Korean J Hematol Vol. 40, No. 4, December, 2005

O Original Articled

A0} SYZLGUHEOYA]
EDNT 90| = OJa) A4 B
Addigta el ottt ud, steddiy Y 8 2A o A AlE
OlEE - BHET - WX - YYD - YMF - &2 - F E - FEHF

Hematopoietic Stem Cell Transplantation in Pediatric Acute Myelogenous
Leukemia: Relevance of the Stem Cell Source to the Transplant Outcome

Hye Ryoung Yi, M.D., Dong Kyun Han, M.D., Hee Jo Baek, M.D., Young Ok Kim, M.D.,
Seok Joo Kim, M.D., Eun Song Song, M.D., Hoon Kook, M.D. and Tai Ju Hwang, M.D.

Department of Pediatrics, Chonnam National University Medical School, Blood & Marrow Transplantation Center,
Chonnam National University Hwasun Hospital, Gwangju, Korea

Background: Postremission therapy is critical for achieving long-term survival in the patients with acute
myelogenous leukemia (AML). Allogeneic bone marrow transplantation during the first complete
remission (CR) with using a HLA-identical sibling donor may offer the best chance for long-term
leukemia-free survival. The patients without matched siblings have several treatment options. The aim
of this study was to compare the clinical outcomes after matched sibling transplantation (MST), unrelated
stem cell transplantation (non-MST), or autologous peripheral blood stem cell transplantation (APBSCT)
as a postremission therapy for children with AML.
Methods: Thirty four hematopoietic stem cell transplantations (SCT) in 32 children with AML were
performed between June, 1996 and December, 2004. Two patients who failed at prior APBSCT underwent
a 2nd unrelated transplantations. The disease status at the time of transplantation, the conditioning
regimen, prophylaxis for graft-versus-host disease (GVHD), the incidence of GVHD, complications, the
cause of death, the over-all survival and the event-free survival were retrospectively compared in relation

to the stem cell sources.

Results: There were 19 males and 13 females with a median age of 8 yr 10 mo. The median follow-up
was 17 mo. Twenty-eight cases were transplanted during CR1. Most (5/6) of patients other than the
patients who were in CR1 were allocated in the non-MST group. APBSCT was done in 17 cases, and
allo-transplants were done in 17 cases, which included MSTs in 10, matched-unrelated BM transplants
in 5, haploidentical CD34+selected peripheral blood transplant in 1, and 1-antigen mismatch unrelated
cord blood transplantation in 1. Acute GvHD > than Grade 2 was found in 20% of the MST cases
vs. 85.7% in the non-MST cases (P<.01). The two-year cumulative relapse risks were 46.4% in the
APBSCT cases, 20% in the MST cases and 31.5% in the non-MST cases. The Kaplan-Meier 2-year EFS
in all cases was 55.7%: 46.3% in the APBMT cases, 80.0% in the MST cases and 68.6% in the non-MST
cases, despite the higher proportion of high risk patients in the non-MST group.
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Conclusion: This study indicated that MST was the best option for pediatric AML. For patients without
matched siblings, the patients with unrelated transplants fared better, had better survival and a lower
relapse rate than the APBSCT patients. However, a further prospective, randomized study that incorporates
a larger number of patients and a cord blood transplant arm is necessary to definitely determine the best
option for pediatric AML. (Korean J Hematol 2005;40:242-253.)
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T g¥o=g N*- behenoyl-1- 5-D-arabinofuranosyl-cyto-
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Ptk HLA-L A FA7F fle 75 2000 o] A
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32 a28]3 43 38 T F4YA] Al granulocyte-
colony stimulating factor (G-CSF)E 5 pg/kg/day S 7
F38}9 a1, Fenwall CS 3000 (Baxter Healthcare Co.,
Deerfield, IL)& o] &3t W& Exka3 A3l
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3. 0|A] MAX|(Table 1)

