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= Abstract =

Comparison of total body irradiation-based or non-total
body irradiation-based conditioning regimens for
allogeneic stem cell transplantation in pediatric leukemia patients

Sang Jeong Kim, M.D., Dong Kyun Han, M.D,, Hee Jo Baek, M.D., Dong Yeon Kim, M.D.
Taek Keun Nam, M.D* Tai Ju Hwang, M.D. and Hoon Kook, M.D.

Departments of Pediatrics & Radiation Onco/ogy*, Chonnam National University Hwasun Hospital
Chonnam National University Medical School, Gwangju, Korea

Purpose : This study aims to compare the outcome of total body irradiation (TBI)- or non-TBl-containing conditioning regi-
mens for leukemia in children.

Methods : We retrospectively evaluated 77 children conditioned with TBI (n=40) or non-TBI (n=37) regimens, transplanted
at Chonnam National University Hospital between January 1996 and December 2007. The type of transplantation, disease
status at the time of transplant, conditioning regimen, engraftment kinetics, development of graft-versus-host disease
(GVHD), complications, cause of deaths, overall survival (OS), and event-free survival (EFS) were compared between the
2 groups.

Results : Among 34 patients with acute lymphoblastic leukemia (ALL), 28 (82.4%) were in the TBI group, while 72.7%
(24/33) of patients with myeloid leukemia were in the non-TBI group. Although the 5-year EFS of the 2 groups was
similar for all patients (62% vs 63%), the TBI group showed a better 5-year EFS than the non-TBI group when only ALL
patients were analyzed (65% vs 17%; P=0.005). In acute myelogenous leukemia patients, the non-TBI group had better
survival tendency (73% vs 38%; P=0.089). The incidence of GVHD, engraftment, survival, cause of death, and late
complications was not different between the 2 groups.

Condusion : The TBI and non-TBI groups showed comparable results, but the TBI group showed a significantly higher 5-year
EFS than the non-TBI group in ALL patients. Further prospective, randomized controlled studies involving larger number
of patients are needed to assess the late-onset complications and to compare the socioeconomic quality of life. (Korean
J Pediatr 2010;53:538-547)
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(0.4-16), non—TBI iL% 8.441(0.7-18) 2 =}o]7} ATt &
okojole] Hl& T8 27:13%, non—TBITS 19:18W 2.
2 TBIT°1A %0}7} ti wokot EAF Aol k(P =
0.149). ™ A2 ALL 349, AML 339, W3 @1gy 89
JMML 2% <=o]9lch. ALL #2198 82.4% (28/34)+ TBIT<!
b, A ZeAE B8y $kx12] 72.1% (31/43) = non—
TBIZl £33 tH(P=0.000, Table 1).
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Table 1. Characteristics of Children Who Underwent Transplantation

TBI non-TBI P value

No. of patients 40 37
Median age at transplant 7.0 (0.4-16) 8.4 (0.7-18) 0.310
(yrs) (range)

Sex (M:F) 27:13 19:18 0.149
Type of leukemia
ALL (n=34) 28 (82.4%) 6 (17.6%)  0.000
AML (n=33) 9 (27.3%) 24 (72.7%)
Chronic leukemia (n=8) 2 (25.0%) 6 (75.9%)
JMML (n=2) 1 (50.0%) 1 (50.0%)
GvHD prophylaxis
CyA+MTX 19 18 0.024
CyA 9 4
MTX 0 4
Tacro/MMF 3 0
Tacro/MTX 8 8

Abbreviations : TBI, total body irradiation; M, male; F, female;
ALL, acute lymphoblastic leukemia; AML, acute myelogenous
leukemia; JMML, juvenile myelomonocytic leukemia; GvHD,
graft versus host disease; CyA, cyclosporin A; MTX, methotre-

69, ALL 219
Algsta Apdate] 23} o] A& Al 692 A= 1) ©
S A o2 73] censorshal, 12keF 23} 0]
£ TBI offol me} F-Eate] FFak3la, 13} A7t =A
o|2 & AldstaL AL =L 23pke] WA O R 23 FEO|AE Al
st 3igolal= 22 o] AR NEE ARSI 24} 0] A& AlE
3 W= B TBIE AREekA] &Sttt

