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Influence of Serum Ferritin on Transplant-related Outcomes and
Complications in Children Undergoing Allogeneic
Hematopoietic Stem Cell Transplantation

Yoon Jung Lee, M.D.", Hyung Rae Cho, M.D.!, Keun Wook Bae, M.D.", Meerim Park, M.D.",
Kyung Nam Koh, M.D.!, Joon Sup Song, M.D.2, Ho Joon Im, M.D." and Jong Jin Seo, M.D.!

Department of Pediatrics, 'Asan Medical Center, University of Ulsan College of Medicine,
Kangdong Sacred Heart Hospital, College of Medicine, Hallym University, Seoul, Korea

Background: Iron overload, primarily related to RBC transfusions, is a relatively common complication
in hematopoietic stem cell transplant (HSCT) recipients. There are emerging data from retrospective stud-
ies that iron overload can significantly increase the risk of nonrelapse mortality after allogeneic HSCT.
Methods: One hundred and five children who received allogeneic HSCT between Jan 2004 and Feb 2009
at Asan Medical Center were analyzed. For indirect estimation of body iron stores, we measured serum
ferritin serially in HSCT recipients at pre-transplant, 3 months and 1 year post-transplant. We also ana-
lyzed prevalence of hyperferritinemia, correlation of iron overload and transplant-related outcomes and
complications.

Results: The prevalence of hyperferritinemia (=1,000 g/L) at pre-HSCT, 3 months and 1 year
post-HSCT were 66.7% (70/105), 78% (71/91) and 40.9% (27/66), respectively. Children with hyper-
ferritinemia (=1,000 1 g/L) at 3 months post-HSCT had worse 2-year OS (79% vs 95%; P=0.023) than
those in the low ferritin group (<1,000 w g/L). Very high levels (VHL) of ferritin (=3,000 1 g/L) at
3 months post-HSCT were associated with increased incidence of treatment related mortality (23% vs
2%, P=0.001) and acute graft-versus-host disease (54% vs 26%, P=0.007) in univariate analysis. VHL
of ferritin remained significant in multivariate analysis.

Conclusion: Hyperferritinemia at 3 months post-HSCT had adverse impact for transplantation outcome
in patients undergoing allogeneic stem cell transplantation. These results suggest that the screening and
adequate treatment of iron overload in HSCT recipients might be helpful to improve the HSCT outcomes.
(Korean J Hematol 2009;44:227-236.)

Key Words: Iron overload, Ferritin, Hematopoietic stem cell transplantation, Pediatrics

120099 89 69, A 120093 9¥ 25 Correspondence to : Ho Joon Im, M.D.
12009 99 25
AR Q5E, AEA S37 FH 2% 388-1
138-736, &attheta ofprher A gobit el
aottetu i
Tel: 02-3010-3371, Fax: 02-473-3275
E-mail: hojim@amc.seoul kr

Ulsan College of Medicine

388-1, Pungnap-2dong, Songpa-gu, Seoul 138-736, Korea
Tel: +82-2-3010-3371, Fax: +82-2-473-3275

E-mail: hojim@amc.seoul.kr

g}

Department of Pediatrics, Asan Medical Center, University of

2 A7E HANAAZY GYRIAATA DAY A9
(052029003 B9 57128 AMY 2] €(A080588)°] 2] &t
SECEE Y

227



228 Korean J Hematol Vol. 44, No. 4, December, 2009

-1 1o
29 P2 0@ ATE PLAAG Y FE 2
e AYT £U2 A8 WA HE 2 AYe 29

(veno-occlusive disease of liver, VOD), 7+,
& =3 F(idiopathic pneumonia syndrome) %0 o]
P9 G2 Aol Yk MRS ¢

4 2 390l Yt BASIA o4 F JEE
IAY 2] & #HAAYE(treatment-related mortality,
TRM)O] in:o]_zl % E_:]:,_E 0104]'4_57810“20) ;(]_711_]
o2e A% WEHA, 1t 5 ZA7d = & °oF7]
AA 71eiAd o2 & 4 gl A
O g A 2 e e 2y

Z2E 98 /A7 el B AEE

i

o] tro}

ol

p

o fU |
00_4.4
éogﬂml

oy @ g

> lo F
A ¥ 2 o [o %o

i, of
&l'
NS
N
T L =0 n
jalald

n{o
L

2,
>
=
uf
I
2
oft
Lo
rr
Y,
o,
N
-~
o3t
o
J a
O]
L
)

ooy
aY)

