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Segregated graft-versus-tumor effect between CNS and non-CNS lesions

of Ewing’s sarcoma family of tumors

Bone Marrow Transplantation (2008) 41, 1067-1068;
doi:10.1038/bmt.2008.26; published online 10 March 2008

For patients with the localized Ewing’s sarcoma family of
tumors (ESFT), first-line multimodal treatment, including
intensive multi-agent chemotherapy, local radiation
therapy and surgery, produces 70-75% of the long-term
survival rate.? However, once patients relapse, there is no
effective treatment that yields a S-year survival rate
exceeding 20%, even with high-dose chemotherapy
(HDC) with autologous stem cell rescue.®** Therefore, a
new and more effective treatment approach is clearly
needed for this population. Several reports have described
patients with ESFT who had bone marrow metastases and
underwent allogeneic SCT instead of autologous SCT,’
including a rare patient who exhibited evidence of a graft-
versus-tumor (GVT) effect.® To accumulate further know-
ledge, we report the case of a patient with recurrent ESFT
who responded to allogeneic SCT from a sibling donor. A
unique aspect of this case was that the manifestation of the
GVT effect differed in different organs, with involvement
of central nervous system (CNS) and non-CNS lesions. The
GVT effect is rare in CNS diseases.

A 28-year-old woman was diagnosed with ESFT of the
right chest wall. The tumor size was 10 x 11 x 8cm and no
metastases were shown on computed tomography (CT) or
bone scans. Histology revealed small, round cells positive
for the cell-surface glycoprotein CD99 and negative for
desmin, myoD1, S100 protein, CD45 and CD30. Primary
treatment comprised of two courses of chemotherapy with
vincristine, doxorubicin and cyclophosphamide (VDC),
followed by two courses of ifosfamide, and then HDC with
thiotepa 300 mg/m* for 2 days and etoposide 300 mg/m?
for 3 days with autologous peripheral blood stem cell
rescue. Local radiation therapy with 50 Gy X-ray was also
administered. The patient remained well without evidence
of recurrent disease until 20 months after the autologous
SCT, when she presented with chest pain and a recurrent
tumor in the original site was observed on CT scanning
(Figure la). After four courses of re-induction chemo-
therapy, including one course of VDC, one course
of ifosfamide and etoposide (IE), and two courses of
irinotecan, and HDC consisting of etoposide 200 mg/m? for
4 days and melphalan 90 mg/m? for 2 days with autologous
peripheral blood stem cell rescue, she achieved partial
remission (Figure 1b). The patient then entered a phase I/I1
clinical trial of reduced-intensity allogeneic SCT. After

Figure 1 (a) Computed tomography (CT) images of a primitive neuroectodermal tumor in the apical lesion on relapse after autoperipheral blood SCT.
(b) After four courses of chemotherapy, the patient achieved partial remission. A CT scan taken 1 month after the allogeneic SCT, the tumor size was almost
no change (c), but 4 months after, it showed 50% reduction of the apical tumor (d). CR was confirmed at 8 months (e).
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preconditioning with busulfan (4mg/kg/day, orally from
day —4 to day —3) and fludarabine (30mg/m?/day,
intravenously from day —8 to day —3), peripheral blood
cells containing 2.4 x 105/kg CD34™* cells from her HLA-
matched sister were infused. Prophylactic immunosuppres-
sion with cyclosporine-A was started on day —1. Her post
transplant course was uncomplicated, except for transient
grade 1 GVHD of the skin, which began on day + 64 and
resolved by day 467 without any specific treatment.
Cyclosporine-A was tapered from day +70 and discon-
tinued on day + 106. A CT scan taken 1 month after the
allogeneic SCT when the tumor size was almost unchanged
(Figure 1c), but 4 months later, there was 50% reduction of
the apical tumor (Figure 1d). CR was confirmed at 8
months (Figure le). The patient had headache and was
found to have CNS disease on magnetic resonance imaging
at 14 months. She died of the disease 5 months after
the second relapse. The patient relapsed after initial
treatment including HDC with autologous stem cell
support, but thereafter, the tumor disappeared coincidently
with the occurrence of GVHD, and at least for the
primary lesion, the regression period exceeded the period
of initial remission. Hence, a graft-versus-ESFT effect
seems likely.

In this case, we followed the patient mainly by CT
scanning. Although the CT findings showed the tumor
status fairly well, they could not provide information

-regarding viability of the residual tumor. In this regard,

PET scanning would be very helpful.

Interestingly, although the GVT effect was exerted in
the primary lesion in the chest wall, it was not effective for
the prevention of CNS recurrence in this case. The
speculated reason for this observation is that the CNS is
essentially an immunologically privileged site and theore-
tically, donor-derived immunocompetent cells carrying the
GVT effect mechanism cannot cross the blood-brain
barrier.” Hence, the application of additional therapeutic
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intervention to the CNS might become necessary after any
systemic manifestations of a GVT effect.
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Abstract

Objective The current study was conducted to compare
the diagnostic accuracy between "F-fluoro-2-deoxy-p-
glucose (FDG) positron emission tomography (PET)/
computed tomography (CT), and conventional imaging
(CI) for the staging and re-staging of patients with
rhabdomyosarcomas.