2. O| A2 2R} ALEH

ALL #ho} 5 Al 19k 3 (CRD ¢ 01“% %3 e
207 (58.8%) o7 olE L
2 A T oS EBRIAE ﬂx}Eolﬁi , & A4 A
% CR2001A] o]2& W2 A%

B T-AEE,

10201(29.4%) AA=Hl o] F 1

< 12 T & 247019 o]l ALk §‘rXFﬁ\:}(Talole 2).
AML % 238 (69.7%)2 CR1°]%1=t, ©] & 5L inv (16),

t (15;17), t (8;21) FArAoR &Hoﬂ% AR FE RO R T o

xate; Tacro, tacrolimus; MMF, mycophenolate mofetil 7)1 v 4ER Aol o5 B AT 2370 AT
Table 2. Disease Status at the Time of Transplantation
No. of patient TBI Non-TBI P value
ALL 34 (44.2) 28 (82.4) 6 (17.6)
CR1 20 (58.8) 17 (85.0) 3 (15.0) 0.185
T-ALL 7
t(9:22) 5
MLL rearrangement 3
Slow remission 3
L3 2
CR2 10 (29.49) 9 (90.0) 1 (10.0)
Early relapse after CR1 (<24 Months) 5
Late relapse after CR1 (=24 Months) 5
>CR3 4 (11.8) 2 (50.0) 2 (50.0)
AML 33 (42.9) 9 (27.3) 24 (72.7)
CR1 23 (69.7) 6 (26.1) 17 (73.9) 0.232
others 17
inv(16), t(15:17), t(8;21) 5
Biphenotypic leukemia 1
Secondary AML 6 (18.2) 3 (50.0) 3 (50.0)
MDS 4
Fanconi anemia 1
NHL 1
CR2>2 4 (12.1) 0 4 (100)
Chronic leukemia 8 (10.4) 2 (25.0) 6 (75.0)
Ist chronic phase 6 1 (16.7) 5 (83.3) 0.169
CEL 1 1
Relapse 1 1
JMML 2 (2.6) 1 (50.0) 1 (50.0)
NF1 mutation 1

Expresssed by % in the parentheses

Abbreviations : ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; JMML, juvenile myelomonocytic leukemia; MDS, myelo-
dysplastic syndrome; CR, complete remission; MLL, mixed lineage leukemia; NHL, non—Hodgkin's lymphoma; NF, neurofibromatosis; CEL, chronic

eosinophilic leukemia
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oj2lo] AJFEE H-9-3ch o2 AMLE 6902 534 0]
NEIT (myelodysplastlc syndrome, MDS)o|A Z&® 44
Fanconi ¥180]2] & gy o Fale 79 B3 A]7] HZF 2}
7to]2) S i H ISt 22k-E 7HA A-9-9iTt 492 CR2 o dolSl=

Table 3. Stem Cell Source and Donor Type

Total (%) TBI non—TBI P value

BM (MSD: MUD) 48 (62.3) 26 (12:14) 22 (15:7) 0.153
PBSCs (MSD: MUD) 16 (20.8) 4 (1:3) 12 ( 3:9) 0.755
UCB, all unrelated 12 (15.6) 9 3
BM+PB, MSD 1(13) 1 0

Abbreviations : BM, bone marrow; UCB, umbilical cord blood;
PBSC, peripheral blood stem cell; MSD, matched sibling donor;
MUD, matched unrelated donor; PB, peripheral blood

Table 4. Conditioning Regimens

ALL  AML [ Chronic pyivp Tl

leukemia
TBI
TBI/Cy 13 4 1 18
TBI/Cy+Ara-C 14 5 1 1 21
Flu/Bu/ATG/TBI 1 1
28 9 2 1 40
Non-TBI
Bu/Cy 17 5 22
Bu/Mel 5 5
Bu/Cy/Mel 1 1
FLAG-Ida 1 1
Flu/Cy/ATG 1 1
Flu/Bu/ATG 6 1 7
6 24 6 1 37

