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Abstract An B-year-old boy was referred due to diffi-
culty in walking. Tl-weighted MRI detected a well-
marginated lesion expanding from the epidural region in
the spinal canal to the paravertebral area through the Th9
and Th10 intervertebral foramen. The patient underwent a
biopsy under video-assisted thoracoscopy and the tumor
was diagnosed as Ewing's sarcoma family of wmor
(ESFT). Imaging confirmed that the tumor completely
disappeared and his neurologic functions were recovered
perfectly at the end of treatment. Very few cases of skeletal
ESFT of epidural extension in childhood have been docu-
mented. Video-assisted thoracoscopic surgery remains the
best option for the diagnosis of endothoracic tumors in
children.

Keywords Ewing's sarcoma family of wumor (ESFT) -
Dumbbell-shaped - Video-assisted thoracoscopic surgery
(VATS) - Biopsy - EWS-FLII

Introduction

Ewing's sarcoma family of tumor (ESFT) is a malignant
wmor consisting of uniform small round cells. ESFT
mostly arises from skeletal bones or soft tissue in the leg,
pelvis and rib. Although neurogenic tumors such as a
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neuroblastoma or schwannoma are representative “dumb-
bell-shaped” wmors in childhood, ESFT presenting
“dumbbell-shaped™ is extremely rare. This report describes
a case of a “dumbbell-shaped™ ESFT presenting in a child.

Case report

An S8-year-old boy was referred for the difficulty in
ambulation without any particular cause, When he visited
the hospital 3 days after the symptoms appeared, he could
not stand up by himself. The family history was negative
for congenital malformation and cancer. A neurologic
examination on admission revealed hypesthesia affecting
the superficial sensory modalities from T8 1o T10 on his
right side and apparent muscle weakness in the lower
extremities. He did not have any difficulties in either def-
ecation or urination. All laboratory tests including tumor
markers such as NSE, HVA, and VMA were within the
normal range. A pyriform-like mass shadow was found on
a chest roenigenogram behind of the right side of the heart.
A chest CT revealed a mass shadow of 3.5 x 1.9 cm in the
posterior mediastinum adjacent to the thoracic vertebra
(Th9-11). Tl-weighted MRI detected a well-marginated
homogeneous lesion expanding from the epidural region in
the spinal canal to the paravertebral area through Th9 and
Thl0 intervertebral foramen and revealed abnormal low
intensity at the vertebral body of Th9, thus suggesting a
vertebral bone orginating tumor (Fig. 1a, b). A T2-
weighted image demonstrated a high intensity lesion
markedly compressing the spinal cord. A Tl-weighted
image with gadolinium-diethylenetriamine pentaacetic acid
(Gd-DTPA) enhancement showed homogeneous high
intensity lesion at the same site, A Tc-99 m HDMP bone
scintigram revealed a hot spot on the vertebral body of

@ Springer




954

Pediatr Surg Int (2008) 24:953-955

Fig. 1 Tl-weighted magnetic
resonance imaging at the time of
diagnosis showing a well-
marginated homogeneous lesion
(35 x 1.9 cm) expanding from
the epidural region in the spinal
canal to the paravertebral arca
through the Th9 and Thi0
intervertebral foramen and
revealed an abnormal low
intensily at the veriebral body of
Th9. a Coronal section, b
horizontal section

Th9. He underwent a biopsy under video-assisted tho-
racoscopic surgery (VATS) with a presumptive diagnosis
of a neuroblastoma that is a common “dumbbell-shaped™
tumor occurring in childhood. The tumor was located at the
right side of the thoracic vertebra and covered with pleura.
Its surface was smooth and yellowish in color. It was
fragile and partially removed in a piece-by-piece fashion
for the pathological diagnosis (Fig. 2). The operation time
was 90 min and blood loss was 20 ml. No intraoperative
and postoperative complication was encountered. A histo-
logical examination revealed a diffuse proliferation of
monomorphic small round tumor cells and immunohisto-
chemical staining showed the tumor was clearly positive
for MIC2 (CD99), but negative for NSE and c-kit. In
addition, RT-PCR detected transcripts of the fusion gene,
EWS-FLII, but not EWS-ERG. Finally a chromosomal
translocation (t(11:22) (q24; q12)) was detected in tumor
cells, therefore the tumor was diagnosed as ESFT,
Although the definite diagnosis was not made immediately
after the biopsy, the postoperative chemotherapy under the
possible diagnosis as neuroblastoma or ESFT was initiated
on the day of surgery since the neurological symptoms
were becoming worse from hour to hour. After one course
of chemotherapy consisting of cylophosphamide (CPA)
tetrahydropyranyladriamycin (THP-ADR), etoposide (VP-
16) and cisplatin (CDDP), the tumor was markedly reduced
and the leg paralysis was decreased. After the complete
histopathological diagnosis was made as ESFT, the
induction chemotherapy designed for ESFT with vincris-
tine (VCR), THP-ADR, CPA, ifosfamide and VP-16
followed by local treatment with radiotherapy was con-
ducted. His motor and sensory functions were recovered
perfectly to the normal range and he could walk without
any help by the end of the induction chemotherapy.
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Fig. 2 Video-assisted thoracic biopsy of the tumor. The surface of
tumor was smooth and yellowish in color. The tumor was fragile and
parially removed in a piece-by-piece fashion by scissors for the
pathological diagnosis

Imaging confirmed that the tumor had completely disap-
peared at 6 months after the operation.

Discussion

The ESFT is an infrequent neoplasm, only 20 new cases are
registered per year in Japan [1]. In North America, it is
more frequent, and 225 patients younger than 20 years are
diagnosed per year [2]. Ewing's sarcoma usually arises
from the long bones and pelvis, with the spinal column
being the site in only 3.5-9% of all cases [3]. The typical
radiographic features of spinal Ewing’s sarcoma include
varying degrees of osteolytic and osteosclerotic changes in
the vertebral bone [4]). On the other hand, the lesion in the
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spinal column without osseous changes are diagnosed as
extraskeletal Ewing’s sarcoma [5]. In the present case,
although the tumor was located in the extradural space in
the right side of the spinal canal. the lesion was clearly
associated with osseous change at the vertebral body of
Th9 based on MRI examination and a Tc-99 m HDMP
bone scintigram. Therefore, the lesion was diagnosed to be
skeletal Ewing’s sarcoma arising from the vertebral bone.
Very few cases of skeletal Ewing's sarcoma of epidural
extension have been documented as described by Song
et al. [6], although one report indicated that epidural
extension was thought to be a common feature [3]. In
addition, skeletal Ewing’s sarcoma derived from the ver-
tebral bone of epidural extension associated with intra-
thoracic extension through vertebral foramen in the present
case is definitely rare.