Methods Thirty-five patients who underwent FDG
PET/CT prior to treatment were evaluated retrospec-
tively. ClI methods consisted of *"Tc-hydroxymethylene
diphosphonate bone scintigraphy, chest radiograph,
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whole body CT, and magnetic resonance imaging of the
primary site. The images were reviewed and two board-
certified radiologists reached a diagnostic consensus.
Tumor stage was confirmed by histological examination
and/or follow-up examinations.

Results Interpretation on the basis of FDG PET/CT,
and Cl, diagnostic accuracies of the T and N stages were
similar. Using FDG PET/CT, the M stage was correctly
assigned in 31 patients (89%), whereas the accuracy of
Cl in M stage was 63%. TNM stage was correctly
assessed with FDG PET/CT in 30 of 35 patients (86%)
and with CI in 19 of 35 patients (54%). The overall TNM
staging and M staging accuracies of FDG PET/CT were
significantly higher than that of CI (P < 0.01).
Conclusions FDG PET/CT is more accurate than ClI
regarding clinical staging and re-staging of patients with
rhabdomyosarcomas.

Keywords FDG PET/CT - Rhabdomyosarcoma - Stage

Introduction

Rhabdomyosarcoma is the most common form of soft
tissue sarcoma in young children. The introduction of
multi-agent chemotherapy and radiation therapy has
improved the prognosis of the patients with rhabdomyo-
sarcoma. Combined therapy results in higher progres-
sion-free survival for children with localized tumor.
However, patients with prolonged survival often have
recurrent disease. Approximately, 26% of patients with
rhabdomyosarcomas will experience tumor recurrence
following primary therapy [l]. Therefore, the more
precise staging and re-staging for these patients are
important for adequate therapy.
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The general diagnostic tools for staging soft tissue
sarcomas are clinical examination, magnetic resonance
imaging (MRI), chest X-ray or chest computed tomog-
raphy (CT), and bone scintigraphy [2]. Positron emission
tomography (PET) with "F-fluoro-2-deoxy-p-glucose
(FDG) has been used in the evaluation of patients with
soft tissue sarcomas [3-8], and most of these studies
report that FDG PET is advantageous in grading assess-
ment and therapy monitoring compared to conventional
imaging. In addition, diagnostic accuracy to detect
recurrent disease as a re-staging of patients with pro-
longed survival is unclear. To completely elucidate the
role of FDG PET, the comparison with FDG PET and
conventional imaging modalities are needed.

A PET/CT can allow accurate anatomic localization
of tumors [9]. This hybrid technique has an important
advantage over FDG PET alone due to better localiza-
tion of tumors for confident interpretation. The aim of
the current study was to clarify the role of FDG PET/CT
in the staging of rhabdomyosarcoma compared with
that of conventional imaging (CI).

Materials and methods
Patients

We retrospectively reviewed FDG PET/CT results since
December 2004 to December 2007 for patients with
rhabdomyosarcomas, who subsequently underwent
chemotherapy, radiotherapy, and/or surgical resection.
FDG PET/CT was performed for initial staging in 24
patients (69%) and for re-staging of recurrent disease in
11 patients (31%). The study population consisted of 22
men (63%) and 13 women (37%) with a mean age of 19.8
years (range 3-38 years). The clinical records of all the
patients were available for review. All the patients had
provided their written informed consent to participate
in the current study and to review their records and
images.

PET/CT

Studies were performed with the LSO-based whole-body
PET/CT scanner (Aquiduo, Toshiba, Medical Systems,
Tokyo, Japan). The CT component of the scanner was
same as Aquillion 16, which has 16-rows detector. The
PET component of the scanner has a transaxial field of
view of 68.3 cm, and an axial field of view of 16.2 cm
without septa and rotating rod source. The scanner was
used in three-dimensional mode with image resolution of
4.0 mm in full width at half maximum (FWHM). Prior to
the FDG PET/CT study, the patients fasted for at least
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6 h. CT was performed from the head to the mid-thigh
according to a standardized protocol with the following
setting: axial 2.0-mm collimation x 16 modes; 120 kVp;
Auto-Exposure Control (SD10); and a 0.5-s tube rota-
tion, a table speed of 11.0 mm/s. Patients maintained
normal shallow respiration during the acquisition of CT
scans. No iodinated contrast material was administered.
Emission scans from the head to the mid-thigh were
obtained starting 60 min following the intravenous
administration of 18.5-370 MBq of FDG. The acquisi-
tion time for PET was 2 min per table position. For two
patients with tumors arising from the lower legs, CT
scans, and emission scans were obtained from the head
to the legs. Images were reconstructed with attenuation-
corrected ordered-subset expectation maximization with
4 iterations, and 14 subsets using emission scans and CT
data.

