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Table 4 Comparison of acute toxicity according fo treatment arm with Japanese registration
International study'? Japanese registration
MTX1 arm MTX3 arm MTX1 arm MTX3 arm
1,025 courses 1,025 courses 129 courses 129 courses
................................................... I) U P
% of courses % of courses % of courses % of courses
Reported toxicity with toxicity with toxicity with toxicity with toxicity
All types, all grades 97 92 .002 100 95 014
Severe toxicity 83 68 <.0001 96 78 <.0001
Hematologic toxicity, grade 3—4 79 64 <.0001 95 74 <.0001
Infection
Infection, grade 34 6 5 32 2 2 645
Infection, all grade 50 32 <.0001 53 29 <.0001
Other toxicity, grade 34 32 16 <.0001 28 21 181
Stomatitis, grade 34 21 6 <.0001 5 0 .007
Liver toxicity, grade 3—4 13 10 06 21 17 41
Miscellaneous, grade 3—4 7 5 13 6 4 39

BN ZB& 0k, BiEtsd, EREREBHER
ERBEORETH D EMREIN. REFOBRI,
A%, /N ALCLITxHd 2 % 7= 7 BB H PR 3 B & Bh
T5ET, FRAKBEREEASNS,

ERNBR G OHEF & ERERABRERS O LEichn
T, RBRBEHOAYE LE2ENARTH > BRI
13, MBRICHERINEERORE - BHEIET 5 AHE
OHI5T, EEMEOEYFNSEOE, £iE - BE
BEOEWLE, IEIEARERBRBIN TS AL
MAHERE NS, BEARICERL, EH0OME - B
B2 NEEZOBEBORIESEEDOVLEDTH BN, &
EOHEHIZBWT, IN5OEROEBORIMHHIFER
HHRNEITIES 2o,

AR ALCL 2 30% K BF 24U 5, ALCLI9RL IT
BWTH, EIEBEID TSR 352 Fid, 84 FlICHER
WG INE, BFALCLICHT ABEIREH/TD
D, GHMESEEZSOITIERBEENBERINTY
BB EOT vy —A M TA VERERERINE
PREEPR BB REIE, B ALCL TN T 2 EHREOE
BICHEMT B ENFRELEZ BN S,

ALCL99-R1 iZ/h B ALCL D) 7T0% 1A N> N
B EN2BEEFRLEDBOD, ABREETS 4~6
N B OREERE, BHAREOY A MBERINDTI
FALE, 7> bSUA 70 CBBOFRREOREN
BEINTNRSE, 77y—ANT71 RBOIERIHBED
720IZiE, #17, ERICEET YA VEFOm®E,

HER OB ANMEINS, RV, 1FZUT7DT)—
&b, ALCL 02RO, &8 PCRIEICKL D FEME
ENBEH, KT ALK O —HEY, BXUm
TEPL ALK IR 28, T, BRICBEET S 2 E0NH#H
HEXN T3S, EICNHL, BXUJPLSGIE, /NE ALCL
T B R EREERRBORERE LT, EBPCREE
X5 B RMMEFO ALK 38— BIOMmMBR
ALK Hiikfi O flE OB OB D A EHEIT TS,
E R KRR ALCL 72 ZHEE OB WNBY 2N E
T HEMBEOEHEIEMTEHEELEAOND,
EHBRERBRBRICBL TREEINAEBRIZDWT, 2EO
ENEEFITB W TRBROER 2HERT S 2 L13, HE
DIEWERIZHN T 2 EERBER IR T D HEQVDED L
EZAI5ND, —HT, BOMEREERE L HEES
DEAIELTE, HEBEERABRSNEECBT 258
ERIRRICED DR, 1B HRRUIRBAS, ER
HHIOBNRE, BRMRDENSEEIDEIANE
HHxND,

E
ALCLY FFEICBMEN=BER BIXUZTOIX
% RBBERHEY, BIUERT—¥2ERVEEFN

EEEEOER BIURMRRBHWEENETR
TOBBREREHRLET.
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Analysis of Japanese Registration from the Randomized International
Trial for Childhood Anaplastic Large Cell Lymphoma (ALCL99-R1)

Tetsuya Morr', Reiji Fukano®, Akiko Sarro®, Tetsuya TAKIMOTO?,
Masahiro SexiMizu®, Atsuko Nakazawa®, Masahito Tsurusawa®, Ryoji Kosayasur’,
Keizo Horie®; Japanese Pediatric Leukemia/Lymphoma Study Group

! Division of Leukemia and Lymphoma, Children’s Cancer Center, National Center for Child Health and Development
% Clinical Research Center, National Center for Child Health and Development
3 Department of Pathology, National Center for Child Health and Development
4 Department of Pediatrics, National Hospital Organization Kyushu Cancer Center
5 Clinical Research Center, National Hospital Organization Nagoya Medical Center
6 Advanced Research Center, Aichi Medical University
" Department of Pediatrics, Sapporo Hokuyu Hospital

Key words : ALCL, Childhood, International clinical trial, Collaboration

The randomized international trial for childhood anaplastic large cell lymphoma, (ALCL99-R1) involving European
study groups and a Japanese group, compared six courses of methotrexate 1 g/m® over 24 hours with an intrathecal
injection (IT) (MTX1 arm) with six courses of methotrexate 3 g/m? over 3 hours without IT (MTX3 arm). In this report,
data from the Japanese portion of the trial are compared with the results of the international study. Overall, 352 patients
were recruited for the international study, and 44 of these patients were from Japan. Median follow-up times were 3.8 and
3.5 years, respectively, in the international and Japanese studies. The two-year event-free and 2-year overall survival rates
of the international study were 74% and 93%. The corresponding figures for those registered in Japan were 812 and
96%, respectively. Clinical characteristics and outcomes of patients were similar in the two groups. Incidences of grade 4
hematologic toxicity, infection, and grade 3 to 4 stomatitis, which were reported to be statistically significantly higher after
the MTX1 arm in the international study, were also statistically significantly higher after the MTX1 arm for those
registered in Japan. Results of ALCL99-R1 treatment in Japan were essentially the same as in the international study. The
international study is anticipated to contribute to establishing an optimal treatment for ALCL, a rare childhood lymphoma.
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Key words
FERYVF U INE

A i

DFEHTRR
“JU“JI \"ﬂi

INRIERIF U 2 JEEOERIRHREIC T DIEENTAEGBRERINTND. &
HIFBREEIC KD 80%LLEDNEY V) (EEERIDELL EBHEFLEERFT D, SOICRIAT
&, JuF, FOVUFF—CEHEEEFEDFIENBESERIORREIED SNTND. IEIER
IFUVNEBOZEICKRUTE, ERG2ZE, REEFOIRENEVNC EZaRE LA

FRECHD.

(1 m |

Y SRR ADE 7%, 1/100,000 A
DFEAEBED Y ¥ 7R Sk o B < &
5. RHAMBGE» SR YF Y V3 E (Hodg-
kin lymphoma:HL), FE& ¥ F » U ¥ 73E (non-
Hodgkin lymphoma : NHL) 2K &N 5. K
W O/MBENHLIZE 5 —F v Y V23 E
(Burkitt lymphoma : BL), O°F A1 Kl gAY
BHiRaPE Y » o8 fiE (diffuse large B-cell lym-
phoma : DLBCL), U ¥ 83EERME Y ¥ /3
(lymphoblastic lymphoma : LBL), #Z1bAHl
Ja &Y > o3JE (anaplastic large cell lympho-
ma : ALCL) 483N 5. NHL i 10 sl k&
DFIEDZ L, JEAKRMIEBEETH L. FFRH
P#ERE B Mgty 8 E (primary mediasti-
nal B-cell lymphoma) 2k &, BIRICEHEET
B AH. NHL &/ W8 K% %S & 6 &
(AIDS) BAMRAET 2 EBMHERE L LThok

FETUT I ERRZEINER
T 216-8511 #%||R) ISHERIXELE 2-16-1

FEIR - REAKRDOOSND. e, BRPASHIEDSHE - WL, SRUEENDEDHB EEE

bHEED R, EEMTRIET S & dP%RL
v, R TVICHARNBILE - 25AF R BE
BB Y Yo EORHMR B E RS

WA

| M

CUNBY Y oSIEO EHE A SR R T B

A, U Y SERAG BRI B W THURZ A RS
FIRE BB R TR E 2 E T, BN RE
T AR R B B ) A RS & I L O A L 7o
REHEMINT0E, FREBHRE, BEBHE
% EOMBMERE KT L72RIW T, Ep-
stein-Barr virus (EBV) &¥: X ) BRiEY ~
INBEREPERR R (post-transplant lymphoprolife-
ive disorder : PTLD) #3JET A L5 5.
2 TRRE

