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LETTER TO THE EDITOR

WWW r:au.re com/bmt

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 S5S-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 % 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 parnal
remission (Figure 1b). The patient then entered a phase I/11
clinical trial of reduced-intensity allogeneic SCT. After

Figure 1

(u) Computed tomography (CT) images of a primitive neuroectodermal tumor in the apical lesion on relapse after autoperipheral blood S¢ T
(b) After four courses of chemotherapy, the patent achieved partial remission. A CT scan taken | month after the allogeneic SCT, the tumor size was al

no change {c), but 4 months after, it showed 30% reduction of the apical tumor (d). CR was confirmed at 8 months (e)
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preconditioning with busulfan (4 mg/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 = 10°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 +67 without any specific treatment.
Cyclosporine-A was tapered from day + 70 and discon-
tinued on day + 106. A CT scan taken | month after the
allogeneic SCT when the tumor size was almost unchanged
(Figure Ic), but 4 months later, there was 50% reduction of
the apical tumor (Figure ld). CR was confirmed at §
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. CI 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
CI in M stage was 63%. TNM stage was correctly
assessed with FDG PET/CT in 30 of 35 patients (86%)
and with Clin 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 CI
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 [1]. Therefore, the more
precise staging and re-staging for these patients are
important for adequate therapy.
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The general diagnostic 1ools for staging soft tssue
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 ussue 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 comparnison 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 imerpretation, 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 mantained
normal shallow respiration during the acquisition of CT
scans. No 1odinated contrast material was administered.
Emission scans from the head to the mid-thigh were
obtained starting 60 min followng 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 Bg per weight (kg). However, time decay cor-
rection for whole-body image acquisiton was not
conducted.

Conventional imaging (CI)

Cl 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 prmary site, and
“"Te-hydroxymethylene diphosphonate (HMDP) bone
scintigraphy. “*Te-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 simultancously 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 (.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, W1
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 Tl-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 | 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: T1b (n = 3), and T2b (n = 21).

Table 1 Patient demographics

Age
Mean £ SD 198 +£8.5
Range 3-38
Sex
M/F 22113
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)
Retropentoneum 1(3)
Extremities 8(23)
Hand 4011
Lower extremitics 2(6)
Thigh 1(3)
Elhow 1{3)
The values in the parentheses are percentages
@ Springer
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T stages in patients with re-staging except one are Tla
(n=7),T2a (n
of the primary site was performed in one patient at re-
Both FDG PET/CT and conventional imaging
assified the T stage correctly in all patients

Fifteen of 35 patients (43"4) 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

1), and T2b (n = 2). Complete resection

Fig. 1 A 12-year-old boy with primary alveolar thabdomyosar-
comit. Transverse FDG PET/CT image reveals hypermetabolic
focus in the nght 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
nanon

Table 2 Sites of lymph node involvement

Primary

Lymph node

Head und neck (n = 8)

Frunk (n = 4)

Extremitics (n = 3)

Table 3 Diagnostic accuracy

of nodal staging

PPV positive predictive value

NPV negative predictive value

‘:_ Springer
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Deep cervical node
Parapharyngeal node
Submandibular node
Supraclavicular node
Parotid node
Inguinal node
Internal iliac node
External thac node
Common ihac node
Paraaortic node
Axillary node
Supraclavicular node
Inguinal node
Internal iliac node
Paraaoruc node

19 W =

B e W = A~

mmaging 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
Iymph 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
i5 also noted in both inguinal metastatic lymph nodes: right 45 mm,
left 9 mm {arrows). Lymphedema 15 seen in the nght femoral soft
tissue

Fig. 3 A 21-year-old man with metastatic alveolar rhabdomyosar-
coma. Transverse FDG PET/CT image depicts abnormal uptike
of the left ilium {arrow). Corresponding CT showed shghtly osteo-

blastic change

Sensitivity Specificity PPV NPV Accuracy
PETICT 93 94 100 97
Conventional imaging 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 exammnation 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 conventionalimaging. 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 n
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 (n = 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 (n = 2) and
pancreatic metastasis (n = 1) which were confirmed by
pathologic examinations. The latter patient had a tumor
in the paranasal sinus and received subsequent chemo-
radiotherapy 2 yvears 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
mmaging (Fig. 5).