Koizumi et al. [7] reported successful treatment of
“dumbbell-shaped™ ESFT in a child with thoracoscopic
examination followed by the complete removal of tumor by
VATS after chemotherapy. In the present case, the tumor
was so chemo-sensitive that the tumor completely disap-
peared with induction chemotherapy and the surgical
removal of the tumor after chemotherapy was not needed.

It is well known that neurogenic tumors such as neu-
roblastoma or schwannoma sometimes present as
“dumbbell-shaped” lesions in childhood [8]. Since it is
indistinguishable symptomatically and radiologically from
other types of neurogenic tumors prior to a surgical biopsy,
a histopathological examination is critical for the diagnosis
of ESFT. The correct and definitive diagnosis can be made
only by determining the immunoreactivity for MIC2 [9]
and the detection of the chimeric EWS-FLI1 transcript [10]
using a biopsy specimen. Since the consecutive treatment
beginning with induction chemotherapy should be started
as soon as obtaining the diagnosis of ESFT, a minimally
invasive surgical biopsy that never interferes with the start
of induction chemotherapy should be applied. In the
treatment of malignant disease, VATS was reported to be
useful in establishing a quick and reliable diagnosis, and
assisting the appropriate treatment including chemother-
apy, radiotherapy and/or surgery [11-13]. Close
observation with thoracoscopy provides useful information
macroscopically for the diagnosis of pediatric tumors. The
rapid postoperative recovery in VATS also allowed the
immediate use of postoperative chemo-radiotherapy in
comparison 1o a thoracotomy [12]. Spinal cord compres-
sion is seen in 3-5% of patients with pediatric
malignancies [14]. It is reported that in patients with
pediatric malignancies with difficulty in walking at the
beginning of treatment, approximately 50% of them could
walk following emergent therapy [15]. Therefore, in this
case, it was necessary to immediately begin the treatment.
The brief surgical biopsy with VATS was successfully

performed with small amount of blood loss, and the
treatment for the eradication of tumor was immediately
started on the day of the biopsy.

In summary, ESFT can present as a “dumbbell-tumor™,
and VATS remains the best option for the diagnosis of
endothoracic tumors in children.

Acknowledgments The authors thank Dr. Hajime Ohtaki for pro-
viding information on the result of RT-PCR, and Brian Quinn for
critical review of the manuscript.

References

. Iwamoto Y (2007) Diagnosis and treatment of Ewing's sarcoma.
Jpn ] Clin Oncol 37:79-89. doi:10.1093/jjca/hyl142

. Dorfman HD, Czemiak B (1995) Bone cancers. Cancer 75:203-
210. doi:10.1002/1097-0142(19950101)75: 1 4-<203:: AID-CNCR
2820751308>3.0.C0:2-V

. Naslan H, Sundaram M, Unni KK, Dekutoski MB (2004) Primary
Ewing’s sarcoma of the vertebral column. Skeletal Radiol
33:506-513. doi:10.1007/s00256-004-0810-x

. Rose JS, Hermann G, Mendelson DS, Ambinder EP (1983)
Exiraskeletal Ewing sarcoma with computed tomography corre-
lation. Skeletal Radiol 9:234-237. doi: 10.1007/BF00354123

. Uesaka T, Amano T, Inamura T, Ikezaki K, Inoha S, Takamatsu
M et al (2003) Intradural, extramedullary spinal Ewing's sarcoma
in childhood. J Clin Neurosci 10:122-125. doi:10.1016/
S0967-5868(02)00279-5

. Song X, Choi J. Rao C, Nallu S. Nicastri AD (2008) Primary
Ewing sarcoma of lumbar spine with massive intraspinal exien-
sion. Pediar Neurol 38:58-60. doi:10.1016/j.pediatmeurol.
2007.09.003

. Koizumi K, Haraguchi S, Mikami I, Kubokura H, Okada D,
Yamagishi § et al (2005) Video-assisted thoracic surgery for
Ewing’s of the mediastinum in a 3-year-old girl. Ann
Thorac Cardiovasc Surg 11:117-120

. Ozawa H, Kokubun S, Aizawa T, Hoshikawa T, Kawahara C
(2007) Spinal dumbbell tumors: an analysis of a series of 118
cases. ] Neurosurg Spine 7:587-593. doi:10.3171/SPI-07/12/587

. Horowitz ME, Malawer MM, Delaney TF, Tsokos MG (1993)
Ewing's sarcoma family of tumors: Ewing's sarcoma of bone and
soft tissue and the peripheral primitive neuroectoermal tumors.
Lippincout, Philadelphia

. Delattre O, Zucman J, Melot T, Garau XS, Zucker JM, Lenoir
GM et al (1994) The Ewing family of umors—a subgroup
of small-round-cell tumors defined by specific chimeric
transcripts. N Engl J Med 331:294-299. doi:10.1056/NEIM
199408043310503

. Rescorla F], West KW, Gingalewski CA, Engum SA, Scherer LR
3rd, Grosfeld JL. (2000) Efficacy of primary and secondary video-

isted thoracic surgery in children. J Pediatr Surg 35:134-138

. Smith TJ, Rothenberg SS, Brooks M, Bealer J, Chang J,
Cook BA et al (2002) Thoracoscopic surgery in childhood
cancer. J Pediatr Hematol Oncol 24:429-435. doi:10.1097/
(0043426-200208000-00004

. Sailhamer E, Jackson CC, Vogel AM, Kang S, Wu Y, Chwals W
€1 al (2003) Minimally invasive surgery for pediatric solid neo-
plasm. Am Surg 69:566-568

. Klein SL, Sanford RA, Muhlbauer MS (1991) Pediatric spinal
epidural metastases, J Neurosurg 74:70-75

. Lewis DW, Packer RJ, Raney B, Rak IW, Belasco J, Lange B
(1986) Incidence, p ion, and ¢ of spinal cord dis-
ease in children with systemic cancer. Pediatrics 78:438—443

@ Springer




Pedharr Transplantanon 2008 12; 672-676

© 2008 Wiley Periodicals, Inc.

Pediatric Transplantation

Do 0040100 599 3046 2007 00876 x

Umbilical cord-blood transplantations
from unrelated donors in patients with
inherited metabolic diseases: Single-institute

experience

Tokimasa S, Ohta H, Takizawa S, Kusuki S, Hashii Y, Sakai N,
Taniike M, Ozono K, Hara J. Umbilical cord-blood transplantations
from unrelated donors in patients with inherited metabolic diseases:
Single-institute experience.

Pediatr Transplantation 2008: 12: 672-676. © 2008 Wiley Periodicals, Inc.

