Clinical Pediatric Hematology-Oncology

Bold FPZRTNAY Popily nAY

020 - 284 - YA - UBM - RHF
QIATNERL jmifet oo, Auekanel olot

Volume 18 * Number 2 * October 2011 ORIGINAL ARTICLE

17 el w2

Survival Benefit of Hematopoietic Stem Cell Transplantation in Infant Acute
Lymphoblastic Leukemia, According to Classification of High Risk Group
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Background: In comparison to older children, acute leukemia in infants has a dismal
outcome, despite introduction of intensive multi-agent chemotherapy. Patients with age
under 1 year and mixed-lineage leukemia (MLL) gene rearrangements are the most high
risk group. In this study, we investigate the outcome of more intensive chemotherapy
and the role of hematopoietic stem cell transplantation (HSCT) in high risk group of
infant leukemia,

Methods: This study analyzed on 9 infants with acute lymphoblastic leukemia (ALL) who
were diagnosed and treated between 1998 and 2008 at Severance hospital, We classified
high risk group with age at diagnosis is under 6 months or white blood cell at diagnosis
are over 50,000 /UL or presence of MLL gene rearrangements. Patients in high risk group
were treated on a protocol of intensive chemotherapy followed by HSCT.

Results: In this study, the 3-years EFS rate for 9 infant ALL patients was 66.7+15.7%,
Both of 2 patients younger than 6 months of age at diagnosis did not survive. 3yr-EFS
rate for the 7 patients categorized in high risk group out of 9 infant ALL patients was
57.1+18.7%, and 3 yr EFS of the 6 patients in the high risk group who received HSCT
was 60£21.9%, We did not experience relapse in 6 patients treated with HSCT.

Conclusion: This study showed promising results and lesser risks in high risk group in-
fant ALL treated with intensive chemotherapy and HSCT. We suggest early HSCT with
intensive chemotherapy for infant leukemia patients in high risk group.
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Table 1. Characteristics of patients

Patient Sex Age WBC (/mL) CNS Hepato Myeloid A.g “© ¢Dp 10 MLL gene Protocol Event
no. splenomegaly expression rearrangement
1 M 6M 33,900 - + + t(4;11)(q21;q23) POG 9407  Relapse
2 F 6M 43,500 - - + POG 9407 -
3 Fo10M 11,410 - + - dupMLL(11q23) POG 9407 -
4 F 5M 1,180 - - + dupMLL(11q23) POG 9407  Death
5 F11M 84,950 - + + dupMLL(11q23) POG 9407 -
6 F 5M 123,800 - + - dupMLL(1 1923) Interfant-06 Death
7 M 8M 139,800 - - + Interfant-06 -
8 M 11M 35,670 - + - t(11;1 9)(q23;q1 3) Interfant-06 -
9 M IM 91,600 - - + t(4;11)(q21;923) Interfamt-06 -

WBC, white blood cell; CNS, central nervous system; MLL, mixed lineage leukemia; POG, pediatric oncology group.

Table 2. Characteristics and result of patients undergoing hematopoietic stem cell transplantation

Patient Induction  Age at Donor/Source Conditioning Engraft day GVHD grade Outcome

no. response HSCT ANC>1,000 PLT>20,000 after HSCT

4 CR 18M UBM BuCy D+12 D+30 Chronic Death (9 months)

5 CR 17M UCB BuCy D+15 D+66 Acute, 1 Alive (3 years)
(2 locus mismatch)

6 CR 10M UCB BuCy D+23 D+29 Acute, 2 Death (7 months)
(1 locus mismatch)

7 CR 13M SBM BuCy D+11 D+24 - Alive (3 years)

8 CR 16M UPB BuCy D+12 D+18 Acute, 2 Alive (3 years)

9 CR 16M UPB BuCy D+10 D+10 - Alive (3 years)

CR, complete remission; HSCT, hematopoietic stem cell transplantation; BuCy, busulfan,cyclophosphamide; U, unrelated; S, sibling;
BM, bone marrow; CB, cord blood; PB, peripheral blood; GVHD, graft-versus-host disease; ANC, absolute neutrophil count; PLT,

platelet.