NHL @ i ik fir %2 400 g, 58 78 V0 BEHL AR 2L 12
IOEZY, WHE BRGREZETHS. HE
DEWHMORRRE, BIRBRORNHEZ LTI T.

a. \—Fv hUVJE (BL)

BEIGESTET, LIZLEAaALEE &t
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®1 HAMNRME - PAFREBERICHITD) /N EORER

BERER (2008~2010 4E)

; B 2008% | 20095 | 2010%F
=L AR A=Y ik 532 504 478
p=ted=teashiny 184 193 182
RIOF ) NE 24 14 31
FERTF U INE 138 137 108
T HRBIME D >/ EERRE ) S PE 32 29 21
B HERAMAR M ) >/ SEFERRIE D > /N BB 22 10 16
N—Fy N> SRR 33 37 29
V'RAMKRHREE B fRRE) >/ BE 23 27 21
RACFFRRREL U >/ \BE 16 24 15
FOMDIERTF 1) 2 /NfE 12 10 6
VU REIAMRE R RT. EHERTRIET A
5% ORI E LTIV A T VIRE, A )

BIEE 5, RAYY VoS, RRE, RE, B
B, PREMREYRD L. BEY VSHIHEOR
HERIGERE LTRETAZELDHS.

b. UFAMAHMIZE B MEM™Y >~ I/\E

(DLBCL)

BRI BLIZERT 52 &% 0w o0,
DLBCL TIZHMtRRE 2D AZ ENDH O, &
B, R RERR O SR 13K,

c. UZI\EFEREU >V)\E (LBL)

HERRE IR 2 A 3 5 T Mllfat: LBL #icik, W
K, WU, ERERERERZ E2E) 2
bHD, B, PRABIOFEZEDLI LD
Hb. BEAKEOADLBLIZY ¥ 58, &, &
THEREICALNS. BHEZEEATIIEEY
Y3EEMRE (acute lymphoblastic leukemia :
ALL) & O#EBIAFEICR 5.

d. Ro{bEXHIELU > /\EE (ALCL)

KEBT DREBNTHEATHITTH Y, LIXLIEHR
BatE). VU AHINREERZRD L I LAS
<, BJE, B, WREHER B, TREOBENR
B, HEESLPRARREEIEINTH S, M
REREMEY VoK ERE (hemophagocytic
lymphohistiocytosis : HLH) O % &bt3 5
ZEbHdHAb.

. KR EIRIEEH

ARiie 21 X 0 RIS T2 EEER 2 v C
ARSI 5. KA, B8, BoK,
B B ITIEAKPIZEHI T BE 2 A DY) v EM
faZRdbEaE, hozelee 42
ZLENMEETH L. ARTIE, Do BIRML
RTVIHED HHEEAFTHENEAITD
5. U NEOBKICLERREMRR G, Y
Bk - BIETBRAE R EOMBH %2479 7201213,
W S N EE AL B, RELRY
% SR,

MBI D720 DERIZREROBEIZL 2
FHEZRBINTREXTH D, BERMEERZE)
BT 2B R BV EEFHC R WO D i IR & A
C2fEER3 5. BHIZET 2FEMFHORL
e L By Bad, BRI 2 &
L HZWEEREERT 5.

/N NHL @ 9% 2 W7 1213 St. Jude staging
system (Murphy 5-8) 2SS TW3BY,
BROBRIE 25 BREBE 7 ba—v (B
WIEHRE) 1B A WMBRITEICHE ) T LA
FRICH 5.

1758



AEF Vol. 55 No. 11 2014

XA Y VSJEBNIC BV T fluorodeoxyglucos
(FDG)-PET scan 2 X % 2Ffiid, RO LD
% DRREOBN, B OFRATIER O
ORI BNCH YT AT Y F 7T T4 —
CHBLTHHTHAZEIREINTVS, K
TR (201447 A) ¢, /MENHLIZH
i} %5 FDG-PET scan |2 & % ##illi O fE B %5
ThHL, BWROBPICIZEELRLEIRKDOLN

=
NE NHL OFE - S0 - B BRI, &
WM - Peze, ERERIRGEMGRE, FHTEHE, §E
B S B e C R A IS A E T A% E (on-
cologic emergency) 234 7% < v, BWEE
T TOHM, »2WIZREERAKBREHIIILLD
AOHEDS B EITEAT T AR 2 T o g
L, #E LRI OEfHIRKD LS.

AN NHL (239 2 R 2 R ABUIC B0
B A7, HENE, BREER2IRT.
RETE, ST 2 RTOIMY MA, 7
HERNT 5.

R B HaEIERIF U VINE (B-
NHL)

BL, DLBCL # B-NHL & L CR—®ii#%
BWHT S, FAYZEIZBO TR KRR
BiCTd 5 NHL-BFM95Y, 75 v %, kHE, *
E 7% 2B TiThh7: FAB/LMB9%" ™, H
AIZB W TIT b7 JPLSG B-NHL03” 72 & 4%
HEHE P R RSO BB,

U F V=7 1E CD20 KT A H BRI TH
0, HEEEMEEEER, B X OPUMERSTE
PERE TR SRS X D AR EFBL5
5. B DLBCL (Zxt9 5 ¥ 5 MRS
BWT, CHOP (Y7 ukz773IF, F&v
WYY, Br7URFr, FTL=vary)
H 53 CHOP L HEEIC Y v v =T

/7%

Ly %

M 2AEMERRERTVEY,. MR
DLBCL 3 £ OF BL 3w d CD20 2B § 5.
MBI B-NHL IZHT 5V v F <7 O #E
BiiRonTwa, ELRME2DTITRT.

(D Children’s Oncology Group (COG) X
FB-NHL 235 & L2 ICE#E (A2 7 7
IF, AVETSFY, ZEERYF) QY VF
YT &BINT % (R-ICE) BIKRRB % 1T -
72'%. DLBCL @ 6 %t 3 %I, BL @ 14 i 4
BIDSEREIICEREL, 6 IS KE bR,
&M R BRI AL A 72

@ COG XV ¥ ¥ ¥~ 738 LMB 1Lt 1k
OFMOFHEEZ B E L7234 vy MERRRER
ANHLOIPI #4772, o F v =7, 2
O — A O FEfFE ASE BRI 1T 48 B IR C
2 M, Z0O#HOLBACHEERIBRIC 1 BHEM S
N7z, LMBALFEEEME KL T v F v
¥ 7B & 2 HEOWBIEHE S TR, D
BIZBIF Y)Y F I TOEYEREITRA L HE
PLTWBZ EDRENT. SEMLA RV M
HERE, FV—7B 40#) TI92%, FV—7
C (37#1) T8W%TH 7.

® Berlin-Frankfurt-Miinster Group (BFM)
AR LS EEEORIIG 5 AR YR <27 %
BETHEIMY 1 v FoEBEIT - 12
(BEMO4 trial) ™. FFlifge% 87 BlD 5 B, 36
BICENE (Bl &b 1 IORE, bbHVIE
B, HDH5VIEERMWIMIZBIT S 25% L LD
B) RO HEEARNIC X A EFEDOE
B L TRYPo 7. BRHEICBT 5K
IS ERIRE & IR L CRIFCTH - 7.