Table 4 Sites of distant metastasis

Primary Lymph node n

Bone 6
Soft tissue

Head and neck (n=7)

Pancreas
Bone

1

|

- ) 1
Bone marrow 2
|

2

|

|

|

Trunk (n
Pleura

Bone

Bone marrow
Soft tssue

Extremities (n=4)

The complete stage of all patients were stage 1 (1= §),
stage 2 (1 = 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 1o previously irradiated area for
primary tumor (arrow). Also noted is abnormal ossification with
the tumor

Fig. 5 A 27-year-old man with metastatic alveolar rhabdomyosar-
coma. Transverse FDG PET/CT image shows abnormal accumu-
lation of FDG in pancreatic head, which is metastasis at puthologic

Lung d
exammation (arrow)

» 5 aEnoslic accuracy . P = i ’ ¥ y T
'h_ihll: Dagnoshic accuricy Sensitivity Specificity PPV NPV Accuracy
ol distant metastasis

PET/CT 90 88 75 96 89

AP aneitive nredictive . i 4

PPV puositive predictive value, Conventional imaging 20 80 2 71 b3

NPV negative predictive vilue
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Table 6 Overull staging performance

Vanables Conventional imaging PET/CT
Overall staget
Correct diagnosis 19 (34) 30 (86)
Understaged 10(29) 1(3)
Overstaged 6T 4411
N stuge
Correct diagnosis 31 (§9) 34 (97)
Understaged 2(6) 0
Overstaged 2(6) 1(3)
M staget
Correct diagnosis 22(57) 3l (8%
Understaged 9(26) 1 (%)
Overstaged 4(1n 39

The numbers in the parentheses are percentages
Significant difference 15 found between PET/CT and CI by
McNemar test (1P < 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 ol equivo-
cal interpretations compared with that of conventional
imaging. Tumor detection with FDG PET/CT technol-
ogy is rapidly growing. However, there are only himited
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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 1s 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 mn 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 anses 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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Purpose

Th”ternational Neuroblastoma Risk Group (INRG) classification system was developed to
establish a consensus approach for pretreatmment risk stratification. Because the International
Neuroblastoma Staging System (INSS) is a postsurgical staging system, a new clinical staging
system was required for the INRG pretreatment risk classification system.

Methods

To stage patients before any treatment, the INRG Task Force, consisting of neuroblastoma experts
from Australia/New Zealand, China, Europe, Japan, and North America, developed a new INRG
staging system (INRGSS) based on clinical criteria and image-defined risk factors (IDRFs). To
investigate the impact of IDRFs on outcome, survival analyses were performed on 661 European
patients with INSS stages 1, 2, or 3 disease for whom IDRFs were known,

Results

In the INGRSS, locoregional tumars are staged L1 or L2 based on the absence or presence of one
or more of 20 IDRFs, respectively, Metastatic tumors are defined as stage M, except for stage
MS, in which metastases are confined to the skin, liver, and/or bone marrow in children younger
than 18 menths of age. Within the 661-patient cohort, IDRFs were present (ie, stage L2) in 21%
of patients with stage 1, 45% of patients with stage 2, and 94% of patients with stage 3 disease.
Patients with INRGSS stage L2 disease had significantly lower 5-year event-free survival than

those with INRGSS stage L1 disease (78% = 4% v 90% = 3%; P = .0010).

Conclusion

Use of the new staging (INRGSS) and risk classification (INRG) of neuroblastorma will greatly
facilitate the comparison of risk-based clinical trials conducted in different regions of the waorld,

J Clin Oncol 27:298-303. @ 2008 by American Society of Clinical Oncology

The International Neuroblastoma Risk Group
(INRG) classification system was developed to fa-
cilitate the comparison of risk-based clinical trials
conducted in different regions of the world by
defining homogenous pretreatment patient co-
horts. As described in the companion article by
Cohn and Pearson et al,' the INRG classification
system was based on survival tree regression
analyses of data collected on 8,800 patients.
Because the International Neuroblastoma Staging
System (INSS) stage of locoregional tumors is
based on the degree of surgical resection, this
staging system is not suitable for the INRG pre-
treatment risk classification system. Therefore,
the INRG Task Force' (see Appendix, online only,
for participants) developed a new staging system

8 © 2008 by Amencan Socaty of Cimcal Dneclogy
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based on tumor imaging rather than extent of
surgical resection.