A7t w2E 2ERAL]NE F 1704 AP
Ed o] Z 134994 BCVAC (BCNU 250mg/m’/day
on D-9 and ZOOmg/mQ/day on D-4; Ara-C 2.Og/m2/dose
q 12hr on D-8~D-5; VP-16 200 mg/m’ q 12hr on D-8~
D-5; cyclophosphamide 50mg/kg/day on D-3, D-2)<
2ol8t9 1, 399 A= busulfang 7|20 2 3t A A X
(busulfan 1.0mg/kg po q 6hr on D-9~D-6, VP-16
500mg/m*/day on D-5~D-4, Ara-C 100mg/m’/day on
D-10~D-3)E, YA 14 & cyclophosphamide 45mg/
kg/day on D-6~D-5, Ara-C 100mg/m’/day on D-11~
D-4, total body irradiation (TBI) 200 ¢Gy b.i.d. on D-3~
D-1Z A3

FEoAE 174 oﬂﬁ A E A= o] 5 104 <A
BuCy (busulfan 1.0mg po or 0.8mg/kg/dose IV q 6hr
on D-7~D-4; cyclophosphamide 60mg/kg/day on D-3,
D-2)Z, doxorubicindl] 9|3+ FAA A ZH =S J[A| 11
9lE 39 %= fludarabine 30 mg/m*/day on D-10~D-5,
busulfan 0.8mg/kg on D-6~D-5, antithymocyte glo-
buline (ATG) 10mg/kg/day on D-4~D-1& A}&3}3
om 1 F 1d& HEA ANE o4& AP
U A 3o oA & cyclophosphamide 45mg/kg/day on
D-5~D-4, Ara-C 30g/m2 q 12hr on D-6~D-4, TBI
200 c¢Gy b.id. on D-3~D-1Z, u}x| 9 1o &= olH X &
FE CD34+X® A haploidentical %8 ZdEA X

o] 2]& Al & Z$=Z VP-16 500mg/m*/day on D-9~
D-8, cyclophosphamide 45mg/kg/day on D-6~D-5,
Ara-C 3.0g/m2 q 12hr on D-7~D-5, TBI 200 cGy b.i.d.
on D-2~D-0& AH&3t3ith.
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cyclosporine®} ©7| 71' methotrexate (MTX)E w33}
of AbEeE Ao ® sl a, AW o] A f=
cyclosporineS ©Eo 2 Al83}4 ). Cyclosporine
o] 2l 14 A 5mg/kg/day, ]2 L 2E] 1.5mg/kg/doseS

H A ul FALSEe] €35 E7F 100~200 pg/mL
ste= &35 A8t 474 F 7t 7hedl
BT& AAZ vpro] FARE-F 3~4ufo s
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Table 1. Summary of patient's characteristics and stem cell transplantation

No. of patients

Male : Female 20: 14
Age in years at diagnosis, median (range) 8.8 (1.3~16.9)
Age in years at transplantation (range) 9.3 (1.5~14.5)
Autologous SCT (PB/BM) 16/1
Allogeneic SCT
MST 10
Non-MST 7

—_

Umbilical cord blood (5/6 match)

HLA-matched unrelated BM 5
Haploidentical CD34+selected PB 1
Cytogenetics APBSCT (n=17) Allo-SCT (n=17)
Normal karyotype 0 2
t(8 : 21) 3 0
t(15 : 17) 2 1
t(11 : 17) 1 0
t(3 : 3) 1 0
Trisomy 8 0 1
Trisomy 22 0 1
+8del (12) p (13) 0 1
Inv (16) 0 1
MLL gene rearrangement 0 1
CBF/MYH1 0 1
Add (9) 1 0
No growth 9
Conditioning regimen

Autologous stem cell transplantation

BCNU, Cytoxan, VP-16, Ara-C 13

Busulfan, VP-16, Ara-C 3

Cytoxan, VP-16, Ara-C 1
Allogeneic stem cell transplantation

Busulfan, Cytoxan 10

TBI, Cytoxan, Ara-C 3

Fludarabine, Busulfan, ATG 3

TBI, Cytoxan, VP-16, Ara-C 1

Abbreviations: MST, matched sibling transplantation; VP-16, etoposide; Ara-C, cytosine arabinoside; TBI, total body
irradiation; Cytoxan, cyclophosphamide; SCT, stem cell transplantation; BM, bone marrow; PB, peripheral blood.