PET, CT, and co-registered PET/CT images were
analyzed with dedicated software (e-soft, Siemens
Medical Solutions, Knoxville, TN, USA). The initial
review of the attenuation-corrected PET images was per-
formed using transverse, coronal, and sagittal planes.
The images were reviewed and two board-certified radi-
ologists who were unaware of any clinical or radiologic
information using a multimodality computer platform
reached a diagnostic consensus. Focal FDG uptake was
considered abnormal when it was substantially greater
than that of the surrounding normal tissue. For FDG
PET/CT, the tumor sizes, and T staging were determined
by the CT part of PET/CT. FDG-avid lymph nodes or
distant metastases on PET/CT were interpreted as posi-
tive for metastases regardless of size. Lymph nodes with
abnormal uptake were deemed positive for metastases
even when they were smaller than 10.0 mm in short axis
nodal diameter. Lung nodule with abnormal uptake was
considered positive for metastasis regardless of nodular
size. When multiple lung nodules without abnormal
uptake depict random distribution on the CT portion of
PET/CT, they are considered positive for metastases. A
pixel region of interest (ROI) was outlined in the peak
activity within regions of increased FDG uptake and
was measured on each slice. For quantitative interpreta-
tions, maximum standardized uptake value (SUV max)
was determined according to the standard formula, with
activity in the ROI given in Bq per milliliter per injected
dose in Bq per weight (kg). However, time decay cor-
rection for whole-body image acquisition was not
conducted.

Conventional imaging (CI)

CI methods performed within 1 week of FDG PET/CT,
either prior to or following, were chest radiograph,
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whole body CT, and MRI of the primary site, and
9"Te-hydroxymethylene diphosphonate (HMDP) bone
scintigraphy. ®"Tc-HMDP bone scintigraphy was per-
formed 2h following intravenous injection of 370-
740 MBq of “"Tc-HMDP. Both anterior and posterior
whole body planar images were simultaneously obtained
with a dual-headed gamma camera (E.CAM, Siemens
Medical Solutions). Whole body CT was performed on
a separate CT device using a multidetector scanner
(Aquilion V-detector, Toshiba Medical Systems) with
the following setting: axial 4.0-mm x 4 modes; 120 kVp,
automated electric current; and a 0.5-s tube rotation;
and a table speed of 5 mm/s. lodinated contrast material
(Oiparomin 370 mg of iodine per milliliter; Konica-
Minolta, Tokyo, Japan) was administered intravenously
in all patients. Images were reconstructed with 5.0-mm
slice thickness by means of a standard algorithm. MRI
of the primary site was performed using a 1.5 tesla system
(Signa Horizon; GE Medical Systems; Milwaukee, WI
or Visart; Toshiba Medical Systems). Pulse sequences
comprised Tl-weighted spin echo (SE) images, T2-
weighted fast spin echo (FSE) images, as well as post-
contrast T1-weighted SE images with fat suppression
following injection of 0.1 mmol/kg gadopentate dime-
glumine (Magnevist, Schering, Berlin, Germany). Stan-
dard pulse sequence parameters and slice orientation
varied with the examined anatomic site. The images were
reviewed and a diagnostic consensus was reached by two
board-certified radiologists who were unaware of any
clinical or radiologic information using hard-copy films
and multimodality computer platform. Two readers for
FDG PET/CT and those for conventional imaging were
not the same persons.

Imaging analysis

Each tumor was staged according to the SIOP-
International Union Against Cancer TNM classification
of pretreatment disease or IRS pretreatment N staging
classification [10]. T, N, and M stages were assigned for
both FDG PET/CT and conventional imaging. T staging
was confirmed by pathologic evaluation using specimens
obtained from surgical resection of the primary tumors.
When surgical resection was not feasible at sites of the
disease, T staging was not determined. N staging was
confirmed by pathologic examinations in six patients
(40%) using specimens obtained from sampling of
regional nodes. In terms of suspected nodes in nine
patients (60%), nodal staging was confirmed by an
obvious progression in number and/or size of the lesions
on follow-up examinations. The mean follow-up period
was 374 days (range 47-1000 days). Cerebral spinal fluid
(CSF) examination was performed for all head and neck

tumors to check the presence or absence of tumor dis-
semination. Bone marrow aspirate was performed in all
cases for the detection of bone marrow metastasis.

Statistical analysis

All valuables were assessed on patient-by-patient basis.
The McNemar test was used for paired comparisons
between FDG PET/CT and conventional imaging. Sta-
tistical analysis was performed with the SPSS version 16
software program (SPSS, Chicago, IL, USA).

Results

There were 22 patients with alveolar subtype, 12 patients

" with embryonal subtype, and 1 patient with botryoid

subtype (Table 1). The primary sites included head and
neck (n = 19), trunk (»n = 8), and extremities (n = 8). His-
tologic grade of tumors is grade 2 (n = 1), and grade 3
(n = 34). All patients of initial staging had increased
FDG uptake of the primary lesion [average maximal
SUV + SD: 5.48 + 3.60 (range 1.69-13.47)].

Pathologic T stages available in 24 patients with initial
staging are as follows: Tlb (n = 3), and T2b (n = 21).

Table 1 Patient demographics

Age
Mean * SD 19.8 £8.5
Range 3-38
Sex
M/F 22/13
Subtype
Alveolar 22 (63)
Embryonal 12 (34)
Botryoid 1(3)
Distribution
Head and neck 19 (54)
Paranasal or nasal sinus 14 (40)
Pharynx 1(3)
Middle ear 1(3)
Orbit 1(3)
Temporal muscle 1(3)
Cheek 1(3)
Trunk 8 (23)
Chest wall 1(3)
Groin 1(3)
Perineum 1(3)
Vagina 1(3)
Penis 1(3)
Testis 1(3)
Prostate 1(3)
Retroperitoneum 1(3)
Extremities 8 (23)
Hand 4(11)
Lower extremities 2(6)
Thigh 1(3)
Elbow 1(3)
The values in the parentheses are percentages
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T stages in patients with re-staging except one are Tla
(n=7), T2a (n = 1), and T2b (n = 2). Complete resection
of the primary site was performed in one patient at re-
staging. Both FDG PET/CT and conventional imaging

- classified the T stage correctly in all patients.