Abbreviations : ALL, acute lymphoblastic leukemia; AML, acute
myelogenous leukemia; JMML, juvenile myelomonocytic leuke-
mia; Cy, cyclophosphamide; BU, busulfan; Ara—c, cytosine ara-
binoside; MEL, melphalan; TBI, total body irradiation; ATG;
antithymocyte globulin; FLU, fludarabine

Table 5. Infused Stem Cells and Engraftment Kinetics

bl o] & 21

A AR 7=

& Aol A F Apdet 7
3= = CR3 o|4F9] ALL, CR2 ©]4+e] AML, ©]xHd AML,
Hojdk CML 2= o3 4= 9l u e+

A= 15% (21.7%) ©1 T

3. TEZNI=O0|A

ZETA XY

GARE ol %

OI EX|
- =

QEERE

o

453(58.4%) ©] A} (Table 3).

Z5E ol o7 AL 9= TBIT Y non—TBIT 7+
dxgdo]a] Al= 75% (12/16) 7}
st of7]elle o]Af o2& A3t 6750

Hare] zpol7h gl ot
non—TBITel| 43
EFE S (Table 3).

gApol| Al A

ara—C9] &
o vl

[e]
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a2, 9

n‘I

[

Table 4).

>

77“§

53><106/kg 190z, xﬂﬂ%% FIAE T
TFUHES. 242} o)A del whet TBI w3 non—TBI & 3F 4
ZFol7F Gl Tt (Table 5).

H ZERAMEE

Bu+Cy 52
WL fludarabine—based H] &=
Az B ALL $hx19] 82.49% (28/34)= TBI A A=
R Wkl AML, CML, JMML & UmA| 24

9] 72.1% (31/43) TBI AAAE A AFUATHP=0.000,

Wt

2 s

>
]

%oﬂ%ﬂ *MOl o|FolFlck
Zo}7k 3.8%10%kg, CD34+AH%E 4=
o]21e] 1/109] AMIE7}

71 4841(62.3%),
16#(20.8%), 181 xﬂq@(ﬂ 12#(15.6%) oA
328 % 41.6%14 ©]F

99t} (Table 2).

Ul—zgoﬂo]

ol g% 9lc,
2, W o] e

Byl W2 x QS Table 49 71551314 TBIz
409 F e #A4H97.5%)7F TBI+Cy =
ot AARE weka, g Bk 4 Gy <] TBIZ}
T3 AAHXE Wkt Non—TBI oA+ 287
Bu+melphalantCy %] &%

2 TBI+Cy+

Sag AHAS W
S8 A S Wk,

A wEy

Total TBI (N=40) Non-TBI (N=37) P value

BM

MNC x 10%/kg, median (range) 3.8 2.9 (1.5-8.8) 3.9 (0.9-21.0) 0.276

CD34+><106/kg, median (range) 53 6.5 (0.3-21.9) 4.1 (0.5-29.2) 0.789
PBSCs

MNCx 10%/kg, median (range) 10.0 7.7 (6.9-9.0) 10.2 (3.9-14.3) 0.405

CD34+><106/kg, median (range) 5.5 4.3 (3.4-11.0) 6.6 (1.7-14.3) 0.731
UCB

MNC x 10°/kg, median (range) 3.1 3.4 (1.0-8.0) 3.1 (2.0-14.1) 0.550

CD34+x10%/kg, median (range) 2.0 2.0 (1.0-7.0) 2.7 (0.7-7.3) 0.723
Engraftment

ANC >1,000/mL (days), median (range) 17 19 (11-40) 16 (12-33) 0.080

PLT 220,000/uL (days), median (range) 24 28 (7-74) 20 (5=74) 0.080

Abbreviations : BM, bone marrow; UCB, umbilical cord blood; PBSC, peripheral blood stem cell;

MNC, mononuclear cell; PLT, platelet
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Table 6. Transplant—Related Complications

Total (%) TBI (n=40) non-TBI (n=37) P value
MSD:MUD 14:26 18:19 0.23
Acute GvHD

Gr I 20 (26.0) 10 (25.0%) 10 (27.0%)

Gr [I-1V 16 (20.8) 11 (27.5%) 5 (13.5%) 0.131
Chronic GvHD

Limited 7 (9.1 4 (10.0%) 3 (8.1%)