FAT7} 200/ yLo ThebEA] 23wz g olstglet.” 7. £ 2

AL E5A AL 1 E”E b 5% ool AW, &

Q] Ao Aol d+= ZA$, =& FISH (fluorescent EAEAL SPSS 120 TR2IOHWS AMRS¥ a1, T

in situ hybridization)Ur MEGAT A A 2 A T+ 7+ zpo]l A thaj A= Fisher's exact test®} Chi-

BAd v AARl 2o 5% ]} vEhE A5-= A square test, Al = 7] zpo]Ho tisjA = ANOVA

o] &ttt testE Al ottt 2ERAE ZAdE AAYEE, F
#4 GVHD¥ Glucksberg 5'9¢] & o]l w}e}, wHA] WAEE, ALES ¥ e Kaplan-Meier &34 S

GVHD*‘ Shulman 5'"¢] el el Aeketn S+ o] &3t T A9 Al 20054 4¢ HE AT

< ol Z} o] 2l Aole] Aol &= Log-rank'H = o] &35t 73
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193, SAA A4 9 58 P02 3.

ol

| o}
1. CHAEHALS| OlA ® MEN

ozt 199, ojobrt 139 o] ar, ek Al S
2 84 10709 (1.3~16.93)0]1) 1L, o]2] A 5%
2 Al AL (1.5~1459)0]1%0th T FHHZ7
< 1771 €(0.2~8.9)°] A th(Table 1). FAB &/H%
M27} 1590 (44.0%) = 718 Bk, MaZE 99(26.4%)
2 1SS 2A s T M3E 39 (9.1%) 0] =T o
B2 BT 20009 oAl o2& Aldd Atk
(Table 2).

o] 2] Al gzt AEE HWl Ay} Hx¥ 2R
ol oM E A2 ¢AAIIE 15 A&l 5ha
CR1°19l3, HLA-9X A7+ o]ATdAE=
CRI1 eI A5 v 8 22 HLA-B YA
ZoAz} FoAE=(n=7) CR1L 20| %093, CR27} 2
o, CR37} 1¢], 2D A el 7} 24 & 71.4% (5/7)7}
198 Fo AtHTable 3). 22} ©]2] & Wotd 24| & 7+
7} CR2, CR3 ZdEjoll A Bl Aol 2] S wbgkry.

o] AN REAFNAJANY 24 F 1dE T FE2
Holl| F-2 9ke-S Bl A 52 oA ZHE CD34+4
B A haploidentical W*8 2 EA| ¥4 & HgLOo
U, Ao Ao)slgl 3, HLA-2Y 2] (3/6) EA7t Al
dE F7F A8t oy 81¢94l 34 GVHDS A=
APESEA T U A 1= 12} #8f & Ade 7 ¢
AL A2 v2F F9F AAA £ v
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Table 2. FAB classification

APBSCT Allo-SCT Total %
MO 1 1 2.9
M1 0 0 0.0
M2 12 3 15 44.0
M3 2 1 3 9.1
M4 1 8 9 26.4
M5 2 2 5.6
M6 1 1 2.9
M7 2 1 3 9.1
Total 17 17 34 100.0

Abbreviations: APBSCT, autologous peripheral blood stem
cell transplantation; Allo-SCT, allogeneic stem cell trans-
plantation.

Table 3. Disease status at transplant by stem cell source

APBSCT MST Non-MST Total
CR1 16 10 2 28
CR2 1 0 2 3
CR3 0 0 1 1
Partial remission 0 0 2 2
% of high risk* 5.8 0 71.4 17.5

*Disease status other than CRI1.

Abbreviations: CR1, 1st complete remission; CR2, 2nd
complete remission; CR3, 3rd complete remission; APB-
SCT, autologous peripheral blood stem cell transplan-
tation; MST, matched sibling transplantation.