The INSS was developed in 1986 after a meet-
ing that was held to establish international con-
sensus for a common staging system and response
to therapy.” Although many countries around
the world adopted the INSS, difficulties have been
encountered. For example, according to the INSS,
the same tumor can be either stage 1 or 3 depend-
ing on the extent of surgical excasion, making
direct comparison of clinical trials based on INSS
stages difficult.* Furthermore, patients with local-
ized disease who are observed because tumor re-
gression is anticipated cannot be properly staged
using INSS criteria.® An additional limitation of
the INSS is that assessment of lymph node in-
volvement is necessary for proper staging. How-
ever, lymph node sampling is subject to the

9 by the American Society of Clinical Oncology. All rights reserved.
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thoroughness of the individual surgeon, and the assessment of extra-
regional lymph node involvement is difficult to apply uniformly.**
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Image-Defined Risk Factors

Since 1994, the International Society of Pediatric Oncology Europe Neu-
roblastoma Group (SIOPEN) has classified locoregional tumaors as resectable
or unresectable dependent on ﬂiubsemur presence of “surgical risk factors,”
but independent of INSS stage.” Surgical risk factors are features detected on
imaging that make safe, total tumor excision impracticable at the ume of
diagnosis."” The SIOPEN principle for stratifying patients with locoregional
tumors by imaging features was adopted by the INRG Task Force at a confer-
ence in Whistler, Canada, in 2005, and used in the design of the INRG Staging
System (INRGSS). However, to avoid confusion with the INSS, the terms
resectable and unresectable are not used in the INRG system.

The premise is that a staging system based on preoperative, diagnostic
images will be more robust and reproducible than one based on operative
findings and approach. Furthermore, because digital radiographs can be re-
viewed centrally, the images can be evaluated uniformly. As the surgical risk
factors are based on radiographic images, it was decided to use the term

Table 1. Image-Defined Risk Factors in Neuwroblastic Tumars
Neck
Tumor encasing carobd and/or vertebral antery and/or imermal jugular vein
Tumor extending to base of skull
Tumor compressing the wrachea
Tumor encasing biachial plexus roots
Tumor ancasing subclavian vessels andlor vertebral and/or carotid artery
Tumor compressing the trachea
Thorax
Tumor encasing the sorta and/or major branches
Tumor compressing the trachea andfor poncipal bronchi

Lower il tumor, g the costo-vertebral junction
beatwesn T9 and 712
Thoraco-abdorminal
Tumor encasing the aora and/or vena cava
Abdomen/pelvis

Tumaor infiltrating the porta hepatis and/or the hepatoduodenal ligament

Tumor encasing branches of the supefior mesentenc artery at the
mesentenc root

Tumor encasing the origin of the coeliac aas, and/or of the supenor
mesentenc artery

Tumor ivachng one of both renal pedicles

Tumar encasing the aora and/or vena cava

Tumor ancasing the iliac vassels

Pehic tumor crossing the sciatic notch

Intraspinal tumor extension whatever the location provided that:

More than one third of the spinal canal in the mdsl plne is invaded and/
o the perimedullary spaces are not visible andlor the
spinal cord signal & abnormal

Infittration of adjacent organs/structures

Pericardium, ciaphragm, kidnay, kver, duodeno-pancreatic block, and

mesantary
Caonditions to be recorded, but not considered IDAFS

Muitifocal primary tumors.

Plaural effusion, with or withaul malignant celis

Ascites, with or without malignant cells

Abbrewvation: IDRFs, image-defined nsk factors

“image-defined risk factors” (IDRFs), and consensus was reached for the
IDRFs listed in Table 1. The IDRFs and the INRGSS are designed for use at the
time ofdngnuu.s.buldwymylhoheuudll Juring

Although not needed for staging p with disseminated di it is
recommended that the [DRF status of the primary tumor be recorded in all
patients (including patients with metastatic disease), so that the impact of
IDRFs on surgical resection, surgical complications, and outcome can be
prospectively evalusted in all patient

Staging Investigations

Diggnosis.  In the INRG classification system, the diagnosis of
neuroblastoma will be made using INSS criteria.’ A tissue diagnosis of
neuroblastoma can be made by conventional histology (with or without
immunohistology and increased urine or serum catecholamine or metabo-
lites). A diagnosis can also be made if unequivocal tumor cells are seen in bone
marrow samples and increased urine or serum catecholamines or metabolites
are present.

