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Second allogeneic hematopoietic stem cell transplantation in children to
overcome graft failure or relapse after initial transplant

Dong-Yeon Kim, M.D., Do Kyun Kim, M.D., Soo Young Kim, M.D.
Seok Joo Kim, M.D., Dong Gyun Han, M.D., Hee Jo Baek, M.D.
Hoon Kook, M.D. and Tai-Ju Hwang, M.D.

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

Purpose : Failure of hematopoietic stem cell transplantation(HSCT) may be encountered in practice
because of either relapse of the malignancy or dysfunction of the graft. Second HSCT may be the
only option for some patients whose initial HSCT failed.

Methods : From May, 1991 to December, 2004, 115 HSCTs were performed at the Pediatric Blood &
Marrow Transplantation Center, Chonnam National University. This study was a retrospective analysis
of the medical records of 15 patients who received the second HSCT after initial graft.

Results : Among eight patients with nonmalignant diseases, two patients underwent the second
HSCT because of primary graft failure and five because of late graft rejection. The remaining Fan-
coni anemia patient was re-transplanted due to development of AML. Two patients died and one
experienced primary graft failure, but is still alive. The Kaplan-Meier 5-year overall survival rate
was 75 percent and the disease free survival rate was 62.5 percent in nonmalignant diseases. All
malignant patients underwent second transplants because of relapses. Four died of relapse and one
of treatment-related complications. The Kaplan-Meier 2-year overall and event free survival rate
was 28.6 percent each in malignant diseases.

Conclusion : Second HSCT for graft dysfunction of nonmalignant disease seems to be feasible and
should be considered as a standard practice. The relapse of malignant diseases remains a big obstacle
even after the second HSCT, although a small portion of patients might be salvaged. Further inves-
tigation of novel therapeutic strategies, as well an the understanding of the biology should be ex-
plored. (Korean J Pediatr 2006;49:1329-1339)
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1. CHAL &%t

1991d 5455 2004\ 1287b4 Adistal 2P EA Lol
£

Aol A zdRA LIS AP 11572 Lo} Fo} FollA

AR A AR 27 o4 AT sWel uPelet fol(A)
(e}

AEFANY 78, Bl ddF 18
o Hl 3

, H 0 m— = atg N o =
gy 18, FFolBATET 14D gFUIEAE FIFHoR =
ATk (Table 1).

2. 1% 0]y

1) H[Eet A&t

AT 713 Bt ZERAE oS Al niP el F 259
(AAEFAGNE 184, Fanconi W13 44, FAmdo|gdgF 2
g, FSEIAEGAR 1) T Sl 13 o] A & 2%
o] AS Al THE/25=32%). ©I AAAEZFGNEo] 7

=
(Fanconi W13 18] X3h), Falwdo]d ko] 1
EF4ud 78 F 3Elol e oA A 203 oo v FES
oktH(Table 2).

AREFINE 78 F AN 19, 39, 49)= A
Al 5 AREFIVNIR 124 AEZA  antithymocyte
globulin(ATG)Y antilymphocyte globulin(ALG)¢} CsAE 2
3t WA A ARE A, 48T I Al 5 ANE
FANER HlE ZHRAF)AS At WAAAAEE
= EF FEukS(partial response)S Hold T 3-4
9 3 32 AAEEINER JAgste] 13 2EEAFEo|4S
Algatint, Falugold s 18 A 8= T2 9l
e o g zigwel 74 HAMAZ ZIehke
Slol2 1xH o7 2dFE QU Lovastatin®® XS, 1
A 6ME F 12 ZEEAE XS AYsFATh

AAA = EE dollA] cyclophosphamideE 7]#Eo 2 1%
WARAS 54, ATGY ALGE 3d#9A B3 AM&shich
ol oR AYEFING 28 (DAY 59, 6W)= A wx

Falugeldks 1el(dHet 8¥)E CD34

Table 1. Patient Characteristics

—
a1l

Patients

Non—malignant disease
Aplastic anemia
Idiopathic
Infection
Fanconi anemia
X —linked ALD
Malignant diseases
AML
ALL
CML
Age(median, years)
Sex(M:F)