3. gosts 3

% 34d] F 3209 A A FAE 5 At ]
H G AL 4, CD34 SFAAME 4, colony forming
unit-granulnocyte monocyte (CFU-GM)2] S7Hgre 7t
7+ 52X 10%kg (1.1~9.9%10%kg), 5.1x10%kg (0.5~
16.0X10°kg), 3.0X10°/kg (0.9~12.9%10°/kg)°] 2 tF
(Table 4). Z}7te] 9ol W& A & v BH
A7F 2 2 RA ol Tl A FFo| A e H]
gl o)A H SN2t FAH R fFoftA =RkA T

75]
o]4 F F571% 3 &l Atel= glith o]
M3, CD34 AL & A7t 228
oA HLA A FAZE o] 473} v
o FAXCR ov] oA wRo, o4 F Tt
dage] F5E A7t gl (Table 4).
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Table 4. Patient characteristics by stem cell sources

Allo-SCT non-

Total APBSCT Total MST MST P value
M:F ratio 20 : 14 12:5 8:9 2:8 6:1
Age in years at diagnosis 8.8 9.9 8 8.1 9 .81
Age in years at transplantation 9.3 10.7 8.2 8.2 10.1 75
Follow-up months 17 17 17 13.5 20
median (range) (2~107) (2~93) (83~107) (5~107) (83~34)
Days of admission 44 44 46 42 50 51
median (range) (32~107) (32~167) (36~80) (36~60) (36~80)
Initial WBC (x10% 11.9 11.9 12.0 9.8 30.0 .75
median (range) (1.32~172.5) (2.29~172.9) (1.52~172.9) (15~104) (4.6~62.8)
Transplantation, median
Total cell count (x10%/kg) 6.6 5.6 6.8 7.2 3.2 .03
Mononuclear cell (x10%/kg) 5.2 6.7 45 4.6 2.7 .006
CD34+cell (x10%kg) 5.1 4.8 6.0 6.8 5.0 174
CFU-GM (x10%kg) 3.0 2.4 5.8 6.4 4.3 .006
Days of engraftment, median
ANC =500/ uL 16 15.0 17.5 16.5 17.5 613
ANC >1,000/ xL 19 17.5 20.0 20.0 19.5 407
PLT>20,000/ L 29 29 28.0 28.0 28.5 426
PLT >50,000/ pL 35 35 31.0 325 31.0 505

Abbreviations: ANC, absolute neutrophil count; PLT, platelets; APBSCT, autologous peripheral blood stem cell transplantation;
Allo-SCT, allogeneic stem cell transplantation; MST, matched sibling transplantation; WBC, white blood cell counts.

Ao 5877} 500/ pL7kA] 3] 5 =
e Ak 16901 4 78 gl
20,000/ yL o]} o2 e 2=d A3k 29¢o
Atk A A F7F 500/ L, 1,000/ yL7HA)
A e zp7tol Al ol A 15093 1759 % %
T A9 17.5¢, 2008 20} kot BA ¢
Atk & & wo] 20,000/ wL, 50,000/ yL £ 2ET]
g AIZES A7} o] A Fell A Zhzt 20.0Y, 35.0L &=
ZFol4] 9] 28.04, 31.0¢ B} AAA T FA A
o= 1A TH(Table 4).
A& 24| A B = 1o= i sl
A A o2& AldtAd flolA Aw g =
WA led= CR2 FEjoll A A7F B2E 2 RA| 0]
212 APk A2 o)A 10044 A FA4T7}F 500/
pl o] 22+ A2 AAS B9, o4 63714 A
22k Akl CR3GE 2 o]ak vl A EF0] 4 & Al
gato] A FHe A GVHDE 7HA 2 1570 LA

> ofN

A
-

[e]
73 §-0] 1,

HLA-BY 2| 28R Lol oA 857% (6/7) =2 HLA-
A=) FA 7 o] 4 2] 20.0% (2/10)] vl&) AAT| =k
O W(P<OD), F < Ztell §74 GVHDo| AJ2tE & A]7]
o] Ztol = {AATh oA ZHEH CD34+d 94 haploi-
dentical 28 ZY A Fo]2 & A3 1o of|A] T
H-o} 94 7-S AW3t= Grade IV GVHDZF #4319
o oL 2 5H 100 o] % Bt 7be A" @At
A " GVHD: H| Azt 2 ol|x 42.8% (3/7)=
HLA-L =] gA|7F o121 10% (1/10)°)] H]s] EAH =
7} E=STH(P<.01)(Table 5).