B, 6 7 ML, 18ERMOEY A2 B-
NHL (233 A 488 LMB b3k &V v & ¥
< 78I LMBALSEFREORBIZEL Y, VU F
YT & B 3EMA R MEFEROSE
OWGEZ B E L2, KEZ E 12 2 EIC
X5 EBEEFEBRRABESITbNL TS (Eu-
draCT N° : 2010-019224-31).
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F2 /PRI U // \Hétdﬂ‘%ihmﬁin‘t%(ui‘o 13U RU54E, BEEE, FiE
e Eﬁ;m o mANYNL
b e AR | Bk
. ﬁ%’f‘?]_ - @ |
NHL-BFM95 R1: JL b’#ﬁﬂj’éﬂﬁ.fﬁﬁ [+ 11 2 courses | 94% (34F)
R1=48 R2 D FESHESNTOARUER | + 1 Pre-phase | oo s ooy
iéfzf #5501 T LDH <500 +4courses |
Ri = 147 R3 : #ERIIC 500=LDH< 1,000 Pre-phase | oo oy | 3
FEHAIV T LDH< 1,000 DO FFiEA#EMAa L | +5courses |
R4 AR I+ IV T LDHZ1, 000 5D/ 7 (epilid | Pre-phase | o (a5)
wEREHY +6 courses ?
FAB/LMB96 A REDREHEESNRA | .
Group A=132 BTt U 1 2oourses | $6% (34| 4
Group B=762 | g geos psii i & 0 C LV VG |
R B MRt | Croup C=190 ISR DI SN IS DR Pre-phase | oo oy e | 5
RS E T REA I+ IV TR OIEIR=25% HDOhif##E | +4courses |
DOAY: PN
C  REAIN+ IV TERFDIFR> 2% DD/ /zld | Pre-phase 9% 1@ | 6
AR 2 EH ) +8 courses ?
JPLSG B-NHLO03 | G1 : A S N/RE | + 1l 2 courses | 97% (4 4F)
Group 1=17 G2 I FEPBHENTUOARVEL | + 1l Pre-phase
Group 2=103 +4 courses 7% UF)
"I Group 3=111 Jep—
Group 4=90 + R ) 7
oup PRI CBUR OIS 25% HOHTRERA | 10 P | 8% (4%)
L 6 courses
G4 RV T BB DI >26% DD/ F /2 HIK | Pre-phase | (4 5)
s +6courses |
:j jﬁ;;m SSE?M% FEAIN + 1V 2years | 82% (5%E) | 14
ALCL99-R BEURY EB #HE R BEOWThICD
RO AMAE | n=352 wE L Pre-phase .
IAN: = : = =10 My opE7s | +6 courses 4% %) | 1
- SR BE MR T BEOOThDITRE
Hh)

D \EFERED ) CBEE (LBL)

A Y & Cirbh BRI CTH 5 NHL-
BFM95" 25 1 72 iR IS E DT b,

HA/NBEILR Y ¥ 8 EWFZE 7 V—7 (Jap-
anese Pediatric Leukemia/Lymphoma Study
Group : JPLSG) &#&47# M LBL 3% & L7z
NHL-BFM95 FPAL 79 v O #E R % & Ak
L 72 B K & B (JPLSG ALB-NHLO3,

UMIN000002212) %47V, 2010 4 10 H 1< 154

BIOBGRZ KT L7z, BB 0GR 0%
FHERAREREN TV Y. 58, REORES
EVRRENDFETDHB.

Pediatric Oncology Group & T fllla: ALL,
B LT #atE LBL 128§ A2 b3EBICkE
A M PLUFY— pEEE (high-dose methotrex-
ate : HD-MTX) B8O Az % MEE$ 5 Bk

1760



NEFE Vol 55 No. 11

REEAT - 72" A% (66 61) DEFTEDH S
A%, HD-MTX %8B0 L & WIbS9EE THRE S
iz T R LBL @ 5 4EME A4 <X ¥ MAEFFRIE
88% LEENS. 7277L, ZoXBFNTIEH
AR RiRR e L CaeMaer R frbh
TV LICHEL R ER bR,

. ROEXHmEEY > )\EE (ALCL)

B oo E s L@ aFge 7 v — 7 (European In-
tergroup for Childhood non-Hodgkin lympho-
ma : EICNHL) & JPLSG 2 X Y AT 7= EkE
PR 5B ALCL99 A3 HE Y 70 3R R IS AL E DV
%h‘(b\él7)~19>.

7 Y)Y F = 7%, anaplastic lymphoma kin-
ase (ALK) oZHHhFay rFF—X¥L 2o
BBAMERKRTT S Fa sy v dF—EHE
WTH Y, ENAT ALK GO BRASHE 22
17 - B0 I/NBLIRE 233 5 Bk IR 5E 29K
HENTWSE. ALCLIZHT A2V F=7
ORFIREETH VO, RRRPER (2014 4F
7H), Bk, BAICBWTHRKRTHD. K
Eciibnz/NEEREE 25 L L7256 T M
BRREE (ADVL0912) XV VyF=7
280 mg/m* 1 H 2 %5 ORAEMERRD b h,
9 BIDTER - B ALCL h 8 BlICR 2 D72
T EBHE SR,

TLyIFR YT TRXEFF iE, CD30 s
LUHREWHERTH Y, FHIERKAN ALCL I
W95 8 THHRBRICBWT, 55~60% D54
MRRAHE S22 BRICBWTY, F%
ALCL, B X U HL 203 % 8 5E )8
2014 4E 1 BlcARBEI N ARIZBITFET L
VUF VI TRET VORSIZ, AR
(2014 4E 7 H) T, BRRIZBWTE T/ THERR
REATONTOLERTHS.

. JBERR - BRUVINE

/N NHL 12659 5 first line AP I BAT
THY, BEEEIL - T 2 BT 515
FZ L, ERIEREMTHS. —FH o ALCL
B &, RN - BRNHL O F#%I1EFELL
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Hematopoietic Stem Cell Transplantation Following Unsuccessful Salvage Treatment
for Relapsed Acute Lymphoblastic Leukemia in Children

Jiro Inagaki, Mp,* Reiji Fukano, Mp, Maiko Noguchi, mp, Koichiro Kurauchi, mp, Shinji Tanioka, mp,
and Jun Okamura, mp

Background. For children who experience a re-induction failure
or multiple recurrences following the first relapse of acute
lymphoblastic leukemia (ALL), it is uncertain whether additional
intensive chemotherapy aimed at hematopoietic stem cell transplan-
tation (SCT) in complete remission (CR) or immediate SCT even in
non-CR should be performed. This study aimed to investigate the
impact of disease status at SCT on the outcomes of SCT for these
children, whose prognosis is considered unquestionably poor even
with SCT. Procedure. The medical records of 55 children with ALL
who underwent SCT following the experience of re-induction failure
(n =25) or multiple relapses (n = 30) were retrospectively analyzed.
Results. Twenty-one patients underwent SCT in CR (delayed CR2,
CR3, and CR4) and 34 in non-CR (first or subsequent relapse). The

Key words: pediatric ALL; multiple relapse; re-induction failure; disease status at transplantation; stem cell transplantation

probability of overall survival of patients with CR and with non-CR at
SCT was 42.9% and 23.5% (P=0.15), leukemia-free survival was
38.1% and 20.6% (P=0.18), and the cumulative incidence of
relapse at 2 years was 23.8% and 50%, respectively (P=0.05). In
multivariate analysis, non-CR at SCT was a significant risk factor for
higher relapse incidence and male sex was a significant risk factor for
lower survival. Conclusions. Our results indicated that in case of
tolerable patient condition, further re-induction chemotherapy might
be reasonable so that SCT could be performed in CR, which might
result in a low incidence of relapse after SCT. Novel approaches are
required to induce CR for the treatment of children with relapsed/
refractory ALL. Pediatr Blood Cancer 2015;62:674-679.

© 2014 Wiley Periodicals, Inc.

INTRODUCTION

The prognosis of children with acute lymphoblastic leukemia
(ALL) who fail salvage treatment following the first relapse is
reportedly very poor [1-4]. Further treatment with curative intent
can only induce a second complete remission (CR2) in a small
subset of these patients while associating with high treatment-
related mortality. In a recent retrospective analysis of patients with
first relapse in the Berlin/Frankfurt/Muenster (ALL-REZ BFM)
study group, 51 patients who did not respond to the initial
re-induction regimen continued to receive multi-agent chemother-
apy with 22 of them also undergoing stem cell transplantation
(SCT) [1]. Less than one third (16/51; 31%) of these patients
achieved CR2 and 13 did only after SCT. Of the 16 patients with
CR2, only 2 remained in continuous remission at the time of
analysis. In a retrospective multi-institutional review, the re-
induction rates after second and third relapse in children with ALL
were 44% and 27%, respectively and the S-year disease-free
survival was 27% and 15%, respectively [2]. The chance of
remission and cure is reduced with every subsequent relapse and the
risk of sequelae and toxicities associated with intensive therapy
increases in patients with multiple relapses.