Imolvement of bone marrow,  Bone marrow involvement should be

d by two aspirates and two biopsies from bilateral sites according to the
recommendations of the INSS.* Biopsy is not required for infants younger
than 6 months of age. Bone marrow disease is determined by morphology
on smearsand bmpms. B:opues nhuuld he complemented by immunohis-
tochemical techniq gic and/or molecular techniques are
ahorwummdedmewluautbgprmuofmmoruﬂsm the bone marrow
at the time of diagnosis, although the results of these assays are not used for
staging (Beiske et al, manuscript in preparation on behalf of the INRG
Task Force).

Reguired imaging studies.  Computed lomoyaphy (CT) and/or mag-
netic resonance imaging { MRI) with three-di nts and of
sufficient quality 1o address IDRFs is ory for imaging the primary
tumaor. The presence or absence of each individual IDRF should be evaluated
and recorded (Table 1). When possible, metastatic sites should also be mea-
sured by CT and/or MRI, as this information may be needed to evaluate
treatment response.

lodine- 123 metaiodobenzylguanidine (MIBG) scintigraphy is manda-
tary, and itis recommended that the study is performed before tumor excision
and according to the Standard Operating Procedure previously described ®
One unequivocal MIBG-positive lesion at a distant site is sufficient to define

di A single eq | lesion on MIBG requires confirmation

by another imaging modality (plain radiographs, and if , MRI) and/
or biopsy.
Technetium-99 bone scintigraphy is required only excey lly, but in

all age groups, if MIBG positivity of the primary wumor cannot be confirmed
(ie, the primary tumor is removed or is not MIBG-avid). An isolated bone
uptake should be confirmed by another imaging modality and/or biopsy.
Staging Definitions

The short-version definitions of the four INRGSS stages are listed
in Table 2.

Table 2 Ir cnal N Risk Group Staging System
Stage De‘scﬂubon

(R Localired tumor nol invol as defined by
the kst of imaga-defined fisk hcn:n and confined to
one body compartment

12 Locoregional tumar with presence of ong of more image
defined nisk factors

M Dirstant m disease (except stage MS)

MS M in children younger than 18 months
with metastases confined to skin, liver, and/or bone
marow

NOTE See iext for detsiled crtena. Patents wiath multifocal primary
tummors should be staged fing 1o tha g extent of d a5
defined in the table.

W, 0. O1F

Information dnwnloadad from 20(’]00
9 by the
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Stage L1 tumors are Jocalized tumaors that do not involve vital structures
as defined by the list of IDRFs (Table 1), The tumor must be confined within
one bady compartment, neck, chest, abdomen, or pelvis. The isolated finding
of intraspinal tumor extension that does not fulfill the criteria for an IDRF
(Table 1) is consistent with stage L1

Stage L2 tumors are locoregional tumors with one or more IDRFs. The
tumor may be ipsilaterally continuous within body compartments (ie, a left-
sided abdominal tumeor with left-sided chest involvement should be consid-
ered stage 1.2). However, a clearly left-sided abdominal tumor with right-sided
chest {or vice versa} involvement is defined as metastatic disease.

Stage M is defined as distant metastatic disease (ie, not contiguous with
the primary tumor) except as defined for MS. Nonregional [distant) lymph
node involvement is metastatic disease. However, an upper abdominal tumor
with enlarged lower mediastinal nodes or a pelvic tumor with inguinal lymph
node involvement is considered locoregional disease. Ascites and a pleural
effusion, even with malignant cells, do not constitute metastatic disease unless
they are remote from the body compartment of the primary tumor.

Stage MS is metastatic disease in patients younger than 18 months (547
days) with metastases confined to skin, liver, and/or bone marrow. Bone
marrow invalvement should be limited 1o less than 10% of wial nucleated cells
on smears or biopsy. MIBG scintigraphy must be negative in bone and bone
marrow, Provided there is MIBG uptake in the primary tumar, bone scans are
not required. The primary tumor can be L1 or L2 and there is no restriction
regarding crossing or infiliranon of the midline.