Abstract: We evaluated the feasibility of UCBT from unrelated donors
and a myeloablative preparative regimen that did not involve anti-
thymocyte globulin in five children with lysosomal and peroxisomal
diseases. Patients with MPS Il (n = 1), adrenoleukodystrophy (n = .1),
metachromatic leukodystrophy (n = 2), and Krabbe disease (n = 1)
received UCBT between December ZDIJI and September 2005. All
patients received oral Bu (600 mg/m?), CY (200 mg/kg IV), and
fludarabine (180 mg/m® IV). Prophylaxis for GVHD consisted of a
combination of tacrolimus and a short methotrexate course. Neutrophil
engraftment occurred a median of 24 days (range, 21-25) after trans-
plantation. None had graft rejection. One patient developed grade II1
acute GVHD and the other four patients had grade I acute GVHD;
none had extensive chronic GVHD. One patient developed hemorrhagic
cystitis. There were no treatment-related deaths. Although one child
with MPS II died of PTLD 10 months after the UCBT, four of the five
children are alive 14, 20, 31, and 55 months after transplantation with
complete donor chimerism. These results suggest the feasibility of the
UCBT with Bu, fludarabine, and CY-preparative regimen for patients
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with inherited metabolic diseases.

Inherited metabolic diseases are rare congenital
disorders, in which toxic substances accumulate
in various tissues because of mutations of various
metabolic enzymes. Some lysosomal and perox-
isomal storage diseases are characterized by
severe neurologic deterioration and eventual
death in the first or second decade of life (1).

Abbreviations: ATG, anti-thymocyte globulin; Bu, busul-
fan; CBU, cord blood unit; CY, cyclophosphamide; EBV,
Epstein-Barr virus; G-CSF, granulocyte colony-stimulating
factor; GVHD, graft vs. host disease; HLA, human leuko-
cyte antigen; IV, intravenously; MPS, mucopolysac-
chanidosis; NC, nucleated cells; PTLD, post-transplant
lymphoproliferative disorder; UCBT, umbilical cord blood
transplantation.
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Recent clinical trials of enzyme replacement
therapy have shown promise in the treatment of
selected diseases (2). However, they also clearly
demonstrated that this approach could not be
used to treat patients characterized by severe
neurologic deterioration, because IV adminis-
tered enzymes do not cross the blood-brain
barrier (3). Allogeneic bone marrow transplan-
tation is still the only effective treatment for
selected metabolic diseases (4, 5). It can prevent
the progression of symptoms by providing a
continuous source of normal enzymes from
engrafted donor leukocytes and other macro-
phage-derived cells. However, the identification
of suitable matched-related donors can be diffi-
cult for some patients, and recruitment of an




unrelated adult donor takes too long for the
treatment of a rapidly progressive disorder.
Preliminary experience suggests that UCBT
may be as effective as marrow transplants (6,
7). Staba etal. reported that all evaluable
patients with MPS 1 had either stable or
improved neurocognitive function after UCBT
(7). UCB grafts have certain benefits such as
rapid availability and even reduced risk of
GVHD, although they may have high frequency
of graft failure. Hence, UCBT represents an
alternative to marrow transplantation (8).

Here, we analyzed retrospectively five children
with lysosomal or peroxisomal storage disease
who underwent UCBT.

Patients and methods

Five Japanese children with lysosomal or peroxisomal
storage disease who lacked HLA-matched related donors
underwent unrelated donor UCBT at Osaka University
Hospital between December 2001 and September 2005. The
diagnosis was confirmed by the lack of specific enzyme
activity in peripheral blood leukocytes or fibroblasts. The
parents of each patient provided informed consent before
UCBT. Multiorgan assessment was performed before
UCBT to demonstrate the following criteria: Karnofsky
performance score > 50%; creatinine clearance > 50% of
the lower limits of normal for age; aspartate aminotrans-
ferase less than five times the upper limits of normal and
total serum bilirubin <2.5 mg/dL; cardiac status asymp-
tomatic or left ventricular ejection fraction > 350%; and
asymptomatic pulmonary function or oxygen saturation
>90% on room air. The selected CBU was required to
provide a minimum of 2 x 107 total NCs/kg of recipient
weight before cryopreservation.

Selection of donors

HLA matching between patient and UCB donor was
based on serologic class I HLA typing and high-resolu-
tion molecular class II typing (DRB1). The cord blood
unit was selected to provide the highest number of NCs
with matching at a minimum of four to of six HLA loci.
A unit genetically matched at three of six alleles could be
selected without serologic mismatches. All cord blood
units were provided through the Japan Cord Blood Bank
Network.

Conditioning regimen

All patients received oral Bu (37.5 mg/m?® per dose) for 16
doses on days =9 through -6, CY 50 mg/kg per dose IV on
days -5 through -2, and fludarabine (30 mg/m? per dose IV
on days =6 through —1. Anticonvulsants were given during
Bu therapy to prevent seizures, and mesna was given
immediately after CY infusion to prevent hemorrhagic
cystitis. The cord blood was infused on day 0.

GVHD prophylaxis and treatment

All patients received short-term methotrexate (15 mg/m® on
day 1, 10 mg/m® on days 3, 6, and 11) and tacrolimus.
Whole blood concentration of tacrolimus was maintained at

UCBT for inherited metabolic diseases

a trough level of 5-15 ng/mL. Patients with grades II and
above GVHD received methylprednisolone (2 mg/kg per
day IV every eight h).

Supportive therapy

All patients were treated in laminar air low room, and re-
ceived total parenteral nutrition and antibiotics. Adminis-
tration of 5 pg/kg of G-CSF (lenograstim or filgrastim) was
staried on day |. Empiric treatment with broad-spectrum IV
antibiotics was started at the first episode of neutropenic
fever and continued until neutropenia resolved. Continuous
infusion of low-dose heparin was administered from the
initiation of the preparative regimen through post-trans-
plantation day 28 for prophylaxis against veno-occlusive
disease. All patients were supported as needed with trans-
fusions of leukocyte-depleted, irradiated packed red blood
cells and platelets.

Evaluation of toxicity

Neutrophil recovery was defined as a blood neutrophil
count >0.5 x 10°/uL, Platelet recovery was defined as a
blood platelet count >20 % 10°/uL, independent of platelet
transfusion. Visceral toxicity was evaluated according to the
criteria defined by Common Terminology Criteria for Ad-
verse Events, version 3.

Results
Patient characteristics

Primary diseases are one Krabbe disease (juvenile
type), one adrenoleukodystrophy (childhood-
onset type), two metachromatic leukodystrophy
(late infantile type) and one Hunter’s syndrome
(MPS type II). Median age at transplantation
was five yr (range, two to nine years). There were
four males and one female. Patient characteris-
tics are shown in Table 1.