S S e e N &) e N B e'e)

9(2—20.2)
10:5

Abbreviations : ALD, adrenoleukodystrophy; ALL, acute lym-
phoblastic leukemia; AML, acute myelogenous leukemia; CML,
chronic myelogenous leukemia
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G ndd 5T FFE AP e, d& 5dlE AL 5F
H5E AFESA T @8l (mononuclear cells, MNCs)2l %4
e ]2 1 3= 23x10%kg (B9, 1.7-48%107/kg),

1.4-4.8x10%kg) 019101,

Lzl A= 31x105kg(HY,
5 39x10%/kg(H 9,

CD34" M9 Tt ol ele] =42l 4

OTL—

12-86x10%kg), BN A$E 25x10%kg(H9, 2.4-26%
10%/kg)ol ATt

8 & 28l(MF At oW, 8= I AR, 6dlE F

7] olAH AXE B A7V S AASFINER o]

S e 9= F 22d(Fanconi 18 E3hH7F dAs=d, o] =
o

=]} ol
H AR a“@fv‘}?if’—, Fanconi E‘_é ffﬂ“(‘j]?ﬂ""OL 7)) o]
T 2440l 7] oA ARIF AR oH o] F 380U
waE gy o] AT UAd AR 28 viE 2
2} o] A& A&kl Fanconi R18 18% $7] o|4H AR=Z
ZYRAEZF7HFY (boost therapy)= AlB3tAaL, 1 & F4=
FAMEH o] WAYste] 23} o] A& AlstTE F7] o]AH A

Table 2. Profiles of the First Hematopoietic Stem Cell Transplantation
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FEolA2 51E F 53(5/51=9.8%), ATl
#(2/39=5.1%)°1 4 22} o2& A3ttt o] &
Wynlo]l 3, FA E?*M%ﬂﬂ*ol 28, F5 018

F 1 ol%laL, 5EddA = A
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AHAZ BE dolA] cyclophosphamide® AH&slaL, 22
= busulfans, 38lE AALANAS 7bzt WEslgl o, 2}7]-
Fola A7t DI RAE)AS Al 28 (Nt 49, 5
H)= BEAC(BCNU, etoposide, ara-C, cyclophosphamide)&
ALEEAT) oo g 3dE FAZ 2SS 1dA(E A 2

e

(e et
E

in Nonmalignant Disease

I;It(')‘ Dx. First Treatment No®  Donor Source SEOGDP{/%%(IS ggg?r;tglmng MNC CD34+ (El\rll/gg?ft GVHD Treatment
1 IAA ATG/CsA/PRD/Oxy 14 MSD BM CsA+MTX Cy+ATG+PCZ 1.7 1.7 13/15 (=) Booster

2 TAA HSCT 10 MSD BM CsA+MTX Cy+ATG 1.8 ? 17/28 (=) 2nd HSCT
3 IAA ALG/CsA/Oxy >50 MSD BM CsA+MTX Cy+TLI 23 86 16/26 (=) Booster

4 TIAA ALG/ATG/CsA/PRD >50 MSD BM CsA+MTX Cy+TLI 2.7 49 16/29 (=) ATG

5 IAA HSCT 2  Syn PB  (—) Cy 14 26 failure (=) 2nd HSCT
6 Rubella HSCT 47  Syn PB  (—) Cy+TLI 48 24 11/21 (=) Booster

7 Fanconi HSCT 9 MSD BM CsA+PRD Cy+TAI+ATG 2.3 1.2 9/14 (=) Booster

8 ALD Lova/Lorenzo 0 MUD BM CsA Cy+TBI 3.1 7.3 failure (=) 2nd HSCT

Abbreviations : Pt, patient; No., number; Dx, diagnosis; MNC, mononuclear cells(x10%kg); CD34+ cells( X 10%kg);