Generally, the prognosis of patients who experience a re-
induction failure or a second or subsequent relapse following
the first relapse of ALL is considered very poor even if they
undergo SCT. Previous reports suggest extremely poor SCT
outcomes for patients in relapse [5-7] or third and further
CR [6,8,9] at SCT. However, it remains uncertain whether
these patients should definitely be transplanted in CR or
transplantation performed in non-CR would lead to similar
clinical outcomes. As a result, a decision between immediate
SCT to avoid toxicities associated with further intensive
chemotherapy and additional intensive chemotherapy to
hopefully achieve CR before SCT is often difficult.

This study investigated whether disease status at SCT (CR or
non-CR) affected the outcomes of SCT for children experiencing
re-induction failure or multiple recurrences after the first relapse
of ALL.

© 2014 Wiley Periedicals, Inc.
DOI 10.1002/pbc.25353

METHODS

Patient Characteristics

Between 1990 and 2013, a total of 101 children with B-cell
precursor or T-cell ALL who relapsed following the front-line
chemotherapy underwent SCT. Of these, the medical records of
55 who did not achieve CR2 after the first re-induction
chemotherapy (re-induction failure, n=25), or achieved CR2
after the first re-induction chemotherapy but later suffered a
subsequent relapse (multiple relapses, n=30), were retrospec-
tively analyzed in this study. No patients with primary induction
failure or previous transplantation were included. Additionally,
those with repeated isolated central nervous system relapse were
also excluded as they received extended period of post-transplant
intrathecal chemotherapy [10]. CR was defined as a bone marrow
(BM) morphological blast count of less than 5% with the absence
of blast in peripheral blood (PB) and extramedullary (EM) disease
as well as the sufficient recovery of nuclear cell count. All
patients or their parents provided written informed consent to
hematopoietic SCT. This study and its use of patient data were
approved by the institutional review board of the National Kyushu
Cancer Center.

After the first relapse, all 55 patients received various intensive
re-induction chemotherapy mainly consisted of four to five drugs
already used in their first-line therapy, such as anthracycline, vinca
alkaloid, L-asparaginase, alkylating agent, or corticosteroid. For
most patients included in this study, there were no standardized
relapse study in Japan at the time of their treatment. Therefore, the
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TABLE 1. Patient Characteristics
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All patients (n = 55) CR at SCT (n=21) Non-CR at SCT (n=34) P-value
Age at SCT (median) years 9 (2-19) 10 (4-19) 9 (2-16) 0.7
Sex
Male 32 10 22 0.21
Female 23 11 12
Immunophenotype
BCP (Ph) 48 4 19 (2) 29 (2) 0.48
T 7 2 5
Time of the first relapse
Very early” 20 5 15 0.24
Early® 24 10 14
Late® 11 6 5
Site of the first relapse
BM 44 16 28 0.08
BM +EM 6 1 5
EM 5 4 1
Response to the first re-induction chemotherapy
CR2 30 11 19 0.8
Re-induction failure 25 10 15
Number of drugs used in the first re-induction chemotherapy
34 31 10 21 0.44
5-6 21 9 12
Missing data 3 2 1
Number of re-induction chemotherapy (times)
1-2 36 13 23 0.66
3< 19 8 11
Interval from the first relapse to SCT (months)
<7 31 8 23 0.03
8< 24 13 11
Year of SCT
1990-2000 24 10 14 0.64
2001-2013 31 11 20
Donor
HILA-matched related 18 7 11 0.81
HILLA-mismatched related 13 4 9
HLA-matched unrelated 17 7 10
HIA-mismatched unrelated 7 3 4
Stem cell source
BM 47 19 28 0.66
CB 5 1 4
PB 3 1 2
Conditioning regimen
TBI/BU/Mel 19 8 11 0.76
TBI/Mel 19 6 13
Others 17 7 10
GVHD prophylaxis
MTX 4 1 3 043
CsA £+ sMTX 28 13 15
Tac £ sMTX 23 7 ’ 16

SCT, stem cell transplantation; CR, complete remission; BCP, B-cell precursor; BM, bone marrow; EM, extra medullary; HLA, human leukocyte
antigen; CB, cord blood; PB, peripheral blood; TBI, total body irradiation; BU, busulfan; Mel., melphalan; GVHD, graft-versus-host disease;
MTX, methotrexate; CsA, cyclosporine A; Tac, tacrolimus; sSMTX, short-term methotrexate. “Relapse within 18 months from diagnosis of ALL.
PRelapse after 18 months from initial diagnosis and up to 6 months after cessation of front-line treatment. “Relapse later than 6 months after

cessation of front-line treatment.

composition of chemotherapies was decided at the discretion of
their attending physician. In recent years, 8 patients received multi-
drug chemotherapy according to the ALL-relapse protocol of the
ALL-REZ BFM study group (ALL-REZ BFM 95/96).

The median number of intensive chemotherapy trials aimed at
CR (re-induction chemotherapy) before SCT was two (range, 1-6)

Pediatr Blood Cancer DOI 10.1002/pbc

times and the median interval from the first relapse to SCT was 7
(range, 2-83) months for all patients. Patient characteristics are
shown in Table 1. The study included 32 male and 23 female
patients, with a median age of 9 (range, 2-19) years at the time of
SCT. Twenty patients (36%) relapsed within 18 months from
diagnosis of ALL (very early relapse), 24 (44%) did more
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than 18 months after the initial diagnosis and up to 6 months
after cessation of front-line treatment (early relapse), 11 (20%)
relapsed later than 6 months after cessation of front-line treatment
(late relapse). Site of the first relapse was isolated BM in 44 patients
(80%), isolated EM in 5 (9%), and combined BM and EM in
6 (11%). All five patients who had isolated EM relapse later suffered
a subsequent relapse in BM.

Transplantation Procedures

Characteristics of patients and transplantation factors are shown
in Table I. Stem cell sources were BM for 47 patients, cord blood
(CB) for five, and PB in three. Eighteen patients underwent SCT
from human leukocyte antigen (HLLA)-matched related donors, 17
from matched unrelated donors, 13 from mismatched related
donors, and seven from mismatched unrelated donors. All of the 55
patients received myeloablative conditioning regimens including
total body irradiation (TBI) of 12.0 or 13.2 Gy. In combination with
TBI, 19 patients received melphalan (Mel) at 180-210mg/m?;
another 19 received Mel and busulfan at 8 mg/kg or 280 mg/m?; six
received Mel and cytarabine (CA) at 12 g/mz; five received CA and
cyclophosphamide at 120 mg/kg, and five received other agents.
Cyclosporine A was used with or without short-term methotrexate
(sMTX) as prophylaxis for acute graft-versus-host disease (GVHD)
in 28 patients, whereas tacrolimus with or without sSMTX was
administered in 23. The remaining four patients received weekly
MTX only.

Statistical Analysis

Differences in the proportions of clinical characteristics of the
two treatment groups were compared by the Chi-square test, Fisher
exact tests, and Mann-Whitney test as appropriate. The probability
of overall survival (OS) and leukemia-free survival (LFS) was
estimated by the Kaplan-Meier method. Univariate analysis of OS,
LFS was performed using the log-rank test. Cumulative incidence
of relapse and non-relapse mortality (NRM) was estimated on the
basis of cumulative incidence method treating each of relapse and
NRM as a competing risk for the other. Groups were compared
using Gray’s test. Multivariate analysis was performed using the
Cox proportional hazard regression model for OS and LFS, and the
method of Fine and Gray for relapse and NRM. Variables
considered were patient’s age, sex, time and site of the first
relapse, response to re-induction chemotherapy, number of re-
induction chemotherapy, duration from the first relapse to SCT,
status at SCT, donor type, HLA disparity, and conditioning regimen.
Statistical analyses were performed using SPSS version 19 and EZR
(Saitama Medical Center, Jichi Medical University) and a P value of
less than 0.05 was considered to be statistically significant.