Engraftment

Neutrophil and platelet engraftment occurred a
median of 24 days (range, 21-25) and 33 days
(range, 28-46), respectively, after transplantation
(Table 2). Red cell and platelet transfusions were
no longer required after a median interval of
26 days (range., 10-41) and 41 days (range, 26—
43), respectively. As of the last follow-up evalu-
ation, all five patients had complete donor
chimerism (Table 2).

GVHD

Patient 2 had skin rash, high fever, and diarrhea,
indicating the occurrence of grade IIl acute
GVHD (skin: stage 1, liver: stage 0, gut: stage
3) on day 16. It gradually resolved after treat-
ment with 2 mg/kg methylprednisolone. The
other four patients had grade I acute GVHD
(Table 2). None had chronic GVHD.
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NCs, neutrophil cells; MPS, mucopolysaccharidosis; yr, years; m, months; M, male; F, female; HLA, human leukocyte antigen.

Toxicity

No treatment-related death was observed. No
neurologic toxicity occurred. Hemorrhagic cysti-
tis occurred in one patient (grade 2) and septi-
cemia was observed in two patients. No patient
has had clinically significant cardiac dysfunction.

Outcome

Four of five patients were alive for 24, 29, 40,
64 months as of May 1, 2007. The patient with
metachromatic leukodystrophy developed acute
encephalopathy 21 months after the UCBT and
recovered. One child with MPS 11 died of PTLD
10 months after the UCBT. The PTLD was
histopathologically proven in the adenoids. Six
courses of rituximab administration were not
effective. It was not associated with EBV.

Discussion

We describe the outcome in five children with
inherited metabolic storage diseases who received
UCBT from unrelated donors after the adminis-
tration of a chemotherapy-based conditioning
regimen. Allogeneic bone marrow transplanta-
tion has been the only effective treatment for
selected metabolic diseases (1). Unfortunately,
most patients lack an HLA-identical sibling.
Registries of potential unrelated donors have
been established to provide hematopoietic trans-
plants for patients lacking a histocompatible
relative. There are now over 10 million potential
unrelated bone marrow donors accessible in
registries worldwide, and approximately half of
patients can access an HLA-A, -B, and -DR-
identical donor. Banked UCB is prospectively
HLA typed, screened for infections and other
risk factors, and readily available for transplan-
tation. The time from diagnosis to definitive
treatment may represent a crucial period in
which a readily available source of stem cells is
extremely desirable to prevent further disease
progression (7). Escolar et al. demonstrated that
UCBT in newborns with infantile Krabbe disease
before the development of symptoms can favor-
ably alter the natural history of the disease (9).
UCBT also offers an advantage of potential
reduced risk of GVHD (10), although one of our
patients (No. 2) had grade III acute GVHD. The
cause of this severe GVHD developing despite
only one serotype mismatch within the HLA-B
locus is unknown. Mismatch of class I antigen
more strongly influences the severity of acute
GVHD than class II antigen in Japanese popu-
lation (11). In addition, there might be a dispar-
ity at the split antigen HLA-A26, which both the
donor and recipient had.




Table 2. Qutcome of patients undergoing UCBT
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Cays o Days 10
Patiem wasl neutrophils Days to Acute Follow-up
no Chimansm >1000/ul 500/l PT>20 000/ul  GVHD  Toicity/event Outcome (rm)
1 Complete chimara FISH 988% 21 24 8 | Hemotthage cystitis Alive 40
2 Complete chimera VNTR 2 24 45 il Septicemia Alive 64
[Streptococcus mitis)
3 Complete chimera VNTR 21 b kx) | - Alive 29
4 Compiete chimera VNTR 2% 5 36 | - Alive 24
5 Complete chimera VNTR 23 2 46 | Septicemia (MRSA) Dead {PTLD) 10

WBC. white blood cell; Neut, neutrophils; PLT, platelats; GVHD, graft vs. host disease; m, months; FISH, flucrescence in sity hybridization; VNTR, vaniable number of
tandem repeat. MRSA, methicillin-resistant Staphylococcus aureus; PTLD, post-transplant lymphoproliferative disorder.

However., disadvantages of UCBT include
poor engraftment (12). Children with congenital
metabolic disorders might be considered to be at
a higher risk for engraftment failure than chil-
dren with malignancies, because they have not
been exposed to large amounts of anticancer
drugs before transplantation. In fact, the Euro-
cord group has reported that the cumulative
incidence of neutrophil recovery at day 100 in
two different cohorts of patients with malignant
and non-malignant disease was 77.4% and
69.3%, respectively (13).

The combination of CY, Bu, and ATG has
been frequently used for patients with congenital
disorders (6, 7). Toxicity of ATG has resulted
from the large amount of foreign protein in
ATG. Immediate anaphylaxis can occur and
fever, chills, and urticaria are common with the
several infusions of ATG (14). In this series of
hematopoietic stem-cell transplantations using
ATG for 98 patients with hematological or
inherited storage disease, the adverse events of
ATG were mainly fever (76%), chills (56%),
flush (12%). and anaphylactic shock (2%) (14).

In our study, ATG was substituted by
fludarabine, which has strong immunosuppres-
sive properties and demonstrates few severe
toxicities, Fludarabine-based regimens are often
used in reduced intensity stem-cell transplant-
ation. Resnick et al. has developed a basic
non-myeloablative  stem-cell transplantation
protocol, using a conditioning regimen with
fludarabine, Bu, and ATG for patients includ-
ing three children with adrenoleukodystrophy
(15). Jacobsohn et al. reported that they per-
formed reduced intensity hematopoietic stem-
cell transplantation with a uniform regimen
consisting of fludarabine, Bu, and ATG for 13
children with non-malignant diseases including
two lysosomal storage diseases, and 72% of
evaluable patients achieved full donor engraft-
ment (16). However, the doses of these drugs in

this study were sufficient for myeloablation and
complete chimerism.

No deaths were associated with GVHD and
none of the children had chronic GVHD in our
study. By contrast, among children with MPS |
who receive bone marrow transplants from
unrelated donors, the rates of GVHD have been
reported to be between 30% and 55% and to
account for up to half of transplantation-associ-
ated mortality (17, 18).

Although a few cases of PTLD have been
reported after UCBT (19), the risk of this
complication has not been well analyzed. A
recent analysis by Brunstein et al. found no
significant difference for the risk of this disorder
between unrelated donor UCB or unmanipulated
marrow (20). However, these authors also
reported that patients undergoing a non-my-
eloablative UCBT with ATG are at a uniquely
higher risk for the development of EBV-related
complications, in particular PTLD (20).