Special Conditions

Inaddivion to the IDRFs, and independent of the patient's INRGSS stage,
three special conditions should be recorded: multifocal primary tumors, pleu-
ral effusion, and ascites (Table 1). Patients with multifocal primary tumors
should be staged according to the greatest extent of disease as defined above (ie,
stage L1, L2, M, or MS),

Relationship of INSS and INRG Stage

The INSS system is not in keeping with the INRG goal of a pretreatment
classification system because the INS5 assessment is made after the completion
of the initial surgical procedure, and the INSS assessment is strongly depen-
dent on the approach of the individual surgeon. To address these limitations,
the INRGSS was developed. However, the survival tree regression analysis that
forms the basis for the INRG classification system' could not be performed in
terms of INRGSS because the sample size of patients with known surgical risk
factors (analogous to the IDRFs that define INRGSS) in the INRG database’
(= B50) was too small relative to patients with known INSS stage (> 8,500).
Posthoe statistical analyses were therefore performed to determine whether it
was reasonable to assign staging in terms of IDRFs of INRGSS instead of
INSS, and if the prognostic ability of clinical stage was preserved if INRGSS
was used. The analyses were restricted to patients with INSS stages 1, 2, or 3
disease because by definition, INSS stage 4 is equivalent to INRGSS M, and
INSS stage 45 is very similar to INRGSS MS. Simon et al” have previously
d rated the prognostic value of using [DRFs to define stage in a retro-
spective review of German neuroblastoma studies. The only other available
data that can be used to validate the clinical significance of IDRFs and the
INRGSS are those from SIOPEN in the INRG database.' The posthoc analysis
of the SIOPEN data was performed in an attempt to validate the findings of
the German study.

Statistical Considerations

Cross-tabulation of INRGSS and INSS was performed. The primary
analytic end point for the predictive ability of INRGSS was event-free survival
(EFS). Time to event was defined as time from diagnosis until time of first
occurrence of relapse, progression, secondary malignancy, or death, or until
time of last contact if none of these occurred. Univariate analyses were per-
formed to assess the prognostic ability of INRGSS. Kaplan-Meier curves were
generated, and curves were compared using log-rank test, with P values less
than .05 considered statistically significant.'” EFS and overall survival (OS)
values were reported at the 5-year time point = SE (per Peto).'' It was not the
goal of this analysis to compare outcome for INRGSS versus INSS (as was done
in the study of Simon et al”).

300 © 2008 vy Amencan Society of Clincal Dncology

Table 3. Distribution of SIOPEN Patients by INRGSS Versus INSS

INRGSS L1 INRGSS L2
INSS
Stage No. % No. % Total No
1 239 79 64 21 303
2 B 55 66 45 147
3 12 B 189 84 m
Total 332 50 329 50 861

Abbreviatons: SIDFEN, Intermational Society of Pedistric Oncology Europe
Neuwroblastoma Group; INRGSS, International Neuroblastoma Fisk Group
Staging System; INSS, Ir al Nev Staging System

Atotal of 661 patients with INSS stage 1, 2, and 3 disease from SIOPEN
met INRG eligibility criteria and had known data for IDRFs. Twenty-
one percent of patients with INSS stage 1, 45% of patients with INSS
stage 2, and 94% of patients with INSS stage 3 disease had IDRFs (1e,in
total, 50% of all localized tumors were INRGSS stage L2; Table 3). The
remainder of patients who had no IDRFs were classified as having
INRGSS stage L1 disease, Of the 661 SIOPEN patients, 474 patients
had available outcome data. Both INSS and INRGSS were found to be
highly prognostic. The EFS for patients with INRGSS stage L1 disease
(90% = 3%, n = 213) was statistically significantly higher than for
stage L2 (78% % 4%, n = 261; P = .0010; Fig 1). The OS for patients
with INRGSS stage L1 disease (96% * 29%) was also significantly
higher than for patients with INRGSS stage 1.2 disease (89% * 3%;
P = 0068 Fig 2). The EFS for patients with INSS stage | discase
(92% = 3%, n = 209) was statistically significantly higher than for
patients with INSS stage 2 (78% % 6%, n = 103; P = 0005) and INSS
stage 3 disease (75% =+ 5%, n = 162; P<< .0001), whereas patients with
INSS stage 2 and 3 disease had similar EFS (P = .6611), The OS rates
for patients with INSS stage 1, 2, and 3 disease were respectively 98% *
2%, 95% = 3%, and 84% * 4%.
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Fig 1. Event-free survival curves for International Society of Pediatric Oncology
Europe Meuroblastoma Group patients by Ir nal Neuroblast Hislk
Group Staging System stage L1 versus L2 (P = 0010; n = 474). The number of
patients at nsk for an event are shown along the curves at years 7, 4, and 6
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Because excision of the primary mmor is a prerequisite for assigning
patients to INSS stages 1 and 2, and because it is possible to
downstage patients by surgical treatment at diagnosis,* the INSS is
not suitable for pretreatment staging and risk assessment. A new
clinical staging system (INRGSS) was, therefore, designed specifically
to constitute one of seven prognostic factors in the INRG pretreat-
ment classification system.! In the INRGSS, locoregional disease is
stratified into two stages instead of three (as in INSS). This decision
was based on recognition of the increasing importance of biologic
prognostic factors and the excellent OS rate for patients with non-
metastatic neuroblastomas.’'*'® Although the INRGSS can be used
as a separate and independent clinical staging system, its primary
function is as a component of the INRG. The INRGSS is not intended
1o substitute for the INSS, and it is anticipated that most cooperative
groups will continue to use INSS in parallel with INRGSS.