Fifteen of 35 patients (43%) had pathological nodal
involvement in 11 regions (Table 2). Using FDG PET/
CT, the N stage was correctly assigned in 34 patients
(97%, Figs. 1, 2), whereas the accuracy of conventional

Fig. 1 A 12-year-old boy with primary alveolar rhabdomyosar-
coma. Transverse FDG PET/CT image reveals hypermetabolic
focus in the right maxillary sinus. FDG accumulation is seen in
the left parapharyngeal and deep cervical lymph nodes (9 mm,
arrows). FDG PET/CT findings were verified at histopathologic
examination

Table 2 Sites of lymph node involvement

Primary Lymph node

=

Head and neck (n = §) Deep cervical node
Parapharyngeal node
Submandibular node
Supraclavicular node
Parotid node
Inguinal node
Internal iliac node
External iliac node
Common iliac node
Paraaortic node
Axillary node
Supraclavicular node
Inguinal node
Internal iliac node
Paraaortic node

Trunk (n = 4)

Extremities (# = 3)

e i S R A i Sl (ST (SR FU R S )

imaging in N stage was 31% (P = 0.375, Table 3). No
patients were understaged on FDG PET/CT. FDG PET/
CT revealed one patient with an overstage. Conventional
imaging revealed two patients with an overstage and two
patients with an understage. In these patients, the cause
of overstage was found in the cervical lymph nodes and
pathologic examination of these nodes revealed reactive
tymph nodes.

Using FDG PET/CT, the M stage was correctly
assigned in 31 patients (89%, Fig. 3), whereas the accu-

Fig. 2 A 38-year-old man with metastatic alveolar rhabdomyosar-
coma. Transverse FDG PET/CT image depicts abnormal uptake
in the tumor arising from the perineum. Abnormal uptake of FDG
is also noted in both inguinal metastatic lymph nodes: right 45 mm,
left 9 mm (arrows). Lymphedema is seen in the right femoral soft
tissue

Fig. 3 A 2l-year-old man with metastatic alveolar rhabdomyosar-
coma. Transverse FDG PET/CT image depicts abnormal uptake
of the left ilium (arrow). Corresponding CT showed slightly osteo-
biastic change

Table 3 Diagnostic accuracy
of nodal staging

Sensitivity

Specificity PPV NPV Accuracy

PET/CT 100

PPV positive predictive value,

. O Conventional imaging
NPV negative predictive value

95 94 100 91
90 87 90 87
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racy of conventional imaging in M stage was 63% (P <
0.01, Tables 4, 5). Three patients were overstaged on
FDG PET/CT. One of these patients had a tumor in his
elbow 10 years ago. FDG PET/CT showed an abnormal
uptake in the elbow, which was suspicious lesion of bone
metastasis. Pathologic examination revealed a fracture
associated with osteoporosis following chemotherapy.
Two patients, who were overstaged on FDG PET/CT,
had spotty uptake of rib caused by trauma. Four patients
were overstaged on conventional imaging. Three patients
had a fracture following chemotherapy, and the other
had second primary tumor arising in the cheek adjacent
to the primary site. The latter patient had a tumor in her
middle ear 12 years ago. CT showed osteoblastic change
in the posterior wall of the right maxillary sinus, which
corresponded to an abnormal uptake on FDG PET/CT.
This lesion was considered as bone metastasis of rhab-
domyosarcoma. Pathologic examination revealed a
second primary osteosarcoma arising in the cheek in
the previously irradiated field for the primary tumor
(Fig. 4). Nine patients (43%) were understaged on con-
ventional imaging. The most frequent cause of an under-
stage was bone metastasis (1 = 6, 67%). These six patients
had too minimal osteoblastic change to be detected on
CT (Fig. 3). One patient with bone metastasis also had
bone marrow metastasis and spinal dissemination.
Other causes were soft tissue metastases (7 = 2) and
pancreatic metastasis (2 = 1) which were confirmed by
pathologic examinations. The latter patient had a tumor
in the paranasal sinus and received subsequent chemo-
radiotherapy 2 years ago. In the re-staging FDG PET/
CT, abnormal uptake was found in the pancreatic head,
but the tumor was difficult to detect by conventional
imaging (Fig. 5).

Table 4 Sites of distant metastasis

The complete stage of all patients were stage 1 (n=38),
stage 2 (n = 3), stage 3 (n=4), and stage 4 (n=20). TNM
stage was correctly assessed with FDG PET/CT in 30 of
35 patients (86%), and with conventional imaging in 19
of 35 patients (54%, P < 0.01, Table 6). Conventional
imaging assigned an incorrect TNM stage in 16 patients
(46%) because of fracture following chemotherapy,
second primary osteosarcoma, and reactive lymph nodes.