Engraft(N/P),

neutrophil/platelets; IAA, idiopathic aplastic anemia; CsA, cyclosporine A; PRD, prednisolone; Oxy, oxymetholone; MSD, matched
sibling donor; BM, bone marrow; MTX, methotrexate; Cy, Cyclophosphamide; PCZ, procarbazine; HSCT, hematopoietic stem cell

transplantation; TLI, total lymphoid irradiation; PB, peripheral blood; TAI, thoracoabdominal irradiation; ALD, adrenoleu-
kodystrophy, Lova, Lovastatin, MUD, matched unrelated donor; TBI, total body irradiation
‘number of transfusion
Table 3. Profiles of the First Hematopoietic Stem Cell Transplantation in Malignant Disease
Pt. Diagnosis State Donor Source Coqditioning MNC CD34+ Engraft GVHD Treatment
No. regimen (N/P)
1 ALL CR1 MSD BM Cy+TBI 2.9 7 11/14 (=) CCG 1882
2 ALL CR2 MSD BM+PB Cy+Ara+TBI 33/24 ?2/06 16/22 (=) CCG 1882
3 AML CR1 MSD BM Cy+Bu 5.2 16 15/28 (=) 2nd HSCT
4 AML CR1 Auto BM BEAC 4.2 5.4 failure (=) FLAG
5 AML CR2 Auto PB BEAC ? ? 36/58 (=) RT+IT+FLAG
6 MDS, AML CR1 MUD BM Cy+TBI 3.9 0.3 23/39 csh 2nd HSCT
7 CML Chronic  MSD BM Cy+Bu 4.1 1.2 12/19 (=) DLI
Abbreviations : Pt, patient; No., number; MNC, mononuclear cells(x10%kg); CD34+ cells(x10%kg); Engraft(N/P), neutro-

phil/platelets; ALL, acute lymphoblastic leukemia; CR, complete remission; MSD, matched sibling donor; BM, bone marrow; Cy,

cyclophosphamide; TBI, total body irradiation;

PB, peripheral blood; AML, acute myeloid leukemia;
autologous; BEAC, BCNU + etoposide +ara— C+cytoxan;, Ara, ara—C; RT, radiation therapy; IT,

Bu, Busulfan; Auto,
intrathecal chemotherapy; FLAG,

Fludarabine +ara— C+Idarubicin; MDS, myelodysplastic syndrome; MUD, matched unrelated donor; CML, chronic myeloid leu-

gemia; Chronic, chronic phase; DLI, donor lymphocyte infusion
: chronic GVHD; ' : skin
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Aed 9 7Aool 273 2HRAE o]

e Tt yolrt oy A 5F E59 7 TR (fludarabine, ara-C, idarubicin) &2 A &3] § 234 o4& A
B2AE Po] AgaT MEA FERSOIAE 1aA(ZAt 6 Wahan,
W) Aslen), A wOlA, A maEEdRAEldel &
. 2X

7 1Ak 49, 594 ATk olAdo] FHl 5d9 -
MNC 98 41x10%kg(H9), 2.9-52x10%kg), CD34" Al 1) & ol
¥ FIHe 54x10%kg(89, 0.3-7.0x10%kg) oI, =49t H|deer gd F 2@ (vt 5, 8= A AL
D28 A AT 189] MNCE 4 33x10%kg, 228 =, 5dlt $7] o]4H AY-Z, Fanconi ¥ 1zl(md At 79)
2.4x10%kgel i, CD34" MEE 06%x10%kg ©1Th. © FAEFANEHel AA 23 PR XS APt