5H8& POG 9407 A2 O R 42 Interfant-06 A 5H O
2 st ami s Akt 194 Tndgsis ey S
Agetd T ZFAES skaeH ]'%]'5}@.'3%4 = Abgel
ol §Ilth. Lol HBE k= 70l
6"(66.7%)°] HSCTE A3 H9 D}(Table 2). L}—U}Z] 14L&
AAA o] 4= HSCTZ A&s}A] Latglor} arotslst g
NG F @A AESHL G0 HSCTE e 672 8
ZolX 22 A E (human leukocyte antigen, HLA)
FANAN EFol2le e F97F 18, HLA-YA] Hj8d
TRt A o]2] Wk A7} sH(TF 1, B2 2), 181
HLA-R A Aol 413 W 497} 25olgieh. HIA-EY
2] Aol 2g w2 20]= 247} 1
mismatch§ith. 52| ]2
(#9]: 10.0-18.071 )=, XIet

oot

)

)

Z} 1 locus, 2 locus molecular
FA| vole] At 1471
F ol A7HAe 717k 13,870

88

2 (910 9.6-18.074)olTh. o4& e 67 HFAf B
dedos A% =, NET Y] AFE2 16590130

o Py Az @%%}3_ galo|t}. o] Al@E Ape
2, 1% HSCT ¥ 67Héoﬂ Ath A Euto] p\ﬂ =

o= $ATHTable 1),
B AT E23E F oW Jold ALL 3xlel 31 EFS

66,715 7% %01, 13T &3 79 el H¢ 571+

18.7%0] ek, Xk FA o]

o] ol= BT ARaRQlaL, KIekA] tpol7}h o7fE o) o

7 F 0o FrHAES]]

(P=0.021). & MLL

Vol, 18, No, 2, October 2011



Hematopoietic Stem Cell Transplantation in Infant Leukemia

ofiftoll whE xpol= Kol eshet. AP ellA HSCTE A3
W2 6'89] 31 BFS 60+21.9%01H, o] F 290 APdat e
bl 25 67§ vinte] ojlrt, BEsh= 789 Fotel B¢
F719Fer P71 s A3, ALF2R), 7 o]
Adjsuk-g(14), A4 A71EA A1) gelE 3.

=

kl
!

gobd ALLY AEE&L & =2 Fetslstany 9 HSCT
of Ngog FF3] 7t ot 14 o)<l Fhajol uls|
A A o Fe= A8 i leﬁ}xl«l Aol A dot
3 ALLY] EFSL 22-54%% &&A] 9lar, I vd7|de]
o Wr=w 20024 417¢] Sol= tido = 3 AA7e} 2009
W 1390] Z&E AFo)A EFSS 247} 29.2%, 23.0%5 HY
tH14,15].
Jold ALLZ 14 o]de] ALLF 934 zfol7} Sl ZIet
WEHFLZ7VS, SFABA AW 3 g v 8k

=2

>

x =

T3 AZZEAZ] FAEE 2 CD10 §4 B8 &0l =
et EAHEL o}y ALLo] et o F 5 Hol= A
tH14l. Interfant-99 AFAAE MLL 53144 AH)
Al 678 meke] tpolzh Zh LM ol FQlAte]
BTS7IeH ZH 2ot A5l 239 wheo] 1 o

8%k o TRt SFTH2) B AT E T BA
whol7h 670 mlwkel Btol 2we B Apgareitt 67HY o
B A5 MLL 32 A o] SlEA] 2

]

+

e}

=

¢

1=
i)

o & ope & 0ol oft
2
RORas
o
OXL ;94 N

nﬁ

e r1
4 o8 o
ofN o o

N
-

IS

R
—>f‘—‘ o
> 1o
= oX
ue o
o o
o ro
o %
yo =
2

fuil
e o

o,
oo% N
- r.]j
P
o
24 ot
ro >
P

&

oo}d ALLS dubH o g gelalstaWlo] Aato] =k

Jotd ALLY| 7% 14] o] o] W3
W SAE R} Lasparaginase®} prednisolonedl] T #&H4]
Heltkn gk vl glehie) Jobd ALLe] A2 Asje] &
ole gy A Bl Ad 14d oo 27| Adte] 2
ASR[211], Az5ddEA ol 7 Abg2 oF 4%l =3t
o2 A4zl JrH10l. Interfant-99 AFNME N 8dd =
02 Q% ARFE Suel BN A7 F AL QG Ao
o EA7E ok AHeoich2). A A B fEe
-95%7) $bA )7 AN 30-50%% w9
qe de A de dEA dA &

5]
EB5e Hole Af U =2 A YA Hol=

ox L o o o uek

l

fu

;:O
&
o
_;
2

o jo @

= 9
ot
=
“

= o aZ o

Clin Pediatr Hematol Oncol

AZZEAM 7198 Aor Y7 £+ Ja 25 A5
B AAE Hole AR FHETN7). wetA #8 fr=
AW o]F ZTIAMEE Fole Aol FaskH dobd ALLAA]
2 43S HolE cyarabines #3f =89 ¥ Asla
Holl 227 Hrh ikl ekt el AR Hols
WA o el Agads Ho] 27] APLE S0l 754
A AuAH Al 7142 £ & AR AR ETH2,12)