Data from European studies show that absence or presence of
IDRFs at diagnosis has prognostic significance. Our posthoc analysis
of SIOPEN data® confirmed the results of Simon et al.” In both studies,
EFS was lower for patients with INRGSS stage 1.2 compared with L1
tumors, and the differences were highly statistically significant. These
observations support the translation of EFS tree regression results (in
terms of INSS stages) into the INRG classification system (in terms of
INRGSS): INSS 1 — INRGSS L1; INSS 2and 3 — INRGSS L2; INSS 4
—» INRGSS M; and INSS 45 — INRGSS Ms.'

Because the treatment effect of tumor excision is an inherent part
of the INSS, the prognostic value of specific stages within INRGSS and
INSS cannot be directly compared. For example, most readers would
agree that a comparison between patients with INRGSS stage L1 and
INSS stage | is actually a comparison between an untreated group
of patients and a cohort in whom nearly all patients have already
been cured. However, even if INRGSS is not intended to substitute for
the INSS, the distribution of patients between the two systems is of
interest. In the retrospective study of Simon et al,” 84% of 160 patients
with INSS stage 1 disease met the criteria for INRGSS stage L1 (ie, no

WRW oo, g
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IDRFs), whereas only 16% of 139 patients with TDRFs (stage 1.2) had
INSS stage 1 disease. Similarly, our posthoc statistical analyses of 661
SIOPEN patients, in whom the clinical impact of surgical risk factors
{= IDRFs) was examined prospectively, confirm the results of
Simon et al.” In the data from SIOPEN (Table 3), 79% of patients
with INSS stage | disease met the criteria for INRGSS stage LI,
whereas 21% of patients with IDRFs (stage L2) had INSS stage |
disease. In the SIOPEN LNESG1 study, 99% of 367 patients who met
the criteria for INRGSS stage L1 underwent primary tumor excision
(with one surgery-related death caused by renal failure). Among the
363 patients who underwent surgery, 75% had INSS stage 1 disease,
22% had INSS stage 2 disease, and 3% had INSS stage 3 disease. In
56% of 352 patients who had presence of one or more surgical risk
factors (INRGSS stage L2), the initial surgical approach was limited
to a biopsy; no attempt at primary tumor excision was made.”
Furthermore, both studies referred to above demonstrated that
primary operations in patients with IDRFs were associated with sig-
nificantly lower complete excision rates and greater risks of surgery-
related complications.®”

Recommendations on treatment are not part of the INRGSS, nor
of the INRG. Treatment policies must be decided by the individual
cooperative groups. However, a new staging and risk classification
system cannot exclude possible treatment alternatives, as is the case
with INSS and the treatment option of observation without surgery.
Today, OS in localized neuroblastoma is more than 90%,"'*'® and it
can be assumed that a certain number of survivors have been over-
treated. A main challenge in the years to come will be to maintain
survival with reduced treatment. The INRGSS has been designed to
permit uniform staging of all patients independent of the treatment
alternatives contemplated.

