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Purpose: To determine prospectively whether sur-
gery alone is sufficient therapy for Evans stages I and II
neuroblastoma and to define biologic and clinical fea-
tures having prognostic potential for this group.

Patients and Methods: Between June 1989 and Au-
gust 1995, 374 eligible children (age range, 0 to 18
years) with newly diagnosed stage I (n 5 141) and
stage II (n 5 233) neuroblastoma were registered onto
Children’s Cancer Group trial 3881. Surgical resection
was the only primary therapy except in cases with
spinal cord compression, where radiation therapy was
allowed. Event-free survival (EFS) and overall survival
(OS) were analyzed by life-table methods according to
clinical and biologic features.

Results: EFS and OS (mean 6 SE) for all stage I
patients were 93% 6 3.0% and 99% 6 1.0%, respec-
tively, compared with 81% 6 4.0% and 98% 6 2.0%,
respectively, for stage II patients. The significantly
higher recurrence rate among stage II patients was

managed successfully in 38 of 43 children with either
surgery or multimodality treatment. There was one
death among stage I patients and six among stage II.
For stage II patients tumor MYCN gene amplication,
unfavorable histopathology, an age greater than 2
years, and positive lymph nodes predicted a lower OS
(P < .05).

Conclusion: Children with stages I and II neuroblas-
toma have 98% survival with surgery alone as primary
therapy. Supplemental treatment was necessary in
only 10% of stage I patients and 20% of stage II
patients. In children with localized neuroblastoma, a
subset of patients that are at higher risk for death can
be defined as those with stage II disease who have
tumor MYCN amplification or who are > 2 years of age
with either unfavorable histopathology or positive
lymph nodes.

J Clin Oncol 18:18-26. © 2000 by American
Society of Clinical Oncology.

NEUROBLASTOMA IS the most common extracranial
solid tumor of childhood. Approximately 25% of

children with newly diagnosed neuroblastoma present with
nonmetastatic and localized disease.1,2 Patients with local-
ized disease (Evans stages I and II) have excellent survival
rates and require less treatment than those with advanced
stage disease.3-7 However, a small percentage of these
patients subsequently relapse and die of their disease.
Several clinical and biologic features have been associated

with a poor outcome in neuroblastoma. These include tumor
MYCN amplification,8-10 elevated serum ferritin ($ 143
ng/mL),11 unfavorable histopathology,12 elevated serum
neuron specific enolase,13 age greater than 1 year, distant
skeletal metastasis, and bone marrow involvement detected
by either conventional14 or immunocytologic15 techniques.
These risk factors have been examined primarily in the
advanced stages of neuroblastoma. The utility of these
factors for predicting outcome in localized neuroblastoma is
less clear. Studies ofMYCN amplification have yielded
conflicting results. Although most studies have demon-
strated thatMYCN-amplified tumors correlate with poor
prognosis,8-10 localized neuroblastoma withMYCN ampli-
fication and favorable histology has been successfully
treated with surgery alone.16,17The purpose of this prospec-
tive study was (1) to determine if surgery alone is sufficient
therapy for stage I and II neuroblastoma and (2) to define
prospectively biologic and clinical features having prognos-
tic potential for localized neuroblastoma to identify those
tumors requiring more than surgery.

PATIENTS AND METHODS

Patient Population

All children with stages I and II neuroblastoma were registered onto
Children’s Cancer Group (CCG) study 3881 from June 1989 to August
1995. Eligibility criteria for CCG-3881 included all newly diagnosed
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stage I and stage II neuroblastoma in children 0 to 18 years of age,
except for those stage II patients older than 1 year of age with tumor
MYCNamplification. A single patient in this group was transferred to
the CCG-3891 high-risk protocol and is excluded from survival
analyses. Signed informed consent with appropriate local institutional
human research board approval was obtained for all patients on this
study.