We have not mentioned the neurologic out-
come of these patients, as this small series
contains various diseases and the observational
periods are relatively short. The preliminary
neurologic evaluation of these patients revealed
that the condition of the patient with Krabbe
disease has gradually improved after the brief
deterioration during the transplantation, while
the patients with adrenoleukodystrophy pro-
gressed during UCBT. Meiachromatic leukodys-
trophy, which had been progressive, remained
stable for one yr post-transplantation.

In summary, our results of UCBTs for patients
with inherited metabolic diseases are promising,
although the number of patients is too low to
draw any definitive or statistically significant
conclusions. ATG could be replaced with fludar-
abine in the Bu and CY-based regimen. Future
long-term follow-up and detailed neurologic
examinations will evaluate the complete effects
of UCBT.
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Endocrinological Analysis of 122 Japanese Childhood Cancer
Survivors in a Single Hospital
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Abstract. With recent improvements in the diagnosis and treatment of cancer, the number of childhood cancer survivors
(CCSs) has been increasing in Japan. The imponance of quality of life during the lifetime of CCSs has now been
n:cogniz:d. and the late effects of cancer treatments are essential and important issues. In this study we analyzed the
endocrinol of CCSs by retrospectively evaluating 122 outpatients (62 males and 60 females) who had
been referred from pediatric oncologists to our follow-up clinic among 151 CCSs anending our hospital more than two
years after their cancer treatment. Follow-up duration varied from 2 10 30 (median 8.0) years. Their average age was 17.3
(range 4-36, median 17.0) years, and 38 p (31.1%) d. Endocrinological abnormalities were found
in 82 (67%) of 122 survivors. Gonadal dysfunction was observed in 60 patients (49%). Thirty-nine patients (32%) were
short or grew at a slower rate. Twenty-six patients (21%) showed thyroid dysfunction. Other abnormalities were as
follows: obesity in 20 patients (16%), leanness in 10 (8%), central diabetes insipidus in 11 (9%) and adrenocortical
dysfunction in 9 (7%). Low bone mineral density was observed in 41 (42%) of 98 patients evaluated. These
endocrinological abnormalities were caused by the combined effects of cancer itself and various treatments
(chemotherapy, radiation therapy, surgery, and hematopoietic stem cell transplantation). Lifetime medical surveillance
and continuous follow-up are necessary for CCSs, because treatment-related complications may occur during childhood
and many years afier the therapy as well. Endocrinologists should participate in long-term follow-up of these survivors in
collaboration with pediatric oncologists.
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(Endocrine Journal 55: 1055-1063, 2008)

WITH recent improvements in the diagnosis and
treatment of children with cancer, the number of child-
hood cancer survivors (CCSs) is surmised to be rapidly
growing in Japan as well as other countries, including
the U.S.A. and Europe [1-3]. Approximately 80% of
children with cancer now survive longer than five
years [2, 3], however, this improved survival has been
accompanied by the occurrence of late treatment-related
complications, late effects, such as second neoplasm,
organ dysfunctions and psychosocial problems, which
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have become essential and important issues [4-7].
Among late effects, endocrinological -abnormalities
are the most common problems, ofien requiring early
interventions [8, 9]. Several reports from the U.S.A.
and Europe have described the late effects or adverse
health outcomes in a large number of CCSs, and
guidelines to follow-up CCSs from abroad are now
available [3, 10-14], however, only a few studies on
CCSs, especially focused on endocrinological abnor-
malities, have been published in Japan [15, 16, 17].
The aim of the present retrospective study was to
assess the endocrine abnormalities of CCSs referred
from pediatric oncologists to our follow-up clinic in
our hospital situated in the western Japan.
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Table 1. Patient profile and endocrinological late effects of 122 CCSs

Total Hematologial Brain tumor Solid tumor

(n=122) (n=67) (n=26) (n=29)
Therapy Chemotherapy 116 (95%) 67 20 29
Surgery 57 (47%) 5 23 29
Radiation therapy 72 (59%) 42 20 10
HSCT 65 (53%) 36 10 19
Conditioning: TBI 25 25 0 0
Conditioning: non-TBI 40 11 10 19

Endacrine Total 82 (67%) 39 (58%) 25 (96%)* 18 (62%)
s — 39 (32%) 14 170 8
Obesity 20 (16%) 11 6 3
Leanness 10 (B%) S 1 4
Hypogonadism 60 (49%) 23 20* 17

Primary 51(M 26, F 25) 23(MILLF12) 11(M5,F6) 17(MM10,FT)

Central 9 (M4, F35) 1] 9(M4,F5) 0
Thyroid dysfunction 26 (21%) 8 16* 2
Adrenocortical dysfunction 9 (7%) 0 9* 0
Central diabetes insipidus 11 (9%) 0 10* 1

* Significant high incidence: p<0.01 by chi square test

Patients and methods
Patients

The records of 151 CCSs who had survived for
more than two years after cancer treatment and been
followed regularly in Osaka University Hospital were
reviewed, retrospectively. This study analyzed 122
patients (62 males and 60 females), who had been re-
ferred from oncologists to our follow-up group among
151 CCSs in our pediatric department from January
1997 to December 2007. The unreferred 29 patients
were excluded in the study: hematological disease
(n =6), brain tumor (n = 5) and solid tumor (n = 18).
Follow-up duration varied from 2 to 30 (mean 8.8,
median 8.0) years. Average age was 17.3 (range 4-36,
median 17.0) years, and 38 patients (31%) reached
adulthood. Mean age at diagnosis of the underlying
disease was 6.4 (range 0-15) years. The underlying
disease and treatment regimens [chemotherapy, radia-
tion therapy, surgery and hematopoietic stem cell
transplantation (HSCT)] were assessed from the medi-
cal records. Table 1 lists the patient profiles. Diagno-
sis was hematological disease (67), brain tumor (26)
and solid tumor (29). Hematological malignant dis-
eases were classified as follows: acute lymphoblastic
leukemia (34), acute myelocytic leukemia (12), non-
Hodgkin lymphoma (8), chronic myelocytic leukemia

(3), juvenile myelomonocytic leukemia (2), Hodgkin
lymphoma (2) and myelodysplastic syndrome (1). Non-
malignant hematological diseases included aplastic
anemia (3), Wiskott-Aldrich syndrome (1) and leuko-
cyte adhesion deficiency (1). Brain tumors were clas-
sified as germinoma (11), medulloblastoma (9) and
craniopharyngioma (6). Solid tumors were classified
as neuroblastoma (7), rhabdomyosarcoma (8), hepato-
blastoma (4), primitive neuroectodermal tumor (2),
Wilms' tumor (2), germinoma (1), upper pharyngeal
tumor (1), teratoma (1), eosinophilic granuloma (1),
ovarian undifferentiated germinoma (1) and granulosa
cell tumor of the ovary (1). Number in each parenthe-
sis indicates the number of patients.