RESULTS
Patients

The clinical course after the first re-induction chemotherapy of
all 55 patients is shown in Figure 1. Of 30 patients who suffered a

i First relapse (RP1) (101) )——){ First re-induction chemotherapy }

I CR2 (76) [

[ RP1(25) l

SCT in CR2 (42)

| RP2 (34) |

- 13
SCTin RP1 (13)

l Repeated CNS RP (4) I<—-——

[scr in delayed CR2 (8)

Analyzed patients

Fig. 1. Clinical course of patients with relapsed ALL. Of 101 patients who suffered the first relapse, 42 receiving SCT in CR2 and 4 with repeated
CNS relapse were excluded from this study. As aresult, 21 patients received SCT in CR (delayed CR2 in 8 patients, CR3 in 12, and CR4 in 1) and 34
received SCT in non-CR (RP1 in 13 patients, RP2 in 16, RP3 in 3, and beyond RP3 in 2).
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second relapse (RP2), 14 underwent SCT in RP2, whereas 16
achieved CR3 after additional re-induction treatment. Ten of these
16 patients who achieved CR3 subsequently underwent SCT, but
the other six suffered subsequent relapse. On the other hand, of the
25 patients who did not achieve CR2 after the first re-induction
chemotherapy, 13 underwent SCT in RP1 and 12 achieved delayed
CR2 after additional re-induction chemotherapy. Eight of the 12
patients who achieved delayed CR2 subsequently underwent SCT,
but the other four suffered subsequent relapse. As a result, 21
patients underwent SCT in CR (CR at SCT group; delayed CR2in 8
patients, CR3 in 12 and CR4 in 1) and 34 in non-CR (non-CR at
SCT group; RP1 in 13 patients, RP2 in 16, RP3 in 3 and beyond
RP3 in 2).

There were no statistically significant differences associated
with age, sex, immuno-phenotype, time and site of the first
relapse and the number of re-induction chemotherapy trials
between the two groups except for the duration from the first
relapse to SCT (Table I). Patient responses to the first re-induction
chemotherapy (achieving CR2 or re-induction failure) were
similar (P=0.8) between the two groups. Transplantation
characteristics were well balanced and not statistically different
between the groups (Table I).
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SCT Outcomes

The median follow-up period was 81 months (range, 22-241
months) after SCT in all surviving patients. The estimated
probabilities of OS and LFS at 3 years after SCT were 30.7%
(95% Confidence interval [CI], 19.1-43.1) and 27% (95% CI, 16.1—
39.2), respectively, whereas the cumulative incidence of relapse and
NRM at 2 years were 40.2% (95% C1, 27.1-53.0) and 32.7% (95%
CI, 20.7-45.3), respectively.

The 3-year OS of patients with CR (n ==21) and with non-CR at
SCT (n==34) was 42.9% (95% CI, 21.9-62.3) and 23.5% (95% CI,
11.1-38.6), respectively (P=0.15, Fig. 2A), whereas LFS was
38.1% (95% CI, 18.3-57.8) and 20.6% (95% CI, 9.1-35.5),
respectively, (P =0.18, Fig. 2B). The CR at SCT group showed a
tendency toward higher OS and LFS probability compared with the
non-CR group, but the difference was not statistically significant.

Of 21 patients with CR at SCT, five patients relapsed at a median
duration of 13 months (range, 3-20 months) after SCT, whereas 17
of 34 patients with non-CR at SCT relapsed at a median duration of
4 months (range, 1-24 months) after SCT. The cumulative
incidence of relapse at 2 years in patients with CR and non-CR
at SCT was 23.8% (95% ClI, 8.2-43.8) and 50% (95% CI, 32.1-
65.6), respectively (P =0.05, Fig. 2C).
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Fig. 2. Overall survival (A), leukemia-free survival (B), and cumulative incidence of relapse (C) or non-relapse mortality (D) according to status at
SCT (CR or non-CR) in 55 children with ALL who failed the treatments provided after the first relapse.
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Treatment-related death was observed in 8 of 21 patients with
CR at SCT at a median duration of 34 days (range, 16-385 days)
after SCT and 10 of 34 non-CR patients at a median duration of
146 days (range, 16-238 days). Death before engraftment occurred
in five patients (three in the CR group and two in the non-CR group)
at a median duration of 17 days (range, 16-28 days). The incidence
of acute GVHD (grade III-1V) at day 100 was 27.8% and 22% in
patients with CR and non-CR at SCT, respectively (P =0.6). The
cumulative incidence of NRM at 100 days after SCT for the two
patient groups was 23.8% (95% CI, 8.4-43.6) and 11.8% (95% CI,
3.6-25.1), respectively, whereas that at 2 years after SCT was 38.1%
(95% CI, 17.8-58.3) and 29.4% (95% CI, 15.2-45.2) (P=0.49,
Fig. 2D), respectively. The causes of death were infectious
complications (n=10), bronchiolitis obliterans (n=1), diffuse
alveolar damage (n=1), acute GVHD of grade Il (n=1),
sinusoidal obstructive syndrome (n = 2), necrotic encephalopathy
(n=1) and cardiac failure (n=2). The incidence of NRM was
significantly higher in patients who relapsed within 18 months from
diagnosis (very early relapse) and who received conditioning
regimens other than TBI and Mel regimen by Gray’s test.

Multivariate analysis revealed that disease status at SCT was not
statistically associated with OS, LFS and NRM. However, a
significantly higher incidence of relapse was observed in patients
who underwent SCT in non-CR (hazard ratio [HR]=2.59;
P =0.049)(Table II). Male sex was a significant risk factor for
lower OS (HR =2.3; P=0.018) and LFS (HR=2.2; P=0.019),
respectively. Time of the first relapse and conditioning regimen
were significant risk factors for NRM (Table II). Both acute GVHD
grade and severity of chronic GVHD were analyzed as time-
dependent covariate and were not associated OS and LFS.

Patient response to the first trial of re-induction chemotherapy
(achieving CR2 or re-induction failure) was not associated with OS,
LFS, relapse, and NRM in univariate and multivariate analyses. Of
25 patients who experienced re-induction failure, 10 achieved CR
thereafter, underwent SCT in CR, and had a significantly lower

TABLE II. Multivariate Analysis

Hazard ratio 95% CI P-value
Overall survival
Sex
Female 1
Male 23 1.15-4.57 0.018
Leukemia-free survival
Sex
Female 1
Male 22 1.14-4.35 0.019
Relapse
Status at SCT
CR 1
Non-CR 2.6 1.01-6.7 0.049
Non-relapse mortality
Time of the first relapse
Late or Early 1
Very early 38 1.53-9.5 0.004
Conditioning regimen
TBI/Mel 1
Others 5 1.54-16.3 0.007

ClI, confidence interval; SCT, stem cell transplantation; CR, complete
remission; TBI, total body irradiation; Mel, melphalan.
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incidence of relapse at 2 years compared to the 15 who underwent
SCT in non-CR (10.0% (95% CI, 0.4-39.2%) and 53.3% (95% CI,
23.5-76.1%), respectively, P=0.034).

DISCUSSION

When the first relapse of childhood ALL occurs, a patient
usually receives re-induction chemotherapy to achieve CR2.
Previous reports have suggested that CR2 can be achieved in
>70% of early relapse and in up to 96% of late BM relapse
cases [11-13]. Recently, SCT has frequently been indicated for
children with ALL in CR2 and many studies have reported the
outcome of SCT in such cases [13-17] however, limited data are
available on the outcome of SCT for children who do not achieve or
maintain CR2 [1,6-9]. When a patient does not respond to re-
induction chemotherapy or relapses after achieving CR2, it is often
difficult for the attending physician to decide on additional intensive
chemotherapy for the purpose of achieving CR and subsequent SCT
in CR versus immediate SCT even in non-CR to avoid toxicities
associated with further intensive treatment. In this study, although
the difference was not statistically significant, the CR at SCT group
showed a tendency toward higher probability of OS and LFS
compared with the non-CR group. In addition, non-CR at SCT was a
significant risk factor for higher incidence of relapse in multivariate
analysis. Therefore, in case of tolerable patient condition, further
re-induction treatment aimed at CR might be reasonable, and
ideally, SCT should be offered as soon as CR is achieved. However,
for patients who never achieve CR despite various aggressive
chemotherapeutic regimens, how long and how many trials of
chemotherapy are necessary, and when SCT is performed remain
uncertain. The number of intensive chemotherapy trials aimed at
CR and the duration from the first relapse to SCT were not
associated with SCT outcomes in this study. However, since the
patient cohort is small and the treatment plans were heterogeneous
and customized in this study, it was difficult to draw any definitive
conclusion. Further studies with a large number of patients who are
treated with an identical treatment strategy are required.