Extensive 11 (14.3) 7 (17.5%) 4 (10.8%) 0.650
Hepatic VOD 9 (11.7) 4 (10.0%) 5 (13.5%) 0.731
CMV disease 2 (26) 1 1
Seizure 3(39) 2 1
Nephropathy 2(26) 1 1
Hepatic encephalopathy 2 (2.6) 1 1

Abbreviations : GVHD, Graft versus graft disease; VOD, veno—occlusive disease; CMV, cytomegalovirus; MSD, matched sibling donor;

MUD, matched unrelated donor

SATRALY Fdghe 1790131, TBITM= 199,
non—TBIT-oA+= 16U tHP=0.080). HAFY=ro] F
GEkE 2401913, TBIT A= 28, non—TBIT A= 20
Qo] tHP=0.080, Table 5).

5. O[Al2HH SHZIE Al

Grade 1I ©]%49 94 GVHD:= 20.8% (16/77) 14, =4
GVHD<= 23.4% (18/77) 94 2A&3lh 5+ & 1t Grade 11
oldel §4 GVHD 2AE (27.5% vs. 13.5%; P=0.131) %}
) GVHD HAE-2(28% vs. 19%; P=0.650) TBIZelA B3k
o, AR o= IStk 1 H s A 3 (hepatic ve-
no—occlusive disease, hepatic VOD)2 97 (11.7%) g 4]
sl o WiEs FtollA HlSsskltH(Table 6).

APEE & 2779 (35.1%) oA A8l - 23 AFEE
© zel7t §itt 147 2] TBIT APEA} & o]a &y Abgo] 9
(22.5%), Aol 59 (12.5%) 1t v]gte], 139 2] non—TBI
T AFEAE Z Ade] 918 (24.3%), o)) Abde] 478 (10.8%)
o zolE Hylo FAARI FIHS AP =0.219). ©]
21 #d APde] 901e GVHD, B4 3 %3557 (acute re-
spiratory distress syndrome, ARDS), 7Hg®u sl Ay
A Erfo]# A (cytomegalovirus, CMV) 4, €8, 181 A&
’d oW ZEARAT SOl THTable 7).

6. 4=

ZAA 3k2F2] 5 Kaplan—Meier EFS¥:= 63% ¢} 62%% TBI
% non—TBIoll A 78] LAI8tHEig. 1). FARKE 0] (n=
32) A U]84l o)) (n=45) Bt} 5 EFSo] %381 0 (74%
vs. 52%; P=0.06, Fig. 2A), A A= 98 upg} 57
SRS w Py EFEET #4419 54 EFSS 72%%}
229%% §-93 2po]Z K ITHP=0.000, Fig. 2B).

Z+ A%k M7 53 EFSE B9 ALLAIA 56%, AMLeIA 63

Table 7. Causes of Death

Total TBI Non-TBI
(%) (n=40) (n=37)

14 (18.2) 5 (12.5%) 9 (24.3%) 0.219
13 (16.9) 9 (22.5%) 4 (10.8%)

Causes of death P value

Relapse related
Non-relapse related

Acute GvHD 4 3 1

Chronic GvHD 1 1

ARDS 3 3

Hepatic VOD 2 1 1

CMV disease 1 1

Bleeding 1 1

Invasive aspergillosis 1 1
27 14 13

Abbreviations : GvHD, Graft versus graft disease; VOD, veno—
occlusive disease; CMYV, cytomegalovirus; ARDS, acute respi-
ratory distress syndrome

Non-TBI (n=37) 63%

)
@
1

TBI (n=40) 62%

Probability

o
-
1

024

r T T Y
002 1200 2400 36.00 a0 60.00 72100 8400 96.00
EFS(mo)

Fig. 1. Five-year Kaplan—Meier event—free survival of 77 children
transplanted for leukemia. The survival curves of the total body
irradiation (TBI) and non-TBI groups are almost identical.
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1 [ 'r-L
1 ! WED e 32) 74% by Standard risk (n=62) 72%
0s 5 LT I
) P — i \
Pl gc o
% 2
: £
@ 04 G ¢
MUD (n=45) 52% . High risk (n=15) 22%
0 o
- 2=0.06 ool £=0.000
000 V200 300 »00 ®o0 @000 1200 "o P ato 1200 240 ' ™) P 7200 "o 800