Treatment

Treatment protocols for cancer have changed over
the years. The treatment regimens of the 122 survivors
included 116 chemotherapy (95%), 72 radiotherapy
(59%) and 57 surgery (47%). Sixty-five patients
(53%) underwent HSCT, including 33 allogeneic and
32 autologous sources. Five patients underwent two
transplants, and one patient, three transplants. He-
matopoietic stem cells were derived from bone mar-
row (n = 45), peripheral blood (n =23) and umbilical
cord blood (n = 3). Twenty-five patients with hemato-
logical diseases received radiation as a conditioning
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for HSCT: total body irradiation (TBI) at a dose of 8-
12Gy in 4 to 8 fractions in 22 patients, TBI without
cranial irradiation at a dose of 6-10 Gy in 2 to 4 frac-
tions in 2 patients and total lymphoid irradiation at a
dose 6 Gy in 3 fractions in 1 patient. The conditioning
regimen for HSCT in the other 40 patients was chemo-
therapy only, including 8-16 mg/kg of busulfan and/or
100-200 mg/kg of cyclophosphamide for hematologi-
cal disease, or 800 mg/m? of thio-TEPA and 280 mg/
m? of melphalan for brain tumor and solid tumor. The
dose of radiation varied with the case: 3-24 Gy to the
whole brain for hematological diseases, 10-54 Gy to
the local cerebral region plus 18-30 Gy to the whole
brain with 18-32 Gy to the whole spine for brain
tumors and 2045 Gy to the local lesion for solid
tumors.

Evaluation methods

The current physical and psychological status, use
of medication and school health check were inquired
from patients and their parents. Height and weight
were measured at every visit. Current height was ex-
pressed as the standard deviation score (SDS) for age
and gender. Short stature was defined as a stature <-2
SD for chronological age or slow growth as growth ve-
locity 1.5 SD below the mean for more than two years.
Patients under GH therapy were all included in this
category. GHD (growth hormone deficiency) was de-
fined as a low IGF-1 level and low peak GH level on
the GH provocation tests. Subjects with peak GH
levels <10 ng/ml on insulin, arginine, clonidine and
dopamine were considered to have abnormal GH se-
cretion. Obesity was defined as >20% obese for ideal
weight, and leanness as <20% lean for ideal weight.
Pubertal status was assessed by the method of Tan-
ner. Serum levels of basal FSH, LH and testosterone
(boys)/estradiol (girls) were measured. For boys, tes-
ticular volume was determined using an orchidometer.
Failure of spontaneous puberty was defined as the
absence of breast development in girls at 14 years of
age or more and of testicular enlargement in boys at
15 years of age or more. Tubular damage of male pa-
tients was defined by little (<10 ml) [16] or no increase
in testicular volume combined with a high basal FSH
level (>20 mIU/ml) at pubertal age. For girls, the age
at initiation and regularity of menstruation were in-
quired. FSH and LH values were considered high or
low in primary and central hypogonadism. The cut-off
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point for early pubertal signs was 9 years of age for
boys and 7.5 years for girls. Thyroid status was evalu-
ated by palpation of the thyroid gland, and also mea-
surement of serum TSH and FT4 levels. Primary
hypothyroidism was defined as TSH210 pU/ml and
central hypothyroidism as FT4 <0.8 ng/dl and inap-
propriately elevated TSH. In hypothyroidism, anti-
thyroid peroxidase (TPO) antibody and/or anti-thyro-
globulin (Tg) antibody were measured. Adrenocorti-
cal function was assessed by serum ACTH and cortisol
levels and serum DHEAS. These endocrine tests were
measured at outpatient clinic in the momning to avoid
diurnal variation of hormones. Central diabetes insipi-
dus was defined as polyuria and necessity for DDAVP
therapy.

Bone mineral density

BMD (bone mineral density) (g/cm?) of the lumbar
spine (L2-L4) was measured by dual energy X-ray ab-
sorptiometry (DXA) in 98 out of 122 patients: DPX-L
(LUNAR) until March 2006 and Discover QDR 1000
(HOLOGIC) afier April 2006. The conversion for-
mula was as follows: [QDR 1000] =0.827 x [DPX-
L] +0.042. In adult cases, osteopenia was defined as
between 70 and 80% of the Japanese young adult
mean (YAM) and osteoporosis as less than 70% of
YAM [18]. The BMD in childhood was expressed as
age-normalized Z-scores (SD from the mean for age-
and sex-matched controls) according to the report by
Tanaka [19]. In children, osteopenia was defined as a
Z-score between 1.7 and 2.6 SD below the mean, and
osteoporosis as a Z-score of more than 2.6 SD below
the mean.

Statistical Analysis

The chi-square test was used to assess the difference
between each group in Table | and Table 3. The two-
1ail Wilcoxon t-test was used to compare the differenc-
es of mean height-SDS in Table 2. These statistical
analyses were carried out using Excel Ystat 2006.

Results
Endocrinological abnormalities were found in 82

(67%) of 122 CCSs in our follow-up clinic: 39 (58%)
of 67 patients with hematological diseases, 25 (96%)
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of 26 patients with brain tumors and 18 (62%) of 29
patients with solid tumors. Frequency of endocrino-
logical disorders was significantly higher in patients
with brain tumors compared to other types of tumors
(Table 1, p<0.01). Hormone replacement therapies
were prescribed as follows: sex hormone (n = 29: male
7, female 22), levothyroxine (n=22), GH (n=13),
DDAVP (n= 10), and corticosteroid (n =9). These
endocrinological problems have emerged at different
sites and times on a case-by-case basis even when
common protocols were used for the same diseases.