The results in the current study did not demonstrate the impact of
donor type and stem cell source on SCT outcomes in children with
treatment-resistant ALL. The timing of SCT is in part, concerned
with donor availability. If matched related donor or unrelated cord
blood is available, SCT can be performed at the expected time
according to a patient’s condition. Otherwise, in cases of unrelated
BM or PB donor, the timing depends heavily on the donor’s
situations and it might take several months until SCT can be
arranged. Some CR patients might suffer a subsequent relapse while
waiting for SCT. In this regard, for patients without an HLA-
matched related donor and restored CR after re-induction
chemotherapy, immediate unrelated cord blood transplantation
(CBT) or SCT from HILA-haploidentical related donor might be of
choice. Unrelated CBT or haplo-identical SCT has been developed
as a suitable treatment option for children with acute leukemia
lacking an HL.A-matched related donor [18,19], although the
feasibility of these transplantation modalities is not established for
very high-risk ALL cases like those analyzed in this study.

In this study, comparable or even higher NRM was observed in
CR at SCT group than in non-CR at SCT group. The reason for this
finding is possibly that the proportion of both death before
engraftment and acute GVHD of grade III-IV were slightly higher
in CR at SCT group. This could relate to the fact that the proportion



of patients who received conditioning regimens other than TBI and
Mel regimen, which is the risk factor for higher NRM, was also
slightly higher in CR at SCT group.

Male sex was a significant risk factor for lower survival by

multivariate analysis. As there were no statistically significant
differences in clinical and transplantation characteristics between
males and female patients, the reasons for worse outcome in male
patients were unclear. Male sex has long been recognized as an
adverse prognostic factor for the treatment of childhood ALL,
partially explained by differences between males and females in the
distribution of immune-phenotype and DNA index [20,21].
However, the association between male sex and poor prognosis
after SCT in high-risk childhood ALL has not been previously
reported. Further evaluation will be of interest in the future.

Because many children with ALL who experience re-induction

failure or multiple relapses generally do not respond to
chemotherapy consisted of multiple drugs used during front-line

treatment,

they possibly become refractory to these drugs.

Therefore, novel experimental approaches should be considered
for this subset of patients. In the last decade, novel pharmacologic
agents including nucleoside analogues and monoclonal antibodies
have been developed. Clofarabine or nelarabine has shown
significant activity in children with refractory/relapsed BCP- or
T-ALL in phase 1 or 2 clinical trial as a single agent or in
combination with cyclophosphamide and etoposide [22-28]. In
addition to nucleoside analogues, monoclonal antibodies (epratu-
zumab and blinatumomab) or proteasome inhibitor (bortezomib)
have shown promising efficacy for pediatric refractory/relapsed
ALL as a single agent or in combination with other drugs [29-31].
These novel agents may be helpful to reduce disease burden and
achieve CR before SCT, which may leads to a decreased incidence
of relapse after SCT in very high-risk patients such those included in
this study. It is expected that the most successful of these treatment
strategy will be incorporated into the first-line treatment of children
with refractory/relapsed ALL. Furthermore, more effective treat-
ments for pre-SCT refractory disease are needed.
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ABSTRACT

Refractory cytopenia of childhood (RCC) is the most common subtype of myelodysplastic syndrome in chil-
dren, and the clinical course of RCC is heterogeneous. A certain proportion of RCC patients need allogeneic
hematopoietic stem cell transplantation (HSCT); however, data on HSCT outcomes are not abundant, and the
optimal intensity of a preparative conditioning regimen remains uncertain. In this study, we evaluated the
outcomes of HSCT in 24 patients with RCC. Eleven patients received myeloablative conditioning (MAC)
consisting of high-dose cytarabine, cyclophosphamide, and either total body irradiation (TBI) or busulfan.
Nine patients (38%) received a reduced-intensity conditioning (RIC) regimen; of these, 7 received low-dose
TBI and cyclophosphamide (200 mg/kg) with or without antithymocyte globulin or fludarabine, and 2 pa-
tients received low-dose TBI, fludarabine, and melphalan (140 mg/m?). The remaining 4 patients had disease
progression before HSCT and received the MAC regimen. With a median follow-up of 91 months (range, 6 to
263), the probability of overall survival at 5 years was 81.1% (95% CI, 57.0 to 92.5). The 5-year overall survival
for the 15 patients who received MAC was 73.3% (95% (I, 43.6 to 89.1), and all 9 patients with RIC are alive
without any events. Further study is needed to evaluate the efficacy of RIC for children with RCC with an
expectation for reduction of late effects such as growth retardation and infertility.

© 2015 American Society for Blood and Marrow Transplantation.

INTRODUCTION

Refractory cytopenia of childhood (RCC) is the most
common subtype of myelodysplastic syndrome (MDS) in
children, characterized by persistent cytopenia with <5%
blasts in the bone marrow (BM), <2% blasts in the peripheral
blood, and dysplastic changes in 2 or 3 lineages or exceeding
10% in 1 single cell line [1-4]. Some patients with RCC
without cytogenetic abnormalities may experience a long,
stable clinical course of the disease. For patients without a
transfusion requirement, severe neutropenia, or infections,
careful observation (watch and wait) is the reasonable
treatment strategy. In contrast, hematopoietic stem cell
transplantation (HSCT) is the treatment of choice for patients
with monosomy 7 or complex karyotypes because of the risk
of progression to advanced MDS [3,4]. HSCT can also be
recommended for patients with other karyotypes if a suit-
able donor is available [2,4]. Practically, some RCC patients
need HSCT for the reason of transfusion dependency or
severe neutropenia and/or infection irrespective of the
presence of cytogenetic abnormalities.

Reported disease-free survival rates after HSCT in patients
with MDS range between 30% and 75% in previous reports,
most of which included patients with various subtypes of
MDS, ranging from RCC to advanced MDS, juvenile
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myelomonocytic leukemia, and therapy-related MDS [5-10].
However, limited data are available on the outcome of HSCT
focusing on patients with RCC [3,11]. Therefore, little is
known regarding treatment-related factors associated with
transplant outcome, such as the optimal intensity of condi-
tioning regimen for patients with RCC. In 2007, Strahm et al.
[11] reported that a reduced-intensity conditioning (RIC)
regimen consisting of fludarabine (Flu), thiotepa, and
antithymocyte globulin achieved favorable outcomes of
HSCT in children with hypocellular refractory cytopenia
without chromosomal abnormality. In this study, we report
the outcomes of HSCT in 24 pediatric patients with RCC after
conditioning regimens of myeloablative conditioning (MAC)
with high-dose cytarabine, cyclophosphamide (CY), and total
body irradiation (TBI) or busulfan (BU) and RIC with low-
dose TBI and CY or melphalan (Mel).

METHODS
Patients

Twenty-four patients with RCC aged < 19 years at diagnosis received
HSCT at the Department of Pediatrics, National Kyushu Cancer Center be-
tween April 1991 and May 2014. Fifteen patients were diagnosed with re-
fractory anemia or refractory cytopenia with multilineage dysplasia based
on the French-American-British classification or World Health Organization
1999 criteria [12,13]. All 24 patients were compatible with the classification
of RCC according to the World Health Organization 2008 criteria [4,14].

BM biopsy to evaluate marrow cellularity was performed in 19 patients
(79%). Patients who had received previous HSCT, those with inherited BM
failure disorder, such as Fanconi anemia or dyskeratosis congenita, or thase
with treatment-related MDS were excluded. The most frequent reasons for
recommendation of HSCT were transfusion dependency in 14 patients, fol-
lowed by monosomy 7 in 4, and disease progression to advanced MDS in 3.

All patients or their parents provided written informed consent for
HSCT. This retrospective study and patient data use was approved by the
institutional review board of the National Kyushu Cancer Center. Patient
characteristics are shown in Table 1.
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Table 1
Patient Characteristics
Number of patients 24
Median age at HSCT, yr (range) 10 (3-21)
Median time from diagnosis to HSCT, mo (range) 13.5 (3-95)
Sex
Male 14
Female 10
Cytogenetics at diagnosis
Normal 14
Monosomy 7 5
Trisomy 8 2
Structural complex 1
Other abnormalities 1
Unknown 1
Disease progression before HSCT
Yes 4
No 20
Year of HSCT
1991-2000 8
2001-2014 16
Donor
MSD-BM 8
MUD-BM 12
UCB 4
Conditioning regimen
BU/CA/CY 8
TBI/CA/CY 5
TBI/Others 2
RIC 9
GVHD prophylaxis
CsA based 11
TaC based 13

MSD indicates matched sibling donor; MUD, matched unrelated donor;
UCB, unrelated cord blood; CA, cytarabine; CsA, cyclosporine; Tac,
tacrolimus.