Biologic Features

Ferritin was measured by radioimmunoassay at the treating institu-
tional laboratory and reported as unfavorable if greater than or equal
to143 ng/mL and favorable if less than 143 ng/mL.11 MYCNgene copy
was considered amplified if there were more than 10 copies and was
measured until 1993 by Southern analysis of gene copy number10 and,
after 1993, byMYCNprotein expression by semiquantitative polymer-
ase chain reaction and immunoperoxidase stain in the CCG reference
laboratory.18 Central pathology review was performed by Dr. Shi-
mada.12 The MYCN and the Shimada histopathologic classification
were accepted for analysis only when performed by the central CCG
reference laboratory.

Staging

Diagnostic evaluation included surgical staging and standard labo-
ratory and imaging studies (skeletal survey or bone scan, ultrasound,
computed tomography or magnetic resonance imaging, and urine
catecholamines), as well as bilateral bone marrow aspirate, biopsy, and
immunocytology (sensitivity, one tumor cell per 105 nucleated bone
marrow cells).15 Metaiodobenzylguanidine scan was obtained, if avail-
able, but not mandated because the majority of institutions did not have
this modality when the protocol opened. Both Evans14 and INSS19

staging were confirmed centrally by reviewing all pathology and
surgical reports. Central review was performed by three experienced
surgeons and two oncologists, including review of data forms and
operative, radiology, and pathology reports. Lymph nodes were con-
sidered positive by pathologic assessment whether or not they were
attached to the primary tumor; however, for INSS staging, only
nonadherent lymph nodes were used in the designation of INSS stage
2b. Treatment was assigned according to Evans stage because INSS
staging was not yet in use when the study opened.

Treatment

All patients with stage I disease were treated initially with surgery
alone. Recurrence of localized disease was treated surgically if the
recurrent tumor could be fully resected. Otherwise, recurrent local or
regional disease was treated with combination chemotherapy, with
cisplatin, cyclophosphamide, doxorubicin, and etoposide, as defined for
patients on the CCG-3881 protocol.20 Persistent disease was managed
with delayed surgery and, if necessary, local radiation. The manage-
ment of patients progressing with metastatic disease was left to the
discretion of the responsible physician.

All stage II patients without tumorMYCNamplification were treated
initially with surgery alone unless there were signs of spinal cord
compression, in which case osteoplastic laminotomy or radiation was
recommended. Recurrence of localized disease in a patient with a stage
II tumor was also managed surgically, if possible. Unresectable disease
or regional progression was treated with combined-modality therapy, as
described above. Patients who developed metastatic disease went off
protocol therapy.

Stage II patients less than 1 year of age with tumorMYCN
amplification were managed with combined-modality therapy, includ-

ing chemotherapy, as well as surgery to the residual disease and local
radiation for gross residual disease after delayed surgery.20 Patients
with progressive disease were off protocol therapy. Stage II patients
older than 1 year of age with tumorMYCN amplification, which
included only one patient from this study, were excluded from
CCG-3881 and registered onto CCG-3891. In this protocol, the same
four chemotherapeutic agents from the CCG-3881 trial (described
above) are used in a more dose-intensive induction, with subsequent
randomization between high-dose consolidation therapy and myeloab-
lative therapy with autologous purged bone marrow transplantation.20

Statistical Analysis

Life-table methods were used to estimate the event-free survival
(EFS) and overall survival (OS) from time of diagnosis.21 The exact
test from the permutation distribution of the log-rank statistic was used
to compare the OS probabilities between subgroups of patients.22 For
all analyses of EFS and OS, the single patient with stage II disease,
MYCNamplification, and age older than 1 year, who was transferred to
CCG-3891, was excluded. Additionally, one death occurred unrelated
to treatment or to disease process. This patient was censored 1 day
before death.

RESULTS

Patient Characteristics

Clinical and biologic characteristics are listed in Table 1.
A total of 374 patients with localized neuroblastoma,
including stage I (n5 141) and stage II (n5 233), were
registered onto this study. There was a single stage II patient
transferred to CCG-3891 (.1 year of age with tumorMYCN
amplification). All Evans stage I patients were also Inter-
national Staging System for Neuroblastoma (INSS) stage 1;
102 stage II patients were INSS stage 1, 27 were INSS stage
2a, and 104 were INSS stage 2b. The median age at
diagnosis was 10 months, with a range of 0 to 205 months.
Forty-one percent of all patients had an abdominal primary
site, and intraspinal tumor extension occurred in 65 stage II
patients (28%) and in one stage I patient. Lymph node
involvement was seen in 51% of stage II tumors (including
adherent as well as nonadherent nodes).