Fig. 4 A 13-year-old girl with second primary osteosarcoma fol-
lowing remission of embryonal rhabdomyosarcoma. Transverse
FDG PET/CT image shows abnormal uptake in the right mastica-
tor space, which corresponds to previously irradiated area for
primary tumor (arrow). Also noted is abnormal ossification with
the tumor

Primary Lymph node n
Head and neck (n=7) Bone 6
Soft tissue 1
Pancreas 1
Trunk (n=3) Bone 3
Bone marrow 2
Pleura 1
Extremities (n = 4 Bone 2 . .
xtremities (n ) Bone marrow 1 Fig. 5 A 27-year-old man with metastatic alveolar rhabdomyosar-
Soft tissue 1 coma. Transverse FDG PET/CT image shows abnormal accumu-
Lung 1 lation of FDG in pancreatic head, which is metastasis at pathologic
examination (arrow)
Table 5 Diagnostic accuracy o e -
of distant metastasis Sensitivity Specificity PPV NPV Accuracy
- . PET/CT 90 88 75 96 89
PPV positive predictive value,  copyentional imaging 20 80 29 71 63

NPV negative predictive value
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Table 6 Overall staging performance

Variables Conventional imaging PET/CT
Overall staget
Correct diagnosis 19 (54) 30 (86)
Understaged 10 (29) 1(3)
Overstaged 6 (17) 4(11)
N stage
Correct diagnosis 31 (89) 34 (97)
Understaged 2 (6) 0
Overstaged 2 (6) 1 (3)
M staget
Correct diagnosis 22 (57) 31 (89)
Understaged 9 (26) 1(3)
Overstaged 410 3(9)

The numbers in the parentheses are percentages
Significant difference is found between PET/CT and CI by
McNemar test (£ < 0.01)

Ten patients (29%) with an understage by conventional
imaging were attributable for metastases of bone, soft
tissue, and pancreas. FDG PET/CT correctly determined
TNM stage in 11 patients (31%) in whom the stage
derived from conventional imaging was incorrect.

Discussion

The results of the current study show that FDG PET/CT
improves the accuracy of staging in patients with rhab-
domyosarcoma compared to conventional imaging.
Specifically, FDG PET/CT has potentially significant
implications for detecting distant metastases at overall
staging. Reports about the efficacy of FDG PET/CT in
the localization and detection of soft tissue sarcomas are
still limited [2, 11]. In our study, 11 of the 35 patients
had distant metastases detected by FDG PET/CT,
which were not identified by conventional radiologic
evaluation.

MRI of the primary tumor, chest radiograph or chest
CT, and bone scintigraphy are currently performed as
conventional imaging to evaluate the baseline initial and
follow-up imaging in the assessment of soft tissue sarco-
mas. The ability of FDG PET to depict increased metab-
olism in malignancies has greatly improved the accuracy
in detecting neoplasms. However, compared with con-
ventional imaging studies, use of FDG PET alone results
in a lack of substantial detail. FDG PET/CT device

permits sequential acquisition of anatomic CT and func- .

tional FDG PET images in a single scanning session.
Morphologic characterization of scintigraphic lesions by
FDG PET/CT resulted in a lower percentage of equivo-
cal interpretations compared with that of conventional
imaging. Tumor detection with FDG PET/CT technol-
ogy is rapidly growing. However, there are only limited

@ Springer

data available on staging of soft tissue sarcomas with
FDG PET/CT.

To our knowledge, only few studies regarding FDG
PET or FDG PET/CT for staging rhabdomyosarcoma
have been reported. McCarville and colleagues described
that FDG PET/CT is useful for identifying and localiz-
ing unusual sites of soft tissue and bony metastases not
appreciated by conventional imaging {2]. Ben Arush and
colleagues reported three cases with alveolar rhabdo-
myosarcoma arising from the extremities who under-
went FDG PET/CT [11]. Two cases had metastatic
lymph nodes, which were identified on FDG PET/CT.
Peng and colleagues reported a case presenting persis-
tent abnormal FDG uptake following treatment, which
results in relapse of rhabdomyosarcoma [12]. These
results from the previous studies were consistent with
our results and might suggest potential usefulness of
FDG PET/CT for the staging of rhabdomyosarcoma.

Combined cancer therapy results in higher progres-
sion-free survival more than 5 years for children who
had been diagnosed with rhabdomyosarcoma. The
development of second primary neoplasms is one of the
latest effects of cancer therapy for survivors. The risk of
developing a subsequent malignancy is increased among
patients with rhabdomyosarcoma {13]. Rich and col-
leagues reported that most primary tumors were rhab-
domyosarcoma which occurred in an extremity and the
most common second malignancy was bone sarcoma
[14]. In our study, one patient who had been treated a
tumor in the middle ear 12 years ago developed a mass
in the cheek. Pathologic examination revealed a second
primary osteosarcoma within the previously irradiated
field for the primary rhabdomyosarcoma. Although
both of FDG PET/CT and conventional imaging could
not correctly determine the diagnosis of second primary
tumor, FDG PET/CT could demonstrate abnormal
uptake as a malignant tumor. Second primary tumor
often arises from irradiated fields, which is related
directly to initial treatment [15]. In our case, the second
primary osteosarcoma arose from the irradiated field for
the initial treatment of rhabdomyosarcoma occurred in
the middle ear. Initial therapy of combined radiotherapy
and chemotherapy may play an additional role in the
development of second primary malignancies.

