous leukemia (CML) (n = 9),
chronic lymphaocytic leukemia (CLL) (n = 1), muluple
myeloma (MM) (n = 1), and atypical CML (n = 2).

The conditioning regimen consisted of Bu (oral 8
mg/kg or iv. 6.4 mg/kg) and Flu (180 mg/m’, n =
64) or cladribine (0.66 mg/kg, n = 53), with or without
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Table |, Association between patients characteristics and
donor T-cell chimerism at day 30

T cell chimerism at day 30

Toml <60% =60%
Characteristics (n=117) (n=18) (n=199)
Patient age, years
Median (range) 55 (29-68) 57 (35-66) 54 (29-68)
<55 56 (4B%) 6(33%) 50 (51%)
=55 61 (52%) 12 (67%) 49 (49%)
Drseases type
Acure leukemia 44 (38%) 5 (28%) 39 (39%)
Lymphoma 46 (39%) 6(33%) 40 (40%)
MDSMPD 17 (23%) 7 (39%) 20 (20%)
Disease risk
High 91 (78%) 15 (B3%) 76 (77%)
Low 16 (22%) 3(I7%) 23 (213%)
No. of prior chemotherapy regimens
=2 77 (66%) 6(33%) 71 (72%)
‘! 40 (34%) 12 (67%) 18 (28%)
Donor
Unrefated 32 (27%) 2(11%) 30 (30%)
Related B5 (73%) 16 (89%) 69 (70%)
HLA
Match 90 (77%) 15 (83%) 75 (76%)
Mismatch 27 (23%) 3(17%) 14 (24%)
Stem cell source
G-PBMC Bl (69%) 13 (T2%) 68 (69%)
Bone marrow 36(31%) 5 (28%) 31 (31%)
Conditioning regimen
1CdA/Bu 14 (21%) 4(22%) 20 (20%)
1CAAIBUIATG 18 (15%) 4(22%) 14 (14%)
1CdA/BUITBI 1 (9%) | (6%) 10 (10%)
Flu/Bu 38 (32%) B (44%) 30 (30%)
Flu/BulATG 11 {9%) 1 (6%) 10 (10%)
Flu/BulATGITBI 1(2%) 0 (0%) 1(2%)
Flu/BulTBI 13(11%) 0 (0%) 13 (13%)

Acute leukemia (n=44): acute myelogenous leukemia (AML: n=13), AML
Iving from a myelodysphstic syndrome (n= 16). and acute lymphoblas-
tic leukemia (ALL: n=5); Lympl (n=46): malig lymph (44).
chronic lymphocytic leukemia (CLL: n=1) and multiple myeloma
{MM; n=1): MDS/MPD (n=27): MDS n= 16 and MPD including chronic
myelogenous leukemia (n=9%) and atypieal CHML {n 2): G-PEMC indicates
locyte colony lating factor: d peripheral blood mano-
nu:lur cells; 2CdA. chdribine: Bu, busulfan; Flu, fludarabine; ATG, ant-
human T-lymphocyte immunoglobulin: TBI, total-body irradiation,

2-4 Gy TBI (n = 26) or antthuman T-lymphocyte im-
munoglobulin (Fresenius Biotech GmbH, Germany)
(ATG; 5-10 mg/kg, n = 31).

In Japan, only bone marrow is permitted as a stem
cell source in transplantation from an unrelated
healthy volunteer donor. In the setting of nonmyeloa-
blative SCT from an unrelated donor, the sustained
engraftment rate has been reported to be lower for re-
cipients of bone marrow than for those given granulo-
cyte colony-stimulating factor-mobilized peripheral
blood mononuclear cells (G-PBMC) [14]. Therefore,
low-dose TBI was also added to the conditioning reg-
imen in 25 of the 32 patents who underwent reduced
intensity stem cell ransplantation (RIST) from an un-
related bone marrow donor to facilitate engrafiment.
Recipients of HLA-mismatched grafts tended 1o re-
ceive ATG-containing conditioning regimens (20 of
the 27 recipients of HLA-mismatched grafts [74%]
versus 11 of the 90 recipients of HLA-matched grafts
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[12%]). Prophylaxis for GVHD consisted of cyclo-
sporin (CsA) alone (n = 55), Cyclosporin with short-
term methotrexate (sMTX) (n = 38), tacrolimus alone
(n = 13), or tacrolimus with sMTX (n = 11).

In 81 of the 117 patents, the source of stem cells
was G-PBMC from a related donor, which contained
a mean of 3.3 x 10" CD34" cells/kg (range: 1.5-7.0
% 10° CD34" cells/kg) and 8.7 x 10" CD3™ cells/kg
(range: 6.4-86.1 x 10" CD37 cells/kg). The other 36
patents received related (n = 4) or unrelated (n =
32) bone marrow, which contained a mean of 2.9 x
10" total nucleated cells (TNCykg (range: 0.97-6.53
% 10" TNC/kg).