The INRGSS differs from INSS in four important ways. First, it is
based on preoperative imaging and IDRFs, not surgicopathologic
findings. Second, the midline is not included in the staging criteria of
the INRGSS. Third, lymph node status is not included in the
staging of localized disease. Fourth, whereas INSS stage 45 has an
upper age limit of 12 months, the Task Force decided to extend the
age group for stage MS to patients younger than 18 months. The
statistical basis for selecting a cutoff age of 18 months in INRG stages
1.2, M, and M5 is presented and discussed in the companion article by
Cohn and Pearson et al." In one German study, the 5-year EFS was
1009 in eight patients aged 12 to 18 months with MYCN nonampli-
fied tumors who, apart from age, had classical INSS stage 48 disease.'”
The number of patients with “stage 45 disease aged 12 to 18 months”
is small, but because the outcome in this patient cohort remains
unclear, it is anticipated that the individual cooperative groups will
give these patients special attention in prospective studies where care-
ful stopping rules are included. Unlike INSS stage 45, stage MS in-
cludes patients with primary tumors infiltrating the midline (INSS
stage 3). The inclusion of all patients with stage L2 primaries is sup-
ported by the results of the SIOPEN 99.2 trial (B. De Bernardi, per-
sonal communication, February 2008). In this study, all 30 infants
with INSS stage 4 disease having primary tumors corresponding to
INSS stage 3 disease because of midline infiltration, and with stage 45
metastatic pattern, survived. Eight patients received no chemothera-
py, and the remainder received only one or a few courses of chemo-
therapy to control symptoms. Only five of the patients had their
primary tumor excised.
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The effects of treatment on IDRFs are not known, although
preliminary data from the SIOPEN Infant Neuroblastoma Study sug-
gests that preoperative chemotherapy (or time) can decrease the inci-
dence of IDRFs by 353% to 4090." It also remains unclear whether the
risks of surgical complications are reduced by preoperative chemo-
therapy when delayed operations are performed in patients who have
persistent IDRFs, The impact of individual IDRFs on outcome is
currently not known, and the clinical significance of individual IDRFs
will need to be analyzed in a larger series of patients to address
these questions.

Although surgery is not required for INRGSS staging, the bio-
logic characteristics of the tumor must be known to stratify patients
according to the INRG pretreatment classification system." Image-
guided core-needle biopsies are acceptable provided adequate mate-
rial for the histologic and genetic studies are obtained. However, in
many cases, complete or partial tumor excision may be a more rational
way to obtain tissue for histologic categorization and genetic studies.
In the latter case, it must be emphasized that the magnitude of the
residual tumor does not influence the INRG stage. Even if completely
excised at diagnosis, a localized tumor with (preoperative) one or
more [DRFs will still be classified as an INRGSS stage 2.

The Task Force considered using a specific nomenclature to
idennify subgroups of patients with neuroblastoma with special fea-
tures like multifocal primary tumors (because of the potential genetic
implications of this diagnosis'**). The experience with the INSS does
not support a practice of subclassification within a staging system.
Although the stage of patients with multifocal primary tumors in the
INSS should be given a subscript letter M (stage 1., stage 2A,,, and so
on)," this subscript has not been widely accepted and only rarely used
in published series. The Task Force, therefore, decided not to use
subscripts in the INRGSS. This decision implies that patients with
important special features not defined by the INRGSS have to be
identified by other measures. It is recommended that data regarding
the conditions listed in the last portion of Table 1 be collected.

Isolated pleural effusion and ascites are not considered IDRFs in
the INRGSS. Although pleural disease is associated with reduced sur-
vival rates in patients with metastatic neuroblastoma,?"*? isolated
pleural effusion or ascites is rare in patients with locoregional disease,
and its impact on outcome is not clear. In a recent study of 31 patients
with neuroblastoma having pleural effusion, none had INSS stage 1
disease and only one had stage 2 disease.™ It is assumed that the vast

majority of patients with ascites also have either metastatic disease or
the presence of IDRFs.

The extent of intraspinal tumor extension can range from a small
tumor component bulging through one intervertebral foramen to a
tumor occupying the majority of the spinal canal. In the SIOPEN
studies, intraspinal tumor extension is considered a surgical risk factor
if neurologic signs of spinal cord compression are present. However,
because clinical signs are not image defined, in INRGSS, it was decided
to consider intraspinal tumor extension an 1DRF, provided one or
more of the imaging criteria listed in Table 1 are present.

In conclusion, the INRGSS is a preoperative staging system that
has been developed specifically for the INRG classification system. The
extent of disease is determined by the presence or absence of IDRFs
and/or metastatic tumor at the time of diagnosis, before any treat-
ment. Use of this pretreatment staging system and the INRG classifi-
cation system will facilitate the ability to compare results of risk-based
clinical trials conducted in different regions of the world, and thereby,
provide insight into optimal treatment strategies for patients with
neuroblastic tumors.
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