Late Effect of Pediatric Cancer Therapy on Thyroid Function

Hyo Sun Kim, M.D., Jung Woo Han, M.D., Seungyeon Kwon, M.D.,
Sung Chul Won, M.D. and Chuhl Joo Lyu, M.D.

Pediatric Hematology Oncology Service, Department of Pediatrics,
Yonsei University College of Medicine, Seoul, Korea

Purpose: According to advances in childhood cancer therapy, survival outcomes are markedly
improved during the past few decades. On the other hand, late effects of childhood cancer
survivors are nowadays having been issued owing to its importance of early detection and proper
management. It is now known from references abroad that thyroid disorders have frequently
occurred in long-term survivors since endocrine organs are sensitive to both cytotoxic drugs and
radiation. However, research in Korea has not been published yet. The aim of this study was
to investigate the late effect of cancer therapy on thyroid disorders in childhood cancer survivors.
Methods: Medical records of 129 childhood cancer survivors who visited long term follow up
clinic between 2005 and 2008 were retrospectively reviewed. Clinical characteristics including
individual cancer therapy were reviewed. We analyzed the relationship between thyroid function
status with variable clinical factors and types of cancer therapy. Results: The incidence of thyroid
dysfunction was 30.2% (39/129) in long-term survivors with cancer therapy. Thyroid dysfunction
were more frequently in patients treated with radiotherapy (P=0.021) and stem cell transplantation
(P=0.001). We also found a significant association between underlying disease and thyroid
dysfunction (P<0.001). Conclusion: These findings emphasize the need for long-term follow-up
of thyroid function in childhood cancer survivors after radiotherapy or/fand stem cell
transplantation in order to offer proper treatment. (Clin Pediatr Hematol Oncol 2008;15:10
~16)
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Table 1. Patient Characteristics

Parameter Number (%)
Total 129
Age (year) 54
Sex (male/female) 88/41 (68.2/31.8)
Diagnosis
ALL 48 (37.2)
AML 10 (7.8)
Non-Hodgkin lymphoma 13 (10.1)
Hodgkin disease 1 (0.7)
Brain tumor 25 (19.4)
Wilms’ tumor 6 4.7)
Neuroblastoma 5 (3.9
Nasopharyngeal cancer 2 (1.6)
Germ cell tumor 5 (3.9
LCH 5 (3.9
CML 1 (0.7)
Hepatoblastoma 1 (0.7)
Other 7 (5.4)
Radiotherapy (yes/no) 77/52 (59.7/40.3)
Head/neck 63
Craniospinal irradiation 31
Spine (local) 4
Testis 5
Abdomen/pelvis 7
Chest 3
Extremity 1
Total body irradiation 7
Transplantation (yes/no) 28/101 (21.7/78.3)
APBSCT 14 (50.0)
MSD-SCT 8 (28.6)
USCT 5 (17.8)
CBT 1 (3.6)

Conditioning regimen

TBI/non-TBI 6/22 (21.4/78.6)

Abbreviations: ALL, acute lymphocytic leukemia;
AML, acute myeloid leukemia; LCH, Langerhans
cell histiocytosis; CML, chronic myeloid leukemia;
APBSCT, autologous peripheral blood stem cell
transplantation, MSD-SCT, matched sibling donor-
stem cell transplantation; USCT, unrelated stem cell
transplantation, CBT, cord blood transplantation;
TBI, total body irradiation
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Table 2. Results of Thyroid Function Test according to Clinical Datas