74 F 1E(F A 4ol ZHRAE A F 28U A F4=  FAte] A9 7 EF oA ALE s, 1#E(Z Ak
AR A AR Y A1 BAa 2009 A sk @$e 4)E dAA AR § A Apgetda, 28(EAY 1
6ell= ARl ATsdodt T4 174989, 90-1474Q)e W, 58)e S5 ollg 4 9 HHFFToZ AU
Adstgot A & 124 52 wdFHgNEy 19 @AY v B o AETEToE AT 28 T 1H Sels EHEA
7H)E= DLIZ Aldstdoy a3zt glo] 13 o4 = 456U 3 AL Aol ALS i, 58 Fol= <t AwHIE Fukst
(DLI% 344%9#) 23F o]2& Aldsalal, s34 udy 24 FAY FEoE Adste] =4 WAbd ARE wgton e
(et 39 69)= dal7F HA &2 AEolA vlz 2%} o]2] & IS5 Ado] FWHE AL (Table 4, 5)
< Adstdon, FAFZFAANEY 28F CCG 1832 SHe 2) 0|4} gHy
2 wd=ErdNEy 2d(899 49, 5¥)= FLAG S H Ao 12}-23F o] 2] Afele] Azk 2HAe] FAge
Table 4. Profiles of the Second Hematopoietic Stem Cell Transplantation in Nonmalignant Disease

- - P Outcome(Mo)

Pt. Time btw 1st Time btw Conditioning + Engraft *
No Age GD and GD(days) HSCTs(days) Source regimen MNC (D34 (N/P) GVHD Status DFS  0S
1 11.8 LGR 279 748 PB(same) Cy+ATG+PCZ 34 77 17/24 (—) 1 88 88
2 138 LGR 59 86 PB(same) ATG+TLI 5.2/6.8 2814 13/13 CT 1 745 745
3 88 LGR 192 931 PB(same) Cy+Flu+ATG 9.0 4.3 16/23  (—) 1 215 215
4 133 LGR 69 126 PB(same) Cy+Flu+ATG 5.1 6.1 34/43 (=) 1 45 45
5 90 PGF (—) 103 PB(same) Cy+ATG 2.3/2.4 59/48 9/0 (—) 1 0 2
6 202 LGR 62 1,875 PB(same) Cy+TLI 39 ? 12/13  (—) 1 22 22
7 154 AMLT 244 392 BM(same) Cy+Flu+ATG 58 11.1 11/12 (f) 2 25 5
8 46 PGF (—) 304 Cord Cy+Bu+ATG 0.8 0.4 11/— A 2 0 8

Abbreviations : Pt, patient; No., number; GD, graft dysfunction; btw, between; MNC, mononuclear cells(x10%kg); CD34+ cells
(x10%kg); Engraft(N/P), neutrophil/platelet; Status, 1=survival, 2=death; DFS, Mo, Months; Disease free survival; OS, overall

survival, LGR, late graft rejection;

PB, peripheral blood; Cy, Cyclophosphamide;

PCZ, Procarbazine; TLI, total lymphoid

irradiation; C, Chronic GVHD; Flu, Fludrabine; AML, Relapse to AML; BM, bone marrow; PGF, primary graft failure; Cord,

umbilical cord blood; Bu, Busulfan; A, Acute GVHD

Table 5. Profiles of the Second Hematopoietic Stem Cell Transplantation in Malignant Disease

T T e Outcome(Mo)
PL Relapse Time btw Ist Ilm(? \btw Status  Source COl’.ldltIOIllng MNC CD34+ Engraft GVHD Status’ ———
No. relapse (days) HSCTs(days) regimen (N/P) DFS 0S
1 BMGS 183 227 CR2  PB(same) Bu+Ara—C-+Ida 385 44 11719 (=) 2 3RT) 22
2 BM 330 465 CR3 PB(same) Mel+Bu 23 08 (=) (=) 2 0 1
3 BM 173 186 NR PB(same) Flu+Bu+ATG 11 41 1419 (=) 2 2R") 4
4 BM 174 319 CR2 56 Cord Flu+Bu+ATG 021 0.12 18556  AT(shH 1 24 24
5 BMGS 1474 1,715 CR3  Cord Flu+Bu+ATG 042 1.22 15/42 AI(S§), 1 215 215

c'sh

6 BM 162 178 NR PB(same) Flu+Bu+ATG 88 15 (-) (=) 2 0 165
7 BM 90 453 Chronic PB(same) Flu+Bu+ATG 28 21 (—) (=) 2 0 20

Abbreviations : Pt, patient; No., number; MNC, mononuclear cells(x10%kg); CD34+ cell( X10°%/kg); Engraft(N/P), neutrophil/platelet;
status 1=survival, 2=death; Mo, months; DFS, disease free survival; OS, over all survival; BM, bone marrow; GS, granulocytic

sarcoma; PB, peripheral blood; Bu, Busulfan; Ida, idarubicin;