Biologic characteristics with purportedly unfavorable
prognostic implications were rare in this group of patients.
Overall compliance with biologic factor evaluation was
92% for histopathology, 83% forMYCN gene-copy mea-
surement, and 60% for bone marrow immunocytology.
Elevated serum ferritin levels ($ 143 ng/mL) were detected
in 17% of patients tested.MYCNoncogene was amplified in
only seven (2%) of 309 tumors. Shimada histopathology
was unfavorable in 14% of the tumors evaluated. Bone
marrow immunocytology showed tumor in only eight (4%)
of 213 patients tested, all of whom had negative bone
marrow aspirate and biopsy by standard light microscopy.
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EFS, OS, and Prognostic Variables

The EFS for all stage I patients at 4 years was 93%6 3%,
with a median follow-up of 45 months (range, 0 to 88
months) (Fig 1A). Univariate analysis of risk factors for
stage I disease demonstrated thatMYCNamplification was
the only factor associated with a decrease in EFS (P ,
.001). The 4-year OS for stage I patients was 99%6 1%
(Fig 1B). Because there was only one death in this group, a
9-year-old patient whose tumor had unfavorable Shimada
classification, one cannot be certain of the importance of
prognostic factors in OS.

The EFS (mean6 SE) for all stage II patients at 4 years
was 81%6 4%, and the OS was 98%6 1.5%, with a
median follow-up of 41 months (range, 0 to 92 months).
Although EFS was significantly lower for stage II patients
than stage I (81%v 93%, respectively;P 5 .002), there was
no difference in the OS (99%v 98%, respectively) (Figs 1A

and 1B). Univariate analysis of risk factors for stage II
disease demonstrated that female sex and intraspinal tumor
extension were significantly associated with a decrease in
EFS (P , .05) but not survival. Unfavorable histology was
associated with a decrease both in EFS and OS (P , .05).
Age$ 2 years was predictive of lower OS, but age$ 1 year
was not a significant factor.MYCN amplification was
associated with a significant decrease in OS (Table 2);
lymph nodes were of borderline significance. After stratifi-
cation by age 2 years, unfavorable histology (P 5 .0005) and
positive lymph nodes (P 5 .0024) remained significant prog-
nostic factors for OS only in those patients$ 2 years of age.

Local Control and Recurrences

Complete tumor resection was the therapeutic goal for
localized disease. Gross, total tumor resection (complete

Fig 1. (A) EFS of children with stage I (n 5 141) and stage II (n 5 232)
neuroblastoma (P 5 .002). (B) OS of children with stage I (n 5 141) and
stage II (n 5 232) neuroblastoma (P 5 .28).

Table 1. Patient Characteristics

Characteristic

No. of Patients

Stage I (n 5 141) Stage II (n 5 233)

Age
, 2 years 116 180
$ 2 years 25 53
Median, months 9 11
Range, months 205 0-178

Sex
Male 83 106
Female 58 127

INSS stage 0-178
1 141 102
2a 0 27
2b 0 104

Intraspinal extension 1 65
Primary site

Neck 6 17
Chest 50 118
Thoraco-abdominal 1 6
Adrenal 54 43
Celiac 1 2
Other abdominal 18 35
Pelvis 8 4
Other 3 8

Lymph nodes involved*
Yes 0 114
No 140 109
Unknown 1 10

Ferritin $ 143† 19/24 30/195
MYCN amplified† 4/108 3/201
Shimada unfavorable† 16/128 32/216
BMI positive†‡ 1/73 7/140

