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Endocrine dysfunction after bone marrow transplantation

during childhood and adolescence

Hye Young Jin, M.D., Jin-Ho Choi, M.D., Ho-Joon Im, M.D.

Jong-Jin Seo, M.D., Hyung-Nam Moon, M.D. and Han-Wook Yoo, M.D.

Department of Pediatrics, Asan Medical Center Children’s Hospital

University of Ulsan College of Medicine, Seoul, Korea

Purpose : Several complications can occur in patients who received bone marrow transplantation (BMT) during childhood
and adolescence. This study aims to investigate endocrine dysfunctions after BMT so that better care can be provided to

care for long-term survivors of BMT.

Methods : One hundred patients (61 males, 39 females) were included in this study. Clinical parameters such as initial
diagnosis, age at BMT, conditioning regimen, presence of graft-versus-host disease (GVHD), growth pattern, thyroid func-
tion, and pubertal status were retrospectively reviewed to evaluate risk factors associated with endocrine dysfunction.
Results : Height standard deviation score (SDS) at BMT, after 1 year of BMT, and at the last visit were 0.08+1.04, -0.09+
1.02, and -0.27+1.18, respectively (P=0.001). Height SDS significantly decreased in patients who received total body irra-
diation (TBI) (P=0.017). One of the patients who received TBI demonstrated growth hormone deficiency. Thirty (31.9%)
of 94 patients had compensated hypothyroidism. Incidence of compensated hypothyroidism was higher among those who
had GVHD (odds ratio 2.82, P=0.025). Of the 32 patients (17 males, 15 females) who were over 14 years in male and
13 years in female at the last visit, 16 (3 males, 13 females) had increased luteinizing hormone (LH) or follicle-stimulating
hormone (FSH). Abnormal elevation of LH or FSH was more common in females (odds ratio 30.3, £=0.001).
Condusion : The most common endocrine dysfunction was ovarian insufficiency. Regular check-up for endocrine function
needs to be required due to high incidence of endocrine dysfunction in patients with BMT. (Korean J Pediatr 2010;53:

420-427)
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7.45+4.3841(0.58—16.254) 3L A Yol 12.74+£5.47A
(2.75-23.33A) o Hat 7 77k 5.30+£2.97d(1.17—
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[e]
ot MYTFYMAYo] 87, FFPYIYEF Lol Tl

histiocytosis) 01511 7Y W83} Krabbeo] zzF 24 o]
glow EstaFAmlE Wiskott—Aldrich 3%+, Kostmann
Ho] Z}z} 19 ¥oqdt). AR Z = busulfan®} cyclophospha-
mideE o] AFE3E o7F 68 o2 71 Wty TBIS cyclo-
phosphamide X+ busulfang ©]-§-8t &<¢tsletes-& whe 3
A7} 1478 0]1%0t} YA 1872 cyclophosphamide, busulfan,
fludarabine, VP—16, melphalan % & 7}#] &= F 7px <) of

A AHgstol gtstetayE Wk FF =)Aol 867,
A~
T

ik

=

3} g}el Fgro]2lo] ZHz} 43 Aot} wkA] o] 21H
AR gz} 331l glal v o] AH ]
7} 67780131tk (Table 1).

o A= Fol2] g o) 19 & HF e Al S
A ZAbsto] dh Aol AR EEAE o] &-sto] A1 B
2} A4 (standard deviation score, SDS)Z F-3F9it} ¢l&aled
’d71#k-1 (insulin—like growth factor, IGF—1) ¢} Ql&Hf
AA7elz} Astkddl -3 (insulin—like growth factor binding
protein—3, IGFBP3) 9] FX& ZAtsto] sd A% <] s}
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Table 1. Clinical Characteristics of Patients Who Underwent
Bone Marrow Transplantation

Clinical characteristics Number of
patients
Male/Female 61/39
Age at transplant (yr) 7.45+4.38
(range, 0.58-16.25)
Present age (yr) 12.74+5.47
(range, 2.75-23.33)
Duration of follow—up (yr) 5.30+£2.97

(range, 1.17-11.83)

Diagnosis
Acute myeloid leukemia (AML) 48
Acute lymphoid leukemia (ALL) 14
Severe aplastic anemia (SAA) 13
Chronic myeloid leukemia (CML) 8
Myelodysplastic syndrome (MDS) 7
Others 10
Conditioning regimen
Busulfan (Bu)+Cyclophosphamide (Cy) 68
Total body irradiation (TBD)+Cy 11
TBI + Melphalan or VP-16 3
Others (Cy, melphalan, fludarabine, etc) 18
Transplantation source
Allogeneic: related/unrelated 43/43
Cord blood 14
Chronic graft versus host disease (cGVHD)
cGVHD 33
No ¢cGVHD 67

Abbreviation : BMT, bone marrow transplantation
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Z7) 42 SPSS for Windows (version 12.0, SPSS Inc,
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Table 2. Factors Associated with Changes in Height Standard
Deviation Score Before and After Bone Marrow Transplantation