A total of 9 patients received donor lymphocyte
infusion (DLI), mainly after day 90, and all of them
received DLI for relapse of disease. There was no patient
who received DLI for low donor T cell chimensm.

Informed consent was obrained according to the

Declaration of Helsinki.

Definitions

Graft failure was defined as (1) failure of absolute
neutrophil count (ANC) to surpass 500 /mm” at daX
30 after HSCT or (2) decrease in ANC <100 /mm’
at 3 determinations after the inital engraftment or
(3) absence of donor T cells (<5%) before relapse, dis-
ease progression, second HSCT, or death. The diag-
nosis and clinical grading of acute and chronic
GVHD (aGVHD, ¢GVHD) were performed accord-
ing to established criteria [15-17], Complete remission
(CR) was defined as according to the International
Workshop Criteria in AML [18] and lymphoma [19]
patients. Low disease risk was defined as AML or
ALL in first CR, MDS-refractory anemia, and CML
in first chronic phase. All other diagnoses were classi-
fied as high risk.

Chimerism Analysis

We assessed donor-reapient chimerism by the
polymerase chain reaction (PCR)-based amplificaton
of a polymorphic short tandem repeat region, Chime-
rism was evaluated using peripheral blood samples on
days 30, 60, and 90 after transplantation. Samples were
separated using Ficoll-hypaque into mononuclear cells
and a precipitate that included red blood cells and
granulocytes. Mononuclear cells were further sepa-
rated into CD3-positive and -negative fractions with
immunomagnetic beads (CD3 Magnetc Partcles-
DM, BD Pharmingen, San Diego, CA). Granulocytes
were collected by lysing red blood cells in the precipi-
tate. Briefly, DNA was extracted from selected cells us-
ing QIAamp DNA Mini Kit (QIAGEN, Hilden,
Germany). Multiplex PCR was performed using
primer sets (AmpFISTR ldentifiler Kit, Applied Bio-
systems, Foster City, CA). Five-color fluorescence de-
tection was performed on an ABI 3100-Avant Genene
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Analyzer (Applied Biosystems). For each STR allele,
the area under the curve for the corresponding signal
was automatically processed using GeneScan 3.7 soft-
ware (Applied Biosystems). The percentage of donor
cells was calculated as (area signal donor)/(area signal
donor + area signal recipient). The range of the error
of chimerism was regarded as 5% at our laboratory
(Heike et al., unpublished data).

Statistical Analysis

The chi-square test, Fisher's exact test, and Pear-
son correlation coefficients were used to evaluate the
association of percent donor chimerism with various
clinical factors such as patient age at the tme of
RIST (with 55 years as a cutoff), disease type (acute
leukemia, MDS/myeloproliferative disease [MPD],
lymphoma), disease risk (high, low), stem cell source
(G-PBMC, bone marrow), serologic HLA matching
{match, mismatch), and conditioning with TBI (yes,
no) or ATG (yes, no).

Overall survival (OS) was defined as the time be-
tween stem cell infusion to death from any cause.
Event-free survival (EFS) was defined as the ame
from stem cell infusion to graft failure, PD, or nonre-
lapse mortality (NRM), whichever occurred earlier.
OS and EFS were esuimated by the Kaplan-Meier
method [20], The log-rank test and the generalized
Wilcoxon test were used to compare the probabilites
of survival after HSCT over tme across patient sub-
groups. Multiple Cox regression models were used
for multivariate risk factor analysis for OS and EFS.
Clinical factors evaluated in the OS and EFS analyses
were donor T cell chimerism at day 30 (with 60% as
a cutoff), patient age at the ume of RIST, disease
type, disease risk, stem cell source, HLA martching,
and condivoning. Logistc regression models were
used for multivaniate risk factor analysis for low donor
T cell chimerism (<60%) at day 30. Clinical factors
evaluated for the nisk of low donor T cell chimerism
at day 30 were number of prior chemotherapy regi-
mens (=2, <2) and donor type in additon to the van-
ables mentioned above. We considered 2-sided P-
values of <.05 to be stanstcally significant. Statstical
analyses were performed with SAS version 8.2 (SAS
Ine., Cary, NC).

RESULTS

Kinetics of Chimerism

Whereas 43% of the patients retained mixed donor
chimerism (<90% donor) in the T cell fraction, 92%
achieved complete chimerism (=90%) in the granulo-
cyte fraction at day 30 after RIST (Figure 1). In the pe-
ripheral blood mononuclear cell (PBMC) fraction,
72% of the patients achieved complete chimerism