Our study has limitations. FDG PET/CT was per-
formed to diagnose the purpose of re-staging in patients
enrolled in this study and may differ from the patient
population of initial staging studies. Our study was
intended to examine the staging accuracy as a potential
role of FDG PET/CT; therefore, patient population for
both initial staging and re-staging tumors may explain
the significant difference of diagnostic accuracy in overall
staging compared to conventional imaging. A study with
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a larger patient population would clarify the influence of
FDG PET/CT on sampling.

In our study, lymph node sampling was not performed
in all patients because lymph nodes suspicious for metas-
tasis in 9 of 15 patients (60%) were not accessible. In
these lymph nodes, nodal staging was confirmed by an
obvious progression in number and/or size of the lesions
on follow-up examinations. This might be sampling bias
in the statistical analysis.

In summary, the use of FDG PET/CT in patients with
rhabdomyosarcoma increases the accuracy of overall
staging and M staging compared to conventional staging.
Our study suggests that whole-body FDG PET/CT
should be the preferred modality with greater diagnostic
accuracy for staging and re-staging in patients with
rhabdomyosarcoma.
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Objective: To analyze the tendency to centralize childhood cancer treatment among cancer
treatment hospitals in Osaka, Japan over a 28-year period.

Methods: The subjects were patients under the age of 15, newly diagnosed with cancer in
Osaka between 1975 and 2002 (n=4738). They were categorized into three groups by the
time diagnosed (1975—84, 1985—93 and 1994-2002). The International Classification of
Childhood Cancer was used as the disease classification. The degree of centralization was
examined using a Pareto analysis, the Gini coefficient and the annual average number of
cases per hospital.

Results: During this period, the number of children with cancer in Osaka has decreased by
nearly half, from 2.1 to 1.2 million and the number of hospitals treating childhood cancer
decreased from 37 to 20. However, the Pareto curve and Gini coefficient were almost con-
stant (0.747, 0.737, 0.756 in Gini coefficient for the three diagnosed periods). The annual
average numbers of cases per hospital were much low and marginally increased from 5.6
during 1975-84 to 6.1 during 1994-2002 in the hospitals that treated 90% of all cancers.
Conclusions: The degree of centralization appeared to be almost constant from 1975 to
2002 regardiess of the decrease in hospitals treating cancer patients.

Key words: childhood cancer — centralization — population-based cancer registry

INTRODUCTION

Recent studies have suggested that there is a relation
between better survival and hospital procedure volume (1-3).
There also seems to be a relation between childhood cancer
patients under the age of 15 referred to specialist centers and
better survival (4—5).

The incidence rates of childhood cancer are very low and
almost the same worldwide, and were 154 per million for
boys and 158 per million for girls in Osaka in 2004 (6). So,
centralization is thought to be particularly important to attain
better survival for rare childhood cancers (4—5).
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Medicine, Osaka University, 1-7 Yamadaoka, Suita, Osaka, Japan. E-mail:
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In fact, childhood cancer treatment has been centralized in
the UK, Georgia and Germany (7—10), although the child
and family are heavily burdened with ambulant treatment
and hospital stays. For example, at 244 820 km? and with
I1.1 million children in 2001, the UK has only 22 treatment
centers, which have treated ~90% of newly diagnosed cases
(~1350 cases per year in the early 2000s) (7-8). In Osaka
with an area of 1898 km? and 1.3 million children in 1995,
nine specific hospitals had treated ~70% of cases (~180
cases per year) during 1989-98 (11). This information
suggests that childhood cancer treatment had been decentra-
lized in Osaka (7—10).

The child population in Osaka has reduced by about half,
from 2.1 million in 1975 to 1.2 million in 2005, because of
a decreasing birth rate. According to this decline, the

{(; The Author (2008). Published by Oxford University Press. All rights reserved.
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number of childhood cancer patients and the annual treat-
ment volume per hospital should also have decreased. On
the other hand, childhood cancer treatment was supposed to
have been centralized to specific hospitals in 1990s mainly
because of following three factors. First, the number of
medical lawsuits increased and this led doctors to refer
patients that were difficult to diagnose to specialists (12).
Second, multi-center cooperative studies began to conduct
larger scale investigations into childhood cancer so that
patients could be treated at specific hospitals {13). Third,
two large and specialized hospitals for pediatric medicine
were built and a university hospital relocated to Osaka in the
early 1990s.

We investigated the trend of centralization of cancer
patients to specific hospitals from 1975 to 2002 using the
data from the population-based Osaka Cancer Registry
(OCR).

PATIENTS AND METHOD
DATA SOURCES

Osaka Prefecture is an area with 8.8 million people, and the
population covered by the OCR was the largest in Japan till
2006. The proportion of death certificate only (DCO) cases
was <2.9% for children under the age of 15 between 1981
and 89, and that of registered patients was estimated to be
from 85 to 94% (14). We used this OCR as our source
database.