, Relapse; Mel, melphalan; NR, non—remission; Flu, Fludrabine; Cord,

umbilical cord blood; A, acute GVHD; S, skin; C, chronic GVHD; Chronic, chronic phase.
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348U (9], 86-1,875¢)°1 L, B Aol = 319U (9, 178-
L7151tk AAA == wdlet gd T 7elolAM ey
clophosphamide® 7|22 &3 3dolA fludarabines cy-
clophosphamide¢} B3] A1-8-3192™, busulfan® procar-
bazine2 ZtZt 1494 cyclophosphamide®t ®EHate] AFE-3FS
i, AR 280l M e ARSI 1S Al 7oA
ATGY ALGE ¥ A&l dddoA= WM 58
A fludarabine, busulfan, ATG W Lol AHEHAUL, 18E
busulfan, ara-C, idarubicine 3% el F2 18+ melpha-
lan, busulfan B3] A-&= )

ol ow HEAY 834] < 68l 12 =ERAFol4 ws}

49x10%kg(B 91, 3.9-12.0x10%kg), CD34" Al
1x10%g<ﬁ*ﬂ 42-77x10%g) A1, FFE
AHEE 18 MNC 58x10%kg, CD34" Al¥E 11.1x10%kg,
AL AR 18 MNC 8.0x107/kg, CD34" ¥ 40X
10°/kg o1tk gt 78 3 5elolA 12 =HEAEo|4] o
s e golel wERAL AGSYT, 13 2ARAE]H o)
77t AskEgold, AttEAZIRAT| S AT 28 (Y
4%, 5¥)olA 23 ZERAE A o oo ANHS
AHEEIGITE TE2E MNC S4#S 38x10%kg(H91, 2.3-11.0
x10%/kg), CD34" A3Ee] Fde 2.1x10%kg(H 9, 0.8-4.4%
10%/kg) I, AL MNC 93 2.2x107/kg(H9], 02-4.2%

ol o}
=

107/kg), CD34' MES] Fqghe 62x107kg(BS, 0.1-12.2x
107/kg) 12Tk
4. & 9 olAE 7|5 2H

Z“‘TL 2§28 absolute neutrophil counts(ANC)7F 500/uL

o tths Wz sla, Fan AR IS WA FuAE
Hagto l 20,000/uLe]l d& W= gt o|4H 7ls §A
S dAA A Aol 3] oA ARE Ui, dAA
A2 A= o]2He HAstH )T 3|E xxe] HF fle
o

A9-2, 943U AT 1,000/ul 0ol =2EkA] B3kA

3 21 & 429702 500/ul. PRl A2 A

FAMET Ut 500/uL o]

HiE olAH 7Ee 27 & F FFAE 2T F
(e}

FA 2 Ade] 2771 glol $43 ‘ﬂﬁé%ﬂ

30
rlr £

uj@egre] 17

= CsA, prednisolone & &, 1d=

o]2] wj 4#:= methotrexate, CsA2ZE, 18]
CsA¥to.Z oslgla, Fol
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27F g old™ 2@l(aE At 5%, 6¥) = olWS SHA B UTE
224 o2 el FAlC]AE APeAd 28 A AR
oAH-S A gk 2dlE CsAWCe R 48]= methotrexate®t
CsAE di#o=r AHgshth

Aot 7¥ K5 1x o)A W= methotrexate®t CsALE o
Wl ar, Zi} Ol*]wﬂb 3dlE methotrexate$} CsAE, 1d&
S LU S = =