A EFS{mo) B EFS(mo)

Fig. 2. Five-year Kaplan—Meier event—free survival by (A) donor types (matched related donor vs matched
unrelated donor) and (B) risk groups (high—risk patients are acute lymphoblastic leukemia >complete remission
[CR] 3; acute myelogenous leukemia [AML] >CR2; secondary AML; chronic myelogenous leukemia >first chronic

phase).
o] @ potel B W) oletel 3 W sl nvel
\0 JMML (n=2) 100% o _ _ . [ -
: A2 BT, ok Fsae A gl 50 % 12
1t Chronic leukemia (n=8) 75% (24%)©] 33t olF gk Aol o]n] 2l7fo] 3 W94
s 5, A uRkQl A= Slth AAE A77E ddbs sHE TBITE
Tyt AML(n=33)63% 26W T 78 5 26.9%°14 YA T, non—TBIT 247 &4
" T = = e FollX= 5 (20.8%) ] Bt F 1k Zpolrt §lSlTt ol
3 AL (ned) 56% 44 FEe ARE W Pohs 390)91 TBIZS 279, non-
& 04 TBIT2 1%°]ith
tSoz ot dee A vt 357185 (late
0 onset non—infectious pulmonary complication) 2.2 x|
it gol F 8ol W3k o BOOP (bronchiolitis obli-
sl p=0.58 terans with organizing pneumonia)©] 4%, BO (bronchiolitis
ato 1200 2400 * 00 =00 &0'00 7200 8400 w00 obliterans) 7]’ 3‘30:], IPS (idiODathiC pneumonia Syndrome) o]
EFS{mo} 170o]2it} o] & TBIT©] 494, non—TBIw°] 4ol 5
Fig. 3. Five-year Kaplan—Meier event—free survival by disease Fow 2vgo] APgaiditt.
category. ALL, acute lymphoblastic leukemia; AML, acute my- AAA mA szZo) Al oA okakol 7HAL 2w of A
elogenous leukemia; JMML, juvenile myelomonocytic leukemia. el ve moo j e ome e e 2o
vebskom, Ugb Al @9E F ARE7] X9 39elA Ayt
%, W3 BN 75%01%0 1, 27 2] IMMLEARE B AT Atk (Table 8).
FAHP=0.58, Fig. 3). ALL #Ajel| 4= TBI7*0] non—TBI
of nlal FAIHORE FstA e 5d EFSS HATH65% al =f
vs. 17%; P=0.005, Fig. 4A). AML ##}o A= non—TBI+-°]
TBIT R 6 %2 54 EFSS H3lou SAAQ1 242 §ld Zrotell A o] 2P EA o)A Mol AYEFNE F A
H(73% vs. 38%; P=0.089, Fig. 4B). Qlof|A o] AEx= A% o] Qo= AP FF5F4d% A
7 57 oM BUE A dAAdFAE UAd A a3y JEE 18 FF F B
oA 7 Fast A8 WHo R F8 fA3 9kx] WHoR

F7] PR A, # T, AH, ARETIAE ol 7t A ) L=
Z+ TBIT 1531 (37.5%), non—TBIT 1121(29.7%) w330 FH 30zt g8t ewl o] ekl g Ao ALLS A5 A7
U 5 22 2ol ¢lolth(Table 8). & FES] FAEoY AR A s B 2919l Aol
ZYRAE o]2] T A7) AEA] F7] WA FHE F M ©13] 20-30%2] FAfellA] BAABIER, At A] APe] 213
2 HES AR A3 AR ol FHF FHBEA Aol whet 913 TE et ettt ani o] AEE gEste
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TBI (n=28) 65%

Prababllity

Non-TBI (n=6) 17%
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Fig. 4. Five—year Kaplan—Meier event—free survival by total body irradiation (TBI) or non—TBI conditioning
in (A) acute lymphoblastic leukemia (ALL) and (B) acute myelogenous leukemia (AML).

Table 8. Late Chronic Complications

Complications TBI (n=40) Non-TBI (n=37)
Short stature 7 5
Pulmonary complications 5 4
Seizure 1 1
Delayed puberty 2 1
Total 15 11
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