A EsA o2 SQlE Al X4t
ZE A Fo| Aol A HAd4A 64, HLA-
o] 2ol A Aldtzkde] 24 AT A THA
olAH|AFE A 7ol 29|, Candida (C. albicans, C.
parapsilosis) 7} 2¢]|, Hansenula anomala”} 2¢| it} Al
-2 Burkholderia cephacia, Staphylococcus epidermidis
7F 8 HUT 014 T FA W 222 147 Ay
GAZE o] 2ol A o] 2 B EF] R} S|
BAA o9 = gl th(Table 5).

APGE S A7F 2 RA| Lol o] PAZE o] AT
I BEA o)A vl wkou FAA o= (13l

F

el
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Table 5. Complication after stem cell transplantation by stem cell source

Auto (n=17) MST (n=10) Non-MST (n=7) P value
CMmV 10
CMV culture 1 0 2
CMV antigenemia 0 0 2
CMV disease 1 0 2
Bacterial infection 0 0 3 40
Fungal infection 6 0 0 A1
Interstitial pneumonitis 0 1 1 48
VOD 0 0 0
Hemorrhagic cystitis (No) 2 2 1 .90
Gl toxicity (stomatitis, N & V, diarrhea) 4 1 2 57
Life threatening bleeding 0 0 1* .60
Acute GVHD (%) 2 (20) 7 (100) <.01
Onset days (median/range) 16 (2~30) 16 (1~27) .29
=Grade |l 2 (20.0) 6 (85.7)*
Chronic GVHD 1 (10%) 3 (42%) <.01
Onset days (median/range) NK 197.7 (132~277)
Limited/Extensive 1/0 1/2

*{ patient, Grade IV involving skin, gut.
Abbreviations: Auto, autologous peripheral blood stem cell transplantation; MST, matched sibling transplantation; CMV,
cytomegalovirus; VOD, venoocclusive disease; N & V, nausea and vomiting; GVHD, graft versus host disease; NK, not known.

Table 6. Comparison of cause of death by stem cell source

APBSCT (n=17) MST (n=10) Non-MST (n=7) P-value
Number of Patients died 10 2 2 .79
Cause of death
Recurrence/persistence of
primary disease 9 (90%) 2 (100%) 2 (100%)
ARF, CMV disease 1 0 0

Abbreviations: APBSCT, autologous peripheral blood stem cell transplantation; MST, matched sibling transplantation; ARF,
acute renal failure; CMV, cytomegalovirus.

TH10/17=58.8% vs 2/10=20% vs 2/7=28.6%, P=.079).
3 HEA o] 2o A CR2 o] o] @ ato] I
b oA E T BSkAI R AlgrE = Aol 7t §lolth
(Table 6). A 9Q1& 27t 28 RA| Lo 2] Fo| A&
AFEEE 10 Z 94 (90%)7F Ak A ko] Aol gl e
), HLA-G ] FA|ZF o] 273 v o] 2 oA =
AP 242 RO A Aol Al }lo] it &}t
ZY A Eo] 2ol A A U A] 1o & o] 2] $ 44
AR FAAFE AT AA Euto] 2l & 2 ¥ (cytomega-
lovirus disease, CMV) 2. 2 A}319 )

5 ZEDMEZL0 2 oAMFHMES)
1 25 Ao 2 3 519 Kaplan-Meier A A A&
557%9.11, 2\ d FHAYEES HLA-U X Azt
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