Abbreviation: BMI, bone marrow immunocytology.
* Includes any positive nodes, whether or not adherent to tumor.
† Number of patients/total number of patients with measurement.
‡ BMI 5 tumor cells per 105 nucleated bone marrow cells.
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resection with negative surgical margins or microscopic
residual disease) was achieved in all stage I tumors and,
ultimately, in 90% of stage II tumors (Table 3). Only 23
patients had incomplete resection with residual gross dis-
ease. Extent of resection (complete gross resectionv incom-
plete or partial resection) had no effect on EFS or OS (P .
.05). All stage II patients with incomplete resection (n5 23)
are alive, with follow-up ranging from 9 to 78 months.
There have been seven recurrences in this group, five with
primary or regional relapse only, one with bone metastasis,
and one with local relapse and liver metastasis. All relapses
were managed effectively using surgery alone or with
multimodality therapy. Intraspinal extension occurred in 66
tumors, with neurologic symptoms in 20 patients. Of the
symptomatic patients, 18 were treated only with surgery
initially, two received chemotherapy, and none received
radiation. Subsequent to diagnosis, five other patients re-
ceived chemotherapy for persistent or progressive disease.
However, six of the 46 asymptomatic patients were treated
with chemotherapy alone and two with radiation and che-
motherapy. Out of 66 patients with intraspinal involvement,
there were 20 recurrences compared with only 23 out of 167

stage II patients without intraspinal involvement, although
ultimate survival did not significantly differ.

Progression and Death in Stage I Patients

A total of 10 patients with stage I tumors developed
progressive disease, including two patients with primary
and distant relapse, four with metastatic disease only, and
four with primary or regional only (Table 3). Six patients
developed metastatic disease (three with bone metastasis,
found at 2, 6, and 25 months; one with skin metastasis
having an adrenal primary; one with abdominal metastasis
having a chest primary; and one with distant lymph node
metastasis). All but one patient survived. Of the remaining
four patients with relapse involving the primary site, one
was treated with a combination of surgery and chemother-
apy, one with surgery alone, one with combined chemother-
apy and radiation, and the fourth patient with chemotherapy
alone. A single death occurred in a child 9 years of age at
the time of diagnosis. The patient developed progressive
disease and died of infectious complications. Patient char-
acteristics for all deaths are listed in Table 4.

Progression and Death in Stage II Patients

A total of 43 patients with stage II tumors developed
progressive disease, including 12 patients with primary and
distant relapse, eight with distant only, and 23 with primary
or regional only (Table 3). Twenty patients developed
metastatic disease (eight of whom had bone metastasis). Of
the 23 patients whose relapse involved only the primary site,
15 patients underwent a second operation (four with addi-
tional chemotherapy, one with chemotherapy and intraop-
erative radiation), seven were treated with chemotherapy
alone, and a single patient was treated with both chemo-

Table 2. Univariate Analysis of Risk Factors and OS for Stage II Patients

Risk Factor A v B

4-Year OS

A B

P% SE % SE

Age , 2 yr v $ 2 yr 99 0.8 90 7.3 .0007
, 1 yr v $ 1 yr 99 1.3 96 2.9 NS

Sex Female v male 98 1.7 97 2.6 NS
Gross resection Yes v no 97 1.6 100 0 NS
Intraspinal extension Present v absent 97 3.3 98 98 NS
Primary site Nonabdominal v abdominal 98 2.0 97 2.5 NS
Lymph nodes Negative v positive 100 0 95 3.0 .054
MYCN gene NA v A 98 1.6 50 35.4 .029
Histopathology F v U 99 0.8 87 8.4 .0015
BMI Negative v positive 96 2.5 100 0 NS
Ferritin, ng/mL , 143 v $ 143 97 1.1 100 0 NS

Abbreviations: SE, standard error; NA, not amplified; A, amplified; F, favorable; U, unfavorable; BMI, bone marrow immunocytology (sensitivity, one tumor cell
per 105 nucleated cells); NS, not significant.