The study included 14 male and 10 fernale patients, with a median age of
10 years (range, 3 to 21) at the time of HSCT. Before HSCT, 18 patients had
neutropenia (absolute neutrophil count < 1.0 x 10%/L), and 12 patients had
ANC < .5 x 10°/L. The number of transfusions for RBCs and/or platelets
before HSCT was > 10 times in 20 patients and >20 times in 17 patients. Four
patients experienced disease progression to advanced MDS (refractory
anemia with excess blast in 3 patients and acute myeloid leukemia in 1
patient) before HSCT at a median of 11 months (range, 3 to 17) from diag-
nosis. Cytogenetic analysis at diagnosis was available in 23 patients,
including normal karyotype (n = 14), monosomy 7 with or without addi-
tional aberrations (n = 5), structurally complex karyotype (defined as more
than 3 chromosomal aberrations in the presence of at least 1 structural
aberration, n = 1), or other abnormalities such as trisomy 8 (n = 3). Sixteen
patients received immunosuppressive therapy, including steroid therapy in
4 patients, cyclosporine A in 2 patients, and antithymocyte globulin in
combination with cyclosporine A in 10 patients as the initial treatment for
RCC. Two patients with disease progression received acute myeloid leuke-
mia—oriented chemotherapy.

Transplantation Procedures

Until 2006, 11 patients received the MAC regimen consisting of high-
dose cytarabine (12 g/m?), CY (120 mg/kg), and either TBI (>12 Gy) or BU
(Figure 1). Another 4 patients with disease progression before HSCT received
the MAC regimen, which was determined at the treating physician's
discretion. Since 2007, the RIC regimen has been applied to patients with
RCC, and a total of 9 patients (38%) received RIC. Six patients with hypo-
cellular marrow without monosomy 7 or a structural complex karyotype
received low-dose TBI (3 Gy) and CY (200 mg/kg) with antithymocyte
globulin or Flu. Two patients with normocellular marrow received low-dose
TBI (3 or 4 Gy), Flu (125 mg/m?), and Mel (140 mg/m?). One patient with
hypocellular marrow who underwent HSCT in 2004 received RIC with TBI (3
Gy) and CY (200 mg/kg), because he was initially diagnosed with aplastic
anemia. Transplantation characteristics of these 9 patients who received the
RIC regimen are shown in Table 2.

Cyclosporine A with or without short-term methotrexate was used as
prophylaxis for acute graft-versus-host disease (GVHD) in 11 patients;
tacrolimus was used with or without short-term methotrexate in 13 pa-
tients. Stem cell sources were BM for 20 patients and cord blood for 4
patients. Eight patients received BM transplantation from an HLA-matched

[ Retapse |_ [ 2% HsCT and
(n=1) TRM (n= 1)
Alive In CR
(n=10)
 Jmcwser] _Jaweicr
=y (n=9) (n=9)
(n = 24)

TBI + CY +/-ATG or Fu (n=7)

TBI + Mel + Flu (n = 2) =
- Alive in CR
I insd)
-
AML (n = 1) (n=4) (n=2) TAM (n = 2)
BU+CA+CY(n=2) TR

TBI +BU + Mel (n= 1)

TBI4+CY (n=1)
Figure 1. Outcomes of HSCT in 24 patients with RCC. After the first HSCT,
treatment-related death was observed in 1 patient who had disease pro-
gressjon before HSCT. No patient who received RIC relapsed, and 1 of 11 pa-
tients who received MAC without disease progression relapsed after HSCT.
One of 4 patients with disease progression before HSCT is alive in remission.

,| MAC HsCT
(n=11)

BU+CA+CY(n=6)
st TBI + CA + CY (n = 5)

sibling donor, 12 patients received BM transplantation from an HLA-
matched unrelated donor, and 4 patients received unrelated cord blood
stem cell transplantation.

Definitions and Statistical Analysis

Engraftment was defined as the first day when the absolute neutrophil
count reached .5 x 10°/L for 3 consecutive days. Both the platelets and re-
ticulocytes were considered to be recovered when they reached counts
>20 x 10%/L and >1%, respectively, without transfusion support. Graft fail-
ure was defined as a lack of engraftment irrespective of donor chimerism. A
chimerism analysis was performed using BM samples when engraftment
was observed. Fluorescence in situ hybridization with sex chromosomes for
sex-mismatched HSCT and short tandem repeat PCR for sex-matched HSCT
was carried out. Acute and chronic GVHD were diagnosed and classified
according to previously reported criteria [15,16]. Overall survival (0OS) was
calculated as the time from HSCT to death or last follow-up. Probability of
survival was estimated by the Kaplan-Meier method with the corresponding
95% confidence intervals (Cl). Univariate analysis of OS was performed using
the log-rank test. All statistical analyses were performed using SPSS version
19 (SPSS Co., Tokyo, Japan).

RESULTS
Engraftment, GVHD, and Complications

Twenty-three of 24 patients (96%) were engrafted on a
median of day 17 (range, 11 to 49). Graft failure occurred in 1
patient who had disease progression to refractory anemia
with excess blast before unrelated cord blood stem cell
transplantation. Thereafter, he had autologous recovery and
relapsed. Platelet and reticulocyte recovery was achieved on
a median of day 27 (range, 17 to 75) in 21 assessable patients
and day 25 (range, 17 to 41) in 22 assessable patients,
respectively. The data on 16 patients were available for
chimerism analysis, and all 16 patients showed complete
donor chimerism when engraftment was observed. All 9
patients who received the RIC regimen engrafted with
complete donor chimerism.

Acute GVHD of grades Il to Il occurred in 12 of 23
assessable patients including 8 of 14 patients (57%) with MAC
and 4 of 9 (44%) with RIC. No grade IV acute GVHD occurred.
Chronic GVHD occurred in 5 of 21 assessable patients. In 9
patients with RIC, only 1 (11%) developed mild chronic GVHD
limited to skin, whereas 4 of 12 patients (33%) with MAC
developed chronic GVHD, including 3 with the severe type.
Within 100 days after HSCT, viral infections were the most
frequent complication. In patients with MAC, 9 patients
(60%) developed cytomegalovirus infection, including 8 pa-
tients with cytomegalovirus reactivation in the blood and 1
with interstitial pneumonia. In patients with RIC,
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Table 2

Characteristics and Outcomes of RCC Patients with RIC

Patient  Age Cellularity Cytogenetics Treatment Diagnosis  Donor Conditioning Regimen GVHD Acute  Chronic  Complication Prognosis (follow-up mo)
No. (yry before to HSCT (Dose of TBI or chemotherapy)** Prophylaxis GVHD GVHD within 100 days
Sex HSCT (mo)

1 5/M Hypocellular ~ Unknown PSL 28 MSD-BM  TBI (3)/CY (200) CsA 0 No Alive in remission (122)

2 14/M Hypocellular ~ Normal ATG, CsA, mPSL 40 MUD- TBI (3)/CY (200)/ATG (10) Tac/sMTX Il Mild CcMV Alive in remission (87)
BM antigenemia

3 10/F Hypocellular ~ Normal ATG, CsA, mPSL 10 MUD- TBI (3)/CY (200)/ATG (10) Tac/sMTX 0 No cMV Alive in remission (48)
BM antigenemia

HC (BK virus)

4 14/M Hypocellular Trisomy 8 ATG, CsA, mPSL 14 MUD- TBI (3)/CY (200)/ATG (10) Tac/sMTX 0 No Alive in remission (37)
BM

5 4fF Hypocellular Normal CsA 22 MUD- TBI (3)/CY (200)/ATG (10) Tac/sMTX 1 No Alive in remission (39)
BM

6 11/F Hypocellular Normal CsA 15 MUD- TBI (3)/CY (200)/ATG (5) Tac/sMTX 1 No Alive in remission (11)
BM

7 5/F Hypocellular Normal ATG, CsA, mPSL 13 MUD- TBI (3)/CY (200)/Flu (120)/ Tac/sMTX m No MV Alive in remission (13)
BM ATG (2.5) antigenemia

HC (BK virus)
8 3/F Normocellular  Structural No treatment 3 MSD-BM  TBI (3)/Flu (125)/Mel (140) CsA 1 No Alive in remission (6)
complex
9 13/M Normocellular Normal ATG, CsA, mPSL 20 UcB TBI (4)/Flu (125)/Mel (140) Tac/sMTX/MMF 16 No CMV entelitis Alive in remission (12)

PSL indicates prednisone; ATG, antithymocyte globulin; SMTX, short-term methotrexate; CMV, cytomegalovirus; mPSL, methylprednisolone; MUD, matched unrelated donor; MMF, mycophenolate mofetil.
All patients received rabbit ATG (Zetbulin [Fresenius, Bad Homburg, Germany] for early 4 patients and Thymoglobulin [Genzyme, Lyon, France] for 2 patients).