A Ht SDS1 P value 4 Ht SDS2 P value

Age at BMT
<9 yr -0.11+£0.61 0.148 -0.27+£091 0.171
29 yr -0.26+0.46 -0.52+0.85
Allo-related -0.17£0.44  0.380 -0.42+£0.74  0.050
Allo—unrelated -0.10%0.49 -0.16+0.80
Cord blood -0.35+0.99 -0.82+1.34
cGVHD -0.27+£0.55 0.197 -0.40+0.85 0.805
No ¢cGVHD -0.11£0.56 -0.35+0.92
TBI -0.34+£0.66 0.209 -0.94+1.09 0.017
No TBI -0.14£0.54 -0.28+0.88
Male 0.11+£0.59 0.205 -0.32+0.95 0.561
Female -0.26+0.51 -0.43+0.80

Abbreviations : 4 Ht SDS, 4 height standard deviation score;
BMT, bone marrow transplantatlon TBI, total body irradiation;
cGVHD, chronic graft versus host disease

AH=8 SDS7F #9sHAl T “—‘01 748tk (P=0.017, Table
2, Fig. 2). TBIE W2 149 & A4 &7 ddef 4 cm vk
o]l 4o AT EE §ul AALS weok=d) o] A= &
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il A5 HAkx] 9} vlwaste] IGF1, IGFBP32] Ao] 24l
< = sl
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Asksoldet @3 AoV I ERIEe] JUd
A= HSITE BAMY IAAERSe]l AW b= TSH7G
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At BMT After 1 yr At the last visit

Fig. 1. Mean height standard deviation score (SDS) at bone
marrow transplantation (BMT), after 1 year of BMT, and at the
last follow—up visit. This graph shows a serial decrease in mean
height SDS after BMT (P=0.001).

2 s
TBI No TBI
1 L
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a
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3 ' BeforeBMT Atthe  Before BMT f:stﬂ‘fsit

last visit

Fig. 2. Comparison of changes in mean height standard deviation
score (SDS) according to the use of total body irradiation (TBI)
as the conditioning regimen. Mean height SDS was significantly
decreased in patients who received TBI, compared to patients
who did not (P=0.017).
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Table 3. Factors Associated with Thyroid Dysfunction

Compensated

Normal thyroid hypothyroidism P value
(n=30

function (n=64)

Age at BMT (yr) 7.36+4.57 7.01+3.72 0.699
Allo—related 27/38 (11%) 11/38 (29%)  0.274
Allo—unrelated 24/42 (57%) 18/42 (43%)

Cord blood 7/14 (50%) 7/14 (50%)

cGVHD 18/31 (58%) 13/31 42%)  0.025
No ¢GVHD 46/63 (73%) 17/63 (27%)

TBI 8/14 (57%) 6/14 (43%)  0.770
No TBI 56/80 (70%) 24/80 (30%)

Male 35/56 (62%) 21/56 (38%)  0.289
Female

29/38 (16%) 9/38 (24%)

Abbreviations : BMT, bone marrow transplantation; c¢GVHD,
chronic graft versus host disease; TBI, total body irradiation

TSH (mU/L)
14 |
8.10+0.42
12 4
io - ’L
8 ] .
6 1 2.77x0.16 ;
4
2
0 T T
Normal TFT  Compensated
(n=64) hypothyroidism
(n=30)
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Fig. 3. Thyroid function after bone marrow transplantation. TSH, thyroid
stimulating hormone; TFT, thyroid function test.
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Fig. 4. Serum luteinizing hormone (LH) and follicle-stimulating hormone (FSH) concentra-
tions in males (A) and females (B) after bone marrow transplantation. (A) LH level below
10 TU/L (solid line) and FSH below 14 TU/L (dotted line) were regarded as normal in male.
(B) LH and FSH levels below 17 TU/L (solid line) were regarded as normal in female.

Table 4. Factors Associated with Gonadal Dysfunction

No Gonadal Gonadal
dysfunction dysfunction P value
(n=16) (n=16)

Age at BMT (yr) 11.16+3.56 11.62+3.15 0.706
Allo-related 9/17 (53%) 8/17 (47%) 0.820
Allo—unrelatred 6/12 (50%) 6/12 (50%)
Cord blood 1/3 (33%) 2/3  (66%)
¢GVHD 5/12 (42%) 7/12 (58%) 0.710
No ¢cGVHD 11/20 (55%) 9/20 (45%)
TBI 3/7 (43%) 4/7 (57%) 1.000
No TBI 13/25 (52%) 12/25 (48%)
Male 14/17 (82%) 3/17 (18%) 0.001
Female 2/15 (13%) 13/15 (87%)
Abbreviations : BMT, bone marrow transplantation; cGVHD,

chronic graft versus host disease; TBI, total body irradiation
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