2 oJold ALLAA BF3tE Fetslstaon z7) AP
& 0]l LAAT GAtAA W Al7]o] HSCTE Al@shs
A &5 AlEdtaL glvk, v o8] Jobd ALLAIA HSCT
o &2 Bt =& A7k vk dA7kAE HSCT
o} gotstet s gk it ciehelo] 729 A7= ¢l
T AHE gUr#e] oqtR A7Ee] B 7 TRE e ¢
o}, 4827 o] F3HE Interfant-99 A= 2| 2ol =0 Eakgh
Bh3-& HolE 3799 FAelA| FF HSCTS A3k, &
At et Al T3t Fetste e § HSCTE A3
T Atolell ofn] gl AEol5e glrkal Balskirk(37.4%,

m]

50.2%, P=0. 19) Y Interfant-06 Aol A= MLL -4}
Aol gl o7hY mwk $ho} T 2HZo|= A5l B
W& HolAu ek JA] W@ 47} 30,000 uL o]/4<l
5 19gTF o2 At Interfant-99 X HHS 835}
A L PT SFofollAl FF HSCTE AL ow] 9l
S B 3FTH12l, YEoA oo} ALLS

7402 g MLL96, MLLI8 7+ MLL -3} Auld F-5-of
utet MLL fr 34k A o] Ele 7 9ol HSCTE Ald3k3d
53 EFSO] 50.9%% =& & BHAUH11. 2 AFdlA
AT MFE A FA o] o7HY w|ko] AL,
ot Al W71 50,000 plolAtel A%, EE MLL 4
24 Aol geld B2 MAE Sistar T S
A= destet eyt §H7 HSCTE Aldatelon, 1 23
3 EFSE 66.7115.7%%2 AtHdog £& o2 B
ol 1LY ATe] WHE GfA gt Bt AS5H0] A5E
AlYgHEIA 71018 Ao g YzbEn, tint olq ALLY| A
o] AT e 7 A 4 3

7|3ko] FA| Bk Aol & Aol Algdoltt, wgk gt
MLL #2382 A, 2k FA] 674€ m]nte]
MY L5715 L HSCT A8 ool i &

] o]r,]-

E‘g
Aol Ade FelakA] 2 A oA oje
%
AN
L

on

¢

AEol5ol gl

_;\;mr

o™l M

ik
A
[e)

il

2]

bt
O
I
oY)
e
\I

2

ol
O:

@ ALLOA MLL 202 Al S 23kek a9 Aol
Aol Eata 1 Fol= Mk & 1d oo 7] A
o] 71 A= A & <A vk Kosaka & MLL

wjdo] gle 82} 3890l 7] HSCTE Aldakalom

89



Kyoung Ah Lee, et al

1 HA) A3 T HSCTE A& e 2998 9] 31 EFS (64.4%)°]
]*c} J&SH T HSCTE Al3gk 979 31 EFS (22.2%)°]]
oln] gJA =t Baalguk(,=0.004) [18], =, Zlgk

d o] 27] Atto] &ttt AMEES e o, X

T o714 oldjell HSCTE Alst= Zlo| nhe2lact a4l
e vol7t o} Stofol A &5 FAAE Foldte

g o] 212w A S A5T7F FubEofopt

R

o = U 4

o

=

P‘é ALLOIA HSCTS] #& 54 9 F719 5ol thafA
}7\] ezl vzt 7 gl o= otd ALLY| A
4 AYEEo] vhe o] F o]fo|th. MLL 96, MLL 98
:rL‘ﬂW* ol2f Mz Fetstetary thal FAAMIZARE
FAE AN A2gFe] 58.9% (23/39)2 BILH AT
o= HSCTE W 3Apol|A| whdo| A« 4t
W71 Asks, 87, A 2 Ad S T
F71 el = Hauwal glvk, steta s 9 HSCT
A7/ o] FgHo] A&t Jotsol S71EFE
are] A AdE SIS Eol7] A% =80 30}‘:}
Interfant-99 Ag-ollA] AlRkek A} o] gty A=
oAl anthracycline, alkylating agent} epipodophyllotoxin
E_q] Exéo] oll: g‘}ﬂ ng.o S 7<—r‘—1- )\]7:10 z]x]-oHE

B 5 gl TR WAL 2 ANPAREARE A5
o
=

l‘ﬂﬂo_u..—u'
urp

= o2 (Zor
o
ri%‘

=
=
£

)

HSCTOl A akel ollr} SLont, ML $ A
o Sk A, 0% G4 Holrt 14 um 3%, A 3
A METEA ] Sl BB Z7 BYHQ B o)

Az uelake), 29 o1 ALL Bkl 2101 HSCT
2 sk Ao] ArAd Pl 7ldE Aoe ArEd.
E3 HSCTo| T F713 %0 deHE A&ael A7}
SRS

=g

sl

Mo

1. Pui CH, Evans WE, Treatment of acute lymphoblastic leuke-

90

10,

11.