Table 3. Local Control

No. of Patients

Stage I (n 5 140) Stage II (n 5 233)

Gross total resection at diagnosis 140 194
Overall gross total resection* 140 210
Total number of recurrences 10 43
Primary and distant 2 12
Distant only 4 8
Primary or regional only 4 23

* One patient missing data.
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therapy and radiation. The time course to distant metastasis
was relatively short, at a median of 4.5 months from
diagnosis (range, 1.4 to 38.5 months). There were a total of
six deaths, with all attributable to progressive disease (Table
4). There was one additional death that was unrelated to the
disease process or treatment. This patient was censored 1
day before death so that the death is not included in our
analysis of EFS and OS. Five of six deaths occurred in
children older than 2 years of age. These five deaths were
also associated with unfavorable histopathology, and one
patient, treated on the CCG-3891 protocol, had tumor
MYCNamplification. All six patients who died with stage II
tumors had lymph node involvement (INSS stage 2b). One
death occurred in a 9-month-old infant withMYCNampli-
fication.

MYCN-Amplified Tumors

Seven patients had tumorMYCN amplification (. 10
copies), including three with stage II and four with stage I.

Details of the clinical course and outcome are listed in Table
5. Three of the seven patients had favorable Shimada
classification, one of whom died. Four of the patients
relapsed, and three died. Only one patient with stage I
disease was successfully treated with surgery alone. The
single death among theMYCN-amplified stage I patients
was reported after initial submission of this manuscript and,
therefore, was not included in the analyses of survival or in
Table 4.

DISCUSSION

The purpose of the study was to determine prospectively
whether surgery alone is sufficient therapy for localized
neuroblastoma, with chemotherapy and radiation reserved
for progression or recurrence of disease. A secondary
purpose was to determine the prognostic potential of bio-
logic and clinical variables of localized neuroblastoma. Of
141 stage I patients, there were only 10 relapses, which

Table 4. Deaths

Age at Dx
(months) Sex

Evans
Stage

Positive
Lymph Nodes

INSS
Stage

Best Resection
Status

Primary
Site

Shimada
Histology MYCN Progression Site after DX Cause of Death

112 M I No 1 CR Adrenal Unfavorable Nonamplified Bone/bone marrow Infection
9 M II Yes 2b MR Adrenal Favorable Amplified Liver PD

38 M II Yes 2b CR Chest Unfavorable Nonamplified Bone/bone marrow PD
44 F II Yes 2b MR Chest Unfavorable Nonamplified Bone/bone marrow PD
31 F II Yes 2b CR Adrenal Unfavorable Nonamplified Adrenal/bone/bone marrow PD
28 F II Yes 2b CR Adrenal Unfavorable Nonamplified Adrenal/bone/bone marrow PD
37* M II Yes 2b CR Adrenal Unfavorable Amplified Adrenal/bone/bone marrow PD

Abbreviations: Dx, diagnosis; PD, progressive disease; CR, complete resection; MR, microscopic residual; M, male; F, female.
* This patient was treated on CCG-3891 and, therefore, not included in EFS and OS analyses.

Table 5. MYCN-Amplified Tumors

Age at Diagnosis
(months) Sex

Evans
Stage

INSS
Stage Primary Site

Shimada
Histology

Relapse

Comments
Time from Diagnosis

(months) Site

9 M II 2b Adrenal Favorable 2 Liver Died of PD 10 months after relapse;
chemotherapy CCG-3881

5 M II 2b Adrenal Unfavorable None – Alive 80 months after Dx, chemotherapy CCG-
3881, NED

37* M II 2b Adrenal Unfavorable 22 Bone marrow Died of PD 8 months after relapse; CCG-3891
7 M I 1 Adrenal Favorable 6 Adrenal Alive 17 months after three relapses, NED

after CCG-3891, radiation, 13-cis-retinoic
acid, desferal

10† F I 1 Adrenal Unfavorable None – Alive 67 months after Dx, chemotherapy CCG-
3881, NED

4‡ M I 1 Adrenal Unfavorable 2 Bone; CNS Died of PD after ABMT, 25 months post-
relapse