Age Sex Radiotherapy* HSCT* Brain tumor* ConditionjngJr
(%) (%) (%) (%) (%) (%)
< > Fe- Non-
10 yr 10 yr Male male Yes No Yes No Yes No TBI TBI
Subclinical 19 5 19 5 17 7 12 12 4 20 4 7
hypothyroidism (21.1) (12.8) (21.6) (12.2) (22.1) (13.5) (42.9) (11.9) (16.0) (19.2) (66.7) (33.3)
Subclinical 1 0 1 0 0 1 1 0 0 1 0 1
hyperthyroidism (1.1) (0.0) (1.1) (0.0) (0.0) (19 ((3.6) (0.0) (0.0 (.00 (0.0 4.8
5 2 4 3 6 1 2 5 5 2 0 2
Hyperthyroidism (5.6) (5.1) &.5) ((7.3) (7.8) (19 (7.1) (5.0) (2000 (1.9) (.00 (9.5
3 4 6 1 7 0 0 7 6 1 0 0
Hypothyroidism  (3.3) (10.3) (6.8) (24) (9.1) (0.0) (0.0) (69 (24.00 (1.00 (0.0) (0.0
62 28 58 32 47 43 13 77 10 80 2 11
Normal (68.9) (71.8) (65.9) (78.0) (61.0) (82.7) (46.4) (76.2) (40.0) (76.9) (33.3) (52.4)
90 39 88 41 77 52 28 101 25 104 6 21
Total (100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
*P<0.05;

Tstatistics with transplanted patients only

Abbreviations: HSCT, hematopoietic stem cell transplantation; yr, years old; TBI, total body irradiation

3l &£7& Hole 74
WTY GCT9] 7% 3
ER}A] gekgkon} NPC 73-$oll= 29 2%
71 eAs &S Hol 7+ AT
H3lo]] FAF o2 {23 xfo]7t JYATHP<0.05).

ek A Z2AE
EA9] 39%011A4 A 715 ol el e A
2 Ut A 2AE Al A R =T
Hlasle] M4 7] wWshel] oJm o]
B9 ch(P=0.01).

Ak o 2 o] Alg Wk 73t vk
o A19] A 7l wW3kE EAsck F 1299
o] A7|AYEA T 287 0] o]A& Wigtom o] & F

2] ulgo] 2z ¥
WE P4 715 o)l L

A3

O
r
>

1selA A AAe ol A4 RBgwm
@365, 2 FAAE 1290 $549 844 42
ANEARNES gt 9 Ane P @

D01 o4 L 2ol A 715 ol dol §
oAl F7HEE < & dgivh et A7) of
He] BF W AN Bl whE AgA

H3be FAIReE §ol3k Aol gl rk(Table 2).

-
et

o
>
g:l-,‘
119
rlo
n
oL
N
o
m
of
e
_\‘l".
(3
o
tn
&
2
=

O Ao oY N R Hzoofd

ﬂ%ﬂﬂ%=%ﬂd%1ﬂ%—i%ﬂ oleks
TSH 557} =&
9 Eol 57}*}71 ifell fgEs 7
‘] 7171 $18A o] &l thall levothyroxine 53

5 X 22 o gk m Rayl Qo o
11/]— levothyroxines Fo33s}o] TSHE Z4&A]7Iv)

1

N

o I

2 rr o
l'
_}\L
By
l-r
o
o,
X0,
o fr
=,
-
olN
o
o
fo
N
)
"

1=

fo foox 2 ofN wu ox of

Wrn
0.\.u

NVU P2



14
sitEte FHAFolu HEAqte] W ES 7
A1 ek sk FA gk glok sCTy g
ZF gk g 9 AL X8 oo WA E
e B4 A1 eAsE e didkre 9
3 BAH o Aelgo Ho| =7 wiitel]”
ol A= 4171 E A StobEelAlE
TEE A8 o), T3] BAAA A
71548 dtobe] ol X85 Al¥stA| &

B ATel AR 7122 qlFell ek o] zHaAl
7]:—_ o]x]-sl Eo] 39rﬁ_9] 21—7]/012-‘_;(]— = 24U§
(61 9%)°] 54 BAAA AV A &

= EO% 7Hg W e AP Ak

L, =%, NBollA X8 F5 ¥ 134
4

l‘I

7]—:—«1 OWOI E}—E« ZA3kol u]3 Al vhebsk
o, WT9} GCTolA = X8 $3 Foll= 1441
V&l M= glgich NPCe] A5 2 571 7]
© AT A5 2 BE AT|AAEANA 3
A 7)ol ol4do] velykrh ol Ak ApA] o
g £% glor} Azl ulg} Folsts 3ehAl
Z77F g 23 479 sekAE ALY Vs
tlAboll Qg F7] Wit ol & whs] sl7)