12.

13.

14,

15,

mia, N Engl ] Med 20006;354:166-78.

. Pieters R, Schrappe M, De Lorenzo P, et al. A treatment proto-

col for infants younger than 1 year with acute lymphoblastic
leukaemia (Interfant-99): an observational study and a multi-
centre randomised trial, Lancet 2007;370:240-50,

. Dordelmann M, Reiter A, Borkhardt A, et al, Prednisone re-

sponse is the strongest predictor of treatment outcome in in-
fant acute lymphoblastic leukemia, Blood 1999;94:1209-17.

. Reaman GH, Sposto R, Sensel MG, et al. Treatment outcome

and prognostic factors for infants with acute lymphoblastic
leukemia treated on two consecutive trials of the Children's
Cancer Group. J Clin Oncol 1999;17:445-55.

. Ferster A, Benoit Y, Francotte N, et al, Treatment outcome

in infant acute lymphoblastic leukemia, Children Leukemia
Cooperative  Group-EORTC,  European Organization for
Research and Treatment of Cancer. Blood 2000;95:2729-31.

. Hilden JM, Dinndorf PA, Meerbaum SO, et al, Analysis of

prognostic factors of acute lymphoblastic leukemia in infants:
report on CCG 1953 from the Children's Oncology Group,
Blood 20006;108:441-51,

. Chessells JM, Harrison CJ, Watson SL, Vora AJ, Richards SM,

Treatment of infants with lymphoblastic leukaemia: results of
the UK Infant Protocols 1987-1999, Br J Haematol 2002;117:
300-14.

. Frankel LS, Ochs J, Shuster J], et al. Therapeutic trial for infant

acute lymphoblastic leukemia: the Pediatric Oncology Group
experience (POG 8493). J Pediatr Hematol Oncol 1997;19:
35-42,

. Silverman LB, McLean TW, Gelber RD, et al. Intensified ther-

apy for infants with acute lymphoblastic leukemia: results
from the Dana-Farber Cancer Institute Consortium, Cancer
1997;80:2285-95,

Stam RW, den Boer ML, Pieters R. Towards targeted therapy
for infant acute lymphoblastic leukaemia, Br J Haematol 2006;
132:539-51.

Tomizawa D, Koh K, Sato T, et al, Outcome of risk-based
therapy for infant acute lymphoblastic leukemia with or with-
out an MLL gene rearrangement, with emphasis on late ef-
fects: a final report of two consecutive studies, MLL96 and
MLL98, of the Japan Infant Leukemia Study Group, Leukemia
2007;21:2258-63,

Pieters R. Infant acute lymphoblastic leukemia: Lessons
learned and future directions, Curr Hematol Malig Rep 2009;4:
167-74.

Chowdhury T, Brady HJ. Insights from clinical studies into the
role of the MLL gene in infant and childhood leukemia. Blood
Cells Mol Dis 2008;40:192-9.

Jeon JH, Choi YN, Ki MN, et al, Clinical features and
long-term outcomes of infant leukemias: a review of ten-years'
experiences, Korean ] Pediatr Hematol Oncol 2002;9:46-53.
Cho HJ, Han DK, Baek HJ, et al, Clinical characteristics and
treatment outcome of infantile acute lymphoblastic leukemia,

Vol, 18, No, 2, October 2011



Hematopoietic Stem Cell Transplantation in Infant Leukemia

10.

17.

Clin Pediatr Hematol Oncol 2009;16:9-20.

Pieters R, den Boer ML, Durian M, et al, Relation between
age, immunophenotype and in vitro drug resistance in 395
children with acute lymphoblastic leukemia-implications for
treatment of infants, Leukemia 1998;12:1344-8,

Tomizawa D, Koh K, Hirayama M, et al. Outcome of recurrent
or refractory acute lymphoblastic leukemia in infants with MLL

Clin Pediatr Hematol Oncol

18,

gene rearrangements: a report from the Japan Infant Leukemia
Study Group. Pediatr Blood Cancer 2009;52:808-13,

Kosaka Y, Koh K, Kinukawa N, et al, Infant acute lympho-
blastic leukemia with MLL gene rearrangements: outcome fol-
lowing intensive chemotherapy and hematopoietic stem cell
transplantation, Blood 2004;104:3527-34.

91