5 days F I 1 Pelvis Favorable None – Alive 72 months after Dx, surgery only, NED

Abbreviations: PD, progressive disease; M, male; F, female; NED, no evidence of disease; Dx, diagnosis; ABMT, autologous bone marrow transplant.
* This patient was treated on CCG-3891 and, therefore, not included in EFS and OS analyses.
† Initially staged as Evans II. Patient received chemotherapy in addition to surgery.
‡ Died after analysis cutoff; therefore, not included in survival analyses or Table 4.
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were managed either with surgery alone or with surgery
with chemotherapy and/or radiation therapy. This approach
resulted in only one death, for a 4-year EFS and OS of 93%
and 99%, respectively. This result, for stage I disease (all
INSS stage 1) again proves that surgery is sufficient therapy
for almost all children with INSS stage 1, as previously
shown for similar patients in other large studies.7,23-25 For
233 stage II patients, 43 had relapses, for a significantly
lower EFS of 81%. However, OS was not significantly
different at 98%, showing that a primary salvage treatment
of surgery alone can be effective for patients with recurrent
disease. In all, only 13% of children with stage II disease
received chemotherapy or radiotherapy, despite the fact that
104 patients had INSS stage 2b. Previous large cooperative
studies used primary chemotherapy to treat patients with
positive lymph nodes or residual disease after surgery.24-26

It is possible that some of the early distant relapses were
actually stage IV patients who were understaged at diagno-
sis because metaiodobenzylguanidine scan was not avail-
able at most institutions. This would result in even fewer
progressions among the “true” stage I and II patients. Thus,
we have shown that primary surgery as the sole therapeutic
modality is sufficient therapy for approximately 90% of
stage I patients and 82% of stage II patients, with excellent
survival rates.

There was no difference in EFS and OS between stage II
patients achieving gross, total primary tumor resection
(complete resection or microscopic residual) and those with
incomplete or partial resection. This is consistent with other
reports from previous CCG studies6 and more recent reports
from single institutions.5,23 The favorable outcome in most
of these patients, despite some having gross residual dis-
ease, is consistent with the spontaneous regression or
maturation of some forms of neuroblastoma. With this
information, complex surgical procedures in low-stage dis-
ease to achieve complete resection should be avoided. This
study provides strong evidence that the majority of stage I
and II patients can be managed with surgery alone as
primary therapy, even if complete gross resection is not
feasible.

Prognostic Variables

Lymph node status as a prognostic factor in low-stage
neuroblastoma has been an area of controversy. The prog-
nostic value of involved lymph nodes is unclear; some
studies show an adverse impact on outcome,24,27,28whereas
others find that positive nodes do not influence outcome.4-

6,23 This study shows a small difference in survival for
patients with stage II disease and positive nodes, which was
only significant in patients greater than or equal to 2 years
old at diagnosis. All six of the stage II deaths occurred in

patients having positive, nonadherent lymph nodes (INSS
stage 2b). This was also associated with other unfavorable
factors. Two of the patients had tumorMYCNamplification,
and five had unfavorable histopathology; five of the six
patients were older than 2 years of age (Table 4). Our
findings suggest that lymph node metastasis in patients with
other unfavorable clinical or biologic features may be a
significant prognostic factor, and these children may ulti-
mately require additional therapy. However, the rarity of
events overall does not yet warrant adjuvant therapy for all
such patients.

Age has long been known to be an independent prognos-
tic variable.29 Usually, patients less than 1 year of age have
a more favorable outcome. However, in our study, survival
was adversely affected for both stages I and II patients 2
years of age or older but not for those 1 year of age or older.
A similar trend was seen for high-risk neuroblastoma in a
previous study, where children between the ages of 1 and 2
years had a more favorable outcome than those older than 2
years at diagnosis.30 Further analysis of the stage II patients
demonstrated that those patients 2 years of age or older who
relapsed, died more quickly of their disease (P 5 .003). The
single death in stage I patients was a child 9 years of age
with unfavorable histology. Five of the six deaths in stage II
patients occurred in children older than 2 years of age with
unfavorable histology.