SUBIECTS

Our subjects were patients under the age of 15 and newly
diagnosed with cancer between 1975 and 2002 (5291 cases).
We then excluded carcinoma in situ (two cases), patients
who had no information on a treatment (153 cases), those
who did not specify both treating hospital code and diagnos-
ing hospital code (three cases), and those that received treat-
ment in other prefectures (417 cases). The final number of
subjects for our study was 4738.

We needed to know the number of patients by treatment
hospital in order to investigate the degree of centralization.
For the analysis, we principally used the treating hospital
code (3741 cases). The diagnosing hospital codes were used
only when the patients had no information on the treating
hospital (997 cases).

The patients. were then divided into three period groups by
the diagnosed year: 1975—84 (1976 cases), 198593 (1661
cases) and 19942002 (1101 cases). We then used these
data to investigate the centralization tendency.

CLASSIFICATION OF CHILDHOOD CANCER

Childhood cancer is histologically very diverse and some
histological types occur in many different sites. Since 1996,
the International Classification of Childhood Cancer (ICCC)

has been used for international comparisons of statistical
analyses (15). We used twelve diagnostic groups on the basis
of ICCC in this research for our classification of childhood
cancer.

METHOD

A Pareto analysis was used to investigate the centralization
tendency for childhood cancer treatment. The process for the
Pareto analysis was as follows.

A table was prepared to list the number of patients that
each hospital treated, and the rows were arranged in descend-
ing order of the number of the patients. A column was added
to this table that shows the cumulative percentage of the
patients in descending order.

In order to find how many hospitals have treated child-
hood cancers, we counted up the cumulative frequency of
hospitals when the cumulative percentage of patients was
upper 50 and 75% and when it was 100% by year, diagnosed
period and ICCC. We also plotted the Pareto curves with the
cumulative percentage of hospitals and patients for the three
diagnosed periods.

The Gini coefficient was also calculated as an index of the
centralization of treatment for the three diagnosed period
groups and the ICCC group. This is defined as follows (16):

n n

I
Gini = -5 b =l

Y=t =1

Graphically, the Gini coefficient covers twice the area
between the Pareto curve and the line of equality. The Gini
coefficient ranges between 0 and 1. A ‘one’ means all the
patients were treated at one specific hospital.

Furthermore, the annual average number of cases per
hospital was calculated and compared with those of
European countries and the USA (8—10).

We used R version 2.4.0 for all the analysis in this study.

RESULTS

The number of children in Osaka during this 28-year period
decreased to nearly half, from 2.1 to 1.2 million. That of the
hospitals treating childhood cancer also decreased from 37 in
1975 to 20 in 2002, and in particular, decreased from 37 in
1993 to 32 in 1994. After 1993, the number of the newly
diagnosed patients drastically decreased from 161 in 1993 to
107 in 2002.

Figure | shows the change in the Pareto curve and the
Ginti coefficient for all childhood cancer cases for the diag-
nosed period. The Gini coefficients were almost constant
(0.747, 0.737, 0.756 for the three periods), and a weak cen-
tralization can be found during 1994—2002 when looking at
the Pareto curve.
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Figure 1. Pareto curve and Gini coefficient by diagnosed period. The
Pareto curve shows a weak concentration between the perieds of 197584
and 1994—-2002; however, the Gini coefficient varied very little.

Table 1 shows each cumulative frequency of hospitals and
the Gini coefficient by the ICCC and diagnosed period. Each
cumulative frequency of hospitals slightly increased or was
constant during 1975-84 and 1985-93, but reduced by
about half during 19942002, except for the hospitals treat-

" ing upper 50% of malignant bone tumors (VIII). The vari-

ations in Gini coefficient were small throughout all three
periods. The Gini coefficients by the ICCC groups ranged
from 0.275 to 0.665. The rarer the ICCC group was, the
smaller the Gini coefficient was. In particular, the low level
of centralization was shown for the rarely diagnosed groups:
retinoblastoma (V), renal tumors (VI), hepatic tumors (VII),
malignant bone tumors (VIII), carcinomas and other malig-
nant epithelial neoplasms (XI) and other and unspecified
malignant neoplasms (XII).

The annual average numbers of cases per hospital were
less 2.2 in all hospitals during the three diagnosed periods
(1975—84: 2.17, 1985-93: 2,15, 1994—-2002: 2.18). In hos-
pitals that treated upper 90% of all cancers, those were 5.6
during 197584, 5.5 during 1985—93 and 6.1 during 1994
2002. In the early 2000s, those were ~61.4 in the UK,
~60.9 in Georgia and ~32.4 in Germany (8—10). Even hos-
pitals that treated upper 50% of all cancers, the annual
average numbers of cases were 14.1 during 197584, 15.4
during 1985-93 and 20.4 during 1994—2002. Those were
one-third the number compared with ~56.3 in Germany
(10). In addition, during 1994-2002, for 10 out of 12 ICCC
groups, the annual average number of cases per hospital was
less than one person.

DISCUSSION

The trend of centralization of childhood cancer treatment
was studied based on the population-based cancer registry in
Osaka. Little was previously known about this trend. Our
study is valuable because we used population-based data that
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had about an 85-94% registration rate for children, and we
looked at the information for a 28-year period (14).