Physical growth

Thirty-nine patients (32%) had a height <-2 SD for
age or slow growth at the last assessment. Sixteen pa-
tients were diagnosed with GHD, and 13 patients had
been treated with recombinant human GH (Table 2).
The average age at GH initiation was 11.6 years old
(range, 5.4 to 14.6), 5.3 years after the end of cancer
treatment (range, 1.5 to 11.3 years). Mean height-SDS
at initiation of GH therapy was —3.4 (range, —6.2 to
-2.2), and current height-SDS was —1.8 SD (range,
~5.0 to the mean). Height gain was significant accord-
ing to these improved SD scores as a group (p<0.01).
However, a few cases with delayed or short duration of
GH therapy showed poor improvement in height. We
started sex hormone replacement therapies at relatively
late ages to avoid closure of growth plate and to ensure
longer duration of GH therapy. GH therapy was
stopped in two patients: one patient (case 3) with ger-
minoma due to poor compliance and an abnormal oral
glucose tolerance test, and an extremely obese patient
(case 8) with craniopharyngioma due to the occurrence
of type 2 diabetes mellitus. In the last evaluation, 20
(16%) of 122 patients were obese, and 10 patients
(8%) were lean for their ideal weight,

Thyroid status

Twenty-six patients (21%) were diagnosed with
thyroid dysfunctions, and 22 (18%) were treated with
levothyroxine replacement therapy among 122 CCSs.
Sixteen patients had primary hypothyroidism and 9
patients had central hypothyroidism. One patient
(meduloblastoma), who had received radiation therapy
to the brain and spine, alternately showed both types of
hypothyroidism. Anti-Tg antibody and/or anti-TPO
antibody were positive in 6 patients; 4 had allogeneic
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transplantations. Nine of 10 patients with primary
hypothyroidism who had no anti-thyroid autoantibody
had been irradiated to the neck for their underlying
disease or as a conditioning regimen for HSCT. All 9
patients with central hypothyroidism had been treated
for suprasellar brain tumors, 3 germinoma and 6 cran-
iopharyngioma. No case of hyperthyroidism or thy-
roid cancer was seen in our study.

Gonadal function and puberty

Males

Thirty (48%) pubertal boys out of 62 male CCSs
had abnormal gonadal functions: 4 with central hypo-
gonadism and 26 with primary hypogonadism. All 4
patients with central hypogonadism manifested pan-
hypopituitarism after the therapy of suprasellar brain
tumors. All 26 primary hypogonadic males, 11 patients
with hematological diseases, 5 with brain tumors and
10 with solid tumors, had been treated with chemo-
therapy including alkylating agent, cyclophosphamide.
Eight of 11 patients with hematological diseases had
also been treated with TBI for HSCT. Most male pa-
tients with primary hypogonadism had begun sponta-
neous puberty. Sex hormone replacement therapy was
administered to only 7 patients, 4 with central hypo-
gonadism and 3 with primary hypogonadism. It was
difficult to identify gonadal dysfunctions in prepuber-
tal patients. Sperm evaluations were not routinely per-
formed. Three males with B-HCG-producing germi-
noma presented with precocious puberty and advanced
bone age at diagnosis. Their accelerated puberty was
stopped when cancer treatment was initiated, and they
showed primary hypogonadism after chemotherapy in-
cluding cyclophosphamide.

Females

Thirty (50%) out of 60 female CCSs were found to
have abnormal gonadal functions:'5 with central hy-
pogonadism and 25 with primary hypogonadism. All
5 patients with central hypogonadism had suprasellar
brain tumors. Among 25 hypogonadic females, 12 pa-
tients with hematological diseases, 6 with brain tumors
and 7 with solid tumors, had been treated with chemo-
therapy including alkylating agent, cyclophosphamide.
Nine of 12 female patients with hematological diseases
had also been treated with TBI for HSCT. Sex hor-
mone replacement therapy was administered to 22 (19
primary, 3 central) hypogonadic patients. These re-
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Table 2. Patient profiles of the 13 CCSs treated with GH therapy

Sex Age (yr) at
diagnosis

o
3

Age

CT Surgery RT HSCT

Height-SDS  Height-SDS
at GH start  at present

Age (yr)
&t GH stan

Age (yr)
at HRT start

ALL 13
AML 18

b -

. . 8.5 21 29 12
+ 146 29 240 ~

Germinoma 15
Germinoma 16
Craniopharyngioma 11
Craniopharyngioma 13
Craniopharyngioma 17
Craniopharyngioma 21
Craniopharyngioma 32
Medulloblastoma 12
Medulloblastoma 15

o — - - B T T

14.1 -18 =25*

139 ~3.2 -1.5% 15
9.7 =22 =11 not yet
54 -24 —0.6 13

14.1 -2.5 ~03 15

13.1 -3.7 -1.3* 16
6.1 -5.8 Mean* 15

113 -2.5 =21 =

13.8 -6.2 =5.0 not yet

+

[P

Hepatoblastoma 13
Neuroblastoma 17

+

e T Z |

10.8 ~2.6 =2.6 not yet
- 13.7 32 -1.0 16

CT, chemotherapy; RT, radiotherapy; HSCT. hematopoietic stem cell transplantation; SDS, standard deviation score; HRT, hormone

replacement therapy for hypogonadism
* GH therapy stopped

placement therapies were initiated relatively late at pu-
bertal age for the purpose of height gain as mentioned
above. Although one girl showed transient normaliza-
tion of FSH/LH, none of the girls with ovarian failure
recovered to normal function. One girl showed central
precocious puberty, and two girls showed borderline
age of pubertal initiation. These three girls had been
treated with 15-18 Gy cranial irradiation therapy at the
age of three.

Bone mineral density

BMD (g/cm?) of the lumbar spine (L2-L4) in 98 (44
males and 54 females) of 122 patients was measured.
Low BMD was observed in 41 patients (42%): thirty
patients (16 males and 14 females) showed osteopenia
(31%), and 11 patients (2 males and 9 females)
showed osteoporosis (11%). Nine (36%) out of 25
adult patients showed decreased BMD. Twenty-one
(58%) of 36 short stature patients and 7 (58%) of 12
GHD showed low bone density. Eight (35%) of 23
hypogonadic males and 17 (57%) of 30 hypogonadic
females also showed low BMD. Among 11 extremely
low BMD group, namely osteoporosis patients, 9
(82%) patients had short stature, 5 (45%) had GHD,
and 10 (91%) had hypogonadism. Although the num-
ber of osteoporosis patients is small, growth distur-
bance, GHD and hypogonadism were considered to be
risk factors for low BMD (Table 3). One male with
chronic grafi-versus-host disease (GVHD) experienced

compressed fracture of the lumbar spine.

Other endocrine abnormalities

Nine (7%) patients with suprasellar brain tumor
showed panhypopituitarism including adrenocortical
dysfunction. All were treated with corticosteroid
replacement therapy. Central diabetes insipidus was
demonstrated in 11 (9%) patients: craniopharyngioma
(n=46), germinoma (n=4) and Langerhans cell
histiocytosis (n=1). DDAVP replacement therapy
was stopped in one patient with craniopharyngioma
due to improved symptoms two years after the opera-
tion.