The site of the primary tumor (abdominalv nonabdomi-
nal), sex, and intraspinal tumor extension were evaluated for
prognostic significance. Previous studies have demonstrated
the adverse prognostic significance of abdominal prima-
ries31,32 and favorable outcome in tumors with intraspinal
extension.33,34 In our study, abdominal primary was not
associated with worse EFS or OS. On the other hand,
intraspinal tumor extension had an adverse effect on EFS,
although it did not influence survival. Sex seemed to have
an impact on EFS, with stage II males having improved
outcome. This has not been consistently reported and is of
no prognostic significance in other studies.35 There was no
sex advantage offered for stage I patients, and OS was not
significantly affected for either group by sex. Therefore, it is
possible that this isolated effect on EFS is a result of random
chance without true prognostic significance.

MYCN-amplified tumors have been linked to more ag-
gressive behavior and rapid tumor progression, especially in
advanced-stage neuroblastoma.8-10 The prognostic signifi-
cance in low-stage neuroblastoma is unclear. Fabbretti et
al16 reported two low-stage children withMYCN-amplified
tumors and favorable Shimada histopathology, who were
treated with surgery alone, alive and disease-free after 16
and 17 months follow-up. Cohn et al17 reported similar
results in two patients with low-stage disease,MYCN
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amplification, and favorable histology. These patients re-
mained disease-free at 221 and 161 months, with no
postoperative therapy. In contrast, patients withMYCN
amplification and unfavorable histology progressed. It is
difficult to draw definitive conclusions concerning the
prognostic significance ofMYCN amplification for low-
stage tumor because of its rarity.16,17,25,36In our study, only
2% of stage I and II tumors exhibitedMYCN amplifica-
tion with greater than 10 copies (four stage I and three
stage II patients), with available data in 83% of tumors. All
four stage I patients in our study withMYCNamplification
were alive at the cutoff date for analysis, including two
patients with favorable and two with unfavorable histology,
although one subsequently died of disease. Of the three
stage II patients withMYCN amplification, two died of
progressive disease and one, with unfavorable histology,
was alive and disease-free 80 months after diagnosis (Table
5). However, only one of all these patients could be treated
with only surgery.MYCN amplification seems to be pre-
dictive of decreased survival only for stage II patients.
However, given the small numbers, we cannot be certain
about the importance of this finding. Additionally, no
definitive conclusions can be made with respect to histo-
logic differentiation and tumor progression inMYCN-
amplified tumors.

Unfavorable Shimada histopathology is another inde-
pendent factor associated with poor prognosis.12 In our
study, unfavorable histopathology was of prognostic signif-
icance for EFS and for OS in stage II tumors. The single
death in the stage I patient and all five deaths in children
with stage II tumors who were older than 2 years of age
occurred in tumors having unfavorable histology, suggest-
ing that unfavorable histology contributes to an unfavorable
outcome.

Serum ferritin has been of prognostic significance in
higher stage neuroblastoma.11 Additionally, positive bone
marrow immunocytology (. six tumor cells per 100,000
normal cells) was associated with poor outcome for stage II
and III, but not stage I, disease.15 There were only one stage
I and seven stage II patients with positive bone marrow
immunocytology. Marrow disease remained quiescent in all
patients with no evidence of progressive disease. In this
study, neither elevated serum ferritin nor positive bone
marrow immunocytology were of prognostic significance.
Other biologic tumor characteristics currently under inves-
tigation may predict more precisely the ability of these
low-stage tumors to metastasize, such as genetic aberrations
recently reported to have prognostic value, including abnor-
malities at chromosomes 1P, 11q, 14q, and 17q or increased
expression of telomerase.37

In conclusion, we have shown that those with stages I and
II neuroblastoma are a biologically favorable group of
patients with excellent prognosis. Surgery alone is sufficient
initial therapy for almost all patients, regardless of other
clinical or biologic factors, with OS of 99% for stage I and
98% for stage II patients. The rarity of deaths in this study
gives extremely limited power to look at combinations of
risk factors for OS in multivariate analysis.MYCN was
associated with decreased EFS for stage I, but because only
a single death occurred, no factor could be associated with
lower survival. There were statistically significant decreases
seen in OS for stage II patients 2 years of age or older with
unfavorable histology andMYCN amplification; positive
nodes were of borderline significance. However, in view of
the excellent salvage in most patients, multimodal therapy
should be reserved for those who develop progressive
disease.