%
o
¥0
o, U
o
2
)

>~
i
>
Og{:,"

ol
ol
N
é
Q, lo

W o2 &4 o 28 (ferritin) <
o Eo

i =270 [] puE)
F A7 wdeddze vee wodd s
AT o4 B AAE Gelaw, nsllEE Sl
SREEDEPETE.T 97
}\ =]

20043 19 5E 2009\ 29 7}A] A Eolit Y Ao}
ZAF Ao A B RA L] L e AH 112
o] ZlolE F Aol e 7S A 93 1059 9
gol5o] RV EA S Fote 7}t ghate] AW, o] 4
AlY] o], Foix7l AR B EAJAA] o F =E
A FolA S WA B Yol o)A A AHAZ A

’

(<]

APAPA A} A

ol T, EFAA oA, oA T
#H 3 /d A ol Fkg o] 2] H & 54 $h(acute and
chronic graft-versus-host disease, GVHD)2] &4 &%
£ FFHoz BT dAAFS g AA g
I v s o g2 FRFIY IRE EF/FE99 T 1,200
Gy ol 4e] HAMANZALE WA BuCy 27
A5 AN A5 2FAAE A AR Bkt
el A 7+ A 8he] AS Seattle criteria” o 319

2 Nek FEd whet Este] e A3t
gd3to 2 ZdtE oy 58 A5 glo] SAE A9

° -

o ¥k glo] 1009 oA A& At
Hoez JFHAY Aol ol2e 4+
FatAtt A= o] e Az
FA BE-E A gA o] UAd
A FA A EFAEL 25 o)A 9l

it

¢

3
7o) we g4 Hd 3 =
E‘;}D}. 3 dd £ 8wzl BAE
Het7] el 21228 Bl 24 el 89 W
Qlatgl =l 18] 10 mL/kgE 7]F02 ato] 4

0 o
rE
o

i

H -n r
Ll
PN
>..
=
oft
e
Q
)

Fd F2] 1,000 pgls 71F0 = sto] &
X7} 1,000 pg/L o]l nH e d S+
Few ¥Ralw, 24 sod +4
/L oo v g w3 2134 4
bof 7t 2ol o4 Azhy o4 B B
L:_Oﬂ 2ol 7 A=A & A sk o] 4
A A 7-As FukAdo] A )
HPC’] 2229 AL B A A Eat
THFTTY B ARE AL
W A0 w2y W A
3 gAoAHYEFA S
At AR ES F7IE B4
H2E 2d AA B ZEE (overall surviv-
Ay Z%E (event free survival, EFS), §-7j
E(relapse free survival, RFS)Z} x| 8 3& A
‘?z“ﬂ%% EA ket
o whef ghab o zhel] g, A9l
WA ZAN BHAA A o ¥

slels}7] 9af chi-square testE ©]

5

ael}

wek H
ot T ot Lo m\m _O‘L
&
rlo

LU
8 N N
@ go —{}

ol

oE,l‘-',J_\,'_,_\?_l‘oL

ruEEHU

o= it

o 4
e
1>

=
>
G E?l_‘l
"
L EN) 01N
=

5

o
—_‘—1 HU
X'ﬁ

iy
1
2
folr

o Ml
M
v
ol
ol
Q T

oft
-

o
L
e
2

o,
¥R oo N QW N R
N
>
N

LFUE
o o=
>
iR
o)

o

B ol
N - -1
e
2
4
>
>
o

1o nm
—r
ey

H

5,
ofl o
U
ek
rz Jo

L
o
o olN

NN

2 X

A&

9,
N
NS
)
fr
ﬂlﬂl



0l23 2: Influence of Serum Ferritin in Children Undergoing Allogeneic HSCT 229

=4, log rank testS A A ate] Bl mEA 819 1
Ay 2 o] #AH FH o] WA HlT o] 9

6&
2pol 7t JA™ AL Cox 3|7A BAS B3 ooz 2

Table 1. Clinical characteristics of 105 pediatric allogeneic
HSCT recipients

Clinical characteristics No. of patients

Gender
Male 67
Female 38
Underlying diseases
Hematologic malignancies 81
AML 42
ALL 28
MDS 6
ABL 3
CML 2
Non-malignant diseases 24
Aplastic anemia 10
Immunodeficiency 4
Fanconi anemia 3
Metabolic disease 3
HLH 3
Pure red cell anemia 1
Donors
Sibling 25
Unrelated 80
Conditioning
With TBI 29
Without TBI 76
Myeloablation
Yes 86
No 19
VoD
Yes 6
No 99
aGVHD (=Grade 2)
Yes 33
No 69
cGVHD
Yes 37
No 58