2 FY AglolA

O 4E W WA HFA 7159 olgel
£+ Basiglont, 1/}01011 w}—% W E9] Aol

Jo
o
oX,
o
g2 l‘

W3l =
4&4\1116’”) aw TBIZ} £

e A
B oolAe e AZANAAE B A5E

FNAow FHWIRE ol Wl F2F Ao
= Az,

HAAS Aol F >
FRAEENA A B AR e
Aol 7] W0E FolA Abg A A
Akl ehfolm, WRulHe FHEF FollA
SEg AY vgo Tele, ol
oA WA wmEHAG K BEA ] A
A Foll ulEE] F)5e] Wk g A
AH7] 4lek ZofelA A4 7%
AAge W B EAGS 6
5B P Eoella Foldt Hu =4
spoll o]27] ZAX 7 W7t W W B o
Toll AL WAL Aol w2k 34 A% o4
o el %—7}3}9134 AFAFAIGTo] A 3R}
ATFoll 4] ol gahe] A&

N

roox rf oX FlO
o

oo
o

N Ho
ot

o]/g—

L
DR
o

=
N

B

(]

= = Ao} AA
e g 9 ﬂHrfﬂl AR A7)l
Al ol wlg Feehrl. 7]
coldh WAel Bel} YAS TR
o

F2 $os A

N
—_—

o
O

ol ot I
N

i)
o

-

2 ooff lo ot

il

i
do
2

A7V BEATY STV ew ofol wieh *lE -

AA
\:

—



Zolgl BAbe] X 87k A4 Aol HXE F7]
oA A5 F5eh Aol whek gHFAel wx|

v %71 kel izl dolR 3zt ok

g X8 £33 F 29 o4 At glo] ¥
RAES A5 F QAN BRIy 7]
IS o

G
of,
ule
ol
>
ofN
o2
o)
of,

%
_|>:‘
2
f
>
i
T
T
532
of,
o
— ot
32 E
£
ol 3 o ox M
ox ofl, o2 M ofN
Ao 9 O )y o2 C

N
—

30%0ll MFste, 1 T FF49 B34
249 (62%) -2 71A
A7 A S TH(18%), HEAA7SIA
B(18%), T4 AT sGAFe] 19
olgict. AzpHEE AML, ¥Zk, NBolA]
T8 3 A4 7159 ool 9w

oM, WIS GCTollAE X &
7ol el lgleh WA =2AE
19 39%0lA A Ts olide]
287 9] o] A W2 2} F 157
A 7159 ol &S Hol(53.6%), WA

o4& Wre Tl A 7%

d
)
o
I

JURSN
ORI

32,
olN
N
N
e o

—

r
i ox
2

ofN
A
(e E\l

it
e b X

=

30

Nz fo
o

>

A

[«

o]

o\
N
_?L
32
i

o A4 24, SCT

AN AEA A A 8] 4
ol Aol glglon] )
Bel 4 244 A% o4 el 9194

(o]
-
L2

f
o
ox IE
fo = ot

10.

11.

15

o

t D2 3

=
L=

. Madanat LM, Lahteenmaki PM, Hurme S, Dyba T,

Salmi TT, Sankila R. Hypothyroidism among pedia-
tric cancer patients: a nationwide, registry-based
study. Int J Cancer 2008;122:1868-72

. Shalitin S, Phillip M, Stein J, Goshen Y, Carmi D,

Yaniv I. Endocrine dysfunction and parameters of
the metabolic syndrome after bone marrow trans-
plantation during childhood and adolescence. Bone
Marrow Transplant 2006;37:1109-17

. Lee JH, Seo HJ, Kim JY, Ko CW, Lee KS. Late

endocrine complications in childhood cancer sur-
vivors. Korean J Pediatr Hematol Oncol 2005;12:
55-62

. Moller TR, Garwicz S, Barlow L, Falck Winther J,

Glattre E, Olafsdottir G, et al. Decreasing late
mortality among five-year survivors of cancer in
childhood and adolescence: a population-based study
in the Nordic countries. J Clin Oncol 2001;19:

3173-81

. Kolb HJ, Bender-Gotze C. Late complications after

allogeneic bone marrow transplantation for leukae-
mia. Bone Marrow Transplant 1990;6:61-72

. Shalet SM. Endocrine consequences of treatment of

malignant disease. Arch Dis Child 1989;64:1635-41

. Socie G, Curtis RE, Deeg HJ, Sobocinski KA, Fili-

povich AH, Travis LB,
diseases after allogeneic marrow transplantation for
childhood acute leukemia. J Clin Oncol 2000;18:
348-57

et al. New malignant

. Toubert ME, Socie G, Gluckman E, Aractingi S,

Esperou H, Devergie A, et al. Short- and long-term
follow-up of thyroid dysfunction after allogeneic
bone marrow transplantation without the use of pre-
parative total body irradiation. Br J Haematol 1997;
98:453-7

. Ishiguro H, Yasuda Y, Tomita Y, Shinagawa T,

Shimizu T, Morimoto T, et al. Long-term follow-up
of thyroid function in patients who received bone
marrow transplantation during childhood and adole-
scence. J Clin Endocrinol Metab 2004;89:5981-6
Borgstrom B, Bolme P. Thyroid function in children
after allogeneic bone marrow transplantation. Bone
Marrow Transplant 1994;13:59-64

Barnes ND. Effects of external irradiation on the
thyroid gland in childhood. Horm Res 1988;30:84-9



12.

13.

14.

15.

16.

17.

16

Field JB, Bloom G, Chou MC, Kerins ME, Larsen
PR, Kotani M, et al. Effects of thyroid-stimulating
hormone on human thyroid carcinoma and adjacent
normal tissue. J Clin Endocrinol Metab 1978;47:
1052-8

Colevas AD, Read R, Thornhill J, Adak S, Tishler
R, Busse P, et al. Hypothyroidism incidence after
multimodality treatment for stage III and IV squa-
mous cell carcinomas of the head and neck. Int J
Radiat Oncol Biol Phys 2001;51:599-604

Surks MI, Sievert R. Drugs and thyroid function. N
Engl J Med 1995;333:1688-94

Katsanis E, Shapiro RS, Robison LL, Haake RIJ,
Kim T, Pescovitz OH, et al. Thyroid dysfunction
following bone marrow transplantation: long-term
follow-up of 80 pediatric patients. Bone Marrow
Transplant 1990;5:335-40

Slatter MA, Gennery AR, Cheetham TD, Bhatta-
charya A, Crooks BN, Flood TJ, et al. Thyroid
dysfunction after bone marrow transplantation for
primary immunodeficiency without the use of total
body irradiation in conditioning. Bone Marrow
Transplant 2004;33:949-53

Kami M, Tanaka Y, Chiba S, Matsumura T, Machi-

18.

19.

20.

21.

ra

ok

AEA - WS A% 5
da U, Kanda Y, et al. Thyroid function after bone
marrow transplantation: possible association between
immune-mediated thyrotoxicosis and hypothyroidi-
sm. Transplantation 2001;71:406-11

Oberfield SE, Allen JC, Pollack J, New MI, Levine
LS. Long-term endocrine sequelae after treatment of
medulloblastoma: prospective study of growth and
thyroid function. J Pediatr 1986;108:219-23
Massimino M, Gandola L, Collini P, Seregni E,
Marchiano A, Serra A, et al. Thyroid-stimulating
hormone suppression for protection against hypothy-
roidism due to craniospinal irradiation for childhood
medulloblastoma/primitive neuroectodermal tumor.
Int J Radiat Oncol Biol Phys 2007;69:404-10

Ron E, Lubin JH, Shore RE, Mabuchi K, Modan B,
Pottern LM, et al. Thyroid cancer after exposure to
external radiation: a pooled analysis of seven
studies. Radiat Res 1995;141:259-77

De Simone M, Olioso P, Di Bartolomeo P, Di
Girolamo G, Farello G, Palumbo M, et al. Growth
and endocrine function following bone marrow
transplantation for thalassemia. Bone Marrow Trans-

plant 1995;15:227-33