Zr 81101]’\1 CsAT °]2 1¥94 5 mg/kg/day, ©14 4FE 15
mg/kg/doseE 35 F W AFWFAL 3o ﬁzi‘:ﬂ' 100-200
ug/mLE FAZES &% TAF7E 7HssElA
W ATE AAZ wpre] FARE-EE 3*4HH°ﬂ Eﬂﬂo}i SFs
19 23] #5 =5 SHth Methotrexate:=
mg/m2/day, Al 3, 6, 11¥4°] 10 mg/m2/day= ‘_|Z_|]— —Er =18}

mlo
PN
oo
_og
32
<

o}.

6. RE =2

w ATeAE BE ol F5 7)ee] A& IES 9
3te] G-CSFE 5 ug/kg/day 802 o] FdRE Fojsto]
AU TF7F 39 A% 1,000/ul oldel d w7 Fofaksl
o},

7. 8 A

EARA S SPSS 120 ZTRIWE AR, AAVEE
HAEE Wi+ Kaplan-Meier AE4S o] 8313t £4

AR 20051 89 = AskAh

o 4

[~}
ic|

1. CH& BHole| AN S3

ol 107, oJo} 5ol AA Fols
9M(H 9, 2-202A4]), oAt Fhote] A4
Hg el lolo] 9= 844(HS,

o otel e
o vols] FYgte

125410891, 4.6-20.2A4),
2-17.94) SATH(Table 1).

22 o]Al& e uFAY 8 F 6HloA Al AFEA
59, gw)oll A Aztell A sfstoict. vhelo] Fo
o 6l 49 1354(H$, 8.8-20.24)
6.8/ (9, 46-9.04) ATt A 2¢ &
2 Rz, 12 oA wiE I AR AR
HE2 22} oS Al G FholSoldrt. AR AEg 6] T
AT AFUY TAFE 145U, 11-34) 01 e, 4
Az o] FdFh2 184 (9, 12-43Y) AT Table 4).
AA ghol gele) 1xk oA F o]AW EH-AAY ARt
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(A)  Months after second transplantation (B) Months after second transplantation
Fig. 1. Kaplan-Meier survival of patients with non-malignant diseases after second transplantation. (A)
Overall survival (B) Disease free survival
A0 T2 13059 (RS, 59-279)olaL, 1aket 23} o] & oA UiGFHE ZUsIATh B o)A 1995 H Fuo] W
2 Abe] AIZE 7hA 9] Fobghe 348U (9, 86-1,875%)°1 At ot ¥ da AA A EHely AN A2Ae #EEX
22k o) 2 F Aol Aufgk 249 A9 1Ak} 23 0]4] Apo] *1 FRaL, o2 21¢elle 84 R dE AT
A FEES 20359 (91, 103-304Y) 01 AL, A A th2 18 Fanconi MMt 7= 14 o4 § A&
33 69 AS 12k oA 23f o)A Ale] AlZF 1HAL FU4E 2 & HQlon oA F 380l AldE TFHAN A FAES
588U(H 9, 86-1,875)= Aol A3 69 AgolA Ak AuMdYoz [skEo] 23k ZERA|E)AS AP ]
Aol o Aodt 1Y, 12l 72 $471 o Aol =L, o4 289 =
Azbo| dEdt 64l F 5l oA oR 1A} o)A FUd & HAF A AFe] & HAow SHTHEE 1S HAo,
FoiAte] wxddE AREEoH, MNCY TU#S 51X 14 6990l =T AuMdg o] Adate] o2 57l Abd
10%kg(H9), 34-120x10%kg)%3L, CD34' AEo] Fdge &gk o #d Fyzozs o)4 3URH gAML
52x10%kg(B 9, 42-77x10%kg) ATk, Azt 28 F W@ 2AEUYFN HuA, 96 mg/dL)E B PG-E1S A&
& 82 0]*‘ doz APIL Agada MNCE 80x107/kg, Atk AFd glont A Az 18 dAet 58)= 534
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