Abbreviations: AML, indicates acute myeloblastic leukemia;
ALL, acute lymphoblastic leukemia; MDS, myelodysplastic
syndrome; ABL, acute biphenotypic leukemia; CML, chronic
myeloblastic leukemia; HLH, hemophagoctic lymphobhistio-
cytosis; VOD, venoocclusive disease; aGVHD, acute graft-
versus-host-disease; cGVHD, chronic graft-versus-host disease.
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Fig. 1. Change of serum ferritin level before and after HSCT.
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Table 2. Number of packed red cell transfusions by serum
ferritin level

Serum ferritin

Low High

(<1,000 ugll) (>1,000 pg) ©vale
Pre-HSCT 6.7+4.3 16.8+13.3 <0.005
3 months 3.1x1.8 6.0x5.4 0.021
post-HSCT
1 year 3.9£3.1 9.9£9.0 <0.005
post-HSCT
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Table 3. Clinical characteristics of pediatric allogeneic HSCT recipients according to serum ferritin level at pre-HSCT and

3 months, 1 year post-HSCT

Serum ferritin

Characteristic Pre-HSCT 3 months post-HSCT 1 year post-HSCT
Low High  P-value Low High  P-value Low High  P-value
Gender 0.082 0.597 0.823
Male 23 44 12 48 24 20
Female 12 26 8 23 15 7
Underlying diseases 0.025 0.24 1
Hematologic malignancies 22 59 13 56 30 21
Non-malignant diseases 13 11 7 15 9 6
Donors 0.063 0.227 0.078
Sibling 7 18 7 14 12 3
Unrelated 28 52 13 57 27 24
Conditioning 0.01 0.002 0.006
With TBI 4 25 0 23 4 11
Without TBI 31 45 20 48 35 16
Myeloablation 0.424 0.55 0.729
Yes 27 59 17 55 34 22
No 8 11 3 16 5 5

Abbreviation: TBI, indicates total body irradiation.



Table 4. Complications after HSCT according to serum ferritin level
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No. of patients/Evaluable patients

Pre-HSCT 3 months post-HSCT 1 year post-HSCT

Low High P-value Low High P-value Low High P-value
VOD 3/35 3/70 0.661 0/20 3/71 0.591 0/39 1/27 0.409
aGVHD 13/34 20/68 0.501 6/20 25/71 0.792 9/39 9/27 0.408
cGVHD 13/33 24/62 1 4/20 33/70 0.039 12/39 13/27 0.199
CMV reactivation 13/35 25/70 1 7/20 26/71 1 10/39 10/27 0.416
CMV disease 2/35 4/70 1 0/20 5/71 0.349 0/39 1/27 0.409
ARDS 2/35 2/70 0.407 1/20 2/71 0.53

Abbreviations: Low, serum ferritin level <1,000 1 g/L; High, serum ferritin level =1,000 ¢ g/L; VOD, indicates veno-occlusive
disease; aGVHD, acute graft-versus-host disease; cGVHD, chronic graft-versus-host disease; CMV, cytomegalovirus; ARDS,

acute respiratory distress syndrom
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Fig. 2. Overall survival (OS) according to serum ferritin level
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Fig. 4. Cumulative incidence of treatment related mortality (A) and acute graft-versus-host disease (B) according to serum

ferritin level at 3 months post-HSCT.

Table 5. Causes of treatment-related mortality in patients
with hyperferritinemia (=1,000 pg/L) at 3 months after
HSCT

Causes of death No.
cGVHD 3
Fungal infection 2
VoD 1
Post transplant BO 1
Total 7

Abbreviations: ¢cGVHD indicates chronic graft-versus-host
disease; VOD, veno-occlusive disease; BO, bronchiolitis
obliterance.
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