Discussion

As the survival rates for childhood cancers have im-
proved, the importance of quality of life over a long
lifetime and the late effects of CCSs have become rec-
ognized [20]. Cure and care of long-term survivors of
childhood cancer has been recently reported from
abroad [21] and a high rate of illness affecting chronic
health has been documented [5, 6]. In the present
study, we investigated late effects, especially endocri-
nological complications of CCSs in a single Japanese
hospital. The endocrine organs are sensitive to both
chemotherapy and radiation. Endocrine disturbance
have been documented in 20% to 50% of CCSs [22].
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Table 3. Lumbar bone mineral density of 98 CCSs

No, of patients evaluated Low BMD Osteoporosis

Total 98 (M 44, F 54) 4] (M 18, F 23) 11(M2,F9)
Hematological 54 23 7
Brain tumor 24 11 3
Solid umor 20 7 1
Adulthood 25 9 1 s
Radiation 66 29 9
Post HSCT 60 32 9
Growth disturbance 36 2199 g9*
GHD 12 T - o
Hypogonadism 53 (M 23,F 30) 25(M8,F1I7) 10(M 1, F 9)**

Significant high incidence: *p<0.01, ** p = 0.01 by chi square test

CCSs are generally defined as children who have
survived more than 5 years after the cancer treatment.
However, we included 2-year survivors in this study,
because late effects such as growth retardation and
hypogonadism should be managed as early as possible.
This is a retrospective study, which may have a bias by
selection at the time of reference. Although simple
comparison is not appropriate in terms of the rate of
complications, it is noteworthy to recognize the high
incidence of endocrine complications, especially in
CCSs associated with brain tumor, in the present
study.

Growth retardation is one of the most common en-
docrinological complications emerged during cancer
treatment and also after therapy in CCSs [8, 9, 23, 24].
It was also a frequent complication in the present study
(32%). The cause of the growth disturbance was
multifactorial: inadequate nutrition, GHD, hypothy-
roidism, insufficient pubertal height gains due to hy-
pogonadism, and corticosteroid therapy for chronic
GVHD. Injury to the epiphyseal plate of the spine was
also suspected, especially in patients treated with spi-
nal irradiation and/or TBL. GH therapy has been re-
ported to be beneficial for height gain. The height SD
scores were improved by GH therapy in our study, as
reported previously [25]. On the other hand, there are
also concerns about the risk of recurrence of tumors
and second neoplasm associated with GH therapy [26,
27]. We observed the relapse of germinoma during
GH therapy in one patient, not included in the present
study because of less than two years of follow-up.
From a study of 361 GH-treated CCSs, and 12,963
non-GH-treated CCSs, Sklar ef al. concluded that GH

therapy does not appear to increase the risk of disease
recurrence or death in CCSs, although this therapy
may increase the number of second tumors [28]. Itis
well known that higher circulating levels of IGF-1 are
associated with an increased risk of malignancies
especially colon cancer [29, 30]. Thus, a regular mon-
itoring of serum IGF-1 level is important for GH-treat-
ed CCSs.

Abnormal gonadal function is also a common prob-
lem, but it could not be evaluated before puberty. In
male patients, it is sometimes difficult to recognize
gonadal abnormalities from their appearance, because
testosterone secretion is relatively reserved. In such
cases, a high level of FSH (>20 mIU/ml) and de-
creased testis volume (<10 ml) would be a key factor
to make a diagnosis [16]. Pubertal girls showed ovari-
an damage with an extremely high level of FSH/LH,
and they required hormonal supplementation. Only
two adult patients, one male and one female, among 38
adult patients had healthy childbirth at present. We
have not routinely performed sperm cryopreservation
nor sperm evaluation. Fujita et al. reported that trans-
plantation of spermatogonial stem cells isolated from
leukemic mice restored fertility without seeding leuke-
mia [31]. Although a few hopeful childbirths have
been reported [32], preservation of fertility in women
is a prolonged and important problem in CCSs [33].
Longer follow-up is needed in consideration with fer-
tility.

As another long-term complication in CCSs, the risk
of low BMD has been reporied [34]. The leading
method of assessing BMD is dual energy DXA, and
age-, race-, and sex-specific reference curves can be
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used to help identify children with bone deficits and to
monitor changes in the bone response to chronic dis-
eases or therapies [35]. The standard of BMD in nor-
mal Japanese children may remain to be improved in
view of small number of subjects; however, according
to the report of Japanese childhood BMD [19], a de-
crease in BMD was observed in 42% cases in our
study. The prevalence of osteopenia and osteoporosis
in 98 CCSs was 31% and 11%, respectively. In addi-
tion, vertebral fracture was observed in one patient
with GVHD. Peak bone mass, achieved at the end of
sexual development, is also reduced in our study. The
reported etiology of bone loss in CCSs is multifactorial
[36], and includes negative effects of the malignant
disease itself, chemotherapeutic agents such as gluco-
corticoids and methotrexate, irradiation, GVHD, poor
nutrition, prolonged physical inactivity, hypogonadism
and growth hormone deficiency. Adequate bone min-
eral acquisition is especially important in children be-
cause it determines peak bone mass. Although our
study has the limitation of small number of subjects,
patients with a high risk of low BMD, such as GHD,
gonadal dysfunction (especially female) and chronic
GVHD, should be closely followed for a long time.
Further studies are needed to evaluate the long-term
effect on BMD in CCSs and to prevent pathological
fractures later in life.

Multimodal therapy, consisting of chemotherapy,
surgery and radiotherapy with or without HSCT, has
recently been developed. Susceptibility to chemother-
apy and radiotherapy differs depending on the age of
patients and the dosage. Complicated side effects are
serious problems, and it is not easy to predict each
prognosis. The appearance of clinical or laboratory
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abnormalities take years. Especially gonadal dysfunc-
tion and growth disorders are more evident in adoles-
cence. Annual testing before the initiation of puberty
is thus strongly recommended, even though many of
these patients are unaware of signs and symptoms of
organ failure during childhood. Measurement of height
and growth velocity and evaluation of pubertal stage
should be performed at 3 to 6 months interval during
growth period. Evaluation should be modified on a
case-by-case basis even when both the diagnosis and
therapy protocol are the same,

The present study did not include patients with less
than 2 years of follow-up, patients not referred to en-
docrinologists or patients who had been lost to follow-
up. The timing of patient reference from oncologist
might have given a bias to selection of study popula-
tion. Recently HSCT has been applied to an extended
spectrum of diseases, including immunologic, genetic
and metabolic nonhematological diseases, which
should be evaluated in future study. Our study also
has limitations because it is retrospective analysis of a
cohort of a rather small number of patients in a single
hospital; however, the therapy protocol, the condition
for which oncologists refer to endocrinologists and
clinical assessment are rather consistent among pa-
tients.

In summary, our study suggests that CCSs tend to
develop late endocrine dysfunctions after cancer thera-
py. Lifetime medical surveillance and continuous
follow-up are necessary for CCSs because treatment-
related complications may occur during childhood and
many years after the therapy as well. Endocrinologists
should participate in the follow-up of these children in
collaboration with pediatric oncologists.
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