After 1993, each cumulative frequency of hospitals
decreased to about half along with the number of newly
diagnosed cancers, and the degree of centralization was
almost constant during the three diagnosed periods. These
results suggest that childhood cancers have continually been
treated at many different hospitals, and the reduction in the
number of cases also reduced each cumulative frequency
of hospitals. From 1993 to 1994, each cumulative frequency
of hospitals reduced approximately by one-third. Around
1993, three large hospitals completed or relocated, so this
was supposed to have influenced the trend of hospitals that
accessed childhood cancer.

The annual number of cases by the ICCC deserves atten-
tion in terms of absolute smallness (Table 1). Despite this
smallness, patients were treated at many different hospitals.
And the annual average number of cases per hospital has
remained very small, which was much lower compared to
that in the UK, Georgia and Germany. In addition, each
diagnostic group includes many types of cancer and their
different treatments. So, centralization to specific hospitals is
necessary to improve survival.

Looking at the results, the rarer the ICCC group was, the
smaller the Gini coefficient was. Of the types of cancer
found in children, clinical trials have been mainly conducted
on the more common tumors, such as leukemia (I) or lym-
phomas and reticuloendothelial neoplasms (I1) (13,17). This
would have helped to more centralize the more common
types of childhood cancer. More influential reasons for
doing this would be as follows. Patients were able to freely
select and attend treatment hospitals in the Japanese medical
system, although they did not usually have enough infor-
mation on where were specialists. Of total 566 hospitals in
Osaka, patients had to find an appropriate one under uncer-
tainty and incomplete information (18). Regretfully, general
practitioners had not strictly referred cancer patients to
childhood cancer specialists.

From a statistical point of view, the Gini coefficient for a
small sample is known to include a downward bias (19,20).
The Gini coefficients of each category may have a downward
bias, and look to lower centralization, particularly during
1994—-2002. Each cumulative frequency of hospitals for
sympathetic nervous system tumors (IV) was exceptional
compared with those of the other diagnostic groups. This
was due to the mass screening at 6 months of age for
neuroblastoma (IVa) that was introduced in 1985 and had
continued into the 2000s across Japan. As a result of over-
diagnosis, the annual age-standardized incidence rate
increased by about three times in children from the periods
of 1970—84 to 1985—94 (21). Table 1 also shows the
increase in the total number of cases of sympathetic nervous
system tumors (IV). However, as <10 hospitals carried out
mass screening in Osaka, each cumulative frequency of
hospitals during 1985—93 is about equal to those during
1994-2002.



130 Centralization of childhood cancer treatment

Table 1. Cumulative frequency of hospital, Gini coefficient, and number of cases by the Intemationat Classification of Childhood Cancer, and diagnosed period

Diagnosed period Cumulative Gimi Annual no. Total no.
frequency of coefficient of cases of cases
hospitals

50% 75% 100%

| Leukemia 1975-1984 8 17 63 0.619 573 573
19851993 7 {5 83 0.607 49.0 441
1994—-2002 4 8 36 0.631 37.1 334
1t Lymphomas and reticuloendothelial neoplasms 1975—1984 7 16 48 0.524 18.3 183
19851993 7 12 44 0.544 19.0 171
1994-2002 4 9 26 0.487 11.6 104
[11 Centra! nervous system and miscellaneous intracranial and intraspinal neoplasms 19751984 3 43 0.642 40.9 409
1985~1993 6 14 47 0.591 339 305
1994--2002 4 10 33 0.564 19.2 173
[V Sympatheic nervous system tumors 1975—1984 4 8 24 0.552 119 119
19851993 3 7 28 0.657 229 206
1994--2002 3 15 0.665 17.8 160
V Retinoblastoma 19751984 2 4 8 0.431 7.6 76
1985-1993 2 3 9 0.463 4.0 36
19942002 1 2 S 0.357 3.9 35
VI Renal tumors 19751984 4 9 19 0.441 7.0 70
1985-1993 3 25 0.451 7.1 64
1994--2002 2 5 12 0.448 3.9 35
V1 Hepatic tumors 19751984 4 7 16 0.404 4.1 41
19851993 3 6 15 0.471 4.8 43
19942002 2 4 9 0.370 2.6 23
VHI Malignant bone tumors 19751984 3 6 21 0.589 7.5 75
19851993 3 7 23 0.575 8.6 77
1994--2002 3 51 0.402 5.2 47
X Soft-tissue sarcomas 19751984 6 14 34 0.484 9.7 97
1985—1993 6 15 36 0.472 12.1 109
199420602 3 6 19 0.518 8.1 73
X Germ-cell, trophoblastic and other gonadal neoplasms 1975—1984 7 17 44 0.505 13.9 139
19851993 6 16 42 0.501 15.0 135
19942002 4 10 23 0413 7.1 64
X1 Carcinomas and other malignant epithelial neoplasms 19751984 4 8 16 0.382 3.4 34
19851993 3 10 16 0.275 3.0 27
1994-2002 3 6 10 0.275 22 20
XII Other and unspecified malignant neoplasms 1975-1984 9 18 46 0.476 16.0 160
19851993 5 12 23 0.383 3.2 47
1994—-2002 4 10 18 0.306 3.7 33
Total 1975--1984 7 15 91 0.747 197.6 1976
19851993 6 15 86 0.737 184.6 1661
19942002 3 8 56 0.756 122.3 1101