« This patient was intolerant of ATG and received Flu instead of ATG.

« TBI, Gy; CY, mg/kg; ATG, mg/kg; Flu, mg/m?; Mel, mg/m2

$25—6SS (5102) 1Z Jubjdsupi] moLib poojd J0oid / 'Ip 32 WypSou] |
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cytomegalovirus infection occurred in 4 patients (44%;
reactivation in the blood in 3 patients and enteritis in 1). All
were treated successfully with ganciclovir or foscarnet so-
dium hydrate, Six patients (4 patients with MAC and 2 with
RIC) developed hemorrhagic cystitis due to BK virus infection
in 3 patients, adenovirus in 1, and unknown cause in the
remaining 2 patients. They were treated with hydration and
diuretics and thereafter improved.

Treatment-Related Death, Relapse, and Survival

Outcomes of HSCT of all patients are shown in Figure 1.
Treatment-related death was observed in 1 patient who had
disease progression and underwent HSCT with MAC, result-
ing in death from interstitial pneumonia 1 month after HSCT.
No patient who received RIC relapsed, whereas 3 of 15 pa-
tients who received MAC relapsed at 1, 2, and 20 months
after HSCT. One of the 3 relapsed patients had monosomy 7,
and the remaining 2 relapsed patients had disease progres-
sion before HSCT. All 3 patients underwent a second HSCT,
resulting in treatment-related death (interstitial pneumonia,
sinusoidal obstructive syndrome, and bronchiolitis obliter-
ans organizing pneumonia).

With a median follow-up of 91 months (range, 6 to 263),
20 patients survived, and the probability of OS at 5 years was
81.1% (95% Cl, 57.0 to 92.5). The 5-year OS for the 15 patients
who received MAC was 73.3% (95% Cl, 43.6 to 89.1), and all 9
patients who received RIC are alive in remission with a me-
dian follow-up of 37 months (range, 6 to 122) without
relapse, treatment-related death, and chronic GVHD for
which systemic treatment is required (Table 2).

DISCUSSION

In the recent report of the European Working Groups of
MDS, of 115 hypocellular RCC children without a high-risk
karyotype who were given immunosuppressive therapy as
frontline treatment, 40 patients ultimately underwent HSCT
because of failure in immunosuppressive therapy [17]. The
report from the Japanese Society of Pediatric Hematology/
Oncology shows that 10 of 25 patients who received
immunosuppressive therapy and 6 of 27 patients who were
treated with a watch and wait strategy were thereafter
transplanted [ 18]. The results of these 2 reports indicate that
a certain proportion of RCC patients need HSCT after first-line
treatment, and the OS rate after HSCT was favorable (80% at 4
years in the former and 66% at 5 years in the latter report)
with an extremely low relapse rate. In the current study, the
probability of OS at 5 years for all 24 patients was 81%, which
compares favorably with these reports and a previous report
[3]. Although only a small number of patients were included,
the present results suggest that both the MAC and RIC regi-
mens used in our institution are feasible for patients with
RCC without increasing the risk of treatment-related mor-
tality, which remains the most common cause of death in
HSCT for children with MDS [5-7]. As previously described,
the prognoses of patients with disease progression before
HSCT were dismal [3]. Early referral for HSCT might be
preferred for patients with unfavorable cytogenetic abnor-
malities or transfusion dependency.

For patients with advanced MDS, the MAC regimen con-
sisting of BU, CY, and Mel offered about 60% of event-free
survival in the EWOG-MDS report [7]. In contrast, the
optimal conditioning regimen for HSCT in patients with RCC
is uncertain. At our institution, pediatric patients with MDS
have been treated with MAC with high-dose cytarabine, CY,
and either TBI (12 to 13.2 Gy) or BU irrespective of

morphological classification or BM cellularity. A RIC regimen,
which is the same as regimens for aplastic anemia, was
applied to patients with hypocellular RCC, because of a
suggested pathological overlap between aplastic anemia and
hypoplastic RCC [19,20]. As shown in Table 2, all 7 patients
who received the RIC regimen consisting of TBI (3 Gy) and CY
(200 mg/kg) had hypocellular marrow without unfavorable
cytogenetics such as monosomy 7 or a structural complex
karyotype. In support of the report by Strahm et al. [11], the
current results suggest that HSCT using RIC could be prom-
ising in children with hypocellular RCC, with an expected
reduction in late effects such as growth retardation and
infertility.

The feasibility of RIC for RCC patients with normocellular
or hypercellular marrow and/or with unfavorable cytoge-
netics remains to be evaluated. In our study, HSCT using RIC
consisting of low-dose TBI, Flu (125 mg/m?), and Mel (140
mg/m?) was performed for 2 patients with normocellular
RCC, whose follow-up period is too short. Further large-sized
studies with a long-term follow-up will better evaluate the
efficacy of RIC for children with RCC.

ACKNOWLEDGMENTS

Financial disclosure: The authors have no relevant finan-
cial conflicts of interest.

Conflict of interest statement: There are no conflicts of
interest to report.

Authorship statement: J.I. was the principal investigator for
this study and wrote the manuscript. J.I. and J.O. had re-
sponsibility for study design, data analysis, and interpreta-
tion. R.F,, KK, M.N,, S.T., and J.O. collected data and critically
reviewed the manuscript. All authors approved the final
version of the manuscript.

REFERENCES

1. Niemeyer CM, Kratz CP. Paediatric myelodysplastic syndromes and
juvenile myelomonocytic leukaemia: molecular classification and
treatment options. Br | Haematol. 2008;140:610-624.

2. Niemeyer CM, Baumann |. Myelodysplastic syndrome in children and
adolescents. Semin Hematol. 2008:45:60-70.

3. Kardos G, Baumann |, Passmore $SJ, et al. Refractory anemia in child-
hood: a retrospective analysis of 67 patients with particular reference
to monosomy 7. Blood. 2003;102:1997-2003.

4. Baumann |, Niemeyer CM, Benett |. Childhood myelodysplastic syn-
drome. In: Swerdlow S, Campo E, Harris N, et al., editors. WHO classi-
fication of tumors of haematopoietic and lymphoid tissues. Lyon: IARC
Press; 2008. p. 104-107.

5. Yusuf U, Frangoul HA, Gooley TA, et al. Allogeneic bone marrow
transplantation in children with myelodysplastic syndrome or juvenile
myelomonocytic leukemia: the Seattle experience. Bone Marrow
Transplant. 2004,33:805-814.

6. Woodard P, Carpenter PA, Davies SM, et al. Unrelated donor bone
marrow transplantation for myelodysplastic syndrome in children. Biol
Blood Marrow Transplant. 2011;17:723-728.

7. Strahm B, Néllke P, Zecca M, et al. Hematopoietic stem cell trans-
plantation for advanced myelodysplastic syndrome in children: results
of the EWOG-MDS 98 study. Leukemia. 2011;25:455-462.

8. Smith AR, Christiansen EC, Wagner JE, et al. Early hematopoietic stem
cell transplant is associated with favorable outcomes in children with
MDS. Pediatr Blood Cancer. 2013;60:705-710.

9. Madureira AB, Eapen M, Locatelli F, et al. Analysis of risk factors
influencing outcome in children with myelodysplastic syndrome after
unrelated cord blood transplantation. Leukemia. 2011;25:449-454.

10. Parikh SH, Mendizabal A, Martin PL, et al. Unrelated donor umbilical
cord blood transplantation in pediatric myelodysplastic syndrome: a
single-center experience. Biol Blood Marrow Transplant. 2009;15:
948-955.

11. Strahm B, Locatelli F, Bader P, et al. Reduced intensity conditioning in
unrelated donor transplantation for refractory cytopenia in childhood.
Bone Marrow Transplant. 2007:40:329-333.

12. Bennett JM, Catovsky D, Daniel MT, et al. Proposals for the classification
of the myelodysplastic syndromes. Br | Haematol. 1982;51:189-199.

13. Harris NL, Jaffe ES, Diebold |, et al. World Health Organization
classification of neoplastic diseases of the hematopoietic and