APPENDIX
Participating Principal Investigators of the Children’s Cancer Group

Institution Investigators Grant No.

Group Operations Center, Arcadia, CA W. Archie Bleyer, MD
Anita Khayat, PhD
Harland Sather, PhD
Mark Krailo, PhD
Jonathan Buckley, MBBS, PhD
Daniel Stram, PhD
Richard Sposto, PhD

CA 13539

University of Michigan Medical Center, Ann Arbor, MI Raymond Hutchinson, MD CA 02971
University of California Medical Center, San Francisco, CA Katherine Matthay, MD CA 17829
University of Wisconsin Hospital, Madison, WI Dianne Puccetti, MD CA 05436
Children’s Hospital & Medical Center, Seattle, WA J. Russell Geyer, MD CA 10382
Rainbow Babies & Children’s Hospital, Cleveland, OH Susan Shurin, MD CA 20320
Children’s National Medical Center, Washington, D.C. Gregory Reaman, MD CA 03888
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Institution Investigators Grant No.

Children’s Hospital of Los Angeles, Los Angeles, CA Paul Gaynon, MD CA 02649
Children’s Hospital of Columbus, Columbus, OH Frederick Ruymann, MD CA 03750
Columbia Presbyterian College of

Physicians & Surgeons, New York, NY
Leonard H. Wexler, MD CA 03526

Children’s Hospital of Pittsburgh, Pittsburgh, PA A. Kim Ritchey, MD CA 36015
Vanderbilt University School of Medicine, Nashville, TN John Lukens, MD CA 26270
Doernbecher Memorial Hospital

for Children, Portland, OR
H. Stacy Nicholson, MD CA 26044

University of Minnesota Health
Sciences Center, Minneapolis, MN

Joseph Neglia, MD CA 07306

Children’s Hospital of Philadelphia, Philadelphia, PA Beverly Lange, MD CA 11796
Memorial Sloan-Kettering Cancer Center, New York, NY Peter Steinherz, MD CA 42764
James Whitcomb Riley Hospital

for Children, Indianapolis, IN
Philip Breitfeld, MD CA 13809

University of Utah Medical Center, Salt Lake City, UT William Carroll, MD CA 10198
University of British Columbia, Vancouver, Canada Paul Rogers, MD CA 29013
Children’s Hospital Medical Center, Cincinnati, OH Robert Wells, MD CA 26126
Harbor/UCLA & Miller Children’s

Medical Center, Torrance/Long Beach, CA
Jerry Finklestein, MD CA 14560

University of California Medical
Center (UCLA), Los Angeles, CA

Stephen Feig, MD CA 27678

University of Iowa Hospitals and
Clinics, Iowa City, IA

Raymond Tannous, MD CA 29314

Childrens Hospital of Denver, Denver, CO Lorrie Odom, MD CA 28851
Mayo Clinic and Foundation, Rochester, MN Gerald Gilchrist, MD CA 28882
Izaak Walton Killam Hospital

for Children, Halifax, Canada
Dorothy Barnard, MD –

University of North Carolina, Chapel Hill, NC Stuart Gold, MD –
University of Medicine &

Dentistry of New Jersey, Camden, NJ
Richard Drachtman, MD –

Children’s Mercy Hospital, Kansas City, MO Maxine Hetherington, MD –
University of Nebraska Medical Center, Omaha, NE Peter Coccia, MD –
Wyler Children’s Hospital, Chicago, IL James Nachman, MD –
M.D. Anderson Cancer Center, Houston, TX Beverly Raney, MD –
Princess Margaret Hospital, Perth, Western Australia David Baker, MD –
New York University Medical Center, New York, NY Aaron Rausen, MD –
Childrens Hospital of Orange County, Orange, CA Violet Shen, MD –
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